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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are
members of ISO or IEC participate in the development of International Standards through technical
committees established by the respective organization to deal with particular fields of technical activity.
ISO and IEC technical committees collaborate in fields of mutual interest. Other international

orga
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rules of the ISO/IEC Directives, Part 2 (see www.ise:0re /directives
www.iec.ch/members experts/refdocs).
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Fibed in the ISO/IEC Directives, Part 1. In particular, the different approval criteria heeded fo[r the

orial
or

ISO 3nd IEC draw attention to the possibility that the implementation of this document may involvg the
use of (a) patent(s). ISO and IEC take no position concerning the evidenge)validity or applicability of any
claimped patent rights in respect thereof. As of the date of publication6f this document, ISO and IEC

not
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not k

Any
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For
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eceived notice of (a) patent(s) which may be required to/implement this document. How

the patent database available at www.iso.org/patents and https://patents.iec.ch. ISO and IEC
e held responsible for identifying any or all such patentrights.

trade name used in this document is information given for the convenience of users and doe
Litute an endorsement.

hn explanation of the voluntary nature of standards, the meaning of ISO specific terms

Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT)
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.iso.org/iso/foreword.html. In,the'IEC, see www.iec.ch/understanding-standards.

This
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This
othe

ommittee SC 32, Data management and interchange.

first edition of ISO/IEC 9075-16 is designed to be used in conjunction with the following editio
- parts of the ISO/TEC 9075 series, all published in 2023:

SO/IEC 9075-1, sixth edition;

SO/EC 9075-2, sixth edition;
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ementers are cautioned that this may not represent the latest information, which may be obtdined

shall

5 not

and

pssions related to conformity assessment, as well as information about ISO's adherence to the World

see

document was prepared by Joint Technical Committee ISO/IEC JTC 1, Information techndlogy,

Ins of

SO/AE€9075=-3; sixtiredition;

— ISO/IEC 9075-4, seventh edition;

— ISO/IEC 9075-9, fifth edition;

— ISO/IEC 9075-10, fifth edition;

— ISO/IEC 9075-11, fifth edition;
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— ISO/IEC 9075-13, fifth edition;
— ISO/IEC 9075-14, sixth edition;
— ISO/IEC 9075-15, second edition.

Alist of all parts in the ISO/IEC 9075 series can be found on the ISO and IEC websites.

Da O que ONns on tr documer N10Uld De directed to the user Nationad dandards DO
isting of these bodies can be found at www.iso.org/members.html and www.iec.ch/natipnal-

© ISO/IEC 2023 - All rights reserved iX


https://www.iso.org/members.html
https://www.iec.ch/national-committees
https://www.iec.ch/national-committees
https://standardsiso.com/api/?name=24c0c89c62c52bbdc2d06fba1100f076

ISO/IEC 9075-16:2023(E)

Introduction

The organization of this document is as follows:

1)
2)

3)
4)
5)

6)

7)

8)
9)

10)

11)

12)
13)
14)
15)
16)

17)
18)
19)

20)

21)

Clause 1, “Scope”, specifies the scope of this document.

Clause 2, “Normative references”, identifies additional standards that, through reference in this

document, constitute provisions of this document.
Clause 3, “Terms and definitions”, defines the terms and definitions used in this document.

Clause 4, “Concepts”, presents concepts used in the definition of property graph queries.

Clause 5, “Lexical elements”, defines a number of lexical elements used in the definition of proplerty

graph queries.

Clause 6, “Scalar expressions”, defines a number of scalar expressions used’in the definition of

property graph queries.

Clause 7, “Query expressions”, defines the elements of the languagethat produce rows and tables

of data as used in property graph queries.
Clause 8, “Predicates”, defines the predicates of the languagé.

Clause 9, “Additional common rules”, specifies additional'rules for implicit or explicit invocati
from other places in this document.

Clause 10, “Additional common elements”, definesiadditional common elements used in the defin
of property graph queries.

bn

tion

Clause 11, “Schema definition and manipulation”, defines the schema definition and manipulation

statements associated with the definitioh of property graph queries.

Clause 12, “Access control”, defines.facilities for controlling access to SQL-data.

Clause 13, “SQL-client modules”, defines the facilities for using property graph queries.
Clause 14, “Diagnostics management”, defines the diagnostics management facilities.

Clause 15, “Information Schema”, defines viewed tables that contain schema information.

Clause 16, “Definition Schema”, defines base tables on which the viewed tables containing schema

information depend.
Clause 17,*Status codes”, defines SQLSTATE values related to property graph queries.

Clause18, “Conformance”, defines the criteria for conformance to this document.

Annex A, “SQL conformance summary”, is an informative Annex. [t summarizes the conformarllce

: 4 £41 faFa¥ i |
TTYUUIITIITIIL UT UIT SU L 1dlIgUd g,

Annex B, “Implementation-defined elements”, is an informative Annex. It lists those features for
which the body of this document states that the syntax, the meaning, the returned results, the effect

on SQL-data and/or schemas, or other aspect is partly or wholly implementation-defined.

Annex C, “Implementation-dependent elements”, is an informative Annex. It lists those features for
which the body of this document states that the syntax, the meaning, the returned results, the effect

on SQL-data and/or schemas, or other aspect is partly or wholly implementation-dependent.

© ISO/IEC 2023 - All rights reserved
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22) Annex D, “SQL optional feature taxonomy”, is an informative Annex. It identifies features of the SQL
language specified in this document by an identifier and a short descriptive name. This taxonomy
is used to specify conformance.

23) Annex E, “Deprecated features”, is an informative Annex. It lists features that the responsible
Technical Committee intends not to include in a future edition of this document.

24) Annex F “Incompatibilities with ISO/IEC 9075:2016”, is an informative Annex. It lists incompatib-
ilities with the previous edition of this document.

25)| Annex G, “Defect Reports not addressed in this edition of this document”, is an informative Anlnex.
It describes the Defect Reports that were known at the time of publication of this documient. Hach
of these problems is a problem carried forward from the previous edition of the ISO /IEC9075
series. No new problems have been created in the drafting of this edition of this do¢ument.

In the text of this document, in Clause 5, “Lexical elements”, through Clause 18, “Conformance”, Subclapses
begin new pages. Any resulting blank space is not significant.
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Information technology — Database language SQL —

Part 16:
Property Graph Queries (SQL/PGQ)

1 |Scope

Thi§ document defines ways for the SQL language to represent property graphs and te.interact with them.
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2

The

Normative references

following documents are referred to in the text in such a way that some or all of their content consti-

tutes requirements of this document. For dated references, only the edition cited applies. For undated

refe

[«

N

~ —

o

q

J

~ —

o

q

J

?r—q

q

J

o

41 ) R b ] Ll £ o | dofa 1 1 a | ) 1.
CILES, UIT IaltoL TUILIVIT U UHIT TTITITHLCTUW UULUITITIIU THITIUUIllS dlly dllITITULIITIILS J AP PIITS.

0/IEC 9075-1, Information technology — Database languages — SQL — Part 1: Framewonk
YQL/Framework)

0/IEC 9075-2, Information technology — Database languages — SQL — Part 2: Foundation
YQL/Foundation)

0/IEC 9075-4, Information technology — Database languages — SQL — Part 4> Persistent Storef
odules (SQL/PSM)

0/IEC 9075-11, Information technology — Database languages — SQL >~ Part 11: Information and
efinition Schemas (SQL/Schemata)
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Terms and definitions

3(E)

For the purposes of this document, the terms and definitions given in ISO/IEC 9075-1, ISO/IEC 9075-2,

and

the following apply.

ISO

3.1
des
verti

3.2
des
tabl

3.3

defined label set

<pu

Not
defi
dest

34
dire
edgd

and [EC maintain terminological databases for use in standardization at the following addresse
ISO Online browsing platform: available at ht t ps: / / ww. i so. or g/ obp

IEC Electropedia: available atht t ps: // ww. el ect r opedi a. or g/

fination vertex
ex (3.37) that is distinguished as the destination of a directed edge (3.4)

[ination vertex table
e that contains data representing the destination vertices (3.1) of a directed edge (3.4)

e property graph> distinguished set of labels

e 1 to entry: Subclause 4.5.2, “Pure property graph’;specifies six kinds of defined label sets: vet
hed label set, edge defined label set, edge triplet:defined label set, source vertex defined label s¢
ination vertex defined label set, and endpoint. vertex defined label set.

cted edge
(3.6) that distinguishes one of its endpoints (3.14) as its source vertex (3.30) and one of its endpd

12

tex

ints

as itls destination vertex (3.1)

Not¢ 1 to entry: A directed edge expresses a relationship that is asymmetric.
Note¢ 2 to entry: The antonym.is undirected edge (3.35).
3.5

dirgcted graph

graph in which everyedge (3.6) is directed

Note¢ 1 to entry: “The antonym is undirected graph (3.36).
3.6

edgp

relatipnship

conkecHon hatwaan o vor ticac (2 277

TCCToT ot Tty eI oW OV CT trCCo 007

Note 1 to entry: Both terms, “edge” and “relationship”, are used in the real world to denote the same
concept. Without judgement or prejudice, this document uses only the term “edge”. In BNF productions,
wherever the keyword EDGE is allowed, the keyword RELATIONSHIP can equally well be used instead.

3.7

edge pattern
path pattern (3.24) that matches a single edge (3.6)
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3 Terms and definitions

3.8
edge table
table that contains data representing edges (3.6)

3.9
edge table alias
identifier that uniquely identifies an edge table (3.8) within an SQL-property graph (3.32)

3.10

edgp variable
element variable (3.13) that is declared in an edge pattern (3.7) or as the second iterator variabie (3.18)
in <pne row per step>

Not¢ 1 to entry: An edge variable may be bound to a list of edges (3.6).

3.11
element pattern
edgé pattern (3.7) or vertex pattern (3.38)

3.12
element table
edgé table (3.8) or vertex table (3.39)

3.13
elempent variable
varipble that may be bound to a list of graph elements (3.15)

o

Note¢ 1 to entry: An element variable is either a primary,variable (3.27) or an iterator variable (3.18).

Not¢ 2 to entry: An element variable is either a vertexvariable (3.41) or an edge variable (3.10).

3.14
endpoint
oneof the two vertices (3.37) connected by an edge (3.6)

Not¢ 1 to entry: Both endpoints of ap-edge may be the same vertex.

3.1
graph element
vertpx (3.37) or edge (3.6)

3.1
graph pattern
set ¢f one or more‘path patterns (3.24)

31
graph pattern variable
path variable (3.25), subpath variable (3.34), or element variable (3.13)

31
iterator variable
element variable (3.13) that is declared in <one row per iteration>

3.19
label
identifier associated with a vertex (3.37) or edge (3.6)

o~
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3.20
label expression
expression composed from label (3.19) names using disjunction, conjunction, and negation

Note 1 to entry: Disjunction, conjunction, and negation are denoted respectively by a vertical bar “|”,

ampersand “&” and exclamation mark “!”, with parentheses for grouping. See Subclause 10.8, “<label
expression>" for more details.

3.21
mixed graph
graph that allows both directed and undirected edges (3.6)

3.2
multigraph

graph that allows more than one edge (3.6) connecting two vertices (3.37)
3.23

pat
seqiience of an odd number of graph elements (3.15)

Note 1 to entry: A path always starts and ends with a vertex (3.37) and @lternates between vertices|and
edgés (3.6), such that each edge resides in the path between its endpaints (3.14). See Subclause 4.7.
“Patlhs”, for a fuller discussion of paths.

T~

Not¢ 2 to entry: A path may consist of a single vertex.

Not¢ 3 to entry: A vertex or an edge may be contained multiple times in a path, including via self-loops.

graph patternvariable (3.17) that may behound to a path binding that is matched by a path pattern (3.24)
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property
<edge or vertex> (property name, data type) pair

Note 1 to entry: The value of a property is a value of its data type.

3.29
property graph
data structure consisting of zero or more vertices (3.37) and zero or more edges (3.6)
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3.30
source vertex
vertex (3.37) that is distinguished as the source of a directed edge (3.4)

3.31
source vertex table
table that contains data representing the source vertices (3.30) of a directed edge (3.4)

3.32

SQL-property graph
SQL}schema object that represents vertices (3.37) and edges (3.6) using tables

3.3
subpath
path (3.23) fully contained in another path

Note 1 to entry: A subpath may be identical to its containing path.

3.3
subpath variable
graph pattern variable (3.17) that is declared at the head of a <parenthésized path pattern expressi

3.3
undirected edge
edgé (3.6) that does not distinguish between its endpoints (3.44)

Not¢ 1 to entry: An undirected edge expresses a relationship that is necessarily symmetric.

Note¢ 2 to entry: The antonym is directed edge (3.4).

3.3
undirected graph
graph in which every edge (3.6) is undirected

Note¢ 1 to entry: The antonym is directed-graph (3.5).

3.37
ver{ex
nodp
fundamental unit of which d property graph (3.29) is formed

Not¢ 1 to entry: pluralyvertices or nodes.

Not¢ 2 to entry: Bothterms, “vertex” and “node”, are used in the real world to denote the same cond
Withoutjudgementeor prejudice, this document uses only the term “vertex”. In BNF productions, wher
the keyword VERTEX is allowed, the keyword NODE can equally well be used instead.

3.3
vertiex pattern

pn>

ept.
pver

path pattern (3.24) that matches a single vertex (3.37)

3.39
vertex table
table that contains data representing vertices (3.37)

3.40
vertex table alias
identifier that uniquely identifies a vertex table (3.39) within an SQL-property graph (3.32)
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3.41

vertex variable

element variable (3.13) that is declared in a vertex pattern (3.38) or as an iterator variable (3.18) in <one
row per vertex> or as the first or third iterator variable in <one row per step>

Note 1 to entry: A vertex variable may be bound to a list of vertices (3.37).
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syntax defined in this document is available from the ISO website as a “digital artifact”. The syn
hed in this document is available from the ISO website as a “digital artifact”. See ht t ps: // st &

nload the syntax defined in a plain-text format, select the file named | SO_| EC_9075-
E) _PGQ bnf . t xt.To download the syntax defined in an XML format, select the file named

Subclause modifies Subclause 4.15, “Columns, fields, and attributes”, in ISO/IEC 9075-2.

brt after the 5th paragraph:‘ The nullability characteristic of a column of <graph table> is define

Subclause modifiesSubclause 4.41.2, “SQL-statements classified by function”, in ISO/IEC 9075-2.

Subclause. niodifies Subclause 4.41.2.1, “SQL-schema statements”, in ISO/IEC 9075-2.

4 Concepts

This Clause modifies Clause 4, “Concepts”, in ISO/IEC 9075-2.

4.1 Notatioms anmd conventions

Thig Subclause modifies Subclause 4.1, “Notations and conventions”, in ISO/IEC 9075-2.
4111 Notations

Thig Subclause modifies Subclause 4.1.1, “Notations”, in ISO/IEC 9075-2.
The[notations used in this document are defined in ISO/IEC 9075-1.
The

defi

ard

dow

16(

| SO | EC 9075-16( E) _PGQ bnf. xn.

4.2 Columns, fields, and attributes

This

‘InS(

the Pyntax Rules of Subclause 7.1, “<table reference>".

4.3 SQL-statements

Thig Subclause modifies Subclause4.41, “SQL-statements”, in ISO/IEC 9075-2.
4.3{1 SQL-statements classified by function

This

4.3]1.1 SQL-schema statements

This

‘Insort into'the 1st paragraph, after the last list item: ‘

fax

nd-

S.iso0.org/iso-iec/9075/-16/ ed- 1/ en/ todownload digital artifacts for this documenit. To

<property graph definition>.

<alter property graph statement>.

<drop property graph statement>.

4.4  Basic security model

This Subclause modifies Subclause 4.42, “Basic security model”, in ISO/IEC 9075-2.
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4.4 Basic security model

441 Privileges

This Subclause modifies Subclause 4.42.2, “Privileges”, in ISO/IEC 9075-2.

‘Insert into the 1st paragraph, after the last list item: ‘

An SQL-property graph.

‘Insert after the 8th paragraph:‘ A privilege descriptor with an object that is an SQL-property graph PG

and

an action of SELECT is called a prnporrygrnph privilpgp rfpcr‘ripf'nr and identifies the existence qf a

privilege on PG.

4.5 SQL-property graphs

4.5

1 Introduction to SQL-property graphs

An §QL-property graph is described by an SQL-property graph descriptor. This deéseriptor includes
folldwing.

The
are

4.5
A pu

The schema-qualified name of the SQL-property graph.
A pure property graph descriptor describing the pure property graph.
A tabular property graph descriptor describing the tabular property graph.

data making up an SQL-property graph is the data exposéd through the vertex and edge tables
part of the tabular property graph.

2 Pure property graph
re property graph is a mixed multigraph and consists of the following.

A set of vertices. Each vertex consists of the following.

. An identifier that is unique within the pure property graph.

NOTE 1 — The value of a vertex identifier is implementation-dependent (UV021) and is not required t

properties of the(vertex. A label has a name (i.e., an <identifier>).
. Zero or more.properties. For each property:

—  itsrname;

— its declared type, which can be any SQL data type,

—" its value.

A set of edges. Each edge consists of the following.

accessible. This unique idertifier is used for definitional purposes to establish the identity of the vertey.

. A set of zero or more labels (also known as a vertex defined label set) that determines th¢

the

that

be

. An identifier that is unique within the pure property graph.

NOTE 2 — The value of an edge identifier is implementation-dependent (UV022) and is not required to be

accessible. This unique identifier is used for definitional purposes to establish the identity of the edge.

. A set of zero or more labels (also known as an edge defined label set) that determines the

properties of the edge. A label has a name (i.e., an <identifier>).
. Zero or more properties. For each property:

— itsname;
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SQL-property graphs

— its declared type, which can be any SQL data type;
— its value.

. An indication, whether the edge is directed or undirected.
Case:

— Ifthe edge is directed, then an ordered pair of vertices, as follows.

A pu
low

. A'source vertex.

. A destination vertex.
NOTE 3 — The direction of an edge is from its source vertex to its destinationyertex.

NOTE 4 — Both the destination vertex and the source vertex of an edge are part of the sa
pure property graph as the edge.

NOTE 5 — The source vertex and the destination vertex can be the sanie vertex.

—  Ifthe edge is undirected, then an unordered pair of vertices{the’endpoints of the
undirected edge.

NOTE 6 — The pure property graph model supports undirected édges, while the tabular graph n
does not. An SQL-implementation can provide implementation-defined means to populate an undir]
or mixed graph. This document specifies query syntax (sedge’pattern> in Subclause 10.6, “<path p4
expression>") and semantics (the General Rules regarding <edge pattern> in Subclause 9.7, “Evalul
of a <path pattern expression>") to query undirected\edges, if an SQL-implementation supports
undirected edges.

NOTE 7 — The two endpoints of an undirected-édge can be the same vertex.

NOTE 8 — The case of a directed edge whesé-source and destination vertex are the same is distingu
from an undirected edge whose endpoints are the same.

re property graph is described by a pure propeérty graph descriptor. This descriptor includes the
ng.
A set of zero or more labels. Each label consists of the following.

. An <identifier> that is unigue within the pure property graph descriptor.

NOTE 9 — The <identifier> of a label is also known as the name of the label.
. A set of zero or mor€ properties. Each property consists of the following.
—  Its name;-which is an <identifier> that is unique within the label.
— Its-declared type.
A possiblysempty set of vertex defined label sets.
A possibly empty set of edge defined label sets.

. For each edge defined label set, an indication whether edges that have that edge defined |

hodel
bcted
ttern
Ation

shed

fol-

abel

10

...........

A possibly empty set of edge triplets. An edge triplet consists of the following.

. An edge triplet defined label set, which is a subset of an edge defined label set.

. An indication whether the edge triplet describes directed edges or undirected edges.
Case:

— Ifthe edge triplet describes directed edges, then:

. a source vertex defined label set, which is a subset of a vertex defined label set;

© ISO/IEC 2023 - All rights reserved


https://standardsiso.com/api/?name=24c0c89c62c52bbdc2d06fba1100f076

4.5

A ta

3

ISO/IEC 9075-16:2023(E)
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. a destination defined vertex label set, which is a subset of a vertex defined label set.
— Ifthe edge triplet describes undirected edges, then:

. a pair of endpoint vertex defined label sets, each of which is a subset of a vertex
defined label set.

Tabular property graph

Ata
the

mlax nranarig avaginlh cosaaa oot o £o11 o
ururs [J’ Ul./(/l l.:)/ M‘ M[Jll \,Ulllt}l IOCO LUIIC 1TUIIUVY llls-
Zero or more vertex tables.

Zero or more edge tables.

The descriptors of Zeno or more edge tables. Each edge table descriptor includes the following.

bular property graph TPG is described by a tabular property graph descriptor. This descriptor incliides
following.

The descriptors of zero or more vertex tables. Each vertex table descriptar includes the followjing.

Ifthe vertex table is based on a persistent base table or viewed table; then the schema-qualjfied
name of that table V; otherwise, a <query expression> defining-the vertex table.

The vertex table alias that identifies IV as a vertex table within the SQL-property graph that
contains TPG.

A list of columns that uniquely identify a row in V-

One or more labels. Each label consists of the foHlowing.

—  An <identifier>.

— A setof zero or more propertiesZEach property consists of the following.
. A name, which is an <identifier> that is unique within the label.
. A declared type.

. A <value expression> associated with the property.

NOTE 10 — While a.pure property graph allows a vertex to have zero labels, in a tabular property graph a
vertex has at least'one label.

If the edgétable is based on a persistent base table or viewed table, then the schema-qualjfied
name,of.that table E; otherwise, a <query expression> defining the edge table.

The e¢dge table alias that identifies E as an edge table within the SQL-property graph tha
contains TPG.

™

A list of columns that uniquely identify a row in E.

One or more labels. Each label consists of the following.

—  An <identifier>.

— A setofzero or more properties. Each property consists of the following.
. A name, which is an <identifier> that is unique within the label.
. A declared type.

. A <value expression> associated with the property.

© ISO/IEC 2023 - All rights reserved 11
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NOTE 11 — While a pure property graph allows an edge to have zero labels, in a tabular property graph an

edge has at least one label.

. The name of the source vertex table.

. The edge source key: one or more columns (of the edge table) referencing one or more rows

in the source vertex table.

. The source vertex key: one or more columns (of the source vertex table) that correspond
the edge source key

4.6

<gre
the

<din

<lay
a<l

<sofyirce/destination predicate> is a pair of predicates, to test whether a vertex variable is bound to

Soul

<all
dist

. The name of the destination vertex table.

. The edge destination key: one or more columns (of the edge table) referencing onelor mc
rows in the destination vertex table.

. The destination vertex key: one or more columns (of the destination vertex'table) that cor
pond to the edge destination key.

Operations involving property graphs

results as a table.

ected predicate> is a predicate to test whether an edge variable is bound to a directed edge.

NOTE 12 — <directed predicate> is specified for use in mixed graphs; Kowever, this document does not provide a m¢
o create a mixed graph.

hbel expression>.
ce or destination of the edge that is bound to an edge variable.

nct graph elements.

ele

<bo
mer

<pr
vari

<ele
The
for 4

posltion in a path binding as a primary variable.

<saIle predicate> is a predicate tg test whether a list of element variables are bound to the same grpph

ent.

ind predicate> is a predieate to test whether an element variable is bound to at least one graph|
t. Optional syntax of <bound predicate> tests whether an iterator variable is bound to the samg

hble has a.particular property.

declared type of <element_id function> is an implementation-defined (IV120) type that is suit
quality operations and grouping operations. The value returned by <element _id function> encapsj]

to

res-

ph table> is a kind of <table primary> that applies a <graph pattern=+o a property graph and formats

ans

eled predicate> is a predicate to test whether the graph element bound to an element variable satiffies

the

| different predicate> is a predicate to'test whether a list of element variables are bound to pairwise

ele-

perty_existspredicate> is a predicate to determine if the graph element bound to a singleton element

ment_id function> is a function to obtain a value that encapsulates the identity of a graph element.

ble
ates

the identity of the graph element for at least the duration of the innermost executing SQL-statement.

<graphical match number function> is a function to obtain a unique implementation-dependent (UV016)
number identifying the current match being returned by <graph table>.

<graphical path name function> is a function to obtain the name of the path variable of the path that the
iterator variable(s) are currently iterating over.

<graphical element number function> is a function to obtain the 1-relative sequential number of the
graph element in a path binding that an iterator variable is positioned on.

12
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A within-match aggregate is a <set function specification> contained in a <graph table> without an
intervening <query expression>. A within-match aggregate computes a value from the group of graph
elements referenced by an element reference whose degree of reference is effectively bounded group.

4.7  Graph pattern matching

4.7.1 Summary of graph pattern matching

ph pattern> on a pure property graph PG in order to return a set of reduced matches. Each red
matfh is a list of path bindings; each path binding is a function that maps the symbols in a word, of
regylar language to a path of PG. The regular language and related concepts such as path binding and
reduced match are specified in Subclause 9.6, “Machinery for graph pattern matching”, and Subclause 10.4,
“<gifaph pattern>".

A <graph pattern> is a list of <path pattern>s. Each <path pattern> in the list is matched to PG to deftect
a pgssibly-empty set of path bindings in PG that correspond to the <path patterns.

The|cross-product of these sets is reduced by natural joins over those global'singleton element variables
thatlare exposed by each <path pattern> and that are bound to the same graph element in PG. The
rempining tuples are called reduced matches; the set of these reducedimatches may be empty, but cannot
be ipfinite because of syntactic restrictions to guard against infinite Cycling.

The|behavior of the graph pattern matching is defined in this decuiment.

NOTE 13 — A more detailed summary can be found in Subclause 4.7.6, “Path pattern matching”.

Additional qualifying parameters (predicates, a selective,<path search prefix>, a <path mode>, and the
<different edges match mode>) that restrict the resultimay be supplied.

If P¢ contains cycles, then a match to a <path pattern> having an unbounded quantifier might returp an
infinite set of paths. However, this possibility is-prevented by Syntax Rules that require the use of
seleftive <path search prefix>s, restrictive <path mode>s, or the <different edges match mode> (orjany
compbination thereof) to prevent infinitely=sized result sets.

4.7[2 Paths

A pqdth P is a sequence of n graph elements of a property graph PG, such that:
— | nisan odd number;

— | n=1 (one), then'‘P-has no edges;

— | the graph elementat each odd index is a vertex and the graph element at each even index is an ¢dge
that connects the pair of vertices immediately before and after the edge in the sequence.

A pdth contaitis a non-empty sequence of vertices and a (possibly empty) sequence of edges. If therg are
twolor more vertices, then the path is a sequence of graph elements that starts with a vertex and is followed
by a|sequence of ordered (edge, vertex) pairs.

If PG is a multigraph, then an edge in the path between a pair of vertices is one of possibly several edges
between those vertices in PG.

Every edge E in the path has an orientation. If E is undirected, then the orientation of E is undirected. Let
V1 be the vertex that immediately precedes E in the path, and let V2 be the vertex that immediately follows
E. If the source of E is V1 and the destination of E is /2, then the orientation of E is left to right. It is also

said that the orientation of E is directed pointing right. If the source of E is V2 and the destination of E is
V1, then the orientation of E is right to left. It is also said that the orientation of E is directed pointing left.

NOTE 14 — A directed self-edge (i.e.,, when E is directed and V1 and V2 are the same vertex), is oriented both left to right
and right to left.
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If no edge from PG appears more than once in a path, then the path is called a trail. If no vertex from PG
appears more than once in a path, except possibly as the first and last vertices of the path, then the path
is called simple. If no vertex from PG appears more than once in a path, then the path is called acyclic.

4.7

A <y

and

A <

the

An 4
patt

<ele

NOTE 15 — The term “path” is used in more than one way in mathematical graph theory and in informal technical
presentations and discussions. In this document, the term path always denotes what a graph-theoretic work could call a

partially-oriented walk in a pure property graph. Such a graph is a mixed multigraph: edges can be directed or undirected,
and there can be multiple edges between two vertices.

3 Path patterns

Format and Syntax Rules of Subclause 10.6, “<path pattern expréssion>", and other Subclauses.

ment pattern fillér> provides three optional components of <vertex pattern>s and <full edge patter

ath pattern> is an expression built from the following syntactic elements, governed by the For
Syntax Rules of Subclause 10.4, “<graph pattern>", and other Subclauses.

An optional <path variable declaration>, to declare a path variable to be bound to a'path bindi

An optional <path pattern prefix>.

NOTE 16 — <path pattern prefix> is described in Subclause 4.7.7, “Path modes”, and Subclause 4.7.8, “Selective
search prefixes”, and specified in Subclause 10.5, “<path pattern prefix>".

A mandatory <path pattern expression>.

ath pattern expression> is an expression built recursively from <element pattern>s, governed I

element pattern> is a pattern to match a single graph elenient. There are two kinds of <elemenit
ern>s.

<vertex pattern>:

A <vertex pattern> is a pattern to match a single'vertex. A <vertex pattern> comprises at a minin
a matching pair of parentheses, which may centain optional <element pattern filler>, describg
subsequently.

<edge pattern>:

An <edge pattern> is a pattern to'tnatch a single edge. An <edge pattern> is either a <full edge
tern> (which optionally permits<element pattern filler>) or an <abbreviated edge pattern> (w|
does not support <element pattern filler>). These two major classes of <edge pattern> have s
variants each, for the seven possible non-empty combinations of the three edge orientations (|

individual edge orientations being directed pointing left, undirected, or directed pointing righit).

Thus there are fourteen varieties of <edge pattern>.

nat

ng.

path

Py

hum
d

pat-
hich
bven
the

n=>s.

<element.variable declaration>, to declare an element variable to be bound to a graph elemenlt by

the <element pattern>.

<label'expression>, a predicate regarding the labels of the graph element that is bound by the
<element pattern>. A <label expression> is an expression formed from <label name>s and the

"|" for rhcnlnr'hnn <amnersand>

M&n

<wildcardlabel> “04” nmng the npﬂrahnn sions <verticalbar>
for conjunction, <exclamation mark> “!” for negation, and balanced pairs of parentheses for
grouping.

u|n

<element pattern where clause>, a <search condition> to be satisfied by the graph element that is

bound by the <element pattern>.

<path pattern expression>s are regular expressions built recursively from <element pattern>s using the
following operations, governed by the Format and Syntax Rules of Subclause 10.6, “<path pattern
expression>”, and other Subclauses.

14

concatenation, indicated syntactically by string concatenation (i.e., no operation sign).
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NOTE 17 — <element pattern>s and more complex <path pattern expression>s can be concatenated in ways that
appear to juxtapose either two <vertex pattern>s or two <edge pattern>s. These topologically inconsistent patterns
are understood during pattern matching as follows.

. Two consecutive <vertex pattern>s bind to the same vertex.

. Two consecutive <edge pattern>s conceptually have an implicit <vertex pattern> between them.

Grouping, using matching pairs of parentheses to form a <parenthesized path pattern expression>.
A <parenthesized path pattern expression> may optionally contain the following.

4.7
Agn

and

The

Ina
defi
vari

4

Alternation, indicated by <vertical bar> or <multiset alternation operator>.

Fe are four kinds of graph pattermvariables.

Vertex variables; the value of.a‘'vertex variable is a list of vertices.
Edge variables; the valtie'of an edge variable is a list of edges.
Path variables; the value of a path variable is a path binding.

Subpath variahles.

A <subpath variable declaration> to declare a subpath variable.

A <search condition> to constrain matches.

NOTE 18 — Alternation with <vertical bar> provides set semantics using deduplication of rédundant equivalgnt
reduced matches, whereas alternation with <multiset alternation operator> provides multiset semantics, with no
deduplication.

Quantification, indicated by a postfix <graph pattern quantifier>, which'tay be affixed to an <¢dge
pattern> or a <parenthesized path pattern expression>.

<questioned path primary>, indicated by a postfix <question mark> affixed to an <edge pattein>
or a <parenthesized path pattern expression>.

NOTE 19 — Unlike the situation in many regular expression languages) the <question mark> operator in <path pgttern
expression>s is not the same as {0,1}, the difference being that <questioned path primary> exposes its singletpn
element or subpath variables as conditional singletons, wheréas.{0, 1}, in common with all other quantifiers, exposes
all element or subpath variables as a group.

Graph pattern variables

pph pattern variable GPV is a site identified by‘an <identifier> (the name of the graph pattern varigble)
having a value determined by a multi-path binding MPB to a <graph pattern>.

NOTE 20 — “Site” is defined in ISO/IEC 9075<1 Subclause 4.7.1, “Sites”.

NOTE 21'+=Subpath variables are not bound to a value in this edition of this document. They serve to assure mulltiset
semantics in <path multiset alternation>.

<graphable> GT, an <identifier> shall not identify more than one graph pattern variable; thus |GT
hes'a namespace in which there is a one-to-one correspondence between the names of graph pattern
hbles and the graph pattern variables that they name.

NOTE 22 — Because of this one-to-one correspondence, certain terms that are defined for graph pattern variables are also

defined for their names, so that the name of the variable and the variable itself can be used interchangeably in the rules.
These terms include “declare” and “expose”.

Vertex variables and edge variables are collectively called element variables. An element variable is
declared in either an <element pattern> (in which case it is a primary element variable) or in a <one row
per iteration> in which case it is an iterator variable).

A primary vertex variable V'V and its name are declared by an <element variable declaration> simply
contained in a <vertex pattern>.

© ISO/IEC 2023 - All rights reserved 15
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A primary edge variable EV and its name are declared by an <element variable declaration> simply con-
tained in a <full edge pattern>.

A primary variable may be declared in more than one <element pattern>. A multiply declared primary
variable MDPV expresses a natural equijoin in two circumstances.

— If MDPV is declared in both operands of a <path concatenation>.

— If MPDVis declared in two or more <path pattern>s of a <graph pattern>.

NOTE 23 — Declaring an element variable in two operands of a <path pattern union> or <path multiset alternation>|does
hot express a natural equijoin.

<onp row per vertex> declares a single iterator vertex variable and its name.

<onp row per step> declares an iterator vertex variable, an iterator edge variable, and another iteraftor
vertex variable, as well as their names.

[terator element variables cannot be multiply declared.

A pdthvariable PV and its name are declared by a <path variable declaration>simply contained in a <path
pattern>. A path variable may only be declared once.

A sybpath variable SV and its name are declared by a <subpath variable‘declaration> simply contaiped
in aj<parenthesized path pattern expression>. More than one operahd of a <path pattern union> may
declare SV; otherwise SV cannot be multiply declared.

4.7/5 References to graph pattern variables

Graph pattern variables are visible within the <graph table> GT in which they are declared. They may be
refefenced in scalar expressions and <search conditien>s within GT.

Iterator variables and path variables may only béreferenced in <graph table column definition>s.
Primary variables may be referenced in thefollowing BNF non-terminals.

— | <element pattern where clause>.

— | <parenthesized path pattern where clause>.

— | <graph pattern where clause>.

— | <graph table colummrdefinition>.

If a primary elementvariable PEV is declared in a <quantified path primary> QPP, then it may bind fo
morje than one graph €lement. References to PEV are interpreted contextually: if the reference occurs
outdide QPP, then‘the reference is to the complete list of graph elements that are bound to PEV. In this
circhmstance-REV is said to have group degree of reference. If the reference does not cross a quantifier,
ther) the reference has singleton degree of reference and references at most one graph element, ever if
the multispath binding binds PEV multiple times.

NOTE 24 — For example,

(X) -[E WHERE E.P > 1]->{1, 10} (Y) WHERE SUME.P) < 100

This example references primary edge variable E twice: once in the <edge pattern> and once outside the <edge pattern>.
Within the <edge pattern>, E has singleton degree of reference and the <property reference> E.P references a property of
a single edge. On the other hand, the reference within the SUM aggregate has group degree of reference (because of the
quantifier {1,10}) and references the list of edges that are bound to E.

A reference R to a graph pattern variable GPV is termed local in the following circumstances.

— IfGPVis declared in an <element pattern> EP and R is contained in the <element pattern where
clause> of EP.
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— IfGPVis declared in a <parenthesized path pattern expression> PPPE and R is contained in the
<parenthesized path pattern where clause> of PPPE.
— IfRisin a <graph pattern where clause> or a <graph table column definition>.

R has a degree of reference, determined by the Syntax Rules of Subclause 10.10, “<element reference>"
and Subclause 10.11, “<path reference>". The degree of reference of R is one of the following: unconditional
singleton, conditional singleton, or effectively bounded group.

QL 13
nly u

9 J
nt their o

] his docume ough it e they
istinguish operands of a <path multiset altegnation>.

seistod

1bpath variables ca e refere
vill be referenceable in a future edition. At prese

NOTE 26 — In general, an element variable that is declared within a <quantified path primary> is bound by a multi-path
binding to a list of graph elements. The reference R, on the other hand, can reference a proper subset of this'list, basgd on
he syntactic context in which R is placed. The degree of reference expresses the cardinality of the list that® referencs, as
follows: an unconditional singleton references a list of length 1 (one), a conditional singleton references a.list of length 0
[zero) or 1 (one), an effectively bounded group references a finite list. Syntax rules prohibit the pogsibility of referenfing
hn infinite list.

A reference to a path variable always has unconditional singleton degree of reference.
Refgrences to graph pattern variables are subject to the following constraints,

— | Anoperand OP of <path pattern union> or <path multiset alternatign> U may only reference element
variables declared in OP, or outside of U.

— | Anon-local reference shall have singleton degree of reference.

— | A group reference shall be contained in an aggregated:argument of a <set function specificatign>.
The group references in an aggregated argument ofia xset function specification> shall reference

the same graph pattern variable. All other references to graph pattern variables in a <set funcfion
specification> shall have singleton degree of reference.

— | Aselective <path pattern> SPP shall not reference a graph pattern variable that is not declared in
SPP.

— | Iterator variables shall only be referénced in <graph table column definition>s.

If GT has a <graph table export clause>other than EXPORT NO SINGLETONS, then certain singleton|
<grdph pattern variable>s (the exported <graph pattern variable>s) are visible in the <query specificatjon>
whdse <from clause> simply cenitains GT. A syntactic transformation defines an equivalent <query $pe-
cifigation> in which the <graph-table> specifies EXPORT NO SINGLETONS, and all references to expojyrted
<graph pattern variable>s-have been placed in <graph table column definition>s.

4.7l6 Path pattern matching

Path} pattern matehing is performed by Subclause 10.4, “<graph pattern>”", which in turn may invokg
Subglause 9.7 ‘Evaluation of a <path pattern expression>", and Subclause 9.8, “Evaluation of a selegtive
<path pattern>”, as well as other Subclauses incidentally invoked for expression evaluation.

In more'detail, a <path pattern> can be seen as a regular expression built from <vertex pattern>s and
<edge pattern>s. To formalize this, an alphabet is formed (in Subclause 9.6, “Machinery for graph pattern
matching”), comprising the element variable names, plus additional special symbols for the anonymous
vertex symbol, the anonymous edge symbol, bracket symbols to indicate the beginning and ending of
bindings to <parenthesized path pattern expression>s, and subpath symbols to mark the beginning and
ending of subpaths. The precise specification of the corresponding regular language is found in
Subclause 9.7, “Evaluation of a <path pattern expression>".

Each <path pattern> of a <graph pattern> is evaluated independently of each other, resulting in a set of
path bindings. A path binding is a list of elementary bindings; each elementary binding is an ordered pair
(LET, GE), where LET is a member of the alphabet, and GE is

Case:
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Graph pattern matching

if LET is a vertex variable or the anonymous vertex symbol, then a vertex;
if LET is an edge variable or the anonymous edge symbol, then an edge;

Otherwise, equal to LET.

NOTE 27 — In the formal semantics, <label expression>s are evaluated at this stage, but <search condition>s are not; h

ence,

itis possible that some path bindings will be subsequently rejected because they fail a <search condition>. Implementations
are, of course, free to “push down” predicate evaluation provided that the ultimate results are the same as prescribed by

the formal semantics.

Projlecting the elementary bindings of a path binding to the first component yields a word of the regular
language of the <path pattern>. Projecting to the second component yields an annotated pathywhi

ap

expression>s and the beginning and ending of subpaths.

Ifa
the

mugt have a selective <path search prefix> SPSP. Subclause 9.8, “Evaluation of a selective <path patte
is invoked to reduce this potentially infinite set of path bindings to a finite set/All <search condition
contained in the selective <path pattern> are evaluated to reduce the set of path bindings prior to ma

the

pro

path binding does not violate any restrictive <path mode> or <different edges match mode> that m
in fqrce. The set of multi-path bindings is reduced by<enforcing natural equijoins on the unconditio
singleton variables exposed by the <path pattern>s$;

The

of multi-path bindings. Those that remain satisfy all the selective <path search prefix>es and all the|
<sedrch condition>s of the <graph patterns.

The

to the remaining multi-path bindings. REDUCE removes the elementary bindings of the bracket syml

and

now called reduced matches, are deduplicated according to set semantics.

4.7

A <path mode>may be specified for any <parenthesized path pattern expression> or any <path patt¢
from the following choices.

At txis point, there is a finite set of path bindings for each <path pattern> in a <graph pattern>. The ¢
uct of these sets is formed; a member of the cross prioduict is called a multi-path binding. A mu%\;i-

h interspersed with mark-up to indicate the beginning and ending of <parenthesized pathpat

<path pattern> has an unbounded quantifier that is not in the scope of a restrictive <path mode
cdifferent edges match mode>, then there may be infinitely many path bindings Such a <path patts

final selection according to SPSP.

NOTE 28 — An implementation cannot generate an infinite set and then apply,<search condition>s; instead, it must
merate the search space in a fashion enabling it to arrive at the same result as specified by the formal semantics. The fa
bemantics do not specify the algorithm for this enumeration, only the result:

h, the <search condition>s in the <graph pattern> are evaluated, potentially further reducing th

h, the function REDUCE (defined in-Subclause 9.6, “Machinery for graph pattern matching”) is app

collapses adjacent anonymous vertex symbol bindings into a single elementary binding. The res

NOTE 29 — If there is a~<path pattern union> in the <graph pattern>, then duplicates can arise.

7 Path modes

WALK, the default <path mode>, is the absence of any filtering implied by the other <path mod

is
ern

> or
PIrn>

”

n>",
>s

king

bnu-
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ACYCLIC, where path bindings with repeated vertices are not returned.

SIMPLE, where path bindings with repeated vertices are not returned unless these repeated vertices

are the first and the last in the path.

Using trail, acyclic, or simple matching path modes for all unbounded quantifiers guarantees that the
result set of a graph pattern matching will be finite.

18

NOTE 30 — There is no implied hierarchy between path modes. Specifically, path mode SIMPLE does not imply path mode

TRAIL. While such an implication holds for directed graphs, it does not hold for graphs with undirected edges. For inst
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the pattern () - () - () on a graph with two vertices and one undirected edge between them returns a match under SIMPLE
but does not return any matches under TRAIL.

4.7.8  Selective path search prefixes

The set of path bindings resulting from a graph pattern match can be further restricted by a selective
<path search prefix> SPSP. SPSP is defined by partitioning the potentially infinite set of path bindings by
the endpoints, which are the first and last vertices bound by the path bindings.

NOTE 31 — This partitioning is crucial to the definition of SPSP. SPSP makes a selection of some number of path bin

ings

SPS|

The
4.7

A <g
cont

The

Ifa

from each partition. For example, a path binding is “shortest” if its length is minimal within its partition. A “shortest’
binding in one partition can be longer than a “shortest” path binding in another partition.

P can constrain the result set in the following ways.

<any path search>: to non-deterministically pick some number of path bindings from each parti
the number is specified by a <simple value specification>.

<all shortest path search>: to pick all the shortest path bindings in each partition.

<counted shortest path search>: to non-deterministically pick some number of shortest path
bindings from each partition; the number is specified by a <simple value specification>.

from the front of each partition; the number is specified by a‘<simple value specification>.

specification of SPSP guarantees that the result set of a\graph pattern matching will be finite.

9 Match modes

ained in GP.
re are two <match mode>s.

DIFFERENT EDGES: A matched edge'is not permitted to bind to more than one edge variable. T
are no restrictions on matched‘vertices.

REPEATABLE ELEMENTS:There are no restrictions on matched edges or matched vertices.

"Ipath

ion;

<counted shortest group search>: to group each partition into groups of path bindings having|the
same length, order the groups by path length, and pick all path bindings in some number of grgups

raph pattern> GP may optionally specify a <match mode> that applies to all <path pattern>s sifnply

nere

xmatch mode> is not specified, then an implementation-defined (ID022) <match mode> is implicit.

© ISO
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5 Lexical elements

This Clause modifies Clause 5, “Lexical elements”, in ISO/IEC 9075-2.

5.1—=SQLtermimat characters>

Thig Subclause modifies Subclause 5.1, “<SQL terminal character>", in ISO/IEC 9075-2.

Function

Define the terminal symbols of the SQL language and the elements of strings.

Format

<SQl special character> ::=
Il Al alternatives fromI|SQ |EC 9075-2

| |<til de>
<tillde> ::=

~[rr u+oo7E
Syntax Rules

No additional Syntax Rules.

Access Rules

No additional Access Rules.

General Rules

No additional General Rules.

Conformance Rules

No ddditional Conformance Rules.
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5.2 <token> and <separator>

This Subclause modifies Subclause 5.2, “<token> and <separator>", in ISO/IEC 9075-2.

Function

Specify lexical units (tokens and separators) that participate in SQL language.

Fonl'mat

<delfi M ter token> ::=

I'' All alternatives froml|SQO |EC 9075-2
| |<bracket right arrow

| |<bracket tilde right arrow
| |<left arrow>

| |<l eft arrow bracket>

| |<left arrow til de>

| |<left arrow tilde bracket>
| |<left minus right>

| |<left minus slash>

| |[<left tilde slash>

| |<minus left bracket>

| |<m nus sl ash>

| |[<multiset alternation operator>
| |<right bracket mnus>

| |<right bracket tilde>

| |<slash m nus>

| |<slash m nus right>

| |<slash tilde>

| |<slash tilde right>

| |<tilde I eft bracket>

| |[<tilde right arrow>

| |<til de slash>

<bracket right arrows ::=
]4{> !l <U+005D, U+002D, U+0O3E>

<brgcket tilde right arrows ::=
11> !'! <U+005D, W+0Q7E,. U+003E>

<lefft arrows ::=
<{ !'l <W+003C, +002D>

<l efft arrow btacket> ::=
<{[ !! <W003C, U+002D, U+005B>

<lefft arnow tilde> ::=
<t &L <W+003C, U+007E>

<left arrow tilde bracket> ::=
<~[ !'! <W+003C, U+007E, U+005B>

<left mnus right>::=
<-> 11 <U+003C, U+002D, U+003E>

<left mnus slash> ::=
<-/ !l <W+003C, U+002D, U+002F>

<left tilde slash> ::=
<~/ !l <UWU+003C, U+007E, U+002F>
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<m nus left brack

-1

'l <WU+002D,

<m nus slash> ::=

-/

'l <U+002D,

et> ::=
U+005B>

U+002F>

<mul tiset alternation operator> ::=
| +] !! <W+007C, W+002B, W+007C>

<right bracket mnus> ::=

<sl 4
/-

<sl g
/-
<til
~

<til

<til

<r eq

'l <U+005D,

U+002D>

ht bracket tilde> ::=

> |

> |

de
I

<WU+005D, W+007E>

Ish m nus> :: =

<W002F, UW+002D>

iIsh minus right> ::=

I <U+002F, U+002D, U+003E>

Ish tilde> ::=

<W+002F, UW+007E>

ish tilde right> ::=

I <U+002F, U+007E, UW+003E>

left bracket> ::=
<U+007E, U+005B>

de right arrows ::=

Il <W+007E,

de slash> ::=
'l <W+007E,

erved word> ::

U+003E>

U+002F>

Il Al alternatives from|SQO{EC 9075-2

ALL_DI FFERENT
Bl NDI NG_COUNT

ELEMENT_I D |

ELEVENT .NUMBER | EXPORT

GRAPH | GRAPH TABLEE

MATCHNUM
PATH_LENGTH |

SAVE

PATH_NAME |

<non-reserved word> ::=

PROPERTY_EXI STS

22

Il Al alternatives from|SQ|EC 9075-2

ACYCLI C

Bl NDI NGS | BOUND

DESTI NATI ON | DI FFERENT |
EDGE | EDGES | ELEMENTS
LABEL | LABELED

DI RECTED
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NODE

PATHS | PROPERTIES | PROPERTY |
PROPERTY_GRAPH_SCHEMA

RELATI ONSHI P | RELATI ONSHI PS
SHORTEST | SINGLETONS | STEP

TABLES | TRAIL

PROPERTY_GRAPH_CATALCG |

ISO/IEC 9075-16:2023(E)
5.2 <token> and <separator>

PROPERTY_GRAPH_NAME

<edd
<ed(

<ve

Syr

VERTEX
WALK

e synonyme ::=
EDGE | RELATI ONSHI P

es synonymp ::=
EDGES | RELATI ONSHI PS

tex synonym» ::=
NODE | VERTEX

itax Rules

No additional Syntax Rules.

Access Rules

Gel

Col

No additional Access Rules.

neral Rules

No additional General Rules.

1formance Rules

No additional Conformance Rules.

© ISO/IEC 2023 - All rights reserved
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5.3 Names and identifiers

This Subclause modifies Subclause 5.4, “Names and identifiers”, in ISO/IEC 9075-2.

Function

Specify names.

Fonl'mat

<degtination vertex table alias> ::=
<Jertex table alias>

<edde table alias> ::=
<ildentifier>

<el gnent table name> ::=
<flabl e nane>

<el gnent table alias> ::=
<ildentifier>

<gr4ph pattern variable> ::=
<el enent vari abl e>
| |<path or subpath variabl e>

<paffh or subpath variable> ::=
<pat h vari abl e>
<subpat h vari abl e>

<el gnent variable> ::=
<ildentifier>

<l aljel nane> ::=
<ildentifier>

<patth variable> ::=
<ildentifier>

<subppat h vari able> ::=
<ildentifier>

<prgperty graph pane> ::=
<gchenma qual ihied nane>

<prgperty nanme> ::=
<ildent | fi-er >

<soyrecewertex table alias> ::=
<Mert'ex table alias>

<vertex table alias> ::=
<identifier>

Syntax Rules

No additional Syntax Rules.
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Access Rules

No additional Access Rules.

General Rules

1) |Insertafter thelast GR:| An <element variable> identifies an element variable, which may be bound

to-alict of aranh alamantc
to IO T O S ToperE e reos

2) ’Insert after the last GR:‘ A <path variable> identifies a path variable, which is bound to a-path
binding that is matched by a <path pattern>.

3) ‘Insert after the last GR:‘ A <subpath variable> identifies a subpath variable.

4) ’Insert after the last GR:‘ A <property name> identifies a property in an SQL-property graph.

5) ’Insert after the last GR:‘ A <label name> identifies a label in an SQL-propgérty graph.

v

6) ‘Insert after the last GR: ‘ A <destination vertex table alias> identifies-a déstination vertex tablg in
an SQL-property graph.

7) ’Insert after the last GR:‘ An <edge table alias> identifies an edge.table in an SQL-property graph.

8) ‘Insert after the last GR:‘ An <element table alias> identifi€s an element table in an SQL-propeirty
graph.

9) ‘Insert after the last GR: ‘ An <element table name> identifies a table.

10) ‘Insert after the last GR:‘ A <property graph nanie> identifies an SQL-property graph.

11) ’Insert after the last GR:‘ A <source vertex table alias> identifies a source vertex table in an SQ[L-
property graph.

12) ‘Insert after the last GR:‘ A <vertex table alias> identifies a vertex table in an SQL-property graph.

Conformance Rules

No additional Conformanee Rules.
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6

Scalar expressions

This Clause modifies Clause 6, “Scalar expressions”, in ISO/IEC 9075-2.

type
al
n>.

to

6.1 <valueexpression primary=

Thig Subclause modifies Subclause 6.3, “<value expression primary>", in ISO/IEC 9075-2.

Function

Spe¢ify a value that is syntactically self-delimited.

F0]mat

<non- par ent hesi zed val ue expression prinmary> ::=

't Al alternatives from|SQO|EC 9075-2

| |<property reference>

| |<graphi cal val ue expression prinmary>

<gr aphi cal val ue expression primary> ::=

<elerment _id function>

| |<graphi cal match nunber function>

| |<graphi cal path name function>

| |<graphi cal el ement nunber function>

| |<graphical path |ength function>

Syntax Rules

1) ‘Augment SR1) ‘ by adding ‘<property reference> and <graphical value expression primary>"
the list of BNF non-termijnals simply contained in <value expression primary>.

2) ’Insert after SR 1): ‘ The.declared type of <graphical value expression primary> is the declared
of the simply contained <element_id function>, <graphical match number function>, <graphic
path name functien>, <graphical element number function>, or <graphical path length functid

Access Rules
No additional Access Rules.

General Rules

1) ’Augment GR 1)‘ by adding “<property reference> and <graphical value expression primary>"
the list of BNF non-terminals simply contained in <value expression primary>.

2) ‘Insert after GR 1):‘ The value of <graphical value expression primary> is the value of the simply
contained <element_id function>, <graphical match number function>, <graphical path name
function>, <graphical element number function>, or <graphical path length function>.
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Conformance Rules

No additional Conformance Rules.
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6.2

<identifier chain>

This Subclause modifies Subclause 6.6, “<identifier chain>", in ISO/IEC 9075-2.

Function

Disambiguate a period-separated chain of identifiers.

Fonl'mat

Syr

1)

2)
3)

4)

5)

No additional Format items.

)itax Rules

‘Insert after SR 7):‘ A property PR is said to be refinable if the declared type of PR is a row type, a

JSON type, or a structured type.

‘Augment the lead text of SR 9) ‘ by adding “a property PR” to the list-of possible referents of a bpasis.

‘Augment SR 9)b)iv)‘ by adding “<element variable> " as altérnatives to both occurrences of <cor-

relation name>.

‘Insert after SR 9)b)iv)1):‘ If N=2 and EN is an exposed <element variable>, then

a)

b)

c)
d)

Let GT be the <graph table> that is the scope of EN. Let SPG be the SQL-property graph identjfied
by the <graph reference> simply containéd in GT, and let GP be the <graph pattern> simply
contained in GT. Let EV be the element-variable that is identified by EN.

The Syntax Rules of Subclause 9.2, “Contextual inference of a set of labels”, are applied with
SPG as SQL-PROPERTY GRAPH, GR-as GRAPH PATTERN, EV as ELEMENT VARIABLE, and tﬂ;e
<graph table column definition>, <parenthesized path pattern where clause> or <graph pattern
where clause> that simply contains IC as CONTEXT; let SOL be the SET OF LABELS returned

from the application of those Syntax Rules.

Let SOPN be the sef of property names of the properties of the labels of SOL.

If I, is a property-name in SOPN, then PIC, is a candidate basis of IC, the scope of PIC; is the
scope of EN;-and the referent of PIC, is the property PR named by I5.

‘Insert after-SR9)b)iv)2): ‘ If N > 2 and EN is an exposed <element variable>, then

a)

LetGT be the <graph table> that is the scope of EN. Let SPG be the SQL-property graph identjfied
by the <graph reference> simply contained in GT, and let GP be the <graph pattern> simply
contained in GT. Let EV be the element variable that is identified by EN.

The Syntax Rules of Subclause 9.2 “Contextual inference of a set of labels” are npplipd rith

28

d)

SPG as SQL-PROPERTY GRAPH, GP as GRAPH PATTERN, EV as ELEMENT VARIABLE, and the
<graph table column definition>, <parenthesized path pattern where clause>, or <graph pattern
where clause> that simply contains IC as CONTEXT; let SOL be the SET OF LABELS returned
from the application of those Syntax Rules.

Let SOPN be the set of property names of the properties of the labels of SOL.

If I, is a property name in SOPN and the property PR named by I, is refinable, then PIC; is a
candidate basis of IC, the scope of PIC, is the scope of EN, and the referent of PIC; is the
property PR named by .
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6) ‘Insert after SR 16):‘ A <basic identifier chain> whose basis referent is a property is a property ref-
erence.

Access Rules

No additional Access Rules.

Geheral Rules

1) ’Insert after GR 4): ‘ If BIC is a property reference, then BIC references the property thatisthe hasis
referent of BIC.

Conformance Rules

No additional Conformance Rules.
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6.3 <set function specification>

This Subclause modifies Subclause 6.9, “<set function specification>", in ISO/IEC 9075-2.

Function

Specify a value derived by the application of a function to an argument.

Fonl'mat

No additional Format items.

Syntax Rules

1) ‘ Insert after SR 3): ‘ An <element reference> simply contained in an <eleméntvariable count functjon>
is an aggregated argument of SFE.

2) ‘Insert after SR 4):‘ If <set function specification> SFS is contained. in <graph table> GT withoyt an
intervening <query expression>, then:

a) <grouping operation> shall not be specified.

b)  SFSis a within-match aggregate.

¢}

c) The aggregated arguments of SFS shall referénce exactly one element variable AEV whosg
degree of reference is group. The degree ofreference of AEV shall be effectively bounded
group. AEV is called the aggregated elerient variable of SFS.

NOTE 32 — The aggregated element variable can be referenced more than once; for example, SUM (PX [ P.Y)
references the element variable P twice. Since P is the only element variable referenced in the aggregatpd
argument of SUM, the degree of.yefetrence of P will be effectively bounded group.

d) Every element variable other'than AEV that is referenced in SFS shall have singleton degfee
of reference.

NOTE 33 — Assumingthat P and @ are element variables, in the example
PERCENTI'LE) CONT (P.X) W THI N GROUP (ORDER BY Q V)

PXis anon:-aggregated argument and therefore P must have singleton degree of reference. Q.Y is an aggregated
argumentdand therefore Q is the aggregated element variable and must have effectively bounded group degree
of refexenice.

Asanother example:
SUM (P.X * QYY)

one of the variables P and Q must have group degree of reference (thereby being the aggregated element
variable) and the other must have singleton degree of reference.

3) ‘Insert after SR 6)a):\ If SFS is a within-match aggregate, then the aggregation query of SES is GT.

4) ‘Convert SR 7) to be: ‘Case:

a) IfSFSisawithin-match aggregate, then SFS shall be contained in a <parenthesized path pattern
where clause>, <graph pattern where clause> or <graph table columns clause> simply contained
in GT

b)  Otherwise, |the original SR 7)‘
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Access Rules

No additional Access Rules.

General Rules

No additional General Rules.

Conformance Rules

1) ’ Insert after the last CR: ‘ Without Feature G120, “Within-match aggregates”, conforming SQL langtiage
shall not contain a within-match aggregate.
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6.4  <case expression>

This Subclause modifies Subclause 6.12, “<case expression>", in ISO/IEC 9075-2.

Function

Specify a conditional value.

Fonl'mat

<cag

I
<wh4

Syr

1)

Access Rules

Gel

e operand> ::=
Il Al alternatives from|SQ|EC 9075-2
<el enent reference>

n operand> ::=

I All alternatives froml|SQO |EC 9075-2
<directed predicate part 2>

<l abel ed predicate part 2>

<source predicate part 2>

<destination predicate part 2>

<bound predi cate part 2>

itax Rules

‘ Insert after SR 2)c): ‘ If any <when operand> is <directed predicate part 2>, <labeled predicate

CO shall be <element reference> and every <when operand> shall be <directed predicate part

predicate part 2>, or <bound predicate part 2>.

NOTE 34 — This rule disambiguates whether a single <identifier> is interpreted as an <element reference> oj

<row value predicand> that is.a single <identifier>.

No additional Aecess Rules.

neral Rules

No additional General Rules.

part

2>, <source predicate part 2>, <destination predicate part 2>, or <bound predicate part 2>, then

2>,

<labeled predicate part 2>, <source predicate part 2>, <destination predicate part 2>, or <boynd
predicate part 2>; otherwise, CO shall not be <element reference> and no <when operand> shill
be <directed predicate part 2>, <labeled predicate part 2>, <source predicate part 2>, <destingtion

a

Conformance Rules

32

No additional Conformance Rules.
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<property reference>

Function

Reference a property of a graph element.

Fo

mat

<pr(

perty reference> ::=

<basic identifier chain>

Syr

1)

2)
3)

)itax Rules

The <basic identifier chain> BIC simply contained in a <property reference> PR shall be a prop
reference.

The declared type of PR is the declared type of BIC.

Let EV be the first <identifier> simply contained in BIC. EV is an‘<élement variable>. Let ER be
<element reference>:

EV

ER shall be valid according to the Syntax Rules of Subgclause 10.10, “<element reference>".

Access Rules

None.

erty

the

General Rules
1) | Let LOE be the list of graph elements bound to ER, and let PN be the property name contained|in
ER.
NOTE 35 — The list of graph elements bound to ER is determined by the General Rules of Subclause 9.9, “Applying
bindings to evaluate ah expression”, which is invoked prior to evaluating a <value expression> or <search condifion>
that contains PR:
2) | Ifthe degree®fjreference of ER is singleton, then
Case:
a) «IfLOE is empty, then the result of PR is the null value.
b), © Otherwise, let E be the sole graph element in LOE.
Case:
i) If E does not have a property whose name is PN, then the result of PR is the null value.
ii) Ifthe property of E whose name is PN is flagged as unusable, then an exception condition

EC is raised where EC is the exception condition recorded as additional information

when the property was marked as unusable.

NOTE 36 — The exception condition is recorded as additional information in GR 6)b)iii)3)F) of

Subclause 9.5, “Converting a tabular property graph to a pure property graph”.

iii)  Otherwise, the result of PR is the value of the property of E whose name is PN.

© ISO/IEC 2023 - All rights reserved
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NOTE 37 — A <property reference> that references a singleton element variable is resolved by this Subclause. Ref-
erences to a group element variable must be contained in an aggregated argument of a <set function specification>.
The <set function specification> contains an <aggregate function>; the General Rules of Subclause 10.1, “<aggregate
function>”, invoke the General Rules of Subclause 9.10, “Applying bindings to evaluate a subexpression of an
aggregate”, to decompose such group references into a list of singleton references, so this Subclause only needs to
handle singletons.

Conformance Rules

1)

34

Without Feature G090, “Property reference”, conforming SQL language shall not contain a <property
reference>.
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6.6 <element_id function>

Function

Generate a unique identifier for a graph element.

Format

<el g¢nent_id function> ::=
EWLEMENT_I D <l eft paren> <el enent reference> <right paren>

Syntax Rules

1) | The <element reference> shall have singleton degree of reference.

2) | The declared type of <element_id function> is an implementation-definéd (IV120) type that is
of Subclause 9.11, “Equality operations”, in ISO/IEC 9075-2 and as the declared type of an opel

ISO/IEC 9075-2.

Acc¢ess Rules

1) | Access Rules for <element_id function> are implementation-defined (IA033).

General Rules

1) | Let LOE be the list of graph elements-bound to the <element reference>.

2) | Case:

a) If LOE is empty, then«the value of <element_id function> is the null value.

b) Otherwise, let GE bethe sole graph element in LOE. The value of <element_id function> i
implementation-dependent (UV017) value that encapsulates the identity of GE in the SQ

Conformance Rules

1) | Without Feature G100, “ELEMENT_ID function”, conforming SQL language shall not contain an

<element_id function>.

of a grouping operation according to the Syntax Rules of Subclause 9.12, “Grouping operationg’

permitted as the declared type of an operand of an equality operation dccording to the Syntax Rules

rand
" in

S an
L-

property graph that contains GE for the duration of the innermost executing SQL-statemlent.
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6.7 <graphical match number function>

Function

Return a number that uniquely identifies a match in a set of matches.

Format

<gr aphi cal match nunber function> ::=
TCHNUM <| eft paren> <right paren>

Syntax Rules
1) | <graphical match number function> GMNF shall be contained in the <graph table columns clayise>

of a <graph table> GT, or in the scope of the exported <graph pattern variable>s of a <graph taple>
GT.

2) | The declared type of the result of GMNF is implementation-defined’(IV121) exact numeric with
scale 0 (zero).

Access Rules

None.

General Rules

1) | The value of the result of GMNF is the clirrent match number.

NOTE 38 — The current match number'is specified in the General Rules of Subclause 7.1, “<table reference>".
Conformance Rules

1) | Without Feature G803( “MATCHNUM function”, conforming SQL language shall not contain
<graphical match namber function>.
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<graphical path name function>

Function

Return the name of the path that the iterator variables are currently iterating over.

Fo

mat

<gr 3
PA

Syr

1)

2)
3)

Acc¢ess Rules

Gel

1)

Col

1)

\phi cal path name function> ::=
\TH_NAME <l eft paren> <right paren>

)itax Rules

<graphical path name function> GPNF shall be contained in the <graph table*éolumns clause>
<graph table> GT, or in the scope of the exported <graph pattern variable>s of a <graph table>

GT shall specify <one row per iteration>.

The declared type of the result of GPNF is character string with implementation-defined (ILOC
maximum length, character set SQL_IDENTIFIER, and collation-SQL_IDENTIFIER.

None.

neral Rules

The value of the result of GPNF is
Case:

a) Ifthereisacurrent path name, then a character string whose value is equivalent to the cur
path name.

b)  Otherwise, the-null value.

NOTE 39 — Thecurrent path name is specified by the General Rules of Subclause 9.11, “Applying bindings to gen|
arow”.

1formance Rules

Without Feature G800, “PATH_NAME function”, conforming SQL language shall not contain
Zgraphical path name function>.

ofa
GT.

5)

rent

erate
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6.9 <graphical element number function>

Function

Return the sequential element number of the graph element binding that an iterator variable is currently
positioned on.

Format

<gr aphi cal el ement nunber function> ::=

ELEVENT _NUMBER <l eft paren> <el enent reference> <right paren>
Syntax Rules

1) | <graphical element number function> GENF shall be contained in the <graph table columns clafise>

of a <graph table> GT, or in the scope of the exported <graph pattern variable>s of a <graph taple>
GT.

2) | GT shall specify <one row per iteration> ORPI, and <element reference> shall reference an iterator
variable IV declared by ORPI.

3) | Thedeclared type of the result of GENFis implementatiofi/déefined (IV122) exact numeric with qcale
0 (zero).
Access Rules

None.

General Rules

1) | The value of the result of GENF is the current element number of IV.

NOTE 40 — The current glemhent number of an iterator variable is specified by the General Rules of Subclause|9.11,
“Applying bindings to generate a row”.

Conformance Rules

1) | Without Feature G801, “ELEMENT_NUMBER function”, conforming SQL language shall not cortain
<graphical element number function>.
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6.10 <graphical path length function>

Function

Return the length (number of edges) of a path binding or a subpath binding.

Format

<gr gphi cal path length function> ::=
PATH_LENGTH <l eft paren> <path reference> <right paren>

Syntax Rules

1) | <graphical path length function> GPLF shall be contained in the <graph table“¢olumns clause> of a
<graph table> GT7, or in the scope of the exported <graph pattern variable>s of a <graph tablex GT.

2) | Thedeclared type of the result of GPLF is implementation-defined (IV123) exact numeric with qcale
0 (zero).
Access Rules

None.

General Rules

1) | Let PB be the path binding that is the value\of the <path reference>.

2) | The value of the result GPLF is

Case:

a) If PB contains any vertex bindings, then the number of edge bindings in PB.

b)  Otherwise, the nullwalue.

Conformance Rules

1) | Without Feature G802, “PATH_LENGTH function”, conforming SQL language shall not contain
<graphijealpath length function>.
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7 Query expressions

This Clause modifies Clause 7, “Query expressions”, in ISO/IEC 9075-2.

7.1 <tablereferences

This Subclause modifies Subclause 7.6, “<table reference>", in ISO/IEC 9075-2.

Function

Refdrence a table.

F0]mat
<tabhle primary> ::=

Il Al alternatives fromI|SQ |EC 9075-2
<graph tabl e derived tabl e>

<gr4gph tabl e derived table> ::=
<graph table> [ <correlation or recognition> ]

<graph table> ::=

GRAPH_TABLE
<l eft paren> <graph reference> MATCH.<gr aph pattern> <graph tabl e shape>
<right paren>

<gr 4gph tabl e shape> ::=
[ [<graph table rows cl ause> ]
[ [<graph tabl e colums cl ause>~]
[ [<graph tabl e export clause> 7

<graph table rows cl ause> /<=
ONE ROW PER MATCH
| |[<one row per iteration>

<ong row per iteration> ::=
<one row per _\Ert ex>
| |<one row pen st ep>

<ong row perwertex> ::=

OJE ROW-RER <vertex synonyne
<l ef't paren> <vertex variabl e> <right paren>
[."<in paths clause> ]

<one row per step> .=
ONE ROW PER STEP <l eft paren> <vertex variable 1> <comma> <edge vari abl e>
<comm> <vertex variable 2> <right paren>
[ <in paths cl ause> ]

<vertex variable> ::=
<el enent vari abl e>

<vertex variable 1> ::=
<el enent vari abl e>

<edge variable> ::=
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<el enent vari abl e>

<vertex variable 2> ::=
<el enent vari abl e>

<in

pat hs cl ause> :: =

IN <l eft paren> <path variable> [ { <comma> <path variable>}... ] <right paren>

<graph tabl e colums clause> ::=
COLUMNS <l eft paren> <graph tabl e columm definition>

<gra

<al |
<d

<gra
|
|

<export except> ::=

BE

<export variable list> ::=

<g

Sy

1)

2)

[ { <conma> <graph table colum definition>}... ] <right paren>

\ph tabl e colum definition> ::=
<val ue expression> [ AS <colum nane> ]
<all properties reference>

properties reference> ::=
| ement reference> <period> <asterisk>

\ph tabl e export clause> ::=
EXPORT ALL SI NGLETONS [ <export except> ]
EXPORT S| NGLETONS
<l eft paren> <export variable |list> <right paren>
EXPORT NO SI NGLETONS

(CEPT <l eft paren> <export variable |list> <right pafen>

raph pattern variable> [ { <conma> <graph pattern variable> }... ]

)itax Rules

‘Augment SR5) ‘ by adding “<graph tablederived table>" to the list of <table primary>s that sup
lateral join.

’Insert after SR 11):‘ If TP simply contains <graph table derived table> GTDT, then:

a) Let GT be the <graph:table> simply contained in GTDT. Let GP be the <graph pattern> sir
contained in GT.

b)  If GT contains@hother <graph table> GT2, then the name of every graph pattern variablg
exposed by GP shall be distinct from the name of every graph pattern variable exposed by
<graph patbern> simply contained in GT2.

c) If GT.does not simply contain <graph table export clause>, then
Case:

i) If GT simply contains <graph table columns clause>, then the <graph table export

port

nply

r the

clause> EXPORT NO SINGLETONS is implicit.

ii) Otherwise, the <graph table export clause> EXPORT ALL SINGLETONS is implicit.

NOTE 41 — In this case a later syntactic transform will generate a <graph table columns clause> and

change the <graph table export clause> to EXPORT NO SINGLETONS.

d) IfGTsimply contains <graph table columns clause>, then GTDT shall simply contain <correlation

or recognition>.
e) Let SPG be the SQL-property graph identified by the <graph reference>.
f)  Case:

© ISO/IEC 2023 - All rights reserved
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42

i)

ii)

iii)

If GT does not simply contain <graph table rows clause>, then ONE ROW PER MATCH
is implicit.

If <graph table rows clause> specifies <one row per vertex> ORPV, then the <vertex
variable> VV contained in OPRV shall not be equivalent to any <element variable>,

<path variable>, or <subpath variable> declared in GP. OPRV declares VV and an iterator
variable IV whose name is VV. OPRV exposes VV and IV as unconditional singelton.

If <graph table rows clause> specifies <one row per step> ORPS, then <vertex variable

g)
h)

[terator variables shall not be referenced in GP.

Case:

i)

ii)

1> VVI, <edge variable> EDGY, and <vertex variable 2> VV. shall be pairwise distinct
and shall not be equivalent to any <element variable>, <path variable>, or <subpdth
variable> declared in GP.

1)  ORPSdeclares VV1 and an iterator variable IV1 whose name is VVI.ORPS exppses
VV1 and IV1 as unconditional singleton.

2)  ORPSdeclares EDGY and an iterator variable /E whose nameds EDGY. ORPS exppses
EDGY and IE as conditional singleton.

3) ORPSdeclares I'V2 and an iterator variable IV2 whose name is I'V2. ORPS exppses
VV2 and IV2 as conditional singleton.

If <graph table rows clause> GTRC specifies <in paths clause> IPC, then every <path
variable> contained in IPC shall be equivalent to a <path variable> declared by GA.

If <graph table rows clause> GTRC'specifies <one row per iteration> and does not
specify <in paths clause>, then atleast one of the following shall be true:

1)  GPsimply contains only‘one <path pattern>.

2)  Every <path pattern> simply contained in GP declares a <path variable>.

NOTE 42 —This rule assures that the PATH_NAME function unambiguously determines which
path pattern-an iterator variable is iterating over.

For each <all propeprties reference> APD simply contained in the <graph table columns clause>:

i)

ii)

iii)

Let ER be the <element reference> contained in APD. ER shall have singleton degree
of reference. Let EV be the element variable referenced by ER.

The Syntax Rules of Subclause 9.3, “Expansion of an <all properties reference>", gre
applied with SPG as SQL-PROPERTY GRAPH, GP as GRAPH PATTERN, and EV as ELEMENT
VARIABLE; let LOPR be the LIST OF PROPERTY REFERENCES returned from the
application of those Syntax Rules.

Case:

1) HEOoPR s thezet U‘}Cllgth characterstt ing; then
A) IfAPDis preceded by a <comma>, then that <comma> and APD are deleted.
B) IfAPD is followed by a <comma>, then that <comma> and APD are deleted.
C) Otherwise, APD is deleted.

2)  Otherwise, APD is replaced by LOPR.
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i) If a <graph table column definition> GTCD does not contain a <column name>, then let VE be
the <value expression> simply contained in GTCD. Exactly one of the following shall be true:

i) VE is a <property reference> PR. In this case, the <column name> contained in GTCD
is implicitly the <property name> contained in PR.

ii) VE is a <column reference> CR. In this case, the <column name> contained in GTCD is
implicitly the <column name> contained in CR.

1) £ T civanl ranl bla asn LT orbh oy

T o3 ntainean-axnlicit-arinmalicit <o o rtclaica by 2
l\) 1l Ollllt}l_y CUIILAIIIO dIl \,APII\,IL Ul llllt}ll\,ll, 51 at}ll cAauvIc \,At}\ll CCiIduoT Ul LG ULIICTD UlIdl

EXPORT NO SINGLETONS, then:

i) GTDT shall not be the <table reference> simply contained in a <merge statenent>.

ii) Let GTFC be the <from clause> that simply contains GTDT, and let GTQS be the <quiery
specification> that simply contains GTFC.

iii)  The <select list> simply contained in GTQS shall not be <asterisk>.
iv) GTQS shall not contain another <graph table derived tables«

v) GTDT shall not contain <row pattern recognition clause’and name>.
vi) Case:

1) If GTDT simply contains a <correlation naine>, then let GTCN be that <correlgtion
name>.

2)  Otherwise, let GTCN be an implementation-dependent (UV018) <correlation
name> that is not in conflict withvany range variable of GTFC.

»

NOTE 43 — Conflicts between range variables are defined in Subclause 7.5, “<from clauge>",
in ISO/IEC 9075-2.

vii)  Let NSbethe number of distinct path variables, subpath variables, and element varigbles
exposed by GP with singleton degree of exposure.

NOTE 44 — “Degreeeféxposure” is defined in Subclause 10.4, “<graph pattern>" and Subclause|10.6,

“<path pattern expression>".

viii) LetSVjy, .., S¥ysbe an enumeration of the names of the distinct path variables, subpath
variables,@nd’element variables exposed by GP with singleton degree of exposurg.

NOTE 45 — “Degree of exposure” is defined in Subclause 10.4, “<graph pattern>" and Subclause|10.6,
{<path pattern expression>".

ix) If GTEC simply contains <export variable list> EVS, then let NE be the number of <graph
pattern variable>s contained in EVS, and let EVV71, ..., EVV g be the list of <graph paftern

variable>s contained in EVS. For all i, 1 (one) <i < NE, EVV; shall be a <graph patt¢rn

variable> exposed by GP with singleton degree of exposure. The <graph pattern vari-
able>s EVVy, ..., EVVyE shall be pairwise distinct.

NOTE 26— “Degrecof exposure tsdefined i Subclause 104, “Igrapirpatters amnd Subctause 10.6,
“<path pattern expression>".

X) Case:

1) If GTEC contains <export except>, then let FSV be the set difference of
{ SVl, ey SVNS} minus { EVVl, e EVVNE}.

2) IfGTEC contains EXPORT ALL SINGLETONS, then let FSV be the set { SV, ..., SV
1.
3)  Otherwise, let FSV be the ESV.
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xi) The <graph pattern variable>s contained in FSV are the exported <graph pattern vari-
able>s of GT.

xii)  An exported <graph pattern variable> EEV is in conflict with a range variable RV if at
least one of the following is true:

1) RVisa<table name> and EEV is equivalent to the <qualified identifier> of RV.

2) RVis

a correlation name and EEV is equivalent to RV.

of GTFC.

A)

B)

Q)

3) Case:

A)

B)

A)
B)

)

xiv)  GTis transformed into a <graph table> whose <graph table export clause= iS EXP
NO SINGLETONS as follows:

1)  Let GTSC be the scope clause of GTFC.

NOTE 47 — The scope clause of GTFC is defined in Subclause 7/5, “<from clause>", in ISQ/IEC
9075-2.

Every <table primary> that supports lateral join, is simply contained i
GTFC and is preceded by GT.

The <select list>, <where clause>;<group by clause>, <having clause>,

<window clause> of GTSC.

If GTSC is the <query specification> that is the <query expression body

a simple table query ST@, then the scope of the exported <graph patte
variable>s of GT also_includes the <order by clause> of STQ.

If GT does not simply contain a <graph table columns clause>, then let

GTCOLS be‘an empty list.

Otherwise, let GTCOLS be the list of <graph table column definition>s siy
contained in the <graph table columns clause> simply contained in G7]

For every i, 1 (one) <i < NAPR:

APR; shall be contained in the <select list> SL of GTQS.

Let XV; be the element variable referenced by APR;.

ThaSuntaxy Pulac af Culbhalanicn Q2 “Donancing of o ol s nsebing

xiii)  An exported <graph pattern variable> EEV shall not be in conflict with a range varipble

DRT

2)  Thescope of the exported <graph pattern variable>§ of GT comprises the following:

=]

and

> of
n

nply

4) Let APRS be the set of every <all properties reference> contained in the scope of
the exported <graph pattern variable>s. Let APRy, ..., APRyspr be an enumerd

of those <all properties reference>s.

tion

fer-

~J

D)

44

TIIC Oy ItaA ITUIC S UT OaoCIatu st 770, APl SO O it ~altr proptratsTT

ence>", are applied with SPG as SQL-PROPERTY GRAPH, GP as GRAPH PAT-
TERN, and XV; as ELEMENT VARIABLE; let LOPR; be the LIST OF PROPERTY

REFERENCES returned from the application of those Syntax Rules
Case:

1) If LOPR; is the zero-length character string, then

Case:

© ISO/IEC 2023 - All rights res

erved


https://standardsiso.com/api/?name=24c0c89c62c52bbdc2d06fba1100f076

ISO/IEC 9075-16:2023(E)
7.1 <table reference>

1) IfAPR;is preceded by a <comma>, then that <comma> and APR;
are deleted.

2) IfAPR;isfollowed by a <comma>, then that <comma> and APR;
are deleted.

3) Otherwise, APR;is deleted.

1) Otherwise APR; is replaced by LOPR;.

NOTE 48 — As aresult of the preceding rules, the <all properties reference>shavelbeen
replaced by a (possibly empty) list of <property reference>s.

5) Let PRS be the set of every <property reference> contained in the Scope of the
exported <graph pattern variable>s. Let PRy, ..., PRypgs be an enumeration ¢f

those <property reference>s. Let PRALIASY, ..., PRALIAS yprs béalist of implemen-

tation-dependent (UV019) <identifier>s that are pairwise distinct and also disfinct
from every explicit or implicit column name of the <graph table column defini-
tion>s contained in GTCOLS.

For every i, 1 <i< NPRS:

A)  Let PV;be the <element variable> that i the first <identifier> containgd in
PR; and let PN; be the property namé-that is the second <identifier> cdn-

tained in PR;.
B) Case:
I) If PR; is the <value expression> of a <derived column> that has no

<as clause>, then PR; is replaced by the <column reference>

GTCN. PRALI AS; AS PN

NOTE 49 — The preceding preserves the implicit column name of the <defived
column>.

II) Otherwise, PR; is replaced by

GTCN. PRALI AS;

G}~ The following <graph table column definition> is appended to GTCOLS:

PV,. PN AS PRALI AS,

—_—

6) Let GPPS be the set of every <graph element predicate> and every <graphica
value expression primary> contained in the scope of the exported <graph patfern
variable>s. Let OTHER1, ..., OTHERy be an enumeration of those <graph elehent

predicate>s and <graphical value expression primary>s. Let OALIAS1, ..., OALIAS yo

be a list of implementation-dependent (UV019) <identifier>s that are pairwise
distinct and also distinct from every explicit or implicit column name of the <graph
table column definition>s contained in GTCOLS.

NOTE 50 — This step is necessarily performed after the syntactic transformations in
Subclause 6.12, “<case expression>", in [SO/IEC 9075-2 to convert <simple case>s to <searched
case>s, which can construct some <graph element predicate>s.

For every i, 1 (one) <i< NO:

A)  OTHER,is replaced by
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GTCN. OALI AS;

B) The following <graph table column definition> is appended to GTCOLS:

OTHER AS QALI AS;

7)  Let NCOLSbe the number of <graph table column definition>s contained in GTCOLS
after the preceding insertions. Let COLDEF}, .., COLDEF (s be the list of <graph

table column definition>s contained in GTCOLS.

8) The <graph table export clause> of GT is replaced by EXPORT NO SINGLET(NS,
and the <graph table columns clause> of GT, if any, is replaced by

COLUMNS ( COLDEF;, ..., COLDEFNcaLs )

1) After the preceding syntactic transformation, there shall be at least one’xgraph table colimn
definition>.

m) The explicit or implicit <column name>s specified in the <graphytable column definitionps
shall be distinct from one another.

n) The degree of the table specified by GT is the number of <graph table column definition3s
simply contained in GT. For each <graph table columndefinition> GTCD simply containefl in
GT, a column descriptor is determined, as follows:

i) The column name of the column is the explicit or implicit <column name> simply fon-
tained in GTCD.

ii) The declared type of the column,js the declared type of the <value expression> VI
simply contained in GTCD.
iii)  Case:

1) Ifthe SQL-implementation supports Feature T101, “Enhanced nullability
determination”yand VE conforms to an implementation-defined (IE011) rule|that
enables the’SQL-implementation to correctly infer that VE cannot be null, then
the coluimn’s nullability characteristic is known not null.

2)  Otherwise, the column’s nullability characteristic is possibly nullable.

3) ‘Augment the lead-text of SR 12) ‘ by adding “<graph table>" to the list of BNF non-terminals sitnply
contained in TP;

4) ‘Augment SR12)b)i)2) ‘ by adding “<graph table>" to the list of BNF non-terminals simply contajned
in TP.

NOTE 51 — That is, the output of <graph table> can supply the row pattern input table for row pattern recogniition.

5) ’Insert after SR 21)a): ‘If <table primary> specifies <graph table>, then the <table primary> is pot
generally updatabie, not simply updatable, not effectively updatabie, and not insertable-into.

Access Rules

1) Let PG be the SQL-property graph identified by the <graph reference>.

Case:
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If GT is contained, without an intervening <SQL routine spec> that specifies SQL SECURITY
INVOKER, in an <SQL schema statement>, then the applicable privileges of the <authorization

identifier> that owns the containing schema shall include SELECT on PG.

Otherwise, the current privileges shall include SELECT on PG.

General Rules

1)

ilnsert atter GR 6):i It TP simply contains <graph table>, then:

a)

b)

d)

8

Let SPG be the SQL-property graph identified by <graph reference>. The General Rules of

Subclause 9.5, “Converting a tabular property graph to a pure property graph”, are-appli
with SPG as SQL-PROPERTY GRAPH; let G be the PURE PROPERTY GRAPH retuirned from
application of those General Rules.

ed
the

Let GPbe the <graph pattern> after the transformations in the Syntax Rules-of other Subclayses.

Let PPL be the <path pattern list> simply contained in GP.

The General Rules of Subclause 9.6, “Machinery for graph pattern\matching”, are applied
G as PURE PROPERTY GRAPH and PPL as PATH PATTERN LIST:;tet MACH be the MACHINH
returned from the application of those General Rules.

The following components of MACH are identified:
i) ABC, the alphabet, formed as the disjoint union of the following:
1)  SVV, the set of names of vertex variables.
2)  SEV, the set of names of edge<variables.
3)  SPS, the set of subpath symbols.
4)  SAS, the set of anonymous symbols.
5)  SBS, the set of bracket symbols.

with
RY

ii) REDUCE, the function mapping path bindings to path bindings, and multi-path bindiings

to multi-path bindings.

The General Rules of Subclause 10.4, “<graph pattern>", are applied with G as PURE PROPE
GRAPH, GP as GRAPH PATTERN, PPL as PATH PATTERN LIST, and MACH as MACHINERY; 1
SM be the SEDOF REDUCED MATCHES returned from the application of those General Ru

Each reduced match M in SM is assigned a unique implementation-dependent (UV020) €
numeric value with scale 0 (zero), called the match number of M.

NOTE 52 — The match numbers are arbitrary numbers and need not be assigned sequentially, since th
no presumption that the set of reduced matches is in any order.

Case:

RTY
pt
les.

Ixact

bre is

i) If GTRC simply contains <in paths clause> IPC, then let NPV be the number of <path
variable>s simply contained in /PC, and let PVN1, ... PVNppy be the <path variable>s

simply contained in IPC. For all p, 1 (one) < p < NPV:

1)  LetIND, be the 1-relative index of the <path pattern> that declares PVN, among

the list of <path pattern>s simply contained in PPL.
2)  Let CPB), be the compressed path binding of the IND,-th path binding of M.

3)  LetLEN, be the number of ordered pairs in CPB),

© ISO/IEC 2023 - All rights reserved

47


https://standardsiso.com/api/?name=24c0c89c62c52bbdc2d06fba1100f076

ISO/IEC 9075-16:2023(E)
7.1 <table reference>

ii) Otherwise, let NPV be the number of <path pattern>s simply contained in PPL. For all
p, 1 (one) <p <NPV:

1)  LetIND,bep.

2)  Let CPB), be the compressed path binding of the p-th path binding of M.

3) LetLEN,be the number of ordered pairs in CPB,

ii) Case:

A)

B)

A)

B)

A)

Case:

h)y—Let Toimnitially bean empty table.

i) Let GTRC be the <graph table rows clause> simply contained in GT. Let GTCC be the<gra
table columns clause> simply contained in GT.

i) For each reduced match M in SM:

i) M is the current match, and the match number of M is the current match number.

1) If GTRCis ONE ROW PER MATCH, then:

The General Rules of Subclause 9.11, “Applying bindings to generatear
are applied with GP as GRAPH PATTERN)GTRC as ROWS CLAUSE, GTCC
COLUMNS CLAUSE, MACH as MACHINERY, M as MULTI-PATH BINDING,
null value as PATH NUMBER, and/the’'null value as OFFSET; let R be the |
returned from the applicationof those General Rules.

Ris inserted into T9.

2) If GTRC is <one row per vertex>, then for each p, 1 (one)< p < NPV, and for ¢
odd integer ODD betweewl'and LEN,,;:

The General Rules of Subclause 9.11, “Applying bindings to generatear
are applied with GP as GRAPH PATTERN, GTRC as ROWS CLAUSE, GTCC
COLUMNS.CLAUSE, MACH as MACHINERY, M as MULTI-PATH BINDING, |

as PATH'-NUMBER, and ODD as OFFSET; let R be the ROW returned fronf
application of those General Rules.

Ris inserted into T9.

3) Af\GTRC is <one row per step>, then for each p, 1 (one)< p < NPV,

If LENy is 1 (one), then:

I) The General Rules of Subclause 9.11, “Applying bindings to gene
arow”, are applied with GP as GRAPH PATTERN, GTRC as ROWS|
CLAUSE, GTCC as COLUMNS CLAUSE, MACH as MACHINERY, M as

”

bw”,
as
the
ROW

rate

B)

48

MULTI-PATH BINDING, IND,, as PATH NUMBER, and 1 (one) as

FF-

SET; let Rbe the ROW returned from the application of those General

Rules.
1) Ris inserted into T9.

Otherwise, for each odd integer ODD between 1 and LENp—Z,

I) The General Rules of Subclause 9.11, “Applying bindings to generate

arow”, are applied with GP as GRAPH PATTERN, GTRC as ROWS

CLAUSE, GTCC as COLUMNS CLAUSE, MACH as MACHINERY, M as
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1)

2)

3)

4)

5)

6)

7)

8)

9)

10

L

11)
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MULTI-PATH BINDING, IND,, as PATH NUMBER, and ODD as OFFSET;
let R be the ROW returned from the application of those General

Rules.
1) Ris inserted into T9.
k)  T9is the result of TP.

rformmance Rutes

‘Insert after the last CR:‘ Without Feature G900, “GRAPH_TABLE”, conforming SQL language s
not contain a <graph table derived table>.

hall

|Insertafter the last CR:| Without Feature G901, “GRAPH_TABLE: ONE ROW PER VERTEX”, confdrm-

ing SQL language shall not contain <one row per vertex>.

Insert after the last CR:| Without Feature G902, “GRAPH_TABLE: ONE ROW PER STEP”, conforthing

SQL language shall not contain <one row per step>.

‘Insert after the last CR:‘ Without Feature G903, “GRAPH_TABLE: explicit ONE ROW PER MAT
keywords”, in conforming SQL language, <graph table rows clause>-shall not specify ONE ROW
MATCH.

CH
PER

‘ Insert after the last CR: ‘ Without Feature G904, “All properties reference”, conforming SQL langtiage

shall not contain <all properties reference>.

|Insert after the last CR:| Without Feature G905, “GRAPH_TABLE: optional COLUMNS clause”, i
conforming SQL language, <graph table shape>shall contain <graph table columns clause>.

’ Insert after the last CR: ‘ Without Feature G906;“GRAPH_TABLE: explicit EXPORT ALL”, in confory
SQL language,<graph table shape> shall not'contain <graph table export clause> that simply cont
EXPORT ALL SINGLETONS.

|Insert after the last CR:| Without Featuire G907, “GRAPH_TABLE: EXPORT ALL EXCEPT”, conforr
SQL language shall not contain@n'<export except>.

’Insert after the last CR:| Without Feature G908, “GRAPH_TABLE: EXPORT SINGLETONS list”, ¢
forming SQL language shall not contain an <export variable list>.

|Insert after the last €R:] Without Feature G909, “GRAPH_TABLE: explicit EXPORT NO SINGLETO
conforming SQL language shall not contain EXPORT NO SINGLETONS.

‘ Insert after the last CR: ‘ Without Feature G910, “GRAPH_TABLE: ‘in paths clause’”, conforming
language shall not contain an <in paths clause>.

ning
ains

ning

on-

NS",

SQL
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7.2  <query specification>

This Subclause modifies Subclause 7.16, “<query specification>", in ISO/IEC 9075-2.

Function

Specify a table derived from the result of a <table expression>.

Fonl'mat

<sellect sublist> ::=
Il Al alternatives from|SQ|EC 9075-2
| |<all properties reference>

—-

NOTE 53 — <all properties reference> is transformed into a list of <column reference>s by syntactic transformationg in

bubclause 7.1, “<table reference>".

Syntax Rules

No additional Syntax Rules.

Access Rules

No additional Access Rules.

General Rules

No additional General Rules.

Conformance Rules

1) ’ Insert after the last CR:J Without Feature G904, “All properties reference”, conforming SQL langlhiage
shall not contain an <all properties reference>.
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This Clause modifies Clause 8, “Predicates”, in ISO/IEC 9075-2.

ISO/IEC 9075-16:2023(E)

8.1
This

Ful

Spe

<predicate>

1ction

'ify a condition that can be evaluated to give a Boolean value.

Format

<pr g

<gr 4

Syr

dicate> ::=
Il Al alternatives fromI|SQ |EC 9075-2
<graph el ement predicate>

iph el erent predicate> ::=
<directed predicate>

<l abel ed predicate>

<sour ce/ desti nati on predicate>
<all _different predicate>
<same predi cate>

<bound predi cat e>
<property_exists predi cate>

itax Rules

No additional Syntax Rules;

Access Rules

Gel

1)

No additional-Aceess Rules.

neral Rules

dicates.

Subclause modifies Subclause 8.1, “<predicate>", in ISO/IEC 9075-2.

lAugment GR 1)‘ by adding “<graph element predicate>" to the list of immediately contained I|>re-

2)

‘ Insertafter GR 1): ‘ The result of <graph element predicate> is the result of the immediately contained
<directed predicate>, <labeled predicate>, <source/destination predicate>, <all_different predicate>,

<same predicate>, <bound predicate>, or <property_exists predicate>.

Conformance Rules

© ISO

No additional Conformance Rules.

/IEC 2023 - All rights reserved
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8.2 <directed predicate>

Function

Determine whether an edge variable is bound to a directed edge.

Format

<di fected predicate> ::=
<¢l enent reference> <directed predicate part 2>

<dijected predicate part 2> ::=
I$ [ NOT ] DI RECTED

Syntax Rules

1) | Let ER be the <element reference>. ER shall have singleton degree of Teference, and shall refer¢nce
an edge variable.

2) | If NOT is specified, then the <directed predicate> is equivalent'to:

NOT ( ER I'S DI RECTED )

Access Rules

None.

General Rules

1) | Let LOE be the list of elements that are bound to ER.
2) | The value of the <directed predicate>

ER IS DI RECTED

is determined as fellows.

Case:

a) If LOESGs empty, then Unknown.

b) Jfthe sole graph element in LOE is a directed edge, then True.

c) Otherwise, False.

Conformance Rules

1)  Without Feature G110, “IS DIRECTED predicate”, conforming SQL language shall not contain a
<directed predicate>.
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8.3 <labeled predicate>

Function

Determine whether a graph element satisfies a <label expression>.

Format

<l ajel ed predicate> ::=
<¢l enent reference> <l abel ed predicate part 2>

<| alpel ed predicate part 2> ::=
I$ [ NOT ] LABELED <l abel expression>

Syntax Rules

1) | Let ER be the <element reference>. ER shall have singleton degree of teference.
2) | Let LE be the <label expression>.
3) | IfNOT is specified, then the <labeled predicate> is equivalefit to:

NOT ( ER IS LABELED LE )

Acc¢ess Rules

None.

General Rules

1) | Let LOE be the list of elements that are bound to ER.
2) | The value of the <labeled-predicate> LP

ER |I'S LABELED LE

is determined as\follows.

Case:

a) I£EOE"is empty, then the value of LP is Unknown.

b), - Otherwise, let E be the sole graph element in LOE. Let LS be the defined label set of E. Thie
Syntax Rules of Subclause 9.4, “Satisfaction of a <label expression> by a defined label set’}, are
applied with LE as LABEL EXPRESSION and LS as DEFINED LABEL SET; let TV be the TRUTH
VALUE returned from the application of those Syntax Rules. The value of LP is TV.

Conformance Rules

1)  Without Feature G111, “IS LABELED predicate”, conforming SQL language shall not contain a
<labeled predicate>.
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8.4 <source/destination predicate>

Function

Determine whether a vertex is the source or destination of an edge.

Format

<soyrce/destination predicate> ::=
<vertex reference> <source predicate part 2>
| |<vertex reference> <destination predicate part 2>

<verntex reference> ::=
<¢l enent reference>

<soyrce predicate part 2> ::=
I$ [ NOT ] SOURCE OF <edge reference>

<degti nation predicate part 2> ::=
I$ [ NOT ] DESTINATI ON OF <edge reference>

<edge reference> ::=
<¢l enent reference>

Syntax Rules

1) | Let VR be the <vertex reference>. VR shall have‘singleton degree of reference, and shall referefice
a vertex variable.

2) | Let ER be the <edge reference>. ER shall have singleton degree of reference, and shall referenge an
edge variable.

3) | LetSOD be the <key word> SOUREE or DESTINATION simply contained in the <source/destingtion
predicate>.

4) | IfNOT is specified, then the'<source/destination predicate> is equivalent to:

NOT ( VR IS SOD OF-ER’)

Access Rules

None.

General Rules

1)  Let LOV be the list of elements that are bound to VR and let LOE be the list of elements that are
bound to ER.

2)  The value of the <source/destination predicate> SDP
VR IS SOD OF ER
is determined as follows.

Case:
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a) IfLOVis empty or if LOE is empty, then the value of SDP is Unknown.
b)  Otherwise, let Vbe the sole graph element in LOV, and let E be the sole graph element in LOE.
Case:
i) If E is an undirected edge, then the value of SDP is False.
ii) If SOD is SOURCE and V is the source vertex of E, then the value of SDP is True.

Col

1)

111) IT 50D 1s DESTINATION and V'1s the destination vertex of E, then the value of SDFPJis
True.

iv) Otherwise, the value of SDP is False.

1formance Rules

Without Feature G112, “IS SOURCE and IS DESTINATION predicate”, confofming SQL language ghall
not contain a <source/destination predicate>.
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8.5

<all_different predicate>

Function

Determine whether all graph elements bound to a list of element references are pairwise different from
one another.

Format

<al |
All

Sy

1

Access Rules

Gel

1)

2)

3)

Col

_different predicate> ::=

)itax Rules

neral Rules

1formance Rules

1)

L_DI FFERENT <l eft paren> <el enment reference> <comm> <el enent reference>
[ { <conmma> <el enent reference> }... ]
<right paren>

Each <element reference> simply contained in <all_different predicaté> ADP shall have unconditipnal
singleton degree of reference.

None.

Let N be the number of <element reference>s simply contained in ADP, and let ER1, .., ERy be pn
enumeration of those <element reference>s.

Foralli, 1 (one) <i< N, let LOE; be:the list of graph elements of ER;, and let GE; be the sole graph
element in LOE;.

The value of ADP is
Case:

a)  Ifthere existy; k such thatj < k and GE| is the same graph element as GE}, then False.

b)  Otherwise, True.

Without Feature G113, “ALL_DIFFERENT predicate”, conforming SQL language shall not contajin

56

an <all_different predicate>.
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<same predicate>

Function

Determine whether all element references in a list of element references bind to the same graph element.

Fo

mat

<sarne predicate> ::=

Y

Syr

1)

Acc¢ess Rules

Gel

1)

2)

3)

Col

1)

\WVE <l eft paren> <el enent reference> <conma> <el ement reference>
[ { <comma> <el enment reference> }... ]
<right paren>

)itax Rules

Each <element reference> simply contained in <same predicate> SP shall’have unconditional
singleton degree of reference.

None.

neral Rules

Let N be the number of <element reference>s'simply contained in SP, and let ER1, ..., ERy be an
enumeration of those <element reference=>s.

Foralli, 1 (one) <i< N, let LOE; be the list of graph elements of ER; and let GE; be the sole graph

element in LOE;.
The value of SP is
Case:

a) IfeveryGE;1\(one) <i< N, isthe same graph element, then True.

b)  Otherwise, False.

1formance Rules

Without Feature G114, “SAME predicate”, conforming SQL language shall not contain a <same

predicate>.

© ISO/IEC 2023 - All rights reserved
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8.7

<bound predicate>

<bound predicate>

Function

Determine whether an element variable has any bindings.

Fo

mat

<bouynd predicate> ::=

<q

| ement reference> <bound predicate part 2>

<bound predicate part 2> ::=

(N

<pri
<6

Syr
1)
2)

3)

5 [ NOT ] BOUND [ AS <primary el enent variabl e> ]

mary el ement variable> ::=

NOT (-ER I'S BOUND ASPEV )

| ement vari abl e>
itax Rules
Let ER be the <element reference>.
Case:
a) If <primary element variable> PEV is specified, then:

i) The <bound predicate> shall be contained in the <graph table columns clause> of
<graph table> GT, or in the scope of the exported <graph pattern variable>s of a <gr:
table> GT.

ii) GT shall specify <one row per iteration> ORPI.

iii)  ER shall reference an iterator variable declared by ORPI.

iv) The <element variable> simply contained in PEV shall identify a primary element
variable.

v) Let ASPEV be:

AS PEV
b)  Otherwise, let ASPEV be the zero-length string.
If NOT is specified, then the <bound predicate> is equivalent to:

Daal
AccessRules

None.

General Rules

1)
2)

58

Let LOE be the list of elements that are bound to ER.

a
aph

If <primary element variable> PEV is specified, then let LOPV be the current list of primary variable

names of ER.
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NOTE 54 — This list is specified in the General Rules of Subclause 9.11, “Applying bindings to generate a row”.
3)  The value of the <bound predicate>
ER I'S BOUND ASPEV
is determined as follows.

Case:

I I FOETsempty, themr Faise:

b) If<primary elementvariable> PEV is specified and PEV is not equivalent to a memberof LOPV,
then False.

c) Otherwise, True.

Conformance Rules

1) | Without Feature G810, “IS BOUND predicate”, conforming SQL language'shall not contain a <bdqund
predicate>.

2) | Without Feature G811, “IS BOUND predicate: AS option”, <bound predicate> shall not contain
<primary element variable>.
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8.8

<property_exists predicate>

<property_exists predicate>

Function

Determine if the graph element bound to a singleton element reference has a property.

Fo

mat

<pr d

PH
Syr
1)
2)

Access Rules

Gel
1)
2)

Col

1)

perty_exists predicate> ::=
ROPERTY_EXI STS <l eft paren> <el enent reference> <comma> <property nanme> <right -pare

)itax Rules

Let ER be the <element reference> and let PN be the <property name>.

ER shall have singleton degree of reference.

None.

neral Rules

Let LOE be the list of graph elements that are bound to ER.

The value of the <property_exists predicates'is

Case:

a) If LOEis empty, then Unknown’

b) Ifthe sole graph element.of LOE has property PN, then True.

c) Otherwise, False.

1formance Rules

Without Feature G115, “PROPERTY_EXISTS predicate”, conforming SQL language shall not con
<propertyzexists predicate>.

60
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9 Additional common rules

This Clause modifies Clause 9, “Additional common rules”, in ISO/IEC 9075-2.

9.1 Potential sources of mon-deternmimism

This|Subclause modifies Subclause 9.16, “Potential sources of non-determinism”, in ISO/IEC 9075-2.

Function

Define the potential sources of non-determinism.

Syntax Rules

1) ‘Insert after SR 1)as): ‘ An <any path search>, an <any shortest path search> or a <counted shortest
path search>.

2) \Insert after SR 1)as):‘ A <graphical match number function>.

Access Rules

No additional Access Rules.

General Rules

No additional General Rules.

Conformance Rules

No additional Conformance Rules.
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9.2 Contextual inference of a set of labels

Function

Infer the set of labels of graph elements that might bind to an element variable.

Subclause Signature

“Coptextual inference of a set of |abels” [SyntaxRules] (
Paranet er: “SQL- PROPERTY GRAPH,

Paranet er: “GRAPH PATTERN’,

Paranet er: “ELEVMENT VARI ABLE”,

Paranet er: “ CONTEXT”

Returns: “SET OF LABELS’

5QL-PROPERTY GRAPH — an SQL-property graph.
GRAPH PATTERN — a <graph pattern>.
ELEMENT VARIABLE — an element variable declared by GRAPH-PATTERN.

CONTEXT — reference to an instance of a BNF non-terminal, providing context for implementation-
Hefined inferencing of the labels of graph elements that might be bound to the element variable|in
that context.

SET OF LABELS — the set of labels that might bindto ELEMENT VARIABLE.

Syntax Rules

1) | Let SPG be the SQL-PROPERTY GRAPH, let GP be the GRAPH PATTERN, let V be the ELEMENT VARI-
ABLE, and let CON be the CONTEXT.in"an application of the Syntax Rules of this Subclause. The result
of the application of this Subclduse is returned as SET OF LABELS.

2) | Let ILE(P) be a partial funetion of one argument, P, which is a <path pattern list> or <path patfern
expression>, whose value (when defined) is a <label expression>, defined recursively as follows.

Case:
a) If Pis an €element pattern>, then
Case:
ij If P does not declare V, then ILE(P) is undefined.

ii) If P does not have a <label expression>, then ILE(P) is %|!%.

ASZNrACQIa imanlrcantainad 130 D
CAPTCSSTOTZ—STHTPTy  CUTTITAaTiIc o 1+

133) Othorunca JT DY o thn 1obn
TITy ottt vWiISCrTLE (T 15 thrC—<Tao

d
N

b) If Pis a <path concatenation>, then let Q be the <path term> and let R be the <path factor>
simply contained in P.

Case:

i) If ILE(Q) and ILE(R) are both defined, then ILE(P) is (ILE(Q)) & (ILE(R))
ii) If ILE(Q) is defined, then ILE(P) is ILE(Q).

iii)  If ILE(R) is defined, then ILE(P) is ILE(R).
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iv) Otherwise, ILE(P) is undefined.

bels

c) If Pis a <quantified path primary> or a <questioned path primary>, then let Q be the <path

primary> simply contained in P.

Case:

i) If ILE(Q) is defined, then ILE(P) is ILE(Q).
ii) Otherwise, ILE(P) is undefined.

d) IfPisa<path pattern union> or a <path multiset alternation>, then let Q4, ..., Q,, be the <
term>s simply contained in P such that ILE(Q;) is defined.

Case:
i) If n >0, then ILE(P) is (ILE(Q1)) | - | ILE(Q}))

ii) Otherwise, ILE(P) is undefined.

e) If Pisa <path pattern list>, then let Q4, ..., @, be the <path pattern>s simply contained in
such that ILE(Q;) is defined; then

Case:
i) If n >0, then ILE(P) is (ILE(Q1)) & .. & (ILE(Q))
ii) Otherwise, ILE(P) is undefined.
f)  If Pand Q are instances of BNF non-terminals such that P ::= Q, then ILE(P) is ILE(Q).

Case:

bath

P

a) Ifthereis an implementation-defined (IE012) rule that correctly deduces from the defined

label sets and edge triplets of SPG, from GP, and from the context CON a <label expressio
that must be satisfied by evefy binding to V in the context CON, then let IDLE be that <lal
expression>.

NOTE 55 — For example, given the <graph pattern>:

S\L1 WHERE P.

(P ->( (P}
| (PW.S)L2 WHERE P.

X = 1)
Y=2))

n>
hel

the mandatory rules of this Subclause infer that P satisfies the <label expression> L1 | L2. However, in he

context-ofthe <element pattern> (P IS L1 WHERE PX = 1), an SQL-implementation might infer the tigh
<labelexpression> L1.

b)  Otherwise, let IDLE be %|!%.
Let LEbe:

¢ LE(GP) ) & ( IDLE)

er

NOTE 56 — Although ILE s a partial function, 1t 1s defined for any <path pattern lIst> or <path pattern expression>

that declares V. This Subclause assumes that GP declares V.
A defined label set LS is satisfactory for V if all of the following true:
a) Case:
i) If Vis a vertex variable, then LS is a vertex defined label set.

ii) If Vis an edge variable that is declared only in <full edge pointing left>, <full edge

pointing right>, or <full edge left or right>, then LS is an edge defined label set for edges

that are always directed or edges that are possibly directed or undirected.
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iii)  If Vis an edge variable that is declared only in <full edge undirected>, then LS is an
edge defined label set for edges that are always undirected or edges that are possibly
directed or undirected.

iv) Otherwise, LS is an edge defined label set.

b)  Trueisthe TRUTH VALUE returned as TV when the Syntax Rules of Subclause 9.4, “Satisfaction
of a <label expression> by a defined label set”, are applied with LE as LABEL EXPRESSION and
LS as DEFINED LABEL SET.

6) | Let SOLS be the set of defined label sets that are satisfactory for V.

7) | Let SOL be the set union of the defined label sets comprising SOLS.

NOTE 57 — SOL is not necessarily a defined label set. For example, a graph can have vertex definedlabel sets {Pdrson,
Employee} and {Person, Student} but no defined label set having both Employee and Student<{Given the <vert¢x
pattern>

(P IS Person)

and assuming no other inferencing than implied by this <vertex pattern>, then SOLjs.{Person, Employee} u {Person,
Student} = {Person, Employee, Student}, which is not a defined label set. This impliesthat the properties of P agfe the
union of the properties of the labels Person, Employee, and Student.

8) | Evaluation of the Syntax Rules is terminated and control is returned to the invoking Subclauss,
which receives SOL as SET OF LABELS.

Access Rules

None.

General Rules

None.

Conformance Rules

None.
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Expansion of an <all properties reference>

Function

Specify the syntactic transformation to expand an <all properties reference>.

Su

uEX

Sy

1)

2)

3)
4)

5)

6)

clause Signature

00U T

pansi on of an <all properties reference>" [SyntaxRules] (
Ar anet er: “ SQL- PROPERTY GRAPH’,

ar anet er: “ GRAPH PATTERN,

ar amet er: “ ELEMENT VARI ABLE"

et urns: “ LI ST OF PROPERTY REFERENCES’

5QL-PROPERTY GRAPH — an SQL-property graph.
GRAPH PATTERN — a <graph pattern>.
ELEMENT VARIABLE — an element variable declared by GRAPH PATTERN.

this Subclause is returned as LIST OF PROPERTY REFERENCES.

let SOL be the SET OF LABELS retufned from the application of those Syntax Rules.
Let SOPN be the set of property iames of the properties of the labels of SOL.

Let Py, .., P, be an enumeration of the names of the properties of SOPN, in an implementation
dependent (US017) order.

Case:
a) Ifn=04zero), then let LOPR be a zero-length character string.
b) Otherwise, let LOPR be:

EV.P;, ..., EV.P,

LIST OF PROPERTY REFERENCES — the list of the names of the properties of ELEMENT VARIA
itax Rules
Let SPG be the SQL-PROPERTY GRAPH, let GP be the GRAPH PATTERN, and let EV be the ELEMH

VARIABLE in an application of the Syntax Rules of this Subclause. The result of the application

The Syntax Rules of Subclause 9.2, “Contextual inference of a set of labels”, are applied with SH
SQL-PROPERTY GRAPH, GP as GRAPH PATTERN, EV as ELEMENT VARIABLE, and GP as CONTEX

BLE.

NT

of

G as
T;

Evaluation of the Syntax Rules is terminated and control is returned to the invoking Subclausg

which receives LOPR as LIST OF PROPERTY REFERENCES.

Access Rules

None.

General Rules

None.
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Conformance Rules

None.

66 © ISO/IEC 2023 - All rights reserved


https://standardsiso.com/api/?name=24c0c89c62c52bbdc2d06fba1100f076

9.4

ISO/IEC 9075-16:2023(E)

9.4 Satisfaction of a <label expression> by a defined labe

Satisfaction of a <label expression> by a defined label set

Function

Determine if a defined label set satisfies a <label expression>.

clause Signature

Syr

1)

2)

isfaction of a <l abel expression> by a defined | abel set” [Syntax Rules]
br anet er: “LABEL EXPRESSI O\,

br anet er: “ DEFI NED LABEL SET”

et urns: “ TRUTH VALUE”

LABEL EXPRESSION — a <label expression>.
DEFINED LABEL SET — the defined label set of a graph element.
RUTH VALUE — True if the DEFINED LABEL SET satisfies the LABEL EXPRESSION; otherwise K

)itax Rules

Syntax Rules of this Subclause. The result of the application of this Subclause is returned as TR
VALUE.

A defined label set LS satisfies a <label expression>'LE according to the following recursive defini
a) IfLEisa<label name> L2, then L2 isa@“member of LS.

b) IfLEis a <wildcard label>, then L5is non-empty.

NOTE 58 — This condition is always true; every defined label set is non-empty. The rule is written this
in case empty defined label sets are permitted in the future, or for guidance to an SQL-implementation
supports graph elements with no labels.

c) IfLEisa<parenthesized label expression> PLE, then let LEZ be the <label expression> sir
contained in PLE; LS satisfies LEZ.

d) IfLEis a<labelmegation>, then let LP be the <label primary> simply contained in LE; LS
not satisfy L P.

e) If LEis‘a<label conjunction>, then let L1 be the <label term> and let L2 be the <label fac
simply contained in LE; LS satisfies L1 and LS satisfies L2.

f) I LEisa <label disjunction>, then let L1 be the <label expression> and let L2 be the <lab|
term> simply contained in LE; LS satisfies L1 or LS satisfies L2.

Let LEXP be the LABEL EXPRESSION and let LS be the DEFINED LABEL SET in an application of

1 set

S
L
Q)

the
UTH

fion:

way

that

nply

loes

for>

el

3)

4)

1I'V1s
Case:
a) If LS satisfies LEXP, then True.

b)  Otherwise, False.

Evaluation of the Syntax Rules is terminated and control is returned to the invoking Subclause,

which receives TV as TRUTH VALUE.
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Access Rules

None.

General Rules

None.

Conformance Rules

None.

68
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Converting a tabular property graph to a pure property graph

Function

Convert a property graph represented in tables to a pure property graph.

Su

clause Signature

HCO

) R

Sy

Access Rules

Gel

1)

2)

3)
4)
5)
6)

hverting a tabular property graph to a pure property graph” [General Rules] |(
Ar anet er: “ SQL- PROPERTY GRAPH’
et urns: “ PURE PROPERTY CGRAPH’

5QL-PROPERTY GRAPH — an SQL-property graph.

PURE PROPERTY GRAPH — the pure property graph derived from the tabular property graph
Hescriptor included in SQL-PROPERTY GRAPH’s descriptor.

)itax Rules

None.

None.

neral Rules

Let SPG be the SQL-PROPERTY GRAPH.in an application of the General Rules of this Subclause.
result of the application of this Subclause is returned as PURE PROPERTY GRAPH.

Except where explicitly spegified, the General Rules of this Subclause are not terminated if an
exception condition is raised.

Let SPGD be the SQL-preperty graph descriptor of SPG.
Let PPGD be the pure property graph descriptor included in SPGD.
Let TPGD bethe tabular property graph descriptor included in SPGD.

conforms to the graph schema described by PPGD, as follows:

a) \.' For each vertex table whose descriptor VTD is included in TPGD and each row in that tal

vertex Vis created and included in PP(G as follows:

The

The tabuldr property graph described by TPGD is converted to a pure property graph PPG, whiich

le, a

i) Vis assigned an implementation-dependent (UV021) identifier that is unique within
PPG.

ii) For each label L included in VTD, V is assigned a label with the same identifier as L. All
labels assigned to V constitute the label set of V.

iii)  For each unique property included in VTD, V has a property with the same name and
declared type. For each property that is shared between labels, I has exactly one
property with the same name and declared type. The value of the property P of Vis
obtained by evaluating the <value expression> VE associated with the property included
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in VTD. If during the evaluation of VE an exception condition EC is raised, then P is
flagged as unusable with EC as additional information.

NOTE 59 — In the case of a property shared between labels, it is immaterial which one is used to
determine the name, declared type, and <value expression> of the property of V as these attributes
of the property are all identical among the labels sharing the property.

b) For each edge table whose descriptor ETD is included in TPGD and each row ER in that table:

i) Letnbe the number of vertices that were created in GR 6)a) from a row SR in the source

iii)  Case:

1)

2)

3)

Vertex table Included 1n ETD such that the value of the edge source Key of ER 1S €q
to the value of the source vertex key of SR. Let SV}, 1 (one) <i < n, be an enumerat]

of those vertices.

ii) Let m be the number of vertices that were created in GR 6)a) from a row, DR in th
destination vertex table included in ETD such that the value of the edge destinatiq
key of ER is equal to the value of the destination vertex key of DR(Let DV, 1 (one)

< m, be an enumeration of those vertices.

ual
jon

14

n

Ifn>1 (one) orm>1 (one), and the SQL-implemégntation does not support Feature

G940, “Multi-sourced/destined edges”, then arxexception condition is raised:
exception — multi-sourced or multi-destined edge (22G0K) and no further Gen
Rules of this Subclause are applied.

If n =0 (zero) or m = 0 (zero), and the SQL-implementation does not suppof
Feature G941, “Implicit removal ofincomplete edges”, then an exception cond

lata
eral

t
tion

israised: data exception — incomplete edge (22GOL) and no further General Rules

of this Subclause are applied.
Otherwise, for i, 1 (one)<i<nandj, 1 (one) <j<m:

A)  Adirected edgeF is created.

NOTE60.= If nis 1 (one) and m is 1 (one), then exactly 1 (one) edge is created. O
wise€, ntm edges are created, which in turn means that if n or mis 0 (zero), then no|
is ereated.

B)  §V;is the source vertex of E.

C)™ - DVjis the destination vertex of E.

ther-
edge

D) Eisassigned animplementation-dependent (UV022) identifier that is unique

within PPG.

E) Foreachlabel Lincludedin ETD, E is assigned a label with the same ident
as L. All labels assigned to E constitute the label set of E.

F)  For each unique property included in ETD, E has a property with the s

ifier

nime

name and declared type. For each property that is shared between lab

els,

70

E has exactly one property with the same name and declared type. The value
of the property P of E is obtained by evaluating the <value expression> VE

associated with the property included in ETD. If during the evaluation
VE an exception condition EC is raised, then P is flagged as unusable w
EC as additional information.

of
ith

NOTE 61 — In the case of a property shared between labels, it is immaterial which one
is used to determine the name, declared type, and <value expression> of the property
of E as these attributes of the property are all identical among the labels sharing the

property.
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7)  Evaluation of the General Rules is terminated and control is returned to the invoking Subclause,
which receives PPG as PURE PROPERTY GRAPH.

Conformance Rules

None.
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9.6 Machinery for graph pattern matching

Function

Define the infrastructure (alphabet, mappings and related definitions) used in graph pattern matching.

clause Signature

Chi nery for graph pattern matchi ng” [General Rules] (

Par anet er: “PURE PROPERTY GRAPH',

ar amet er: “PATH PATTERN LI ST”

P
) Returns: “MACH NERY”

PURE PROPERTY GRAPH — a pure property graph.
PATH PATTERN LIST — a <path pattern list>.

MACHINERY — the machinery to be used for graph pattern matching:

Syntax Rules

None.

Acc¢ess Rules

None.

General Rules

1)

2)

3)

Let PG be the PURE PROPERTY'GRAPH and let PPL be the PATH PATTERN LIST in an applicatio
the General Rules of this Subclause. The result of the application of this Subclause is returned
MACHINERY.

Let SVV be the set ofnames of vertex variables declared in PPL at the same depth of graph pat
matching, and let SEVbe the set of names of edge variables declared in PPL at the same depth
graph pattern matching.

SPVBEGIN:and SPVEND be two distinct <identifier>s that are distinct from every <identifier> in
u SEV and from every <identifier> created by this rule. SPVBEGIN is the begin subpath symbol
SPVEND is the end subpath symbol associated with SPV. Let SPS be the set of every subpath syn

4)

Let "()"and "-" be mutually distinct <identifier>s that are distinct from every <identifier> in S

For each subpath variable SPV declared in PPL at the same depth of graph pattern matching, 1¢t

h of

tern
of

Svv
hnd
1bol.

'V u

5)

6)

72

SEV u SPS. These are, respectively, the anonymous vertex symbol and the anonymous edge symbol.

Let SAS be the set of anonymous symbols.

Let NPP be the number of <parenthesized path pattern expression>s contained in PPL at the s
depth of graph pattern matching. Let PPPEq, .., PPPEpp be an enumeration of the <parenthes

ame
ized

path pattern expression>s contained in PPL at the same depth of graph pattern matching. For each

i, 1 (one) <i < NPP, i is the bracket index of PPPE;.

Let "[1" . "[npp" "11" - "Inpp " De 2 * NPP <identifier>s that are mutually distinct, and distinct from
every member of SVV U SEV U SPS u SAS and from every graph element of PG. These are called bracket
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symbols. For every bracket symbols "[;" or "];", j is the bracket index of the bracket symbol. There

are two bracket symbols for each bracket index j between 1 (one) and NPP, corresponding to the
<parenthesized path pattern expression>s PPPE|. Let SBS be the set of bracket symbols.

Let GX be the set whose members are the graph elements of PG, the subpath symbols, and the bracket
symbols.

Let ABC be SPS u SBS u SVV u SEV u SAS. ABC is the alphabet. The members of ABC are symbols.

A word 1s a string ot elements ot A5C.

An elementary binding is a pair (LET, GE) where LET is a member of ABC and GE is a meniber of GX,

such that:

Case:

a)

If LET is a bracket symbol, then LET = GE. In this case, the elementary binding is a bracké
symbol binding. If LET is a start bracket symbol, then the elementarybinding is a start brdcket
symbol binding; otherwise, it is an end bracket symbol binding. Thebracket index of LET i§ the
bracket index of the bracket symbol binding.

~

b) IfLETis a subpath symbol, then LET = GE. In this case, the elementary binding is a subpdth

symbol binding.

c) If LET is the name of a vertex variable or the anonymous vertex symbol, then GE is a vertex.

In this case the elementary binding is a vertex symbol binding.

d) IfLETis the name of an edge variable or the anonymous edge symbol, then GE is an edgg. In
this case, the elementary binding is an edge.symbol binding.
If EB = (LET, GE) is an elementary binding, then EB is an elementary binding of LET, and EB binds

LET to GE.

NOTE 62 — An elementary binding is a mapping of a symbol (an <identifier>) to a member of GX; itis not the binding
of a graph pattern variable. In particular, if LET is the name of an element variable EV, there can be more than pne
elementary binding of LET in a multi-path binding. In a consistent path binding (defined subsequently), two elemehtary
bindings of LET necessarily bind fo the same graph element in contexts in which LET is exposed as unconditional
singleton; otherwise elementary bindings of LET are independent of one another, and can bind to more than one
graph element. Similarly, references to EV are context-dependent, and can resolve to a list that is a proper subet of
all the graph elements botind to LET by elementary bindings. Resolution of <element reference>s is performed by

the General Rules of Subclause 9.9, “Applying bindings to evaluate an expression”.

A compressed binding/is a pair (LOV, GE) where LOV is a list of names of primary variables and
is a graph element:

A path binding/is a sequence of zero or more elementary bindings, B = (LETq, E1), ..., (LETy, EN
Given a,path binding B:

NOTE 63 — Unlike the definition of path, the definition of path binding also allows a sequence of zero elemen
bindings. For example, a quantifier can iterate 0 (zero) times, resulting in an empty path binding. The result o
<path pattern>, on the other hand, is unable to be empty because of a Syntax Rule that enforces a minimum v{
count of 1 (one)

a) The word of B is the sequence LETq, .., LETy.

b)  The annotated path of B is the sequence Ey, ..., Ey.

—r

GE

ary

rtex

NOTE 64 — If the path binding is consistent (defined subsequently), then the annotated path of B contains
within it a path that matches the word of B, plus mark-up with bracket symbols and subpath symbols indicating

how to interpret the path as a match to the word.
c)  The compressed path binding CPB of B is obtained from B as follows:
i) Let CPB be a copy of B.
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14)

15)
16)

74

ii) All subpath symbol bindings and all bracket symbol bindings are deleted from CPB.

iii)  Each maximal subsequence MS of CPB comprising one or more consecutive vertex
bindings is replaced by a single compressed binding, whose components are the follow-

ing:

1) Thefirstcomponentis alist of the names of vertex variables in the first component

of the vertex bindings of MS.

NOTE 65 — This list is empty if only the anonvmous vertex symbol is bound in MS.

2) The second component is the vertex that is bound by the first vertex bindin
MS.

NOTE 66 — For consistent path bindings, consecutive vertex bindings will bifid the sam
vertex.

iv) In each edge binding EB of CPB, the first component is replaced bya‘list of zero or
name of an edge variable, retaining the name of the edge variable'in the first compo
of EB, if any.

d) The extracted path XP of B is obtained from the compressed path'binding of B as the sequ
of the second components of the compressed bindings of CPB:

NOTE 67 — The extracted path is a path if the path binding is consistent and non-empty; otherwise, th
extracted path is not necessarily a path.

Let REDUCE be a function that maps path bindings to path bindings, defined as follows.
a) Let PBIN be a path binding.

b) Let PBOUT be a copy of PBIN.

c)  All bracket bindings are removed frony PBOUT.

d) The following steps are performedyon PBOUT repeatedly until no more anonymous verte
bindings can be removed:

i) If there are two adjagent anonymous vertex bindings, then the second is removed.

ii) If there is a binding of a vertex variable adjacent to an anonymous vertex binding,
the anonymbous vertex binding is removed.

e) REDUCE(PBINYis PBOUT.
In a path binding,two vertex bindings are separable if there is an edge binding between them
A path binding'B is consistent if all of the following are true:

a) Theextracted path XP of B is either the empty sequence or a path of PG.

NOTE 68 — That s, either XP is empty or XP begins with a vertex, alternates between vertices and edges
edge in XP connects the vertex before and after it, and XP ends with a vertex.

one
hent

Ence

bX

then

each

b)  For every two vertex bindings (LET1, E1) and (LET5, E5) that are not separable, £ = E».

NOTE 69 — If there are only bracket symbol or subpath symbol bindings between two vertex bindings,
the vertex bindings must bind to the same vertex.

then

¢)  Foreveryedge binding EB = (LET, GE), let (LET}.f, GEjof) be the last vertex binding to the left

of EB and let (LETgpy, GEyigne) be the first vertex binding to the right of EB.

Case:

i) If GE is an undirected edge, then GE is an edge connecting GEjoq and GEyjgp-
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ii) If GE is a directed edge, then either GEjp is the source vertex and GEjgp is the destin-
ation vertex of GE, or GEgp is the source vertex and GEj,f is the destination vertex of

GE.

NOTE 70 — The directionality constraint of the edge binding is fully checked during the generation

of the regular language for <path concatenation>.

d) For every start bracket symbol binding SBS contained in B, let j be the bracket index of SBS.

All of the following are true:

i) There is an end bracket symbol binding contained in B and following SBS whose bra
index is j. Let EBS be the first such end bracket symbol binding. Let PPS be the exj
or implicit <path mode prefix> simply contained in the <parenthesized path-patts
expression> whose bracket index is j. Let PM be the <path mode> contained in PH

ii) Case:

1) If PMis TRAIL, then there is no pair of edge bindings at two’different positig
between SBS and EBS that bind the same edge.

NOTE 71 — This definition does not take note of the syntbols that are bound, only the e

It is a violation of the TRAIL <path mode> if the symbgls'in the pair of distinct edge bing

are both anonymous edge symbols, are both edge variables (whether the same or differ
or one is the anonymous edge symbol and the otheris an edge variable.

2) If PMis SIMPLE, then no two separable#/ertex bindings between SBS and EH
bind the same vertex, except that the first and last vertex binding between S
and SES may bind the same vertex.

NOTE 72 — This definition does ngttake note of the symbols that are bound, only the ver]

It is a violation of the SIMPLE <path mode> if the symbols in the pair of separable vertex

bindings are both anonymous vertex symbols, are both vertex variables (whether the sa
or different), or one is the anohymous vertex symbol and the other is a vertex variable. How
the first and last vertex binding between SBS and EBS can bind the same vertex without
ating the SIMPLE <path mode>.

3) If PMis ACYCLICsthen no two separable vertex bindings between SBS and E
bind the same vertex.

NOTE 73 — This definition does not take note of the symbols that are bound, only the verj
It is.d'violation of the ACYCLIC <path mode> if the symbols in the pair of separable vertg
bindings are both anonymous vertex symbols, both are vertex variables (whether the s4
or different), or one is the anonymous vertex symbol and the other is a vertex variable.

NOTE-74 — The <path mode> WALK imposes no constraints on the extracted path.
A multi-path binding is an n-tuple (PBy, ..., PB,) for some positive integer n such that each PB;
path binding:

REDUCE is extended to multi-path bindings as follows. If MPB = (PBy, ..., PB,;) is a multi-path bind
then.REDUCE(MPB) = (REDUCE(PB,), ..., REDUCE(PB,))).

cket
licit
brn
S.

ns

Hges.
lings
Ent),

S
BS

tices.
K

me
fever,
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BS

tices.
X
me

ling,

I£S and T are sets of strings, then let S - T be the set of strings formed by concatenating an elen

hent

of S followed by an element of T, thatis, S T={s t| sis an element of S, t is an element of T }.

NOTE 75 — The - operator will be used to concatenate words (strings of symbols) and path bindings (strings of

elementary bindings).

If S is a set of strings, then let S be the set whose only element is the string of length 0 (zero),

and

*
for each non-negative integer n, let "1 be s"-S. LetS be the union of S” for every non-negative

integer n.
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NOTE 76 — If S is not empty, then S is an infinite set; however, a finite result for every <graph pattern> is assured
by the syntactic requirement that every <quantified path primary> is bounded, contained in a restrictive <parenthes-
ized path pattern expression> or contained in a selective <path pattern>.
21) Let MACH be a data structure comprising the following:
a)  ABC, the alphabet, formed as the disjoint union of the following:

i) SVV, the set of names of vertex variables.

11) SEV, the set of names of edge variables.
iii)  SPS, the set of subpath symbols.

iv) SAS, the set of anonymous symbols.

v) SBS, the set of bracket symbols.

b)  REDUCE, the function mapping path bindings to path bindings, and multi-path bindings fo
multi-path bindings.

22)| Evaluation of the General Rules is terminated and control is returnedto the invoking Subclauge,
which receives MACH as MACHINERY.

Conformance Rules

None.
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Evaluation of a <path pattern expression>

Function

Eval

uate a <path pattern expression>.

clause Signature

Syr

Access Rules

Gel

1)

2)

bl uation of a <path pattern expression>" [General Rules] (
Ar anet er: “ PURE PROPERTY GRAPH’,

ar amet er: “PATH PATTERN LI ST”,

Ar anet er:  “ MACHI NERY” ,

Ar anet er: “ SPECI FI C BNF | NSTANCE”

bt urns: “SET OF MATCHES”

PURE PROPERTY GRAPH — a pure property graph.

PATH PATTERN LIST — a <path pattern list>.

MACHINERY — the machinery for graph pattern matching.

SPECIFIC BNF INSTANCE — the specific instance of a BNF non*terminal to be evaluated.
SET OF MATCHES — the set of local matches to the SPECIFIC BNF INSTANCE.

itax Rules

None.

None.

neral Rules

Let PG be the PURE’PROPERTY GRAPH, let PPL be the PATH PATTERN LIST, let MACH be the
MACHINERY, atid’let SBI be the SPECIFIC BNF INSTANCE in an application of the General Rules| o
this Subclause/The result of the application of this Subclause is returned as SET OF MATCHES.

The following components of MACH are identified:

a)¢ VABC, the alphabet, formed as the disjoint union of the following:

i) SVV, the set of names of vertex variables

ii) SEV, the set of names of edge variables.
iii)  SPS, the set of subpath symbols.

iv) SAS, the set of anonymous symbols.

v) SBS, the set of bracket symbols.

b)  REDUCE, the function mapping path bindings to path bindings, and multi-path bindings to
multi-path bindings.
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3)

78

For every instance BNT of a BNF non-terminal that is a <path pattern expression>, <path term>,
<path pattern union>, <path factor>, <path concatenation>, <path primary>, <quantified path
primary>, <questioned path primary>, <element pattern>, or <parenthesized path pattern expres-
sion> equal to or contained in SBI at the same depth of graph pattern matching, the following are
defined by simultaneous recursion: the regular language of BNT, denoted RL(BNT), defined as a set
of words over ABC; and the set of local matches to BNT, denoted SLM(BNT), defined as a set of path
bindings.

Case:

a)

NOTE 77 — SLM(BNT) is consistent except when concatenating an edge pattern prior to concatenating the following
VErtex pattern. Restrictive path modes are enforced when generating OT the <parenthesized path pattern
expression> that declares the path mode.

NOTE 78 — RL(BNT) and SLM(BNT) can be infinite sets if BNT contains an effectively unbounded quantifier. Every
effectively unbounded quantifier is required to be contained in a selective <path pattern>; the potentially infinite
set of local matches is subsequently reduced to a finite set by the General Rules of Subclause 9.8, “Evaluation df a
selective <path pattern>".

NOTE 79 — The BNF non-terminals are listed above in the “top down” order of appearance'in the Format of
Subclause 10.6, “<path pattern expression>"; the definitions in the following subrules treat the same BNF nonfter-
minals in “bottom up” order.

If BNT is a <parenthesized path pattern expression>, then let-PPE be the <path pattern
expression> immediately contained in BNT and let j be the bracket index of BNT.

NOTE 80 — “Bracket index” is defined in Subclause 9.6, “Machinery for graph pattern matching”.
i) Case:

1) If BNT simply contains a <subpathwariable declaration> SVD, then let SV be|the
subpath variable declared by SVD: Let BSV be the begin subpath symbol associpted
with SV and let ESV be the end subpath symbol associated with SV. Let BSVBINDING
be (BSV, BSV) and let ESVBINDING be (ESV, ESV).

2)  Otherwise, let BSV, ESV, BSVBINDING and ESVBINDING be the zero-length string.
ii) RL(BNT) is {"[;"} - {BSV'} - RL(PPE) - { ESV}-{"];" }
iii)  Let STPBbe SLM(PPE).

Let SLMMAYBE'be { ("[;", "[;") } - { BSVBINDING } - STPB - { ESVBINDING } - { ("1", "[};")
}

SLM(BNT) is the set of every path binding in SLMMAYBE that is consistent.

NOTE 81 — That is, the words in RL(BNT) are formed by surrounding the words of RL(PPE) by| the
bracket symbols "[;" and "];". If BNT contains a subpath variable declaration, then the words of RL(BNT)
are also surrounded by the begin and end subpath symbol associated with that subpath variabje.
Similarly, the path bindings in SLMMAYBE are formed by surrounding the path bindings with brhcket
bindings and, if there is a subpath declaration, with the corresponding begin and end subpath bindings.
Eliminating inconsistent bindings from SLMMAYBE to get SLM(BNT) has the effect of enforcing
restrictive path modes.

b)

If BNT is an <element pattern> EP, then

i) Case:
1) If EP declares an element variable EV, then let EPI be the name of EV.
2) If EPis a <vertex pattern>, then let EPI be "()", the anonymous vertex symbol.
3) If EPis an <edge pattern>, then let EPI be "-", the anonymous edge symbol.

ii) RL(BNT) is { EPI }, the set whose sole member is EPI.
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SLM(BNT) is the set of every elementary binding (EPI, GE) such that:
1) IfEPis a <vertex pattern>, then GE is a vertex.

2) IfEPisan <edge pattern>, then GE is an edge.

3) IfEPsimply contains a <label expression> LE, then True is the TRUTH VALUE
returned as TV when the Syntax Rules of Subclause 9.4, “Satisfaction of a <label
expression> by a defined label set”, are applied with LE as LABEL EXPRESSION

anditbha dafinadlbal cat O - NEINDN T ARLDT CT
arro e O CTmC O Ta D CTr SC T OT UL aS DT TIVO D LD LD O 1

d)

If BNT is a <quantified path primary>, then:

If BNT is a <questioned path primary>, then:

i)

i)
ii)

T

pattern expression> that is immediately contained in BNT.

Let PP be the <path primary> immediately contained in BNT. As a resultef.the tre
formations in the Syntax Rules, PP is a <parenthesized path pattern expression>.
R be RL(PP) and let S be SLM(PP).

Let GQ be the <general quantifier> immediately contained in BNT.
Let LB be the value of the <lower bound> contained in GQ:
Case:

1) IfGQ contains an <upper bound>, then let UBbe the value of the <upper bou
A)  RL(BNT)is R“BuRIB*L G .y RVBZLY RYB,
B) Let TOOMUCH be S*B u stB*L . u sUB-1( sUB.

C) SLM(BNT)is the set of those path bindings in TOOMUCH that are consis
2)  Otherwise:

A) RL(BNT)is R“BeR .

B) Let WAYFQOMUCHbe S*B.§".

C) SLM(BNT) is the set of those path bindings in WAYTOOMUCH that are
sistert.

Let PPbe the <path primary> immediately contained in BNT. As a result of the tre
formations in the Syntax Rules, PP is a <parenthesized path pattern expression>.
Rbe RL(PP) and let S be SLM(PP).

RL(BNT)isR°UR.

SLM(BNT) is S° U S.

ns-
Let

nd>.

fent.

on-

ns-
Let

N . av yans a .'V‘. hethe ayrazeaya

RL(BNT) is RL(BNT2).
SLM(BNT) is SLM(BNTZ2).

If BNT is a <path concatenation>, then:

i)

path

Let PST be the <path term> and let PC be the <path factor> that are immediately con-

tained in BNT.
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i)  RL(BNT)is RL(PST) - RL(PC).

iii)  Case:

1) If PCis an <edge pattern>, then SLM(BNT) is SLM(PST) - SLM(PC)

NOTE 82 — If PCis an <edge pattern>, then there is a <vertex pattern> to its right, which will
be concatenated in a subsequent iteration of this recursion; consistency, including the direc-
tionality constraint implied by the <edge pattern>, will be checked at that point.

A £ DCic A cunyiay nattarn andthalact cnlamant nattarns I'D Af DCT 1o o3 0
H=c15a—<Vve o e o = o 1—15ahH<6

dge

)

1)

1)

)

1)

111

Tt paTtCT = o errcToot TETIICTIepateeTIT T OTrT

pattern>, then:

NOTE 83 — By transformations in the Syntax Rules of Subclause 10.6, “<path pattern ex]
sion>", an edge binding is always immediately preceded and followed by a vertéx binding
current rule handles the situation in which the edge has been bound as the'last element]
binding of PST, and therefore PC is the vertex binding that immediately follows the edgé|
binding. Also note that the Syntax Rules have transformed every <abBreviated edge pattern>
to a <full edge pattern>.

A)  Let SLMCONCAT be SLM(PST) - SLM(PC).
B)  For each path binding PB contained in SLMGONCAT,

Let GEyjgp be the vertex thatis bound in the last elementary bin
of PB.

Let GE be the edge that ischound in the penultimate elementary
binding of PB.

Let GEj be the vertex that is bound in the antepenultimate elem
ary binding of PB.,

C) Letthe proposition§’L, U, and R be defined as follows:

Proposition L is true if GE is a directed edge, GEjef is the desting
vertex-of GE and GEjgp, is the source vertex of GE.

Proposition Uis true if GE'is an undirected edge, and GEj5 and GH
are the vertices connected by GE.

Proposition Ris true if GE'is a directed edge, GEjef is the source v¢
of GE and GEjgp, is the destination vertex of GE.

D) Letthe directionality constraint of EP be

pres-
. The
ary

Hing

ent-

tion

right

rtex

pro-

Case:

1) If EP is a <full edge pointing left>, then proposition L is true.

1) If EP is a <full edge undirected>, then proposition U is true.

[y If EPisa <full edge pointing rights, then proposition R 1S true.

IV)  IfEPisa <full edge left or undirected>, then proposition L, or propos-
ition U, is true.

V) If EP is a <full edge undirected or right>, then proposition U, or
position R, is true.

VI) IfEPis a <full edge left or right>, then proposition L, or proposition

80

R, is true.
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VII) IfEPisa <full edge any direction>, then at least one of proposition

L, proposition U, or proposition R, is true.

E) SLM(BNT)is the setof those path bindings of SLMCONCAT that are consistent

and satisfy the directionality constraint of EP.

3)  Otherwise, SLM(BNT) is the set of those path bindings in SLM(PST) - SLM(PC)
are consistent.

that

&) IE DN T e o canatlh £o ot thaonlatr DAITD 1o 1 athaaseina gy arantificdaathaaieina oy
6} I IV 1o A P“Lll IACLUIL ) UICITICU DIVI o UG UIIC P“\,ll t}l llllal.y ) Hu“llLlll\,u PCILII Pl llll“l)’ ) Or
<questioned path primary> immediately contained in BNT.
i) RL(BNT) is RL(BNTZ2).
ii) SLM(BNT) is SLM(BNTZ2).
h) If BNTis a <path pattern union>, then let NMA be the number of <path term>s immediately
contained in BNT. Let PMOy, .., PMOp4 be these <path term>s.
i) RL(BNT) is RL(PMO1) u RL(PMO3) u ... u RL(PMOpp4)-
ii) SLM(BNT) is SLM(PMO1) u SLM(PMO>,) v ... u SLM(PMOx4)-
i) If BNTis <path term>, then let BNTZ be the <path factor> or<path concatenation> immediately
contained in BNT.
i) RL(BNT) is RL(BNT2).
ii) SLM(BNT) is SLM(BNT2).
j)  If BNTis a <path pattern expression>, therrlet BNTZ be the <path term> or <path pattern
union> immediately contained in BNT:
NOTE 84 — <path multiset alternation>'is transformed into <path pattern union> in the Syntax Rules gnd
therefore it is not considered separately here.
i) RL(BNT) is RL(BNTZ2):
ii) SLM(BNT) is SLM(BNTZ2).
4) | Let SM be SLM(SBI).
5) | Evaluation of the General Rules is terminated and control is returned to the invoking Subclauge,
which receives SM-as SET OF MATCHES.
Conformance Rules

None:
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9.8 Evaluation of a selective <path pattern>

Function

Evaluate a <path pattern> with a selective <path search prefix>.

clause Signature

Syr

bl uation of a selective <path pattern>" [General Rules] (
Ar anet er: “ PURE PROPERTY GRAPH’,

ar amet er: “PATH PATTERN LI ST”,

Ar anet er:  “ MACHI NERY” ,

Ar amet er: “ SELECTI VE PATH PATTERN',

Araneter: “1 NPUT SET OF LOCAL NMATCHES’

bt urns: “OQUTPUT SET OF LOCAL MATCHES'

PURE PROPERTY GRAPH — a pure property graph.

PATH PATTERN LIST — a <path pattern list>.

MACHINERY — the machinery for graph pattern matching.
SELECTIVE PATH PATTERN — a selective <path pattern>:

DUTPUT SET OF LOCAL MATCHES — finite subset.of the INPUT SET OF LOCAL MATCHES, seled
hccording to the criterion indicated by the selective <path search prefix> of SELECTIVE PATH P4
TERN.

itax Rules

None.

Access Rules

Gel

1)

None.

neral Rules

Let PG be the PURE PROPERTY GRAPH, let PPL be the PATH PATTERN LIST, let MACH be the
MACHINERY, let SEL be the SELECTIVE PATH PATTERN, and let INSLM be the INPUT SET OF LO

NPUT SET OF LOCAL MATCHES — a set, possibly infinite, of matches to SELECTIVE PATH PATTIE

RN.

ted
\T-

CAL

MATCHES in an application of the General Rules of this Subclause. The result of the application of

2)

82

this Subclause is returned as OUTPUT SET OF LOCAL MATCHES.

[t is implementation-defined (IA036) whether the General Rules of this Subclause are terminated
if an exception condition is raised. If an SQL-implementation defines that it terminates execution

because of an exception condition, it is implementation-dependent (UA042) which of the members
of CANDIDATES (defined subsequently) are actually probed to establish whether they might raise

an exception.

NOTE 85 — CANDIDATES is potentially an infinite set, but there are algorithms to enumerate this set so as to satisfy

the selection criterion of the selective <path pattern> without testing all candidate solutions. Even if the SQL-

implementation defines that it terminates when an exception condition is encountered on a particular candidate
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solution, the order of enumerating the candidates is implementation-dependent, and it is possible that a candi
solution that would raise an exception is never tested.

The following components of MACH are identified:
a)  ABC, the alphabet, formed as the disjoint union of the following:
i) SVV, the set of names of vertex variables.

ii) SEV, the set of names of edge variables.

iii)  SPS, the set of subpath symbols.
iv) SAS, the set of anonymous symbols.

V) SBS, the set of bracket symbols.

b)  REDUCE, the function mapping path bindings to path bindings, and multi-path bindings fo

multi-path bindings.
Let NP be the number of <path pattern>s in PPL.

SEL is a selective <path pattern>. Let j be the bracket index of the gparenthesized path pattern

expression> simply contained in SEL.
NOTE 86 — “Bracket index” is defined in Subclause 9.6, “Machinery for graph pattern matching”.

date

NOTE 87 — By a syntactic transformation in Subclause 10.4, “<graph pattern>", this <parenthesized path pattern

expression> is the entire content of SEL except possibly the declaration of a path variable.

Let PSP be the <path search prefix> simply contained-in SEL.

Let N be the value of the <number of paths> or‘the <number of groups> specified in PSP. If N i§ not
a positive integer, then an exception conditioft'is raised: data exception — invalid number of pdths
or groups (22GOF) and no further GeneralRules of this Subclause are applied.

Let p be such that SEL is the p-th <path:pattern> of PPL.

Let CANDIDATES be the set of everypath binding PBX in INSLM such that all of the following afe

true:

a) For every unconditienal singleton <element variable> EV exposed by SEL, EV is bound tq a
unique graph element by the elementary bindings of EV contained in PBX.

NOTE 88 —(Anonymous symbols are not <element variable>s; there is no requirement that two anonyous
symbolsbind to the same graph element.

b)  For evefy)<parenthesized path pattern expression> PPPE equal to or contained in SEL, l¢t i
be thedracket index of PPPE, and let "[;"and "];" be the bracket symbols associated with PPPE.
Adinding of PPPE is a substring of PBX that begins with the bracket binding ("[;", "[;") anld
ends with the next bracket binding ("];", "1;").

NOTE 89 — “Bracket index” is defined in Subclause 9.6, “Machinery for graph pattern matching”.
For every binding BPPPE of PPPE contained in PBX, all of the following are true:
i) For every <element variable> EV that is that is exposed as an unconditional singleton

by PPPE, EV is bound to a unique graph element by the elementary bindings of EV

contained in BPPPE.

NOTE 90 — Anonymous symbols are not <element variable>s; there is no requirement that two

anonymous symbols bind to the same graph element.

ii) If PPPE contains a <parenthesized path pattern where clause> PPPWC, then True is the
VALUE returned as V when the General Rules of Subclause 9.9, “Applying bindings to
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10)
11)
12)

13)

14)

15)

84

evaluate an expression”, are applied with PPL as GRAPH PATTERN, the <search co

ndi-

tion> simply contained in PPPWC as EXPRESSION, MACH as MACHINERY, PBX as MULTI-
PATH BINDING, and a reference to BPPPE as a subset of PBX as REFERENCE TO LOCAL

CONTEXT.

NOTE 91 — This is the juncture at which an exception condition might be raised. It is implementation-

dependent whether to terminate if an exception condition is raised. The order of enumerating
members of CANDIDATES is implementation-dependent, and there is no requirement that an S
implementation test all candidate solutions, which can be an infinite set in any case.

the
QL-

Each path binding PBX of CANDIDATES is replaced by REDUCE(PBX).
Redundant duplicate path bindings are removed from CANDIDATES.

CANDIDATES is partitioned as follows. For every path binding PBX in CANDIDATES, thepartitign of
PBX is the set of every path binding PBY in CANDIDATES such that the first and last vertex bindjings

of PBX bind the same vertices as the first and last vertex bindings, respectively, of PBY.
Each partition PART of CANDIDATES is modified as follows.
Case:
a) If PSPis an <any path search>, then
Case:

i) If the number of path bindings in PART is N.orless, then the entire partition PART]
retained.

ii) Otherwise, it is implementation-dependent (UA013) which N path bindings of PA
are retained.

b) If PSPis a <shortest path search>, then
Case:
i) If PSP is a <counted shortest path search>, then

Case:

—n

S

1) Ifthe number of path bindings in PART is N or less, then the entire partition HART

is retained.

2) Otherwise, the path bindings of PART are sorted in increasing order of number

of edges; the order of path bindings that have the same number of edges is
implementation-dependent (US018). The first N path bindings in PART are
retained.

ii) If PSP is <counted shortest group search>, then the path bindings in PART are grou

with each group comprising those path bindings having the same number of edggs.

The groups are ordered in increasing order by the number of edges.

ped,

Case:

1)  If the number of groups in PART is N or less, then the entire partition PART is

retained.

2)  Otherwise, the path bindings comprising the first N groups of PART are retained.

Let OUTSLM be the set of path bindings retained in CANDIDATES after the preceding modifications

to its partitions.

Evaluation of the General Rules is terminated and control is returned to the invoking Subclause,

which receives OUTSLM as OUTPUT SET OF LOCAL MATCHES.
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Conformance Rules

None.
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Applying bindings to evaluate an expression

Function

Eval

uate a <value expression> or <search condition> using the bindings of graph pattern variables

determined by a local context within a multi-path binding.

Sul

Sy

Acc¢ess Rules

Gel

pclause Signature

bl yi ng bi ndi ngs to eval uate an expressi on” [General Rules] (
Ar amet er: “ GRAPH PATTERN',

Ar amet er ;. “ EXPRESSI ON’

Ar amet er ;. “ MACHI NERY”

Ar amet er: “MJULTI - PATH BI NDI NG’

Ar anet er: “REFERENCE TO LOCAL CONTEXT”

bt urns: “ VALUE”

GRAPH PATTERN — a <graph pattern>.
EXPRESSION — a <value expression> or <search condition>.
MACHINERY — the machinery for graph pattern matching:

MULTI-PATH BINDING — multi-path binding to the <graph pattern> in which to evaluate the
bxpression.

REFERENCE TO LOCAL CONTEXT — an indication'of a subset of the multi-path binding, the loc
context. Group bindings are confined to the lpcal context; singleton bindings may look outside t
ocal context.

VALUE — the evaluated value of EXPRESSION.

)itax Rules

None.

None.

neral‘Rules

h1
he

1)

Let GP be the GRAPH PATTERN, let EXP be the EXPRESSION, let MACH be the MACHINERY, let I

(PB

2)

86

be the MULTI-PATH BINDING, and let RTLC be the REFERENCE TO LOCAL CONTEXT in an application
of the General Rules of this Subclause. The result of the application of this Subclause is returned as

VALUE.

The following components of MACH are identified:

a)  ABC, the alphabet, formed as the disjoint union of the following:
i) SVV, the set of names of vertex variables.

ii) SEV, the set of names of edge variables.
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iii)  SPS, the set of subpath symbols.
iv) SAS, the set of anonymous symbols.

V) SBS, the set of bracket symbols.

b)  REDUCE, the function mapping path bindings to path bindings, and multi-path bindings to
multi-path bindings.

3) _Let LCbe the subset of MPB that is indicated by RTLC.

NOTE 92 — The local context is passed “by reference” in order to correctly evaluate non-local singletons. Forexample,
given the pattern:

( (A ->( (B) -> (0 WHERE A X = B.X+C. X ) -> (D)){2}

then A.X makes a non-local reference to element variable A. A word of this pattern will repeat theouter <parenthesized
path pattern expression> twice, requiring two evaluations of the WHERE clause. Each evaluation of the WHERE
clause must locate the appropriate non-local reference to A. The bindings to the inner <parenthesized path pafttern
expression>, if passed “by value”, might not be enough information to determine the appropriate binding to the puter
<parenthesized path pattern expression>.

4) | For each <element reference> ER that is contained in EXP at the same depth of graph pattern
matching and that does not reference an iterator variable:

NOTE 93 — The binding of iterator variables is performed prior to invoking this Subclause in Subclause 9.11,
“Applying bindings to generate a row”.

a) Let DEG be the degree of reference of ER.
b) Let EV be the <element variable> of ER.
c) Case:

i) If LC is equal to MPB, then let SPACE be MPB.

NOTE 94 — That s, the search space is the entire multi-path binding. This case arises in three cifjcum-
stances: 1) the evaluation‘ef-d <parenthesized path pattern where clause> in the outermost <ppren-
thesized path pattern expression> of a selective <path pattern>; 2) the evaluation of a <graph pattern
where clause>; 3) the.evaluation of a <graph table column definition>.

ii) Otherwise, let LCBI be the bracket index of the first bracket symbol in LC. Let LCPPPE
be the <parenthesized path pattern expression> contained in GP whose bracket index
is LCBI. Let PP be the <path pattern> containing LCPPPE.

NOTE'95 — “Bracket index” is defined in Subclause 9.6, “Machinery for graph pattern matching”.

Case:

1Y If EVis not declared by PP then let SPACE be MPB.

NOTE 96 — In this case, EVis declared in some other <path pattern> than the one that conjtains
ER. ERis anon-local reference, therefore DEG is singleton, and EV must be exposed as a singleton
by the <path pattern>(s) that declare it.

2) IfEVis declared by LCPPPE, then let SPACE be LC.

NOTE 97 — In this case, EVis declared locally to LCPPPE and the binding(s) to ER can be found
by searching the local context LC.

3)  Otherwise,let DEFPPPE be the innermost <parenthesized path pattern expression>
that declares EV and that contains LCPPPE. Let Bl be the bracket index of DEFPPPE.
Let “[g;" and "] ;" be the bracket symbols whose bracket index is BI. Let SPACE

be the smallest substring of MPB containing LC and beginning with "[g," and
ending with "] g;".
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NOTE 98 — In this case, EVis declared in some outer scope containing LCPPPE, and the binding
of ER, if any, is found by searching the innermost scope that declares EV. ER is a non-local ref-
erence, therefore DEG is singleton, and EV must be exposed as a singleton by DEFPPPE.

NOTE 99 — “Bracketindex” is defined in Subclause 9.6, “Machinery for graph pattern matching”.
d) Case:
i) If DEG is singleton, then

Case:

1) Ifthereis an elementary binding EB of EV in SPACE, then let LOE be a listjwith a
single graph element, the graph element that is bound to EV by EB.

NOTE 100 — Even if EV is bound multiple times in SPACE (expressing an equijoin on EV), the
list has only one graph element.

2)  Otherwise, let LOE be the empty list.

NOTE 101 — This case can only arise if DEG is conditional singleton.
ii) If DEG is group, then
Case:

1) If SPACE does not contain an elementary binding of EV, then let LOE be an empty
list.

2)  Otherwise, let LOE be the list of the\graph elements that are bound to EV by |ele-
mentary bindings in the order that\they occur in SPACE, scanning SPACE from
left to right, and retaining duplicates.

e) LOE s the list of graph elements bound te.ER.

NOTE 102 — This list will be used by the\General Rules of those Subclauses that evaluate ER, for example,
Subclause 6.5, “<property reference>%.

5) | Let Vbe the value of EXP.

6) | For each <element reference> ER contained in EXP at the same depth of graph pattern matching,
the list of graph elements bound to ER is destroyed.

7) | Evaluation of the General-Rules is terminated and control is returned to the invoking Subclauge,
which receives V as VALUE.

ConformanceRules

None.
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9.10 Applying bindings to evaluate a subexpression of an aggregate

Function

Evaluate a subexpression of an <aggregate function> at a particular binding of the aggregated element
variable.

Subclause Signature

“Appl yi ng bindings to eval uate a subexpression of an aggregate” [General Rules] (
Ppranmet er: “BI NDI NGS”,

Phar anet er: “AGGREGATED ELEMENT VARI ABLE”,

Ppranet er: “ELEMENT NUMVBER',

Ppranet er: “ SUBEXPRESSI ON’

Ret urns: “VALUE"

BINDINGS — a set of bindings of <element reference>s.
AGGREGATED ELEMENT VARIABLE — the aggregated element variable of an <aggregate functipn>.

ELEMENT NUMBER — the 1-relative index into the list of graph.elements that are bound by BINDINGS
o AGGREGATED ELEMENT VARIABLE.

SUBEXPRESSION — a subexpression of an <aggregate function>.

VALUE — the value of the SUBEXPRESSION when AGGREGATED ELEMENT VARIABLE is bound|to
braph element indicated by ELEMENT NUMBER.

Syntax Rules

None.

Access Rules

None.

General Rules

1) | Let B bethie' BINDINGS, let AEV be the AGGREGATED ELEMENT VARIABLE, let N be the ELEMENT
NUMBER/ and let SUBEXP be the SUBEXPRESSION in an application of the General Rules of this
Subclause. The result of the application of this Subclause is returned as VALUE.

2) | Eet AEV be bound to the list of graph elements GE4, ..., GEgin B.

3) Define a set of bindings BZ as follows. For every <element reference> ER which is bound to a list of
graph elements in B:

Case:

a) IfERreferences AEV, then let ER be bound to the graph element GEy.

b) Otherwise, let ER be bound to the same list of graph elements as it is bound to in B.

4)  Let Vbe the value of SUBEXP using the bindings in B2 and treating AEV as having unconditional
singleton as its degree of reference.
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5) B2, including every binding in B2, is destroyed.

6) Evaluation of the General Rules is terminated and control is returned to the invoking Subclause,
which receives V as VALUE.

Conformance Rules

None.
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9.11 Applying bindings to generate a row

Function

Generate a row of output from <graph table derived table>.

Subclause Signature

“Applying bindings to generate a row [General Rules] (
Ar anet er: “ GRAPH PATTERN',

Ar anet er: “ROAS CLAUSE”,

Ar anet er: “COLUWNS CLAUSE”,

Ar anet er:  “ MACHI NERY” ,

Ar anet er: “MJULTI - PATH Bl NDI NG’ ,

Ar anet er: “ PATH NUMBER' ,

Ar anet er ;. “ OFFSET”

bt ur ns:  “ ROW

DU UVUTUVUTUVUTUTUTU

GRAPH PATTERN — a <graph pattern>.

ROWS CLAUSE — a <graph table rows clause>.

COLUMNS CLAUSE — a <graph table columns clause>.
MACHINERY — the machinery for graph pattern matching.
MULTI-PATH BINDING — a multi-path binding.

PATH NUMBER — 1-relative index of a <pathattern> contained in the GRAPH PATTERN (null
ROWS CLAUSE is ONE ROW PER MATCH).

-

DFFSET — 1-relative offset of an elementary binding contained in the path binding indicated by PATH
NUMBER within MULTI-PATH BINDING.

ROW — a row to be output byn<graph table>.

Syntax Rules

None.

Access Rules

None:

General Rules

1) Let GP be the GRAPH PATTERN, let RC be the ROWS CLAUSE, let CC be the COLUMNS CLAUSE, let
MACH be the MACHINERY, let MPB be the MULTI-PATH BINDING, let PNUM be the PATH NUMBER,
and let OFF be the OFFSET in an application of the General Rules of this Subclause. The result of the
application of this Subclause is returned as ROW.

NOTE 103 — PNUM and OFFSET are only used when generating rows using <one row per iteration>, in which case

PNUM is the number of the current path pattern being iterated over, and OFFSET is the 1-relative index of the com-
pressed binding for the first iterator variable in the compressed path binding indicated by PNUM.
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2)  The following components of MACH are identified:

a)

ABC, the alphabet, formed as the disjoint union of the following:
i) SVV, the set of names of vertex variables.
ii) SEV, the set of names of edge variables.

iii)  SPS, the set of subpath symbols.

b)

3) | Let PPy, ... PPypp be the <path pattern>s simply contained in GP.
4-) Let MPB = (Ppl, PPNPP)'

5) | If RCis <one row per iteration>, then:

a)

b)

d)

V] SAS, the set of anonymous symbols.
V) SBS, the set of bracket symbols.

REDUCE, the function mapping path bindings to path bindings, and multi-path biridings fo
multi-path bindings.

Case:

i) If PPpyyp declares a <path variable> PNAME, thyen PNAME is the current path name.

ii) Otherwise, there is no current path name:
Let CPB be the compressed path binding of PBpyy-
NOTE 104 — The compressed path binding is defined in Subclause 9.6, “Machinery for graph pattern matching”.

Let CBy, ... CB; be the elements of the.séquence CPB.

Case:
i) If RC is <one row pervertex>, then:
1) LetIbe the iterator variable identified by the <vertex variable> simply contajned
in RC.
2)  The current element number of I is OFF.
3) _~Let CByrrbe the compressed binding (LOV, VER).
4)/ LOVis the current list of primary variable names of 1.
5) For every <element reference> ER that references I, ER is bound to the list of
graph elements whose sole element is VER.
ii) If RC is <one row per step>, then:

92

1) LetI1 be the iterator variable identified by the <vertex variable 1> simply con-
tained in RC, let I2 be the iterator variable identified by the <edge variable> simply
contained in RC, and let I3 be the iterator variable identified by the <vertex variable
2> simply contained in RC.

2) Case:
A) IfLis 1 (one), then:
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row

The current element number of I1 is OFF, the current element number

of IZ is the null value, and the current element number of 13 is the
value.

null

Let CBq be the only element of CPB. CB; is a compressed binding

(LOV, VER).

The current list of primary variable names of 11 is LOV. The current

list of primary variable names of 12 and 13 is empty.

B)

6) | Risarow, with a column for each <graph table column definition> GTCD contained in CC. For

column:

General\Rules.

7) | Evaluation of the General Rules is terminated and control is returned to the invoking Subclaug
which receives R as ROW.

V)

Otherwise:

)

1)

111)

IV)

a) The General Rules of Subclause 9.9, “Applying bindings to evaluate an expression”, are apy
with GP as GRAPH PATTERN, the <value expression> simply contained in GTCD as EXPRESS
MACH as MACHINERY, M as MULTI-PATH BINDING, and reference to M as a subset of itself as
REFERENCE'TO LOCAL CONTEXT; let VE be the VALUE returned from the application of tl

b)  TheVvalue of the column is VE.

For every <element reference> ER that references /1, ER is boui
the list of graph elements whose sole member is VER. For'eveéry
<element reference> ERX that references I2 or 13, ERX:is bound
an empty list of graph elements.

The current element number of I1 is OFF, thecurrent element nun
of 12 is the OFF+1, and the current element number of 13 is OFFH

Let CBppr be the compressed binding\(LOV1, GE1). Let CBpgr+1
the compressed binding (LOVZ, GEZ). Let CBpgf.+2 be the compre
binding (LOV3, GE3).

The current list of primarywariable names of 11 is LOV1. The cur
list of primary variable names of 12 is LOVZ2. The current list of prin
variable names of 13 is\DOV3.

For every <element reference> ER1 that references /1, ER1 is bd
to the list of graph elements whose sole member is GE1. For eve
<element reference> ERZ2 that references 12, ERZ2 is bound to th{
of graph eléments whose sole member is GE2. For every <elemsg
reference> ER3 that references 13, ER3 is bound to the list of gr:
elentents whose sole member is GES3.

dto
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Conformance Rules

None.
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9.12 Creation of an element table descriptor

Function

Create an element table descriptor.

Su

clause Signature

uc:r

) R

Syr

1)

2)

3)
4)

94

pation of an el enent table descriptor” [SyntaxRules] (
“ BNFTERM
“ DESCRI PTOR’

I anet er :
Pt Ur ns:

BNFTERM — a <vertex table definition> or an <edge table definition>.

DESCRIPTOR — the created element table descriptor.

itax Rules

Let B be the BNFTERM in an application of the Syntax Rules of this Subclause. The result of the
application of this Subclause is returned as DESCRIPTOR.

hle

me-

Ita

Case:
a) If Bsimply contains <element table name> ELTN, then:
i) Case:
1) If B simply contains <element table alias>, then let ETN be that <element tal
alias>.
2)  Otherwise, let ETN-be the <qualified identifier> simply contained in ELTN.
ii) Let ET be the tablelidentified by ELTN.
iii)  ET shall be either a persistent base table or a viewed table.
b) Otherwise:
i) Let ETNbe the <element table alias>.
ii) LetETQE be the <query expression> simply contained in the <table subquery> im
diately contained in B.
iii)) No <table reference> generally contained in ETQE shall identify any declared local
temporary table.
iv) No <table reference> generally contained in ETQE shall contain a <data change dé
table>.
v) Let ET be the table specified by ETQE.
ETN is a range variable for ET whose scope is B.
Case:
a) If <element table key clause> is not specified, then

Case:
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i) If the table descriptor of ET includes a unique constraint descriptor UCD that specifies
PRIMARY KEY, then let ETK be the list of the names of the unique columns included in

UCD in order of their ordinal position in ET.

ii) Otherwise, the table descriptor of ET shall include a preferred candidate key. Let ETK
be the list of columns in that preferred candidate key in order of their ordinal position

in ET.

b)  Otherwise, let ETK be the <column name list> simply contained in <element table key clause>.

i) No <column name> simply contained in ETK shall be equivalent to another <cglt
name> simply contained in ETK.

ii) Each <column name> simply contained in ETK shall identify a column of&T.

If B does not simply contain an <element table label and properties clause>, thenthe <element t
label and properties clause> DEFAULT LABEL PROPERTIES ARE ALL COLUMNS is implicit.

If B simply contains an <element table label and properties clause> thatimmediately contains
<element table properties clause> ETPC, then ETPC is effectively replaced with a <label and pt
erties> DEFAULT LABEL ETPC.

An implicit or explicit <element table label clause> that specifieés DEFAULT LABEL is effectivel
replaced with an <element table label clause> LABEL ETN.

Let NLP be the number of explicit or implicit <label and properties>s simply contained in <elen
table label and properties clause> ETLPC simply contained in B.

For each k, 1 (one) < k< NLP, let LP; be the k-th <label and properties>:

a) Let ETL be the <label name> simply contained in LPy. ETLj, shall not be equivalent to an
other <label name> simply contained:in ETLPC.

NOTE 105 — The preceding Syntax Rule ensures that no two labels within the same element table havg
same name.

b) Case:
i) If NO PROPERTIES is specified, then let NP}, be 0 (zero).

ii) If LP}, simply contains an <element table parenthesized derived property list>, the
NP}, belthe number of simply contained <derived property>s. For i, 1 (one) <i< N

1)-0 Every <column reference> simply contained in the i-th <derived property> §
reference a column of ET.

2) Case:

A)  If the i-th <derived property> simply contains a <property name>, the

N1

able

an
op-

hent

the

nlet
Py

hall

nhlet

PNy ; be that <property name>.

B) Otherwise, the <value expression> simply contained in the i-th <derived
property> shall be a <column reference>. Let PNy, ; be the name of the column

referenced by that <column reference>.

3) Let PTy;be the declared type of the <value expression> simply contained in
i-th <derived property>.

the

4)  Let PV ;be the <value expression> simply contained in the i-th <derived prop-

erty>.
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10)

11)

96

iii)

5)  PVj;shall not contain a potential source of non-determinism.

6)  PVj;shall not generally contain a <routine invocation> whose subject routine

possibly reads SQL-data.

7) PV ;shall not contain a <query expression>.

If EXCEPT is specified, then let NETC}, be the number of columns of ET, let EC, be the

number of <column name>s simply contained in the <except column name list> EC

Lo

c) For1 (one) <s< NPy, 4 (one) <t < NPy, s+ t, PNy ¢ shall not be equivalent to PNy ;.

NOTE 106 — The preceding Syntax Rule ensures that no two properties within the same label have the

name.
For each pair of pteperties (P, P;¢), 1 (one) <k <NLP, 1 (one) <I<NLP,k+1,1 (one)<s<N.
(one) < t < NP, iDPNj ¢ is equivalent to PN 4, then PV ¢ shall have the same left normal form dg
ation as PV
NOTE 107 — “Left normal form derivation” is defined in Subclause 6.2, “Notation provided in the ISO/IEC 907
series”, in ISO/IEC 9075-1.

NOTE 108 — The preceding Syntax Rule ensures that two properties with the same name within the same ele|
table but in different labels are the same; i.e., have the same definition and, by implication, the same declared

and let NP, be NETCk - ECk.

1) No <column name> simply contained in ECNLj, shall be equivalent to any other

<column name> simply contained in ECNL,.

2)  Each <column name> simply contained in ECNLj, shall identify; & column of £

3) Let RC be the set of columns of ET that are not identified by a <column nam
simply contained in ECNL, (there are NP}, such colunius).

4) Fori, 1 (one)<i< NP
A)  Let PNy ;be the name of the i-th column’in RC.
B) Let PTy; be the declared type of thei-th column in RC.
C) Let PVy;be the name of theg-th column in RC.
Otherwise, let NP;, be the number of columns of ET. For i, 1 (one) <i< NPy
1)  Let PNy ; be the name of the i-th column of ET.
2)  Let PTy; be the declared type of the i-th column of ET.

3) Let PVy;be thename of the i-th column of ET.

T

T.

P>

same

D

o 1
briv-

ment

fype.

Let D be an element table descriptor that includes:

a) Case:

i)

ii)

If ET is a persistent base table or a viewed table, then the schema-qualified name
ET: ELTN.

Otherwise, the <query expression>: ETQE.

b)  The element table alias: ETN.

of
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c)  Thelist of columns uniquely identifying a row in ET: ETK.
d) Asetoflabels. For each label, 1 (one) < k< NLP:
i) The name of the label: ETLy,.

ii) The set of properties associated with the label. For each property, 1 (one) <i < NPy

1)  The name of the property: PNy ;.

2)  The declared type of the property: PTy ;.
3)  The value expression associated with the property: PV ;.

12)| Evaluation of the Syntax Rules is terminated and control is returned to the invoking Subclausd,
which receives D as DESCRIPTOR.

Access Rules

None.

General Rules

None.

Conformance Rules

None.
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9.1

3 Creation of a vertex table descriptor

Function

Create a vertex table descriptor.

Su

clause Signature

uc:r

) R

Syr

1)

2)
3)

4)
5)

pation of a vertex table descriptor” [Syntax Rules] (
ar amet er: “ BNFTERM
et ur ns: “ DESCRI PTCR’

BNFTERM — a <vertex table definition>.
DESCRIPTOR — the created vertex table descriptor.

itax Rules

application of this Subclause is returned as DESCRIPTOR.

Vis a vertex table descriptor.

which receives V as DESCRIPTOR.

Access Rules

Gel

Col

None.

neral Rules

None.

1formance Rules

Nene.

Let B be the BNFTERM in an application of the Syntax Rules of this Subclause. The result of th¢

B shall not simply contain <source vertex table> or <destination vertex table>.

Evaluation of the Syntax Rules is terminated and control is returned to the invoking Subclausa,

The Syntax Rules of Subclause 9.12, “Creation of an‘element table descriptor”, are applied with B
as BNFTERM; let V be the DESCRIPTOR returned from the application of those Syntax Rules.

98
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4 Creation of an edge table descriptor

Function

Create an edge table descriptor.

Su

clause Signature

uc:r

00U T

Sy

1)

2)
3)

4)

5)

6)
7)

8)

9)

pation of an edge table descriptor” [SyntaxRules] (
Ar anet er: “BNFTERM',

Ar anet er: “ SOURCE” ,

Ar anet er:  “ DESTI NATI ON'

bt ur ns: “ DESCRI PTOR’

BNFTERM — an <edge table definition>.

SOURCE — the vertex table descriptor of the source of the edge.
DESTINATION — the vertex table descriptor of the desctination of'the edge.
DESCRIPTOR — the created edge table descriptor.

)itax Rules

of the Syntax Rules of this Subclause. The result'of the application of this Subclause is returne
DESCRIPTOR.

B shall simply contain a <source vertex-table> SVT and a <destination vertex table> DVT.

Let Bbe the BNFTERM, let SVTD be the SOURCE, and/let DVTD be the DESTINATION in an application

] as

If SVT does not simply contain a <seurce vertex table key clause>, then SVT shall not simply corftain

a <referenced source column list>'If SVT simply contains a <source vertex table key clause>, t
SVT shall also simply contain a <referenced source column list>.

hen

If DVT does not simply contain a <destination vertex table key clause>, then DVT shall not simply

contain a <referenced destination column list>. If DVT simply contains a <destination vertex t
key clause>, then DVTjshall also simply contain a <referenced destination column list>.

The <source veftex table alias> SA simply contained in SVT shall be equivalent to the element t
alias included in SVTD. The <destination vertex table alias> DA simply contained in DVT shall
equivalent to the element table alias included in DVTD.

Let SI/be’the table identified by SA.
Let.DV be the table identified by DA.

hble

able
be

Case:

a) If Bsimply contains an <element table name> ETN, then let ET be the table identified by ETN.

b)  Otherwise, let ET be the table specified by the <query expression> simply contained in the

<table subquery> simply contained in B.

Case:

a) IfSVT does not simply contain a <source vertex table key clause>, then the table descriptor
of ET shall include exactly one referential constraint descriptor RCD whose referenced table

is SV.
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10)

11)

12)

100

i) Let ESK be the list of column names of the referencing columns included in RCD.
ii) Let SVK be the list of column names of the referenced columns included in RCD.

b) Otherwise:

i) Let ESK be the <column name list> simply contained in the <source vertex table key
clause>.
1) No <column name> simply contained in ESK shall be equivalent to any other
<column name> simply contained in ESK.
2)  Each <column name> simply contained in ESK shall identify a columnyef ET.
ii) Let SVK be the <column name list> simply contained in the <referencedisource colimn
list>.
1)  No <column name> simply contained in SVK shall be equivalent to any othef
<column name> simply contained in SVK.
2)  Each <column name> simply contained in SVK shallidentify a column of SV.
Case:
a) IfDVTdoesnotsimply contain a <destination vertex table key clause>, then the table descriptor
of ET shall include exactly one referential constraintdescriptor RCD whose referenced table
is DV.
i) Let EDK be the list of column names of‘the referencing columns included in RCD.
ii) Let DVK be the list of column names$.of the referenced columns included in RCD.
b) Otherwise:
i) Let EDK be the <column name list> simply contained in the <destination vertex table
key clause>.
1)  No <column fiame> simply contained in EDK shall be equivalent to any othejr
<column name> simply contained in EDK.
2)  Each <column name> simply contained in EDK shall identify a column of ET|
ii) Let DVK be the <column name list> simply contained in the <referenced destinatipn
colurnn list>.
1))~ No <column name> simply contained in DVK shall be equivalent to any othejr
<column name> simply contained in DVK.
2)  Each <column name> simply contained in DVK shall identify a column of DY,
The Syntax Rules of Subclause 9.12, “Creation of an element table descriptor”, are applied with B
as' BNFTERM; let D be the DESCRIPTOR returned from the application of those Syntax Rules.
Let E be an edge table descriptor that is a copy of D and additionally includes:
a) The name the source vertex table: SA.
b)  The edge source key: ESK.
c) The source vertex key: SVK.
d) The name of the destination vertex table: DA.
e) The edge destination key: EDK.
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f)  The destination vertex key: DVK.

13) Evaluation of the Syntax Rules is terminated and control is returned to the invoking Subclause,
which receives E as DESCRIPTOR.

Access Rules

None.

General Rules

None.

Conformance Rules

None.
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9.15 Consistency check of a tabular property graph descriptor

Function

Check the consistency of a tabular property graph descriptor.

Subclause Signature

“Copsi stency check of a tabular property graph descriptor” [Syntax Rules] (
Paraneter: “ TPGDESCRI PTCR’

TPGDESCRIPTOR — the tabular property graph descriptor to be checked.

Syntax Rules

1) | Let TPGD be the TPGDESCRIPTOR in an application of the Syntax Rules of this Subclause.
2) | Letn be the number of vertex table descriptors included in TPGD.

3) | Let m be the number of edge table descriptors included in TPGD.

4) | Fori, 1 (one)<i<n+m:

a) Let DESC;be the i-th element table descriptorjincluded in TPGD. DESC; is either a vertex table
descriptor or an edge table descriptor.

b)  The element table alias included in DESC; shall not be equivalent to any element table aljas

included in any other element table descriptor (which is either a vertex or an edge table
descriptor) included in TPGD.

c) Foreach label L included in;DESC;:

i) Let LN be theaname of L.

ii) If alabel IL included in any other element table descriptor (which is either a vertgx or
an edgetable descriptor) included in TPGD has a name that is equivalent to LN, thien L
and.LLshall have the same number of properties and the name of each property ¢f L
shalbbe equivalent to the name of the corresponding property of LL.

iii) . “<{For each property P of L:
1) Let PN be the name of P.

2) If another property PP of any other label included in any other element table
descriptorincluded in TPGD has a name thatis equivalent to PN, then the declared
type of PP shall be the same as the declared type of P.

NOTE 109 — The preceding Syntax Rule ensures the consistency of the declared types of all
properties with the same name across all labels of all vertex and all edge tables.

5) For each edge table descriptor ETD;, 1 (one) <i < m, included in TPGD:

a) The name of the source vertex table included in ETD; shall be equivalent to the element table
alias included in some vertex table descriptor included in TPGD.
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b)  The name of the destination vertex table included in ETD; shall be equivalent to the element
table alias included in some vertex table descriptor included in TPGD.

6) Evaluation of the Syntax Rules is terminated and control is returned to the invoking Subclause.

Access Rules

None.

General Rules

None.

Conformance Rules

None.
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9.16 Deriving a pure property graph descriptor from a tabular property

graph descriptor

Function

Derive a pure property graph descriptor from a tabular property graph descriptor.

Subclause Signature

“Defiving a pure property graph descriptor froma tabul ar property graph deseri ptfor”

[Gerleral Rules] (
Paramet er: “TABULAR PROPERTY GRAPH DESCRI PTOR’
turns: “PURE PROPERTY GRAPH DESCRI PTCR’

)

Syntax Rules

Ac

Gel

1)

2)

ABULAR PROPERTY GRAPH DESCRIPTOR — a tabular property graph descriptor.
URE PROPERTY GRAPH DESCRIPTOR — the derived pure property graph descriptor.

None.

'ess Rules

a)

b)

104

None.

neral Rules

Let PPGD be a pure property graph descriptor derived from TPGD as follows:
NOTE 110 — If TPGDAs empty, then PPGD is empty as well.

Let TPGD be the TABULAR PROPERTY GRAPH DESCRIPTOR in an application of the General Rules
of this Subclause. The result of the application of this Subclause is returned as PURE PROPERTY
GRAPH DESCRIPTOR.

The labelsof PPGD are the unique labels of every vertex and edge table included in TPGD} For
each label, this includes the label name and the properties (including name and declared type)
of the-corresponding label in TPGD.

The set of defined vertex label sets of PPGD comprises, for each vertex table V of TPGD, the
set of labels of V.

£TDON 41 \,t Of

d)

Tk £ aof od dafi dlalal 4+ £DDD) H £, L A | £ ] |

I'TICT STL UI CUSC UTIniCu iqdauTrI oCilo vl 1 1o \.Ullll.ll 15T, 1UlI CTdatll CUSC auliC LUl 11T UlU, LIIT S
labels of E. Each edge defined label set has an indication that the edges having that label set
are always directed.

PPGD includes a set of edge triplets. Each edge triplet has an indication that it describes directed
edges, and consists of an edge triplet defined label set EL, a source vertex defined label set SL,
and a destination defined vertex label set DL. For each edge table ET, EL consists of every label
associated with ET, SL consists of every label associated with ET’s source vertex table, and DL
consists of every label associated with ET’s destination vertex table.
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3)  Evaluation of the General Rules is terminated and control is returned to the invoking Subclause,
which receives PPGD as PURE PROPERTY GRAPH DESCRIPTOR.

Conformance Rules

None.
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Additional common elements

This Clause modifies Clause 10, “Additional common elements”, in ISO/IEC 9075-2.

10,
This

Ful

T—<aggregate function>

Subclause modifies Subclause 10.9, “<aggregate function>", in ISO/IEC 9075-2.

1ction

‘Aug

ment the 1st paragraph| by adding “or a list of graph elements” to the end of the sentence.

Format

<agd

<el 4
Bl

Syr

1)

regate function> ::=
Il All alternatives froml|SQO |EC 9075-2
<el enent variable count function> [ <filter clause>-]

nment variable count function> ::=

NDI NG_COUNT <l eft paren> <el ement reference> gright paren>
itax Rules
\Insert after SR 14):‘ An <element reference> simply contained in an <element variable count

function> is an aggregated argument of.SFE.

Access Rules

Gel

1)

No additional Access Rules:

neral Rules

‘Insert beforé GR 1):‘ If AF is immediately contained in a within-match aggregate WMA, then

a) LetB’be the set of bindings of <element reference>s (that is, the set of functions that ma
<element reference>s to lists of graph elements) determined by the invocation of the Ger
Rules of Subclause 9.9, “Applying bindings to evaluate an expression”, during which AF if
being evaluated.

106

NOTE 111 — The evaluation of a within-match aggregate necessarily occurs during an invocation of
Subclause 9.9, “Applying bindings to evaluate an expression”.

eral

b) Let SUBEXPS be the set of <property reference>s, <graph element predicate>s and <graphical
value expression primary>s contained in AF. Let SN be the cardinality of SUBEXPS. Let SEq, ...,

SEgy be an enumeration of the elements of SUBEXPS.

) Let CNy, .., CDgsy, ELNO be a list of SN+1 column names that are mutually distinct, and distinct

from any column names contained in AF.
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d) LetAEVbe the aggregated element variable of WMA. Let EN be the number of graph elements
that are bound to AEV in B.
e) Let TZbe a table with EN rows and SN+1 columns, determined as follows:

i) Foralli, 1 <i< SN, the name of the i-th column is CN; and the declared type of the i-th
column is the declared type of SE;.

ii) The name of the (SN+1)-th column is ELNO and its declared type is exact numeric with
scale U (zero).

iii)  Forallj, 1 (one) <j<EN, there is arow in TZ whose columns are determined.as\follpws:

1) Foralli, 1 <i<SN, the General Rules of Subclause 9.10, “Applying bindings fo
evaluate a subexpression of an aggregate”, are applied with B as BINDINGS, AEV
as AGGREGATED ELEMENT VARIABLE, j as ELEMENT NUMBER, and SE; as

SUBEXPRESSION; let V be the VALUE returned from the application of those
General Rules The value of the i-th column of TZ is V.

2)  The value of the (SN+1)-th column of TZ isj.
iv) In AF, forall i, 1 <i < SN, SE; is effectively replaced by"CN;.

V) If AF contains <path order clause> POC, then letDIR be ASC or DESC that is specifjed
or implied by POC. POC is effectively replaced*by

ORDER BY ELNO DI R

2) ‘Insert after GR 1)c):‘ If AF is immediately contained in a within-match aggregate, then TZ.

3) ’Insert after GR 6): ‘ If <element variable countfunction> is specified, then the result s the cardinplity
of T1.

Conformance Rules

1) ‘ Insert after the last CR: ‘ Without Feature G820, “BINDING_COUNT”, conforming SQL language shall
not contain an <elementvariable count function>.
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10.

2 <sort specification list>

This Subclause modifies Subclause 10.10, “<sort specification list>", in ISO/IEC 9075-2.

Function

Specify a sort order.

Fonl'mat

<sol

<paf]
PA

Syr

1)

t specification list> ::=
I'' Al alternatives from|SQ |EC 9075-2
<path order clause>

h order clause> ::=

A\TH ORDER [ <ordering specification> ]
itax Rules
‘Insert after the last SR:| If <path order clause> POC is specified,then:

a)  POC shall be simply contained in a within-match aggregate which is one of the following
<array aggregate function>, <listagg set functionx, <JSON array aggregate constructor>,
<XML aggregate>.

b) If <ordering specification> is not specifiedythen ASC is implicit.

Access Rules

Gel

Col

1)

No additional Access Rules.

neral Rules

No additional General Rules.

NOTE 112 — <path order'clause> is transformed into a <sort specification> by the General Rules of Subclause 10.1,
<aggregate function>%,s0'no rules are required here.

1formance Rules

‘ Insertafter the last CR: ‘ Without Feature G840, “Path-ordered aggregates”, conforming SQL langi
shall'not contain <path order clause>.

lage

108
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10.3 <graph reference>

Function

Reference an SQL-property graph.

Format

<gr 4ph reference> ::=
<groperty graph name>

Syntax Rules

1) | The <schema qualified name> contained in <property graph name> shall identify an SQL-prop
graph.

Acc¢ess Rules

None.

General Rules

None.

Conformance Rules

None.

erty
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10.4 <graph pattern>

Function

Specify a pattern to be matched in a property graph.

Subclause Signature

gf aph pattern>" [General Rules] (
Paranet er: “PURE PROPERTY GRAPH’,
Paranet er: “GRAPH PATTERN’,
Paranet er: “PATH PATTERN LI ST,
Par anet er: “ MACHI NERY”

Returns: “SET OF REDUCED NMATCHES’

PURE PROPERTY GRAPH — a pure property graph

GRAPH PATTERN — a <graph pattern>.

PATH PATTERN LIST — a <path pattern list>.

MACHINERY — the machinery for graph pattern matching.

SET OF REDUCED MATCHES — the resulting set of reduced matches.

Format

<gr gph pattern> ::=

[ |[<match mode> ] <path pattern list>
[ <keep cl ause> ]
[ <graph pattern where cl ause>{}

<matich node> :: =
<repeat abl e el emrents match node>
| |<different edges match-tnode>

<repeat abl e el enents nat ¢h’ node> :: =
REPEATABLE <el enment. ‘bi/ndi ngs or el enent s>

<di fiff erent edges matich node> :: =
DI|FFERENT <edde_bi ndi ngs or edges>

<el gment bi pdixngs or el enments> ::=
ELEMENT. '/ BI NDI NGS ]
| |ELEMENTS

<edgebi ndi ngs or edges> ::=
<edge synonyn® [ BI NDI NGS ]
| <edges synonyn®

<path pattern list> ::=
<path pattern> [ { <comma> <path pattern> }... ]

<path pattern> ::=
[ <path variable declaration>] [ <path pattern prefix> ] <path pattern expression>

<path variable declaration> ::=
<pat h vari abl e> <equal s operat or >
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<keep clause> :: =
KEEP <pat h pattern prefix>

<graph pattern where clause> ::=
VWHERE <search condition>

Syntax Rules

1 l ot Do sl L £+ 1
LUTLUUI UCT LT 61 ayu lJClLLCl I1-=. LT

Lail Lotaolll oot o3 1 i Vals)
UUT LIIC sl Cl}}ll duUIT uIidat Dlllll.}l)’ CUIIUAIIIS Ur .

2) | If BNF1 and BNFZ are instances of two BNF non-terminals, both contained in GP without-an/nter-
vening <graph pattern>, then BNF1 and BNFZ2 are said to be at the same depth of graph‘pattern
matching.

NOTE 113 — BNF1 can contain BNF2 while being at the same depth of graph pattern matching:

3) | Ina<path pattern list>, if two <path pattern>s expose an element variable EV,then both shall expose
EV as an unconditional singleton variable.

NOTE 114 — This case expresses an implicit join on EV. Implicit joins between conditional singleton variableq or
group variables are forbidden.

4) | Two <path pattern>s shall not expose the same subpath variable.

NOTE 115 — Implicit equijoins on subpath variables are not supported.

5) | The name of a vertex variable shall not be equivalent tothé’name of an edge variable declared at
the same depth of graph pattern matching.

6) | If <keep clause> KP is specified, then:
a) Let PSP be the <path pattern prefix> simply contained in KP.
b)  For each <path pattern> PP simply €ontained in GP:

i) PP shall not contain a <path search prefix>.

ii) Case:

1) IfPPspecifies a <path variable declaration>, then let PVDECL be that <path variable
declaration>.

2)  Otherwise, let PVDECL be the zero-length string.
iii)  Case:

1y If PP specifies a <path mode prefix>, then let PMP be that <path mode prefix>.

2)  Otherwise, let PMP be the zero-length string.

iv) Let PPE be the <path pattern expression> simply contained in PP.

v) PP is replaced by

PVDECL PSP ( PMP PPE )

c) The <keep clause> is removed from the <graph pattern>.

7)  After the preceding transformations, for every <path pattern> PP, if PP contains a <path pattern
prefix> PPP that specifies a <path mode> PM, then

a) Case:
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b)

i) If PP specifies a <path variable declaration>, then let PVDECL be that <path variable

declaration>.
ii) Otherwise, let PVDECL be the zero-length string.
Let PPE be the <path pattern expression> simply contained in PP.
PP is replaced by

PVDECL PPP (_PM PPE )

8)
9)
10)

11)
12)

13)

14)

112

Let GPT be the <graph pattern> after the preceding syntactic transformations.
Let PPL be the <path pattern list> simply contained in GPT.

If GPT does not specify a <match mode>, then an implementation-defined (ID022) <match mg
is implicit.

Let MM be the <match mode> implicitly or explicitly specified by GPT.

If MM is <different edges match mode> and PRL'simply contains a <path pattern> that is selec
then PPL shall not simply contain any other<path pattern>.

NOTE 117 — If MM is <different edges match mode> and there is a selective <path pattern> SPP, then PPL mus
contain SPP. If there is no selective <path pattern> in GPT, then there are no restrictions on how many non-sele
<path pattern>s are contained in PPL If:MM is <repeatable elements match mode>, then there is no restrictio
how many (selective and non-selective) <path pattern>s are contained in PPL.

Let E be an element variable declared by GPT.

Case:

a)

b)

NOTE 116 — One effect of the preceding transforms is that every <path mode> expressed outsidea <p
thesized path pattern expression> is also expressed within a <parenthesized path pattern expression>,
example,

ALL SHORTEST TRAIL GROUP <path pattern expression>
is rewritten as

ALL SHORTEST TRAIL GROUP ( TRAIL <path pattern expression>)

ren-
For

The TRAIL specified outside the parentheses is now redundant. The benefit is that the definition of a consistent

path binding in Subclause 9.6, “Machinery for graph pattern matching”, only has to consider <path mod
declared in <parenthesized path pattern expression>s.

If E is exposed by GPT as an unconditional singleton, then E is a global unconditional singl|
of GPT.

Otherwise, let PPPE be the outermost <parenthesized path pattern expression> that exp
E as.an unconditional singleton; the unconditional singleton scope index of E in GPT is the
bracket index of PPPE.

NOTE 118 — Bracket index is defined in Subclause 9.6, “Machinery for graph pattern matching”. The u
ditional singleton scope index is well-defined because implicit equijoins between conditional singleton vari

e>s

de>

tive,

only
ctive
h on

eton

pses

jcon-

iables

that

or group variables are forbidden. Hence there cannot be two <parenthe51zed path pattern expressmn>

EXPOSE Fasaconditiomat bl[lgleLUIl Or group vdl table umtessome s conmtaimed i the otherFor EXdIIl[)lE,

(CC-[8->) -[B->)* -[F->)*

The unconditional singleton scope of E is the middle <parenthesized path pattern expression> in the nest of

three.

After the preceding transformations, for every <quantified path primary> QPP contained in GPT,
at least one of the following shall be true:

a)
b)

The <graph pattern quantifier> of QPP is bounded.

QPP is contained in a restrictive <parenthesized path pattern expression>.
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c)  QPPis contained in a selective <path pattern>.

d) MM is <different edges match mode>.

NOTE 119 — Unless an explicit <path mode> other than WALK is specified, an implicit or explicit specification

of a <different edges match mode> effectively imparts the <path mode> TRAIL without the presence of
TRAIL keyword.

the

15) Each <path variable> PV contained in GPT is the name of a path variable. The degree of exposure of

the path variable that PV identifies is unconditional singleton.

Access Rules

Gel

1)

2)

3)

4)

5)

neral Rules

None.

Let PG be the PURE PROPERTY GRAPH, let GPT be the GRAPH PATTERN, 1etPPL be the PATH PATT
LIST, and let MACH be the MACHINERY in an application of the GeneraljRules of this Subclause.
result of the application of this Subclause is returned as SET OF REDUCED MATCHES.

The following components of MACH are identified:
a)  ABC, the alphabet, formed as the disjoint union of the following:
i) SVV, the set of names of vertex variables.
ii) SEV, the set of names of edge variablés!
iii)  SPS, the set of subpath symbols.
iv) SAS, the set of anonymous symbols.
V) SBS, the set of bracket symbols.

b)  REDUCE, the function mapping path bindings to path bindings, and multi-path bindings
multi-path bindings.

Let NP be the number of.<path pattern>s simply contained in PPL. Let PPy, .., PPyp be the <pafth

pattern>s simply contained in PPL after the transformations in the Syntax Rules.

FRN
The

to

A multi-path binding MPBINDING is different-edges-matched if, for every edge binding EB1 = (EV1,
E) contained in MPBINDING, there is no edge binding EB2 = (EVZ, E) contained in MPBINDIN(G|at a
different pggition than EB1 that binds the edge E.
For evetryi, 1 (one) <i< NP:
a)¢ \(Let PPE be the <parenthesized path pattern expression> simply contained in PP;.
) Tha 1 Rl £C 1L ol Q7 “ ] 3 £ £l £ 3 I d
U) 1'TIC UUITITI dI INUITS Ul oubliaust J.7, Lvdiudlivll Ul a lJClLll }JCILLCI 1T CAlJl COoo1UIl ) dlI't CllJ lle
with PG as PURE PROPERTY GRAPH, PPL as PATH PATTERN LIST, MACH as MACHINERY, and
PPE as SPECIFIC BNF INSTANCE; let SMPPE; be the SET OF MATCHES returned from the
application of those General Rules.
NOTE 120 — If an elementary variable has been multiply declared within a restrictive <parenthesized path
pattern expression> PP, then no matches are returned for PP. For example:
MATCH ACYCLIC (X) -> (X)
does not find any results, even if there are vertices with self-edges.
c) Case:
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6)
7)

8)

9)

114

i) If PP; is a selective <path pattern>, then

1) Case:

A)  If MMis <different edges match mode>, then let SMUP; be the set of different-

edges-matched multi-path bindings in SMPPE;.

NOTE 121 — If an edge variable has been multiply declared within a <path pattern>
PP, then no matches are returned for PP. For example, the following produces no results:

MATCH DI FFERENT EDGES
ANY SHORTEST () -[El-> () -[El-> ()

2)  Otherwise, let SMUP; be SMPPE;.

ii) The General Rules of Subclause 9.8, “Evaluation of a selective <path pattern>", arg
applied with PG as PURE PROPERTY GRAPH, PPL as PATH PATTERN LIST, MACH a§

MACHINERY, PP; as SELECTIVE PATH PATTERN, and SMUP; as INPUT SET OF LOCAL

MATCHES; let SM;be the OUTPUT SET OF LOCAL MATCHES returned from the applicg
of those General Rules.

d) Otherwise, let SM; be SMPPE;.
Let CROSS be the cross product SMq x ... x SMpp.

Let INNER be the set of multi-path bindings MPB in CROSS'such that, for every unconditional singl

tion

eton

<element variable> USV exposed by PPL, USV is bound.to a unique graph element by the elementary

bindings of USV contained in MPB.

NOTE 122 — Anonymous symbols are not <element variable>s; there is no requirement that two anonymous syn
bind to the same graph element.

Case:

a) IfMMis <different edges match mode>, then let BINDINGS be the set of different-edges-mat
multi-path bindings in INNER.

NOTE 123 — If an edge variable has been multiply declared within a <graph pattern> GP, then no matc
are returned for GP. Fax example, the following produces no results:

MATCH DI FFERENT_EDGES () -[E]-> (), () -[E-> ()
and neither does the following:
MATCH DI'RERERENT EDGES () -[E]-> () -[E-> ()

b)  Otherpwise let BINDINGS be INNER.

A matchof GPT is a multi-path binding M = ( PBy, ..., PByp ) of NP path bindings in BINDINGS, 3
that all'of the following are true:

a), " Foreveryj, 1 (one) <j< NP, and for or every <parenthesized path pattern expression> H

hbols

thed

hes

uch

PPE

contaied i PP}, Tetbe tire bracket index of PPPE, amd tetf; and—"f; e tire bracket sym
associated with PPPE. A binding of PPPE is a substring of PB; that begins with the bracke
binding ("[;", "[;") and ends with the next bracket binding ("];", "1;")-

NOTE 124 — “Bracket index” is defined in Subclause 9.6, “Machinery for graph pattern matching”.

For every binding BPPPE of PPPE contained in PB;, all of the following are true:

bols
t

i) For every <element variable> EVthat is exposed as an unconditional singleton by PPPE,
EV is bound to a unique graph element by the elementary bindings of EV contained in

BPPPE.
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NOTE 125 — Anonymous symbols are not <element variable>s; there is no requirement that two
anonymous symbols bind to the same graph element.

ii) If PPPE contains a <parenthesized path pattern where clause> PPPWC, then True is the
VALUE returned as VI when the General Rules of Subclause 9.9, “Applying bindings to
evaluate an expression”, are applied with GPT as GRAPH PATTERN, the <search condi-
tion> simply contained in PPPWC as EXPRESSION, MACH as MACHINERY, M as MULTI-
PATH BINDING, and a reference to BPPPE as REFERENCE TO LOCAL CONTEXT.

12N ELCDPT containe o cgranh ot vaobapn olayicas CDINC tlhhn Thoaic b VATTIE patiisnnd oo VZ
THor—1—€ohtalt tef yrefre-erase>-orvotneh—# the—VvAoEfFectstriea4as

10)

11)

12)

Col
1)
2)

3)

4)

5)

6)

7)

8)

b} 15-a<graphpatierav Heis
when the General Rules of Subclause 9.9, “Applying bindings to evaluate an expressioh”)pre
applied with GPT as GRAPH PATTERN, GPWC as EXPRESSION, MACH as MACHINERY, "M as
MULTI-PATH BINDING, and a reference to M as REFERENCE TO LOCAL CONTEXT.

A reduced match RM = ( RPBy, ..., RPByp ) is obtained from a match M = ( PBy, .., PByp) as RM
REDUCE(M).

Let SRM be the set of reduced matches.

NOTE 126 — Set-theoretic deduplication will occur here. That is, two or more matchés can reduce to the samg
reduced match; this scenario is regarded as contributing only a single reduced mgatch to the result set.

Evaluation of the General Rules is terminated and control is returned to the invoking Subclauge,
which receives SRM as SET OF REDUCED MATCHES.

1formance Rules

Without Feature G000, “Graph pattern”, conforming SQL language shall not contain a <graph pattqrn>.

Without Feature G001, “Repeatable-elements:match mode”, conforming SQL language shall n¢t
contain a <repeatable elements match mode>.

Without Feature G002, “Different-edgeS match mode”, conforming SQL language shall not confain
a <different edges match mode>.

Without Feature G003, “Explicit REPEATABLE ELEMENTS keyword”, conforming SQL languag
shall not contain a <match mode> that specifies REPEATABLE ELEMENTS or REPEATABLE ELEMENT
BINDINGS.

[}

Without Feature G004, “Path variables”, conforming SQL language shall not contain a <path patt¢rn>
that simply contajns.a <path variable declaration>.

Without Feature’G0O05, “Path search prefix in a path pattern”, conforming SQL language shall ot
contain a <path pattern> that simply contains a <path pattern prefix> that is a <path search prefix>.

Without Feature G006, “Graph pattern KEEP clause: path mode prefix”, conforming SQL language
shall'mot contain a <keep clause> that simply contains a <path mode prefix>.

9)

Without Feature G007, “Graph pattern KEEP clause: path search prefix”, conforming SQL lang]lage

Without Feature G008, “Graph pattern WHERE clause”, conforming SQL language shall not contain
a <graph pattern where clause>.
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Function

Specify a path-finding operation and a path mode.

Format

<patth pattern prefix> ::=
<path node prefix>
| [<path search prefix>

<patlh node prefix> ::=
<path node> [ <path or paths> ]

<pafh node> ::=
WALK

| |TRAIL

| |sI MPLE

| [ACYCLIC

<patth search prefix> ::=
<all path search>

<any path search>
<shortest path search>

<alll path search> ::=
AlL [ <path node>] [ <path or paths> ]

<pafh or paths> ::=
PATH | PATHS

<any path search> ::=
ANY [ <nunber of paths> ] [ <pathormode> ] [ <path or paths> ]

<nuifber of paths> ::=
<gi npl e val ue specificatien>

<shqrtest path search> :({=

<al| shortest path~search>

| |<any shortest path-search>

| |<counted shortest path search>
| |<counted shoftest group search>

<al l| shortest\)path search> ::=
AlL SHORTEST [ <path node> ] [ <path or paths> ]

<any shortest path search> ::=
ANY_SHORTEST [ <path node> ] [ <path or paths> ]

<counted shortest path search> ::=
SHORTEST <nunber of paths> [ <path nmode> ] [ <path or paths> ]

<counted shortest group search> ::=
SHORTEST [ <nunber of groups> ] [ <path node> ] [ <path or paths> ] { GROUP | GROUPS }

<nunber of groups> ::=
<si nmpl e val ue specification>
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Syntax Rules

1) Ifa <parenthesized path pattern expression> does not specify a <path mode prefix>, then WALK
PATHS is implicit.

2)  Ifa <path pattern prefix> PPP does not specify <all path search>, then:

a) Case:

y) If PPPdoes ot Simply contain a <pathy modes, then tet PM be WALK:
ii) Otherwise, let PM be the <path mode> simply contained in PPP.
b) Case:

i) If PPP does not simply contain a <number of paths> or <number of\gfoups>, then|let
N be an <unsigned integer> whose value is 1 (one).

ii) Otherwise, let N be the <number of paths> or <number of groups> simply contaiged
in PPP. The declared type of N shall be exact numeric with:scale 0 (zero). If N is a klit-
eral>, then the value of N shall be positive.

i) If PPP is an <any path search>, then PPP is equivalent to:
ANY N PM PATHS
ii) If PPP is a <shortest path search>, then
Case:
1) If PPPis <all shortest path’search>, then PPP is equivalent to:

SHORTEST 1 PM GROUR

2) If PPPis <anyshortest path search>, then PPP is equivalent to:
SHORTES] \1, PM PATH

3) If PRPjs <counted shortest path search>, then PPP is equivalent to:
SKHORTEST N PM PATHS

4))~ If PPPis <counted shortest group search>, then PPP is equivalent to:

SHORTEST N PM GROUPS

3) | A<path pattern prefix> that specifies a <path mode> other than WALK is restrictive. A <parenthesized
path'pattern expression> that immediately contains a restrictive <path mode prefix> is restridtive.

4)  A<pathsearch prefix> other than <all path search> is selective. A <path pattern> that simply contains
a selective <path search prefix> is selective.

5) Let PPPE be a selective <path pattern>.
a) Anelement variable exposed by PPPE is an interior variable of PPPE.
b) A vertex variable LVV is the left boundary variable of PPPE if all of the following are true:
i) PPPE exposes LVV as an unconditional singleton variable.

ii) LVVis declared in the first implicit or explicit <vertex pattern> LVP contained in PPPE.
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6)
7)

8)

Acc¢ess Rules

Gel

Col

1)

2)

iii)  LVPis not contained in a <path pattern union> or <path multiset alternation> that is

contained in PPPE.

c) Avertexvariable RVVis the right boundary variable of PPPE if the all of the following are true:

i) PPPE exposes RVV as an unconditional singleton variable.

ii) RVVis declared in the last implicit or explicit <vertex pattern> RVP contained in PPPE.

iii) RVPis not contained in a <path pattern union> or <path multiset alternation> tha

tis

neral Rules

NOTE 129 — Restrictive <path ntode>s are enforced as part of the check for consistent path bindings in the generati

bubclause 9.8, “Evaluation.ef aselective <path pattern>".

1formance Rules

contained in PPPE.

d) Anelement variable that is exposed by PPPE that is neither a left boundary variable.of P
nor a right boundary variable of PPPE is a strict interior variable of PPPE.

An element variable that is not declared in a selective <path pattern> is an exterior variable.

A strict interior variable of one selective <path pattern> shall not be equivalent'to an exterior
variable, nor to an interior variable of another selective <path pattern>.

NOTE 127 — Implicit joins of boundary variables of selective <path pattern>s with exterior variables or boun
variables of other selective <path pattern>s are permitted.

A selective <path pattern> SPP shall not contain a reference to a.graph pattern variable that is
declared by SPP.

NOTE 128 — This rule, and the prohibition of implicit joins to exterior variables and interior variables of othe
selective <path pattern>s, insure that each selective <path pattexn> can be evaluated in isolation from any oth
<path pattern>.

None.

None.

he set of local matches in Subtlause 10.6, “<path pattern expression>". Selective <path pattern>s are evaluated by

Without Feature G010, “Explicit WALK keyword”, conforming SQL language shall not contain
<path mode> that specifies WALK.

Without Feature G011, “Advanced path modes: TRAIL’, conforming SQL language shall not con

PPE

dary

not

=

bn of

tain

a <path mode> that specifies TRAIL.

3)

4)

5)

118

Without Feature G012, “Advanced path modes: SIMPLE”, conforming SQL language shall not contain

a <path mode> that specifies SIMPLE.

Without Feature G013, “Advanced path modes: ACYCLIC”, conforming SQL language shall not contain

a <path mode> that specifies ACYCLIC.

Without Feature G014, “Explicit PATH/PATHS keywords”, conforming SQL language shall not contain

a <path or paths>.
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6)  Without Feature G015, “All path search: explicit ALL keyword”, conforming SQL language shall not
contain an <all path search>.

7)  Without Feature G016, “Any path search”, conforming SQL language shall not contain an <any path
search>.

8) Without Feature G017, “All shortest path search”, conforming SQL language shall not contain <all
shortest path search>.

nnnnn 019 “Asz 2 rraino lowvaguaca chal

9 WALathant B + C bhaortactnath caqgwech af SOl linat Bntain
vvitlijvdytlt ircdatltulcv v i1iuo, llll] QIIUILILCOU P“Lll JldIiuil, CUIITIUI llll116 LJ\{'I_A l“llsuus\, DIIAIT TIUCLU CUIILAILI) an

<any shortest path search>.

10)| Without Feature G019, “Counted shortest path search”, conforming SQL language shall not cortain
a <counted shortest path search>.

11)| Without Feature G020, “Counted shortest group search”, conforming SQL languagéshall not corjtain
a <counted shortest group search>.
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Function

Specify a pattern to match a single path in a property graph.

Format

<patth pattern expression> ::=
<path ternp

<path nultiset alternation>
| |<path pattern union>

<pafh nmultiset alternation> ::=
<path term> <nultiset alternation operator> <path ternp
[ { <multiset alternation operator> <path terms }...

<patfh pattern union> ::=

<path ternm> <vertical bar> <path ternm> [ { <vertical bar> <path terns }...

<patth ternp ::=
<path factor>
| |<path concatenati on>

<patth concatenation> ::=
<path ternm> <path factor>

<pafh factor> ::=
<path primry>
<quantified path prinmary>
| |<questioned path primary>

<qugntified path primary> ::=
<path primary> <graph pattern quantifier>

<qugstioned path primary> ::=
<pat h primary> <question nark>

]

NOTE 130 — Unlike most regular-expression languages, <question mark> is not equivalent to the quantifier {0,1}: th
juantifier {0,1} exposes variables as group, whereas <question mark> does not change the singleton variables that it ex
o group. However, <question mark> does expose any singleton variables as conditional singletons.

<paffh primary> : ;=

<el enent patptern>

<par ent hesj.zed path pattern expression>
<sinmpl i€1"ed path pattern expression>

<el ¢nent \pattern> ::=
<vertex pattern>
| <edge pattern>

e
poses

<vertex pattern> ::=
<l eft paren> <element pattern filler> <right paren>

<el enent pattern filler> ::=
[ <elenent variable declaration> ]
[ <is |abel expression> ]
[ <elenent pattern where clause> ]

<el enent variabl e declaration> ::=
<el enent vari abl e>

120
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<is | abel expression> ::
<is or colon> <l abel expression>

<is or colon> ::
IS
| <col on>

<el ement pattern where clause> :
WHERE <search condition>

ISO/IEC 9075-16:2023(E)
10.6 <path pattern expression>

<edge pattern> :
<full edge pattern>

| |<abbrevi ated edge pattern>

<fulll edge pattern> ::=
<full edge pointing left>

| |<full edge undirected>

| |<full edge pointing right>

| |<full edge left or undirected>

| |<full edge undirected or right>

| |[<full edge left or right>

| |[<full edge any direction>
<fulll edge pointing left> ::=

<lleft arrow bracket> <element pattern filler>
<fulll edge undirected> ::=

<tlil de | eft bracket> <element pattern filler>
<fulll edge pointing right> ::=

<ipinus |left bracket> <element pattern fillers

<fulll edge left or undirected> ::=

<lleft arrow tilde bracket> <el ement pattern fi
<fulll edge undirected or right> ::=

<tlil de | eft bracket> <el ement pattern filler>
<fulll edge left or right> ::=

<lfeft arrow bracket> <el ement ‘pattern filler>
<fulll edge any direction> /=

<
<ab11eviated edge pattern> :
<left arrow
<tilde>
<right arcow>
<left afrowtilde>
<til de=right arrow>
<l ef &/ nus right>
<m.nus sign>

nus | eft bracket>_<elenment pattern filler>

<right bpacket m nus>
<right* bracket til de>
<bracket right arrow

Il er> <right bracket tilde>
<bracket tilde right arrow>
<br acket

ri ght arrow>

<right bracket m nus>

<par ent hesi zed path pattern expression> ::
<l eft paren>
[ <subpath variable declaration> ]
[ <path node prefix> ]
<path pattern expression>

[ <parenthesized path pattern where cl ause> ]

<right paren>

<subpat h variabl e declaration> :
<subpat h vari abl e> <equal s operat or>

© ISO/IEC 2023 - All rights reserved

121


https://standardsiso.com/api/?name=24c0c89c62c52bbdc2d06fba1100f076

ISO/IEC 9075-16:2023(E)
10.6 <path pattern expression>

<par ent hesi zed path pattern where clause> ::=
WHERE <search condition>

Syntax Rules

1)

2)

3)

4)

5)

6)

7)

8)

9)

122

Let RIGHTMINUS be the following collection of <token>s: <right bracket minus>, <left arrow>, <slash

minus>, and <minus sign>.

Let LEFTMINUS be the following collection of <token>s: <minus left bracket>, <right arrow>,
slash>, and <minus sign>.

NOTE 132 — These are the tokens -[, ->, -/, and -, which expose a minus sign on the left. <minus sign>-itself is in|
RIGHTMINUS and LEFTMINUS.

A <path pattern expression> shall not juxtapose a <token> from RIGHTMINUS fellowed by a <to}
from LEFTMINUS without a <separator> between them.

NOTE 133 — Otherwise, the concatenation of the two tokens would include the seqlience of two <minus sign:
which is a <simple comment introducer>.

A <path pattern expression> that contains at the same depth of graph pattern matching a vari

(en>

able

quantifier, a <questioned path primary>, a <path multiset alternation>, or a <path pattern unipn>

is a possibly variable length path pattern.

A <path pattern expression> that is not a possibly variable length path pattern is a fixed length
pattern.

The minimum path length of certain BNF non-tepiinals defined in this Subclause is defined
recursively as follows:

a) The minimum path length of a <verteXx-pattern> is 0 (zero).

b)  The minimum path length of an’<edge pattern> is 1 (one).

bath

c) The minimum path length-of\a’<path concatenation> is the sum of the minimum path lengths

of its operands.

d) The minimum pathdéength of a <path pattern union> or <path multiset alternation> is thie

minimum of the minimum path length of its operands.

e) The minimumpath length of a <quantified path primary> is the product of the minimum
length of thesimply contained <path primary> and the value of the <lower bound>.

f)  The minimum path length of a <questioned path primary> is 0 (zero).

g) Theminimum path length of a <parenthesized path pattern expression> is the minimum
length of the simply contained <path pattern expression>.

h),~ IfBNT1and BNTZ are two BNF non-terminals such that BNT1 ::= BNT2 and the minimum

bath

bath

bath

I Jdof | 1o 1o 1N | 1o £ DANTT 2

] +1 £ DNTD o 3 % £ L £ 4 ] dafi A | 3 41,1
TCITSUTUT DIVT Z7TS UTTIHICU, TICINUIC I I NTU N T pau T gt rur oiv 115 dIsU UcTinIicu-dira1s e

same as the minimum path length of BNT2.

The <path primary> immediately contained in a <quantified path primary> or <questioned path

primary> shall have minimum path length that is greater than 0 (zero).

The <path primary> simply contained in a <quantified path primary> shall not contain a <quantified

path primary> at the same depth of graph pattern matching.
Let PMA be a <path multiset alternation>.

a) A <pathterm> simply contained in PMA is a multiset alternation operand of PMA.
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b) Let NOPMAbethe number of multiset alternation operands of PMA. Let OPMA1, ..., OPMAnopma

be an enumeration of the operands of PMA.

c)  Any <subpath variable>s declared by <subpath variable declaration>s simply contained
the multiset alternation operands of PMA shall be mutually distinct.

d) LetSOPMAjq, .., SOPMApnopma be implementation-dependent (UV024) <identifier>s that

in

are

mutually distinct and distinct from every <element variable>, <subpath variable> and <path

variable> contained in GP.

e) Foreveryi, 1 (one)<i<NOPMA,
Case:

i) If OPMA4; is a <parenthesized path pattern expression>that simply contains a <sub
variable declaration>, then let OPMAX; be OPMA,;.

ii) Otherwise, let OPMAX; be the <parenthesized path pattern expression>
(SOPMA; = OPMA)
f)  PMA is equivalent to:

OPMAXp | ... | OPMAXNoPMvA

A <path term> PPUOP simply contained in a <path pattern union> PSD is a path pattern union
operand of PSD.

PPUOP shall not contain a reference to an element variable that is not declared in PPUOP or out
of PSD.

An <element pattern> EP that contains ah'<element pattern where clause> EPWC is transforn
as follows:

a) Let EPF be the <element pattern filler> simply contained in EP.

b)  Let PREFIX be the <delimiter token> contained in EP before EPF and let SUFFIX be the
<delimiter token> cantained in EP after EPF.

c) LetEVbethe <element variable> simply contained in EPF. Let ILE be the <is label express
contained in-EPF, if any, otherwise, let ILE be the zero-length string.

d) EPisreplaced by

( PRERI X EV | LE SUFFI X EPWC )

An <element pattern> that does not contain an <element variable declaration>, an <is label
expression>, or an <element pattern where clause> is said to be empty.

bath

side

1ed

on>

th nattarn avnrascion>istrancformad-in-tha followina cta
t 1I5HRERSrerhReah-tte-1+o00-Wt Ste

n o
T poctCTrTx PTreooToTT 5

a) Ifthe <path primary> immediately contained in a <quantified path primary> or <questioned

path primary> is an <edge pattern> EP, then EP is replaced by

( EP)
NOTE 134 — For example,
o>k
becomes:

(->) {0,}
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b)

which in later transformations becomes:

(O ->0) {0}

If two successive <element pattern>s contained in a <path concatenation> at the same depth

of graph pattern matching are <edge pattern>s, then an implicit empty <vertex pattern>
inserted between them.

is

If an edge pattern EP contained in a <path term> PST at the same depth of graph pattern
mnfr‘hing isnot prm‘pdpd bv a <vertex pattern> contained in PST atthe same dppfh of graph

d)

pattern matching, then an implicit empty <vertex pattern> VP is inserted in PST immedig
prior to EP.

If an edge pattern EP contained in a <path term> PST at the same depth of graphypattern
matching is not followed by a <vertex pattern> contained in PST at the same depth of gr3
pattern matching, then an implicit empty <vertex pattern> VP is inserted i PST immedis
after EP.

NOTE 135 — As a result of the preceding transformations, a fixed length path ‘pattern has an odd numbh
<element pattern>s, beginning and ending with <vertex pattern>s, and alterndting between <vertex pattg
and <edge pattern>s.

Every <abbreviated edge pattern> AEP is replaced with an empty <full edge pattern> as foll

Case:

i) If AEP is <left arrow>, then AEP is replaceddby the <full edge pointing left>:
<[ 1-

ii) If AEP is <tilde>, then AEP is replaeed by the <full edge undirected>:
~[ 1~

iii)  IfAEPis <right arrow>, then AEP is replaced by the <full edge pointing right>:
11->

iv) If AEP is <left arrow tilde>, then AEP is replaced by the <full edge left or undirects
<[ I~

V) If AEPis<tilde right arrow>, then AEP is replaced by the <full edge undirected or rig
K[V

vi) If AEP is <left minus right>, then AEP is replaced by the <full edge left or right>:

<[ 1->

itely

iph
itely

er of
rn>s

DWS.

pd>:

ht>:

vii)  If AEP is <minus sign>, then AEP is replaced by the <full edge any direction>:

_[ ]_

14) The minimum vertex count of certain BNF non-terminals defined in this Subclause is defined
recursively as follows:

124

a)
b)

c)

The minimum vertex count of a <vertex pattern> is 1 (one).
The minimum vertex count of an <edge pattern> is 0 (zero).

The minimum vertex count of a <path concatenation> P( is:
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16)

17)

18)

19)

20)

21)
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Case:

i) If two successive <element pattern>s contained in PC at the same depth of graph pattern
matching are <vertex pattern>s, then 1 (one) less than the sum of the minimum vertex
counts of its operands.

ii) Otherwise, the sum of the minimum vertex counts of its operands.

d) The minimum vertex count of a <path pattern union> or <path multiset alternation> is the

1A £+l PR R R T LT O £ 720 2! DX CAP-P-C E1

¥ 1 ¥ ntaofitc anarand
ITIIIIITIITUIIT UL U0 TITITITIIITUIIL VeI LA CUUIIU UL IO Ul}bl AITUO.

e)  The minimum vertex count of a <quantified path primary> is the product of the minimum
vertex count of the simply contained <path primary> and the value of the <lower’‘boundp of
the simply contained <graph pattern quantifier>.

f)  The minimum vertex count of a <questioned path primary> is 0 (zero).

g) The minimum vertex count of a <parenthesized path pattern expression> is the minimum
vertex count of the simply contained <path pattern expression>.

h) If BNFI and BNF2 are two BNF non-terminals such that BNF1 7=BNF2 and the minimun
vertex count of BNFZ is defined, then the minimum vertex count of BNF1 is also defined pnd
is the same as the minimum vertex count of BNFZ.

The <path pattern expression> simply contained in a <path.pattern> shall have a minimum vertex
count that is greater than 0 (zero).

NOTE 136 — The minimum vertex count must be computed-after the syntactic transform that adds implicit vgrtex
patterns. Thus a single <edge pattern> is a permitted <path-pattern> because it implies two <vertex pattern>4.

NOTE 137 — A later Syntax Rule makes the same requirement of a <parenthesized path pattern expression> hat
simply contains a <subpath variable declaration>.

An <element variable> EV contained in an.<element variable declaration> GPVD is said to be declpred
by GPVD, and by the <element pattern>EP that simply contains GPVD. The <element variablex is
the name of an element variable, which is also declared by GPVD and EP. EV is a primary variaple.

An element variable that is declaged by a <vertex pattern> is a vertex variable. An element varipble
that is declared by an <edge pattern> is an edge variable.

The scope of an <elemerit yariable> that is declared by an <element pattern> EP is the innermost
<graph table> containing EP.

A <subpath variable> SV contained in a <subpath variable declaration> SVD is said to be declafed

by SVD, and by‘the <parenthesized path pattern expression> PPPE that simply contains SVD. YV is
the name of-a'subpath variable, which is also declared by SVD and PPPE. If PPPE simply contains a
<subpathivariable declaration>, then the minimum vertex count of PPPE shall be greater than|0
(zero).

If EPis an <element pattern> that contains an <element pattern where clause> EPWC, then EP shall
simply contain an <element variable declaration> GPVD.

If EVis an element variable or subpath variable, and BNT is an instance of a BNF non-terminal, then
the terminology “BNT exposes EV” is defined as follows. The full terminology is one of the following:
“BNT exposes EV as an unconditional singleton variable”, “BNT exposes EV as a conditional singleton
variable”, “BNT exposes EV as an effectively bounded group variable”, or “BNT exposes EV as an

» o«

effectively unbounded group variable”. The terms “unconditional singleton variable”, “conditional

singleton variable”, “effectively bounded group variable”, and “effectively unbounded group variable”
are called the degree of exposure.

a)  An<elementpattern> EP that declares an element variable EV exposes EV as an unconditional
singleton.
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b) A <parenthesized path pattern expression> PPPE that simply contains a <subpath variable
declaration> that declares EV exposes EV as an unconditional singleton variable. PPPE shall
not contain another <parenthesized path pattern expression> that declares EV.

c) Ifa<path concatenation> PPC declares EV, then let PT be the <path term> and let PF be the
<path factor> simply contained in PPC.

Case:

) IE L e avmacad ac o 100 anditianal cioalatron Ly bl DT o d DIT 4+l o 17 2 3215 ed

1) I,V IO \,AP\}O\,U do dIl UIILVUIITUILIVUIIAL Jlllsl\,bull Uy UL 1T dilu 11, LIICIT LV 10 \,APU\
as an unconditional singleton by PPC. EV shall not be a subpath variable.

NOTE 138 — This case expresses an implicitjoin on EVwithin PPC. Implicit joins between'eondifional
singleton variables, group variables, or subpath variables are forbidden.

ii) Otherwise, EV shall only be exposed by one of PT or PF. In this case EVis exposed|by
PPC in the same degree that it is exposed by PT or PF.

d) Ifa<path pattern union> or <path multiset alternation> PA declaresEV; then
Case:

i) If every operand of PA exposes EV as an unconditiondlSingleton variable, then PA
exposes EV as an unconditional singleton variable,

ii) If at least one operand of PA exposes EV as anreffectively unbounded group variahle,
then PA exposes EV as an effectively unbounded group variable.

iii)  Ifatleast one operand of PA exposes Elias-an effectively bounded group variable, then
PA exposes EV as an effectively bounded group variable.

iv) Otherwise, PA exposes EV as a conditional singleton variable.

e) Ifa<quantified path primary> QPP-déclares EV, then let PP be the <path primary> simply
contained in QPP.

Case:

i) If QPP contains a<graph pattern quantifier> that is a <fixed quantifier> or a <genleral
quantifier> that.contains an <upper bound> and PP does not expose EV as an effectjvely
unbounded 'group variable, then QPP exposes EV as an effectively bounded group
variable.

ii) If QPPs contained at the same depth of graph pattern matching in a restrictive <par-
enthesized path pattern expression>, then QPP exposes EV as an effectively boungled
group variable.

NOTE 139 — The preceding definition must be applied after the syntactic transformation to insure
that every <path mode prefix> is at the head of a <parenthesized path pattern expression>.

iii)  Otherwise, QPP exposes EV as an effectively unbounded group variable.

fj—Ifa<questioned path primary> QUPP dectares £V, then tet PP be the <path primary> simply
contained in QUPP.

Case:

i) If PP exposes EV as a group variable, then QUPP exposes EV as a group variable with
the same degree of exposure.

ii) Otherwise, QUPP exposes EV as a conditional singleton variable.

g) A<parenthesized path pattern expression> exposes the same variables as the simply contained

<path pattern expression>, in the same degree of exposure.
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NOTE 140 — Arestrictive <path mode> declared by a <parenthesized path pattern expression> makes vari

ables

effectively bounded, but it does so even for proper subexpressions within the scope of the <path mode> and

has already been handled by the rules for <quantified path primary>.

h) Ifa <path pattern> PP declares EV, then let PPE be the simply contained <path pattern

expression>.
Case:
i) If PPE exposes EV as an unconditional singleton, a conditional singleton, or an effectively

bounded group variable, then PP exposes EV with the same degree of exposure:

ii) Otherwise, PP exposes EV as an effectively bounded group variable.

NOTE 141 — That is, even if PPE exposes EV as an effectively unbounded group vatriable, PP st
exposes EV as effectively bounded, because in this case PP must be a selective <path pattern>.

i) If BNT1 and BNTZ are two BNF non-terminals such that BNT1 ::= BNTZ and\BNTZ expose
then BNT1 exposes EV to the same degree of exposure as BNTZ.

If BNT is a BNF non-terminal that exposes a graph pattern variable GP/Awith a degree of expo
DEGREE, then BNT is also said to expose the name of GPV with degree\of exposure DEGREE.

A <parenthesized path pattern where clause> PPPWC simply contained in a <parenthesized p
pattern expression> PPPE shall not reference a path variable.

Access Rules

None.

General Rules

None.

NOTE 142 — The evaluation of a <path pattefnexpression> is performed by the General Rules of Subclause 9.7, “Evalyl
bf a <path pattern expression>".

Conformance Rules

1)

2)

3)

4)

5)

6)

7)

Without Feature G030, “Path multiset alternation”, conforming SQL language shall not contair
<path multiset altérnation>.

Without Feature G031, “Path multiset alternation: variable length path operands”, in conform
SQL language, an operand of a <path multiset alternation> shall be a fixed length path pattern

WitheutFeature G032, “Path pattern union”, conforming SQL language shall not contain a <pa
pattern union>.

11

5 EV,

pure

hth

Ation

ing

Without Feature G034, “Path concatenation”, conforming SQL language shall not contain a <path

concatenation>.

Without Feature G035, “Quantified paths”, conforming SQL language shall not contain a <quantified

path primary> that does not immediately contain a <path primary> that is an <edge pattern>.

Without Feature G036, “Quantified edges”, conforming SQL language shall not contain a <quantified

path primary> that immediately contains a <path primary> that is an <edge pattern>.
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8)

9)

10)

11)

12)

13)

14)

15)

16)

17)

18)

19)

20)

21)

22)
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Without Feature G037, “Questioned paths”, conforming SQL language shall not contain a <questioned
path primary>.

Without Feature G038, “Parenthesized path pattern expression”, conforming SQL language shall
not contain a <parenthesized path pattern expression>.

Without Feature G040, “Vertex pattern”, conforming SQL language shall not contain a <vertex pat-

tern>.

<element pattern where clause> of an <element pattern> EP shall only reference the <elemen
variable> declared in EP.

Without Feature G042, “Basic full edge patterns”, conforming SQL language shall not contain a
edge any direction>, a <full edge pointing left>, or a <full edge pointing right>.

Without Feature G043, “Complete full edge patterns”, conforming SQL language shall not cont
a <full edge pattern> that is not a <full edge any direction>, a <full edge ppinting left>, or a <f{
edge pointing right>.

Without Feature G044, “Basic abbreviated edge patterns”, conforming SQL language shall not cor
an <abbreviated edge pattern> that is a <minus sign>, <left arrow>,0r <right arrow>.

Without Feature G045, “Complete abbreviated edge patterns’, eonforming SQL language shall
contain an <abbreviated edge pattern> that is not a <minds)sign>, <left arrow>, or <right arro

Without Feature G046, “Relaxed topological consistency: adjacent vertex patterns”, in conforn
SQL language, between any two <vertex pattern>s contained in a <path pattern expression> t
shall be at least one <edge pattern>, <left paren>,'or <right paren>.

Without Feature G047, “Relaxed topological cansistency: concise edge patterns”, in conforming
language, any <edge pattern> shall be immédiately preceded and followed by a <vertex patter

Without Feature G048, “Parenthesized.path pattern: subpath variable declaration”, conformitlg
i

SQL language shall not contain a <parenthesized path pattern expression> that simply conta
<subpath variable declaration>:

Without Feature G049, “Parenthesized path pattern: path mode prefix”, conforming SQL langu

shall not contain a <parenthesized path pattern expression> that immediately contains a <path

mode prefix>.

Without Feature GOS0, “Parenthesized path pattern: WHERE clause”, conforming SQL languag
shall not contain-a <parenthesized path pattern where clause>.

Without Feature G051, “Parenthesized path pattern: non-local predicates”, in conforming SQL
guage, a-<parenthesized path pattern where clause> simply contained in a <parenthesized pa
patterh.expression> PPPE shall not reference an <element variable> that is not declared in PP

Without Feature G830, “Colon in ‘is label’ expression”, conforming SQL language shall not con

full

ain

11
tain
not
wW>,
hing

nere

SQL
n>.

Sa

age

(¢

lan-
th
PE.

rain

an <is or colon> thatis a <colon>.
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Function

Specify a graph pattern quantifier.

Format

<gr4gph pattern quantifier> ::=
<asterisk>

<pl us sign>

<fixed quantifier>

<general quantifier>

<fixed quantifier> ::=
<lfeft brace> <unsigned integer> <right brace>

<genjeral quantifier> ::=
<lfeft brace> [ <lower bound> ] <comma> [ <upper bound> ] <rimght/ brace>

<l ower bound> ::=
<ynsi gned i nt eger>

<upger bound> ::=
<ynsi gned i nt eger>

Syntax Rules

1) | The maximum value of <upper bound> is implementation-defined (IL012). <upper bound>, if spe-
cified, shall not be greater than this value.

2) | Every <graph pattern quantifier> is‘normalized, as follows:
a) <asterisk> is equivalent to:

{0.}
b)  <plus sign> is equivalent to:

{1}

c) If<fixed'quantifier> FQ is specified, then let Ul be the <unsigned integer> contained in FQ. FQ
is equivalent to:

O, uy

d) If<general quantifier> GQis specified, and if <lower bound> is not specified, then the <unsigned
integer> 0 (zero) is supplied as the <lower bound>.

3) If <general quantifier> GQ is specified or implied by the preceding normalizations, then:

Case:
a) If <upper bound> is specified, then:
i) The value of <upper bound> VUP shall be greater than 0 (zero).

ii) The value of <lower bound> LUP shall be less than or equal to VUP.
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iii)  If LUP equals VUP, then GQ is a fixed quantifier.
iv) GQ is a bounded quantifier.
b)  Otherwise, GQ is an unbounded quantifier.

4) A <graph pattern quantifier> that is not a fixed quantifier is a variable quantifier.

Access Rules

None.

General Rules

None.

Conformance Rules

1) | Without Feature G060, “Bounded graph pattern quantifiers”, conforming SQL language shall rlot
contain a <fixed quantifier> or a <general quantifier> that immediately contains an <upper boupd>.

2) | Without Feature G061, “Unbounded graph pattern quantifiers”, conforming SQL language shal] not
contain a <graph pattern quantifier> that immediately confains <asterisk>, <plus sign>, or a <gerjeral
quantifier> that does not immediately contain an <uppér bound>.
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Function

Specify an expression that matches one or more labels of a property graph.

Format

ISO/IEC 9075-16:2023(E)
10.8 <label expression>

<l ajel expression> ::=
<l abel terne
<l abel disjunction>

<l aljel disjunction> ::=
<lfabel expression> <vertical bar> <l abel terne

<l aljel ternmr ::=
<l abel factor>
| |<l abel conjunction>

<l alpel conjunction> ::=
<lfabel ternm> <anpersand> <l abel factor>

<l ajel factor> ::=
<l abel primry>
| |<I abel negation>

<l alel negation> ::=
<¢xcl amati on nmark> <l abel primry>

<l abel primary> ::=

<l abel nane>

<wi | dcard | abel >

<par ent hesi zed | abel expression>

<wi l|dcard | abel > :: =
<per cent >

<panent hesi zed | abel expressihon> ::=
<lfeft paren> <| abel expression> <right paren>

Syntax Rules

1) | Let LE bethé<label expression>.

2) | Let GPbe'the <graph pattern> that simply contains LE. Let GT be the <graph table> that simply
contains GP. Let GR be the <graph reference> that is simply contained in GT. Let PG be the proplerty

graph that is identified by GR.

3) Every <label name> contained in LE shall identify a label of PG.
4) Case:

a) IfLEis simply contained in a <vertex pattern>, then LE is a vertex <label expression>. Every

<label name> contained in LE shall identify a vertex label of PG.

b) Otherwise, LE is an edge <label expression>. Every <label name> contained in LE shall identify

an edge label of PG.
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Access Rules

None.

General Rules

None.

Conformance Rules

1) | Without Feature G070, “Label expression: label disjunction”, conforming SQL language shall npt
contain a <label disjunction>.

2) | Without Feature G071, “Label expression: label conjunction”, conforming SQIiJanguage shall not
contain a <label conjunction>.

3) | Without Feature G072, “Label expression: label negation”, conforming SQLlanguage shall not cortain
a <label negation>.

4) | Without Feature G073, “Label expression: individual label namé?, conforming SQL language shall
not contain a <label expression> that is a <label name>.

5) | WithoutFeature G074, “Label expression: wildcard label”’{eonforming SQL language shall not contain
a <wildcard label>.

6) | Without Feature G075, “Parenthesized label expression”, conforming SQL language shall not contain
a <parenthesized label expression>.

132 © ISO/IEC 2023 - All rights reserved


https://standardsiso.com/api/?name=24c0c89c62c52bbdc2d06fba1100f076

10.9 <simplified path pattern expression>

Function

Express a path pattern as a regular expression of edge labels.

Format
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<sifplified path pattern expression> ::=
<sinmplified defaulting left>
| |<simplified defaulting undirected>
| |<sinplified defaulting right>
| |<simplified defaulting |eft or undirected>
| |<sinplified defaulting undirected or right>
| |<sinplified defaulting left or right>
| |<sinplified defaulting any direction>
<sinplified defaulting left> ::=
<lfeft mnus slash> <sinplified contents> <slash m nus>

<sifplified defaulting undirected> ::=
<tli | de sl ash> <sinplified contents> <slash til de>

<sinplified defaulting right> ::=
<ipi nus slash> <sinplified contents> <slash m nus rkight >

<sifgplified defaulting left or undirected> ::=
<lfeft tilde slash> <sinplified contents> <skash til de>

<sinplified defaulting undirected or right&;,”:=
<tli | de sl ash> <sinplified contents> <slkash tilde right>

<sifgplified defaulting left or right» : =
<lfeft mnus slash> <sinplified contents> <slash ninus right>

<sinplified defaulting any direction> ::=
<ifi nus sl ash> <sinplifiedecoOntents> <slash m nus>

<sinplified contents> :: &

<simplified term

| |<simplified pathCuni on>

| |<sinmplified nuttiSet alternation>

<sifplified path dnion> ::=
<gimplified\ternm <vertical bar> <sinplified terne
[ { <vertical bar> <sinplified term }... ]

<sinplifiked nultiset alternation> ::=

<s|an|f|ed terne <nultiset alternation operator> <S|an|f|ed ternmp

L
|_ 1 IIuILIbUL ClILUIIIClLIUII UpPTI ClLUI Dlllpll IIUU LUIIII’ I

<simplified term ::=
<simplified factor | ow>
| <sinplified concatenation>

<simplified concatenation> ::=
<sinmplified term <sinplified factor |ow

<simplified factor low ::=
<sinmplified factor high>
| <sinplified conjunction>
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<sinmplified conjunction> ::=
<sinmplified factor |ow> <anpersand> <sinplified factor high>

<sinplified factor high> ::=
<simplified tertiary>

| <simplified quantified>

| <simplified questioned>

<sinmplified quantified> ::=
<sinplified tertiary> <graph pattern guantifier>

<sinplified questioned> ::=
<ginplified tertiary> <question mark>

<sifgplified tertiary> ::=
<sinplified direction override>
| |<simplified secondary>

<sinplified direction override> ::=
<simplified override left>
| |<simplified override undirected>
| |<simplified override right>
| |<simplified override left or undirected>
| |<simplified override undirected or right>
| |<simplified override left or right>
| |<simplified override any direction>
<sinplified override left> ::=

<lfeft angle bracket> <sinplified secondary>

<sinplified override undirected> ::=
<ffi | de> <sinplified secondary>

<sifgplified override right> ::=
<ginmplified secondary> <right angl e_bracket>

<sinplified override left or undirected> ::=
<lfeft arrow tilde> <sinplified~secondary>

<sifplified override undirectied‘or right> ::=
<fli | de> <sinplified secondary> <right angle bracket>

<sinplified override |l eft-or right> ::=
<lfeft angle bracket>.<sinplified secondary> <right angle bracket>

<sifplified override any direction> ::=
<Ifi nus si gn>_<ssishplified secondary>

<sinplifiedssgcondary> ::=
<si mpkifved primary>
| |<sinpkified negation>

<si fpli/fied negation> ::=
<exclamation mark> <sinplified primry>

<sinplified primary> ::=
<l abel nane>
| <left paren> <sinplified contents> <right paren>

Syntax Rules

1) A <simplified negation> shall not contain a <simplified concatenation>, <simplified quantified>,
<simplified questioned>, or <simplified multiset alternation>.

134 © ISO/IEC 2023 - All rights reserved


https://standardsiso.com/api/?name=24c0c89c62c52bbdc2d06fba1100f076

2)
3)

4)

5)

6)

ISO/IEC 9075-16:2023(E)
10.9 <simplified path pattern expression>

A <simplified direction override> shall not contain another <simplified direction override>.

A <simplified direction override> shall not contain <simplified concatenation>, <simplified quanti-

fied>, <simplified questioned>, or <simplified multiset alternation>.

A <simplified conjunction> shall not contain a <simplified concatenation>, <simplified quantified>,

<simplified questioned>, or <simplified multiset alternation>.

A <simplified path pattern expression> SPPE is replaced by:

( SPPE )

NOTE 143 — This is done once for each <simplified path pattern expression> prior to the following recursive
transformation and not with each iteration of the transformation.

The following rules are recursively applied until no <simplified path pattern expression>s renpain.

NOTE 144 — The rules work from the root of the parse tree of a <simplified path pattern expression>. At each|
the coarsest analysis of a <simplified path pattern expression> is replaced, eliminating atleast one level of the

tree, measured from the root. Note that each replacement can create more <simplified path pattern expressio
than before, but these replacements have less depth. Eventually the recursion repldaces’<simplified path pattey
expression> with <edge pattern>.

a) Let SPPE be a <simplified path pattern expression>.
i) Let SC be the <simplified contents> contained in SPPE.

ii) Let PREFIX be the <minus slash>, <left minus'slash>, <tilde slash>, <left tilde slas
or <left minus slash> contained in SPPE.

iii) Let SUFFIX be the <slash minus right>, <slash minus>, <slash tilde>, or <slash tild
right> contained in SPPE.

iv) Let EDGEPRE and EDGESUF be determined by Table 1, “Conversion of simplified sy
delimiters to default edge delimiters”, from the row containing the values of PRE}
and SUFFIX.

step,
parse
>s

n

ntax
124

Table 1 — Conversion of simplified syntax delimiters to default

edge delimiters

PREFIX SUFFIX EDGEPRE EDGESUF

-/ /-> -1 ]1->
<-/ /- <-[ ]1-

~ / ~ ~[ 1~
~/ [ ~> ~[ ]1~->
<~/ /~ <~[ ]~
<-/ /-> <[ ]1->
iy /- -1 ]-

b) Case:
i) If SC is a <simplified path union> SPU, then let N be the number of <simplified term>s

simply contained in SPU, and let STy, ..., STy be those <simplified term>s; SPPE is

replaced by:
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PREFI X ST; SUFFI X | PREFIX ST, SUFFIX | ... | PREFIX STy SUFFI X

If SCis a <simplified multiset alternation> SMA4, then let N be the number of <simplified
term>s simply contained in SMA, and let STy, ..., STy be those <simplified term>s; SPPE

is replaced by:

PREFI X ST; SUFFI X | +| PREFIX ST, SUFFIX |+ ... |+ PREFIX STy SUFFI X

iii)

vi)

vii)

If SC is a <simplified concatenation> SCAT, then let ST be the <simplified term> an(d let
SFL be the <simplified factor low> simply contained in SCAT; SPPE is replaced by:

PREFI X ST SUFFI X PREFI X SFL SUFFI X

If SC is a <simplified conjunction> SAND, then SPPE is replaced by:;

EDCEPRE | S SAND EDGESUF

NOTE 145 — As aresult, SAND is now interpreted as a <label expression> within an <edge pattern>.
By earlier Syntax Rules, there are no operators allowed in SAND that'¢annot be interpreted as ¢per-
ators of a <label expression>.

If SC is a <simplified quantified> SQ, then let ST be the <simplified tertiary> simply
contained in SC and let GPQ be the <graph pattern‘quantifier> simply contained i SQ;
SPPE is replaced by:

( PREFI X ST SUFFI X ) GPQ

If SC is a <simplified questioned> SQU;then let ST be the <simplified tertiary> simply
contained in SC; SPPE is replaced by;

( PREFIX ST SUFFIX ) ?

If SCis a <simplified direction override> SDO, then let SS be the <simplified secondary>
simply contained in SDO:

Case:

NOTE 146 —-As'a result of the following replacements, SDO is now interpreted as a <label expresgion>
within ani<edge pattern>. By earlier Syntax Rules, there are no operators allowed in SDO that cgnnot
be intefpreted as operators of a <label expression>.

1) dfSDO is <simplified override left>, then SPPE is replaced by:
<-[ 1S SS]-
2) IfSDO is <simplified override undirected>, then SPPE is replaced by:

~[ 1S SS ]~

3) IfSDO is <simplified override left or undirected>, then SPPE is replaced by:

<~[ 1S SS ]~

4) IfSDO is <simplified override undirected or right>, then SPPE is replaced by:
~[ 1S SS ]~>

5) IfSDOis <simplified override left or right>, then SPPE is replaced by:

<[ ISSS]->
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6) IfSDO is <simplified override any direction>, then SPPE is replaced by:
-[ 1S SS]-
viii) If SCis a <simplified negation> SN, then SPPE is replaced by:

EDGEPRE | S SN EDGESUF

NOTE 147 — As aresult, SN is now interpreted as a <label expression> within an <edge pattern>. By
earlier Syntax Rules, there are no operators allowed in SN that cannot be interpreted as operators of
a <label expression>.

ix) If SCis a <simplified primary> SP, then
Case:
1) IfSPisa<label name>, then SPPE is replaced by:

EDGEPRE | S SP EDGESUF

2)  Otherwise, let INNER be the <simplified contents> simiply contained in SC; §PPE
is replaced by:

( PREFI X | NNER SUFFI X )

7) | The Conformance Rules of Subclause 10.6, “<path patternexpression>" are applied to the resylt of
the previous syntactic transformation.

Acc¢ess Rules

None.

General Rules

None.

Conformance Rules

1) | WithoutFeature G039) “Simplified path pattern expression: full defaulting”, conforming SQL langhiage
shall not containa‘<simplified path pattern expression> that is not a <simplified defaulting left>, a
<simplified defaulting right>, or a <simplified defaulting any direction>.

2) | Without Eeature G080, “Simplified path pattern expression: basic defaulting”, conforming SQL|lan-
guage shall not contain a <simplified defaulting left>, a <simplified defaulting right>, or a <simpljfied
defaulting any direction>.

3) | Without Feature G081, “Simplified path pattern expression: full overrides”, conforming SQL langhiage
Shatimotcontaima <simpiifted directiomoverrides that s nota simpiifted override tefts, <stmptified
override right>, or a <simplified override any direction>.

4)  Without Feature G082, “Simplified path pattern expression: basic overrides”, conforming SQL lan-
guage shall not contain a <simplified override left>, a <simplified override right>, or a <simplified
override any direction>.

© ISO/IEC 2023 - All rights reserved 137


https://standardsiso.com/api/?name=24c0c89c62c52bbdc2d06fba1100f076

ISO/IEC 9075-16:2023(E)
10.10 <element reference>

10.10 <element reference>

Function

Reference a graph element or list of graph elements in a property graph.

Format
<el gment reference> ::=
<e¢l ement vari abl e>
Syntax Rules
1) | Let EV be the <element variable> simply contained in the <element reference> ER. Let GT be the
innermost <graph table> that declares EV and that contains ER. Let GP be‘the <graph pattern>
simply contained in GT.
2) | Let V'be the element variable that is identified by EV. ER referencesV.
3) | The degree of reference of ER is defined as follows.
Case:
a) IfERissimply contained in the <graph table columns clause> or <graph pattern where claise>
of GT, then the degree of reference of ER is the degree of exposure of EV by GP.
NOTE 148 — “Degree of exposure” is defined in\Subclause 10.4, “<graph pattern>" and Subclause 10.6, “¢path
pattern expression>".
b) IfERis contained in a <parenthesized path pattern where clause> PPPWC( simply contaiped
in GP, then let PPPE be the <parenthesized path pattern expression> that simply contains

PPPWC.

NOTE 149 — This rule is applied after the syntactic transform that converts any <element pattern whefe
clause> to a <parenthesized path pattern where clause>.

Case:

i) If EV isdeclared by PPPE, then the degree of reference of ER is the degree of expofure
of EVby PPPE.

NOTE 150 — “Degree of exposure” is defined in Subclause 10.4, “<graph pattern>" and Subclause|10.6,
“<path pattern expression>".

ii) Otherwise, let PP be the innermost <graph pattern> or <parenthesized path pattgrn
expression> that contains PPPWC and that declares EV. The degree of reference of ER
is the degree of exposure of EV by PP. The degree of reference of ER shall be singlgton.

NOTE 151 — “Degree of exposure” is defined in Subclause 10.4, “<graph pattern>" and Subclause|10.6,
“<path pattern expression>".
4) Ifthe degree of reference of ER is group, then it shall be effectively bounded group, and ER shall be

contained in an aggregated argument of a <set function specification>.

Access Rules

138
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General Rules

None.

NOTE 152 — Every <element reference> is evaluated in the General Rules of Subclause 9.9, “Applying bindings to evaluate
an expression”.

Conformance Rules

None.
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10.1

10.

1 <path reference>

11 <path reference>

Function

Reference a path variable.

Fo

mat

<pat

<pat h vari abl e>

Syr

1)

Access Rules

Gel

1)
2)

3)

Col

h reference> ::=

)itax Rules

The degree of reference of a <path reference> shall be unconditional singleton.

None.

neral Rules

Let PV be the <path variable> simply contained in GPLF.

Let PB be the path binding of the current match'corresponding to the <path pattern> that declares
PV.

NOTE 153 — The current match is specified in‘the General Rules of Subclause 7.1, “<table reference>".

PB is the value of the <path reference>.

1formance Rules

None.

140
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11 Schema definition and manipulation

This Clause modifies Clause 11, “Schema definition and manipulation”, in ISO/IEC 9075-2.

111 ——<schemadefimitions

This Subclause modifies Subclause 11.1, “<schema definition>", in ISO/IEC 9075-2.

Function

Define a schema.

Fo:[mat

ema elenment> ::=
Il Al alternatives fromI|SQO|EC 9075-2
<property graph definition>

<scC

Syntax Rules

No additional Syntax Rules.

Acc¢ess Rules

No additional Access Rules.

General Rules

No additional General Rules.

Conformance Rules

No additienal Conformance Rules.
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11.2

11.

<drop schema statement>

2 <drop schema statement>

This Subclause modifies Subclause 11.2, “<drop schema statement>", in ISO/IEC 9075-2.

Function

Destroy a schema.

Fonl'mat

Syr

1)

No additional Format items.

)itax Rules

‘Insert after SR 4)n): ‘ SQL-property graphs.

Acc¢ess Rules

Gel

1)

Coa

No additional Access Rules.

neral Rules

‘Insert before GR 12): ‘ For every SQL-property:graph included in S:

descriptor of SPG.

DROP PROPERTY GRAPH PG(CASCADE

1formance Rules

No additional Conformance Rules.

b)  The following <drop property.graph statement> statement is effectively executed:

a)  Let SPG be the SQL-property graph and let PG be the <property graph name> included in the

142
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3 <table definition>

Subclause modifies Subclause 11.3, “<table definition>", in ISO/IEC 9075-2.

Function

Define a persistent base table, a created local temporary table, or a global temporary table.

Fonl'mat

Syr

1)

No additional Format items.

)itax Rules

‘Insert after SR 7):‘ TN shall not identify an existing SQL-property graph.descriptor.

NOTE 154 — SQL-property graphs share the namespace with tables.

Access Rules

Gel

Coa

No additional Access Rules.

neral Rules

No additional General Rules.

1formance Rules

No additional Conformance Rulés.
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11.

4 <drop column definition>

This Subclause modifies Subclause 11.23, “<drop column definition>", in ISO/IEC 9075-2.

Function

Destroy a column of a base table.

Fonl'mat

Syr

1)

Acc¢ess Rules

Gel

Col

No additional Format items.

)itax Rules

‘ Insert after SR 7)e): ‘ Any <value expression> associated with the <query.expression> or a proplerty
of any label, either of which are included in any element table descriptor included in the tabular
property graph descriptor included in any SQL-property graph deSeriptor.

No additional Access Rules.

neral Rules

No additional General Rules.

1formance Rules

No additional Conformance Rules:
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11.5 <drop table statement>

This Subclause modifies Subclause 11.31, “<drop table statement>", in ISO/IEC 9075-2.

Function

Destroy a table.

Fonl'mat

No additional Format items.

Syntax Rules

1) ‘ Insert after SR 7)g): ‘ Any <value expression> associated with the <query.expression> or a proplerty
of any label, either of which are included in any element table descriptor included in the tabular
property graph descriptor included in any SQL-property graph deSeriptor.

Acc¢ess Rules

No additional Access Rules.

General Rules

No additional General Rules.

Conformance Rules

No additional Conformance Rules:
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11.

6 <view definition>

This Subclause modifies Subclause 11.32, “<view definition>", in ISO/IEC 9075-2.

Function

Defi

ne a viewed table.

Fonl'mat

Syr

1)

No additional Format items.

)itax Rules

<table name>.

NOTE 155 — SQL-property graphs share the namespace with tables.

Acc¢ess Rules

Gel

Col

No additional Access Rules.

neral Rules

No additional General Rules.

1formance Rules

No additional Conformance:Rules.

‘Insert after SR 4):‘ The schema identified by the explicit or implicit <schema name> of the <table
name> shall not include an SQL-property graph descriptor whose SQLproperty graph name i
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11.7 <drop view statement>

This Subclause modifies Subclause 11.33, “<drop view statement>", in ISO/IEC 9075-2.

Function

Destroy a view.

Fonl'mat

No additional Format items.

Syntax Rules

1) ‘ Insert after SR 5)d): ‘ Any <value expression> associated with the <query.expression> or a proplerty
of any label, either of which are included in any element table descriptor included in the tabular
property graph descriptor included in any SQL-property graph deSeriptor.

Acc¢ess Rules

No additional Access Rules.

General Rules

No additional General Rules.

Conformance Rules

No additional Conformance Rules:
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11.

8 <drop domain statement>

This Subclause modifies Subclause 11.40, “<drop domain statement>", in ISO/IEC 9075-2.

Function

Destroy a domain.

Fonl'mat

Syr

1)

Acc¢ess Rules

Gel

Col

No additional Format items.

)itax Rules

‘ Insert after SR 2)d): ‘ Any <value expression> associated with the <query.expression> or a proplerty
of any label, either of which are included in any element table descriptor included in the tabular
property graph descriptor included in any SQL-property graph deSeriptor.

No additional Access Rules.

neral Rules

No additional General Rules.

1formance Rules

No additional Conformance Rules:
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11.9 <drop character set statement>

This Subclause modifies Subclause 11.42, “<drop character set statement>", in ISO/IEC 9075-2.

Function

Destroy a character set.

Fonl'mat

No additional Format items.

Syntax Rules

1) ‘ Insert after SR 4)j): ‘ Any <value expression> associated with the <query.expression> or a property
of any label, either of which are included in any element table descriptor included in the tabular
property graph descriptor included in any SQL-property graph deSeriptor.

Acc¢ess Rules

No additional Access Rules.

General Rules

No additional General Rules.

Conformance Rules

No additional Conformance Rules:
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11.

10 <drop collation statement>

This Subclause modifies Subclause 11.44, “<drop collation statement>", in ISO/IEC 9075-2.

Function

Destroy a collation.

Fonl'mat

Syr

1)

Acc¢ess Rules

Gel

Col

No additional Format items.

)itax Rules

‘ Insert after SR 4)f): ‘ Any <value expression> associated with the <query.expression> or a property
of any label, either of which are included in any element table descriptor included in the tabular
property graph descriptor included in any SQL-property graph deSeriptor.

No additional Access Rules.

neral Rules

No additional General Rules.

1formance Rules

No additional Conformance Rules:
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11 <drop transliteration statement>

Subclause modifies Subclause 11.46, “<drop transliteration statement>", in ISO/IEC 9075-2.

Function

Destroy a character transliteration.

Fonl'mat

Syr

1)

Acc¢ess Rules

Gel

Col

No additional Format items.

)itax Rules

‘ Insert after SR 4)f): ‘ Any <value expression> associated with the <query.expression> or a prop

property graph descriptor included in any SQL-property graph deSeriptor.

No additional Access Rules.

neral Rules

No additional General Rules.

1formance Rules

No additional Conformance Rules:

of any label, either of which are included in any element table descriptor included in the tabular

erty
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11.12 <drop attribute definition>

This Subclause modifies Subclause 11.55, “<drop attribute definition>", in ISO/IEC 9075-2.

Function

Destroy an attribute of a user-defined type.

Fonl'mat

Syr

1)

No additional Format items.

)itax Rules

Acc¢ess Rules

Gel

Col

No additional Access Rules.

neral Rules

No additional General Rules.

1formance Rules

No additional Conformance Rules:

‘Insert after SR 8)a)iv):| Any <value expression> associated with the <query expression> or a
property of any label, either of which are included in any element table descriptor included in[the
tabular property graph descriptor included in any SQL-property gtaph descriptor.
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11.13 <drop data type statement>

This Subclause modifies Subclause 11.59, “<drop data type statement>", in ISO/IEC 9075-2.

Function

Destroy a user-defined type.

Fonl'mat

No additional Format items.

Syntax Rules

1) ‘ Insert after SR 4)f)v): ‘ Any <value expression> associated with the <quer§ eXpression> or a property
of any label, either of which are included in any element table descriptor included in the tabular
property graph descriptor included in any SQL-property graph deSeriptor.

2) ‘Insert after SR 4)h)i)4): ‘ Any <value expression> associated with the <query expression> or a
property of any label, either of which are included in any element table descriptor included in|the
tabular property graph descriptor included in any SQL-property graph descriptor.

Access Rules

No additional Access Rules.

General Rules

No additional General Rules.

Conformance Rules

No additional Conformance Rules.
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11.

14 <alter routine statement>

This Subclause modifies Subclause 11.61, “<alter routine statement>", in ISO/IEC 9075-2.

Function

Alter a characteristic of an SQL-invoked routine.

Fonl'mat

Syr

1)

Acc¢ess Rules

Gel

Col

No additional Format items.

)itax Rules

‘Insert after SR 4)b)iv):‘ Any <value expression> associated with the <query expression> or a
property of any label, either of which are included in any element table descriptor included in[the
tabular property graph descriptor included in any SQL-property gtaph descriptor.

No additional Access Rules.

neral Rules

No additional General Rules.

1formance Rules

No additional Conformance Rules:

154

© ISO/IEC 2023 - All rights reserved


https://standardsiso.com/api/?name=24c0c89c62c52bbdc2d06fba1100f076

11.

This

ISO/IEC 9075-16:2023(E)
11.15 <drop routine statement>

15 <drop routine statement>

Subclause modifies Subclause 11.62, “<drop routine statement>", in ISO/IEC 9075-2.

Function

Destroy an SQL-invoked routine.

Fonl'mat

Syr

1)

No additional Format items.

)itax Rules

‘Insert after SR 4)c)v):‘ Any <value expression> associated with the <query expression> or a
property of any label, either of which are included in any element table descriptor included in
tabular property graph descriptor included in any SQL-property gtaph descriptor.

Acc¢ess Rules

Gel

Col

No additional Access Rules.

neral Rules

No additional General Rules.

1formance Rules

No additional Conformance Rules:
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11.

16 <drop user-defined cast statement>

This Subclause modifies Subclause 11.64, “<drop user-defined cast statement>", in ISO/IEC 9075-2.

Function

Destroy a user-defined cast.

Fonl'mat

Syr

1)

Acc¢ess Rules

Gel

Col

No additional Format items.

)itax Rules

‘ Insert after SR 7)d): ‘ Any <value expression> associated with the <query.expression> or a proplerty
of any label, either of which are included in any element table descriptor included in the tabular
property graph descriptor included in any SQL-property graph deSeriptor.

No additional Access Rules.

neral Rules

No additional General Rules.

1formance Rules

No additional Conformance Rules:
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11.17 <drop user-defined ordering statement>

This Subclause modifies Subclause 11.66, “<drop user-defined ordering statement>", in ISO/IEC 9075-2.

Function

Destroy a user-defined ordering method.

Fonl'mat

No additional Format items.

Syntax Rules

1) ‘ Insert after SR 4)d): ‘ Any <value expression> associated with the <query.expression> or a proplerty
of any label, either of which are included in any element table descriptor included in the tabular
property graph descriptor included in any SQL-property graph deSeriptor.

Acc¢ess Rules

No additional Access Rules.

General Rules

No additional General Rules.

Conformance Rules

No additional Conformance Rules:
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11.

18 <drop sequence generator statement>

This Subclause modifies Subclause 11.74, “<drop sequence generator statement>", in ISO/IEC 9075-2.

Function

Destroy an external sequence generator.

Fonl'mat

Syr

1)

Acc¢ess Rules

Gel

Col

No additional Format items.

)itax Rules

‘ Insert after SR 3)b): ‘ Any <value expression> associated with the <query.expression> or a property
of any label, either of which are included in any element table descriptor included in the tabular
property graph descriptor included in any SQL-property graph deSeriptor.

No additional Access Rules.

neral Rules

No additional General Rules.

1formance Rules

No additional Conformance Rules:
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11.19 <property graph definition>

Function

Define an SQL-property graph.

Format

<property graph definition> ::=
CIREATE PROPERTY GRAPH <property graph nane> [ <property graph content> ]

<prgperty graph content> ::=
<Jyertex tables clause> [ <edge tables clause> ]

<verntex tables clause> ::=
<Jyertex synonynm> TABLES <parenthesized vertex table list>

<parent hesi zed vertex table list> ::=
<lfeft paren> <vertex table definition> [ { <commm> <vertex tahle definition> }... ]
<right paren>

<velntex table definition> ::=
<¢l enment table definition>

<el ¢gnent table definition> ::=

<el ement table name> [ AS <el enent table alias>)]
[ <elenent table key clause> ]
[ <source vertex table> <destination vertex table> ]
[ <elenent table |abel and properties$ clause> ]

<t abl e subquery> AS <el enent table alias>
<el enent table key cl ause>
[ <source vertex table> <destihati on vertex table> ]
[ <elenent table |abel and pfoperties clause> ]

<el ¢nent table key clause> ::=
KEY <l eft paren> <col um nane |ist> <right paren>

<el ¢nent table |abel and properties clause> ::=
<el ement table propetties clause>
<l abel and propertigs>..

<el gment table properties clause> ::=
NO PROPERTI ES
| |PROPERTI ES{<el' enent table properties alternatives>

<el gnent table properties alternatives> ::=
[ AREY "ALL COLUWNS [ EXCEPT <left paren> <except columm nane |ist> <right paren>|]
<elenent table parenthesized derived property list>

<except cotuhmrane—+Hi-st ———
<col um nane |ist>

<el enent tabl e parenthesized derived property list> ::=
<l eft paren> <derived property> [ { <comma> <derived property>}... ] <right paren>

<derived property> ::=
<val ue expression> [ AS <property nanme> ]

<l abel and properties> ::=
<el enment table | abel clause> [ <elenment table properties clause> ]
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<el enent table | abel clause> ::=

LABEL <I| abel nane>
DEFAULT LABEL

<edge tables clause> ::=
<edge synonyn> TABLES <parent hesi zed edge table |ist>

<par ent hesi zed edge table list> ::=

<

eft paren> <edge table definition>
[ { <comma> <edge table definition>1... ] <right paren>

<edd
<4

<soyrce vertex table> ::=

S

<souyrce vertex table key clause> ::=

<{

<source vertex reference> ::=

<g

<r ef]
<(

<de{

DESTI NATI ON [ <destination vertex table key cl ause> REFERENCES ]

<deq
<6

<de{
<(

<r ef]
<(

Syr

1)

2)

e table definition> ::=
| emrent table definition>

DURCE [ <source vertex table key clause> REFERENCES | <source vertex reference>

| ement table key clause>

ource vertex table alias>
[ <left paren> <referenced source columm |ist> <right paren> ]

erenced source colum list> ::=
olum nane |ist>

tination vertex table> ::=

<destination vertex reference>

tination vertex table key clause> ::=
| ement table key cl ause>

tination vertex reference> ::=
estination vertex table alias>
[ <left paren> <referenced destination colum |ist> <right paren> ]

erenced destination colum INst> ::=
olum nane |ist>

itax Rules

The <property graph content> shall not contain a <host parameter specification>, an <SQL parameter
reference>, a<dynamic parameter specification>, an <embedded variable specification>, or an 4SQL
variable reference>.

NOTE 156 — <SQL variable reference> is defined in ISO/IEC 9075-4.

Let SPG be the SQL-property graph defined by the <property graph definition> PD. Let SPN be|the

<property graph name> simply contained in PD.

3)

4)

5)

160

If PD is contained in a <schema definition> SD and SPN contains a <schema name>, then that <schema
name> shall be equivalent to the implicit or explicit <schema name> of SD.

SPN shall not identify an existing SQL-property graph descriptor or an existing table descriptor.
NOTE 157 — SQL-property graphs share the namespace with tables.

If <vertex tables clause> VTC is specified, then let n be the number of <vertex table definition>s
simply contained in VTC. For i, 1 (one) <i<n:
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9)

Acc¢ess Rules

1)

2)

ISO/IEC 9075-16:202

3(E)
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a) Let VTD;be the i-th <vertex table definition> simply contained in VTC. VTD; shall not simply

contain <source vertex table> or <destination vertex table>.

b)  The Syntax Rules of Subclause 9.13, “Creation of a vertex table descriptor”, are applied with
VTD; as BNFTERM; let VDESC; be the DESCRIPTOR returned from the application of those

Syntax Rules.

c) VDESC;is a vertex table descriptor and describes a vertex table of SPG.

If <edge tables clause> ETC is specified, then let m be the number of <edge table definition>ssix
contained in ETC. For i, 1 (one) <i<m:

a) LetETD;be thei-th <edge table definition> simply contained in ETC. ETD; shall simply con
a <source vertex table> SVT; and a <destination vertex table> DVT;.

b)  The <source vertex table alias> simply contained in SVT; shall be equivalent to the elemg
table alias included in a unique vertex table descriptor SVTD; instantiated in SR 5).

c) The <destination vertex table alias> simply contained in DVT; shallbeequivalent to the elen
table alias included in a unique vertex table descriptor DVTDjinstantiated in SR 5).

d) The Syntax Rules of Subclause 9.14, “Creation of an edge €able descriptor”, are applied W
ETD;as BNFTERM, SVTD; as SOURCE, and DVTD; as DESTINATION; let EDESC; be the

DESCRIPTOR returned from the application of those Syntax Rules.
e)  EDESC;is an edge table descriptor and describesran edge table of SPG.

Let TPGD be a tabular property graph descripter.that includes:
NOTE 158 — If <property graph content> is notspecified, then TPGD is empty.

a) Fori, 1 (one)<i<n, VDESC;.

b) Fori, 1 (one) <i<m, EDESC;

The Syntax Rules of Subclause 9:15, “Consistency check of a tabular property graph descriptor

are applied with TPGD as TPGDESCRIPTOR.

If the <property graph(definition> is contained in a <schema definition>, then let A be the exp
or implicit <authorization identifier> of the <schema definition>; otherwise, let A be the <auth
ation identifier>.that owns the schema identified by the explicit or implicit <schema name> o
<property grapliname>.

I£PD is contained in an <SQL-client module definition>, then the enabled authorization identi

nply

tain

nt

hent

ith

icit
riz-
Fthe

fiers

shall include the <authorization identifier> that owns the schema identified by the implicit or

explicit <schema name> of the <property graph name>.

For each element table T:

a) Case:

i) If PD is contained, without an intervening <SQL routine spec> that specifies SQL
SECURITY INVOKER, in an <SQL schema statement>, then the applicable privileges of
the <authorization identifier> that owns the containing schema shall include SELECT
on at least one column of T.

ii) Otherwise, the current privileges shall include SELECT on at least one column of T.
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Gel

1)
2)

3)

4)

162

b) Let Cbe acolumn of T that is referenced in the <except column name list> or whose name is

included in TPGD.
c) Case:

i) If PD is contained, without an intervening <SQL routine spec> that specifies SQL

SECURITY INVOKER, in an <SQL schema statement>, then the applicable privileges of

the <authorization identifier> that owns the containing schema shall include SEL
on C.

ECT

neral Rules

ii) Otherwise, the current privileges shall include SELECT on C.

A <property graph definition> defines an SQL-property graph.

The General Rules of Subclause 9.16, “Deriving a pure property graph deseriptor from a tabul
property graph descriptor”, are applied with TPGD as TABULAR PROPERTY GRAPH DESCRIPT(
let PPGD be the PURE PROPERTY GRAPH DESCRIPTOR returned from the\application of those Ger
Rules.

An SQL-property graph descriptor SPGD is created that describes SPG. SPGD includes:
a) SPN.

b)  PPGD.

c) TPGD.

A privilege descriptor is created that defines the privilege SELECT on SPG to A. That privilege
grantable if and only if the applicable privileges for 4 include all of the following:

a)  Grantable SELECT privilege on every column that is referenced in any of the following:

i) The list of columns uniquely identifying a row in an edge table or a vertex table incly
in TPGD.
ii) The <value expression> associated with a property of a label of an edge table or a ve

table included in TPGD.
iii)  The edge)source key of an edge table included in TPGD.
iv) The-source vertex key of an edge table included in TPGD.
V) The edge destination key of an edge table included in TPGD.
vi) The destination vertex key of an edge table included in TPGD.

b){_¥ Grantable EXECUTE privileges on every SQL-invoked routine that is a subject routine of

hr
R;
eral

v

ded

rtex

<routine invocation>s contained in a <value expression> associated with a property of al

abel

of an edge table or a vertex table included in TPGD.

c) Grantable SELECT privilege on every table T1 and every method M such that there is a <method
reference> MR contained in a <value expression> associated with a property of a label of an

edge table or a vertex table included in TPGD, such that T1 is in the scope of the <value

expression primary> of MR and M is the method identified by the <method name> of MR.

d) Grantable SELECT WITH HIERARCHY OPTION privilege on at least one supertable of the
scoped table of every <reference resolution> that is contained in a <value expression> associ-

ated with a property of a label of an edge table or a vertex table included in TPGD.
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The grantor of that privilege descriptor is set to the special grantor value "_SYSTEM".

Conformance Rules

1)

2)

3)

4)

5)

6)

7)

8)

9)

10)

11)

12)

13)

14)

Without Feature G920, “DDL-based SQL-property graphs”, conforming SQL language shall not

contain a <property graph definition>.

Without Feature G921, “Empty SQL-property graph”, conforming SQL language shall not contain a

<property graph definition> that does not specity <property graph content>.

Without Feature G922, “Views as element tables”, conforming SQL language shall not cofitain

<vertex table definition> that simply contains an <element table definition> that specifies an 4ele-

ment table name> that identifies a viewed table.

Without Feature G922, “Views as element tables”, conforming SQL language shall hot contain

<edge table definition> that simply contains an <element table definition> thatspecifies an <elerhent

table name> that identifies a viewed table.

Without Feature G923, “In-line views as element tables”, conforming SQL:language shall not con
a <vertex table definition> that simply contains an <element table-definition> that immediate
contains a <table subquery>.

Without Feature G923, “In-line views as element tables”, conferming SQL language shall not con
an <edge table definition> that simply contains an <element table definition> that immediatel
contains a <table subquery>.

Without Feature G924, “Explicit key clause for element tables”, conforming SQL language shal
contain an <element table key clause>.

Without Feature G924, “Explicit key clause for element tables”, conforming SQL language shal
contain a <source vertex table key clause3 nor a <referenced source column list>.

Without Feature G924, “Explicit key clause for element tables”, conforming SQL language shal
contain a <destination vertex tabl¢ key clause> nor a <referenced destination column list>.

Without Feature G925, “Explicitlabel and properties clause for element tables”, conforming S
language shall not containsan <element table label and properties clause>.

Without Feature G926{ “More than one label for vertex tables”, conforming SQL language shal
contain an <elementtable label and properties clause> simply contained in a <vertex table definit
that contains more’than one <label and properties>.

Without Feature G927, “More than one label for edge tables”, conforming SQL language shall 1
contain an.<element table label and properties clause> simply contained in an <edge table definit
that contains more than one <label and properties>.

tain
y

tain

not

not

not

DL

not
on>

1ot
on>

Without Feature G928, “Value expressions as properties and renaming of properties”, conforming

SQL language shall not contain a <derived property> that is not a <column reference>.

Without Feature G929, “Labels and properties: EXCEPT list”, conforming SQL language shall n
contain an <except column name list>.
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11.20 <alter property graph statement>

Function

Change the definition of an SQL-property graph.

Format

<al fer property graph statenent> ::=
AUTER PROPERTY GRAPH <property graph nane>
<al ter property graph action>

<al {er property graph action> ::=
<add el enment table definition>
<drop el enent table definition>
<alter elenent table definition>

Syntax Rules

1) | Let G be the SQL-property graph identified by the <property. gfaph name>.

2) | The schema identified by the explicit or implicit <schemaname> of the <property graph name>
shall include the descriptor of G.

3) | <alter property graph action> shall not generally contain a <graph reference> that identifies ¢.

Access Rules
1) | The enabled authorization identifiers.shall include the <authorization identifier> that owns the

schema identified by the <schema name> of the SQL-property graph identified by <property graph
name>.

General Rules

1) | The SQL-property graph descriptor of G is modified as specified by the <alter property graph actipn>.

ConformanceRules

1) | WithoutFeature G950, “Alter property graph statement: ADD/DROP element table”, conforming
SQL language shall not contain an <alter property graph statement>.
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11.21 <add element table definition>

Function

Add

Fo

one or more vertex or edge tables to an SQL-property graph.

mat

<ad(

Syr

1)

2)
3)

4)

itax Rules

el ement table definition> ::=
ADD <vertex tables clause> [ ADD <edge tables clause> ]
ADD <edge tables cl ause>

Let SPG be the SQL-property graph identified by the <property graph name=immediately conta
in the containing <alter property graph statement> APGS. Let GD be the.descriptor of SPG.

Let TPGD be the tabular property graph descriptor included in GD:

If <vertex tables clause> VTC is specified, then let n be the number of <vertex table definition>
simply contained in VTC. For i, 1 (one) <i<n:
a) Let VTD;be the i-th <vertex table definition> simply contained in VTC. VTD; shall not sinj

contain <source vertex table> or <destination‘vertex table>.

b)  The Syntax Rules of Subclause 9.13, “Creation of a vertex table descriptor”, are applied w
VTD;as BNFTERM; let VDESC; be the DESCRIPTOR returned from the application of thosg

Syntax Rules.

c) VDESC;is a vertex table descriptor’and describes a vertex table of SPG.

If <edge tables clause> ETC is specified, then let m be the number of <edge table definition>s sir
contained in ETC. For i, 1 (one) £i<m:

a) LetETD;be thei-th<edge table definition> simply contained in ETC. ETD; shall simply con
a <source vertex'table> SVT; and a <destination vertex table> DVT;.

b)  The <source-vertex table alias> simply contained in SVT; shall be equivalent to the elemg
table aliasincluded in a vertex table descriptor SVTD; either included in TPGD or instanti
in SR3):

c) The<destination vertex table alias> simply contained in DVT; shall be equivalent to the elen
table alias included in a vertex table descriptor DVTD; either included in TPGD or instanti

ned

ply

yith

nply

tain

nt
hted

hent
hted

in SR 3).

5)

d) The Syntax Rules of Subclause 9.14, “Creation of an edge table descriptor”, are applied with

ETD; as BNFTERM, SVTD; as SOURCE, and DVTD; as DESTINATION; let EDESC; be the
DESCRIPTOR returned from the application of those Syntax Rules.

e)  EDESC;is an edge table descriptor and describes an edge table of SPG.

Let NTPGD be a tabular property graph descriptor that is a copy of TPGD and additionally includes:

a) Fori, 1 (one) <i<n, VDESC;
b) Fori, 1 (one) <i<m, EDESC;.
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6)

The Syntax Rules of Subclause 9.15, “Consistency check of a tabular property graph descriptor”,

are applied with NTPGD as TPGDESCRIPTOR.

Access Rules

1)
2)

Let A be the <authorization identifier> that owns SPG.

For each element table T whose schema-qualified name is included in VDESC;, 1 (one) <i<n, or in

Gel
1)
2)

3)

Col

EDESCj, 1 (one) <j <m, and that is a base table or a viewed table:

a) The applicable privileges shall include:
Case:

i) If the privilege descriptor that defines the privilege SELECT on SPG't6"A with sped
grantor value "_SYSTEM" indicates that the privilege is grantable, then grantable SEL
on at least one column of T.

ii) Otherwise, SELECT on at least one column of T.

b) Let Cbe acolumn of T that is referenced in an <except column’name list>, if any, or whos
name is included in VDESC;, for i, 1 (one) <i<n, or in EDESC;, for j, 1 (one) <j <m.

c) The applicable privileges shall include:
Case:

i) If the privilege descriptor that define§’the privilege SELECT on SPG to A with sped
grantor value "_SYSTEM" indicates that the privilege is grantable, then grantable SEL
on C.

ii) Otherwise, SELECT on C.

neral Rules

The tabular property graph descriptor included in GD is replaced by NTPGD.

The General Rules of Subclause 9.16, “Deriving a pure property graph descriptor from a tabul
property graph descriptor”, are applied with NTPGD as TABULAR PROPERTY GRAPH DESCRIP
let PPGD be the PURE PROPERTY GRAPH DESCRIPTOR returned from the application of those Ger
Rules.

The pure property graph descriptor included in GD is replaced by PPGD.

1formance Rules

ial
ECT

ial
ECT

hr
'OR;
eral
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11.22 <drop element table definition>

Function

Remove one or more vertex or edge tables from an SQL-property graph.

Fo

mat

<dr

DIROP <vertex or edge> TABLES <parenthesized element table alias list> <drop behavi or

<vel

<paf
<l

Syr
1)

2)

3)

4)

itax Rules

p element table definition> ::=

tex or edge> ::=
<vertex synonymp
<edge synonyn®

ent hesi zed el ement table alias list> ::=
eft paren> <element table alias> [ { <comm> <el enent table alias> 1} ] <right pard

Let SPG be the SQL-property graph identified by the <property graph name> immediately conta
in the containing <alter property graph statement>. Let.GP.be the descriptor of SPG. Let TPGD
the tabular property graph descriptor included in GD:

Let N be the number of <element table alias>es simply contained in the <parenthesized eleme

table alias list>. Let ET}, 1 (one) <i < N, be an eniimeration of those <element table alias>es. Np

<element table alias> shall be equivalent to any other <element table alias>.
Fori, 1 (one)<i<N:
Case:

a) If <vertex or edge> immediately contains <vertex synonym>, then:

>

n>

ned
be

nt

i) ET; shall be equivalent to the element table alias included in a vertex table descriptor

included in TPGD.

ii) If RESTRICT is specified, then ET; shall not be equivalent to the name of the sourc

vertex-table or the name of the destination vertex table included in any edge tablg
deseriptor included in TPGD.

D

b)  Othérwise, ET;shall be equivalent to the element table alias included in an edge table descriptor

included in TPGD.
IfRESTRICT is specified, then SPG shall not be referenced in any of the following:

I Theorigimal Iquery expressions of any view descriptor:

b)  The <search condition> of any constraint descriptor.

c) The <search condition> of any assertion descriptor.

d) The SQL routine body of any routine descriptor.

e) The <parameter default> of any SQL parameter of any routine descriptor.

f)  The <triggered action> of any trigger descriptor.
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g)

Any <value expression> associated with the <query expression> or a property of any label,

either of which are included in any element table descriptor included in the tabular prop
graph descriptor included in any SQL-property graph descriptor.

erty

NOTE 159 — If CASCADE is specified, then any such dependent object will be dropped by the execution of the <revoke
statement> specified in the General Rules of this Subclause.

Access Rules

Gel

1)

None.

neral

IS

Case:

a)

b)

d)

Let SOD be the descriptor of a schema object dependent on GD.

NOTE 160 — A descriptor that “depends on” another descriptor is defined in Subclause'6.3.4, “Descriptors”, if

Rules

0/IEC9075-1.

If SOD is a view descriptor, then let SON be the name of the view/included in SOD. The folloy
<drop view statement> is effectively executed without further Access Rule checking:

DROP VI EW SON CASCADE

If SOD is an assertion descriptor, then let SON be:the name of the constraint included in §
The following <drop assertion statement> is effectively executed without further Access
checking:

DROP ASSERTI ON SON CASCADE

If SOD is a table constraint descriptor, then let SON be the name of the constraint include
SOD. Let CTN be the <table name> included in the table descriptor that includes SOD. The
lowing <alter table statement is effectively executed without further Access Rule check

ALTER TABLE CTN DROR CONSTRAI NT SON CASCADE

If SOD is a routine-descriptor, then let SON be the specific name included in SOD. The folloy
<drop routine statement> is effectively executed without further Access Rule checking:

DROP SPECI'EI-C ROUTI NE SON CASCADE

If SODisd trigger descriptor, then let SON be the trigger name included in SOD. The folloy
<drop-trigger statement> is effectively executed without further Access Rule checking:

DROP TRI GGER SON CASCADE

ving

yOD.
Rule

din
fol-
ing:

ving

ving

If SOD is an SQL-property graph descriptor, then let SON be the name of the SQL-propert

y

2)

168

For i,

graph included in SOD. The Tfollowing <drop property graph statement>Ts effectively executed

without further Access Rule checking:

DROP PROPERTY GRAPH SON CASCADE

1 (one) <i<N:

If <vertex or edge> immediately contains <vertex synonym>, then any edge table descriptor

whose source vertex table name or destination vertex table name is equivalent to ET; is
removed from TPGD.
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b)  The element table descriptor whose element table alias is equivalent to ET; is removed from
TPGD.

3) The General Rules of Subclause 9.16, “Deriving a pure property graph descriptor from a tabular
property graph descriptor”, are applied with TPGD as TABULAR PROPERTY GRAPH DESCRIPTOR,;
let PPGD be the PURE PROPERTY GRAPH DESCRIPTOR returned from the application of those General
Rules.

4)  The pure property graph descriptor included in GD is replaced with PPGD.

Conformance Rules

1) | Without Feature G921, “Empty SQL-property graph”, in conforming SQL language, if'<vertex ofr
edge> immediately contains <vertex synonym>, then TPGD shall include N+1 (on€) vertex tabje
descriptors.

© ISO/IEC 2023 - All rights reserved 169


https://standardsiso.com/api/?name=24c0c89c62c52bbdc2d06fba1100f076

ISO/IEC 9075-16:2023(E)
11.23 <alter element table definition>

11.

23 <alter element table definition>

Function

Change the options specified for a vertex or an edge table in an SQL-property graph.

Fo

mat

<al {
All

<al ]

Syr

1)
2)

3)

er elenent table definition> ::=
TER <vertex or edge> TABLE <el enent table alias>
<alter elenent table action>

er elenent table action> ::=

<add el ement table | abel clause>

<drop el enent table | abel clause>
<alter elenent table | abel properties>

)itax Rules

Let SPG be the SQL-property graph identified by the <property graph name> immediately conta
in the containing <alter property graph statement>. Let GD-be the descriptor of SPG.

If <vertex or edge> immediately contains <vertex synonym>, then GD shall include a vertex ta
descriptor that includes a vertex table alias that is eguivalent to <element table alias>.

If <vertex or edge> immediately contains<edge:synonym>>, then GD shall include an edge tablg
descriptor that includes an edge table alias that is equivalent to <element table alias>.

Access Rules

Gel

1)

Col

None.

neral Rules

GD is modified as specified by the <alter element table action>.

1formanceRules

None.

ned

ble

170

© ISO/IEC 2023 - All rights res

erved


https://standardsiso.com/api/?name=24c0c89c62c52bbdc2d06fba1100f076

ISO/IEC 9075-16:2023(E)
11.24 <add element table label clause>

11.24 <add element table label clause>

Function

Add one or more labels to a vertex or an edge table in an SQL-property graph.

Fo

mat

<ad(
<

<ad(
All

Syr

1)

2)
3)

4)

clause>.

c) Case:
i)
ii)

)itax Rules

el emrent table | abel clause> ::=
idd el enent table | abel >. ..

el enent table label> ::=
DD LABEL <I abel

Let TPGD be the tabular property graph descriptor that includes TD.

Foreachi, 1 (one)<i<N:

a) LetLN;be the <label name> simply contained in the i-th <add element table label>.

If NO PROPERTIES is specified, then let P; be 0 (zero).

nanme> <el enent table properties clause>

Let T be the table identified by the <element table alias> ETA simply contained in the containipg
<alter element table definition>. Let TD be the element table descriptor that is identified by ETA.

Let N be the number of <add element table label>s simply:contained in <add element table label

b)  LN;shall not be equivalent to a label name included in TD or the <label name> included in the
k-th <add element table label>, 1{(one) <k < N, and i # k.

If <element table parenthesized derived property list> is specified, then let P; be the

number-ofssimply contained <derived property>s. Forj, 1 (one) <j < P;:

1) ~\Every <column reference> simply contained in the j-th <derived property> shall
reference a column of T.

2)  Ifthej-th <derived property> immediately contains a <property name>, theh let
PNj; be that <property name>; otherwise, the <value expression> immediately
contained in the j-th <derived property> shall be a <column reference> and|let
PN;; be the name of the column referenced by that <column reference>.

3)  LetPT;;be the declared type of the <value expression> immediately contained
in the j-th <derived property>.

4)  Let PV;;be the <value expression> immediately contained in the j-th <derived
property>.

5)  PVj;shall not contain a potential source of non-determinism.

6)  PVj;shall not generally contain a <routine invocation> whose subject routine

possibly reads SQL-data.
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7)

PVj; shall not contain a <query expression>.

iii)  IfEXCEPT is not specified, then let P; be the number of columns of T. For j, 1 (one) <j

SPI':

1)
2)

Let PN;; be the name of the j-th column of T.

Let PT;; be the declared type of the j-th column of T.

d)

5) | Foreach pair of implicit orexplicit properties (P, P;¢), 1 (one) <k <N, 1 (one) <I<N,k#1,1(
<s<Py1(one)<t<Pp

a)

b)

6) | Cet'NTD be an element table descriptor that is a copy of TD with the addition of N new labels td

3)

iv) Otherwise, let TC be the number of columns of T, let EC; be the number of <celumn
name>s simply contained in the <except column name list> ECNL;, and,let)P; be T(,
EC;.

1)

2)

3)

4)

For each pair of implicit or explicit properties (P, P;), 1 (one) <s<P;, 1 (one)<t<P;, s+
the name of P shall not bé equivalent to the name of P,.

If PNy, s is equivalent to PN, then PTy ¢ shall be the same as PT};, and PV, ; shall be the s

as PVj .

If PN s equivalent to the name of a property EP included in TD, then PTy ¢ shall be the s
agthe declared type of EP, and PV ¢ shall be the same as the value expression associated

EP.

Let PV;; be the name of the j-th column of T.

No <column name> simply contained in ECNL; shall be equivalent to anothe
<column name> simply contained in ECNL;.

Each <column name> simply contained in ECNL; shall be equivalent to the n|
of a column of T.

Let RC be the set of columns of T whose column name is not equivalent to a
<column name> simply contained in ECNL; (there are P; such columns).

Forj, 1 (one) <j< Py
A)  Let PN;;be the name of thejj-th column in RC.
B)  Let PT;;be the declared type of the j-th column in RC.

C)  LetPV;;be the name of the j-th column in RC.

”

~=

ame

bne)

pime

ame
with

the

AL

a)
b)
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The name of the label: TL]-.

The set of properties associated with the label. For each property, 1 (one) <k < P;:

i) The name of the property: PN; ;.

ii) The declared type of the property: PTj .

iii) ~ The value expression associated with the property: PV .
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c) LetNTPGD be atabular property graph descriptor thatis a copy of TPGD in which TD is replaced
by NTD. The Syntax Rules of Subclause 9.15, “Consistency check of a tabular property graph

descriptor”, are applied with NTPGD as TPGDESCRIPTOR.

Access Rules

1)

Let SPG be the SQL-property graph that is described by the SQL-property graph descriptor that

includes TPGD. Let A be the <authorization identifier> that owns SPG

2)

Gel

1)

2)

3)

Col

1)

2)

3)

neral Rules

1formance Rules

If T is a base table or a viewed table, then:

a) LetCbeacolumn of T that is referenced in an <except column name list>, if any, orwhoq
name is included in PVj, for j, 1 (one) <j < N,and k, 1 (one) <k < P;.

b)  The applicable privileges shall include:

Case:

i) If the privilege descriptor that defines the privilege SELECT 60n SPG to A with spec
grantor value "_SYSTEM" indicates that the privilege is grantable, then grantable SEL
on C.

ii) Otherwise, SELECT on C.

Let SPGD be the SQL-property graph descriptorthat includes TPGD. TPGD included in SPGD is
replaced by NTPGD.

The General Rules of Subclause 9.16, “Deriving a pure property graph descriptor from a tabul
property graph descriptor”, are applied with NTPGD as TABULAR PROPERTY GRAPH DESCRIP
let PPGD be the PURE PROPERTY GRAPH DESCRIPTOR returned from the application of those Ger
Rules.

The pure property graph descriptor included in SPGD is replaced by PPGD.

Without Feature'G926, “More than one label for vertex tables”, in conforming SQL language, T
shall not be arvertex table descriptor.

Without Feature G927, “More than one label for edge tables”, in conforming SQL language, TD ;
not be.an)edge table descriptor.

Without Feature G960, “Alter element table definition: ADD/DROP LABEL’, conforming SQL langi

ial
ECT

hr
'OR;
eral

hall

lage

shall not contain an <add element table label clause>.
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11.25 <drop element table label clause>

Function

Drop a label from a vertex or an edge table in an SQL-property graph.

Fo

<dr

Syr

1)

2)

3)
4)
5)
6)

7)

mat

p element table | abel clause> ::=

DIROP LABEL <| abel nane> <drop behavi or>

a)
b)
c)
d)
e)
f)
g)

)itax Rules

Let T be the table identified by the <element table alias> simply contained-in‘the containing <
element table definition>.

Let SPG be the SQL-property graph identified by the <property graphihame> immediately conta
in the containing <alter property graph statement>.

Let GD be the descriptor of SPG.
Let TPGD be the tabular property graph descriptor included in GD.
Let TD be the element table descriptor included in TPGD that describes T.

TD shall include two or more labels, one of which-h@s an <identifier> that is equivalent to the <I
name> simply contained in the <drop element table label clause>.

If RESTRICT is specified, then SPG shall notbe referenced in any of the following:

The original <query expression>'of any view descriptor.

The <search condition> of-any constraint descriptor.

The <search condition> of any assertion descriptor.

The SQL routine body of any routine descriptor.

The <parameter default> of any SQL parameter of any routine descriptor.
The <triggered action> of any trigger descriptor.

Any _<value expression> associated with the <query expression> or a property of any lah
either of which are included in any element table descriptor included in the tabular prop
graph descriptor included in any SQL-property graph descriptor.

NOTE 161 — If CASCADE is specified, then any such dependent object will be dropped by the execution of the <r¢
statement> specified in the General Rules of this Subclause.

hlter

ned

abel

el,
erty

voke

Access Rules

None.

General Rules

1)

Let SOD be the descriptor of a schema object dependent on GD.

174
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2)
3)

4)

Col

1)

2)

3)

ISO/IEC 9075-16:202

3(E)

11.25 <drop element table label clause>

Case:

a) IfSODisaview descriptor, then let SON be the name of the view included in SOD. The following

<drop view statement> is effectively executed without further Access Rule checking:

DROP VI EW SON CASCADE

b) IfSOD is an assertion descriptor, then let SON be the name of the constraint included in SOD.
The following <drop assertion statement> is effectively executed without further Access Rule

1formance Rules

checking:

DROP ASSERTI ON SON CASCADE

c) IfSOD is a table constraint descriptor, then let SON be the name of the constraint’include
SOD. Let CTN be the <table name> included in the table descriptor that includés SOD. Th¢
lowing <alter table statement> is effectively executed without further Aecess Rule check

ALTER TABLE CTN DROP CONSTRAI NT SON CASCADE

d) IfSODisaroutine descriptor, then let SON be the specific name included in SOD. The folloy
<drop routine statement> is effectively executed without further Access Rule checking:

DROP SPECI FI C ROUTI NE SON CASCADE

e) IfSODis atrigger descriptor, then let SON be the trigger name included in SOD. The folloy
<drop trigger statement> is effectively executed.without further Access Rule checking:

DROP TRI GGER SON CASCADE

f)  IfSOD is an SQL-property graph descriptor; then let SON be the name of the SQL-propert
graph included in SOD. The following <drop property graph statement> is effectively exec
without further Access Rule checking:

DROP PROPERTY GRAPH SON CASCEADE

The label identified by <label name> is removed from TD.

The General Rules of Subclause 9.16, “Deriving a pure property graph descriptor from a tabul
property graph descriptor”, are applied with TPGD as TABULAR PROPERTY GRAPH DESCRIPT(
let PPGD be the PURE-PROPERTY GRAPH DESCRIPTOR returned from the application of those Ger
Rules.

The pure property graph descriptor included in GD is replaced with PPGD.

Without Feature G926, “More than one label for vertex tables”, in conforming SQL language, T

din
fol-
ing:

ving

ving

y
hted

hr
R;
eral

shall not be a vertex table descriptor.

Without Feature G927, “More than one label for edge tables”, in conforming SQL language, TD shall

not be an edge table descriptor.

Without Feature G960, “Alter element table definition: ADD/DROP LABEL’, conforming SQL language

shall not contain a <drop element table label clause>.
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11.26 <alter element table label properties>

Function

Add

Fo

or drop properties from a label of a vertex or an edge table in an SQL-property graph.

mat

<al {
All

<al ]

<ad(
Al

<dr ¢

er elenent table |abel properties> ::=
TER LABEL <l abel nane> <alter |abel action>

er |abel action> ::=
<add property definition>
<drop property definition>

property definition> ::=

DD PROPERTI ES <el emrent tabl e parenthesized derived property |ist>

p property definition> ::=

DIROP PROPERTI ES <par ent hesi zed property nane |ist> <drop behavi or >

<par
<l

<pr(

ent hesi zed property name list> ::=
eft paren> <property name |ist> <right paren>

perty name list> ::=

<property name> [ { <comma> <property name> }..¢\]

Syr

1)
2)

3)
4)
5)
6)

7)

)itax Rules

Let T be the table identified by the <element table alias> simply contained in the containing <:
element table definition>.

Let SPG be the SQL-property graphidentified by the <property graph name> immediately conta
in the containing <alter property’graph statement>.

Let GD be the descriptor,ofSPG.
Let TPGD be the tabularproperty graph descriptor included in GD.
Let TD be the elentent table descriptor included in TPGD that describes T.

TD shall inclade a label L whose <identifier> is equivalent to the <label name> simply containe
the <alter-element table label properties>.

If <alter'label action> immediately contains <add property definition>, then:

h[ter

ned

din

a)\.' Let NP be the number of <derived property>s simply contained in the <element table palren—

176

thesized derived property list>

b) Fori, 1 (one)<i<NP:

i) Every <column reference> simply contained in the i-th <derived property> shall refer-

ence a column of T.

ii) Case:

1) Ifthei-th <derived property> simply contains a <property name>, then let PN;

be that <property name>.
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2)  Otherwise, the <value expression> simply contained in the i-th <derived property>
shall be a <column reference>. Let PN; be the name of the column referenced by

that <column reference>.

iii) L shall notinclude a property whose name is equivalent to PN;.

iv) Let PT; be the declared type of the <value expression> simply contained in the i-th
<derived property>.

c)

If <alter label action> immediately contains <drop property definition>, then:

\4

V) Let PV; be the <value expression> simply contained in the i-th <derived property3.
vi) PV; shall not contain a potential source of non-determinism.

vii)  PV;shall not generally contain a <routine invocation> whose subject routine possibly
reads SQL-data.

viii)  PV;shall not contain a <query expression>.

ix) If TD includes alabel K other than L, and K has a property KPwhose name is equivdlent
to PN;, then the <value expression> associated with KP shall have the same left normal

form derivation as PV;.

NOTE 162 — “Left normal form derivation” is defined in'Subclause 6.2, “Notation provided in the
ISO/IEC 9075 series”, in ISO/IEC 9075-1.

NOTE 163 — The preceding Syntax Rule ensures‘that two properties with the same name within the
same element table but in different labels are.thie same; i.e., have the same definition and, by implic-
ation, the same declared type.
Let LL be a copy of L with NP new properties. For i, 1 (one) <i < NP, the i-th new property is:

i) The name of the property is PN;:
ii) The declared type of the property is PT;.

iii) The value expressipniassociated with the property is PV;.

a) IfRESTRICT is spegcified, then SPG shall not be referenced in any of the following:

i) The original <query expression> of any view descriptor.

ii) Thie<search condition> of any constraint descriptor.

iii) _“(The <search condition> of any assertion descriptor.

iv) The SQL routine body of any routine descriptor.

v) The <parameter default> of any SQL parameter of any routine descriptor.

Vi) The<triggered action>of any trigger descriptor:

vii)  Any <value expression> associated with the <query expression> or a property of any
label, either of which are included in any element table descriptor included in the tab-
ular property graph descriptor included in any SQL-property graph descriptor.

NOTE 164 — If CASCADE is specified, then any such dependent object will be dropped by the execution of
the <revoke statement> specified in the General Rules of this Subclause.
b) Let DP be the number of <property name>s simply contained in the <parenthesized property

name list>.
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9)
10)

c) Fori 1 (one)<i< NP, let DP;be an enumeration of those property names. L shall have a
property whose name is equivalent to DP;.

d) LetLL bea copy of L where for i, 1 (one) <i < NP, the property whose name is equivalent to

DP; is removed from LL.

Let TDN be copy of TD, in which L is replaced by LL.
Let NTPGD be copy of TPGD, in which TD is replaced by TDN.

11)

Acc¢ess Rules

1)

Gel

1)

neral Rules

The Syntax Rules of Subclause 9.15, “Consistency check of a tabular property graph descriptoy’

are applied with NTPGD as TPGDESCRIPTOR.

If <add property definition> is specified and Tis a base table or a viewed tablej-then let C be a col
of T that is referenced in the <element table parenthesized derived property list>. Let A be theg
<authorization identifier> that owns SPG. The applicable privileges shallinclude:

Case:

a) Ifthe privilege descriptor that defines the privilege SELECT on SPG to A with special gra
value "_SYSTEM" indicates that the privilege is grantable, then grantable SELECT on C.

b)  Otherwise, SELECT on C.

mn

htor

If <alter label action> immediately contains <drop property definition>, then let SOD be the descriptor

of a schema object dependent on GD.
Case:

a) IfSODisaview descriptorthenlet SON be the name of the view included in SOD. The follov
<drop view statement> is effectively executed without further Access Rule checking:

DROP VI EW SON CASCADE

b) IfSOD is an assertion descriptor, then let SON be the name of the constraint included in §
The following/<drop assertion statement> is effectively executed without further Access
checking:

DROR»>ASSERTI ON SON CASCADE

c) JIfSOD is a table constraint descriptor, then let SON be the name of the constraint includg
SOD. Let CTN be the <table name> included in the table descriptor that includes SOD. The

ving

yOD.
Rule

din
fol-

lowing <alter table statement> is effectively executed without further Access Rule check

ing:

178

ALTER TABLE CTN DROP CONSTRAI NT SON CASCADE

d) IfSODisaroutine descriptor, then let SON be the specific name included in SOD. The following

<drop routine statement> is effectively executed without further Access Rule checking:
DROP SPECI FI C ROUTI NE SON CASCADE

e) IfSODisatrigger descriptor, then let SON be the trigger name included in SOD. The following

<drop trigger statement> is effectively executed without further Access Rule checking:

DROP TRI GGER SON CASCADE
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f)  IfSOD is an SQL-property graph descriptor, then let SON be the name of the SQL-property
graph included in SOD. The following <drop property graph statement> is effectively executed
without further Access Rule checking:

DROP PROPERTY GRAPH SON CASCADE

NOTE 165 — A descriptor that “depends on” another descriptor is defined in Subclause 6.3.4, “Descriptors”, in
ISO/IEC 9075-1.

2) _The General Rules of Subclause 9,16, “Deriving a pure property graph descriptor from a tabular
property graph descriptor”, are applied with NTPGD as TABULAR PROPERTY GRAPH DESCRIPTOR;
let PPGD be the PURE PROPERTY GRAPH DESCRIPTOR returned from the application of those General
Rules.

3) | The pure property graph descriptor included in GD is replaced with PPGD.
4) | The tabular property graph descriptor included in GD is replaced with NTPGD:

Conformance Rules

1) | Without Feature G970, “Alter element table definition: ALTER LABEL’ conforming SQL langua
shall not contain an <alter element table label properties>.

5]

e
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11.27 <drop property graph statement>

Function

Destroy an SQL-property graph.

Format

<drgp property graph statement> ::=
DRROP PROPERTY GRAPH <property graph name> <drop behavi or >

Syntax Rules

1) | Let PG be the SQL-property graph identified by the <property graph name> PGN. The schema
identified by the explicit or implicit <schema name> of PGN shall includé the descriptor of PG.

2) | If RESTRICT is specified, then PG shall not be referenced in any of the following:
a)  The original <query expression> of any view descriptor.

b)  The <search condition> of any constraint descriptor,

c) The <search condition> of any assertion descriptor!

d) The SQL routine body of any routine descriptor.

e) The <parameter default> of any SQL parameter of any routine descriptor.
f)  The <triggered action> of any triggerdescriptor.

g)  Any <value expression> associatéd with the <query expression> or a property of any lalel,
either of which are included in‘any element table descriptor included in the tabular property
graph descriptor included-inrany SQL-property graph descriptor.

NOTE 166 — If CASCADE is specified, then any such dependent object will be dropped by the execution of the <rgvoke
statement> specified in thesGeneral Rules of this Subclause.

3) | LetA be the <authorization identifier> that owns the schema identified by the <schema namep of
the SQL-property graph identified by PGN.

Access Rules

1) | The endbled authorization identifiers shall include A.

General Rules

1)  The following <revoke statement> is effectively executed with a current authorization identifier of
"_SYSTEM" and without further Access Rule checking:

REVOKE ALL PRI VI LEGES ON PROPERTY GRAPH PGN FROM A CASCADE

2)  The descriptor of PG is destroyed.
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Conformance Rules

1)  Without Feature G920, “DDL-based SQL-property graphs” conforming SQL language shall not contain
a <drop property graph statement>.

2)  Without Feature G980, “DROP PROPERTY GRAPH: CASCADE drop behavior” conforming SQL language

shall not contain a <drop property graph statement> that contains <drop behavior> that contains
CASCADE.
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12 Access control

This Clause modifies Clause 12, “Access control”, in ISO/IEC 9075-2.

12 /f—<grantstatenremnt>

This Subclause modifies Subclause 12.1, “<grant statement>", in ISO/IEC 9075-2.

Function

Define privileges and role authorizations.

Format

No additional Format items.

Syntax Rules

No additional Syntax Rules.

Access Rules

No additional Access Rules.

General Rules

1) \Insert after GR 7): ‘ For evéryinvolved grantee G, if following the successful execution of the <grant
statement>, the applicable’privileges for G include grantable SELECT privilege on an SQL-property
graph identified by its.<property graph name> PG, then the following <grant statement> is effect{vely
executed as though-the current user identifier were "_SYSTEM" and without further Access Ryle
checking:

GRANT SELECT
ON PG
TOG
WTH GRANT OPTI ON

Conformance Rules

No additional Conformance Rules.
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2 <privileges>

Subclause modifies Subclause 12.3, “<privileges>", in ISO/IEC 9075-2.

Function

Specify privileges.

Fonl'mat

<obj

Sy

1)

Access Rules

Gel

Col

1)

ect name> ::=
Il Al alternatives fromI|SQ|EC 9075-2
PROPERTY GRAPH <property graph nanme>

)itax Rules

‘Insert after SR 4)b):‘ If ON specifies a <property graph name>, thenl AC shall specify SELECT.

No additional Access Rules.

neral Rules

No additional General Rules.

1formance Rules

’Insert after the last CR:‘ WithoutFeature G920, “DDL-based SQL-property graphs”, conformir
SQL language shall not contain.an <object name> that contains PROPERTY GRAPH.

18
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12.3 <revoke statement>

This Subclause modifies Subclause 12.7, “<revoke statement>", in ISO/IEC 9075-2.

Function

Destroy privileges and role authorizations.

Fonl'mat

Syr

Acc¢ess Rules

Gel

1)

2)

3)

No additional Format items.

)itax Rules

No additional Syntax Rules.

No additional Access Rules.

neral Rules

‘Insert after GR 2)b)i)3)B): ‘ P and D are both SQL-property graph privilege descriptors. The adg

and the identified SQL-property graph of P are the same as the action and the identified SQL-prop
graph of D, respectively.

‘Insert after GR 12)a)i)12): ‘ SELECT privilege on every SQL-property graph identified by a <gr.

reference> contained in QE.

‘ Insert after GR 12)b): ‘ Let PG be/any SQL-property graph descriptor included in S1. Let TPGD

the tabular property graph descriptor included in PG. PG is said to be abandoned if, for any ed
table descriptor ET or verteX table descriptor ET included in TPGD, the revoke destruction act
would result in A1 no longer having in its applicable privileges any of the following:

a) Case:

i)

IfET contains a <query expression> QE, then:

1)  SELECT privilege on at least one column of each table identified by a <table r¢
ence> contained in QE.

2)  SELECT privilege on any column identified by a <column reference> contair

tion

erty

aph

be
be
on

bfer-

ed

in QE.

184

3) USAGE privilege on every domain, every collation, every character set, and every

transliteration whose names are contained in QE.

4)  USAGE privilege on any user-defined type UDT such that some data type included

in QF is usage-dependent on UDT.

5) Therequired execute privileges of QE.

6) Thetable/method privilege on every table T1 and every method M such that there
is a <method reference> MR contained in QF such that T1 is in the scope of the

<value expression primary> of MR and M is subject routine of MR.
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7)  SELECT privilege on any column identified by a <column reference> contained
in the <scalar subquery> that is equivalent to some <dereference operation>
contained in QE.

8) SELECT WITH HIERARCHY OPTION privilege on at least one supertable of the
scoped table of any <reference resolution> that is contained in QE.

9)  SELECT privilege on the scoped table of any <reference resolution> that is con-
tained in QE.

10) SELECT WITH HIERARCHY OPTION privilege on at least one supertable of’eyery
typed table identified by a <table reference> that simply contains an <gnly’spec>
and that is contained in QF.

11) SELECT privilege on every SQL-property graph identified by a <graph reference>
contained in QE.

ii) Otherwise, SELECT privilege on at least one column of the table identified as the ¢dge
table or vertex table of ET.

b)  SELECT privilege on any column that uniquely identifies a row.in ET.

c) IfETis an edge table descriptor, then SELECT privilege on*any column contained in the gdge
source key, source vertex key, edge destination key, or,destination vertex key of ET.

d) For any <value expression> VE of any property of @ny“label of ET:

i) SELECT privilege on at least one column-of'each table identified by a <table reference>
contained in VE.

ii) SELECT privilege on any column,idéntified by a <column reference> contained in|VE.

iii) ~ USAGE privilege on every domain, every collation, every character set, and every
transliteration whose names are contained in VE.

—

iv) USAGE privilege on any user-defined type UDT such that some data type included in

VE is usage-dependent on UDT.
V) The required execute privileges of VE.

vi)  The table/method privilege on every table T1 and every method M such that therg is
a <method reference> MR contained in VE such that T1 is in the scope of the <vallie
expréssion primary> of MR and M is subject routine of MR.

vii) _SELECT privilege on any column identified by a <column reference> contained in{the
<scalar subquery> that is equivalent to some <dereference operation> contained|in
VE.

viii) SELECT WITH HIERARCHY OPTION privilege on at least one supertable of the scaped
table of any <reference resolution> that is contained in VE.

ix) SELECT privilege on the scoped table of any <reference resolution> that is contained
in VE.

X) SELECT WITH HIERARCHY OPTION privilege on at least one supertable of every typed
table identified by a <table reference> that simply contains an <only spec> and that is
contained in VE.

xi) SELECT privilege on every SQL-property graph identified by a <graph reference> con-
tained in VE.
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4)

5)

6)

7)

‘Insert after GR 12)c)i)10):‘ SELECT privilege on every SQL-property graph identified by a <graph

reference> contained in the applicable <search condition> of TC.

‘Insert after GR 12)d)i) 10):‘ SELECT privilege on every SQL-property graph identified by a <graph

reference> contained in the applicable <search condition> of AX.

‘Insert after GR 12)e)i)23):‘ SELECT privilege on every SQL-property graph identified by a <graph

reference> contained in any <search condition> of TR.

[ froe D 1230010 CSELECT me Ol _ne

8)

9)

10)

Col
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reference> contained in the <search condition> of DC.

‘Insert after GR 12)0)1)19):‘ SELECT privilege on every SQL-property graph identified by a <gr

reference> contained in the <SQL routine body> of RD.

’Insert after GR 12)q): ‘ IfRESTRICT is specified, and there exists an abandoned SQL:property gi
descriptor, then an exception condition is raised: dependent privilege descriptors still exist (2B(

‘Insert after GR 12)ah):‘ For every abandoned SQL-property graph descriptor PG, let S1.PN be
<property graph name> of PG. The following <drop property graph statement> is effectively exec
without further Access Rule checking:

DROP PROPERTY GRAPH S1. PN CASCADE

1formance Rules

No additional Conformance Rules.

ph

aph

raph
00).

the
hted
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13 SQL-client modules

This Clause modifies Clause 13, “SQL-client modules”, in ISO/IEC 9075-2.

131——<extermatly-invoked procedure>

Thig Subclause modifies Subclause 13.3, “<externally-invoked procedure>", in ISO/IEC 9075-2.

Function

Define an externally-invoked procedure.

Format

No additional Format items.

Syntax Rules

1) ‘Insert into SR 10)e)‘ after

package SQ.STATE CODES i s

the code:

DATA_EXCEPTI ON_NO_SUBCLASS:
constant SQ.STATE TYPE :=_{22000";

DATA _EXCEPTI ON_I NVALI D_NUMBER OF PATHS_OR_GROUPS:
constant SQLSTATE _TYPE-= "22Q0F";

DATA_EXCEPTI ON_MULTI _SOURCED_OR MJULTI _DESTI NED_EDGE:
constant SQLSTATE_TYPE : = "22Q0K";

DATA_EXCEPTI ON_| NCOWPLETE_EDGE:
constant SQLSTATE/TYPE := "22Q&0L";

The text of the Adalibrary unit package Interfaces.SQL is also available from the ISO website gs a
“digital artifact”-See ht t ps: / / st andards. i so. org/i so-i ec/ 9075/ -16/ ed- 1/ en/ to

download digital artifacts for this document. To download the library unit package, select the [file
named | S& | EC 9075-16(E) _PGQ I nt erfaces. SQ.. ada.

Access Rules

No additional Access Rules.

General Rules

No additional General Rules.

Conformance Rules

No additional Conformance Rules.
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13.2 <SQL procedure statement>

13.2 <SQL procedure statement>

This Subclause modifies Subclause 13.4, “<SQL procedure statement>", in ISO/IEC 9075-2.

Function

Define all of the SQL-statements that are <SQL procedure statement>s.

Fonl'mat

<SQl schenm definition statenment> ::=
Il Al alternatives fromI|SQ|EC 9075-2
<property graph definition>

<SQI schema nani pul ati on statenent> ::=

I All alternatives froml|SQO |EC 9075-2
<alter property graph statenent>

<drop property graph statenent>

Syntax Rules

No additional Syntax Rules.

Access Rules

No additional Access Rules.

General Rules

No additional General Rules.

Conformance Rules

No additional Conformance Rules.
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14 Diagnostics management

This Clause modifies Clause 23, “Diagnostics management”, in ISO/IEC 9075-2.

141—<getdiagnostics staterment>

Thig Subclause modifies Subclause 23.1, “<get diagnostics statement>", in ISO/IEC 9075-2.

Function

Get pxception or completion condition information from a diagnostics area.

F0]mat

dition information item name> ::=

Il Al alternatives fromI|SQO|EC 9075-2
| |PROPERTY_GRAPH _CATALOG

| |PROPERTY_GRAPH_NAME

| |PROPERTY_GRAPH_SCHEMA

<co

Syntax Rules

1)

Insert into Table 38, “Data types of <condition information item name>s” | the rows of Table 2,
“Data types of <condition information item name>s".

Table 2 — Data types of <condition information item name>s

<identifier> Declared Type

PROPERTY_GRAPH_CATALOG | variable-length character string with implementation-defingd
(IL0O05) maximum length

PROPERTY_GRAPH NAME variable-length character string with implementation-defingd
(ILO05) maximum length

PROPERTY_GRAPH_SCHEMA variable-length character string with implementation-defingd
(IL0O05) maximum length

Access Rules

No additional Access Rules.

General Rules

1) ’Insert into Table 39, “SQL-statement codes”| the rows of Table 3, “SQL-statement codes”.
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14.1 <get diagnostics statement>

Table 3 — SQL-statement codes

SQL-statement Identifier Code
<alter property graph statement> ALTER PROPERTY GRAPH 140
<drop property graph statement> DROP PROPERTY GRAPH 141
<property graph definition> CREATE PROPERTY GRAPH 142

2)

3)

4)

Col

1)

1formance Rules

\Insert before GR 4)h)i)2):‘ If the syntax error or access rule violation was caused by\referenc
a specific SQL-property graph, then the values of PROPERTY_GRAPH_CATALOG, PROP-

e to

ERTY_GRAPH_SCHEMA, and PROPERTY_GRAPH_NAME are the <catalog name¥,the <unqualified

schema name> of the <schema name> of the schema that contains the SQL-property graph that

caused the syntax error or access rule violation, and the <qualified identifies> of that SQL-property

graph, respectively.

‘Augment GR4)h)i)2) ‘ by adding “PROPERTY_GRAPH_CATALOG, PROPERTY_GRAPH_SCHEMA
PROPERTY_GRAPH_NAME” to the list that contain the zero-length-character string.

and

[Insertbefore GR 4)k)iv): | Ifthe values of PROPERTY_GRAPH_GATALOG, PROPERTY_GRAPH_SCHEMA,

and PROPERTY_GRAPH_NAME identify an SQL-property-graph for which no privileges are gra

hted

to the enabled authorization identifiers, then the values of PROPERTY_GRAPH_CATALOG, PROP-

ERTY_GRAPH_SCHEMA, and PROPERTY_GRAPH_NAME are replaced by the zero-length chara
string.

rter

‘ Insert after the last CR: ‘ Without Feature'G860, “GET DIAGNOSTICS enhancements for SQL-property

graphs”, conforming SQL language shall not contain a <condition information item name> tha
contains PROPERTY_GRAPH_CATALOG, PROPERTY_GRAPH_NAME, or PROPERTY_GRAPH_SCHE

MA.
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15

This

ISO/IEC 9075-16:202

Information Schema

Clause modifies Clause 6, “Information Schema”, in ISO/IEC 9075-11.

3(E)

151

This

T—Informmationmr Schenmadigitatartifact

Subclause modifies Subclause 6.1, “Information Schema digital artifact”, in ISO/IEC 9075-11.

‘InS(

ert after the 1st paragraph:| These schema definition and manipulation statements are also avail

from the ISO website as a “digital artifact”. See ht t ps: / / st andar ds. i so. org/ i sb<i ec/ 907

16/|ed- 1/ en/ to download digital artifacts for this document. To download the schema definition
matjipulation statements, select the file named | SO _| EC 9075- 16( E) _PGQ- s'chiena- def i ni -
tion.sql.

152 PG_DEFINED_LABEL_SETS view

Function

Identify the defined label sets in an SQL-property graph definéd in this catalog that are accessible t
giveln user or role.

Definition

CREATE VI EW PG_DEFI NED_LABEL_SETS AS

GRAN

SELECT PROPERTY_GRAPH CATALOG, PROPERTY_GRAPH SCHEMA, PROPERTY GRAPH NAME,
DEFI NED_LABEL_SET_| DENTIE,ER
FROM DEFI NI TI ON_SCHEMA. PG DEFI NED_LABEL_SETS
WHERE ( PROPERTY_GRAPH CATALOS PROPERTY GRAPH SCHEMA, PROPERTY GRAPH NAME ) IN
( SELECT PGP. PROPERTY_GRAPH CATALOG, PGP. PROPERTY_GRAPH_SCHEMA,
PGP. PREPERTY_GRAPH_NAVE
FROM DEFI NI FI\ON_SCHEMA. PG_PROPERTY_GRAPH_PRI VI LEGES AS PGP
WHERE ( PGP-GRANTEE IN ( "PUBLIC , CURRENT_USER )
R
PGP. GRANTEE | N ( SELECT ROLE_NAVE FROM ENABLED ROLES ) ) )
AND
PROPERTY) GRAPH CATALOG = ( SELECT CATALOG NANE
FROM | NFORVATI ON_SCHEMA CATALOG NAME ) ;

T SELEECF, ON TABLE PG _DEFI NED_LABEL_SETS
TO PUBLI'C W TH GRANT OPTI ON,

able
b/ -
and

Co

1)

£, A » Y |
UL IIIdIICT NUITS

Without Feature G850, “SQL/PGQ Information Schema views”, conforming SQL language shall not

reference the view INFORMATION_SCHEMA.PG_DEFINED_LABEL_SETS.
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15.3 PG_DEFINED_LABEL_SET_LABELS view

15.3 PG_DEFINED_LABEL_SET_LABELS view

Function

Identify the labels of each defined label set in an SQL-property graph defined in this catalog that are
accessible to a given user or role.

Definition

CREATE VI EW PG_DEFI NED_LABEL_SET_LABELS AS
SELECT PROPERTY_GRAPH CATALOG, PROPERTY GRAPH SCHEMA, PROPERTY_GRAPH_NAME,
DEFI NED_LABEL_SET | DENTI FI ER, LABEL_NAME
FROM DEFI NI TI ON_SCHEMA. PG_DEFI NED_LABEL_SET_LABELS
WHERE ( PROPERTY_GRAPH CATALOG, PROPERTY GRAPH SCHEMA, PROPERTY_GRARHNNAME ) | N
( SELECT PGP. PROPERTY_GRAPH_CATALOG, PGP. PROPERTY GRAPH_SCHEMA,
PGP. PROPERTY_GRAPH_NAVE
FROM DEFI NI TI ON_SCHEMA. PG_PROPERTY_GRAPH_PRI VI LEGES AS‘PGP
WHERE ( PGP. GRANTEE IN ( " PUBLIC , CURRENT_USER )
R
PGP. GRANTEE | N ( SELECT ROLE_NAVE
FROM ENABLED ROLES ) )
AND
PROPERTY_GRAPH_CATALOG = ( SELECT CATALOG NANE
FROM | NFORMATI ON ‘SCHEMA CATALOG NAME ) ;

GRANT SELECT ON TABLE PG_DEFI NED_LABEL_SET_LABELS
TO PUBLI C W TH GRANT OPTI ON,

Conformance Rules

1) | Without Feature G850, “SQL/PGQ Information Schema views”, conforming SQL language shall not
reference the view INFORMATION SCHEMA.PG_DEFINED_LABEL_SET_LABELS.
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15.4 PG_EDGE_DEFINED_LABEL_SETS view

15.4 PG_EDGE_DEFINED_LABEL_SETS view

Function

Identify the edge defined label sets in an SQL-property graph defined in this catalog that are accessible
to a given user or role.

Definition

CRE/

GRAN

Col

1)

TE VI EW PG_EDGE_DEFI NED_LABEL_SETS AS
SELECT PROPERTY_GRAPH CATALOG, PROPERTY_GRAPH SCHEMA, PROPERTY_ GRAPH_NAME,
EDGE_DEFI NED_LABEL_SET | DENTI FI ER, |'S_DI RECTED, |S_UNDI RECTED
FROM DEFI NI TI ON_SCHEMA. PG_EDGE_DEFI NED_LABEL_SETS
WHERE ( PROPERTY_GRAPH CATALOG, PROPERTY_GRAPH SCHEMA, PROPERTY GRARHNNAME ) IN
( SELECT PGP. PROPERTY_GRAPH CATALOG, PGP. PROPERTY_ GRAPH_SCGHEMA,
PGP. PROPERTY_GRAPH_NAVE
FROM DEFI NI TI ON_SCHEMA. PG_PROPERTY_GRAPH_PRI VI LEGES AS‘PGP
WHERE ( PGP. GRANTEE IN ( ' PUBLIC , CURRENT USER )
R
PGP. GRANTEE | N ( SELECT ROLE_NAVE
FROM ENABLED ROLES ) )
AND
PROPERTY_GRAPH CATALOG = ( SELECT CATALOG NANE
FROM | NFORVATI ON ‘SCHEMA CATALOG NAME ) ;

T SELECT ON TABLE PG _EDGE_DEFI NED_LABEL_SETS
TO PUBLI C W TH GRANT OPTI ON,

1formance Rules

Without Feature G850, “SQL/PGQ Information Schema views”, conforming SQL language shall
reference the view INFORMATION SCHEMA.PG_EDGE_DEFINED_LABEL_SETS.
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15.5 PG_EDGE_TABLE_COMPONENTS view

15.

5 PG_EDGE_TABLE_COMPONENTS view

Function

Identify the columns that are part of an edge destination key/destination vertex key or edge source
key/source vertex key of an edge table in an SQL-property graph that is owned by a given user or role

and

is defined in this catalog.

De

CRE/

GRAN

Col

1)

finition

TE VI EW PG_EDGE_TABLE_COMPONENTS AS
SELECT ETC. PROPERTY_GRAPH CATALOG, ETC. PROPERTY_GRAPH_ SCHEMA,
ETC. PROPERTY_GRAPH_NAVE, ETC. EDGE_TABLE_ALI AS, ETC. VERTEX TABLE.ALI AS,
ETC. EDGE_END, ETC. EDGE_TABLE_COLUWN_NAME, ETC.VERTEX_ TABLE_CGDUVN_NAME,
ETC. ORDI NAL_POSI TI ON
FROM DEFI NI TI ON_SCHEMA. PG_EDGE_TABLE_COMPONENTS AS ETC
JO N
DEFI NI TI ON_SCHEMA. SCHEMATA AS S
ON ( ( ETC. PROPERTY_GRAPH CATALOG, ETC. PROPERTY_GRAPH SEHEMA )
= ( S.CATALOG NAME, S.SCHEMA NAME ) )
WHERE ( S. SCHEMA OWNER = CURRENT USER
R
S. SCHEMA OMNER | N ( SELECT ER ROLE_NAME
FROM ENABLED ROLES AS ER ) )
AND
ETC. PROPERTY_GRAPH_CATALOG
= ( SELECT | SCN. CATALOG NANE
FROM | NFORMATI ON_SCHEMA CATALOG NANE ‘AS | SCN ) ;

T SELECT ON TABLE PG _EDGE_TABLE_ COVPONENTS
TO PUBLI C WTH GRANT OPTI ON,

1formance Rules

Without Feature G850, “SQL/PGQ Information Schema views”, conforming SQL language shall
reference the view INFORMATION_SCHEMA.PG_EDGE_TABLE_COMPONENTS.
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15.6 PG_EDGE_TRIPLETS view

15.6 PG_EDGE_TRIPLETS view

Function

Identify the edge triplets in an SQL-property graph defined in this catalog that are accessible to a given
user or role.

Definition

CREATE VI EW PG EDGE_TRI PLETS AS
SELECT PROPERTY_GRAPH CATALOG, PROPERTY_GRAPH SCHEMA, PROPERTY_ GRAPH_NAME,
EDGE_TRI PLET_DEFI NED_LABEL_SET_| DENTI FI ER,
SOURCE_VERTEX_DEFI NED_LABEL_SET | DENTI FI ER,
DESTI NATI ON_VERTEX_DEFI NED_LABEL_SET_| DENTI FI ER, | S_DI RECTED
FROM DEFI NI TI ON_SCHEMA. PG_EDGE_TRI PLETS
WHERE ( PROPERTY_ GRAPH CATALOG, PROPERTY GRAPH SCHEMA, PROPERTY_GRAPH NAME ) | N
( SELECT PGP. PROPERTY_GRAPH CATALOG, PGP. PROPERTY_GRAPH.SCHEMA,
PGP. PROPERTY_GRAPH_NAVE
FROM DEFI NI TI ON_SCHEMA. PG_PROPERTY_GRAPH_PRI VI LEGES"AS PGP
WHERE ( PGP. GRANTEE IN ( ' PUBLIC , CURRENT_ USER.)
R
PGP. GRANTEE | N ( SELECT ROLE_NAMVE
FROM ENABLED ROLES)) ) )
AND
PROPERTY_GRAPH_CATALOG = ( SELECT CATALOG NAME
FROM | NFORVATKGN SCHEMA CATALOG NAME ) ;

GRANT SELECT ON TABLE PG _EDGE_TRI PLETS
TO PUBLI C W TH GRANT OPTI ON,

Conformance Rules

1) | Without Feature G850, “SQL/PGQ-Information Schema views”, conforming SQL language shall not
reference the view INFORMATION_SCHEMA.PG_EDGE_TRIPLETS.
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15.7 PG_ELEMENT_TABLE_KEY_COLUMNS view

15.7 PG_ELEMENT_TABLE_KEY_COLUMNS view

Function

Identify the columns that identify a row in an element table in an SQL-property graph that is owned by
a given user or role and is defined in this catalog.

De

CRE/

GRAN

Col

1)

finition

TE VI EW PG ELEMENT TABLE_KEY_COLUWNS AS
SELECT ETKC. PROPERTY_GRAPH CATALOG, ETKC. PROPERTY_GRAPH_SCHEMA,
ETKC. PROPERTY_GRAPH_NAVE, ETKC. ELEMENT TABLE ALI AS, ETKC. COLUVN NAVE,
ETKC. ORDI NAL_POSI TI ON
FROM DEFI NI TI ON_SCHEMA. PG _ELEMENT _TABLE_KEY_COLUWNS AS ETKC
JON
DEFI NI TI ON_SCHEMA. SCHEMATA AS S
ON ( ( ETKC. PROPERTY_GRAPH CATALOG, ETKC. PROPERTY_GRAPH SCHEMK )
= ( S.CATALOG NAME, S.SCHEMA NAME ) )
WHERE ( S. SCHEMA OWKER = CURRENT USER
R
S. SCHEMA OMNER | N ( SELECT ER ROLE_NAVE
FROM ENABLED ROLES AS ER ))
AND
ETKC. PROPERTY_GRAPH_CATALOG
= ( SELECT | SCN. CATALOG NANE
FROM | NFORVATI ON_SCHEMA CATALOG NAME AS“DSCN ) ;

T SELECT ON TABLE PG _ELEMENT_TABLE_KEY_COLUNNS
TO PUBLI C W TH GRANT OPTI ON,

1formance Rules

Without Feature G850, “SQL/PGQ-Information Schema views”, conforming SQL language shall
reference the view INFORMATION_SCHEMA.PG_ELEMENT_TABLE_KEY_COLUMNS.
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15.8 PG_ELEMENT_TABLE_LABELS view

8 PG_ELEMENT_TABLE_LABELS view

Function

Identify the labels associated with an element table in an SQL-property graph that is owned by a given
user or role and is defined in this catalog.

Definition

CRE/

GRAN

Col

1)

TE VI EW PG ELEVENT TABLE_LABELS AS
SELECT ETL. PROPERTY_GRAPH CATALOG, ETL. PROPERTY_GRAPH_SCHEMA,
ETL. PROPERTY_GRAPH_NAVE, ETL. ELEMENT TABLE ALIAS, ETL.LABEL_NAVE
FROM DEFI NI TI ON_SCHEMA. PG_ELEMENT TABLE_LABELS AS ETL
JO N
DEFI NI TI ON_SCHEMA. SCHEMATA AS S
ON ( ( ETL. PROPERTY_GRAPH CATALOG, ETL. PROPERTY_GRAPH_SCHEMA)
= ( S.CATALOG NAME, S.SCHEMA NAME ) )
WHERE ( S. SCHEMA OWKER = CURRENT USER
R
S. SCHEMA OMNER | N ( SELECT ER ROLE_NAVE
FROM ENABLED ROLES AS ER ) )
AND
ETL. PROPERTY_GRAPH_CATALOG
= ( SELECT | SCN. CATALOG NANE
FROM | NFORMATI ON_SCHEMA CATALOG NAME AS 1SCN ) ;

T SELECT ON TABLE PG _ELEMENT_TABLE_LABELS
TO PUBLI C W TH GRANT OPTI ON,

1formance Rules

Without Feature G850, “SQL/PGQ Information Schema views”, conforming SQL language shall
reference the view INFORMATION.SCHEMA.PG_ELEMENT_TABLE_LABELS.
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15.9 PG_ELEMENT_TABLE_PROPERTIES view

15.9 PG_ELEMENT_TABLE_PROPERTIES view

Function

Identify the properties associated with an element table in an SQL-property graph that is owned by a
given user or role and is defined in this catalog.

De

CREATE VI EW PG_ELEMENT_TABLE_PROPERTI ES AS

GRAN

Col

1)

finition

SELECT ETP. PROPERTY_GRAPH CATALOG, ETP. PROPERTY_GRAPH_SCHEMA,
ETP. PROPERTY_GRAPH_NAVE, ETP. ELEMENT TABLE_ALI AS, ETP. PROPERTY_NAME,
ETP. PROPERTY_EXPRESSI ON
FROM DEFI NI TI ON_SCHEMA. PG_ELEMENT_TABLE_PROPERTI ES AS ETP
JO N
DEFI NI TI ON_SCHEMA. SCHEMATA AS S
ON ( ( ETP. PROPERTY_GRAPH CATALOG, ETP. PROPERTY_GRAPH_SCHENA/)
= ( S. CATALOG NAME, S.SCHEMA NAME ) )
WHERE ( S. SCHEMA OWKER = CURRENT USER
R
S. SCHEMA OMNER | N ( SELECT ER ROLE_NAVE
FROM ENABLED ROLES AS ER ))
AND
ETP. PROPERTY_GRAPH_CATALOG
= ( SELECT | SCN. CATALOG NANE
FROM | NFORMATI ON_SCHEMA CATALOG NAME AS“DSCN ) ;

T SELECT ON TABLE PG_ELEMENT_PROPERTI ES
TO PUBLI C W TH GRANT OPTI ON,

1formance Rules

Without Feature G850, “SQL/PGQ-Information Schema views”, conforming SQL language shall
reference the view INFORMATION_SCHEMA.PG_ELEMENT_TABLE_PROPERTIES.
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15.10 PG_ELEMENT_TABLES view

15.10 PG_ELEMENT_TABLES view

Function

Identify the element tables in an SQL-property graph that is owned by a given user or role and is defined
in this catalog.

Definition

CREATE VI EW PG_ELEMENT TABLES AS
SELECT ET. PROPERTY_GRAPH CATALOG, ET. PROPERTY_GRAPH SCHEMA,
ET. PROPERTY_GRAPH_NAVE, ET. ELEMENT TABLE ALIAS, ET. ELEMENT TABLE <Ki'ND,
ET. TABLE_CATALOG, ET. TABLE_SCHEMA, ET. TABLE_NAME,
ET. ELEMENT_TABLE_DEFI NI TI ON
FROM DEFI NI TI ON_SCHEMA. PG_ELEMENT _TABLES AS ET
JON
DEFI NI TI ON_SCHEMA. SCHEMATA AS S
ON ( ( ET. PROPERTY_GRAPH CATALOG, ET. PROPERTY_ GRAPH_SCHENAY)
= ( S.CATALOG NAME, S.SCHEMA NAME ) )
WHERE ( S. SCHEMA OWNER = CURRENT_USER
R
S. SCHEMA_ OMNER | N ( SELECT ER. ROLE_NAME
FROM ENABLED ROLES AS ER ))")
AND
ET. PROPERTY_GRAPH_CATALOG
= ( SELECT | SCN. CATALOG NAME
FROM | NFORVATI ON_SCHEMA CATALOG NAME AS'1 SCN ) ;

GRANT SELECT ON TABLE PG_ELEMENT_TABLES
TO PUBLI C W TH GRANT OPTI ON,

Conformance Rules

1) | Without Feature G850, “SQL/PGQ Information Schema views”, conforming SQL language shal] not
reference the view INFORMATION_SCHEMA.PG_ELEMENT_TABLES.
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15.11 PG_LABEL_PROPERTIES view

15.11 PG_LABEL_PROPERTIES view

Function

Identify the properties associated with a label in an SQL-property graph defined in this catalog that are
accessible to a given user or role.

Definition

CREATE VI EW PG_LABEL_PROPERTI ES AS
SELECT PROPERTY_GRAPH CATALOG, PROPERTY_GRAPH SCHEMA, PROPERTY_GRAPH_NAME,
LABEL_NAME, PROPERTY_NAME
FROM DEFI NI TI ON_SCHEMA. PG_LABEL_PROPERTI ES
WHERE ( PROPERTY_GRAPH_CATALOG, PROPERTY_GRAPH SCHEMA, PROPERTY_GRARH:NAME )
IN ( SELECT PGP. PROPERTY_GRAPH CATALOG, PGP. PROPERTY GRAPH- SCHEMA,
PGP. PROPERTY_GRAPH_NAVE
FROM DEFI NI TI ON_SCHEMA. PG_PROPERTY_GRAPH_PRI VI LEGES‘AS PGP
WHERE ( PGP. GRANTEE IN ( " PUBLIC , CURRENT_USER()
R
PGP. GRANTEE | N ( SELECT ROLE_NAVE
FROM ENABLED ROLES™)") )
AND
PROPERTY_GRAPH_CATALOG = ( SELECT CATALOG NANE
FROM | NFORMATI ON ‘SCHEMA CATALOG NAME ) ;

GRANT SELECT ON TABLE PG_LABEL_PROPERTI ES
TO PUBLI C W TH GRANT OPTI ON,

Conformance Rules

1) | Without Feature G850, “SQL/PGQ Information Schema views”, conforming SQL language shall not
reference the view INFORMATION SCHEMA.PG_LABEL_PROPERTIES.
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15.12 PG_LABELS view

12 PG_LABELS view

Function

Identify the labels in an SQL-property graph defined in this catalog that are accessible to a given user or
role.

Definition

CRE/

GRAN

Col

1)

TE VI EW PG _LABELS AS
SELECT PROPERTY_GRAPH CATALOG, PROPERTY_GRAPH SCHEMA, PROPERTY_GRAPH_NAME,
LABEL_NANE
FROM DEFI NI TI ON_SCHEMA. PG LABELS
WHERE ( PROPERTY_GRAPH CATALOG, PROPERTY_GRAPH SCHEMA, PROPERTY_GRARH:NAME )
IN ( SELECT PGP. PROPERTY_GRAPH CATALOG, PGP. PROPERTY GRAPH- SCHEMA,
PGP. PROPERTY_GRAPH_NAVE
FROM DEFI NI TI ON_SCHEMA. PG_PROPERTY_GRAPH_PRI VI LEGES‘AS PGP
WHERE ( PGP. GRANTEE IN ( " PUBLIC , CURRENT_USER()
R
PGP. GRANTEE | N ( SELECT ROLE_NAVE
FROM ENABLED ROLES™)") )
AND
PROPERTY_GRAPH_CATALOG = ( SELECT CATALOG NANE
FROM | NFORMATI ON ‘SCHEMA CATALOG NAME ) ;

T SELECT ON TABLE PG_LABELS
TO PUBLI C W TH GRANT OPTI ON,

1formance Rules

Without Feature G850, “SQL/PGQ Information Schema views”, conforming SQL language shall
reference the view INFORMATION SEHEMA.PG_LABELS.
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15.

13 PG_PROPERTY_DATA_TYPES view

Function

Identify the properties and their data types in an SQL-property graph defined in this catalog that are
accessible to a given user or role.

De

CRE/

GRAN

Coa

1)

finition

TE VI EW PG PROPERTY DATA TYPES AS
SELECT PGT. PROPERTY_GRAPH CATALOG, PGT. PROPERTY_GRAPH_SCHEMA,
PGT. PROPERTY_GRAPH_NAVE, PGT. PROPERTY NAME, D. DATA TYPE,
CHARACTER MAXI MUM LENGTH, D. CHARACTER OCTET LENGTH,
CHARACTER_SET_CATALOG, D. CHARACTER SET_SCHEMA, D. CHARACTER (SEP_NAME,
COLLATI ON_CATALOG, D. COLLATI ON_SCHEMA, D. COLLATI ON_NAME,
NUVERI C_PRECI SI ON, D. NUVERI C_PRECI S| ON_RADI X, D. NUVERI G’ SCALE,
DATETI NE_PRECI SI ON, D. | NTERVAL_TYPE, D. | NTERVAL_PRECI ShOX,
USER DEFI NED_TYPE_CATALOG, D. USER DEFI NED_TYPE_SCHENA,
USER_DEFI NED_TYPE_NAME, D. SCOPE_CATALOG, D. SCOPE_SCHEMA, D. SCOPE_NAME,
MAXI MUM_CARDI NALI TY, D. DECLARED_DATA TYPE, D. DEGLARED NUVERI C_PRECI SI ON,
DECLARED NUVERI C_SCALE, D. DTD | DENTI FI ER
FROM DEFI NI TI ON_SCHEMA. PG_PROPERTY_DATA TYPES AS PGT
JON
DEFI NI TI ON_SCHEMA. DATA TYPE_DESCRI PTOR AS D
ON ( ( PGT. PROPERTY_GRAPH CATALOG PGT. PROPERTY_GRAPH_SCHEMA,
PGT. PROPERTY_GRAPH_NAVE, ' PROPERTY GRAPH , PGT. DTD | DENTI FI ER )
= ( D. OBJECT CATALOG D. OBJECT SCHEMA,>D. OBJECT NAME, D. OBJECT TYPE,
D. DTD_| DENTIFIER ) )
WHERE ( PGT. PROPERTY_GRAPH CATALOG, PGT. PROPERTY_GRAPH_SCHEMA,
PGT. PROPERTY_GRAPH NAME ) | N
( SELECT PGP. PROPERTY_GRAPH CATALOG, PGP. PROPERTY_GRAPH SCHEMA,
PGP. PROPERTY_GRAPH.-NAVE
FROM DEFI NI Tl ON_SCHEMA, PG’ PROPERTY_GRAPH_PRI VI LEGES AS PGP
WHERE ( PGP. GRANTEE |IN={ ' PUBLI C , CURRENT USER )
R
PGP. GRANTEE) | N ( SELECT ROLE_NAVE
FROM ENABLED ROLES ) ) )

SACACAVECECACAvEY/

AND
PGT. PROPERTY_GRARPH) CATALOG = ( SELECT CATALOG NAME
FROM | NFORVATI ON_SCHENMA CATALOG _NAME ) ;

[T SELECT ON TABLE.PG& PROPERTY DATA TYPES
TO PUBLI C W TH-GRANT OPTI ON;

1formance Rules

réference the view INFORMATION_SCHEMA.PG_PROPERTY_DATA_TYPES.

Without Feature G850, “SQL/PGQ Information Schema views”, conforming SQL language shall

2)

202

not

Without Feature T322, “Declared data type attributes”, conforming SQL language shall not reference

the following columns in the view INFORMATION_SCHEMA.PG_PROPERTY_DATA_TYPES:
a) DECLARED_DATA_TYPE.

b) DECLARED_NUMERIC_PRECISION.

c) DECLARED_NUMERIC_SCALE.
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15.14 PG_PROPERTY_GRAPH_PRIVILEGES view

Function

Identify the privileges on SQL-property graphs defined in this catalog that are available to or granted by
a given user or role.

Definition

CREATE VI EW PG_PROPERTY_GRAPH_PRI VI LEGES AS

SELECT GRANTOR, GRANTEE, PROPERTY_GRAPH CATALOG, PROPERTY_GRAPH_SCHEMA,
PROPERTY_GRAPH NAMVE, PRI VI LEGE TYPE, |S_GRANTABLE

FROM DEFI NI TI ON_SCHEMA. PG_PROPERTY_GRAPH_PRI VI LEGES

WHERE ( GRANTEE IN ( ' PUBLIC, CURRENT_USER )
R

GRANTEE | N ( SELECT ROLE_NAME

FROM ENABLED ROLES )
R
GRANTOR = CURRENT USER
R
GRANTOR | N ( SELECT ROLE_NAME
FROM ENABLED ROLES ) )
AND
PROPERTY_GRAPH_CATALOG = ( SELECT CATALOG NANE
FROM | NFORVATI ONZSCHEMA_CATALOG _NAME ) ;

GRANT SELECT ON TABLE PG _PROPERTY_GRAPH_PRI VI LEGES
TO PUBLI C W TH GRANT OPTI ON,

Conformance Rules

1) | Without Feature F231, “Privilege tables”, conforming SQL language shall not reference the view
INFORMATION_SCHEMA.PG_PROPERTY_GRAPH_PRIVILEGES.

2) | Without Feature G850, “SQL/PGQ Information Schema views”, conforming SQL language shall not
reference the view INFORMATION_SCHEMA.PG_PROPERTY_GRAPH_PRIVILEGES.
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15.15 PG_VERTEX_DEFINED_LABEL_SETS view

Function

Identify the vertex defined label sets in an SQL-property graph defined in this catalog that are accessible
to a given user or role.

Definition

CREATE VI EW PG_VERTEX_DEFI NED_LABEL_SETS AS
SELECT PROPERTY_GRAPH_CATALOG, PROPERTY_GRAPH SCHEMA, PROPERTY_ GRAPH_NAME,
VERTEX_DEFI NED_LABEL_SET_| DENTI FI ER
FROM DEFI NI TI ON_SCHEMA. PG_VERTEX_DEFI NED_LABEL_SETS
WHERE ( PROPERTY_GRAPH CATALOG, PROPERTY_GRAPH _SCHEMA, PROPERTY GRARHNNAME ) IN
( SELECT PGP. PROPERTY_GRAPH CATALOG, PGP. PROPERTY_ GRAPH_SCGHEMA,
PGP. PROPERTY_GRAPH_NAVE
FROM DEFI NI TI ON_SCHEMA. PG_PROPERTY_GRAPH_PRI VI LEGES AS‘PGP
WHERE ( PGP. GRANTEE IN ( ' PUBLIC , CURRENT USER )
R
PGP. GRANTEE | N ( SELECT ROLE_NAVE
FROM ENABLED ROLES ) )
AND
PROPERTY_GRAPH CATALOG = ( SELECT CATALOG NANE
FROM | NFORVATI ON ‘SCHEMA CATALOG NAME ) ;

GRANT SELECT ON TABLE PG_VERTEX_DEFI NED_LABEL_SETS
TO PUBLI C W TH GRANT OPTI ON,

Conformance Rules

1) | Without Feature G850, “SQL/PGQ Information Schema views”, conforming SQL language shall not
reference the view INFORMATION SCHEMA.PG_VERTEX_DEFINED_LABEL_SETS.
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16 PROPERTY_GRAPHS view

Function

Identify the SQL-property graphs defined in this catalog that are accessible to a given user or role.

De

inition

CRE/

GRAN

Coa

1)

TE VI EW PROPERTY_GRAPHS AS
SELECT PROPERTY_GRAPH CATALOG, PROPERTY_ GRAPH SCHEMA, PROPERTY_ GRAPH NANE
FROM DEFI NI TI ON_SCHEMA. PROPERTY_GRAPHS
WHERE ( PROPERTY_ GRAPH CATALOG, PROPERTY_ GRAPH SCHEMA, PROPERTY GRAPH NAME ) IN
( SELECT PGP. PROPERTY_GRAPH_CATALOG, PGP. PROPERTY GRAPH_SCHEMA[
PGP. PROPERTY_GRAPH_NAVE
FROM DEFI NI TI ON_SCHEMA. PG_PROPERTY_GRAPH_PRI VI LEGES AS PGP
WHERE ( PGP. GRANTEE IN ( ' PUBLIC , CURRENT_USER )
R
PGP. GRANTEE | N ( SELECT ROLE_NAMVE
FROM ENABLED ROLES ) ) )
AND
PROPERTY_GRAPH CATALOG = ( SELECT CATALOG NAME
FROM | NFORVATI ON_SCHEMACATALOG NAME ) ;

T SELECT ON TABLE PROPERTY_GRAPHS
TO PUBLI C W TH GRANT OPTI ON,

1formance Rules

Without Feature G850, “SQL/PGQ Information Schema views”, conforming SQL language shall
reference the view INFORMATION_SCHEMA.PROPERTY_GRAPHS.
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1S0/

16

This

IEC9075-16:2023(E)

Definition Schema

Clause modifies Clause 7, “Definition Schema”, in ISO/IEC 9075-11.

1641

This

T—PDefimitiomr Schremmadigitatartifact

Subclause modifies Subclause 7.1, “Definition Schema digital artifact”, in ISO/IEC 9075-11.

‘Insort after the 1st paragraph: ‘ These schema definition and manipulation statements are also avail

from the ISO website as a “digital artifact”. See ht t ps: / / st andar ds. i so. org/ i sb<i ec/ 907

16/
marn
tio

16.

This

ed- 1/ en/ to download digital artifacts for this document. To download the schema definition
ipulation statements, select the file named | SO | EC 9075- 16( E) _PGQ s‘¢hena- defi ni -
n.sql.

2 DATA_TYPE_DESCRIPTOR base table

Subclause modifies Subclause 7.23, “DATA_TYPE_DESCRIPTOR base-table”, in ISO/IEC 9075-11.

Function

The

DATA_TYPE_DESCRIPTOR table has one row for each.usage of a data type as identified by the ISO

9075p series. It effectively contains a representation efthe data type descriptors.

Definition

‘Insort into the Definition| after

" ROUTI NE', ' SEQUENCE'

the

rode:

, |' PROPERTY GRAPH

De

1)

2)

scription

‘Augment Déscription 1)‘ by adding “SQL-property graph” as an alternative to the list of objec
being described by the values of OBJECT_CATALOG, OBJECT_SCHEMA, and OBJECT_NAME.

’Augment Description 1)‘ by adding “'PROPERTY GRAPH" to the list for OBJECT_TYPE.

able
b/ -
and

IEC

[S

Initial Table Population

206

No additional Initial Table Population items.
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16.3 TABLES base table

This Subclause modifies Subclause 7.55, “TABLES base table”, in ISO/IEC 9075-11.

Function

The TABLES table contains one row for each table including views. It effectively contains a representation
of the_tahle dpcrripfnrc

Definition

‘Insort into the Definition| after

)
the tode:

ALTHR TABLE TABLES ADD
OPNSTRAI NT TABLES_CHECK_NOT_PROPERTY_GRAPH

CHECK ( NOT EXI STS (

SELECT PROPERTY_GRAPH CATALOG, PROPERTY_GRAPH SCHEMA,

PROPERTY_GRAPH_NAME
FROM PROPERTY_GRAPHS
WHERE ( TABLE_CATALOG, TABLE SCHEMA, TABLEJNAME )
= ( PROPERTY_GRAPH CATALOG, PROPERTY. GRAPH SCHEMA,
PROPERTY_GRAPH_NAME ) );

Description

No additional Descriptions.

Initial Table Population

No additional Initial Table Population items.
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16.4 PG_DEFINED_LABEL_SETS base table

Function

The PG_DEFINED_LABEL_SETS base table has one row for each defined label setin a pure property graph
descriptor included in an SQL-property graph descriptor.

De

CREATE TABLE PG _DEFI NED_LABEL_SETS (

De

1)

2)

Ini

finition

PROPERTY_GRAPH_CATALOG | NFORMATI ON_SCHEMA. SQL_I DENTI FILER,
PROPERTY_GRAPH_SCHEMA | NFORMATI ON_SCHEMA. SQL_I DENTFHFI ER
PROPERTY_GRAPH_NAME | NFORMATI ON_SCHEMA. SQL_I DENTT FI ER,
DEFI NED_LABEL_SET | DENTI FI ER | NFORMATI ON_SCHEMA. SQL_(HBENTI FI ER,

CONSTRAI NT PG_DEFI NED_LABEL_SETS_PRI MARY_KEY
PRI MARY KEY ( PROPERTY_GRAPH CATALOG PROPERTY_GRAPH SCHEMA,
PROPERTY_GRAPH_NAME, DEFI NED LABEL_SET_I DENTI(FNER ),

CONSTRAI NT PG _DEFI NED_LABEL_SETS_FOREI GN_KEY_PROPERTY_GRAPHS
FOREI GN KEY ( PROPERTY_GRAPH CATALOG, PROPERTY_GRAPH SCHEMA,
PROPERTY_GRAPH_NAME )
REFERENCES PROPERTY_GRAPHS

scription

The values of PROPERTY_GRAPH_CATALOG,;PROPERTY_GRAPH_SCHEMA, and PROP-
ERTY_GRAPH_NAME are the catalog name,\unqualified schema name, and qualified identifier,
respectively, of the SQL-property graphthat includes the defined label set identified by the va
of DEFINED_LABEL_SET_IDENTIFIER,

The value of DEFINED_LABEL_SET _IDENTIFIER is an implementation-dependent (UV025) va
that uniquely identifies the defined label set being described among all defined label sets of th
SQL-property graph identified by PROPERTY_GRAPH_CATALOG, PROPERTY_GRAPH_SCHEMA
PROPERTY_GRAPH_NAME.

tial Table Population

None.
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16.5 PG_DEFINED_LABEL_SET_LABELS base table

Function

The PG_DEFINED_LABEL_SET_LABELS base table has one row for each label included in a defined label
set in a pure property graph descriptor included in an SQL-property graph descriptor.

Definition

CREATE TABLE PG DEFI NED_LABEL_SET LABELS (

PROPERTY_GRAPH_CATALOG | NFORMATI ON_SCHEMA. SQL_I DENTI FILER,
PROPERTY_GRAPH_SCHEMA | NFORMATI ON_SCHEMA. SQL_I DENTFHFI ER
PROPERTY_GRAPH_NAME | NFORMATI ON_SCHEMA. SQL_I DENTT FI ER,
DEFI NED_LABEL_SET | DENTI FI ER | NFORMATI ON_SCHEMA. SQL_(HBENTI FI ER,
LABEL_NAVE | NFORMATI ON_SCHEMA. SQ@=_["DENTI FI ER,

CONSTRAI NT PG_DEFI NED_LABEL_SET_LABELS_PRI MARY_KEY
PRI MARY KEY ( PROPERTY_GRAPH CATALOG, PROPERTY_GRAPH_ SCHEMK,
PROPERTY_GRAPH_NAME, DEFI NED_LABEL_SET_| DENFHFI ER, LABEL_NAME ),

CONSTRAI NT PG DEFI NED LABEL_SET_LABELS FOREl GN_KEY_PG DEFI'NED LABEL_ SETS
FOREI GN KEY ( PROPERTY_GRAPH CATALOG, PROPERTY_GRAPH,SCHEMA,
PROPERTY_GRAPH_NAME, DEFI NED_LABEL_SET | DENTI FI ER )
REFERENCES PG DEFI NED_LABEL_SETS,

CONSTRAI NT PG _DEFI NED_LABEL_SET_LABELS FOREl GNYKEY PG LABELS
FOREI GN KEY ( PROPERTY_GRAPH CATALOG, PROPERTY_GRAPH SCHEMA,
PROPERTY_GRAPH_NAME, LABEL.NAVE )
REFERENCES PG LABELS

Description

1) | The values of PROPERTY_GRARH; CATALOG, PROPERTY_GRAPH_SCHEMA, and PROP-

ERTY_GRAPH_NAME are the catalog name, unqualified schema name, and qualified identifier,
respectively, of the SQL-property graph that includes the defined label set identified by the value
of DEFINED_LABEL_SETIDENTIFIER.

2) | The value of LABELLNAME is the name of the label being described that is part of the defined label
set identified by DEFINED_LABEL_SET_IDENTIFIER.

Initial Table-Population

None,
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16.

6 PG_EDGE_DEFINED_LABEL_SETS base table

Function

The PG_EDGE_DEFINED_LABEL_SETS base table has one row for each edge label set in a pure property
graph descriptor included in an SQL-property graph descriptor.

De

CRE/

De

1)

2)

finition
TE TABLE PG EDGE_DEFI NED LABEL_SETS (
PROPERTY_GRAPH_CATALOG | NFORMATI ON_SCHEMA. SQL_| DENTI FILER,
PROPERTY GRAPH_SCHEMA | NFORMATI ON_SCHEMA. SQL_ | DENFFI ER,
PROPERTY_GRAPH_NAVE | NFORMATI ON_SCHENMA. SQL_| DENTT FI ER,
EDGE_DEFI NED_LABEL_SET_| DENTI FI ER | NFORMATI ON_SCHENMA. SQL_(hDENTI FI ER,
|' S DI RECTED | NFORMATI ON_SCHEMA. YES_COR_NO
CONSTRAI NT PG _EDGE_DEFI NED_LABEL_SETS |'S_DI RECTED NOT_NULL
NOT NULL,
|'S_UNDI RECTED | NFORMATI ON_SCHEVA' YES_OR_NO
CONSTRAI NT PG_EDGE_DEFI NED_LABEL_SETS_| S_UNDI RECTED_NOT_NUBL
NOT NULL,

CONSTRAI NT PG EDGE_DEFI NED_LABEL_SETS_PRI MARY_KEY
PRI MARY KEY ( PROPERTY_GRAPH CATALOG, PROPERTY_GRAPH"SCHEMA,
PROPERTY_GRAPH_NAMVE, EDGE_DEFI NED {ABEL_SET | DENTI FIER ),

CONSTRAI NT PG EDGE_DEFI NED_LABEL_SETS_FOREl GN_KEY PG DEFI NED_LABEL_SETS
FOREI GN KEY ( PROPERTY_GRAPH CATALOG, PROPERTY_ GRAPH SCHEMA,
PROPERTY_GRAPH_NAME, EDGE_DEFI'NED LABEL_SET | DENTI FI ER )
REFERENCES PG DEFI NED_LABEL_SETS,

CONSTRAI NT PG_EDGE_DEFI NED_LABEL_SETS \GHECK_DI RECTED_UNDI RECTED
CHECK ( NOT ( |'S_DIRECTED = ' NO

AND
| S_UNDI RECTED = “NO ) )

Scription

The values of PROPERTY_GRAPH_CATALOG, PROPERTY_GRAPH_SCHEMA, PROPERTY_GRAPH_NA
and EDGE_DEFINED-LABEL_SET_IDENTIFIER are the values of PROPERTY_GRAPH_CATALOG
PROPERTY_GRAPH_SCHEMA, PROPERTY_GRAPH_NAME, and DEFINED_LABEL_SET_IDENTIF

The values of IS_DIRECTED and IS_UNDIRECTED have the following meanings:

Case:

respectively, @fithe row in PG_DEFINED_LABEL_SETS that describes the edge defined label set]

\ME,

[ER,

a) Ifthe value of the IS_DIRECTED column is 'YES' and the value of the IS_UNDIRECTED col

mn

210

is 'YES', then an edge that has the edge defined [abel set being described is possibly directed

or undirected.

b) Ifthe value of the IS_DIRECTED column is 'YES', then an edge that has the edge defined |
set being described is always directed.

abel

c) Ifthe value of the IS_.UNDIRECTED column is 'YES', then an edge that has the edge defined

label set being described is always undirected.
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Initial Table Population

None.
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16.7 PG_EDGE_TABLE_COMPONENTS base table

Function

The PG_EDGE_TABLE_COMPONENTS base table has one row for each pair of columns that is part of the
edge destination key/destination vertex key or edge source key/source vertex key of an edge table
included in a tabular property graph descriptor included in an SQL-property graph descriptor.

Definition

CREATE TABLE PG _EDGE_TABLE COVPONENTS (

PROPERTY_GRAPH_CATALOG | NFORMATI ON_SCHEMA. SQL_| DENTIFI ER,
PROPERTY_GRAPH_SCHEMA | NFORMATI ON_SCHEMA. SQL_I PENTI FI ER,
PROPERTY_GRAPH_NAME | NFORMATI ON_SCHEMA. SQL_(DDENTI FI ER,
EDGE_TABLE_ALI AS | NFORMATI ON_SCHEMA. S@L_, | DENTI FI ER,
VERTEX_TABLE_ALI AS | NFORMATI ON_SCHEMA.<SQ” | DENTI FI ER,
EDGE_END | NFORMATI ON_SCHENMACHARACTER DATA

CONSTRAI NT PG_EDGE_ TABLE COVPONENTS_CHECK_EDGE_END
CHECK ( EDGE_END I N ( ' DESTI NATION , ' SOURCE ) ),

EDGE_TABLE_COLUVN_NANME | NFORMATI ON ‘SCHEMA. SQL_| DENTI FI ER
CONSTRAI NT PG_EDGE_TABLE_COMPONENTS EDGE_TABLE_COLUWN NAME_NOT NULL
NOT NULL,
VERTEX_TABLE_COLUVN_NANE | NFORMATION_SCHEMA. SQL_| DENTI FI ER
CONSTRAI NT PG_EDGE_TABLE_COMPONENTS_VERTEX_TABLEXCOLUVN NAVE_NOT_NULL
NOT NULL,
ORDI NAL_POSI TI ON | NEGRMATI ON_SCHEMA. CARDI NAL_NUMVBER

CONSTRAI NT PG_EDGE_TABLE_COMPONENTS_CHECK_GRDI NAL_POSI TI ON_GREATER THAN ZERO
CHECK ( ORDINAL_POSITION > 0 )
CONSTRAI NT PG_ EDGE_TABLE_COVPONENTS_CHEGK ORDI NAL_POSI TI ON_CONTI GUOUS
CHECK ( 0 = ALL ( SELECT MAX( ORDI NAL, POSI TION) - COUNT(*)
FROM PG _EDGE_TABLE_COVPONENTS
GROUP BY PROPERTY_ GRAPH_CATALOG, PROPERTY_GRAPH SCHEMA,
PROPERTY_GRAPH _NAME, EDGE TABLE ALIAS ) ),

CONSTRAI NT PG_EDGE_TABLE_COVPONENTS_PRI MARY_KEY
PRI MARY KEY ( PROPERTY_GRAPH CATALOG, PROPERTY_GRAPH SCHEMA,
PROPERTY_GRAPH_NAVE, EDGE TABLE AL|AS, VERTEX_TABLE_ALI AS,
EDGE_END,“CRDI NAL_POSI TI ON),

CONSTRAI NT PG_EDGE_TABLE_COVPONENTS FOREl GN_KEY_EDGE_| N_PG ELEMENT TABLES
FOREI GN KEY ( PROPERTY_GRAPH CATALOG, PROPERTY_GRAPH SCHEMA,
PROPERTY_GRAPH NAMVE, EDGE_TABLE_ALIAS )
REFERENCES/PG ELEMENT TABLES,

CONSTRAI NT <PGEDGE_TABLE_COMPONENTS_FOREI GN_KEY_VERTEX_| N_PG ELEMENT TABLES
FOREl GNTKEY ( PROPERTY_GRAPH CATALOG, PROPERTY_ GRAPH_SCHEMA,
PROPERTY_GRAPH_NAME, VERTEX_TABLE ALl AS )
REFERENCES PG ELEMENT TABLES,

CONSTRAI NT PG EDGE_TABLE_COVPONENTS_UNI QUE_EDGE_COLUWN
UNI QUE (_ PROPERTY_GRAPH CATALOG PROPERTY_GRAPH_SCHEMA, PROPERTY_ GRAPH NAMVE
EDGE_TABLE_ALI AS, VERTEX TABLE ALI AS, EDGE_TABLE_COLUVN_NAME ),

CONSTRAI NT PG _EDGE_TABLE_COVPONENTS_UNI QUE_VERTEX_COLUWN
UNI QUE ( PROPERTY_GRAPH CATALOG, PROPERTY GRAPH_SCHEMA, PROPERTY_GRAPH NAME,
EDGE_TABLE_ALI AS, VERTEX_TABLE_ ALl AS, VERTEX_TABLE_COLUVN_NAME )
)
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Description

1)

2)

3)

4)

5)

Ini

The values of PROPERTY_GRAPH_CATALOG, PROPERTY_GRAPH_SCHEMA, and PROP-
ERTY_GRAPH_NAME are the catalog name, unqualified schema name, and qualified identifier,
respectively, of the SQL-property graph that includes the edge table ET identified by the value
EDGE_TABLE_ALIAS and the vertex table VT identified by VERTEX_TABLE_ALIAS.

The value of EDGE_END is

of

Case:

a) If VTis the destination vertex table of ET, then ‘DESTINATION.
b)  Otherwise, (VT is the source vertex of ET), ‘SOURCE..

The value of EDGE_TABLE_COLUMN_NAME is

Case:

a)  If VTis the destination vertex table of ET, then the name of the columnn that is part of the ¢

destination key.

b) Otherwise, (VT is the source vertex of ET), the name of thé:.column that is part of the edg

source key.
The value of VERTEX_TABLE_COLUMN_NAME is
Case:

a) IfVTisthe destination vertex table of ET, then the name of the column that is part of the
tination vertex key.

pdge

D

des-

b)  Otherwise, (VT is the source vertex of ET), the name of the column that is part of the soulrce

vertex key.

The value of ORDINAL_POSITION is the ordinal position of the specific columns in the edge de
ation key/destination vertex key or edge source key/source vertex key, respectively.

tial Table Population

None.

stin-
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