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Forew

ord

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
organizations, governmental and non-governmental, in liaison with ISO and IEC, also take part in the

work.

The prodedures used to develop this document and those intended for its further mainten
describedl in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needg

different
rules
www.iec

types of document should be noted. This document was drafted in accordangewith the
of the ISO/IEC Directives, Part 2 (see www.isalerg/directiv|

ance are
d for the
editorial
bs or

ch/members experts/refdocs).

ISO and IEC draw attention to the possibility that the implementation of this document may in
use of (a] patent(s). ISO and IEC take no position concerning the evidence,validity or applicabil
claimed patent rights in respect thereof. As of the date of publication ‘of'this document, ISO and

not rece
impleme
from the

not be hgld responsible for identifying any or all such paténtrights.

Any trad

constitute an endorsement.

For an gxplanation of the voluntary nature“of standards, the meaning of ISO specific te

expressi
Trade
WWW.iS0

ved notice of (a) patent(s) which may be required to implement this document. |
hters are cautioned that this may not represent the latést information, which may be
patent database available at www.iso.org/patents-and https://patents.iec.ch. ISO and

e name used in this document is information given for the convenience of users and

dns related to conformity assessment, as well as information about ISO's adherence to t
Drganization (WTO) principles in the Technical Barriers to Trade (T
org/iso/foreword.html. In the€'IEC, see www.iec.ch/understanding-standards.

This doqument was prepared-by Joint Technical Committee ISO/IEC JTC 1, Information te
Subcommittee SC 32, Data management and interchange.

This firstledition of IS@,/IEC 9075-16 is designed to be used in conjunction with the following e
other parts of the ISO/TEC 9075 series, all published in 2023:

— 150/
— IS0/
— 180/
— 180/
— 180/
— IS0/

— 180/

viii

[EC 9075-1, sixth edition;

yolve the
ty of any
IEC have
However,
obtained
IEC shall

does not

rms and
he World
BT) see

rhnology,

litions of

EC9075-2, sixth edition:

IEC 9075-3, sixth edition;
IEC 9075-4, seventh edition;
IEC 9075-9, fifth edition;
IEC 9075-10, fifth edition;

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.

Any feedback or questions on this document should be directed to the user’s national standards body. A

complete listing of these bodies can be found at www.iso.org/members.html and www.iec.ch/national-
committges.
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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.

Cl3
Cl4

Cl4
grg
Cl4
p

Cl3
of

Cl3
Cl4

—

use 3, “Terms and definitions”, defines the terms and definitions used in this documen
use 4, “Concepts”, presents concepts used in the definition of property graph quéries.

use 5, “Lexical elements”, defines a number of lexical elements used in the definition of
ph queries.

use 6, “Scalar expressions”, defines a number of scalar expressions used in the definiti
perty graph queries.

lata as used in property graph queries.
use 8, “Predicates”, defines the predicates of the language.

use 9, “Additional common rules”, specifies additiondl rules for implicit or explicit invo

from other places in this document.

Cl3
of

Cl3

use 10, “Additional common elements”, defineés:additional common elements used in the d
broperty graph queries.

statements associated with the definition of property graph queries.

Clg
C
Cl3
Clg

Cl3
inf]

Cl4
Cl3

—t

d

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

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

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

use 16, “Defifiition Schema”, defines base tables on which the viewed tables containing
brmation depend.

use 17-SStatus codes”, defines SQLSTATE values related to property graph queries.

use’ 18, “Conformance”, defines the criteria for conformance to this document.

broperty

bn of

use 7, “Query expressions”, defines the elements of the language. that produce rows and tables

cation

efinition

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

schema

Annex A, “SQL conformance summary”, is an informative Annex. It summarizes the conformance
requirements of the SQL language.

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.
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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 Annex.
It Jescribes the Defect Reports that were known at the time oI publication of this documeént. Each
of these problems is a problem carried forward from the previous edition of the ISO/IEG'9075
setfies. No new problems have been created in the drafting of this edition of this dogument.

In the text of this document, in Clause 5, “Lexical elements”, through Clause 18, “Conformahce”, Subclauses
begin ngw pages. Any resulting blank space is not significant.
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INTERNATIONAL STANDARD ISO/IEC 9075-16:2023(E)

Information technology — Database language SQL —

Part 16:
Property Graph Queries (SQL/PGQ)

1 Scppe

This document defines ways for the SQL language to represent property graphs and to'interact with them.
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2 Normative references

The 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
references, the latest edition of the referenced document (including any amendments) applies.

ISO I“f‘ oo 4 ) Y e i L L D crderorle 1 COL D VR | I L
LU JU 707 L, ITHUTTTTULIUTE LCLITNIUTUY Y — DUtUiusc turigyuuycs — oYL — rurt L. I'rTuriric wurn

(SOL/fFramework)

ISO/IEC 9075-2, Information technology — Database languages — SQL — Part 2: Founhddtion
(SQL/Foundation)

ISO/IEC 9075-4, Information technology — Database languages — SQL — Part 4:’Persistent Stored
Modules (SQL/PSM)

ISO/IEC 9075-11, Information technology — Database languages — SQL'=* Part 11: Informatiion and
Definition Schemas (SQL/Schemata)

2 © ISO/IEC 2023 - All rights reserved
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3 Terms and definitions

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 and IEC maintain terminological databases for use in standardization at the following addresses:

— IS(
— IE

3.1
destina
vertex (3

3.2
destina
table th{

3.3
defined
<pure pi

Note 1 t¢ entry: Subclause 4.5.2, “Pure property graph®;specifies six kinds of defined label setg

defined
destinat

3.4

directed edge

edge (3.4
as its des

Online browsing platform: available at ht t ps: / / ww. i so. or g/ obp

[ Electropedia: available at ht t ps: / / www. el ect r opedi a. or g/

[ion vertex
.37) that is distinguished as the destination of a directed edge (3.4)

[ion vertex table
t contains data representing the destination vertices (3.1) of @ directed edge (3.4)

label set
operty graph> distinguished set of labels

abel set, edge defined label set, edge triplet defined label set, source vertex defined lah
on vertex defined label set, and endpoint.vértex defined label set.

) that distinguishes one of its endpoints (3.14) as its source vertex (3.30) and one of its e
tination vertex (3.1)

Note 1 tI entry: A directed edge expresses a relationship that is asymmetric.

Note 2 t
3.5

directed graph

graph in

Note 1 t¢ entry: The antonym is undirected graph (3.36).

3.6

entry: The antonym is undirected edge (3.35).

which everjredge (3.6) is directed

: vertex
el set,

hdpoints

edge

relationship
connection between two vertices (3.37)

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)

© ISO/IEC 2023 - All rights reserved
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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
edge variable
element pariable {313} thatis declaredinanedge pattern {37} or asthe second-iteratorvariable (3.18)

o

In <one row per step>

Note 1 t¢ entry: An edge variable may be bound to a list of edges (3.6).

3.11
elemenf pattern
edge pattern (3.7) or vertex pattern (3.38)

3.12
elemenf table
edge tabje (3.8) or vertex table (3.39)

3.13
element variable
variable[that may be bound to a list of graph elements (3.15)

Note 1 tI entry: An element variable is either a primaryrvariable (3.27) or an iterator variable (|3.18).

Note 2 tp entry: An element variable is either a vertex-variable (3.41) or an edge variable (3.10).

3.14
endpoint
one of the two vertices (3.37) connected by\an edge (3.6)

Note 1 t¢ entry: Both endpoints of an edge may be the same vertex.

3.15
graph element
vertex (3.37) or edge (3.6)

3.16
graph lr)rttern
set of onle or more‘path patterns (3.24)

3.17
graph ]:rttern variable
path variahle ('2 7';), c'uhpnfh variable ('2 '24), arelementvariable ('2 1 '2)

3.18
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)
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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)

3.22
multigraph
graph that allows more than one edge (3.6) connecting two vertices (3.37)

3.23
path
sequencp of an odd number of graph elements (3.15)

Note 1 t¢ entry: A path always starts and ends with a vertex (3.37) and dlternates between vertices and
edges (3]6), such that each edge resides in the path between its endpagings (3.14). See Subclause|4.7.2,
“Paths”, for a fuller discussion of paths.

Note 2 t]: entry: A path may consist of a single vertex.
Note 3 t

3.24
path pattern
pattern (3.26) that matches a path (3.23)

3.25
path variable
graph pqttern variable (3.17) that may bebound to a path binding that is matched by a path pattetn (3.24)

entry: A vertex or an edge may be contained mulfiple times in a path, including via sglf-loops.

Note 1 tI entry: The extracted pathofthe path binding is a path (3.23).

Note 2 t¢ entry: Extracted path and path binding are defined in Subclause 9.6, “Machinery for graph
pattern matching”.

3.26
pattern
syntax for specifying requirements on the bindings of variables

3.27
primary variable
element yariable (3.13) that is declared in an element pattern (3.11)

3.28

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-objectthatrepresentsvertices {33 and-edges{3-6)usingtables—

3.33
subpath
path (3.23) fully contained in another path

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

3.34
subpath variable
graph pdttern variable (3.17) that is declared at the head of a <parenthesized path pattern expiession>

3.35
undirected edge
edge (3.6) that does not distinguish between its endpoints (314)

Note 1 t¢ entry: An undirected edge expresses a relationship that is necessarily symmetric.

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

3.36
undirected graph
graph in|which every edge (3.6) is undirected

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

3.37
vertex
node
fundamgéntal unit of which a-.property graph (3.29) is formed

Note 1 t¢ entry: plural:vertices or nodes.

Note 2 t¢ entry: Both:terms, “vertex” and “node”, are used in the real world to denote the same|concept.
Withoutljudgementor prejudice, this document uses only the term “vertex”. In BNF productions, wherever
the keyword VERTEX is allowed, the keyword NODE can equally well be used instead.

3.38

vertex pattern

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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4 Concepts

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

4.1

Notations and conventions

This Sub

41.1
This Sub
The notsa

The synt
defined
ards. i
downlogd
16(E) _|
1 SO | H

4.2

This Sub

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

Notations
rlause modifies Subclause 4.1.1, “Notations”, in ISO/IEC 9075-2.
tions used in this document are defined in ISO/IEC 9075-1.

ax defined in this document is available from the ISO website as a/“digital artifact”. The
n this document is available from the ISO website as a “digital artifact”. See ht t ps: //

d the syntax defined in a plain-text format, select the file named | SO _| EC_9075-
PGQ bnf . t xt . To download the syntax defined in an XML format, select the file name
C 9075-16( E) _PGQ bnf. xnl .

Columns, fields, and attributes

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

‘Insert a

Fter the 5th paragraph:‘ The nullability.characteristic of a column of <graph table> is dg

the Synt

4.3
This Sub
4.3.1
This Sub

4.3.1.1
This Sub

hx Rules of Subclause 7.1, “<table reference>".
SQL-statements

rlause modifies Subclause-4.41, “SQL-statements”, in ISO/IEC 9075-2.

SQL-statements'classified by function

SQL-schema statements

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

rlause modifies Subclause 4.41.2, “SQL-statements classified by function”, in ISO/IEC 907%

syntax
st and-

S0. org/iso-iec/9075/-16/ ed- 1/ en/ todownload digital artifacts for this document. To

d

fined by

3N

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

—  <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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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 property graph privilege descriptor and identifies the existence of a
privilege on PG.

4.5 |SQL-property graphs
4.5.1 Introduction to SQL-property graphs

An SQL-property graph is described by an SQL-property graph descriptor. This descriptor includes the
following.

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

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

4.5.2 Pure property graph

A pure pfroperty graph is a mixed multigraph and epnsists of the following.
— A detof 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 requifed to be
accessible. This unique identifier is used for definitional purposes to establish the identity of the yertex.

. A set of zero or more labels (also known as a vertex defined label set) that determings the
properties of thevertex. A label has a name (i.e., an <identifier>).

. Zero or moré€ properties. For each property:
— itsname;
— _\its declared type, which can be any SQL data type,

~— its value.

— Asetofedges. Each edge consists of the following.

. 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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— 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 source vertex.

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

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

NOTE 5 — The source vertex and the destination vertex can be the,same 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\edges, while the tabular graph model
does not. An SQL-implementation can provide implementation-defined means to populate an findirected
or mixed graph. This document specifies query syntax (<edge pattern>in Subclause 10.6, “<pgth pattern
expression>") and semantics (the General Rules regarding'<edge pattern> in Subclause 9.7, “Evaluation
of a <path pattern expression>") to query undirected.edges, if an SQL-implementation supports

undirected edges.

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

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

A pure property graph is described by a pure property graph descriptor. This descriptor includep the fol-
lowing.

— A det of zero or more labels. Each label consists of the following.

. An <identifier> that is unique 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 more properties. Each property consists of the following.
— Its nanie,Which is an <identifier> that is unique within the label.
—  Itsdeclared type.

— Apossibly.empty 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 label
set are always directed, always undirected, or possibly directed or undirected.

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

— Ifthe edge triplet describes undirected edges, then:

label set.

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

defined label set.

Tabular property graph

A tabular property graph comprises the following.

riasz

— Ze
— Ze

Atabula
the follo

— Th

PP C IR PR 2PN 2720 tablac
U UL TINTUTIC VOUIT LUA LAUIC O,

'0 or more edge tables.

wing.

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

contains TPG.

A list of columns that uniquely identify a row in I

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

—  An <identifier>.

— A setof zero 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.

vertex has at least one label.
e descriptors of zero or more edge tables. Each edge table descriptor includes the follo

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

contains TPG.

" property graph TPG is described by a tabular property graph descriptor. This desctiptorfincludes

e descriptors of zero or more vertex tables. Each vertex table descripter.includes the fdllowing.

qualified

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

NOTE 10 — While a pure property graph allows a vertex to have zero labels, in a tabular property|graph a

wving.

qualified

Théedge table alias that identifies E as an edge table within the SQL-property graph that

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.
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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 to
the edge source key

. The name of the destination vertex table.

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

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

4.6 |Operations involving property graphs

<graph table> is a kind of <table primary> that applies a <graph pattern>to‘a property graph and formats
the results as a table.

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

NOTH 12 — <directed predicate> is specified for use in mixed graphs;lowever, this document does not providd a means
to create a mixed graph.

<labeled predicate> is a predicate to test whether the graph element bound to an element variable satisfies
a <label expression>.

<sourcefdestination predicate> is a pair of predicates, to test whether a vertex variable is bourd to the
source ofr destination of the edge that is bound'to an edge variable.

<all_different predicate> is a predicate to.test whether a list of element variables are bound to pairwise
distinct graph elements.

<same pyredicate> is a predicate to'test whether a list of element variables are bound to the sanje graph
element

<bound predicate> is a predicate to test whether an element variable is bound to at least one graph ele-
ment. Optional syntax of sbound predicate> tests whether an iterator variable is bound to the §ame
position|in a path binding as a primary variable.

<properfy_existspredicate> is a predicate to determine if the graph element bound to a singleton|element
variablefhas aparticular property.

<element.id function> is a function to obtain a value that encapsulates the identity of a graph element.
The declaredtypeof <element_id furctionr>T1sam implenmentation-defimed {1V 120) type tirat s Suitable
for equality operations and grouping operations. The value returned by <element_id function> encapsulates
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.
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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

Graph pattern matching is the process of applying a list of special-purpose regular expressions called a
<graph pattern> on a pure property graph PG in order to return a set of reduced matches. Each reduced
match isfalist of p

“<graph|pattern>".

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

The crogs-product of these sets is reduced by natural joins over those global singleton element variables
that are pxposed by each <path pattern> and that are bound to the same‘graph element in PG. The

remaining tuples are called reduced matches; the set of these reducedmatches may be empty, byt cannot
be infinife because of syntactic restrictions to guard against infinité-cycling.

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

NOTH 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>, pnd the
<different edges match mode>) that restrict the resultwhay be supplied.

If PG cornjtains cycles, then a match to a <path pattern> having an unbounded quantifier might return an
infinite get of paths. However, this possibility is\prevented by Syntax Rules that require the use pf
selective <path search prefix>s, restrictive <path mode>s, or the <different edges match modex (or any
combingtion thereof) to prevent infinitely-sized result sets.

4.7.2 Paths

A path P|is a sequence of n graph elements of a property graph PG, such that:

— ni$ an odd number;

— n 31 (one), thenPhas no edges;

—  thg graph elemént at each odd index is a vertex and the graph element at each even index i an edge
that connécts the pair of vertices immediately before and after the edge in the sequence.

A path cpntain’s a non-empty sequence of vertices and a (possibly empty) sequence of edges. If there are

orevertices then thenathisaceauence ofaranh elementsthat startewith a vertoev andic
two or merevertices; epathisasequenceofgraphelementsthatstartswithavertexandisfollowed

........ P T

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.

© ISO/IEC 2023 - All rights reserved 13


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

ISO/IEC 9075-16:2023(E)
4.7 Graph pattern matching

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.
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.

4.7.3 Path patterns

A <path attern> is an expression built from the fnllnwing syntactic elements gnvprnpd bv the Format
and 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 binding.

—  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 path
search prefixes”, and specified in Subclause 10.5, “<path pattern prefix>".

— A rpandatory <path pattern expression>.

A <path pattern expression> is an expression built recursively from selement pattern>s, governed by
the Format and Syntax Rules of Subclause 10.6, “<path pattern expression>", and other Subclayses.

An <elerhent pattern> is a pattern to match a single graph elemeént. There are two kinds of <element
patterns.

— <vertex pattern>:

A qvertex pattern> is a pattern to match a single vertex. A <vertex pattern> comprises at a njinimum
a matching pair of parentheses, which may:centain optional <element pattern filler>, des¢ribed
subsequently.

—  <eflge pattern>:

An|<edge pattern> is a pattern to match a single edge. An <edge pattern> is either a <full gdge pat-
tern> (which optionally permits <element pattern filler>) or an <abbreviated edge patternp (which
dogs not support <element pattern filler>). These two major classes of <edge pattern> have seven
vafiants each, for the seven possible non-empty combinations of the three edge orientatiZ:[]ns (the
individual edge orientations being directed pointing left, undirected, or directed pointing|right).
Thps there are fourteen varieties of <edge pattern>.

<elemenit pattern filler>'provides three optional components of <vertex pattern>s and <full edge pattern>s.

— <elementvariable declaration>, to declare an element variable to be bound to a graph element by
the <element pattern>.

— <lgbeléxpression>, a predicate regarding the labels of the graph element that is bound byj the
<element pattern>. A <label expression> is an expression formed from <label name>s and the
<wildcard label> “%”, using the operation signs <vertical bar> “|” for disjunction, <ampersand> “&”
for conjunction, <exclamation mark> “!” for negation, and balanced pairs of parentheses for

grouping.

—  <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.

— 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.

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

. A <search condition> to constrain matches.

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

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

— Quantification, indicated by a postfix <graph pattern quantifier>, which'may be affixed to an <edge
pattern> or a <parenthesized path pattern expression>.

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

NOTE 19 — Unlike the situation in many regular expression languages,the <question mark> operator in <pqth pattern
expression>s is not the same as {0,1}, the difference being thatsquestioned path primary> exposes its singleton

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.

4.7.4 | Graph pattern variables

A graph pattern variable GPV is a site identified by-an <identifier> (the name of the graph pattern yariable)
and having a value determined by a multi-patltbinding MPB to a <graph pattern>.

NOTH 20 — “Site” is defined in ISO/IEC 9075-1Subclause 4.7.1, “Sites”.
There arje four kinds of graph patternwvariables.
—  Vertex variables; the value©f.a vertex variable is a list of vertices.
—  Edpe variables; the value of an edge variable is a list of edges.
—  Path variables; the'value of a path variable is a path binding.

—  Subpath variables.

NOTE 21.— Subpath variables are not bound to a value in this edition of this document. They serve to assufe multiset
semaifitics in <path multiset alternation>.

In a <grgphdtable> GT, an <identifier> shall not identify more than one graph pattern variable; thus GT
defines amamespace im which there 1S a one-to-0Ne COITeSPONUENCE between the names of graph pattern
variables 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>.
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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
not express a natural equijoin.

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

<one roy per step> declares an iterator vertex variable, an iterator edge variable, and another {terator
vertex variable, as well as their names.

[terator plement variables cannot be multiply declared.

A path variable PV and its name are declared by a <path variable declaration> simply contained i a <path
pattern3. A path variable may only be declared once.

A subpath variable SV and its name are declared by a <subpath variable declaration> simply copntained
in a <pafrenthesized path pattern expression>. More than one operand of a <path pattern union> may
declare $V; 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
referenced in scalar expressions and <search condition>s within GT.

Iterator fariables and path variables may only bereferenced in <graph table column definitionps.
Primary|variables may be referenced in the following BNF non-terminals.
—  <element pattern where clause>.

—  <pprenthesized path pattern:where clause>.

—  <graph pattern where clause>.

—  <graph table columu definition>.

If a primary element variable PEV is declared in a <quantified path primary> QPP, then it may hind to
more than one graph'element. References to PEV are interpreted contextually: if the reference ¢gccurs
outside PP, then the reference is to the complete list of graph elements that are bound to PEV|In this
circumstance-PEV is said to have group degree of reference. If the reference does not cross a qudntifier,
then the|reference has singleton degree of reference and references at most one graph element, pven if
the multi-path binding hinds 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.

NOTE 25 — Subpath variables cannot be referenced by SQL language defined by this document, though it is possible they
will be referenceable in a future edition. At present their only use is to distinguish operands of a <path multiset alternation>.

NOTHZ6 — I general, an element variable that 15 dectared within a <quantilied patn primarys is bound by a multi-path
bindihg to a list of graph elements. The reference R, on the other hand, can reference a proper subset of this,list| based on
the syntactic context in which R is placed. The degree of reference expresses the cardinality of the list that'Riref¢rences, as
follows: an unconditional singleton references a list of length 1 (one), a conditional singleton referencés/a list of length 0
(zero) or 1 (one), an effectively bounded group references a finite list. Syntax rules prohibit the possibility of referencing
an infiinite list.

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

—  Anl|operand OP of <path pattern union> or <path multiset alternation>U may only referencelelement
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-afgument of a <set function specififation>.
The group references in an aggregated argument of@ <Set function specification> shall reference
the same graph pattern variable. All other references to graph pattern variables in a <set function
spe¢cification> shall have singleton degree of reference.

— A delective <path pattern> SPP shall not reference a graph pattern variable that is not declared in
SPp.

—  Itefator variables shall only be referéenced in <graph table column definition>s.

If GT hag a <graph table export clause> other than EXPORT NO SINGLETONS, then certain singleton

<graph gattern variable>s (the exported <graph pattern variable>s) are visible in the <query specification>
whose <from clause> simply contains GT. A syntactic transformation defines an equivalent <qulery spe-
cification> in which the <graph table> specifies EXPORT NO SINGLETONS, and all references to ¢xported
<graph pattern variable>s"have been placed in <graph table column definition>s.

4.7.6 Path pattern matching

Path pattern matching is performed by Subclause 10.4, “<graph pattern>”", which in turn may invoke
Subclauge 9.7, %Evaluation of a <path pattern expression>", and Subclause 9.8, “Evaluation of a gelective
<path p3ttern>", 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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— 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; hence,
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.

Projecting the elementary bindings of a path binding to the first component yields a word of the regular

languag
apathi
expressi

If a <pat

terspersed with mark-up to indicate the beginning and ending of <parenthesized path
n>s and the beginning and ending of subpaths.

h pattern> has an unbounded quantifier that is not in the scope of a restrictivé xpath n

the <different edges match mode>, then there may be infinitely many path bindings<Such a <path
must haye a selective <path search prefix> SPSP. Subclause 9.8, “Evaluation of a sé€lective <path p
is invokgd to reduce this potentially infinite set of path bindings to a finite setJAll <search con

containgd in the selective <path pattern> are evaluated to reduce the set of path bindings priort

the final

selection according to SPSP.

NOTH 28 — An implementation cannot generate an infinite set and then apply-<search condition>s; instead, it 1

mera
sema

At this p
product
path bin|
in force.

e the search space in a fashion enabling it to arrive at the same result as\specified by the formal semantics.
htics do not specify the algorithm for this enumeration, only the result.

hint, there is a finite set of path bindings for each <path pattern> in a <graph pattern>.1
of these sets is formed; a member of the cross product is called a multi-path binding. A

The set of multi-path bindings is reduced by*enforcing natural equijoins on the uncond

singleton variables exposed by the <path pattern>s:

Then, th

of multi{path bindings. Those that remain satisfy all the selective <path search prefix>es and al

<search

Then, th
to there

condition>s of the <graph pattern>.

e function REDUCE (defineddirSubclause 9.6, “Machinery for graph pattern matching”) i
maining multi-path bindings. REDUCE removes the elementary bindings of the bracket

and collgpses adjacent anonymous vertex symbol bindings into a single elementary binding. Th
now called reduced matches,are deduplicated according to set semantics.

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

4.7.7
A <path

Path modes

mode>niay be specified for any <parenthesized path pattern expression> or any <path

from theg following choices.

— W

which is
pattern

1ode> or
pattern>
httern>",
ition>s
making

nust enu-
[he formal

he cross
multi-

ding does not violate any restrictive <path mode> or <different edges match mode> that may be

itional

e <search condition>s in the <graph pattern> are evaluated, potentially further reducing the set

| the

5 applied
5ymbols,
b results,

pattern>

I +la dof lt

mode>s.
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LIy, LIIC Utidul }Jal.ll IIITUUCT -, 15 U1IT dUSCIILT Ul (]lly IIICCT 1115 lllllJllCLl U_y LITT ULLITT Pal.ll

—  TRAIL, where path bindings with repeated edges are not returned.

— AC

YCLIC, 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.

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 instance,
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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 bindings
from each partition. For example, a path binding is “shortest” if its length is minimal within its partition. A “shortest” path

bindi

ng in one partition can be longer than a “shortest” path binding in another partition.

SPSP car

J— <a

thd

— <

s3]

J— <C

bir
— <

S

fr
The spe
4.7.9

A <graph pattern> GP may optionally specify a <mdtch mode> that applies to all <path pattern>

containe
There ar

— DI
arg

— RE

If a<ma

constrain the result set in the following ways.

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

| shortest path search>: to pick all the shortest path bindings in each patiition.

punted shortest path search>: to non-deterministically pick some number of shortest p
dings from each partition; the number is specified by a <simplexalue specification>.

ification of SPSP guarantees that the result set of agraph pattern matching will be finit

Match modes

din GP.

e two <match mode>s.

no restrictions on matched-vertices.
PEATABLE ELEMENTS: There are no restrictions on matched edges or matched vertice

'[ch mode> is not speeified, then an implementation-defined (ID022) <match mode> is

artition;

ath

cpunted shortest group search>: to group each partition into groups of path bindings haying the
a(I;e length, order the groups by path length, and pick all patlibindings in some number ¢
the front of each partition; the number is specified by-a <simple value specification>|.

f groups

s simply

FFERENT EDGES: A matched edge'is not permitted to bind to more than one edge variable. There

S.

mplicit.
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5 Lexical elements

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

5.1

<SQL terminal character>

This Sublause 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.

Formad

<SQ sp

I
| <ti

<til de>
~ 1

Syntay

No

Access

No

Gener

No

Confol

t

pci al character> ::=
N\ | alternatives fromI|SQO|EC 9075-2
de>

J;I-.OO7E
t Rules

additional Syntax Rules.

i Rules

additional Access Rules.

al Rules

additional General Rules.

rmance Rules

No

additional 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.

Format

<delimter token> ::=
'l Al alternatives from|SQO |EC 9075-2
<br acket right arrow
<bracket tilde right arrow
<l eft arrow>

<l eft arrow bracket>
<left arrow til de>

<left arrow tilde bracket>
<left mnus right>

<left mnus slash>

<left tilde slash>

|

I

I

I

I

I

I

I

| <mipus left bracket>
| <m pus sl ash>

| <multiset alternation operator>
| <right bracket m nus>
| <right bracket tilde>
| <sl@ash mnus>

| <sl@sh mnus right>

| <sl@sh tilde>

| <sl@sh tilde right>

| <tilde Ieft bracket>
| <tilde right arrow>

| <tilde slash>

<brackef right arrows ::=
]-> 1] <U+005D, UW+002D, UHOO3E>

<brackel tilde right arrows ::=
]~> 1| <U+005D, W+OO7E* U+003E>

<left afrow> ::=
<- 11| <W+003C,/U+002D>

<l eft afrow bracket> ::=
<-[ !'| <W+003C, U+002D, U+005B>

<left atrow tilde> ::=
<~ !l <U+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 bracket> ::=
-[ !'! <uU+002D, U+005B>

<m nus slash> ::=
-/ 'l <W+002D, U+002F>

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

<right bracket mnus> ::=
]- !l <U+005D, W+002D>

<right bracket tilde> ::=
]~ 1| <U+005D, U+007E>

<slash mnus> ::=
/- 11| <U+002F, U+002D>

<slash finus right> ::=
/-> 11 <U+002F, U+002D, U+O03E>

<slash filde> ::=
/[~ 11| <WU+002F, W+007E>
<slash {ilde right> ::=

/~> 11 <U+002F, U+007E, U+003E>

<tilde left bracket> ::=
~[ !'!|<U+007E, U+005B>

<tilde fight arrows ::=
~> |1 | <UW+007E, U+003E>

<tilde glash> ::=
~/ 11| <W+007E, U+002F>

<reserved word> ::=
I All alternatives from| SO MEC 9075- 2

| ALL|DI FFERENT

| Bl NPl NG_COUNT

| ELEMENT ID | ELEMENT,'NUMBER | EXPORT
| GRAPH | GRAPH_TABLE

| MATEHNUM

| PATH LENGTH | PATH_NAME | PROPERTY_EXI STS

| SAM

<non-reserved word> ::=
Il Al alternatives from|SQ|EC 9075-2

| ACYCLIC

| BINDINGS | BOUND

| DESTI NATI ON | DI FFERENT | DI RECTED
| EDGE | EDGES | ELEMENTS

| LABEL | LABELED

22
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| NCDE

| PATHS

PROPERTI ES

| PROPERTY_GRAPH_SCHENA

| RELATI ONSHI P |
| SHORTEST |

| TABLES |

RELATI ONSHI PS
SI NGLETONS | STEP

TRAI L

| VERTEX

PROPERTY |

PROPERTY_GRAPH_CATALCG |

ISO/IEC 9075-16:2023(E)
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PROPERTY_GRAPH_NAME

| WAL

<edge s
EDG

<edges
EDG

<vertex
NCD

Syntay

No

Access

No

Gener

No

Confol

No

nonyme ::=
E | RELATI ONSHI P

Eynonynme =
ES | RELATI ONSHI PS

synonynme ::=
E | VERTEX

t Rules

additional Syntax Rules.

i Rules

additional Access Rules.

al Rules

additional General Rules.

rmance Rules

additional Conformance Rules.
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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.

Format

<destingtion vertex table alias> ::=
<vertex table alias>

<edge t@ble alias> ::=
<identifier>

<el eneny table name> ::=
<t abl ¢ nane>

<eleneny table alias> ::=
<identifier>

<graph pattern variable> ::=
<el erent vari abl e>
| <path or subpath variabl e>

<path of subpath variable> ::=
<path vari abl e>
| <subpath variabl e>

<el eneny variable> ::=
<identifier>

<l abel pane> ::=
<identifier>

<path variable> ::=
<identifier>

<subpat h variable> ::=
<identifier>

<properly graph nane> ::=
<schepa qual ifN\*ed nane>

<properly nane> ::=
<i dentifier>

<source vertex table alias> ::=
<vertex table alias>

<vertex table alias> ::=
<identifier>

Syntax Rules

No additional Syntax Rules.
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Access Rules

No

additional Access Rules.

General Rules

entifiers

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

to a list of graph elements.

ath

2) ’In‘nvf Aftartha lact r‘D-l A <nath varinhlas idantifiac 2
FeFta e e S oA <patyaHabestaeRtHes=

nath variahla wwhich ichaonund ta o
Pati-VaH e WaerS D eHhea+to

bin

ding that is matched by a <path pattern>.

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

4) ’In sert after the last GR:‘ A <property name> identifies a property in an SQL-property gra

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

6) ‘In sert after the last GR: ‘ A <destination vertex table alias> identifies@ destination vertex

an

SQL-property graph.

7) ‘In sert after the last GR:‘ An <edge table alias> identifies an edge-table in an SQL-property

8) ‘In sert after the last GR:‘ An <element table alias> identifies'an element table in an SQL-p

grg

ph.

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

sert after the last GR:‘ A <property graph nahie> identifies an SQL-property graph.

sert after the last GR:‘ A <source vertex table alias> identifies a source vertex table in a

perty graph.

10) [In
11) [In

pr
12) [In

sert after the last GR:‘ A <vertex table alias> identifies a vertex table in an SQL-propert

Confol

No

rmance Rules

additional Conformance Rules.

ph.

table in

r graph.
roperty

h SQL-

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

6.1 <value expression primary>

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

Function

Specify 3 value that is syntactically self-delimited.

Format

<non- paf ent hesi zed val ue expression primary> ::=
I Al alternatives from|SQO | EC 9075-2
| <property reference>
| <grfphical val ue expression prinmary>

<graphi ¢al val ue expression primary> ::=
<el ermrent _id function>

| <gr@phical match nunber function>

| <gr@phical path name function>

| <gr@phical element number function>

| <gr@phical path |ength function>

Syntax Rules

1) ‘AL gment SR 1) ‘ by adding “<property reference> and <graphical value expression primafy>" to
the list of BNF non-terminals simply contained in <value expression primary>.

2) ’In bert after SR 1): ‘ Thedeclared type of <graphical value expression primary> is the declgred type
of the simply contaihed <element_id function>, <graphical match number function>, <graphical
path name function>, <graphical element number function>, or <graphical path length fuhction>.

Access Rules

No|additional Access Rules.

General Rules

1) ’Augment GR 1)‘ by adding “<property reference> and <graphical value expression primary>" to
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.

type, a

f a basis.

of <cor-

Hentified
simply

nd the
h pattern
turned

2 is the

Hentified
simply

ed with

the

Format
Nojadditional Format items.
Syntax Rules
1) ‘In sert after SR 7):‘ A property PR is said to be refinable if the declared type of PR is a row|
JSON type, or a structured type.
2) ‘AL gment the lead text of SR 9) ‘ by adding “a property PR” to thelist'of possible referents o
3) ‘AL gment SR 9)b)iv)‘ by adding “<element variable> " as alternatives to both occurrences
relption name>.
4) ‘In bert after SR 9)b)iv)1):‘ If N=2 and EN is an exposed <element variable>, then
a)| LetGTbethe <graphtable>thatisthe scope 6fEN. Let SPG be the SQL-property graphi
by the <graph reference> simply contained'in GT, and let GP be the <graph pattern>
contained in GT. Let EV be the elementvariable that is identified by EN.
b)| 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, a
<graph table column definition>, <parenthesized path pattern where clause> or <grapl
where clause> that simplycontains IC as CONTEXT; let SOL be the SET OF LABELS rg
from the application of:those Syntax Rules.
c)| LetSOPN be the set-of property names of the properties of the labels of SOL.
d)| IfI,is apropeftyname in SOPN, then PIC, is a candidate basis of IC, the scope of PI(
scope of EN,'and the referent of PIC, is the property PR named by I5.
5) ‘In bert after-SR9)b)iv)2): ‘ If N > 2 and EN is an exposed <element variable>, then
a)| LetGTbethe <graph table>thatis the scope of EN. Let SPG be the SQL-property graph i
by-the <graph reference> simply contained in GT, and let GP be the <graph pattern>
contained in GT let EVbe the element variable that is identified hy EN
b)  The Syntax Rules of Subclause 9.2, “Contextual inference of a set of labels”, are appli
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.
c) Let SOPN be the set of property names of the properties of the labels of SOL.
d) Ifl,is aproperty 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
property PR named by .
28
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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.

General Rules

1) ’In bert after GR 4): ‘ If BIC is a property reference, then BIC references the property thatds,the basis
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.

Format

Noladditional Format items.

Syntax Rules

1) ‘ Ingert after SR 3): ‘ An <element reference> simply contained in an <elemeéntvariable count finction>

is an aggregated argument of SFE.

2) ‘In sert after SR 4):‘ If <set function specification> SFS is contained\in <graph table> GT without 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 refetence exactly one element variable AEV whose

group. AEV is called the aggregated eleniént variable of SFS.

references the element variable P twice. Since P is the only element variable referenced in the agg
argument of SUM, the degree of reference of P will be effectively bounded group.

d)| Every element variable otherthan AEV that is referenced in SFS shall have singleton
of reference.

NOTE 33 — Assuming-that P and Q are element variables, in the example
PERCENT['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
argumentand therefore Q is the aggregated element variable and must have effectively bounded gr
of reference.

As-another example:

SUM (P.X * QY)

degree of reference is group. The degree of reference of AEV shall be effectively bounded

NOTE 32 — The aggregated element variable can be referenced more than once; for example, SUM (PX * P.Y)

regated

degree

ggregated
up degree

£l N D 40 + 1 | £l L bz bhai £l +ad
O C- o eV o ST a Rt St a v e g o U P O e e - O e e e R Cet Rt C Oy Dt g T ag g e gatta=<

variable) and the other must have singleton degree of reference.

ement

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.

ConformaneceRules

1) ’ Ingert after the last CR:| Without Feature G120, “Within-match aggregates”, conforming SQL |anguage
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.

Cate part
>, then
part 2>,
cbound
> shall
stination

e>ora

Format
<case operand> ::=
I All alternatives from|SQO | EC 9075-2
| <el grent reference>
<when operand> ::=
I All alternatives froml|SQO | EC 9075-2
| <difected predicate part 2>
| <l abel ed predicate part 2>
| <sotirce predicate part 2>
| <destination predicate part 2>
| <botind predicate part 2>
Syntax Rules
1) ‘ Ingert after SR 2)c): ‘ If any <when operand> is <directed predicate part 2>, <labeled predi
2>] <source predicate part 2>, <destination predic¢ate part 2>, or <bound predicate part 2
COjshall be <element reference> and every <when operand> shall be <directed predicate
<lgbeled predicate part 2>, <source predicate part 2>, <destination predicate part 2>, or {
predicate part 2>; otherwise, CO shall notbe <element reference> and no <when operand
belcdirected predicate part 2>, <labeled predicate part 2>, <source predicate part 2>, <de
predicate part 2>, or <bound predicate part 2>.
NOTE 34 — This rule disambiguates whether a single <identifier> is interpreted as an <element referen
<row value predicand> that is‘a'single <identifier>.
Access Rules
No|additional Acgess Rules.
General Rules
No|additional General Rules.

Conformance Rules

32

No

additional Conformance Rules.
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<property reference>

Function

Reference a property of a graph element.

Format
<pr oper {y—eferencem—i—=
<basi ¢ identifier chain>
Syntax Rules
1)  The <basic identifier chain> BIC simply contained in a <property references PR shall be a property
reference.
2) The declared type of PR is the declared type of BIC.
3) Let EVbe the first <identifier> simply contained in BIC. EV is an(<element variable>. Let FR be the
<element reference>:
EV
ER|shall be valid according to the Syntax Rules of Subclause 10.10, “<element reference>"
Access Rules
Nope.
Generpl Rules
1)  Let LOE be the list of graphrelements bound to ER, and let PN be the property name contajned in
ER
NOTE 35 — The list ofgraph elements bound to ER is determined by the General Rules of Subclause 9.9, [Applying
bindings to evaluate\an expression”, which is invoked prior to evaluating a <value expression> or <search ¢ondition>
that contains PR.
2) Ifthe degree®freference of ER is singleton, then
Cage:
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)  Without Feature G090, “Property reference”, conforming SQL language shall not contain a <property
referenee

TCTICC>T
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6.6 <element_id function>

Function

Generate a unique identifier for a graph element.

Format

<el enent——d—funetiopa—r=
ELEMENT_I D <l eft paren> <el ement 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-defined (IV120) type that is
permitted as the declared type of an operand of an equality operation aecording to the Syntax Rules
of fubclause 9.11, “Equality operations”, in ISO/IEC 9075-2 and a$ thre declared type of anfoperand
of a grouping operation according to the Syntax Rules of Subclause 9.12, “Grouping operations”, in
ISQ/IEC 9075-2.

Access Rules

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

Generpl Rules

1) Let LOE be the list of graph elements-bound to the <element reference>.
2) Case:
a)| IfLOEis empty, then the value of <element_id function> is the null value.

b)| Otherwise, let GEDbe the sole graph element in LOE. The value of <element_id functi¢gn> is an
implementationidependent (UV017) value that encapsulates the identity of GE in the SQL-
property graph that contains GE for the duration of the innermost executing SQL-stdtement.

Conformance Rules

1)  WithoutFeature G100, “ELEMENT_ID function”, conforming SQL language shall not contalin an

<elerdent 1dfunction
ICITICIIC _TU TUIICLIvII 0
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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
<graph| cal nmateh niimhar fiineti on =
MATCHNUM <I ef t paren> <right paren>

Syntax Rules

1)  <graphical match number function> GMNF shall be contained in the <graph\table columng§ clause>
of a <graph table> GT, or in the scope of the exported <graph pattern variable>s of a <graph table>
GT

2)  The declared type of the result of GMNF is implementation-defined\(IV121) exact numeri¢ with
scdle 0 (zero).

Access Rules
Nope.

Generpl Rules

1)  Thg value of the result of GMNF is the gurrent match number.

NOTE 38 — The current match number is specified in the General Rules of Subclause 7.1, “<table refererjce>".
Conformance Rules
1)  Without Feature G803, “MATCHNUM function”, conforming SQL language shall not contaip

<g

36

raphical match number function>.
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<graphical path name function>

Function

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

Format

<graph| cal pgf h _namg functi on ———

PATH_

Syntay

1) <g
<g

2)  GT
3) Th
md

Access

No

Gener
1) Th
Ca
a)

b)

Confol

NAME <l eft paren> <right paren>

t Rules

faph table> GT, or in the scope of the exported <graph pattern variable>s of a <graph tz
shall specify <one row per iteration>.

e declared type of the result of GPNF is character string withimplementation-defined
ximum length, character set SQL_IDENTIFIER, and collatiertSQL_IDENTIFIER.

; Rules

j1e.

al Rules

e value of the result of GPNF is
be:

Ifthere is a current pathrname, then a character string whose value is equivalent to th{
path name.

Otherwise, thenull value.

NOTE 39 — The current path name is specified by the General Rules of Subclause 9.11, “Applying bindings
arow”.

rmance Rules

1) Wi

aphical path name function> GPNF shall be contained in the <graph table eolumns clayise> of a

ble> GT.

[L005)

e current

o generate

<graphical path name function>.
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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
ELEVME

Syntay

1) <g
of
GTj

2) GT
val

3) Th
0(

Access

No

Gener

1) Th

Confol

1)  Without Feature G801, “ELEMENT_NUMBER function”, conforming SQL language shall no

<g

cal el ement nunmber function> ::=
NT_NUMBER <l eft paren> <el enent reference> <right paren>

t Rules

raphical element number function> GENF shall be contained in the <graph table column
h <graph table> GT, or in the scope of the exported <graph pattern wariable>s of a <grag

shall specify <one row per iteration> ORPI, and <element geference> shall reference an
iable IV declared by ORPI.

e declared type of the result of GENF is implementation-defined (IV122) exact numeric w
zero).

i Rules

j1e.

al Rules

e value of the result of GENF-s the current element number of IV.

NOTE 40 — The current elemient number of an iterator variable is specified by the General Rules of Subc
“Applying bindings to geherate a row”.

rmance Rules

aphical element number function>.

b clause>
h table>

iterator

rith scale

ause 9.11,

r contain

38
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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

<graph| cal pgf h | nngf h 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 clafise> of a
<graph table> GT, or in the scope of the exported <graph pattern variable>s of a <graph table> GT.

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

Nope.

Generpl Rules
1) Let PBbe the path binding that is the value of the <path reference>.
2)  Thg value of the result GPLF is
Casge:
a)| If PB contains any vertex-bindings, then the number of edge bindings in PB.

b)| Otherwise, the null value.

Conformance Rules

1)  Without Feature G802, “PATH_LENGTH function”, conforming SQL language shall not contain
<graphicalpath length function>.
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7 Query expressions
This Clause modifies Clause 7, “Query expressions”, in ISO/IEC 9075-2.

7.1 <table reference>

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

Function

Referenge a table.

Format

<table primary> ::=
I Al alternatives from|SQO | EC 9075-2
| <gr@ph table derived table>

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

<graph fable> ::=

CGRAPH| TABLE
<left paren> <graph reference> MATCH(<gr aph pattern> <graph tabl e shape>
<fright paren>

<graph fabl e shape> ::=
[ <gr@ph table rows cl ause> ]
[ <graph table colums cl ause> ]
[ <graph table export clause>]

<graph fable rows clause> ::=
ONE| ROW PER MATCH
| <ong¢ row per iteration>

™

<one row per iteration> ::=
<ong row per vert ex>
| <onge row perSstep>
<one row per vertex> ::=
ONE RDW PER <vertex synonyne
<Lefi’ paren> <vertex variable> <rjght paren>
[ <in paths cl ause> ]

<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 paths clause> ::=
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>

[

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

<gr aph
<va
| <al

<all pr
<el en

<gr aph
EXP
| EXP
| EXP

<export

EXCEPT

<export
<grap

Syntay

abl e colum definition> ::=
ue expression> [ AS <col umm nane> ]
properties reference>

bperties reference> :: =
bnt reference> <period> <asterisk>

abl e export clause> ::=

DRT ALL SI NGLETONS [ <export except> ]

DRT S| NGLETONS

<l eft paren> <export variable |list> <right paren>
DRT NO S| NGLETONS

except> ::=
<l eft paren> <export variable |ist> <right par'en>

variable list> ::=
" pattern variable> [ { <comma> <graph pattern variable> }... ]

t Rules

1) |AY

gment SR 5) ‘ by adding “<graph table derived table>" to the list of <table primary>s that

lat

bral join.

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

Let GT be the <graph(table> simply contained in GTDT. Let GP be the <graph pattern|
contained in GT.

If GT contains another <graph table> GT2, then the name of every graph pattern var
exposed by GP’shall be distinct from the name of every graph pattern variable exposs
<graph pattern> simply contained in GT2.

If GF.does not simply contain <graph table export clause>, then

Case:

support

> simply

able
2d by the

d)

1) It G1" simply contains <graph table columns clause>, then the <graph table export

clause> EXPORT NO SINGLETONS is implicit.
ii) Otherwise, the <graph table export clause> EXPORT ALL SINGLETONS is imp

licit.

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.

If GT simply contains <graph table columns clause>, then GTDT shall simply contain <co
or recognition>.

Let SPG be the SQL-property graph identified by the <graph reference>.

Case:
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g)
h)

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
1> VV1, <edge variable> EDGY, and <vertex variable 2> V2 shall be pairwise distinct
and shall not be equivalent to any <element variable>, <path variable>, or <subpath

[terator variables shall not be referenced in GP.

Case:

i)

ii)

variable> declared in GP.

1)  ORPSdeclares VV1 and an iterator variable IV1 whose name is VV1,'\ORPY exposes
VV1 and IV1 as unconditional singleton.

2)  ORPSdeclares EDGY and an iterator variable /E whose namefis/EDGY. ORP{ exposes
EDGY and IE as conditional singleton.

3) ORPSdeclares I'V2 and an iterator variable IV2 whoSe;name is V'V2. ORPY exposes
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 hiy GP.

If <graph table rows clause> GTRC'spécifies <one row per iteration> and doe$ not
specify <in paths clause>, then atdeast one of the following shall be true:

1)  GPsimply contains onlyrone <path pattern>.

v

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

NOTE 42 — This rule assures that the PATH_NAME function unambiguously determjnes which
path pattefn‘an iterator variable is iterating over.

For each <all propertiesreference> APD simply contained in the <graph table columns{clause>:

i)

ii)

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

The Syntax Rules of Subclause 9.3, “Expansion of an <all properties reference>", are

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.

.sey
111])

€ase:

1) If LOPRis the zero-length character string, then
Case:
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.

k)  If GT simply contains an explicit or implicit <graph table export clause> GTEC other than
EXPORT NO SINGLETONS, then:

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

ii) Let GTFC be the <from clause> that simply contains GTDT, and let GTQS be the <query
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 table>:

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 <cofrelation
name>.

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

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

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

NOTE 44 — “Degree ofiexposure” is defined in Subclause 10.4, “<graph pattern>" and Subc]ause 10.6,

“<path pattern expression>".

viii) LetSVjy,.., SVysBe an enumeration of the names of the distinct path variables,(subpath
variables, and element variables exposed by GP with singleton degree of expgsure.

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

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

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

variable> exposed by GP with singleton degree of exposure. The <graph pattgrn vari-
able>S EVV7q, .., EVV g shall be pairwise distinct.

NOTE 46 — “Degree of exposure” is defined in Subclause 10.4, “<graph pattern>" and Subclause 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)

xii)

xiii)

The <graph pattern variable>s contained in FSV are the exported <graph pattern vari-
able>s of GT.

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

1)
2)

RV is a <table name> and EEV is equivalent to the <qualified identifier> of RV.

RV is a correlation name and EEV is equivalent to RV.

An exported <graph pattern variable> EEV shall not be in conflict with a range variable
N Al M nal

xiv)

TO171TC

GT is transformed into a <graph table> whose <graph table export clause>/is
NO SINGLETONS as follows:

1)

2)

3)

4)

Let GTSC be the scope clause of GTFC.

NOTE 47 — The scope clause of GTFC is defined in Subclause 7.5, {<from clause>",
9075-2.

EXPORT

nISO/IEC

The scope of the exported <graph pattern variable>s,6£GT comprises the f¢pllowing:

A)

B)

Q)

Case:

A)

B)

Let ARRS be the set of every <all properties reference> contained in the

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

The <select list>, <where clause>, <group by clause>, <having clay
<window clause> of GTSC.

If GTSC is the <query specification> that is the <query expression
a simple table query STQ,then the scope of the exported <graph p
variable>s of GT also ificludes the <order by clause> of STQ.

If GT does not'simply contain a <graph table columns clause>, the
GTCOLS befan empty list.

Otherwise, let GTCOLS be the list of <graph table column definition3
contained in the <graph table columns clause> simply contained i

edin
se>, and
body> of
attern

n let

s simply

nGrT.

scope of

the exported <graph pattern variable>s. Let APRy, ..., APRy4pr be an enuneration

of those <all properties reference>s.

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

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

B) Let XV; be the element variable referenced hy APR;

C) The Syntax Rules of Subclause 9.3, “Expansion of an <all properties refer-
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

D) Case:

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

Case:
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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>s have been
Teplaced Dy a [possibly empty] ISt of <property reference>s.

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

those <property reference>s. Let PRALIAS}, ..., PRALIAS yprs béatist of injplemen-

tation-dependent (UV019) <identifier>s that are pairwise distinct and als¢ distinct
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> thatisthe first <identifier> contained in
PR; and let PN; be the property name that is the second <identifief> con-

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

\'4

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

GTCN. PRALI'AS;, AS PN

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

II) Otherwise, PR; is replaced by

GTCN. PRALI AS;

C)y~ The following <graph table column definition> is appended to GT(OLS:

PV,. PN AS PRALI AS,

6) Let GPPS be the set of every <graph element predicate> and every <graphical

value expression primary> contained in the scope of the exported <graph pattern
i > i < element

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 SINGLETONS,
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’<graph tabl¢ column
definition>.

m)| The explicit or implicit <column name>s specified in the <graph table column definition>s
shall be distinct from one another.

n)| The degree of the table specified by GT is the number ofi<graph table column definition>s
simply contained in GT. For each <graph table columndefinition> GTCD simply conthined in
GT, a column descriptor is determined, as follows;

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

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

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

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

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

4) ‘A gmentSR12)b)i)2) ‘ by adding “<graph table>" to the list of BNF non-terminals simply cpntained
in [[P.

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

—

5) ’Insert after SR 21)a): ‘If <table primary> specifies <graph table>, then the <table primary> is not
generally updatable, not simply updatable, not effectively updatable, 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) ‘Insert after GR 6):‘ If TP simply contains <graph table>, then:

a)

b)

d)

g)

Let SPG be the SQL-property graph identified by <graph reterence>. The General Ru
Subclause 9.5, “Converting a tabular property graph to a pure property graph”, ate-d
with SPG as SQL-PROPERTY GRAPH; let G be the PURE PROPERTY GRAPH returned fi

application of those General Rules.

Let GPbe the <graph pattern> after the transformations in the Syntax Rules'of other Su
Let PPL be the <path pattern list> simply contained in GP.

The General Rules of Subclause 9.6, “Machinery for graph patterh matching”, are app
G as PURE PROPERTY GRAPH and PPL as PATH PATTERN LIST;det MACH be the MAC}
returned from the application of those General Rules.

The following components of MACH are identified:
i) ABC, the alphabet, formed as the disjoint ufiion 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 hracket symbols.

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

The General Rulesof Subclause 10.4, “<graph pattern>", are applied with G as PURE PH
GRAPH, GP as.GRAPH PATTERN, PPL as PATH PATTERN LIST, and MACH as MACHINE
SM be the SETOF REDUCED MATCHES returned from the application of those Gener

Each reéduced match M in SM is assigned a unique implementation-dependent (UV0?
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, sin

es of
pplied
om the

bclauses.

ied with
{INERY

bindings

YOPERTY
RY; let
hl Rules.

10) exact

ce there is

no presumption that the set of reduced matches is in any order.

Case:

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),
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ii)

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

Let IND, be p.

1)
2)
3)

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

Let LEN,, be the number of ordered pairs in CPB,.

Let T9 initially be an empty table.

et GTRC be the <grapit tabie TOWS Crauses Simply comaimed im GT- Let GTCC be the
table columns clause> simply contained in GT.

For each reduced match M in SM:

i)
ii)

M is the current match, and the match number of M is the current match num

Case:

1)

2)

3)

If GTRC is ONE ROW PER MATCH, then:

A)

B)

If GTRC is <one row per vertex>, then for each p, 1 (one)< p < NPV, and
odd integer ODD between\I'and LEN

A)

B)

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

Case:

A)

The General Rules of Subclause 9.11, “Applying bindings to generat
are applied with GP as GRAPH PATTERN; GTRC as ROWS CLAUSE, Q
COLUMNS CLAUSE, MACH as MACHINERY, M as MULTI-PATH BIND]
null value as PATH NUMBER, and the'null value as OFFSET; let R be
returned from the applicationofthose General Rules.

Ris inserted into T9.

The General Rulés of Subclause 9.11, “Applying bindings to generat
are applied with GP as GRAPH PATTERN, GTRC as ROWS CLAUSE, G
COLUMNS‘CLAUSE, MACH as MACHINERY, M as MULTI-PATH BINDI

as PATHNUMBER, and ODD as OFFSET; let R be the ROW returned
application of those General Rules.

Ris inserted into T9.

If LENy is 1 (one), then:

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

graph

per.

e arow”,
TCC as
NG, the
the ROW

for each

e arow”,
TCC as
NG, INDp

from the

benerate

B)

LDADII DATTIDANL TN/ nJWS

V) Lo sele D
dTOW-, dIT dPppPIIcu VVltll Ur dSUNATITTrATTLEINV, GI'NC d5S 1\

CLAUSE, GTCC as COLUMNS CLAUSE, MACH as MACHINERY,
MULTI-PATH BINDING, IND,, as PATH NUMBER, and 1 (one)

M as
as OFF-

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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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.
T9 is the result of TP.

Conformance Rules

1) ‘In

no

f contain a <graph table derived table>.

2) ’.In

3) |In

4) |In

sert after the last CR:| Without Feature G900, “GRAPH_TABLE”, conforming SQL language shall

sert after the last CR: ‘ Without Feature G901, “GRAPH_TABLE: ONE ROW PER VERTEX”, ¢gonform-
ing SQL language shall not contain <one row per vertex>.

bert after the last CR: ‘ Without Feature G902, “GRAPH_TABLE: ONE ROW.PER STEP”, conforming
SQL language shall not contain <one row per step>.

sert after the last CR:‘ Without Feature G903, “GRAPH_TABLE: explicit ONE ROW PER MATCH

keywords”, in conforming SQL language, <graph table rows clauge>shall not specify ONE ROW PER

MATCH.

5 |

bert after the last CR: ‘ Without Feature G904, “All properties reference”, conforming SQL1

shall not contain <all properties reference>.

6) |In

bert after the last CR:| Without Feature G905, “GRAPH_TABLE: optional COLUMNS clau

cohforming SQL language, <graph table shape> shall contain <graph table columns clausg

7) |In
8) ‘In
SQ

L language shall not contain.an <export except>.

9) ’In

bert after the last CR:| Without Feature G908, “GRAPH_TABLE: EXPORT SINGLETONS li

foryming SQL language shall not contain an <export variable list>.

10) |In

bert after the last CR: ‘ Without Feature G909, “GRAPH_TABLE: explicit EXPORT NO SINGL

conforming SQL language shall not contain EXPORT NO SINGLETONS.

11) [In

sert after thelast CR: ‘ Without Feature G910, “GRAPH_TABLE: ‘in paths clause’”, conforr

lan

guage shall not contain an <in paths clause>.

anguage

”

e”, in
>,

1°2)

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

contains

bert after the last CR: ‘ Without Feature G907, “GRAPH_TABLE: EXPORT ALL EXCEPT”, conforming

st”, con-

ETONS”,

ning 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>.

Form

t

<sel ect
11

| <al

NOTH
Subcl

Syntay

No

Access

No

Gener

No

Confol

sublist> ::=
Al alternatives from| SO |EC 9075-2
properties reference>

53 — <all properties reference> is transformed into a list of <column reference>s by syntactic transform
huse 7.1, “<table reference>".

t Rules

additional Syntax Rules.

i Rules

additional Access Rules.

al Rules

additional General Rules.

rmance Rules

1) |[In

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

shd

1l not contain an <allproperties reference>.

htions in

anguage

50
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This Clause modifies Clause 8, “Predicates”, in ISO/IEC 9075-2.

8.1
This Sub

Functi

Specify 4

Formad

<predicate>

ISO/IEC 9075-16:2023(E)

on

condition that can be evaluated to give a Boolean value.

t

<predicate> ::=

<gr aph

Syntay

Access

Gener

1)

2)

N\ | alternatives fromI|SQO|EC 9075-2

<gr aph el ement predi cate>

<di

<la
<so
<al

<sa
<bo
<pr

No

No

bl enent predicate> ::=
ected predicate>

bel ed predicate>

rce/ destination predicate>
_different predicate>

e predicate>

nd predicate>
bperty_exi sts predi cat e>

t Rules

additional Syntax Rules.

i Rules

additionalAccess Rules.

al Rules

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

dicates.

’AL gment GK lji by adding “<graph element predicate>" to the list of immediately contained pre-

‘ 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

No

additional Conformance Rules.
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8.2 <directed predicate>

Function

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

Format

<d|rect d prndiﬁgfn ———
<el engnt reference> <directed predicate part 2>

<direct ¢d predicate part 2> ::=
IS [ NOT ] DI RECTED

Syntax Rules

1) Let ERDbe the <element reference>. ER shall have singleton degree of reference, and shall reference
anledge variable.

2) If NOT is specified, then the <directed predicate> is equivalentto:

NOf ( ER I'S DI RECTED )

Access Rules

Nope.

General Rules

1)  Let LOE be the list of elements that are bound to ER.
2)  Thg value of the <directed predicate>
ER|I' S DI RECTED
is determined as follows.
Case:
a)| If LOE.|s empty, then Unknown.
b)| Afthe 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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<labeled predicate>

Function

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

Format

<l abel e¢ BF adicatas - - —

<el en

<l abel e

IS [
Syntay
1) Let
2) Let
3) IfN

NOJ
Access

No|
Gener
1) Let
2) Th

ER

ent reference> <l abel ed predicate part 2>

] predicate part 2> ::=
NOT ] LABELED <I abel expression>

t Rules

LE be the <label expression>.
(0T is specified, then the <labeled predicate> is equivalentto:

[ ( ER IS LABELED LE )

s Rules

j1e.

al Rules

LOE be the list of elements/that are bound to ER.
e value of the <labeled predicate> LP

I'S LABELED LE

is determined as.folows.

Ca
a)

be:

I LOE is empty, then the value of LP is Unknown.

b)

ER be the <element reference>. ER shall have singleton degree of reference.

Otherwise, let E be the sole graph element in LOE. Let LS be the defined label set of

¢ The

Syntax Rules of Subclause 9.4, "Satisfaction of a <Iabel expression> by a defined Iabel 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

<source

<ve
<ve

<vertex
<el enent reference>

<sour ce
1S [

<destin
IS [

<edge r
<el enent reference>

daestination nradi cat g =
i

tex reference> <source predicate part 2>
tex reference> <destination predicate part 2>

reference> :: =
predicate part 2> ::=
NOT ] SOURCE OF <edge reference>

hti on predicate part 2> ::=
NOT ] DESTI NATI ON OF <edge reference>

bf er ence> =

Syntax Rules

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

2) Let ERbe the <edge reference>. ER shall-have singleton degree of reference, and shall refefrence an
edge variable.

3) LetSOD be the <key word> SOURCE or DESTINATION simply contained in the <source/destination
préedicate>.

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

NO[ ( VRIS SOD OFER')

Access Rules

No

je.

General Rules

1)

2)

54

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.

Th

VR

e value of the <source/destination predicate> SDP

IS SOD OF ER

is determined as follows.

Case:
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If LOV is empty or if LOE is empty, then the value of SDP is Unknown.
Otherwise, let V be 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.

iii) If SOD is DESTINATION and V is the destination vertex of E, then the value of SDP is
True.

Confol

iv) Otherwise, the value of SDP is False.

rmance Rules

1)  WithoutFeature G112, “IS SOURCE and IS DESTINATION predicate”, conforming SQL langupge shall

no

[ contain a <source/destination predicate>.
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8.5

Functi

<all_different predicate>

on

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

Format

<al | _di
ALL_D
[

<

Syntax Rules

1) Eath<elementreference> simply contained in <all_different predicaté>ADP shall have unco

sin|

Access Rules

ferent predicate> ::=

FFERENT <l eft paren> <el enent reference> <comme> <el enent reference>
{ <conma> <el enent reference> }... ]

i ght paren>

gleton degree of reference.

j1e.

al Rules

N be the number of <element referenc¢e>s simply contained in ADP, and let ERy, ..., ER|
imeration of those <element referénce>s.

rall i, 1 (one) <i< N, let LOE; be'the list of graph elements of ER;, and let GE; be the solg
ment in LOE;.

e value of ADP is
be:
If there existj;k such thatj < k and GE; is the same graph element as GE, then False,

Otherwise, True.

hditional

; be an

graph

No|
Gener
1) Lef

en
2) Fo

ele
3) Th

Ca

a)

b)
Confol

rmance Rules

1)  Without Feature G113, “ALL_DIFFERENT predicate”, conforming SQL language shall not contain

an

56

<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.

Format
<same p'ndiﬁgfn ———
SAME «l eft paren> <el ement reference> <commua> <el enent reference>
[[{ <comma> <el ement reference> }... ]
<fight paren>
Syntax Rules

1)  Eath <element reference> simply contained in <same predicate> SP shallhave unconditignal
singleton degree of reference.

Access Rules
Nope.

Generpl Rules

1) Let N be the number of <element referencexs-simply contained in SP, and let ER;, ..., ERy be an
enfimeration of those <element reference>s.

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

3) Thg value of SPis
Case:
a)| IfeveryGE; > (one) <i<N,isthe same graph element, then True.
b)| Otherwise;False.

Conformance Rules

1) WithoutFeature 6114 “SAME predicate®, conforming SQttanguage stratt mot comtaima<same
predicate>.
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8.7 <bound predicate>

Function

Determine whether an element variable has any bindings.

Format

<bound nradi cat o =
<el engnt reference> <bound predicate part 2>

<bound predicate part 2> ::=
IS[ NOT' ] BOUND [ AS <primary el ement variabl e> ]

<primary elenent variable> ::=
<el engnt vari abl e>

Syntax Rules
1)  Let ER be the <element reference>.
2) Case:
a)| If<primary element variable> PEV is specified,then:

i) The <bound predicate> shall be contained in the <graph table columns claus¢> of a
<graph table> GT, or in the scope of thie exported <graph pattern variable>s of p <graph
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 elerhent
variable.

v) Let ASPEV be:
AS PEV
b)| Otherwise;let ASPEV be the zero-length string.
3) IfNOT is_specified, then the <bound predicate> is equivalent to:

NOT .(/ER IS BOUND ASPEV )

Access Rules

None.

General Rules

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

2) If<primary element variable> PEV is specified, then let LOPV be the currentlist 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.

Ca

a)
b)

<)

se:

If LOE is empty, then False.

H=primmaryetement variablesPEV isspecifiedamd PEV s ot equivatent toaremmber
then False.

Otherwise, True.

Conformance Rules

1)  Without Feature G810, “IS BOUND predicate”, conforming SQL language shall not contain §

predicate>.

of LOPV,

<bound

2)  Without Feature G811, “IS BOUND predicate: AS option”, <bound-predicate> shall not conftain

<p

Fimary element variable>.
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8.8 <property_exists predicate>

Function

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

Format

<pr Oper \)/ axists pr edicata s =

PRODEQT\_(_EXI STS <left paren> <el ement reference> <comma> <property nane> <ri ght

Syntax Rules

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

2)  ERJshall have singleton degree of reference.

Access Rules

Nope.

General Rules

1)  Let LOE be the list of graph elements that are bound to ER.
2)  Thg value of the <property_exists predicaté> is
Case:
a)| IfLOEis empty, then Unknown.
b)| Ifthe sole graph element-éf LOE has property PN, then True.

c) Otherwise, False.

Conformance Rules

1)  Without Feature G115, “PROPERTY_EXISTS predicate”, conforming SQL language shall no

<property:exists predicate>.

par en>

[ contain
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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 non-determinism

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

Function

Define the potential sources of non-determinism.

Syntax Rules

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

2) \In bert after SR 1)as):‘ A <graphical match number functjion>.

Access Rules
No|additional Access Rules.

Generpl Rules
No|additional General Rules.

Confol

No

rmance Rules

additional Conformance Rules.

S
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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

“ Cont extuat—nference—of—a—set—of—t+abets*—{SymtaxRutest—¢
Par afet er: “SQL- PROPERTY GRAPH’,
Paraneter: “CGRAPH PATTERN’,
Par arret er: “ELEVMENT VARI ABLE”,
Par anet er: “ CONTEXT”
) Retunns: “SET OF LABELS”

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

CON[TEXT — reference to an instance of a BNF non-terminal;-providing context for implemg¢ntation-
defined inferencing of the labels of graph elements that might be bound to the element variable in
that jcontext.

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

Syntax Rules

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

2)  LetILE(P) be a partial fundtion of one argument, P, which is a <path pattern list> or <path pattern
expression>, whose value (when defined) is a <label expression>, defined recursively as fpllows.

Case:
a)| IfPisan<element pattern>, then

Case:

i) If P does not declare V, then ILE(P) is undefined.

'
D
D
b
p
D
&
oy

1) 1£D ALK A
llJ 111 UULCO 11U COooI1VUII~, UIICIl
iii)  Otherwise, ILE(P) is the <label expression> simply contained in P.

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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b)

4) Lef
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iv) Otherwise, ILE(P) is undefined.

of labels

If P is 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.

If Pis a <path pattern union> or a <path multiset alternation>, then let 04, ... 0, bet

bC:

LEbe:

term>s simply contained in P such that ILE(Q;) is defined.

Case:

i)  Ifn>0,then ILE(P)is (ILE(Q)) | .. | (ILE(Qy))

ii) Otherwise, ILE(P) is undefined.

If P is a <path pattern list>, then let Q1, ..., @, be the <path pattetn>s simply containe
such that ILE(Q;) is defined; then

Case:

i)  Ifn>0,then ILE(P)is (ILE(Q)) & .. & (ILE(Q))

ii) Otherwise, ILE(P) is undefined.

If P and Q are instances of BNF non-terminals such that P ::= Q, then ILE(P) is ILE(Q).

If there is an implementation-defified (IE012) rule that correctly deduces from the ¢
label sets and edge triplets of SPG, from GP, and from the context CON a <label expre
that must be satisfied by evefy binding to V in the context CON, then let IDLE be that
expression>.

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

IS L1 WHERE P.

(Py ->( (P
| (PSS°L2 WHERE P.

X = 1)

Y=2))
the mandatory rules of this Subclause infer that P satisfies the <label expression> L1 | L2. Howevd
context of the <element pattern> (P IS L1 WHERE PX = 1), an SQL-implementation might infer thg

<label expression> L1.

Othérwise, let IDLE be %|!%.

he <path

din P

lefined
ssion>
<label

1, in the
tighter

( ILE(GP) ) & ( IDLE)

NOTE 56 — Although ILE is a partial function, it is defined for any <path pattern list> or <path pattern expression>
that declares V. This Subclause assumes that GP declares V.

5) 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.

© ISO/IEC 2023 - All rights reserved
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6)
7)  Let
8) Ew
wh
Access
No|
Gener
No|
Confol
No|
64

b)

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.

Trueis 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 and

LS as DEFINED LABEL SET.

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

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 se

pattern>

(P IS Person)

and assuming no other inferencing than implied by this <vertex pattern>, then SOL is{Person, Employee}
Student} = {Person, Employee, Student}, which is not a defined label set. This implies-that the properties
union of the properties of the labels Person, Employee, and Student.

ich receives SOL as SET OF LABELS.

i Rules

j1e.

al Rules

j1e.

rmance Rules

j1e.

ts {Person,

Employee} and {Person, Student} but no defined label set having both Employee and StudentsGiveén the fvertex

u {Person,
f P are the

hluation of the Syntax Rules is terminated and control is retufngd to the invoking Subclause,
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Expansion of an <all properties reference>

Function

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

Subclause Signature

“Expans
Par afet er: “SQL- PROPERTY GRAPH’,
Par afet er: “GRAPH PATTERN’,

Par anret er: “ELEMENT VARI ABLE"

Syntay

1)

2)

3)
4)

5)

6)

Ret ur
SQLA
GRA
ELEI
LIST

Lef
VA
thi

Th

SQ
let

Lef

Lef
de

Ca
a)
b)

. £ [ . £ 2 ) Bl Il
IOIT Ul all al 1 pruopclitircs T I Tl it [oYyHUdX RUICS | {

ns: “LIST OF PROPERTY REFERENCES”

PROPERTY GRAPH — an SQL-property graph.
PH PATTERN — a <graph pattern>.
MIENT VARIABLE — an element variable declared by GRAPH PATTERN.

OF PROPERTY REFERENCES — the list of the names of the properties of ELEMENT VA
¢ Rules
SPG be the SQL-PROPERTY GRAPH, let GP be the GRAPH PATTERN, and let EV be the EI]

RIABLE in an application of the Syntax Rules of this Subclause. The result of the applica
5 Subclause is returned as LIST OF PRORERTY REFERENCES.

P Syntax Rules of Subclause 9.2, “Contextual inference of a set of labels”, are applied wit
[.-PROPERTY GRAPH, GP as GRAPHPATTERN, EV as ELEMENT VARIABLE, and GP as CON
SOL be the SET OF LABELS retutned from the application of those Syntax Rules.

SOPN be the set of property hames of the properties of the labels of SOL.

P4, .., P,, be an enumeration of the names of the properties of SOPN, in an implementa
bendent (US017) ofder.

be:
If n = 0zero), then let LOPR be a zero-length character string.
Otherwise, let LOPR be:

RIABLE.

EMENT
tion of

h SPG as
{TEXT;

tion-

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

Evaluation of the Syntax Rules is terminated and control is returned to the invoking Subclause,
which receives LOPR as LIST OF PROPERTY REFERENCES.

Access Rules

No

ne.

General Rules

No

ne.
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Conformance Rules

None.
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Satisfaction of a <label expression> by a defined label set

Function

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

Subclause Signature

“ Sat i sfracttomof—a—t=abet TXPpt esston Iuy a—deftmed—tabet—set™ [SyumA Rulc:] {
Parangeter: “LABEL EXPRESSI ON',
Par aget er: “DEFI NED LABEL SET”
) Retunns: “TRUTH VALUE”
LABEL EXPRESSION — a <label expression>.
DEFINED LABEL SET — the defined label set of a graph element.
TRU['H VALUE — True if the DEFINED LABEL SET satisfies the LABEIEXPRESSION; otherwise False.
Syntax Rules
1) Let LEXP be the LABEL EXPRESSION and let LS be the DEFINED LABEL SET in an applicatipn of the
Syntax Rules of this Subclause. The result of the application of this Subclause is returned as TRUTH
VALUE.
2)  Adefinedlabel set LS satisfies a <label expression> LE according to the following recursive dgfinition:
a)| IfLEisa<label name> L2, then L2 is asmember of LS.
b)| IfLEisa<wildcard label>, thenL$is non-empty.
NOTE 58 — This condition is:always true; every defined label set is non-empty. The rule is writtey} this way
in case empty defined label(sets are permitted in the future, or for guidance to an SQL-implementation that
supports graph elements‘with no labels.
c) | IfLEisa <parenthesized label expression> PLE, then let LEZ be the <label expression}> simply
contained in PLE; LS satisfies LEZ.
d)| IfLEisa<labelnegation>, then let LP be the <label primary> simply contained in LE} LS does
not satisfy LP.
e)| IfLEisa'<label conjunction>, then let L1 be the <label term> and let L2 be the <labe] factor>
simiply contained in LE; LS satisfies L1 and LS satisfies L2.
f) | \J¥LE is a <label disjunction>, then let L1 be the <label expression> and let L2 be the klabel
term> simply conftained in LE; LS satisfies LT or LS satisfies LZ.
3) TVis
Case:
a) If LS satisfies LEXP, then True.
b)  Otherwise, False.
4)  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.

ConformaneceRules

Nope.

68
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9.5 Converting a tabular property graph to a pure property graph

Function

Convert a property graph represented in tables to a pure property graph.

Subclause Signature

“ Convemtg—a—tabutar—property—grapth—to—apure—property—graph—fGemeratRutes] (
Par afet er: “SQL- PROPERTY GRAPH’
) Retunns: “PURE PROPERTY GRAPH’

SQL{PROPERTY GRAPH — an SQL-property graph.
PURE PROPERTY GRAPH — the pure property graph derived from the tabular property grdph
desdriptor included in SQL-PROPERTY GRAPH’s descriptor.

Syntax Rules

Nope.

Access Rules

Nope.

General Rules

1) LetSPG be the SQL-PROPERTY GRAPH'in an application of the General Rules of this Subclduse. The
reqult of the application of this Subclause is returned as PURE PROPERTY GRAPH.

2)  Exgept where explicitly speecified, the General Rules of this Subclause are not terminated if an
ex¢eption condition is raised.

3) Let SPGD be the SQL-property graph descriptor of SPG.
4) Lef PPGD be thepure property graph descriptor included in SPGD.
5) Let TPGD betle tabular property graph descriptor included in SPGD.

6) Thp tabular property graph described by TPGD is converted to a pure property graph PP{, which
conorms 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 table, a
vertex Vis created and included in PPG as follows:

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
vertex table included in ETD such that the value of the edge source key of ER is equal
to the value of the source vertex key of SR. Let SV;, 1 (one) <i < n, be an enumeration

iii)  Case:

1)

2)

3)

of those vertices.

ii) Let m be the number of vertices that were created in GR 6)a) from a row-DR i
destination vertex table included in ETD such that the value of the edge desti
key of ER is equal to the value of the destination vertex key of DR. Let DV, 1 (

< m, be an enumeration of those vertices.

Ifn>1 (one) orm>1 (one), and the SQL-implementation does not suppor
G940, “Multi-sourced/destined edges”, then an exception condition is rai

in the
hation
bne) < j

t Feature
bed: data

exception — multi-sourced or multi-destingd.edge (22G0K) and no furtheq General

Rules of this Subclause are applied.

If n =0 (zero) or m = 0 (zero), and the SQL-implementation does not su

pport

Feature G941, “Implicit removal ofincomplete edges”, then an exception dondition

israised: data exception — incomplete edge (22G0OL) and no further Gene
of this Subclause are applied.

Otherwise, for i, 1 (one) <i<nandj, 1 (one) <j<m:

A)  Adirected edgeE is created.

NOTE 60.= If nis 1 (one) and m is 1 (one), then exactly 1 (one) edge is crea
wise, n*m edges are created, which in turn means that if n or mis 0 (zero), th
is'created.

B)  SV;is'the source vertex of E.
C)_)"DVjis the destination vertex of E.

D) Eisassigned animplementation-dependent (UV022) identifier that
within PPG.

ral Rules

ed. Other-
b1 no edge

sunique

E) Foreachlabel Lincludedin ETD, E is assigned a label with the same identifier

as L. All labels assigned to E constitute the label set of E.

70

FJ~ For each unique property included in ETD, E has a property with the same
name and declared type. For each property that is shared between labels,
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 of
VE an exception condition EC is raised, then P is flagged as unusable with

EC as additional information.

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.

Subclause Signature

“Machi r
Par ar
Par ar

) Ret un

PUR
PAT}
MAQ

Syntay

No

Access

No

Gener

1) Let
thd
M/

2)  Let
mg

gra
3) Fo
SP
uS

£ I e e Jors. 1 | Wal 1) .l L
ey Tor—grapnpattermnatcnt g [Gemerar Rures|

et er: “PURE PROPERTY GRAPH',

et er: “PATH PATTERN LI ST”

ns: “MACHI NERY”

. PROPERTY GRAPH — a pure property graph.
1 PATTERN LIST — a <path pattern list>.
HINERY — the machinery to be used for graph pattern matching,
t Rules

ne.

} Rules

ne.

al Rules

PG be the PURE PROPERTYGRAPH and let PPL be the PATH PATTERN LIST in an applid
General Rules of this Sub¢lause. The result of the application of this Subclause is retur
CHINERY.

SVV be the set of names of vertex variables declared in PPL at the same depth of graph
tching, and let SEVbe the set of names of edge variables declared in PPL at the same d¢
ph pattern miatching.

" each subpath variable SPV declared in PPL at the same depth of graph pattern matchi
/BEGIN-and SPVEND be two distinct <identifier>s that are distinct from every <identifie
EV.and from every <identifier> created by this rule. SPVBEGIN is the begin subpath syn

SP

ation of
ned as

pattern
epth of

ng, let
> in SVV
bol and

VEND is the end subpath symbol associated with SPV. Let SPS be the set of every subpath

symbol.

4)  Let "()"and "-"be mutually distinct <identifier>s that are distinct from every <identifier> in SVV u
SEV u SPS. These are, respectively, the anonymous vertex symbol and the anonymous edge symbol.
Let SAS be the set of anonymous symbols.

5) Let NPP be the number of <parenthesized path pattern expression>s contained in PPL at the same
depth of graph pattern matching. Let PPPEq, .., PPPEypp be an enumeration of the <parenthesized

path pattern expression>s contained in PPL at the same depth of graph pattern matching. For each

i1

(one) <i< NPP, iis the bracket index of PPPE;.

6) Let"[{" ... "[npp" "11" - "Inpp" be 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

72
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9)
10)

11)

12)

13)
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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 is a string of elements of ABC.

An|
su

Case:

a)

b)

d)

If 4
LE

Ad
is 4
Al
Giv

'B = (LET, GE) is an elementary binding, then EB is an elementary binding of LET, and E
[ to GE.

elementary binding 1s a pair (LET, GE) where LET 1S a member ot AbC and GE'1S a membh
h that:

If LET is a bracket symbol, then LET = GE. In this case, the elementary binding is a b

er of GX,

acket

symbol binding. If LET is a start bracket symbol, then the elementarybinding is a start bracket
symbol binding; otherwise, it is an end bracket symbol binding. The®bracket index of LET is the

bracket index of the bracket symbol binding.

If LET is a subpath symbol, then LET = GE. In this case, the elementary binding is a subpath

symbol binding.

If LET is the name of a vertex variable or the anonymous vertex symbol, then GE is a
In this case the elementary binding is a vertex symbol binding.

If LET is the name of an edge variable or the anonymous edge symbol, then GE is an
this case, the elementary binding is an edge~symbol binding.

NOTE 62 — An elementary binding is a mapping of a symbol (an <identifier>) to a member of GX; itis not t
of a graph pattern variable. In particular-if LET is the name of an element variable EV, there can be more
elementary binding of LET in a multi-path binding. In a consistent path binding (defined subsequently), two d
bindings of LET necessarily bind t0_the same graph element in contexts in which LET is exposed as uncot
singleton; otherwise elementary.bindings of LET are independent of one another, and can bind to more t
graph element. Similarly, references to EV are context-dependent, and can resolve to a list that is a prope
all the graph elements boundto LET by elementary bindings. Resolution of <element reference>s is perf
the General Rules of Subelause 9.9, “Applying bindings to evaluate an expression”.

ompressed binding-is a pair (LOV, GE) where LOV is a list of names of primary variables
graph element.

ath binding is a sequence of zero or more elementary bindings, B = (LET, E1), ..., (LET]
en a path binding B:

vertex.

edge. In

B binds

he binding
than one
lementary
iditional
han one

I subset of
rmed by

and GE

U, EN).-

mentary

NOTE 63 — Unlike the definition of path, the definition of path binding also allows a sequence of zero el¢

bindings For example, a quantifier can iterate 0 (zero) times, resulting in an empty path binding. The res

ult of a

<path pattern>, on the other hand, is unable to be empty because of a Syntax Rule that enforces a minimum vertex

count of 1 (one).

The word of B is the sequence LETq, ..., LETY,.

The annotated path of B is the sequence Ey, ..., Ey.

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.
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 v
bindings is replaced by a single compressed binding, whose components are th
ing:

ertex
e follow-

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 anonymous vertex symbol is bound in MS.

d)

Lef

2) The second component is the vertex that is bound by the first vertex binding in

MS.

NOTE 66 — For consistent path bindings, consecutive vertex bindings will Bind’thg
vertex.

iv) In each edge binding EB of CPB, the first component is replaced by, a'list of ze}
name of an edge variable, retaining the name of the edge variablé in'the first co1
of EB, if any.

The extracted path XP of B is obtained from the compressed path-binding of B as the 3
of the second components of the compressed bindings of CPB.

NOTE 67 — The extracted path is a path if the path binding is cénsistent and non-empty; otherwi
extracted path is not necessarily a path.

REDUCE be a function that maps path bindings to path bindings, defined as follows.
Let PBIN be a path binding.
Let PBOUT be a copy of PBIN.
All bracket bindings are removed from.PBOUT.

The following steps are performed;on PBOUT repeatedly until no more anonymous
bindings can be removed:

i) If there are two adjacent anonymous vertex bindings, then the second is rem

ii) If there is a bindihg of a vertex variable adjacent to an anonymous vertex bind
the anonymous vertex binding is removed.

REDUCE(PBIN) is PBOUT.

ath binding B is consistent if all of the following are true:

The'extracted path XP of B is either the empty sequence or a path of PG.

same

0 or one
mponent

equence

e, the

vertex

bved.

ing, then

h path bindingy.two vertex bindings are separable if there is an edge binding between them.

NOTE 68 — That s, either XPis empty or XP begins with a vertex, alternates between vertices and 4

dges, each

b)

edge in XP connects the vertex before and after it, and XP ends with a vertex.

For every two vertex bindings (LETq, E1) and (LET,, E;) that are not separable, E{ =

E,.

NOTE 69 — If there are only bracket symbol or subpath symbol bindings between two vertex bindings, then

the vertex bindings must bind to the same vertex.

For every edge 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 bracket
' IS i T explicit
attern

or implicit <path mode prefix> simply contained in the <parenthesized path
expression> whose bracket index is j. Let PM be the <path mode> contained i

ii) Case:

1) If PMis TRAIL, then there is no pair of edge bindings at tWo-different pqgsitions
between SBS and EBS that bind the same edge.

NOTE 71 — This definition does not take note of the symbols that are bound, only the edges.
It is a violation of the TRAIL <path mode> if the symbels'in the pair of distinct edg¢ bindings
are both anonymous edge symbols, are both edge variables (whether the same or dlifferent),
or one is the anonymous edge symbol and the other-is an edge variable.

2) If PMis SIMPLE, then no two separable vertex bindings between SBS and EBS
bind the same vertex, except that thedirst and last vertex binding betwgen SBS
and SES may bind the same vertex.

NOTE 72 — This definition does naot.take note of the symbols that are bound, only the vertices.
It is a violation of the SIMPLE £path mode> if the symbols in the pair of separable yertex
bindings are both anonymousyertex symbols, are both vertex variables (whether the same
or different), or one is the@nonymous vertex symbol and the other is a vertex variablg. However,

the first and last vertex binding between SBS and EBS can bind the same vertex without viol-
ating the SIMPLE <path*mode>.

3) If PMis ACYCLIG,then no two separable vertex bindings between SBS ahd EBS
bind the same, vertex.

NOTE,Z3=="This definition does not take note of the symbols that are bound, only the vertices.
It is a'violation of the ACYCLIC <path mode> if the symbols in the pair of separablelvertex
bindings are both anonymous vertex symbols, both are vertex variables (whether the same
or\different), or one is the anonymous vertex symbol and the other is a vertex varigble.

NOTE74 — 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;is a
path bindidg:

REDUCE is extended to multi-path bindings as follows. If MPB = (PBy, .., PB,;) is a multi-path|binding,
thgn"\REDUCE(MPB) = (REDUCE(PB;), ..., REDUCE(PB},)).

If Sand T are sets of strings, then let S - T be the set of strings formed by concatenating an element
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.

ii) SEV, the set of names of edge variables.

b)

22) Ew
wh

Confol

No

111) SPS, the set of subpath symbols.
iv) 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 bindings to
multi-path bindings.

hluation of the General Rules is terminated and control is returned\td the invoking Sub¢lause,
ich receives MACH as MACHINERY.

rmance Rules

j1€.

76
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Evaluation of a <path pattern expression>

Function

Evaluate a <path pattern expression>.

Subclause Signature

“Eval u

Syntay

Access

Gener

1)

2)

Par ar
Par ar
Par ar
Par ar
Ret ur

PUR
PAT}
MAQ
SPE
SET

No

No

Lef
MA
thi

Th

tromof—a—<pathrpattermexpresstomr>*—fGeneratRutest—
et er: “PURE PROPERTY GRAPH',

et er: “PATH PATTERN LI ST”,

et er:  “ MACHI NERY”,

et er: “SPECI FI C BNF | NSTANCE"

ns: “SET OF MATCHES’

. PROPERTY GRAPH — a pure property graph.

I PATTERN LIST — a <path pattern list>.

HINERY — the machinery for graph pattern matching.

L[IFIC BNF INSTANCE — the specific instance of a BNF nen-terminal to be evaluated.
ODF MATCHES — the set of local matches to the SPECIFIC BNF INSTANCE.

t Rules

j1e.

i Rules

j1€.

al Rules

CHINERY, and let SBI be the SPECIFIC BNF INSTANCE in an application of the General R
5 Subclause. The result of the application of this Subclause is returned as SET OF MATC.

e following components of MACH are identified:

PG be the PURE-PROPERTY GRAPH, let PPL be the PATH PATTERN LIST, let MACH be the

ules of
HES.

a)

ABC, the alphabet, formed as the disjoint union of the following:

b)

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.

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.

Ca

b)

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 SLM(BNT) for the <parenthesized path pattern

expression> that declares the path mode.

selective <path pattern>".

minals in “bottom up” order.
JSH

If BNT is a <parenthesized path pattern expression>, then let PPE be the <path pattg
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:

subpath variable declared by SVD: Let BSV be the begin subpath symbol as
with SV and let ESV be the end,subpath symbol associated with SV. Let BSVI
be (BSV, BSV) and let ESVBINDING be (ESV, ESV).

2)  Otherwise, let BSV, ESV, BSVBINDING and ESVBINDING be the zero-lengt
ii) RL(BNT) is{ "[j" }-{BSV}-RL(PPE)-{ESV}-{ "]j" }
iii)  Let STPB be SLM(PPE).

Let SLMMAYBEbe { ("[}","

}

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(PH
bracket symbols "[;" and "];". If BNT contains a subpath variable declaration, then the words
are also surrounded by the begin and end subpath symbol associated with that subpath v}
Similarly, the path bindings in SLMMAYBE are formed by surrounding the path bindings w
bindings and, if there is a subpath declaration, with the corresponding begin and end subpat

[;") } - { BSVBINDING } - STPB - { ESVBINDING } - { ('

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;Evaluafion of a

NOTE 79 — The BNF non-terminals are listed above in the “top down” order of appearance,in the Formaf of
Subclause 10.6, “<path pattern expression>"; the definitions in the following subrules treat the same BNF non-ter-

1) If BNT simply contains a <subpathwariable declaration> SVD, then let SJ be the

sociated
BINDING

h string.

1" ")

~

E) by the
fRL(BNT)
ariable.

th bracket
h bindings.

Elinainating 10 noickant i diage Fooan CT MMAVDE 0 oot CT NJCDATN Lo 1 ££
1t STF6 DL T DLt oL IDIv 1T St

+ of anf
et g eSSt omais Ht 6-g¢ IV 7 S €€t O Ehr

restrictive path modes.
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.

rcing

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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iii) ~ 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
and the defined label set of GE as DEFINED LABEL SET.

1E DN T 1 c o £if et oy than
C IT.

anantifiad o 3
T DTV 1T 15 d ~qoaancanCpatT pritrary >, cic

i) Let PP be the <path primary> immediately contained in BNT. As a result.ofthe trans-
formations in the Syntax Rules, PP is a <parenthesized path pattern expressign>. Let
R be RL(PP) and let S be SLM(PP).

ii) Let GQ be the <general quantifier> immediately contained in BNT.
iii)  Let LB be the value of the <lower bound> contained in GQ.
iv) Case:
1) IfGQ contains an <upper bound>, then let UB be the value of the <upper{bound>.
A) RL(BNT)is R“BuRIB*1y . u RVB-L RYB,
B) Let TOOMUCH be S*B u stB*h0.. u sUB-1 | sUB.
C) SLM(BNT)is the set of those path bindings in TOOMUCH that are copsistent.
2)  Otherwise:

A) RL(BNT)is R“5sR .

B) Let WAYTQOMUCHbe S*B.§".

C) SLMEBNT) is the set of those path bindings in WAYTOOMUCH that pre con-
sistent.

d)| If BNTis a <questioned path primary>, then:

i) Let PRbe the <path primary> immediately contained in BNT. As a result of the trans-
formations in the Syntax Rules, PP is a <parenthesized path pattern expressign>. Let
Rbe RL(PP) and let S be SLM(PP).

i RL(BNT)isR°UR.

NN oz - o0 o
111) OQLVI(DINIT)ISOS UD.

e) If BNTis a <path primary>, then let BNTZ be the <element pattern> or <parenthesized path
pattern expression> that is immediately contained in BNT.

i)  RL(BNT)is RL(BNT2).
ii) SLM(BNT) is SLM(BNT2).
f)  If BNTis a <path concatenation>, then:

i) Let PST be the <path term> and let PC be the <path factor> that are immediately con-
tained in BNT.
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ii) 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.

2) If PCis a <vertex pattern>, and the last <element pattern> EP of PST is an <edge
pattern>, then:

NOTE 83 — By transformations in the Syntax Rules of Subclause 10.6, “<path pattdrn expres-
sion>", an edge binding is always immediately preceded and followed by a vertex binding. The
current rule handles the situation in which the edge has been bound as the\last elementary
binding of PST, and therefore PC is the vertex binding that immediately follows thel edge
binding. Also note that the Syntax Rules have transformed every <abbreviated edgg pattern>
to a <full edge pattern>.

A)  Let SLMCONCAT be SLM(PST) - SLM(PC).
B) For each path binding PB contained in SLMGONCAT,

1) Let GEyjgp be the vertex that is bqund in the last elementary binding
of PB.

1) Let GE be the edge that isbound in the penultimate elementary
binding of PB.

)  LetGEjyq be the vertexthatis bound in the antepenultimate glement-
ary binding of PB.

C) Letthe propositions'L, U, and R be defined as follows:

1) Proposition L is true if GE is a directed edge, GEjey is the destination
vertex of GE and GEjgp, is the source vertex of GE.

IT) Proposition Uis true if GE is an undirected edge, and GEjeg and GEy;gpe
are the vertices connected by GE.

[I)  Proposition Ris true if GEis a directed edge, GEjef; is the sourfe vertex
of GE and GEjgp, is the destination vertex of GE.

D) Let the directionality constraint of EP be
Case:

1) If EP is a <full edge pointing left>, then proposition L is true.

i) IfEPisa <full edge undirecteds, then proposition Uis True.
[II)  If EPis a <full edge pointing right>, then proposition R is 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 pro-
position R, is true.

VI) IfEPis a <full edge left or right>, then proposition L, or proposition
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) that

are consistent.

If BNT is a <path factor>, then let BNTZ be the <path primary>, <quantified path primary>, or

<questioned path primary> immediately contained in BNT.

h)

4) Lef

5) Ev
wh

Confol

No

i)  RL(BNT)is RL(BNT2).
i)  SLM(BNT)is SLM(BNT2).

contained in BNT. Let PMOy, .., PMOp4 be these <path term>s.
i)  RL(BNT)is RL(PMO{) U RL(PMO,) U ...U RL(PMOnp.).
ii) SLM(BNT) is SLM(PMO1) u SLM(PMO3) U ... u SLM(PMOx4)-

contained in BNT.
i) RL(BNT) is RL(BNT2).
ii) SLM(BNT) is SLM(BNT2).

If BNT is a <path pattern expression>, then'let BNTZ be the <path term> or <path p4
union> immediately contained in BN'T}

NOTE 84 — <path multiset alternatjon>'is transformed into <path pattern union> in the Syntax R
therefore it is not considered separately here.

i)  RL(BNT)is RL(BNT2).
i)  SLM(BNT) is SLM{BNT2).
SM be SLM(SBI).

hluation of the General Rules is terminated and control is returned to the invoking Sub
ich receives SM\as SET OF MATCHES.

rmance’Rules

€.

If BNT is a <path pattern union>, then let NMA be the number of <path term>s immédiately

If BNTis <path term>, then let BNTZ be the <path factor>or’<path concatenation> imnediately

ttern

hles and

rlause,
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9.8

Evaluation of a selective <path pattern>

Function

Evaluate a <path pattern> with a selective <path search prefix>.

Subclause Signature

“ Eval ugttomof—a—setective—ps patte erera-Rule
Par afet er: “PURE PROPERTY GRAPH’,
Par afet er: “PATH PATTERN LI ST,
Par afet er: “ MACHI NERY”,
Par aet er: “ SELECTI VE PATH PATTERN’,
Paranfeter: “INPUT SET OF LOCAL NMATCHES’
) Retunns: “QUTPUT SET OF LOCAL MATCHES®

PURE PROPERTY GRAPH — a pure property graph.
PATH PATTERN LIST — a <path pattern list>.

MAQHINERY — the machinery for graph pattern matching.
SELECTIVE PATH PATTERN — a selective <path patternx,

INPUT SET OF LOCAL MATCHES — a set, possibly infinite, of matches to SELECTIVE PATH PATTERN.

OUTPUT SET OF LOCAL MATCHES — finite subsetof the INPUT SET OF LOCAL MATCHES, gelected
accoding to the criterion indicated by the seleétive <path search prefix> of SELECTIVE PATH PAT-

TERN.

Syntax Rules

Access Rules

General Rules

1)

2)

82

Nope.

Nope.

Let PG be the PURE PROPERTY GRAPH, let PPL be the PATH PATTERN LIST, let MACH be thg
MA NERYte be-the YEPATHPA RNand-tet INSEM bethre VPO OF LOCAL
MATCHES in an application of the General Rules of this Subclause. The result of the application of
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 candidate
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:

SVV, the set of names of vertex variables.
SEV, the set of names of edge variables.

SPS, the set of subpath symbols.

b)

Lef
SE

Le

Lef

ap
or

Lef

Lef
try

a)

b)

SAS, the set of anonymous symbols.

SBS, the set of bracket symbols.

REDUCE, the function mapping path bindings to path bindings, and multi-path bindings to

e:

multi-path bindings.
NP be the number of <path pattern>s in PPL.

NOTE 86 — “Bracket index” is defined in Subclause 9.6, “Machinery for graph pattern matching”.

PSP be the <path search prefix> simply contained in SEL.

p be such that SEL is the p-th <pathpattern> of PPL.

. is a selective <path pattern>. Let j be the bracket index of the <parenthesized path paftern
expression> simply contained in SEL.

NOTE 87 — By a syntactic transformation in Subclause 10.4, “<grdph pattern>", this <parenthesized path pattern
expression> is the entire content of SEL except possibly the declaration of a path variable.

N be the value of the <number of paths> or thi¢ <number of groups> specified in PSP. If N is not
ositive integer, then an exception conditiet¥is raised: data exception — invalid number pf paths
groups (22GOF) and no further General Rules of this Subclause are applied.

CANDIDATES be the set of every’path binding PBX in INSLM such that all of the following are

For every unconditiohal singleton <element variable> EV exposed by SEL, EV is boui
unique graph elemerit by the elementary bindings of EV contained in PBX.

NOTE 88 —=Anonymous symbols are not <element variable>s; there is no requirement that two a
symbols bind to the same graph element.
For evefy-<parenthesized path pattern expression> PPPE equal to or contained in S}
be thé bracket index of PPPE, and let "[;"and "[;" be the bracket symbols associated w
Arbinding of PPPE is a substring of PBX that begins with the bracket binding ("[;", "[;

nd to a
nonymous
L, let |

th PPPE.
') and

énds 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.

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 condi-

tion> simply contained in PPPWC as EXPRESSION, MACH as MACHINERY, PBX a

s 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 the
members of CANDIDATES is implementation-dependent, and there is no requirement that an SQL-

implementation test all candidate solutions, which can be an infinite set in any case.

Each path binding PBX of CANDIDATES is replaced by REDUCE(PBX).

Re

CA
PB
of

Ea
Ca

a)

b)

Hundant duplicate path bindings are removed from CANDIDATES.

IVDIDATES is partitioned as follows. For every path binding PBX in CANDIDATES, the pa
X is the set of every path binding PBY in CANDIDATES such that the first and last vertex
PBX bind the same vertices as the first and last vertex bindings, respectively,/ef PBY.

Ch partition PART of CANDIDATES is modified as follows.
be:

If PSP is an <any path search>, then

Case:

i) If the number of path bindings in PART is N.orless, then the entire partition 4
retained.

ii) Otherwise, it is implementation-dependent (UA013) which N path bindings
are retained.

If PSP is a <shortest path search>, then

Case:

i) If PSP is a <counted shortest path search>, then
Case:

1)  Ifthe number of path bindings in PART is N or less, then the entire partit
is retained.

of edges; the order of path bindings that have the same number of edge
implementation-dependent (US018). The first N path bindings in PART
retained.

ii) If PSP is <counted shortest group search>, then the path bindings in PART are

'tition of
bindings

ART is

f PART

on PART

2) Otherwise, the path bindings of PART are sorted in increasing order of pumber

S is
are

brouped,

with each group comprising those path bindings having the same number of

edges.

The groups are ordered in increasing order by the number of edges.

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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9.9

Applying bindings to evaluate an expression

Function

Evaluate a <value expression> or <search condition> using the bindings of graph pattern variables
determined by a local context within a multi-path binding.

Subclause Signature

“ Appl yi
Par ar
Par ar
Par ar
Par ar
Par ar

) Ret un

GRA
EXP]
MAQ

MUL
expr

REF
cont
local

VALI

Syntay

No

Access

No

Gener

ng bi ndings to eval uate an expressi on” [General Rules] (
et er: “GRAPH PATTERN',

et er: “ EXPRESSI ON',

et er ;. “ MACHI NERY”,

et er: “MJLTI - PATH BI NDI NG’

et er: “REFERENCE TO LOCAL CONTEXT”

ns: “VALUE"

PH PATTERN — a <graph pattern>.
RESSION — a <value expression> or <search condition>.
HINERY — the machinery for graph pattern matching.

T1-PATH BINDING — multi-path binding to the <graph pattern> in which to evaluate t}
ession.

ERENCE TO LOCAL CONTEXT — an indication of a subset of the multi-path binding, the
pxt. Group bindings are confined to the local context; singleton bindings may look outs
context.

JE — the evaluated value of EXPRESSION.

t Rules

j1e.

i Rules

j1e.

alRules

1S

 Jocal
de the

1) Let GP be the GRAPH PATTERN, let EXP be the EXPRESSION, let MACH be the MACHINERY, let MPB
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.

2)  The following components of MACH are identified:

a)

86

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.

REDUCE, the function mapping path bindings to path bindings, and multi-path bindi
multi-path bindings.

Let LC be the subset of MPB that is indicated by RTLC.

For

md

NOTE 92 — The local context is passed “by reference” in order to correctly evaluate non-local singletons. Fo
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 the-outet <par
path pattern expression> twice, requiring two evaluations of the WHERE clause. Each evaluation of the
clause must locate the appropriate non-local reference to A. The bindings to the inner <parenthesized p4
expression>, if passed “by value”, might not be enough information to determine the appropriate binding t
<parenthesized path pattern expression>.

each <element reference> ER that is contained in EXP at the same. depth of graph pat]
tching and that does not reference an iterator variable:

NOTE 93 — The binding of iterator variables is performed prior to invoking this Subclause in Subclause
“Applying bindings to generate a row”.

Let DEG be the degree of reference of ER.
Let EV be the <element variable> of ER.
Case:

i) If LC is equal to MPB, then let SPACE be MPB.

NOTE 94 — That s, the search'$pace is the entire multi-path binding. This case arises in thr
stances: 1) the evaluationefa <parenthesized path pattern where clause> in the outermg
thesized path pattern expression> of a selective <path pattern>; 2) the evaluation of a <gra|
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
be the <parenthésized path pattern expression> contained in GP whose bracl
is LCBI. Let.PP. be the <path pattern> containing LCPPPE.

NOTE 95 — “Bracket index” is defined in Subclause 9.6, “Machinery for graph pattern ma
Case:

1} 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 th
ER. ERis anon-local reference, therefore DEG is singleton, and EV must be exposed as

ngs to

rexample,

bnthesized
VHERE

th pattern
b the outer

ern

b.11,

ee circum-
st <paren-
ph pattern

LCPPPE
tet index

tching”.

ht contains
h 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 ca
by searching the local context LC.

n be found

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) Ifthereisan elementary hinding FB of EVin SPACE, then let LOE he a list with 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 ¢n 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 dn empty
2)  Otherwise, let LOE be the list of thesgraph elements that are bound to E} 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 t@ ER.
NOTE 102 — This list will be used by the General Rules of those Subclauses that evaluate ER, for gxample,
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 mgtching,
the list of graph elements botund to ER is destroyed.
7)  Evaluation of the General Rules is terminated and control is returned to the invoking Subg¢lause,
whHich receives V as VALUE.
ConformanceRiules
Nope.

88
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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 yilng bi ndings to eval uate a subexpression of an aggregate” [General Rulg

Par anret er:  “ Bl NDI NGS” ,

Par afet er: “AGGREGATED ELEMENT VARI ABLE”,
Par anret er: “ELEMENT NUMBER’,

Par anret er: *“ SUBEXPRESSI ON’

) Retunns: “VALUE

BINIDINGS — a set of bindings of <element reference>s.

AGGREGATED ELEMENT VARIABLE — the aggregated element variable of an <aggregate function>.

ELEMENT NUMBER — the 1-relative index into the list of graph eléments that are bound by B
to AGGREGATED ELEMENT VARIABLE.

SUBEXPRESSION — a subexpression of an <aggregate-function>.

element indicated by ELEMENT NUMBER,

Genergal Rules

1) Let B bethe BINDINGS, let AEV be the AGGREGATED ELEMENT VARIABLE, let N be the ELF
NUMBER) and let SUBEXP be the SUBEXPRESSION in an application of the General Rules o
Subclatdse. The result of the application of this Subclause is returned as VALUE.

NDINGS

E — the value of the SUBEXPRESSION when AGGREGATED ELEMENT VARIABLE is bqund to

MENT
f this

2) LetAEVbe bound to the list of graph elements GEq, ..., GEg in 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 uncondi
singleton as its degree of reference.

© ISO/IEC 2023 - All rights reserved
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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

“App| yl g bt ngS to gemet ate—aTrow [chc‘ldl Rult:b] (
Par afet er: “GRAPH PATTERN’,
Par afet er: “ROW5 CLAUSE”,
Par afet er: “COLUWNS CLAUSE”,
Par afet er: “ MACHI NERY”,
Par afet er: “MJLTI - PATH BI NDI NG’ ,
Par anret er: “PATH NUMBER’,
Par afet er: “ OFFSET”
) Retunns: “ROW

GRAPH PATTERN — a <graph pattern>.

ROWS CLAUSE — a <graph table rows clause>.

COLUMNS CLAUSE — a <graph table columns clause>.
MAQHINERY — the machinery for graph pattern matching.
MULTI-PATH BINDING — a multi-path binding,

PATH NUMBER — 1-relative index of a <path'pattern> contained in the GRAPH PATTERN (nhull if
ROWS CLAUSE is ONE ROW PER MATCH);

OFF$ET — 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 by <graph table>.

Syntax Rules

Nope.

Access Rules

Nohe:

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.

iv) SAS, the set of anonymous symbols.

b)

3) Lef
4) Lef
5) IfH

b)

d)

V) ob)5, the set of bracket symbols.

REDUCE, the function mapping path bindings to path bindings, and multi-path(bindi
multi-path bindings.

PP1, ... PPypp be the <path pattern>s simply contained in GP.

MPB = (Ppl, PPNPP)'

C is <one row per iteration>, then:

Case:

i) If PPpyyp declares a <path variable> PNAME, then PNAME is the current path

ii) Otherwise, there is no current path name:

Let CPB be the compressed path binding of PBpyyu-
NOTE 104 — The compressed path binding is.defined in Subclause 9.6, “Machinery for graph pattern
Let CBy, ... CB; be the elements of the sequence CPB.
Case:
i) If RC is <one row per vertex>, then:

1) LetIbethéijterator variable identified by the <vertex variable> simply c
in RC.

2)  Thegurrent element number of I is OFF.

3) « Let CBprrbe the compressed binding (LOV, VER).

4) " LOVis the current list of primary variable names of 1.

ngs to

name.

matching”.

bntained

5) For every <element reference> ER that references I, ER is bound to the list of

graph elements whose sole element is VER.

92

ii) If RC is <one row per step>, then:

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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The current element number of I1 is OFF, the current element number
of 12 is the null value, and the current element number of 13 is the null

value.

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
list of primary variable names of 12 and 13 is empty.

current

For every <element reference> ER that references /1, ER is bound to

B)

6) Rip arow, with a column for each <graph table column definition> GTCD contained in CC.

column:

a)| The General Rulesief Subclause 9.9, “Applying bindings to evaluate an expression”, arg
with GP as GRAPH PATTERN, the <value expression> simply contained in GTCD as EXP}
MACH as MACHINERY, M as MULTI-PATH BINDING, and reference to M as a subset of
REFERENCE TO LOCAL CONTEXT; let VE be the VALUE returned from the application

GeneralRules.

b)| Thewvalue of the column is VE.

7)  Evjluation of the General Rules is terminated and control is returned to the invoking Sub

Otherwise:

)

1)

111)

IV)

the list of graph elements whose sole member is VER. For e
<element reference> ERX that references I2 or 13, ERX.is bQ
an empty list of graph elements.

The current element number of I1 is OFF, the-current elemen
of 12 is the OFF+1, and the current elementyniumber of 13 is (

Let CBypr be the compressed binding/(LOV1, GE1). Let CBg

very
und to

tnumber
DFF+2.

ore1 e

the compressed binding (LOVZ, GE2) Let CBypr,» be the compressed

binding (LOV3, GE3).

The current list of primary variable names of 11 is LOV1. Thg
list of primary variable names of 12 is LOVZ2. The current list of
variable names of 13 1s’LOV3.

For every <eleméntreference> ER1 that references /1, ER1
to the list of graph elements whose sole member is GE1. Fo
<element reference> ER2 that references 12, ERZ2 is bound t
of graph elements whose sole member is GEZ. For every <e
reference> ER3 that references 13, ER3 is bound to the list ¢
elemrents whose sole member is GE3.

e current
Fprimary

is bound
I every
o the list
lement
f graph

For each

e applied
RESSION,
itself as

of those

rlause,

which receives R as ROW.

Conformance Rules

None.
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9.12 Creation of an element table descriptor

Function

Create an element table descriptor.

Subclause Signature

f the

1t table

'N.

> imme-

local

“Or eal ifor—of—ar—etenem—tabte—deserpror—tmtre fries—
Par anet er: “BNFTERM
) Retunns: “DESCRI PTCR
BNFFTERM — a <vertex table definition> or an <edge table definition>.
DESCRIPTOR — the created element table descriptor.
Syntax Rules
1) Let Bbethe BNFTERM in an application of the Syntax Rules of’this Subclause. The result g
application of this Subclause is returned as DESCRIPTOR.
2) 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 <elemer
alias>.
2)  Otherwise, let ETN"be the <qualified identifier> simply contained in EL]
ii) Let ET be the table\identified by ELTN.
iii)  ET shall be either a persistent base table or a viewed table.
b)| Otherwise:
i) Let ETN be the <element table alias>.
ii) Let ETQE be the <query expression> simply contained in the <table subquery
diately contained in B.
i) No <table reference> generally contained in ETQE shall identify any declared
temporary table.
iv) No <table reference> generally contained in ETQE shall contain a <data change delta
table>.
v) Let ET be the table specified by ETQE.
3) ETNis arange variable for ET whose scope is B.
4) Case:
a) If <element table key clause> is not specified, then
Case:
94
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7)

8)

9)

b)
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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.

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 <column

If
lab

If B simply contains an <element table label and properties clause> thatimmediately cont
ement table properties clause> ETPC, then ETPC is effectively replaced with a <label and prop-
erties> DEFAULT LABEL ETPC.

<e
An|

rey

Lef
tal]

Fo
a)

b)

name> simply contained In E£TK.
ii) Each <column name> simply contained in ETK shall identify a column of ET.

does not simply contain an <element table label and properties clause>, then the'<elem

implicit or explicit <element table label clause> that specifies DEFAULT LABEL is effec
laced with an <element table label clause> LABEL ETN.

NLP be the number of explicit or implicit <label and properties>s simply contained in <
le label and properties clause> ETLPC simply contained in B.

reach k, 1 (one) < k< NLP, let LPj, be the k-th <label and properties>:

Let ETL;, be the <label name> simply cofttained in LPj. ETLj, shall not be equivalent {
other <label name> simply contained'in ETLPC.

NOTE 105 — The preceding Syntax Rule ensures that no two labels within the same element tablg
same name

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>
NPy, be the number of simply contained <derived property>s. For i, 1 (one) <

15 Every <column reference> simply contained in the i-th <derived proper
reference a column of ET.

2) Case:

el and properties clause> DEFAULT LABEL PROPERTIES ARE ALL COLUMNS is implicit.

ent table

ains an

tively

element

0 any

have the

then let
i < NPk:

ty> shall

A) Ifthe i-th <derived property> simply contains a <property name>

then let

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 the

i-th <derived property>.

4)  Let PV ;be the <value expression> simply contained in the i-th <derive
erty>.
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10)

11)

96

Fo

(ome) < t < NPjif PNy ¢ is equivalent to PN, then PV ¢ shall have the same left normal for

ati

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>.

iii)  IfEXCEPT is specified, then let NETC}, be the number of columns of ET, let ECj, be the
number of <column name>s simply contained in the <except column name list> ECNL,

and let NP, be NETCk - ECk.

1) No <column name> simply contained in ECNLj shall be equivalent te an
<column name> simply contained in ECNL,.

3) Let RC be the set of columns of ET that are not identified\by a <column
simply contained in ECNL, (there are NP}, such column’s).

4) Fori, 1 (one)<i< NP
A)  Let PNy ;be the name of the i-th columimjin RC.
B)  Let PTy; be the declared type of the’i-th column in RC.
C) Let PVy;be the name of thed>th’column in RC.
iv) Otherwise, let NPj, be the number éf.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 decldred type of the i-th column of ET.
3) Let PVy;be the'name of the i-th column of ET.

For 1 (one) <s < NPy A(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 hav
name.

 each pair of properties (Py g, Pj¢), 1 (one) <k <NLP, 1 (one) <I< NLP,k+1,1 (one) <

pbn as PVj

NOTE 107 — “Left normal form derivation” is defined in Subclause 6.2, “Notation provided in the ISO/IE
séries”, in ISO/IEC 9075-1.

2)  Each <column name> simply contained in ECNL}, shall identify a columI of ET.

y other

ame>

b the same

<NPj 1
m deriv-

£ 9075

NOTE 10U — The preceding Syntax Rule ensures that two properties with the same name within the sair

1e element

table but in different labels are the same; i.e., have the same definition and, by implication, the same declared type.

Let D be an element table descriptor that includes:

a)

b)

Case:

i) If ET is a persistent base table or a viewed table, then the schema-qualified name of

ET: ELTN.
ii) Otherwise, the <query expression>: ETQE.

The element table alias: ETN.
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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) Evjluation of the Syntax Rules is terminated and control is returned to the invoking Subclause,
which receives D as DESCRIPTOR.

Access Rules

Nope.

General Rules

Nope.

Conformance Rules

Nope.
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9.13 Creation of a vertex table descriptor

Function

Create a vertex table descriptor.

Subclause Signature

“ Cr eat ifomof—a—vertex—tabte—descriptor*—fSymtax Rutest—¢
Pararet er: “BNFTERM
) Retunns: “DESCRI PTCR

BNFFTERM — a <vertex table definition>.
DESCRIPTOR — the created vertex table descriptor.

Syntax Rules

1) Let Bbethe BNFTERM in an application of the Syntax Rules ofthis Subclause. The result qf the
application of this Subclause is returned as DESCRIPTOR.

2) B ghall not simply contain <source vertex table> or <destination vertex table>.

3) Thg Syntax Rules of Subclause 9.12, “Creation of an‘¢lement table descriptor”, are applied with B
as BNFTERM; let V be the DESCRIPTOR returned. from the application of those Syntax Rulgs.

4)  Vi$ avertex table descriptor.

5) Evaluation of the Syntax Rules is termindted and control is returned to the invoking Subclause,
which receives IV as DESCRIPTOR.

Access Rules

Nope.

General Rules

Nope.

Conformance Rules

None.
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9.14 Creation of an edge table descriptor

Function

Create an edge table descriptor.

Subclause Signature

“ H £ (! - Jorl (! H - 1 | Wal Pl -l L
Cr eat ipomof—anm—edge—tabte—descriptot [Symtax Rutes]

Syntax Rules

1)

2)
3)

4)

5)

6)
7)
8)

9)

ter: “BNFTERM,
ter: " SOURCE”,
ter: “DESTI NATI O\

Ret unns: “DESCRI PTOR’

BNF[FTERM — 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.

Let Bbe the BNFTERM, let SVTD be the SOURCE, andlet DVTD be the DESTINATION in an ap
of the Syntax Rules of this Subclause. The result'of the application of this Subclause is rety
DESCRIPTOR.

all simply contain a <source vertextable> SVT and a <destination vertex table> DVT.

If VT does not simply contain a <spurce vertex table key clause>, then SVT shall not simply
a greferenced source column list>If SVT simply contains a <source vertex table key claus
SVT shall also simply contain d <referenced source column list>.

If DVT does not simply contdin a <destination vertex table key clause>, then DVT shall not
comtain a <referencedsdestination column list>. If DVT simply contains a <destination ver
key clause>, then D¥T)shall also simply contain a <referenced destination column list>.

ThE <source vertex table alias> SA simply contained in SVT shall be equivalent to the elem
alias included/in SVTD. The <destination vertex table alias> DA simply contained in DVT s
equivalent to’'the element table alias included in DVTD.

Let SV be'the table identified by SA.

blication
irned as

 contain

e>, then

simply
ex table

ent table
hall be

Let DV be the table identified by DA.

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 referenc
is SV.

© ISO/IEC 2023 - All rights reserved
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b)
10) Ca
a)
b)
11) Th

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.

Otherwise:

i) Llet 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.

JSH

2)  Each <column name> simply contained in ESK shall identify a column of ET.

ii) Let SVK be the <column name list> simply contained in the <referencedsource¢ column
list>.

1)  No <column name> simply contained in SVK shall be equivalent to any ¢ther
<column name> simply contained in SVK.

2)  Each <column name> simply contained in SVK shall'identify a column of SV.

If DVT does not simply contain a <destination vertex table key clause>, then the table descriptor
of ET shall include exactly one referential constraint descriptor 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 R(D.
Otherwise:

i) Let EDK be the <column name list> simply contained in the <destination vertex table

key clause>.

1)  No <column name> simply contained in EDK shall be equivalent to any pther
<column natne> simply contained in EDK.

2)  Eachgcolumn name> simply contained in EDK shall identify a column qf ET.

ii) Let DVK be the <column name list> simply contained in the <referenced destination
column/list>.

1)~ No <column name> simply contained in DVK shall be equivalent to any pther
<column name> simply contained in DVK.

2)  Each <column name> simply contained in DVK shall identify a column qf DV.

€ Syntax Rules of subclause 9.12Z, “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.

12) Let E be an edge table descriptor that is a copy of D and additionally includes:

a)
b)
<)
d)
e)

100

The name the source vertex table: SA.

The edge source key: ESK.

The source vertex key: SVK.

The name of the destination vertex table: DA.

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.

Generpl Rules

Nope.

Conformance Rules

Nope.

© ISO/IEC 2023 - All rights reserved 101


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

ISO/IEC 9075-16:2023(E)
9.15 Consistency check of a tabular property graph descriptor

9.15 Consistency check of a tabular property graph descriptor

Function

Check the consistency of a tabular property graph descriptor.

Subclause Signature

“ Consi gtency—ctreck—of—a—tabutar—property—grapth—descrptor-*—{SymtaxRutest—¢
Par arfet er: “ TPGDESCRI PTOR’
)
TPGDESCRIPTOR — the tabular property graph descriptor to be checked.
Syntax Rules

1) Let TPGD be the TPGDESCRIPTOR in an application of the Syntax Rides 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 inFPGD.

4) Fori, 1 (one)<i<n+m:

a)| Let DESC;be the i-th element table descriptotincluded 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 alias

included in any other element table'descriptor (which is either a vertex or an edge table
descriptor) included in TPGD.

c)| Foreachlabel L included.in DESC;:

i) Let LN be the name of L.

ii) If alabel LLiincluded in any other element table descriptor (which is either a yertex or
an edge table descriptor) included in TPGD has a name that is equivalent to L)V, then L
and, LL shall have the same number of properties and the name of each propgrty of L
shall be 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)Ifanother property PP of any other tabel included in any other etement table
descriptor included in TPGD has a name that is 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

Nope.

Conformance Rules

Nope.
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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

“Deri vi
[General

Par ar
) Ret ud

TAB
PUR

Syntay

No

Access

No

Gener

1) Lef
of
GR

2)  Let

ng a pure property graph descriptor froma tabul ar property graph dese
Rules] (

et er: “TABULAR PROPERTY GRAPH DESCRI PTOR’

ns: “PURE PROPERTY GRAPH DESCRI PTOR’

JLAR PROPERTY GRAPH DESCRIPTOR — a tabular property graph deScriptor.
. PROPERTY GRAPH DESCRIPTOR — the derived pure property graph descriptor.

t Rules

j1e.

i Rules

j1e.

al Rules

TPGD be the TABULAR PROPERTY GRAPH DESCRIPTOR in an application of the Generq
his Subclause. The result.of the application of this Subclause is returned as PURE PRO}
APH DESCRIPTOR.

PPGD be a pure preperty graph descriptor derived from TPGD as follows:

NOTE 110 — If TPGD-is empty, then PPGD is empty as well.

The labels:of PPGD are the unique labels of every vertex and edge table included in T

each labyel, this includes the label name and the properties (including name and declat
of the'corresponding label in TPGD.

The set of defined vertex label sets of PPGD comprises, for each vertex table V of TP

i ptor”

1 Rules
PERTY

PGD. For
ed type)

7D, the

£ oflol ol £11
SCLUI'IdUTCIS ULV,

d)

104

The set of edge defined label sets of PPGD comprises, for each edge table E of TPGD, the set of
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
edges, and consists of an edge triplet defined label set EL, a source vertex defined lab
and a destination defined vertex label set DL. For each edge table ET, EL consists of ev

directed
el set SL,
ery 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.

© ISO/IEC 2023 - All rights reserved 105


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

ISO/IEC 9075-16:2023(E)

10 Additional common elements

This Clause modifies Clause 10, “Additional common elements”, in ISO/IEC 9075-2.

10.1

<aggregate function>

This Sub

Functi

rlause modifies Subclause 10.9, “<aggregate function>", in ISO/IEC 9075-2.

on

‘Augmer

t the 1st paragraph| by adding “or a list of graph elements” to the end ofithe sentence.

Formad

<aggregfte function> ::=

t

NI alternatives from|SQO | EC 9075-2
brent vari abl e count function> [ <filter clause>9

variable count function> ::=
NG COUNT <l eft paren> <el ement reference> <pight paren>

t Rules

sert after SR 14):‘ An <element reference> simply contained in an <element variable cd

| <el
<el enen
Bl NDI
Syntay
1) ‘In
fur

ction> is an aggregated argument of SFE.

unt

en

L map
General

AF is

of

Access Rules
No|additional Access Rules.
Generpal Rules
1) ‘In sert beforé GR 1):‘ If AF is immediately contained in a within-match aggregate WMA, th
a)| LetsBbe the set of bindings of <element reference>s (that is, the set of functions tha
<element reference>s to lists of graph elements) determined by the invocation of the
Rules of Subclause 9.9, “Applying bindings to evaluate an expression”, during which
being evaluated.
NOTE 111 — The evaluation of a within-match aggregate necessarily occurs during an invocation
Subclause 9.9, “Applying bindings to evaluate an expression”.
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

106

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 0 (zero).

111) Forallj, T {one] <j<EN, thereisarow in 1Z whose columns are determined-ag follows:

1) Foralli, 1 <i<SN, the General Rules of Subclause 9.10, “Applying bindings to
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 let DIR be ASC or DESC that is specified
or implied by POC. POC is effectively replaced by

ORDER BY ELNO DI R

2) ‘In sert after GR 1)c):‘ If AF is immediately containied in a within-match aggregate, then T4

3) ’In bert after GR 6): ‘ If <element variable countfunction> is specified, then the result s the cardinality
of I'l.

Conformance Rules

1) ‘ Ingert after the last CR: ‘ Without Feature G820, “BINDING_COUNT”, conforming SQL langupge shall
notf contain an <element variable count function>.
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10.2
This Sub

<sort specification list>

clause modifies Subclause 10.10, “<sort specification list>", in ISO/IEC 9075-2.

Function

Specify a sort order.

Form

t

<sort s
I

| <pa

<path o
PATH

Syntay

peci fication list> ::=
N\l | alternatives fromI|SQO|EC 9075-2
h order cl ause>

der clause> ::=
DRDER [ <ordering specification> ]

t Rules

1) |In

sert after the last SR:| If <path order clause> POC is specified) then:

a)

b)

Access

No

Gener

No

NOTE
“<agg

Confol

POC shall be simply contained in a within-match aggregate which is one of the folloy
<array aggregate function>, <listagg set function>,"<JSON array aggregate construct
<XML aggregate>.

If <ordering specification> is not specified;then ASC is implicit.

i Rules

additional Access Rules.

al Rules

additional General Rules.

regate functionx”, se‘no rules are required here.

rmance’/Rules

1) |[In

seftafter the last CR:| Without Feature G840, “Path-ordered aggregates”, conforming SQL

112 — <path order clause> is transformed into a <sort specification> by the General Rules of Subclause 10.

ving:
Dr>, OT

anguage

Sh 1

108

£ a3 £l pa | 1
I TITUL CUTILAIll lJClLll Ulrutl CiadustC~.
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10.3 <graph reference>

Function

Reference an SQL-property graph.

Format

<graph raf aranca =
<property graph name>

Syntax Rules

1)  Thp <schema qualified name> contained in <property graph name> shall identify an SQL-
graph.

Access Rules

Nope.

Generpl Rules

Nope.

Conformance Rules

Nope.

broperty
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10.4 <graph pattern>

Function

Specify a pattern to be matched in a property graph.

Subclause Signature

“ <gr apl—pattern>"—fGemeratRutes}—¢
Par afet er: “PURE PROPERTY GRAPH’,
Par afet er: “GRAPH PATTERN’,
Par afet er: “PATH PATTERN LI ST,
Par afet er: “ MACHI NERY”

) Retunns: “SET OF REDUCED MATCHES’

PURE PROPERTY GRAPH — a pure property graph

GRAPH PATTERN — a <graph pattern>.

PATH PATTERN LIST — a <path pattern list>.

MAQHINERY — the machinery for graph pattern matching.

SET DF REDUCED MATCHES — the resulting set of reddced matches.

Format

<graph pattern> ::=

[ <mafch nmbde> ] <path pattern list>
<keep cl ause> ]
<graph pattern where clausex ]

——

<match frode> :: =
<r epeat abl e el enents mat chinbde>
| <different edges match nede>

<repeat fbl e el ements nmate€h node> :: =
REPEATABLE <el enent~bi-ndi ngs or el enent s>

<di fferent edges match node> ::=
DI FFERENT <eddebi ndi ngs or edges>

<el emen] bi pdings or elenments> ::=
ELEMENT} BI NDI NGS ]
| ELEMENTS

<edge bindi 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) Let GP be the <graph pattern>. Let GT be the <graph table> that simply contains GP.
2)  If pNand-BAHZare-instances-of- two-BNFron-termina h-eotttatredis ithettts
ing <graph pattern>, then BNF1 and BNFZ2 are said to be at the same depth of graph\pa
mdtching.

o

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 egonditional singleton varjables 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 to/theé name of an edge variable declpred at
the same depth of graph pattern matching.

6) If 9keep clause> KP is specified, then:
a)| Let PSP be the <path pattern prefix> simply contained in KP.
b)| For each <path pattern> PP simply contained 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:
19  If PP specifies a <path mode prefix>, then let PMP be that <path mode prefix>.

2)  Otherwise, let PMP be the zero-length string.

1) 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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8)
9)
10)

11)
12)

13)

14)

112

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.
b) Let PPE be the <path pattern expression> simply contained in PP.
c) PPisreplaced by

PVDECL PPP ( PM PPE )

NOTE 116 — One effect of the preceding transforms is that every <path mode> expressed outside

a <paren-

thesized path pattern expressions 15 also expressed within a <parenthesized path pattern expresy
example,

ALL SHORTEST TRAIL GROUP <path pattern expression>
is rewritten as

ALL SHORTEST TRAIL GROUP ( TRAIL <path pattern expression>)

The TRAIL specified outside the parentheses is now redundant. The benefit is that the definition of a
path binding in Subclause 9.6, “Machinery for graph pattern matching”, only.has to consider <pat}
declared in <parenthesized path pattern expression>s.

Let GPT be the <graph pattern> after the preceding syntactic transformations.
Let PPL be the <path pattern list> simply contained in GPT.

If ¢PT does not specify a <match mode>, then an implementation-defined (ID022) <matc
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 §
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 PP}
contain SPP. If there is no selective <pathpattern> in GPT, then there are no restrictions on how many no
<path pattern>s are contained in PPL If MM is <repeatable elements match mode>, then there is no restj
how many (selective and non-selective) <path pattern>s are contained in PPL.

Let E be an element variable.declared by GPT.
Cage:

a)| IfEisexposedby GPT as an unconditional singleton, then E is a global unconditional s
of GPT.

b)| Otherwise, let PPPE be the outermost <parenthesized path pattern expression> that
E as-anunconditional singleton; the unconditional singleton scope index of E in GPT i
bracket index of PPPE.

NOTE 118 — Bracket index is defined in Subclause 9.6, “Machinery for graph pattern matching”. T

ion>. For

consistent
mode>s

h mode>

elective,

must only
h-selective
iction on

fingleton

exposes
s the

he uncon-

AItIoNAl SIFIETOI SCOPE IMAEX TS WeEIIl-AdeTINned DeCdaUse IMPIICIT eqUIJOINS DEtWeenl CONAIUIONd! SINZIETO

variables

or group variables are forbidden. Hence there cannot be two <parenthesized path pattern expression>s that
expose E as a conditional singleton or group variable unless one is contained in the other. For example,

(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)  The <graph pattern quantifier> of QPP is bounded.

b) QPP is contained in a restrictive <parenthesized path pattern expression>.
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QPP is contained in a selective <path pattern>.

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 the

TRAIL keyword.

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

No

Gener

1) Lef
LIS
req

2) Th
a)

b)

3) Let
pa

4) Arx

E)
dif

5) Fo

FRules

j1€.

al Rules

PGbe the PURE PROPERTY GRAPH, let GPTbe the GRAPH PATTERN, let-PPL be the PATH K
T, and let MACH be the MACHINERY in an application of the General Rules of this Subclg
ult of the application of this Subclause is returned as SET OF REDUCED MATCHES.

e following components of MACH are identified:

ABC, the alphabet, formed as the disjoint union of thé 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.

REDUCE, the function mapping path bindings to path bindings, and multi-path bindi
multi-path bindings.

NP be the number of <path pattern>s simply contained in PPL. Let PPy, ..., PPyp be the
tern>s simply contained in PPL after the transformations in the Syntax Rules.

nulti-path binding MPBINDING is different-edges-matched if, for every edge binding EB
contained in"MPBINDING, there is no edge binding EB2 = (EVZ2, E) contained in MPBINI
ferent posSition than EB1 that binds the edge E.

every i, 1 (one) <i< NP:

PATTERN
use. The

ngs to

<path

[ = (EV1,
ING ata

a)
b)

c)

Let PPE he the <pnrnnfhnci7nd pafh paﬂ'nrn pvprnccinn> cimp]y contained.in DD[-

The General Rules of Subclause 9.7, “Evaluation of a <path pattern expression>", are applied
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.

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 d
edges-matched multi-path bindings in SMPPE;.

ifferent-

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-> ()

d)
Lef
Let

<e
bin

Case:

b)
AT

2)  Otherwise, let SMUP; be SMPPE;.

ii) The General Rules of Subclause 9.8, “Evaluation of a selective <pathpattern>
applied with PG as PURE PROPERTY GRAPH, PPL as PATH PATTERN-LIST, MA(

of those General Rules.

Otherwise, let SM; be SMPPE;.
CROSS be the cross product SMq x ... x SMpp.

INNER be the set of multi-path bindings MPB in CROSS such that, for every unconditional

dings of USV contained in MPB.

NOTE 122 — Anonymous symbols are not <element variable>s; there is no requirement that two anonymo
bind to the same graph element.

multi-path bindings in INNER.

NOTE 123 — If an edge variable has been multiply declared within a <graph pattern> GP, then no
are returned for GP. Eerexample, the following produces no results:

MATCH DI FFERENT, EDGES () -[E]-> (), () -[E-> ()
and neither does'the following:

MATCH DWFFERENT EDGES () -[E]-> () -[E-> ()

Otherwise let BINDINGS be INNER.

tha

tallof the following are true:

a)

For every j, 1 (one) <j < NP, and for or every <parenthesized path pattern expressio
contained in PP}, let i be the bracket index of PPPE, and let "[;" and "J;" be the bracket

[, are

H as

MACHINERY, PP; as SELECTIVE PATH PATTERN, and SMUP; as INPUT SET OF LJOCAL
MATCHES; let SM;be the OUTPUT SET OF LOCAL MATCHES returned from the application

ingleton

ement variable> USV exposed by PPL, USVis bound\tg a unique graph element by the elementary

s symbols

If MM is <different edges match mode>, then let BINDINGS be the set of different-edges-matched

matches

natch of GPT is a multi-path binding M = ( PB1, ..., PByp ) of NP path bindings in BINDIN(GS, such

n> PPPE
symbols

associated with PPPE. A binding of PPPE is a substring of PB; that begins with the bracket

non

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:

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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2)

3)

4)

5)

6)

7)

8)

9)
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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.

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.

b) If GPT contains a <graph pattern where clause> GPWC, then True is the VALUE returned as V2

when the General Rules of Subclause 9.9, “Applying bindings to evaluate an expressi

on”, are

applied with GF I as GRAFH FATTERN, GPWC as EXFRESSIUN, MACH as MACHINERY,
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
REDUCE(M).
Let SRM be the set of reduced matches.

NOTE 126 — Set-theoretic deduplication will occur here. That is, two or more matches can reduce to the
reduced match; this scenario is regarded as contributing only a single reduced match to the result set.

Evaluation of the General Rules is terminated and control is returned to the invoking Sub
which receives SRM as SET OF REDUCED MATCHES.

Without Feature G000, “Graph pattern”, conforming SQL language shall not contain a <graph

Wifthout Feature G001, “Repeatable-elementsimatch mode”, conforming SQL language sh:
comtain a <repeatable elements match mode>.

Without Feature G002, “Different-edge§'match mode”, conforming SQL language shall not
a qdifferent edges match mode>.

Wilthout Feature G003, “ExplicittREPEATABLE ELEMENTS keyword”, conforming SQL lan
shall not contain a <match mode> that specifies REPEATABLE ELEMENTS or REPEATABLE E
BINDINGS.

Without Feature G00Q4;‘Path variables”, conforming SQL language shall not contain a <path
that simply contains a’<path variable declaration>.

M as

RM =

same

rlause,

battern>.

11 not

contain

ruage
LEMENT

pattern>

Wifthout Featufe'G0O05, “Path search prefix in a path pattern”, conforming SQL language shall not

comtain a <path pattern> that simply contains a <path pattern prefix> that is a <path search

Wilthout Feature G006, “Graph pattern KEEP clause: path mode prefix”, conforming SQL 1
shall@ot contain a <keep clause> that simply contains a <path mode prefix>.

prefix>.

inguage

Without Feature G007, “Graph pattern KEEP clause: path search prefix”, conforming SQL 1
shall not contain a <keep clause> that simply contains a <path search prefix>.

anguage

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

<pathp”nrn prnfiv =
<path node prefix>
| <path search prefix>

<path npde prefix> ::=
<pat h| node> [ <path or paths> ]

<path npde> ::=
WAL
| TRA|L
| SI MPLE
| ACYCLIC

<path search prefix> ::=
<al| path search>
| <any path search>
| <shprtest path search>

<all path search> ::=
ALL [|<path node> ] [ <path or paths> ]

<path of paths> ::=
PATH | PATHS

<any path search> ::=
ANY [ | <nunber of paths> ] [ <pathonmode> ] [ <path or paths> ]

<nunber | of paths> ::=
<simpl e val ue specificatiaon>

<shorte$t path search> o =
<al| shortest path(sgarch>
| <any shortest pathjsearch>
| <copinted shortest: path search>
| <colinted shofteést group search>

<all shortest—path search> ::=
ALL SHORTEST [ <path node> ] [ <path or paths> ]

<any shé+test path search=—:=

ANY SHORTEST [ <path rmde> ] [ <path or paths> ]

<counted shortest path search> ::=
SHORTEST <nunber of paths> [ <path nbde> ] [ <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:

i) If PPP does not simply contain a <path mode>, then let PM be WALK.

1) Otherwise, tet PM be the <patit modes Simply contained inm PPP:
b)| Case:
i) If PPP does not simply contain a <number of paths> or <number of groups>, 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 coptained
in PPP. The declared type of N shall be exact numeric with s¢ale 0 (zero). If N|is a <lit-
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 GROUP

2) If PPPis <any shortest path search>, then PPP is equivalent to:
SHORTEST "1vPM PATH
3) If PRPis <counted shortest path search>, then PPP is equivalent to:

SHORTEST N PM PATHS

4)— If PPPis <counted shortest group search>, then PPP is equivalent to:

SHORTEST N PM GROUPS

3)  Adpath 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 restrictive.

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)

Access Rules

General Rules

Conformance Rules

1)

2)

3)

4)

5)

118

d)

iii)  LVPis not contained in a <path pattern union> or <path multiset alternation> that is

contained in PPPE.
Avertex variable RVV is the right boundary variable of PPPE if the all of the following
i) PPPE exposes RVV as an unconditional singleton variable.
ii) RVVis declared in the last implicit or explicit <vertex pattern> RVP contained

are true:

in PPPE.

iii)  RVPis not contained in a <path pattern union> or <path multiset alternation> that is

contained in PPPE.

An element variable that is exposed by PPPE that is neither a left boundary variable
nor a right boundary variable of PPPE is a strict interior variable of PPPE.

of PPPE

An[element variable that is not declared in a selective <path pattern> is an exterior-variable.

A dtrict interior variable of one selective <path pattern> shall not be equivalént to an exte
vafiable, nor to an interior variable of another selective <path pattern>.

A delective <path pattern> SPP shall not contain a reference to d graph pattern variable th

de

Nope.

No
NOTH 129 — Restrictive <path mode>s are enforced as part of the check for consistent path bindings in the gen

the sqt of local matches in Subclause 10.6, “<path pattern expression>". Selective <path pattern>s are evaluated
Subcl

WilthoutFeature G010, “Explicit WALK keyword”, conforming SQL language shall not cont

<p

NOTE 127 — Implicit joins of boundary variables of selective <path pattern>s with exterior variables or
variables of other selective <path pattern>s are permitted.

clared by SPP.

NOTE 128 — This rule, and the prohibition of implicit joins to exterior variables and interior variables o
selective <path pattern>s, insure that each selective <path pattern> can be evaluated in isolation from ay
<path pattern>.

j1e.

huse 9.8, “Evaluation of\aselective <path pattern>".

hth mode> that specifies WALK.

rior

boundary

at is not

other
y other

eration of
by

ain a

Ll ] VaVaW 1 LA ] 1 1 1 ALY £ . aVa'th 4l | 1 11
WithoutFeature UU1L1L, AUvdllced pdtl IMoucs. 1 RAIL, COIITOTIHITE SUL IdITgUdge SI1dll 1O

a <path mode> that specifies TRAIL.

t contain

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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10)

11)
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Without Feature G015, “All path search: explicit ALL keyword”, conforming SQL language shall not
contain an <all path search>.

Without Feature G016, “Any path search”, conforming SQL language shall not contain an <any path
search>.

Without Feature G017, “All shortest path search”, conforming SQL language shall not contain <all
shortest path search>.

Without Feature G018, “Any shortest path search”, conforming SQL language shall not contain an
<any shortest path search>.

Wilthout Feature G019, “Counted shortest path search”, conforming SQL language shall\nof contain
a qcounted shortest path search>.

Without Feature G020, “Counted shortest group search”, conforming SQL languageshall nof contain
a qcounted shortest group search>.
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10.6

<path pattern expression>

Function

Specify a pattern to match a single path in a property graph.

Format

<path p

ttarn avnraccl agn ———
14 —

<pa
| <pa
| <pa

<path m
<pat h
[

<path p
<path

<path t
<pa
| <pa

<path c
<path

<path f
<pa

| <qu

| <qu

<quant i
<path

<questi
<pat h

NOTH

quantfifier {0,1} exposes variables as group, whereas <question mark> does not change the singleton variables that

to grd

<path p
<el

| <pa

| <si

h ternp
h nultiset alternation>
h pattern uni on>

Itiset alternation> ::=
term> <multiset alternation operator> <path terne
{ <multiset alternation operator> <path term }... ]

httern union> @ : =
ternr <vertical bar> <path termr [ { <vertical bar> <path terne }... ]

Prne [ =
h factor>
h concat enati on>

bncat enation> :: =
term> <path factor>

hctor> 11 =
h primry>
hntified path primry>
psti oned path prinmary>

ied path primary> ::=
primary> <graph pattern quantifier>

bned path primary> ::=
pri mary> <questi on nark>

130 — Unlike most regular expression languages, <question mark> is not equivalent to the quantifier {0,

up. However, <queStion mark> does expose any singleton variables as conditional singletons.

imary> ;=

brent  pattier n>

ent hesi’zed path pattern expression>
mplified path pattern expression>

<el enen

1}: the
it exposes

pattern> ::=

<vertex pattern>
| <edge pattern>

<vert ex
<l eft

pattern> ::=
paren> <el enent 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>

<edge pattern> :

ISO/IEC 9075-16:2023(E)
10.6 <path pattern expression>

<full edge pattern>
| <abbrevi ated edge pattern>
<full eflge 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>
<full eflge pointing left> ::=
<l eft|arrow bracket> <el ement pattern filler> <right bracket m nus>
<full eflge undirected> ::=

<tilde left bracket> <element pattern filler>

<full eflge pointing right> :

<m nu$ |eft bracket> <element pattern fillerx
<full eflge left or undirected> ::=

<left|arrow tilde bracket> <element pattérn fi
<full eflge undirected or right> ::=

<tilde left bracket> <element pattern filler>
<full eflge left or right> ::=

<l eft|arrow bracket> <el ement: pattern filler>
<full eflge any direction>\ =

<m nu$ |eft bracket> <elFement pattern filler>

<abbr ev
<le
<ti

ated edge pattern> :
t arrow>

de>

<ri ght arnrow>

<left arrow til de>

<lett>mnus right>

<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>

I
I
I
| <tildesright arrows
I
| <m nus sign>

<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>
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<par ent hesi zed path pattern where clause> ::=
WHERE <search condition>

Syntax Rules

1)  Let RIGHTMINUS be the following collection of <token>s: <right bracket minus>, <left arrow>, <slash
minus>, and <minus sign>.

NOTE 131 — These are the tokens ]-, <-, /-, and -, which expose a minus sign on the right.

2) Let LEFTMIN[IShe the following collection of <token>s: <minusleft hracket> <right arrow=, <minus
slagh>, and <minus sign>.

NOTE 132 — These are the tokens -[, ->, -/, and -, which expose a minus sign on the left. <minus sigh>)itself is in both
RIGHTMINUS and LEFTMINUS.

3)  Adqpath pattern expression> shall notjuxtapose a <token> from RIGHTMINUS followed by a|<token>
from LEFTMINUS without a <separator> between them.

NOTE 133 — Otherwise, the concatenation of the two tokens would include the sequence of two <minus|sign>s,
which is a <simple comment introducer>.

4) A 9path pattern expression> that contains at the same depth of graph pattern matching a|variable
qupntifier, a <questioned path primary>, a <path multiset alternation>, or a <path pattern union>
is a possibly variable length path pattern.

5) A 4path pattern expression> that is not a possibly variable length path pattern is a fixed lerigth path
pattern.

6)  The minimum path length of certain BNF non-terminals defined in this Subclause is defin¢d
reqursively as follows:

a)| The minimum path length of a <vertexpattern> is 0 (zero).
b)| The minimum path length of an\<edge pattern> is 1 (one).

c)| The minimum path length ofa’<path concatenation> is the sum of the minimum path lengths
of its operands.

d)| The minimum path length of a <path pattern union> or <path multiset alternation>|is the
minimum of the minimum path length of its operands.

e)| The minimum path length of a <quantified path primary> is the product of the minimum path
length of the Simply contained <path primary> and the value of the <lower bound>.

f) | The mitfimum path length of a <questioned path primary> is 0 (zero).

g)| Theminimum path length of a <parenthesized path pattern expression> is the minimjum path
length of the simply contained <path pattern expression>.

h) IfBNTI1and BNTZ are two BNF non-terminals such that BNT1 ::= BNT2 and the minimum path
length of BNTZ is defined, then the minimum path length of BNT1 is also defined and is the
same as the minimum path length of BNT2.

7)  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).

8)  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.

9) 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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Let NOPMA be the number of multiset alternation operands of PMA. Let OPMA1, ..., OPMAnopma
be an enumeration of the operands of PMA.

Any <subpath variable>s declared by <subpath variable declaration>s simply contained in
the multiset alternation operands of PMA shall be mutually distinct.

Let SOPMA1, ..., SOPMApNopma be implementation-dependent (UV024) <identifier>s that are

mutually distinct and distinct from every <element variable>, <subpath variable> and <path
variable> contained in GP.

10) A
op

PP
of

11) An
as

d)

Foreveryi 1 (one) <i< NOPMA,
Case:
i) If OPMA; is a <parenthesized path pattern expression> that simply contains a 4subpath

variable declaration>, then let OPMAX; be OPMA,;.

ii) Otherwise, let OPMAX; be the <parenthesized path pattern expression>
(SOPMA; = OPMA)

PMA is equivalent to:

OPMAXp | ... | OPMAXNoPMvA

path term> PPUOP simply contained in a <path pattern union> PSD is a path pattern upion
prand of PSD.

[JOP shall not contain a reference to an elementvariable that is not declared in PPUOP ot outside
PSD.

<element pattern> EP that contains an‘<element pattern where clause> EPWC is transfformed
follows:

Let EPF be the <element pattern filler> simply contained in EP.

Let PREFIX be the <delimiter token> contained in EP before EPF and let SUFFIX be the
<delimiter token> contained in EP after EPF.

Let EVbe the <element variable> simply contained in EPF. Let ILE be the <is label expfession>
contained in/EPF, if any, otherwise, let ILE be the zero-length string.

EP is replaced by

( PREEVX EV | LE SUFFI X EPWC )

12) An

<€lement pattern> that does not contain an <element variable declaration>, an <is labgl

ex

hraccinn or-a3n alamant nattarnwhaera cliucasic caid ta bha omnty;
TCOSTOT= 5 O < CrC t e pattCri vy T O et oo C= 1o oo toO o Tt g oy~

13) Each <path pattern expression> is transformed in the following steps:

a)

If the <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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14)

124

which in later transformations becomes:

(O ->0) {0}

b) Iftwo 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> is
inserted between them.

c) Ifanedge pattern EP contained in a <path term> PST at the same depth of graph pattern

matching is not preceded by a <vertex pattern> contained in PST at the same depth of graph
pattern matching, then an implicit empty <vertex pattern> VP is inserted in PST immediately
prior to £F:

d)| Ifan edge pattern EP contained in a <path term> PST at the same depth of graph pattern
matching is not followed by a <vertex pattern> contained in PST at the same 'depth qf graph
pattern matching, then an implicit empty <vertex pattern> VP is inserted in(PST immediately
after EP.

NOTE 135 — As a result of the preceding transformations, a fixed length path{pattern has an odd humber of
<element pattern>s, beginning and ending with <vertex pattern>s, and alternating between <vertex pattern>s
and <edge pattern>s.

e)| Every<abbreviated edge pattern>AEP is replaced with an empty <full edge pattern> a$ follows.
Case:
i) If AEP is <left arrow>, then AEP is replaced/by the <full edge pointing left>:
<[ 1-
ii) If AEP is <tilde>, then AEP is replaced 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 undifected>:
<[ I~
V) If AER1is <tilde right arrow>, then AEP is replaced by the <full edge undirected gr right>:
P4V Bt
vi) If AEP is <left minus right>, then AEP is replaced by the <full edge left or right>:

<[ 1->

vii)  If AEP is <minus sign>, then AEP is replaced by the <full edge any direction>:
- [ ] -

The minimum vertex count of certain BNF non-terminals defined in this Subclause is defined
recursively as follows:

a) The minimum vertex count of a <vertex pattern> is 1 (one).
b) The minimum vertex count of an <edge pattern> is 0 (zero).

c¢) The minimum vertex count of a <path concatenation> P( is:
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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
minimum of the minimum vertex count of its operands.

CHY A Aty fre-iimum
vertex count of the simply contained <path primary> and the value of the <lower'bgund> 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::= BNF2 and the minimum
vertex count of BNFZ is defined, then the minimum vertex count of BNF1 is also defined and
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
colint that is greater than 0 (zero).

NOTE 136 — The minimum vertex count must be computed after the syntactic transform that adds impljcit vertex
patterns. Thus a single <edge pattern> is a permitted <path.pattern> because it implies two <vertex pattprn>s.

NOTE 137 — A later Syntax Rule makes the same requirement of a <parenthesized path pattern expressjon> that
simply contains a <subpath variable declaration>.

An|<element variable> EV contained in an.<element variable declaration> GPVD is said to be|declared
by|GPVD, and by the <element pattern>’EP that simply contains GPVD. The <element variable> is
thg name of an element variable, whieh is also declared by GPVD and EP. EV is a primary variable.

An[element variable that is declared by a <vertex pattern> is a vertex variable. An element{variable
thdt is declared by an <edgepattern> is an edge variable.

ThE scope of an <element variable> that is declared by an <element pattern> EP is the infjermost
<graph table> contajring EP.

A 4subpath variable> SV contained in a <subpath variable declaration> SVD is said to be declared
by|SVD, and by the <parenthesized path pattern expression> PPPE that simply contains SVD. SV is
the name of-a’subpath variable, which is also declared by SVD and PPPE. If PPPE simply contains a
<stibpath variable declaration>, then the minimum vertex count of PPPE shall be greater than 0
(zdro).

IfE'DI'c an <elomont nattarns that cantaine an «<olomont nattern where claucos FPI/C the EP Sha]l
o< ot = tpPatte W e e o e St

TET e T poatte = —tirort cotat oot TETITETT

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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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.

If a <path concatenation> PPC declares EV, then let PT be the <path term> and let PF be the
<path factor> simply contained in PPC.

Case:

i) If EV is exposed as an unconditional singleton by both PT and PF, then EV is exposed
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 betweenh-donditional
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 £V is exppsed by
PPC in the same degree that it is exposed by PT or PF.

If a <path pattern union> or <path multiset alternation> PA declaresEV, then
Case:

i) If every operand of PA exposes EV as an unconditional'singleton variable, thep PA
exposes EV as an unconditional singleton variable.

ii) If at least one operand of PA exposes EV as an effectively unbounded group variable,
then PA exposes EV as an effectively unbounded group variable.

iii)  Ifatleastone operand of PA exposes EWds‘an effectively bounded group variaple, then
PA exposes EV as an effectively bounded group variable.

iv) Otherwise, PA exposes EV as a coniditional singleton variable.

If a <quantified path primary> QPP.declares EV, then let PP be the <path primary> sjmply
contained in QPP.

Case:

i) If QPP contains a.&graph pattern quantifier> that is a <fixed quantifier> or a {general
quantifier> that contains an <upper bound> and PP does not expose EV as an effectively
unbounded group variable, then QPP exposes EV as an effectively bounded gioup
variable:

ii) If QPP-is contained at the same depth of graph pattern matching in a restrictiye <par-
enthesized path pattern expression>, then QPP exposes EV as an effectively bounded
group variable.

NOTE 139 — The preceding definition must be applied after the syntactic transformatior| to insure
that every <path mode prefix> is at the head of a <parenthesized path pattern expressionp.

111) vutherwise, JFF eXposes EV as an effectively unbounded group variable.

If a <questioned path primary> QUPP declares EV, then let 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.

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 — A restrictive <path mode> declared by a <parenthesized path pattern expression> makes variables
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 variable, PP still
exposes EV as effectively bounded, because in this case PP must be a selective <pathpattdrn>.

i) If BNT1 and BNTZ are two BNF non-terminals such that BNT1 ::= BNTZ and\BNTZ exposes EV,
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 GPV'with a degree of gxposure
DEGREE, then BNT is also said to expose the name of GPV with degree of exposure DEGREJE.

A 4parenthesized path pattern where clause> PPPWC simply contained in a <parenthesizpd path
pattern expression> PPPE shall not reference a path variable.

Nope.

Nope.

NOTH 142 — The evaluation of a <path pattetn expression> is performed by the General Rules of Subclause 9.7, “Evaluation
of a <path pattern expression>".

Wilthout Feature GO30, “Path multiset alternation”, conforming SQL language shall not contain a
<phth multiset alternation>.

Without Feature G031, “Path multiset alternation: variable length path operands”, in confprming
SQL language, an operand of a <path multiset alternation> shall be a fixed length path paftern.

Withgut-Feature G032, “Path pattern union”, conforming SQL language shall not contain 4 <path
pattern union>

Without Feature G033, “Path pattern union: variable length path operands”, in conforming SQL
language, an operand of a <path pattern union> shall be a fixed length path pattern.

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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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>.

Without Feature G041, “Non-local element pattern predicates”, in conforming SQL language, the
<element pattern where clause> of an <element pattern> EP shall only reference the <element
Va]:able> declared in EP.

Without Feature G042, “Basic full edge patterns”, conforming SQL language shall notContajin a <full
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 fontain
a gfull edge pattern> that is not a <full edge any direction>, a <full edge pointing left>, or h <full
edge pointing right>.

Wikhout Feature G044, “Basic abbreviated edge patterns”, conforming SQL language shall noft contain
an|<abbreviated edge pattern> that is a <minus sign>, <left arrow>} or <right arrow>.

Without Feature G045, “Complete abbreviated edge patterns®,-eonforming SQL language shall not
contain an <abbreviated edge pattern> that is not a <minus,sign>, <left arrow>, or <rightfarrow>.

Wilthout Feature G046, “Relaxed topological consistercy: adjacent vertex patterns”, in conforming
SQL language, between any two <vertex pattern>s ¢entained in a <path pattern expression> there
shall be at least one <edge pattern>, <left paren>;.or <right paren>.

Without Feature G047, “Relaxed topological cénisistency: concise edge patterns”, in conformhing SQL
larjguage, any <edge pattern> shall be immediately preceded and followed by a <vertex pattern>.

Witthout Feature G048, “Parenthesized.path pattern: subpath variable declaration”, conforming
SQL language shall not contain a <parenthesized path pattern expression> that simply contains a
<syibpath variable declaration=>.

Wilthout Feature G049, “Parenthesized path pattern: path mode prefix”, conforming SQL language
shall not contain a <parenthesized path pattern expression> that immediately contains a kpath
mdde prefix>.

Without Feature G050, “Parenthesized path pattern: WHERE clause”, conforming SQL language
shall not containia'<parenthesized path pattern where clause>.

Wilthout Feature G051, “Parenthesized path pattern: non-local predicates”, in conforming(SQL lan-
guage, a<parenthesized path pattern where clause> simply contained in a <parenthesizefl path
paftern-expression> PPPE shall not reference an <element variable> that is not declared in PPPE.

Without Feature G830, "Colon In s label expression’, conforming SQL language shall not contain
an <is or colon> that is a <colon>.
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Function

Specify a graph pattern quantifier.

Format

<g|’aph nattarn qllgnfifiar —
<asterisk>
| <plps sign>
| <fiked quantifier>
| <geperal quantifier>

<fixed quantifier> ::=
<l eft | brace> <unsi gned integer> <right brace>

<general quantifier> ::=
<l eft|brace> [ <lower bound> ] <comma> [ <upper bound> ] <right brace>

<l ower bound> ::=
<unsi gned i nt eger>

<upper bound> :: =
<unsi 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 valye:

2)  Every <graph pattern quantifier> issnormalized, as follows:
a)| <asterisk> is equivalent to:

{0.}

b)| <plus sign> is gquivalent to:

{1}

c) | If<fixed'quantifier> FQ is specified, then let Ul be the <unsigned integer> contained |n FQ. FQ
is equivalent to:

{u, 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

Noyjre:

Generpal Rules

Nope.

Conformance Rules

1)  Without Feature G060, “Bounded graph pattern quantifiers”, conforming SQL language shall not
comtain a <fixed quantifier> or a <general quantifier> that immeédiately contains an <upper|bound>.

2)  Without Feature G061, “Unbounded graph pattern quantifiers”, conforming SQL language shall not
cofptain a <graph pattern quantifier> that immediately contains <asterisk>, <plus sign>, or a kgeneral
qupntifier> that does not immediately contain an <upper bound>.
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Format
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<| abel vpr ession ———
<l abel terne
| <l abel disjunction>

<l abel isjunction> ::=
<l abel expression> <vertical bar> <l abel terne

<l abel ternme ::=
<l abel factor>
| <l abel conjunction>

<l abel ¢onjunction> ::=
<l abel ternm> <anpersand> <l abel factor>

<l abel factor> ::=
<l abel primry>
| <l abel negation>

<l abel pegation> ::=
<excl amati on mark> <l abel primary>

<l abel primary> ::=
<l abel nane>

| <wi|dcard | abel >
| <pafenthesized | abel expression>

<wi | dcafd | abel > ::=
<percent >

<parent hesi zed | abel expression> ::=
<l ef t | paren> <l abel expression> <right paren>

Syntax Rules

1)  Let LE be the/<label expression>.

2)  Let GPbe the <graph pattern> that simply contains LE. Let GT be the <graph table> that sjmply
contains GP. Let GR be the <graph reference> that is simply contained in GT. Let PG be the property

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.

© ISO/IEC 2023 - All rights reserved

131


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

ISO/IEC 9075-16:2023(E)
10.8 <label expression>

Access Rules

None.

General Rules

None.
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Without Feature G070, “Label expression: label disjunction”, conforming SQL language-Shill not

comtain a <label disjunction>.

Wifthout Feature G071, “Label expression: label conjunction”, conforming SQL lahguage shall not

contain a <label conjunction>.

Without Feature G072, “Label expression: label negation”, conforming SQL1anguage shall nof contain

a Jlabel negation>.

Wilthout Feature G073, “Label expression: individual label namé”,)conforming SQL langual
nof contain a <label expression> that is a <label name>.

e shall

Without Feature G074, “Label expression: wildcard label’; conforming SQL language shall nof contain

a qwildcard label>.

Without Feature G075, “Parenthesized label expression”, conforming SQL language shall no
a gparenthesized label expression>.

[ contain
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Function

Express a path pattern as a regular expression of edge labels.

Format

<S| n'pl i H-ed pgf h pgffnrn nvpr ession ———

<sifiplified defaulting left>
| <sifplified defaulting undirected>
| <sifpplified defaulting right>
| <sifplified defaulting |eft or undirected>
| <sifpplified defaulting undirected or right>
| <sipplified defaulting left or right>
| <sipplified defaulting any direction>
<simplified defaulting left> ::=
<l eft|mnus slash> <sinplified contents> <slash m nus>

<sinmplified defaulting undirected> ::=
<tilde slash> <sinplified contents> <slash til de>

<sinplijied defaulting right> ::=
<m nu$ slash> <sinplified contents> <slash m nus<riyght >

<sinmplified defaulting left or undirected> ::=
<left|tilde slash> <sinplified contents> <slxash til de>

<simplified defaulting undirected or right:=
<tilde slash> <sinplified contents> <sltash tilde right>

<sinmplified defaulting left or right>\":=
<left|m nus slash> <sinplified econtents> <slash ninus right>

<sinmplified defaulting any direction> ::=
<m nu$ slash> <sinplified (ontents> <slash m nus>

<simplified contents> ::=
<sifplified term
| <sifplified path(uni on>
| <sifplified nultiset alternation>

<sinplified pathyunion> ::=
<simplified-téerm <vertical bar> <sinplified terne
[[{ <vertical bar> <sinplified term }... ]

<si mpl | Hed—rtiset—alternation—r=
<sinmplified term> <nultiset alternation operator> <sinplified ternp
[ { <multiset alternation operator> <sinplified ternr }... ]

<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 quantifier>

<simplified questioned> ::=
<sinmplified tertiary> <question mark>

<sinmplified tertiary> ::=
<sifplified direction override>
| <sifplified secondary>

<sinmplified direction override> ::=
<sifplified override left>

| <sifplified override undirected>
| <sifplified override right>
| <sifplified override left or undirected>
| <sifplified override undirected or right>
| <sifplified override left or right>
| <sifplified override any direction>
<simplified override left> ::=

<l eft|angl e bracket> <sinplified secondary>

<simplified override undirected> ::=
<tilde> <sinplified secondary>

<sinplified override right> ::=
<sinmplified secondary> <right angl e, bracket>

<simplified override left or undireeted> ::=
<left|arrow tilde> <sinplified, secondary>

<sinmplified override undirected or right> ::=
<tilde> <sinplified secondary> <right angle bracket>

<simplified override |l efit*or right> ::=
<l eft|angl e bracket> <sinplified secondary> <right angle bracket>

<sinplified override any direction> ::=
<m nu$ sign>,<sinplified secondary>

<sinplified~secondary> ::=
<si fp¥if'ed primary>
| <sipphified negation>

<sinmplified 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>.
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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 )

Th

b)

NOTE 143 — This is done once for each <simplified path pattern expression> prior to the following recu
transformation and not with each iteration of the transformation.

e following rules are recursively applied until no <simplified path pattern expression>s

NOTE 144 — The rules work from the root of the parse tree of a <simplified path pattern expression>. Af
the coarsest analysis of a <simplified path pattern expression> is replaced, eliminating atleast one level o
tree, measured from the root. Note that each replacement can create more <simplified path pattern expr]
than before, but these replacements have less depth. Eventually the recursion replaces’<simplified path |
expression> with <edge pattern>.

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

or <left minus slash> contained in SPPE.

Isive

remain.

each step,
f the parse
pssion>s
pattern

slash>,

iii) Let SUFFIX be the <slash minus right>, <slash minus>, <slash tilde>, or <slash tilde
right> contained in SPPE.

iv) Let EDGEPRE and EDGESUF be determined by Table 1, “Conversion of simplifigd syntax
delimiters to default edge delimiters”, from the row containing the values of PREFIX
and SUFFIX.

Table 1 — Conversion of simplified syntax delimiters tq default
edge delimiters
PREFIX SUFFIX EDGEPRE EDGESUF
-/ /-> -1 1->
<-/ /- <-[ ]1-
~ / ~ ~[ 1~
~/ [ ~> ~[ ]1~->
<~/ /~ <~[ 1~
<-/ /-> <[ ]1->
-/ / - -1 ]-
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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iii)

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
is replaced by:

>s; SPPE

PREFI X ST; SUFFI X | +| PREFIX ST, SUFFIX |+ ... |+ PREFIX STy SUFFI X

If SC is a <simplified concatenation> SCAT, then let ST be the <simplified term

> and let

vi)

vii)

SEI he the «cimnlified factor low>s simnlv contained in SCAT- SPPE ic ronlaced by
o P &t VY Py o = T P .

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 <edg
By earlier Syntax Rules, there are no operators allowed in SAND that‘¢annot be interpretg
ators of a <label expression>.

If SC is a <simplified quantified> SQ, then let ST be the'<simplified tertiary> s
contained in SC and let GPQ be the <graph patternquantifier> simply contain
SPPE is replaced by:

( PREFI X ST SUFFI X ) GPQ

If SC is a <simplified questioned> SQU;then let ST be the <simplified tertiary;
contained in SC; SPPE is replaced by:

( PREFIX ST SUFFIX ) ?

If SCis a <simplified direction override> SDO, then let SS be the <simplified sed
simply contained in SDO.

Case:

NOTE 146 — Asaresult of the following replacements, SDO is now interpreted as a <label e}
within an <edge pattern>. By earlier Syntax Rules, there are no operators allowed in SDO t
be interpreted as operators of a <label expression>.

1) (fSDOis <simplified override left>, then SPPE is replaced by:
<-[ 1S SS]-

2) If SDO is <simplified override undirected>, then SPPE is replaced by:

e pattern>.
d as oper-

imply
ed in SQ;

> simply

ondary>

(pression>
hat cannot

~[ 1S SS ]~

3) IfSDO is <simplified override left or undirected>, then SPPE is replaced

<~[ IS SS ]~

by:

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>.

7) Th
thd
Access
No|
Gener
No|
Confol

i%) IfSCisa<simplified primarys 5P, tThen
Case:
1) IfSPisa<label name>, then SPPE is replaced by:

EDGEPRE | S SP EDGESUF

2)  Otherwise, let INNER be the <simplified contents> simply contained in
is replaced by:

( PREFI X | NNER SUFFI X )

e Conformance Rules of Subclause 10.6, “<path pattern expression>" are applied to the
previous syntactic transformation.

s Rules

j1e.

al Rules

j1e.

rmance Rules

1) Wi

hout Feature GO39/“Simplified path pattern expression: full defaulting”, conforming SQL

5C; SPPE

result of

anguage

shall not contain.a <simplified path pattern expression> that is not a <simplified defaulting left>, a
<simplified defaulting right>, or a <simplified defaulting any direction>.

2)  Without Feature G080, “Simplified path pattern expression: basic defaulting”, conforming
guage shall not contain a <simplified defaulting left>, a <simplified defaulting right>, ora <s
defaulting any direction>.

SQL lan-
mplified

3)  WithoutFeature G081, “Simplified path pattern expression: full overrides”, conforming SQL language
shall not contain a <simplified direction override> that is not a <simplified override left>, <simplified
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>.
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10.10 <element reference>

Function

Reference a graph element or list of graph elements in a property graph.

Format

<e| enen rafaoranca )
<el emgnt vari abl e>

Syntax Rules

1)  Let EV be the <element variable> simply contained in the <element refererce> ER. Let GT|be the
infjermost <graph table> that declares EV and that contains ER. Let GP bethe <graph pattern>
simply contained in GT.

2)  Let Vbe the element variable that is identified by EV. ER references\V.
3) Thg degree of reference of ER is defined as follows.

Cage:

a)| IfERissimply contained in the <graph table columns clause> or <graph pattern wher¢ clause>

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'Stibclause 10.4, “<graph pattern>" and Subclause 1.6, “<path
pattern expression>".

b)| IfERiscontained in a <parenthesized path pattern where clause> PPPWC( simply coptained
in GP, then let PPPE be the <paretthesized path pattern expression> that simply contains
PPPWLC.

NOTE 149 — This rule is dpplied after the syntactic transform that converts any <element patterrn] where
clause> to a <parenthesized path pattern where clause>.

Case:

i) If EV is declared by PPPE, then the degree of reference of ER is the degree of g¢xposure
of EV'by PPPE.

NOTE 150 — “Degree of exposure” is defined in Subclause 10.4, “<graph pattern>" and Subdlause 10.6,
“<path pattern expression>".

ii) Otherwise, let PP be the innermost <graph pattern> or <parenthesized path pattern
expression> that contains PPPWC and that declares EV. The degree of refererce of ER

isthe deoree of exnasure of ElV/hv PP Tho deorece of reference of ER challhe ¢ ngleton
1Isthe-aegree-or-exposure- o= byH———the-aegree-otreterence- o St bes .

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

None.
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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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10.11 <path reference>

Function

Reference a path variable.

Format

<pa’[h r ef-er-ence ———
<pat h|vari abl e>

Syntax Rules

1)  The degree of reference of a <path reference> shall be unconditional singleton.

Access Rules

Nope.

General Rules

1)  Let PV be the <path variable> simply contained in\GRLF.

2)  Let PBbe the path binding of the current match eorresponding to the <path pattern> that|declares
PV

NOTE 153 — The current match is specified.jn‘the General Rules of Subclause 7.1, “<table reference>".

3)  PBlis the value of the <path reference>.

Conformance Rules

Nope.
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11 Schema definition and manipulation
This Clause modifies Clause 11, “Schema definition and manipulation”, in ISO/IEC 9075-2.

11.1 <schema definition>

This Subflause modifies Subclause 11.1, “<schema definition>", in ISO/IEC 9075-2.

Function

Define a|schema.

Format

<schema|el ement> :: =
Il Al alternatives fromI|SQO|EC 9075-2
| <propperty graph definition>

Syntax Rules

No|additional Syntax Rules.

Access Rules

No|additional Access Rules.

Generpl Rules

Nol|additional General<Riiles.

Conformance Rules

No|additional Conformance Rules.
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11.2 <drop schema statement>

This Subclause modifies Subclause 11.2, “<drop schema statement>", in ISO/IEC 9075-2.

Function

Destroy a schema.

Format

Noladditional Format items.

Syntax Rules

1) ‘In bert after SR 4)n): ‘ SQL-property graphs.

Access Rules

Nol|additional Access Rules.

Generpl Rules

1) ‘In sert before GR 12):‘ For every SQL-property graph included in S:

a)| LetSPG be the SQL-property graph and let PG be the <property graph name> includgd in the
descriptor of SPG.

b)| The following <drop property graph statement> statement is effectively executed:

DROP PROPERTY GRAPH PG\CASCADE

Conformance Rules

No|additional Conformance Rules.
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<table definition>

This 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.

Form

t

Noladditional Format items.

Syntax Rules

1) ‘In sert 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

No

additional Access Rules.

General Rules

No

additional General Rules.

Conformance Rules

No

additional Conformance Rules.
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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.

Format

Noladditional Format items.

Syntax Rules

1) ‘ Ingert after SR 7)e): ‘ 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.

Generpl Rules

Nol|additional General Rules.

Conformance 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.

Format

Noladditional Format items.

Syntax Rules

1) ‘ Ingert after SR 7)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
property graph descriptor included in any SQL-property graph descriptor.

Access Rules

No|additional Access Rules.

Generpl Rules

Nol|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

Define a viewed table.

Format

Noladditional Format items.

Syntax Rules

1) ‘In sert after SR 4):‘ The schema identified by the explicit or implicit <schema name> of thle <table
name> shall not include an SQL-property graph descriptor whose SQL-property graph name is
<tgble name>.

NOTE 155 — SQL-property graphs share the namespace with tables.

Access Rules

Nol|additional Access Rules.

Generpl Rules

Nol|additional General Rules.

Conformance Rules

No|additional Conformance-Rules.
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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.

Format

Noladditional Format items.

Syntax Rules

1) ‘ Ingert after SR 5)d): ‘ 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.

Generpl Rules

Nol|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.

Format

Noladditional Format items.

Syntax Rules

1) ‘ Ingert after SR 2)d): ‘ 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.

Generpl Rules

Nol|additional General Rules.

Conformance 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.

Format

Noladditional Format items.

Syntax Rules

1) ‘ Ingert 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 descriptor.

Access Rules

No|additional Access Rules.

Generpl Rules

Nol|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.

Format

Noladditional Format items.

Syntax Rules

1) ‘ Ingert 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 descriptor.

Access Rules

No|additional Access Rules.

Generpl Rules

Nol|additional General Rules.

Conformance Rules

No|additional Conformance Rules.
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11.11 <drop transliteration statement>

This Subclause modifies Subclause 11.46, “<drop transliteration statement>", in ISO/IEC 9075-2.

Function

Destroy a character transliteration.

Format

Noladditional Format items.

Syntax Rules

1) ‘ Ingert 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 descriptor.

Access Rules

No|additional Access Rules.

Generpl Rules

Nol|additional General Rules.

Conformance Rules

No|additional Conformance Rules.
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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.

Format

Noladditional Format items.

Syntax Rules

1) ‘In sert after SR 8)a)iv):| Any <value expression> associated with the <query expression> pr a
property of any label, either of which are included in any element tableydescriptor include¢d in the
tabular property graph descriptor included in any SQL-property graph descriptor.

Access Rules

No|additional Access Rules.

Generpl Rules

Nol|additional General Rules.

Conformance Rules

No|additional Conformance Rules.
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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.

Format

Noladditional Format items.

Syntax Rules

1) ‘ Ingert after SR 4)f)v): ‘ Any <value expression> associated with the <queryexpression> 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.

2) ‘In sert after SR 4)h)i)4): ‘ Any <value expression> associated with the <query expressionx or a
property of any label, either of which are included in any element table descriptor included in the
tahular property graph descriptor included in any SQL-préperty graph descriptor.

Access Rules

Noladditional Access Rules.

General Rules

Noladditional General Rules.

Conformance Rules

No|additional Confofmadnce 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.

Format

Noladditional Format items.

Syntax Rules

1) ‘In sert after SR 4)b)iv):‘ Any <value expression> associated with the <query expression> pr a
property of any label, either of which are included in any element tableydescriptor include¢d in the
tabular property graph descriptor included in any SQL-property graph descriptor.

Access Rules

No|additional Access Rules.

Generpl Rules

Nol|additional General Rules.

Conformance Rules

No|additional Conformance Rules.
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11.15 <drop routine statement>

This Subclause modifies Subclause 11.62, “<drop routine statement>", in ISO/IEC 9075-2.

Function

Destroy an SQL-invoked routine.

Format

Noladditional Format items.

Syntax Rules

1) ‘In sert after SR 4)c)v):‘ Any <value expression> associated with the <query expression> dr a
property of any label, either of which are included in any element tableydescriptor include¢d in the
tabular property graph descriptor included in any SQL-property graph descriptor.

Access Rules

No|additional Access Rules.

Generpl Rules

Nol|additional General Rules.

Conformance 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.

Format

Noladditional Format items.

Syntax Rules

1) ‘ Ingert after SR 7)d): ‘ 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.

Generpl Rules

Nol|additional General Rules.

Conformance 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.

Format

Noladditional Format items.

Syntax Rules

1) ‘ Ingert after SR 4)d): ‘ 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.

Generpl Rules

Nol|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.

Format

Noladditional Format items.

Syntax Rules

1) ‘ Ingert 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

pr

perty graph descriptor included in any SQL-property graph deseriptor.

Access Rules

No

additional Access Rules.

Generpl Rules

No

additional General Rules.

Conformance Rules

No

additional Conformance Rules.
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11.19 <property graph definition>

Function

Define an SQL-property graph.

Format

<pr Oper \)/ gr Qph dafiniti on =
CREATE PROPERTY GRAPH <property graph nane> [ <property graph content> ]

<proper{y graph content> ::=
<vertex tables clause> [ <edge tables clause> ]

<vertex|tables clause> ::=
<vert ex synonyn> TABLES <parenthesized vertex table |ist>

<parent hesi zed vertex table list> ::=
<l eft|paren> <vertex table definition> [ { <commma> <vertex tdble definition> }..[ ]
<ri ght paren>

<vertex|table definition> ::=
<el engnt table definition>

<el enen] table definition> ::=
<el enment table name> [ AS <elenent table alias>"
[ <elenent table key clause> ]
[ <source vertex table> <destination “eptex table> ]
[ <elenent table | abel and properties,clause> ]
| <tabl e subquery> AS <el enent table al has>
<el enent table key cl ause>
[ <source vertex table> <destifiati on vertex table> ]
[ <elenent table |abel and properties clause> ]

<el enen] table key clause> ::=
KEY <|eft paren> <col um nare.list> <right paren>

<el enen] table |abel and properties clause> ::=
<el enent tabl e properiies clause>
| <l abel and properties>..

<elenmeny table praoperties clause> ::=
NO PROPERTI ES
| PROPERTI ES(<el enent table properties alternatives>

<el eneny tablje properties alternatives> ::=
[ AREM/ALL COLUMNS [ EXCEPT <l eft paren> <except colum nane |ist> <right parlen> ]

— b L — : ! ! : ! " [
I <e| CrieTit 1 AT © pdar e rnest 28U Ut 1 veu property 11T ot

<except colum nane list> ::=
<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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11.19 <

property graph definition>

<el enent table | abel clause> ::=
LABEL <I| abel nane>
| DEFAULT LABEL

<edge tables clause> ::=

<edge

synonym> TABLES <parent hesi zed edge table |ist>

<par ent hesi zed edge table list> ::=

<l eft

[

paren> <edge table definition>
{ <comma> <edge table definition>}... ] <right paren>

<edge table definition> ::=

<el em

<source
SOURCH

<source
<el em

<source
<sour

—_—

<refere
<col u

bnt tabl e definition>

vertex table> ::=

vertex table key clause> ::=
bnt tabl e key cl ause>

vertex reference> ::=
Ce vertex table alias>
<l eft paren> <referenced source columm |ist> <right paren> ]

hced source colum list> ::=
m nane |ist>

<destin@tion vertex table> ::=

DESTI

JAY

<destin
<el em

NATI ON [ <destination vertex table key cl ause> REFERENCES ]
lesti nation vertex reference>

hti on vertex table key clause> ::=
bnt tabl e key cl ause>

<desti nftion vertex reference> ::=

<dest

—_—

<refere
<col u

Syntay

1) Th
ref
val

nation vertex table alias>
<l eft paren> <referenced destination colum list> <right paren> ]

hced destination colum Jisst> ::=
m nane |ist>

t Rules

e <property gtaph content> shall not contain a <host parameter specification>, an <SQL p:
erence>, a<dynamic parameter specification>, an <embedded variable specification>, or
iable reference>.

NOTE {156 — <SQL variable reference> is defined in ISO/IEC 9075-4.

2) Le

E [ <source vertex table key clause> REFERENCES ] <source vertex referlénce>

irameter
an <SQL

SP( he the SQI -property grnph defined hyv the <property grnph definition> PD_l.et SP.

\V be the

<property graph name> simply contained in PD.

3) IfPDis 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.

4)  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.

5) 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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6)

7)

8)

9)

ISO/IEC 9075-16:2023(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>s simply
containedin ETC. Eor i, 1 (nnn) <i<m:

a)| LetETD;be thei-th <edge table definition>simply contained in ETC. ETD; shall sifiply contain
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 element
table alias included in a unique vertex table descriptor SVTD; instantiatéd in SR 5).

c)| The <destination vertex table alias> simply contained in DVT; shall be equivalent to theelement
table alias included in a unique vertex table descriptor DVTD;instantiated in SR 5).

d)| The Syntax Rules of Subclause 9.14, “Creation of an edgé-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 TPGD be a tabular property graph descriptor-that includes:
NOTE 158 — If <property graph content> is not'specified, then TPGD is empty.

a)| Fori, 1 (one)<i<n, VDESC;
b)| Fori, 1 (one)<i<m, EDESC;

The Syntax Rules of Subclause©:15, “Consistency check of a tabular property graph descrjptor”,
arg applied with TPGD as TPGDESCRIPTOR.

If the <property graph.definition> is contained in a <schema definition>, then let A be the|explicit
or jmplicit <authorization identifier> of the <schema definition>; otherwise, let A be the <guthoriz-
atipn identifier> that owns the schema identified by the explicit or implicit <schema name> of the
<property graph:name>.

redHr-an O fen “GG-‘G“G‘ o tehttneehaoreaat "'entifierS
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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Let C be a column of T that is referenced in the <except column name list> or whose name is
included in TPGD.

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 C.

ii) Otherwise, the current privileges shall include SELECT on C.

b)

c)
Gener
1) As
2) Th

al Rules

property graph definition> defines an SQL-property graph.

e General Rules of Subclause 9.16, “Deriving a pure property graph descriptor from a tgbular

property graph descriptor”, are applied with TPGD as TABULAR PROPERTY GRAPH DESCRIPTOR,;

let
Ru

3) An
a)
b)
c)

4) Ay
grd

PPGD be the PURE PROPERTY GRAPH DESCRIPTOR returned from the application of thos¢ General
es.

SQL-property graph descriptor SPGD is created that describes’SPG. SPGD includes:

SPN.
PPGD.
TPGD.

rivilege descriptor is created that defines the privilege SELECT on SPG to A. That privilege is
ntable if and only if the applicable privileges for 4 include all of the following:

Grantable SELECT privilege on evéry column that is referenced in any of the followipg:

i) The list of columns uniquely identifying a row in an edge table or a vertex table fncluded
in TPGD.
ii) The <value expression> associated with a property of a label of an edge table o1 a vertex

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.

Crantahlo BEVECTITITE el a an aryz COVI v lond ot b o 10 abiact 143 Of

b)

d)

162
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<routine invocation>s contained in a <value expression> associated with a property of a label
of an edge table or a vertex table included in TPGD.

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.

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 specify <property graph content>.

Without Feature G922, "Views as element tables”, conforming SQL [anguage shall not con

tain a

<vertex table definition> that simply contains an <element table definition> that specifieq an <ele-

mdnt table name> that identifies a viewed table.

Without Feature G922, “Views as element tables”, conforming SQL language shallnot con

fain an

<eflge table definition> that simply contains an <element table definition> thatsspecifies an ¢element

tahle name> that identifies a viewed table.

Without Feature G923, “In-line views as element tables”, conforming SQL language shall no
a gvertex table definition> that simply contains an <element table.définition> that immed
coItains a <table subquery>.

Wilthout Feature G923, “In-line views as element tables”, conforming SQL language shall no

t contain
iately

[ contain

an|<edge table definition> that simply contains an <element table definition> that immedjiately

comtains a <table subquery>.

Without Feature G924, “Explicit key clause for element tables”, conforming SQL language
comtain an <element table key clause>.

Wilthout Feature G924, “Explicit key clause forelement tables”, conforming SQL language
comtain a <source vertex table key clausex nor a <referenced source column list>.

Wilthout Feature G924, “Explicit key clause for element tables”, conforming SQL language
comtain a <destination vertex tablé€ key clause> nor a <referenced destination column list

Without Feature G925, “Explicitlabel and properties clause for element tables”, conformi
lariguage shall not contain @n <element table label and properties clause>.

Wilthout Feature G926;{More than one label for vertex tables”, conforming SQL language
comtain an <element'table label and properties clause> simply contained in a <vertex table d¢
th3at contains more-than one <label and properties>.

shall not

shall not

shall not

>-

ng SQL

shall not
finition>

Wilthout Feature G927, “More than one label for edge tables”, conforming SQL language shall not

comtain an<element table label and properties clause> simply contained in an <edge table dé
thdt contains more than one <label and properties>.

finition>

Wiltheut F I 28, “Value expression roperties and renaming of properties”, con
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 sh
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 ter

ALTER
<

<alter
<ad
| <dr

| <al
Syntay
1) Let
2) Th

shi

3) <a
Access
1) Th

schi
na

Gener

1) Th

Confol

1) Wi

oroperty _aranh ot ot anpnt ——
Lid J 3 ~

PROPERTY GRAPH <property graph nanme>
hl t er property graph action>

Droperty graph action> ::=
] el enent table definition>

bp el enent table definition>
er elenent table definition>

t Rules

G be the SQL-property graph identified by the <property.graph name>.

e schema identified by the explicit or implicit <schema hame> of the <property graph 1
11 include the descriptor of G.

ter property graph action> shall not generally.contain a <graph reference> that identif]

i Rules

e enabled authorization identifiers.shall include the <authorization identifier> that ow
ema identified by the <schema name> of the SQL-property graph identified by <proper
me>.

al Rules

e SQL-property graph descriptor of G is modified as specified by the <alter property graph

rmanceRules

hout Feature G950, “Alter property graph statement: ADD/DROP element table”, confc

lame>

ies G.

ns the
ty graph

action>.

rming

SQL language shall not contain an <alter property graph statement>.
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11.21 <add element table definition>
Function
Add one or more vertex or edge tables to an SQL-property graph.
Format
<add el nmant tahla AdAafiniti Aan L
ADD| <vertex tables clause> [ ADD <edge tables clause> ]

| ADD

Syntay
1) Le1
n
2)  Let
3)  IfS

simply contained in VTC. For i, 1 (one) <i<n:

a)

b)

c)
4)  If4

comtained in ETC. For i, 1 (one) <i<m:

a)

b)

<edge tabl es cl ause>

t Rules

SPGbe the SQL-property graph identified by the <property graph name>jimmediately cpntained
he containing <alter property graph statement> APGS. Let GD be the descriptor of SPG

TPGD be the tabular property graph descriptor included in GD.

vertex tables clause> VTC is specified, then let n be the number of <vertex table definition>s

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>.

The Syntax Rules of Subclause 9.13, “Credtien of a vertex table descriptor”, are applied with
VTD; as BNFTERM; let VDESC; be the DESCRIPTOR returned from the application of those

Syntax Rules.

VDESC; is a vertex table descriptor’and describes a vertex table of SPG.

edge tables clause> ETC is specified, then let m be the number of <edge table definitionxs simply

Let ETD;be the i-th <edge table definition> simply contained in ETC. ETD; shall simply contain
a <source vertexitable> SVT; and a <destination vertex table> DVT;.

The <source'vertex table alias> simply contained in SVT; shall be equivalent to the eJement
table aliasincluded in a vertex table descriptor SVTD; either included in TPGD or instantiated
in SR3).

The <destination vertex table alias> simply contained in DVT; shall be equivalent to the element

tdble alias included in a vertex table descriptor DVTD; either included in TPGD or instantiated

d)

e)

in SR 3).

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.
EDESC; is an edge table descriptor and describes an edge table of SPG.

5) Let NTPGD be a tabular property graph descriptor that is a copy of TPGD and additionally includes:

a)
b)

For i, 1 (one) <i<n, VDESC;.

For i, 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)  Let A be the <authorization identifier> that owns SPG.

2)  For each element table T whose schema-qualified name is included in VDESC;, 1 (one) <i<n, or in
EDESCj, 1 (one) <j <m, and that is a base table or a viewed table:

special
SELECT

wvhose

special
SELECT

hbular
RIPTOR;
General

a)| The applicable privileges shall include:
Case:
i) If the privilege descriptor that defines the privilege SELECT on SPGto A with
grantor value "_SYSTEM" indicates that the privilege is grantable, thén grantablg
on at least one column of T.
ii) Otherwise, SELECT on at least one column of T.
b)| LetCbe acolumn of T that is referenced in an <except columir name list>, if any, or ¥
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 defines.the privilege SELECT on SPG to A with
grantor value "_SYSTEM" indicates that the privilege is grantable, then grantablg
on C.
ii) Otherwise, SELECT on C.

Generpl Rules

1)  The tabular property graph descriptor included in GD is replaced by NTPGD.

2)  Thg General Rules of Subclause 9.16, “Deriving a pure property graph descriptor from a t4
property graph descriptor”, are applied with NTPGD as TABULAR PROPERTY GRAPH DES(
let|PPGD be the PURE PROPERTY GRAPH DESCRIPTOR returned from the application of thosg
Rules.

3)  Thg pure property graph descriptor included in GD is replaced by PPGD.

Conformance Rules
None.

166

© ISO/IEC 2023 - All rights reserved


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

11.22

ISO/IEC9075-16

:2023(E)

11.22 <drop element table definition>

<drop element table definition>

Function

Remove

one or more vertex or edge tables from an SQL-property graph.

Format
<dr0penrmnf tahla dafinitiaon =
DROP kvertex or edge> TABLES <parenthesized elenment table alias |ist> <drop behavi or >
<vertex|or edge> ::=
<vef[tex synonyne
| <edge synonyms
<parent hesi zed el enment table alias list> ::=
<left|paren> <elenment table alias> [ { <comma> <elenent table alias> } ] <right |paren>
Syntax Rules
1)  LetSPGbe the SQL-property graph identified by the <property graph name> immediately cpntained
in fhe containing <alter property graph statement>. Let-GD-be the descriptor of SPG. Let TPGD be
the tabular property graph descriptor included in GDx
2)  Let N be the number of <element table alias>es simply contained in the <parenthesized element
table alias list>. Let ET}, 1 (one) <i < N, be an eftumeration of those <element table alias>¢s. No
<element table alias> shall be equivalent to afiy other <element table alias>.
3) Fori, 1(one)<i<N:
Case:
a)| If <vertex or edge> immediately contains <vertex synonym>, then:

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 spurce
vertex table or the name of the destination vertex table included in any edge fable
descriptor included in TPGD.

b)| Otherwise, ET;shall be equivalent to the element table alias included in an edge table dé¢scriptor
included in TPGD.
4)  If RESTRICT isspecified; them SPGshatimot be referemnced imamny of the foltowing:
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 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 property

graph descriptor included in any SQL-property graph descriptor.

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

None.
Generpal Rules
1) LetSOD be the descriptor of a schema object dependent on GD.

Ca

b)

d)

NOTE 160 — A descriptor that “depends on” another descriptor is defined in Subclause 6.3.4, “Descripto|
ISO/IEC 9075-1.

bC:

If SOD is a view descriptor, then let SON be the name of the viewincluded in SOD. The f|
<drop view statement> is effectively executed without further Access Rule checking]

DROP VI EW SON CASCADE

Irs”, in

bllowing

If SOD is an assertion descriptor, then let SON bé.the name of the constraint included in SOD.

The following <drop assertion statement> is.effectively executed without further Acc
checking:

DROP ASSERTI ON SON CASCADE

If SOD is a table constraint descriptor, then let SON be the name of the constraint ing
SOD. Let CTN be the <table name> included in the table descriptor that includes SOD
lowing <alter table statements is effectively executed without further Access Rule cl

ALTER TABLE CTN DROP\CONSTRAI NT SON CASCADE

If SOD is aroutinedescriptor, then let SON be the specific name included in SOD. The f|

ess Rule

luded in
The fol-
necking:

bllowing

<drop routine statement> is effectively executed without further Access Rule checking:

DROP SPECKFI'€ ROUTI NE SON CASCADE

If SODris\a trigger descriptor, then let SON be the trigger name included in SOD. The f]
<drep trigger statement> is effectively executed without further Access Rule checkil

DROP TRI GGER SON CASCADE

bllowing
ng:

If SOD 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

2) Fori,1(one)<i<N:

a)

168

If <vertex or edge> immediately contains <vertex synonym>, then any edge table de

scriptor

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.

ConfoJ;mance Rules

1)  Without Feature G921, “Empty SQL-property graph”, in conforming SQL language,(if <vertex or
edge> immediately contains <vertex synonym>, then TPGD shall include N+1 (ofie) vertex table
descriptors.
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11.23

<alter element table definition>

Function

Change the options specified for a vertex or an edge table in an SQL-property graph.

Format

lanpnt tahla dafiniti gn =

<al ter
ALTER
<

<alter
<ad
| <dr
| <al
Syntay
1) Let
in
2) If4
de
3) If4
de
Access
No|
Gener
1) GD
Confol
No|

<vertex or edge> TABLE <el enent table alias>
hl ter el ement table action>

el emrent table action> ::=
l el enent table | abel clause>

pp el enent table | abel clause>

er elenent table | abel properties>
¢ Rules

SPGbe the SQL-property graph identified by the <property'gtaph name> immediately c
he containing <alter property graph statement>. Let GD:be the descriptor of SPG.
vertex or edge> immediately contains <vertex synenym:>, then GD shall include a verts
scriptor that includes a vertex table alias that is equivalent to <element table alias>.
vertex or edge> immediately contains<edge.synonym>, then GD shall include an edge
scriptor that includes an edge table alias that is equivalent to <element table alias>.
} Rules
ne.
al Rules

is modified as specified by the <alter element table action>.
rmanceRules
ne.

bntained

X table

table

170

© ISO/IEC 2023 - All rights reserved


https://iecnorm.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.

Format
<add el nmant tahl o | oahgl ol o11cg ———
<add el enent table |abel>. ..
<add el enent table |abel> ::=
ADD LABEL <l abel nane> <el ement table properties clause>
Syntax Rules
1) Let T be the table identified by the <element table alias> ETA simply contained in the containing
<alter element table definition>. Let TD be the element table descriptor that is identified by ETA.
2)  Let TPGD be the tabular property graph descriptor that includes TD.
3) Let N be the number of <add element table label>s simply‘contained in <add element table label
clause>.
4) Foreachi, 1 (one)<i<N:
a)| LetLN;be the <label name> simply contained in the i-th <add element table label>.
b)| LN;shall notbe equivalent to alabelname included in TD or the <label name> included in the
k-th <add element table label>, 1{one) <k < N, and i # k.
c)| Case:

i) If NO PROPERTIES is specified, then let P; be 0 (zero).

ii) If <element table parenthesized derived property list> is specified, then let P
number-efsimply contained <derived property>s. For j, 1 (one) <j < P;:

reference a column of T.

2)  Ifthej-th <derived property> immediately contains a <property name>
PNj; be that <property name>; otherwise, the <value expression> imms¢

contained in the j-th <derived property> shall be a <column reference>
PN;; be the name of the column referenced by that <column reference>.

be the

1) « Every <column reference> simply contained in the j-th <derived property> shall

then let
diately

and let

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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5)

6)

172

7)  PV;jshall 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

< Pi:
1)  LetPN;;be the name of the j-th column of T.
2)  Let PT;jbe the declared type of the j-th column of T.

3)  LetPV;;be the name of the j-th column of T.

b)

reach pair of implicit or éxplicit properties (Py g, P ), 1 (one) <k <N, 1 (one) <I<N, k+
<Py 1(one)<t<Pp

iv) Otherwise, let TC be the number of columns of T, let EC; be the number of <eq
name>s simply contained in the <except column name list> ECNL;, and let'P;
EC;.

1)  No <column name> simply contained in ECNL; shall be eqdivalent to an
<column name> simply contained in ECNL;.

2)  Each <column name> simply contained in ECNL; shall be equivalent to ]
of a column of T.

3) Let RC be the set of columns of T whose column name is not equivalent
<column name> simply contained in ECNE; (there are P; such columns)

4) Forj,1(one)<j<P;
A)  Let PN;;be the name of they-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.

For each pair of implicit or explicit properties (P, P;), 1 (one) <s<P;, 1 (one) <t < H
the name of P shall not be 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 t
as PVj .

If PNj ¢ is equivalent to the name of a property EP included in TD, then PTy ¢ shall be {
agthe declared type of EP, and PV ¢ shall be the same as the value expression associa
EP.

lumn
be TC; -

pther

he name

to a

i,S:f-'t,

,1 (one)

he same

he same
ted with

Let NTD be an element table descriptor that is a copy of TD with the addition of N new labels to the
set of labels as follows. For each label, 1 (one) <j < N:

a)
b)

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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Let NTPGD be a tabular property graph descriptor that is 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) LetSPG 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) IfTisabasetable or a viewed table, then:
a)| LetCbeacolumn of T thatis referenced in an <except column name list>, if anyyor+
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 on SPG to A with
grantor value "_SYSTEM" indicates that the privilege is gfantable, then grantablg
on C.
ii) Otherwise, SELECT on C.
Generpl Rules
1) Let SPGD be the SQL-property graph descriptor.that includes TPGD. TPGD included in SP(
replaced by NTPGD.
2)  Thg General Rules of Subclause 9.16, “Deriving a pure property graph descriptor from a t4
property graph descriptor”, are applied’with NTPGD as TABULAR PROPERTY GRAPH DES(

let
Ru

3) Th

Confol

1)  Without Feature.G926, “More than one label for vertex tables”, in conforming SQL languay

shd

2)  WithoutFeature G927, “More than one label for edge tables”, in conforming SQL language,

no

PPGD be the PURE PROPERTY GRAPH DESCRIPTOR returned from the application of those
es.

e pure property graph desgriptor included in SPGD is replaced by PPGD.

rmance Rules

1l not be a'vertex table descriptor.

F be anedge table descriptor.

3) Witheu ure-G
shall not contain a

vhose

special
SELECT

D is

hbular
RIPTOR;
General

ve, TD

TD shall

a OO0 “AMtar alaman

Ay

n <add element table label clausel>.
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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.

Format
<drop elemsat—tabletabel clauses =
DROP |LABEL <| abel nane> <drop behavi or>

Syntax Rules

1) Let T be the table identified by the <element table alias> simply contained4n the containi
element table definition>.

2) LetSPGbethe SQL-property graph identified by the <property graplhyname> immediately c
in the containing <alter property graph statement>.

3) Let GD be the descriptor of SPG.

4)  Let TPGD be the tabular property graph descriptor included in GD.

5) Let TD be the element table descriptor included in 7PGD that describes T.

6) TDshall include two or more labels, one of which has an <identifier> that is equivalent to tl
nafne> simply contained in the <drop elementtable label clause>.

7) If RESTRICT is specified, then SPG shall net 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 <triggeréd action> of any trigger descriptor.
g)| Any.<value expression> associated with the <query expression> or a property of an

either of which are included in any element table descriptor included in the tabular
graph descriptor included in any SQL-property graph descriptor.

hg <alter

bntained

e <label

y label,
property

NOTE 161 — 1T CASCADE 15 specified, then any such dependent object will be dropped by the execution of T
statement> specified in the General Rules of this Subclause.

Access Rules

No

ne.

General Rules

1)

174

Let SOD be the descriptor of a schema object dependent on GD.

e <revoke
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Case:

b)

IfSOD is a view 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

If SOD 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

checking:

d)

2) Th

3) Th
pr
let
Ru|

4) Th

Confol

DROP ASSERTI ON SON CASCADE

If SOD is a table constraint descriptor, then let SON be the name of the constraint ing
SOD. Let CTN be the <table name> included in the table descriptor that includes SOD
lowing <alter table statement> is effectively executed without further Access Rule cl

ALTER TABLE CTN DROP CONSTRAI NT SON CASCADE

If SOD is aroutine descriptor, then let SON be the specific name included in SOD. The f]

DROP SPECI FI C ROUTI NE SON CASCADE

If SOD is a trigger descriptor, then let SON be the trigger name included in SOD. The f]
<drop trigger statement> is effectively executed-without further Access Rule checkij

DROP TRI GGER SON CASCADE

If SOD is an SQL-property graph descriptor, then let SON be the name of the SQL-prg
graph included in SOD. The following <drop property graph statement> is effectively
without further Access Rule checking:

DROP PROPERTY GRAPH SON CASCADE

e label identified by <label name> is removed from TD.

e General Rules of Subclause 9.16, “Deriving a pure property graph descriptor from a t:
perty graph descriptor?, are applied with TPGD as TABULAR PROPERTY GRAPH DESCR
PPGD be the PUREPROPERTY GRAPH DESCRIPTOR returned from the application of those
es.

P pure property graph descriptor included in GD is replaced with PPGD.

rmance Rules

luded in
The fol-
necking:

bllowing

<drop routine statement> is effectively executed without furthier Access Rule checking:

bllowing
ng:

perty
bxecuted

\bular
IPTOR;
General

1) Wi

shall not be a vertex table descriptor.

hout Feature Y26, "More than one Iabel Tor vertex tables”, in conforming SQL language, D

2)  Without Feature G927, “More than one label for edge tables”, in conforming SQL language, TD shall
not be an edge table descriptor.

3)  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 or drop properties from a label of a vertex or an edge table in an SQL-property graph.

Format
<a| ter lanant t+ahl o | ohgl pr npnrf as ———
ALTER| LABEL <l abel name> <alter |abel action>
<alter |abel action> ::=
<ad@l property definition>
| <drpp property definition>
<add property definition> ::=
ADD PROPERTI ES <el enent tabl e parenthesized derived property list>
<drop pfoperty definition> ::=
DROP PROPERTI ES <parent hesi zed property nane |ist> <drop behavi or >
<parent hesi zed property nane list> ::=
<l eft|paren> <property name |ist> <right paren>
<properiy nane list> ::=
<property name> [ { <conmma> <property nanme> }..{)]
Syntax Rules
1) Let T be the table identified by the <elenient table alias> simply contained in the containing <alter
element table definition>.
2)  LetSPGbethe SQL-property graphidentified by the <property graph name> immediately cpntained
in the containing <alter property graph statement>.
3) Let GD be the descriptor of 'SPG.
4)  Let TPGD be the tabular'property graph descriptor included in GD.
5) Let TD be the element table descriptor included in TPGD that describes T.
6) TDshall incladea label L whose <identifier> is equivalent to the <label name> simply contained in
thg <alterelement table label properties>.
7)  If 4alterdabel action> immediately contains <add property definition>, then:
a) Let NPbethe number of <derived property>s simply contained in the <element table paren-
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 th
<derived property>.

e i-th

V) Let PV; be the <value expression> simply contained in the i-th <derived property>.

If 4
a)

vi) PV; shall not contain a potential source of non-determinism.

vii)  PV;shall not generally contain a <routine invocation> whose subject routine
reads SQL-data.

viii)  PV;shall not contain a <query expression>.

ix) If TD includes a label K other than L, and K has a property KPWhose name is eq

possibly

uivalent

to PN;, then the <value expression> associated with KPshall have the same left normal

form derivation as PV;.

NOTE 162 — “Left normal form derivation” is defined‘in-Subclause 6.2, “Notation providg
ISO/IEC 9075 series”, in ISO/IEC 9075-1.

NOTE 163 — The preceding Syntax Rule ensurestthat two properties with the same name
same element table but in different labels aré\the same; i.e., have the same definition and,
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 prd

i) The name of the property is PN;:
ii) The declared type of the property is PT;.
iii) The value expressiontassociated with the property is PV;.
alter label action> immediately contains <drop property definition>, then:
If RESTRICT is specified, then SPG shall not be referenced in any of the following:
i) The original <query expression> of any view descriptor.
ii) The'xsearch condition> of any constraint descriptor.
iii) «\_The <search condition> of any assertion descriptor.

iv) The SQL routine body of any routine descriptor.

d in the

(within the
by implic-

perty is:

b)

\Y| The <parameter defautt>of any SQL parameter of any ToOUtine 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.

Let DP be the number of <property name>s simply contained in the <parenthesized property

name list>.
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c)

d)

For i, 1 (one) <i< NP, let DP; be an enumeration of those property names. L shall ha
property whose name is equivalent to DP;.

ve a

Let LL be a 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.

The Syntax Rules of Subclause 9.15, “Consistency check of a tabular property graph descriptor”,

applied with NTPGD as TPGDESCRIPTOR.

i Rules

add property definition> is specified and T'is a base table or a viewed table,then let Cbe
I that is referenced in the <element table parenthesized derived propérty list>. LetA b
ithorization identifier> that owns SPG. The applicable privileges shall-include:

bC:

If the privilege descriptor that defines the privilege SELEET on SPG to A with specia
value "_SYSTEM" indicates that the privilege is grantable, then grantable SELECT on

Otherwise, SELECT on C.

al Rules

alter label action> immediately contains <drop property definition>, then let SOD be the d
h schema object dependent on GD.

be:

IfSOD is a view descripton.then let SON be the name of the view included in SOD. The f]

DROP VI EW SON CASCADE

The following<drop assertion statement> is effectively executed without further Acc
checking:

DRQPLASSERTI ON SON CASCADE

<drop view statement>is-effectively executed without further Access Rule checkingt

h column
b the

grantor
C.

bscriptor

bllowing

If SOD is an assertion descriptor, then let SON be the name of the constraint included in SOD.

ess Rule

luded in

[£50D is a table constraint descriptor, then let SON be the name of the constraint ing

9)

10)

11)
ardg

Access

1) Ifd
of
<a
Ca
a)
b)

Gener

1) Ifd
of
Ca
a)
b)
c)
d)
e)
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. The fol-

lowing <alter table statement> is effectively executed without further Access Rule checking:

ALTER TABLE CTN DROP CONSTRAI NT SON CASCADE

If SOD is a routine descriptor, then let SON be the specific name included in SOD. The following

<drop routine statement> is effectively executed without further Access Rule checki
DROP SPECI FI C ROUTI NE SON CASCADE

ng:

If SOD is a trigger 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,;

1 DDV 4l DIIDI DDADICDOTY D ADII N COoDIDTAD 4= L 4l 1. e £l G 1
et[[ UUDCUICTTURCTANUTNERT T URANIT ESURIT TUNRNTTUUTIITU ITULIT UIT AP PIILAUIUIT UTUIUS enera

Rules.

3) Thg 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 LABEE’ conforming SQL larjguage
shall not contain an <alter element table label properties>.
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11.27 <drop property graph statement>

Function

Destroy an SQL-property graph.

Format

ropnartv agranh ot ot gnpnt ———
<dr0p p ~ J 39 Lid

DROP 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 sch¢ma
idgntified by the explicit or implicit <schema name> of PGN shall include the descriptor of PG.

2) IfRESTRICT 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 descriptot.
d)| The SQL routine body of any routine descriptot.
e)| The <parameter default> of any SQL parameter of any routine descriptor.
f) | The <triggered action> of any trigger‘descriptor.

g)| Any <value expression> associatéd 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 inany SQL-property graph descriptor.

NOTE 166 — If CASCADE is specifiéd, then any such dependent object will be dropped by the execution of the <revoke
statement> specified in the General Rules of this Subclause.

3) Let A be the <authorization identifier> that owns the schema identified by the <schema name> of
the SQL-property graph identified by PGN.

Access Rules

1)  Thg enabled 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.

12.1 <grant statement>

This Subflause modifies Subclause 12.1, “<grant statement>", in ISO/IEC 9075-2.

Function

Define pfrivileges and role authorizations.

Format

Noladditional Format items.

Syntax Rules

No|additional Syntax Rules.

Access Rules

No|additional Access Rules.

General Rules

1) \In bert after GR 7): ‘ For every involved grantee G, if following the successful execution of the <grant
statement>, the applicable privileges for G include grantable SELECT privilege on an SQL-property
grgph identified by its<<property graph name> PG, then the following <grant statement> is effectively
ex¢cuted as though the current user identifier were "_SYSTEM" and without further Accegs Rule
che¢cking:

GRANT SELECT

N PG

TO G

WATH GRANT OPTI ON

Conformance Rules

No additional Conformance Rules.
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12.2 <privileges>

This Subclause modifies Subclause 12.3, “<privileges>", in ISO/IEC 9075-2.

Function

Specify privileges.

Format

<obj ect [ name> :: =
I'' NI alternatives from|SQ |EC 9075-2
| PROPERTY GRAPH <property graph nanme>

Syntax Rules

1) ‘In bert after SR 4)b):‘ If ON specifies a <property graph name>, then, A€ shall specify SELHCT.

Access Rules

No|additional Access Rules.

General Rules

Nol|additional General Rules.

Conformance Rules

1) ’In sert after the last CR:‘ Without Feature G920, “DDL-based SQL-property graphs”, conforming
SQL language shall not contain-an <object name> that contains PROPERTY GRAPH.
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12.3

<revoke statement>

This Subclause modifies Subclause 12.7, “<revoke statement>", in ISO/IEC 9075-2.

Functi

on

Destroy privileges and role authorizations.

Form

t

Noladditional Format items.

Syntax Rules
No|additional Syntax Rules.

Access Rules
No|additional Access Rules.

Generpl Rules

1) ‘In sert after GR 2)b)i)3)B): ‘ P and D are both SQL-property graph privilege descriptors. The action
andl the identified SQL-property graph of P are the same as the action and the identified SQL-property
graph of D, respectively.

2) |In

sert after GR 12)a)i)12): ‘ SELECT ptivilege on every SQL-property graph identified by s <graph

reference> contained in QE.

3) |In

sert after GR 12)b): ‘ Let PG be-any SQL-property graph descriptor included in S1. Let TPGD be

the

tabular property graph-descriptor included in PG. PG is said to be abandoned if, for any edge

tahle descriptor ET or vertex table descriptor ET included in TPGD, the revoke destruction action
wduld result in A1 nolonger having in its applicable privileges any of the following:
a)| Case:

i) I£ET contains a <query expression> QE, then:

1)  SELECT privilege on at least one column of each table identified by a <talple refer-
ence> contained in QE.

7) SELECT privi]pgp on-any column identified hy a<column reference> conhtained
in QE.

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 every
typed table identified by a <table reference> that simply contains an <only 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 fthe edge
table or vertex table of ET.

b)| SELECT privilege on any column that uniquely identifies a roWw/in’ET.

c)| IfETis an edge table descriptor, then SELECT privilege on\any column contained in the edge
source key, source vertex key, edge destination key, or, deéstination vertex key of ET.

d)| For any <value expression> VE of any property of,any-label of ET:

i) SELECT privilege on at least one columitofeach table identified by a <table reference>
contained in VE.

ii) SELECT privilege on any columnddentified by a <column reference> containgd 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 anyuser-defined type UDT such that some data type incliided in
VE is usage-dependent on UDT.

V) The required éxecute privileges of VE.

vi)  The table/method privilege on every table T1 and every method M such thatthere is
a <method reference> MR contained in VE such that T1 is in the scope of the xvalue
expression primary> of MR and M is subject routine of MR.

vii) _SELECT privilege on any column identified by a <column reference> containgd in the
<scalar subquery> that is equivalent to some <dereference operation> contajned in
VE.

viii) SELECT WITH HIERARCHY OPTION privilege on at least one supertable of the scoped
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) ‘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.

5) ‘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.

6) ‘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.

7) ‘Insert after GR 12)f)i)10):‘ SELECT privilege on every SQL-property graph identified by a <graph

reference> contained in the <search condition> of DC.

8) |In

sert after GR 12)0)1)19):‘ SELECT privilege on every SQL-property graph identified-by

reference> contained in the <SQL routine body> of RD.

9) |In

sert after GR 12)q): ‘ If RESTRICT is specified, and there exists an abandoned SQL-proper

de

scriptor, then an exception condition is raised: dependent privilege descriptors still exist

10) [In

sert after GR 12)ah):‘ For every abandoned SQL-property graph descriptor PG, let S1.PJ

<p
wi

Foperty graph name> of PG. The following <drop property graph statement> is effectively
hout further Access Rule checking:

DROP PROPERTY GRAPH S1. PN CASCADE

Confol

No

rmance Rules

additional Conformance Rules.

h <graph

ty graph
(2B000).

NV be the
bxecuted
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ISO/IEC 9075-16:

13 SQL-client modules

This Clause modifies Clause 13, “SQL-client modules”, in ISO/IEC 9075-2.

13.1

<externally-invoked procedure>

This Sub

Functi

Define a

Formad

No

Syntay

rlause modifies Subclause 13.3, “<externally-invoked procedure>", in ISO/IEC 9075-2.

on

h externally-invoked procedure.

1) |In

thd

Th

“digital artifact’See ht t ps: / / st andar ds. i so. org/i so-i ec/ 9075/ - 16/ ed- 1/ ¢

do
na

t
additional Format items.
. Rules
bert into SR 10)e)‘ after
package SQ.STATE CODES i s
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 _SQURCED_OR MULTI _DESTI NED_EDGE:
constant SQLSTATE_AYPE : = "22Q0K";
DATA_EXCEPTI ON_| NCOVRLETE_EDGE:
constant SQ.STATE-TYPE := "22Q&0L";

e text of the Adalibrary unit package Interfaces.SQL is also available from the ISO webs

lvnload digital artifacts for this document. To download the library unit package, select
med | SO-1 EC 9075- 16( E) _PGQ I nterfaces. SQ. ada.

AccessRules

2023(E)

ite as a
en/ to
the file

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.

Form

t

<SQL sc
I

| <pr

<SQL sc
I

| <al
| <dr

Syntay

No

Access

No

Gener

No

Confol

No

hema definition statenment> ::=
A\ | alternatives fromI|SQO | EC 9075-2
bperty graph definition>

hema mani pul ati on statement> :: =

A\l | alternatives fromI|SQ | EC 9075-2
er property graph statenent>

bp property graph statenent>

t Rules

additional Syntax Rules.

i Rules

additional Access Rules.

al Rules

additional General Rules.

rmance Rules

additional Conformance Rules.
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14 Diagnostics management
This Clause modifies Clause 23, “Diagnostics management”, in ISO/IEC 9075-2.

14.1 <get diagnostics statement>

This Sublause modifies Subclause 23.1, “<get diagnostics statement>", in ISO/IEC 9075-2.

Function

Get exception or completion condition information from a diagnostics area.

Format

<condit{on information itemnnane> ::=
Il Al alternatives fromI|SQO|EC 9075-2
| PROPERTY_GRAPH CATALOG
| PROPERTY_GRAPH_NAME
| PROPERTY_GRAPH_SCHEMA

Syntax Rules

1)

Ingert into Table 38, “Data types of <conditioh information item name>s” | the rows of Table 2,
“Data types of <condition information itém name>s”.

Table 2 — Datatypes of <condition information item name>s

<identifier> Declared Type

PRPDPERTY_GRAPH_CATALOG | variable-length character string with implementation-defined
(IL0O05) maximum length

PRPDPERTY_GRARH_NAME variable-length character string with implementation-defined
(ILO05) maximum length

PRPDPERTY:GRAPH_SCHEMA variable-length character string with implementation-defined
(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) \In bert before GR 4)h)i)2):‘ If the syntax error or access rule violation was caused by xefey

a specific SQL-property graph, then the values of PROPERTY_GRAPH_CATALOG, PROP-
ERTY_GRAPH_SCHEMA, and PROPERTY_GRAPH_NAME are the <catalog name=, the <unq

schi

cayised the syntax error or access rule violation, and the <qualified identifier> of that SQL-

grd

ema name> of the <schema name> of the schema that contains the SQL-property grap

ph, respectively.

3) |AY

gment GR 4)h)i)2)| by adding “PROPERTY_GRAPH_CATALOG, PROPERTY_GRAPH_SCHT

PROPERTY_GRAPH_NAME” to the list that contain the zero-length'character string.

4)  [Inertbefore GR 4)k)iv):| If the values of PROPERTY_GRAPH_CATALOG, PROPERTY_GRAPH

angl PROPERTY_GRAPH_NAME identify an SQL-property gtaph for which no privileges are
to the enabled authorization identifiers, then the valuesf PROPERTY_GRAPH_CATALOG,

ence to

alified
that
broperty

MA, and

SCHEMA,
granted
PROP-

ERTY_GRAPH_SCHEMA, and PROPERTY_GRAPH_NAME are replaced by the zero-length character

string.

Conformance Rules

1) |[In

bert after the last CR: ‘ Without Feature’'G860, “GET DIAGNOSTICS enhancements for SQL-

grd

comntains PROPERTY_GRAPH_CATALOG, PROPERTY_GRAPH_NAME, or PROPERTY_GRAPH_§

phs”, conforming SQL language shall not contain a <condition information item name>

property
that
CHEMA.
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15 Information Schema

This Clause modifies Clause 6, “Information Schema”, in ISO/IEC 9075-11.

15.1
This Sub

Information Schema digital artifact

‘Insert a

ter the 1st paragraph: ‘ These schema definition and manipulation statements aré.also

from thd
16/ ed-
manipul
tion.s

15.2

Functi

Identify
given us

ISO website as a “digital artifact”. See ht t ps: // st andar ds. i so. org/i so-Vec/

htion statements, select the file named | SO _| EC 9075- 16( E) _PGQ- schena- def i
ql .

PG_DEFINED_LABEL_SETS view

on

br or role.

Definition

CREATE
SEL

| EW PG _DEFI NED_LABEL_SETS AS
ECT PROPERTY _GRAPH _CATALOG, PROPERTY_GRAPH SCHEMA, PROPERTY GRAPH NAME,
DEFI NED_LABEL_SET_| DENTLENER

FROW DEFI NI TI ON_SCHEMA. PG _DEF| NED LABEL_SETS
WHERE ( PROPERTY GRAPH CATALKOS, PROPERTY GRAPH SCHEMA, PROPERTY GRAPH NAME ) I N

GRANT Sl
TO

( 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 ( PGPIGRANTEE IN ( "PUBLIC , CURRENT_USER )
eR
PGP. GRANTEE I N ( SELECT ROLE_NAVE FROM ENABLED ROLES ) ) )
AND
PROPERTY~GRAPH CATALOG = ( SELECT CATALOG NANE
FROM | NFORVATI ON_SCHEMA CATALOG NAME ) ;

FLECT ON TABLE PG_DEFI NED_LABEL_SETS
PUBLIC W TH GRANT OPTI ON;

rlause modifies Subclause 6.1, “Information Schema digital artifact”, in ISO/IEC 9075- 1.

hvailable
D075/ -

1/ en/ to download digital artifacts for this document. To download the schema definition and

ni -

the defined label sets in an SQL-property graph definéd in this catalog that are accessible to a

Conformance Rules

1)  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
FROW DEFI NI TI ON_SCHEMA. PG _DEFI NED LABEL_SET LABELS
WHERE ( PROPERTY_GRAPH CATALOG, PROPERTY GRAPH SCHEMA, PROPERTY_GRAPHLNAME ) | 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 ) (O
AND
PROPERTY_GRAPH_CATALOG = ( SELECT CATALOG NAME
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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Functi

ISO/IEC 9075-16:2023(E)
15.4 PG_EDGE_DEFINED_LABEL_SETS view

PG_EDGE_DEFINED_LABEL_SETS view

on

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

CREATE

| 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

FROW DEFI NI TI ON_SCHEMA. PG_EDGE_DEFI NED_LABEL_SETS
VWHERRE ( PROPERTY_GRAPH _CATALOG, PROPERTY_GRAPH SCHEMA, PROPERTY_GRARPHWNAME ) | N

GRANT Sl
TO

Confol

1) Wi
re

( 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 NAME
FROM | NFORVATI ON{SCHEMA CATALOG NAME ) ;

FLECT ON TABLE PG_EDGE_DEFI NED_LABEL_SETS
PUBLI C W TH GRANT OPTI ON;

rmance Rules

hout Feature G850, “SQL/PGQ Information Schema views”, conforming SQL language
rence the view INFORMATION_SCHEMA.PG_EDGE_DEFINED_LABEL_SETS.

shall not
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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.

Defini

CREATE

SEL

FROI

(&

GRANT Sl

Confol

1)

194

TO

Wi

re

i
KTOTY

| EW PG_EDGE_TABLE_COVPONENTS AS
ECT ETC. PROPERTY_GRAPH_CATALOG, ETC. PROPERTY_GRAPH_SCHEMA,
ETC. PROPERTY_GRAPH_NAME, ETC. EDGE_TABLE_ALI AS, ETC. VERTEX TABLE ALl AS,
ETC. EDGE_END, ETC. EDGE_TABLE_COLUWN_NAME, ETC.VERTEX_ TABLE COLUVN_NAME,
ETC. ORDI NAL_POSI TI ON
) DEFI NI TI ON_SCHEMA. PG_EDGE_TABLE_COMPONENTS AS ETC
DN

DEFI NI TI ON_SCHEMA. SCHEMATA AS S
ON ( ( ETC. PROPERTY_GRAPH CATALOG, ETC. PROPERTY_GRAPH_SGHEMA )

= ( S.CATALOG NAME, S.SCHEMA NAME ) )

RE ( S. SCHEMA OANER = CURRENT USER

R
S. SCHEMA OMNER | N ( SELECT ER ROLE_NAVE
FROM ENABLED ROLES AS<ER ) )
AND
ETC. PROPERTY_GRAPH_CATALOG
= ( SELECT | SCN. CATALOG NANE
FROM | NFORVATI ON_SCHEMA_CATALOG NARMEJAS | SCN ) ;

FLECT ON TABLE PG EDGE_TABLE_COMPONENTS
PUBLI C W TH GRANT OPTI ON;

rmance Rules

hout Feature G850, “SQL/RGQ Information Schema views”, conforming SQL language
rence the view INFORMATION_SCHEMA.PG_EDGE_TABLE_COMPONENTS.

hall not
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ISO/IEC 9075-16:2023(E)
15.6 PG_EDGE_TRIPLETS view

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
SEL

FROI
V\HEH

GRANT Sl
TO

Confol

| EW PG_EDGE_TRI PLETS AS
FCT PROPERTY_GRAPH_CATALOG, PROPERTY_GRAPH _SCHEMA, PROPERTY_GRAPH_NANE
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
[l DEFI NI TI ON_SCHEMA. PG_EDGE_TRI PLETS
RE ( 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<NAVE
FROM | NFORVATI.ON” SCHEMA CATALOG NAME ) ;

FL ECT ON TABLE PG _EDGE_TRI PLETS
PUBLI C W TH GRANT OPTI ON;

rmance Rules

1) Wi
re

hout Feature G850, “SQL/PGQ:Information Schema views”, conforming SQL language
rence the view INFORMATION_SCHEMA.PG_EDGE_TRIPLETS.

hall not
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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.

Definition

CREATE YI EW PG ELEMENT TABLE_KEY_COLUWNS AS
SELECT ETKC. PROPERTY_GRAPH CATALOG, ETKC. PROPERTY_ GRAPH_SCHEMA,
ETKC. PROPERTY_GRAPH_NAMVE, ETKC. ELEMENT TABLE ALI AS, ETKC. COLUVN_NAME,
ETKC. ORDI NAL_POSI TI ON
FROW 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_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
ETKC. PROPERTY_GRAPH_CATALOG
= ( SELECT | SCN. CATALOG NANE
FROM | NFORMATI ON_SCHEMA CATALOG NAME AS)I'SCN ) ;

GRANT SELECT ON TABLE PG _ELEMENT_TABLE_KEY_COLUMNS
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_ELEMENT_TABLE_KEY_COLUMNS.
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15.8 PG_ELEMENT_TABLE_LABELS view

15.8 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

CREATE YI EW PG ELEMENT TABLE_LABELS AS
SELECT ETL. PROPERTY_GRAPH CATALOG, ETL. PROPERTY_GRAPH_SCHEMA,

ETL. PROPERTY_GRAPH_NAVE, ETL. ELEMENT TABLE ALIAS, ETL.LABEL_NAVE
FROW DEFI NI TI ON_SCHEMA. PG_ELEMENT TABLE_LABELS AS ETL

JON

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 4 SCN ) ;

GRANT SELECT ON TABLE PG _ELEMENT_TABLE_LABELS
TO PUBLI C W TH GRANT OPTI ON,

Conformance Rules

1)  Wihout Feature G850, “SQL/PGQ Information Schema views”, conforming SQL language shall not
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.

Definition

CREATE VI EW PG ELEMENT TABLE_PROPERTI ES AS
SELECT ETP. PROPERTY_GRAPH CATALOG, ETP. PROPERTY_GRAPH_SCHEMA,
ETP. PROPERTY_GRAPH NAVE, ETP. ELEMENT TABLE ALIAS, ETP. PROPERTY NAME,
ETP. PROPERTY_EXPRESSI ON
FROW DEFI NI TI ON_SCHEMA. PG _ELEMENT _TABLE_PROPERTI ES AS ETP
JOIN
DEFI NI TI ON_SCHEMA. SCHEMATA AS S
ON ( ( ETP. PROPERTY_GRAPH CATALOG, ETP. 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
ETP. PROPERTY_GRAPH_CATALOG
= ( SELECT | SCN. CATALOG NANE
FROM | NFORVATI ON_SCHEMA_CATALOG NAME AS)I'SCN ) ;

GRANT SELECT ON TABLE PG_ELEMENT_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_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_NAME, ET. ELEMENT TABLE ALI AS, ET. ELEMENT TABLE(KI ND,
ET. TABLE_CATALOG, ET. TABLE_SCHEMA, ET. TABLE_NAME,
ET. ELEMENT_TABLE_DEFI NI TI ON
FROW DEFI NI TI ON_SCHEMA. PG_ELEMENT _TABLES AS ET
JO'N
DEFI NI TI ON_SCHEMA. SCHEMATA AS S
ON ( ( ET. PROPERTY_GRAPH CATALOG, ET. 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
ET. PROPERTY_GRAPH_CATALOG
= ( SELECT | SCN. CATALOG NAME
FROM | NFORMATI ON_SCHEMA CATALOG NAME“AS'| 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 shall 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_NAMNE
LABEL_NAME, PROPERTY_NAME
FROW DEFI NI TI ON_SCHEMA. PG_LABEL_PROPERTI ES
WHERE ( PROPERTY_GRAPH_CATALOG, PROPERTY_GRAPH SCHEMA, PROPERTY_GRAPH-NANE )
IN ( SELECT PGP. PROPERTY_GRAPH CATALOG, PGP. PROPERTY GRAPH’ SCHEMA,
PGP. PROPERTY_GRAPH_NANE
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 NAME
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

shall not

15.12 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
CREATE VI EW PG_LABELS AS

SELECT PROPERTY_GRAPH_CATALOG, PROPERTY_GRAPH _SCHEMA, PROPERTY_GRAPH_NAME

LABEL_NAME
FROM DEFI NI TI ON_SCHENMA. PG_LABELS
WHERE ( PROPERTY_ GRAPH CATALOG, PROPERTY_GRAPH SCHEMA, PROPERTY_ GRAPH-NAME )
IN ( SELECT PGP. PROPERTY_GRAPH_CATALOG, PGP. PROPERTY_GRAPH’ SCHENMA,
PGP. PROPERTY_GRAPH_NAVE
FROM DEFI NI TI ON_SCHENMA. PG_PROPERTY_GRAPH_PRI VI LEGES ‘AS PGP
WHERE ( PGP. GRANTEE I N ( ' PUBLIC , CURRENT_USER~)
OoR
PGP. GRANTEE | N ( SELECT ROLE_NAME
FROM ENABLED ROLES-)™) )
AND
PROPERTY_GRAPH_CATALOG = ( SELECT CATALOG NAME
FROM | NFORVATI ONCSCHEMA CATALOG _NAME ) ;

GRANT SELECT ON TABLE PG_LABELS

TO PUBLI C W TH GRANT OPTI ON,
Conformance Rules
1)  Without Feature G850, “SQL/PGQ Information Schema views”, conforming SQL language

reference the view INFORMATION . SCHEMA.PG_LABELS.
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15.13 P

15.13

G_PROPERTY_DATA_TYPES view

PG_PROPERTY_DATA_TYPES view

Function

Identify the properties and their data types in an SQL-property graph defined in this catalog that are

accessib

Defini

le to a given user or role.

tion

CREATE
SEL

FROI

GRANT Sl
TO

Confol

RE ( PGT. PROPERTY_GRAPH_CATALOG, PGT. PROPERTY_GRAPH_SCHEMA,

| EW PG_PROPERTY_DATA TYPES AS
FCT PGT. PROPERTY_CGRAPH_CATALOG, PGT. PROPERTY_GRAPH_SCHEMA,

PGT. PROPERTY_GRAPH_NAME, PGT. PROPERTY_NAME, D. DATA TYPE,
CHARACTER_MAXI MUM_LENGTH, D. CHARACTER_OCTET_LENGTH,
D. CHARACTER_SET_CATALOG, D. CHARACTER SET_SCHEMA, D. CHARACTER SET_NANMVE,
D. COLLATI ON_CATALOG, D. COLLATI ON_SCHEMA, D. COLLATI ON_NAME,
D. NUMERI C_PRECI SI ON, D. NUMERI C_PRECI SI ON_RADI X, D. NUMERI G~SCALE,
D. DATETI ME_PRECI SI ON, D. | NTERVAL_TYPE, D. | NTERVAL_PRECI SI ON,
D. USER_DEFI NED_TYPE_CATALOG, D. USER DEFI NED_TYPE_SCHENA,
D.
D.
D.
F

o

. USER_DEFI NED_TYPE_NAME, D. SCOPE_CATALOG, D. SCOPE_SEHEMA, D. SCOPE_NANME,

. DECLARED_NUMERI C_SCALE, D. DTD_|I DENTI FI ER
DEFI NI TI ON_SCHEMA. PG_PROPERTY_DATA_TYPES AS PGT
N

|

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 SCHEMAD. OBJECT NAME, D. OBJECT TYPE,
D. DTD_| DENTIFIER ) )

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 N ( ' PUBLIC , CURRENT USER )
R
PGP. GRANTEE- | N ( SELECT ROLE_NAVE
FROM ENABLED ROLES ) ) )
AND
PGT. PROPERTY_GRAPH, CATALOG = ( SELECT CATALOG NAMVE
FROM | NFORVATI ON_SCHEMA CATALOG NAME ) ;

FLECT ON TABLE BG _PROPERTY_DATA TYPES
PUBLI C W TH_GRANT OPTI ON,

rmance Rules

1)  Wighout Feature G850, “SQL/PGQ Information Schema views”, conforming SQL language

. MAXI MUM_CARDI NALI TY, D. DECLARED DATA _TYPE, D. DEGLARED NUVERI C_PRECI SI ON,

hall not

reference the view INFORMATION_SCHEMA.PG_PROPERTY_DATA_TYPES.

2)  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)
b)

<)

202

DECLARED_DATA_TYPE.
DECLARED_NUMERIC_PRECISION.
DECLARED_NUMERIC_SCALE.
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15.14 PG_PROPERTY_GRAPH_PRIVILEGES view

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
FROW 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_NAVE

FROM ENABLED ROLES ) )
AND
PROPERTY_GRAPH CATALOG = ( SELECT CATALOG NAME

FROM | NFORVATI GN\SCHEMA CATALOG NAME ) ;

GRANT SELECT ON TABLE PG _PROPERTY_GRAPH_PRI VI LEGES
TO PUBLI C W TH GRANT OPTI ON,

Conformance Rules

1)  Wikhout Feature F231, “Privilege tables”, conforming SQL language shall not reference th¢ view
INFORMATION_SCHEMA.PG_PROPERTY_GRAPH_PRIVILEGES.

2)  Without Feature G850, “SQL/RGQ 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
FROW DEFI NI TI ON_SCHEMA. PG VERTEX_DEFI NED_LABEL_SETS
WHERRE ( 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 NAME
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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15.16 PROPERTY_GRAPHS view

PROPERTY_GRAPHS view

on

Identify the SQL-property graphs defined in this catalog that are accessible to a given user or role.

Definition

CREATE YI EW PROPERTY_GRAPHS AS
SELECT PROPERTY_CGRAPH_CATALOG, PROPERTY_GRAPH_SCHEMA, PROPERTY_GRAPH_NAME
FROW DEFI NI TI ON_SCHEMA. PROPERTY_GRAPHS

V\HER

GRANT Sl
TO

Confol

1) Wi
re

RE ( 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 P@P
WHERE ( PGP. GRANTEE I N ( ' PUBLIC , CURRENT USER )
R
PGP. GRANTEE | N ( SELECT ROLE_NAMVE
FROM ENABLED ROLES ) ) )
AND
PROPERTY_GRAPH CATALOG = ( SELECT CATALOG NAME
FROM | NFORVATI ON_SCHEMA-CATALOG NAME ) ;

FLECT ON TABLE PROPERTY_GRAPHS
PUBLI C W TH GRANT OPTI ON,

rmance Rules

hout Feature G850, “SQL/PGQ Information Schema views”, conforming SQL language
rence the view INFORMATION_SCHEMA.PROPERTY_GRAPHS.

hall not
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16 Definition Schema

This Clause modifies Clause 7, “Definition Schema”, in ISO/IEC 9075-11.

16.1

This Sublause modifies Subclause 7.1, “Definition Schema digital artifact”, in ISO/IEC 9075-11;

Definition Schema digital artifact

‘Insert a

ter the 1st paragraph: ‘ These schema definition and manipulation statements aré.also

from thg ISO website as a “digital artifact”. See ht t ps: / / st andar ds. i so. org/i sg-Vec/

16/ ed-

16.2

This Sublause modifies Subclause 7.23, “DATA_TYPE_DESCRIPTOR base-table”, in ISO/IEC 9075-1

Function

The DATA_TYPE_DESCRIPTOR table has one row for each usage of a data type as identified by the
9075 series. It effectively contains a representation of'the data type descriptors.

Definition

DATA_TYPE_DESCRIPTOR base table

‘Insert into the Definition| after

"ROUTINE' , ' SEQUENCE'
the code:

' PROPERTY GRAPH

Description

1) ‘AL gment.Description 1)‘ by adding “SQL-property graph” as an alternative to the list of 0

be

2) ’AL gment Description 1)| by adding “'PROPERTY GRAPH" to the list for OBJECT_TYPE.

ng described by the values of OBJECT_CATALOG, OBJECT_SCHEMA, and OBJECT_NAMAH.

hvailable
D075/ -

1/ en/ to download digital artifacts for this document. To download the schema definition and
manipulption statements, select the file named | SO _| EC 9075- 16( E) _PGQ schena- def i
tion.slgl.

ni -

ISO/IEC

bjects

Initial Table Population

No additional Initial Table Population items.
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16.3 TABLES base table

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 table descriptors.

Definition

‘Insert into the Definition| after

)
the coddg:

ALTER TABLE TABLES ADD
CONSTRRAI NT TABLES_CHECK_NOT_PROPERTY_GRAPH
CHEGK ( NOT EXI STS (
SELECT PROPERTY_GRAPH CATALOG, PROPERTY_GRAPH_SCHEMA,
PROPERTY_GRAPH_NAME
FROM PROPERTY_GRAPHS
WHERE ( TABLE_CATALOG, TABLE SCHEMA, TABLE)NAME )
= ( PROPERTY_GRAPH CATALOG, PROPERTY GRAPH SCHEMA,
PROPERTY_GRAPH_NAME ) );

Description

No|additional Descriptions.

Initiall Table Population

No|additional Initial Table Poptdation items.
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16.4 PG_DEFINED_LABEL_SETS base table

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.

Definition

CREATE TABLE PG _DEFI NED_LABEL_SETS (
PROPERTY_GRAPH_CATALOG | NFORMATI ON_SCHEMA. SQL_| DENTIFMER,
PROPERTY GRAPH_SCHEMA | NFORMATI ON_SCHEMA. SQL_| DENTI Fl ER,
PROPERTY_GRAPH_NAME | NFORMATI ON_SCHENMA. SQL_| DENTI FI ER,
DEFI) NED_LABEL_SET | DENTI FI ER | NFORMATI ON_SCHENMA. SQL_4DENTI FI ER,
CONSTRAI NT PG_DEFI NED_LABEL_SETS PRI MARY_KEY

P

CON{

Descri

1) Th
ER
res
of

2) Th
tha

Rl MARY KEY ( PROPERTY_GRAPH_CATALOG, PROPERTY_GRAPH SCHEMA,
PROPERTY_GRAPH_NAME, DEFI NED LABEL_SET_| DENTVFLER ),

STRAI NT PG_DEFI NED_LABEL_SETS_FOREI GN_KEY_PROPERTY_GRAPHS
PREI GN KEY ( PROPERTY_GRAPH CATALOG, PROPERTY_GRAPH_SGHEMA,

PROPERTY_GRAPH_NAME )
REFERENCES PROPERTY_GRAPHS

ption

e values of PROPERTY_GRAPH_CATALOG,PROPERTY_GRAPH_SCHEMA, and PROP-
TY_GRAPH_NAME are the catalog name, tinqualified schema name, and qualified ident

DEFINED_LABEL_SET_IDENTIFIER:
e value of DEFINED_LABEL_SET_IDENTIFIER is an implementation-dependent (UV025

SQ

t uniquely identifies the defined label set being described among all defined label sets
-property graph identified by PROPERTY_GRAPH_CATALOG, PROPERTY_GRAPH_SCHE

PROPERTY_GRAPH_NAME:

Initiall Table Population

Nope.

208

fier,

pectively, of the SQL-property graplrthat includes the defined label set identified by the value

) value
of the
MA, and
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16.5 PG_DEFINED_LABEL_SET_LABELS base table

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_| DENTIFMER,
PROPERTY GRAPH_SCHEMA | NFORMATI ON_SCHEMA. SQL_| DENTI Fl ER,
PROPERTY_GRAPH_NAME | NFORMATI ON_SCHENMA. SQL_| DENTI FI ER,
DEFI) NED_LABEL_SET | DENTI FI ER | NFORMATI ON_SCHENMA. SQL_4DENTI FI ER,
LABEL NANME | NFORMATI ON_SCHEMA. SQL\I 'DENTI FI ER,
CONSTRAI NT PG_DEFI NED_LABEL_SET_LABELS PRI MARY_KEY

Pl

CON{
E

CON{

Descri

1) Th
ER
res
of

2) Th
set

Rl MARY KEY ( PROPERTY_GRAPH CATALOG, PROPERTY_GRAPH_SCHENA,
PROPERTY_GRAPH_NAME, DEFI NED_LABEL_SET_| DENTI'FI ER, LABEL_NAME ),

STRAI NT PG _DEFI NED_LABEL_SET_LABELS_FOREI GN_KEY_ PG DEFI'NED LABEL_SETS
DREI GN KEY ( PROPERTY_GRAPH_CATALOG, PROPERTY_GRAPH ‘SCHEMA,

PROPERTY_GRAPH_NAME, DEFI NED_LABEL_SET™ | DENTI FI ER )
REFERENCES PG DEFI NED_LABEL_SETS,

STRAI NT PG DEFI NED_LABEL_SET_LABELS_FOREI GNCKEY PG LABELS
PREI GN KEY ( PROPERTY_GRAPH CATALOG, PROPERTY_GRAPH_SCHEMA,
PROPERTY_GRAPH_NAME, LABEL ¢NAVE )

REFERENCES PG LABELS

ption

e values of PROPERTY_GRAPH. CATALOG, PROPERTY_GRAPH_SCHEMA, and PROP-
TY_GRAPH_NAME are the\catalog name, unqualified schema name, and qualified ident
pectively, of the SQL-property graph that includes the defined label set identified by th
DEFINED_LABEL_SET, IDENTIFIER.

identified by'\DEFINED_LABEL_SET_IDENTIFIER.

Initial

No

Table.Population

j1e.

fier,
ke value

e value of LABEL_NAME is the name of the label being described that is part of the defined label
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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.

Definition
CREATE TABLE PG _EDGE_DEFI NED_LABEL_SETS (
PROPERTY_GRAPH_CATALOG | NFORMATI ON_SCHEMA. SQL_| DENTIFMER,
PROPERTY GRAPH_SCHEMA | NFORMATI ON_SCHEMA. SQL_| DENTI Fl ER,
PROPERTY_GRAPH_NAME | NFORMATI ON_SCHENMA. SQL_| DENTI FI ER,
EDGE_DEFI NED_LABEL_SET_| DENTI FI ER | NFORMATI ON_SCHENMA. SQL_4DENTI FI ER,
| S Pl RECTED | NFORMATI ON_SCHEMA. YES\OR _NO
CONSTRAI NT PG_EDGE_DEFI NED_LABEL_SETS | S_DI RECTED_NOT_NULL
NOT NULL,
|'S_UNDI RECTED | NFORMATI ON_SCHEMA)YES OR_NO
OPNSTRAI NT PG _EDGE_DEFI NED_LABEL_SETS |'S_UNDI RECTED NOT_NuKL

CON

NOT NULL,

ETRAI NT PG_EDGE_DEFI NED_LABEL_SETS_PRI MARY_KEY
Rl MARY KEY ( PROPERTY_GRAPH CATALOG, PROPERTY_GRAPH SCHEMA,
PROPERTY_GRAPH_NAME, EDGE_DEFI NED<{LABEL_SET | DENTI FI ER ),

STRAI NT PG_EDGE_DEFI NED_LABEL_SETS FOREI GN_KEY” PG _DEFI NED_LABEL_SETS
DREI 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,

STRAI NT PG_EDGE_DEFI NED_LABEL_SETS \CHECK_DI RECTED UNDI RECTED
HECK ( NOT ( 1'S_DI RECTED = ' NO
AND

| S UNDI RECTED =, NO ) )

ption

e values of PROPERTY_GRAPH_CATALOG, PROPERTY_GRAPH_SCHEMA, PROPERTY_GRAP]
] EDGE_DEFINED, LABEL_SET_IDENTIFIER are the values of PROPERTY_GRAPH_CATA
OPERTY_GRAPH_SCHEMA, PROPERTY_GRAPH_NAME, and DEFINED_LABEL_SET_IDEN
pectively,‘ofthe row in PG_DEFINED_LABEL_SETS that describes the edge defined labe

e values'of IS_DIRECTED and IS_UNDIRECTED have the following meanings:

H_NAME,
L.OG,
ITIFIER,
I set.

JSN

Descri
1) Th
an
PR
res
2) Th
Ca
a)
b)
c)
210

If the value of the IS_DIRECTED column is 'YES' and the value of the IS_ UNDIRECTED column

is 'YES', then an edge that has the edge defined label set being described is possibly
or undirected.

directed

If the value of the IS_DIRECTED column is 'YES', then an edge that has the edge defined label

set being described is always directed.

If the value of the IS_UNDIRECTED column is 'YES', then an edge that has the edge d
label set being described is always undirected.

efined
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Initial Table Population

None.
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16.7 PG_

16.7

EDGE_TABLE_COMPONENTS base table

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.

Definitien
CREATE TABLE PG _EDGE_TABLE_COVPONENTS (
PROPERTY_GRAPH CATALOG | NFORMATI ON_SCHEMA. SQL_ | DENTI FI ER,
PROPERTY_GRAPH_SCHENA | NFORMATI ON_SCHEMA. SQL_| DENTI FI ER,
PROPERTY_GRAPH_NAME | NFORMATI ON_SCHEMA. SQL, WYDENTI FI ER,
EDGE TABLE ALI AS | NFORMATI ON_SCHEMA. S@L \I DENTI FI ER,
VERTEX_TABLE_ALI AS | NFORMATI ON_SCHEMA. SQE__| DENTI FI ER,
EDGE_END | NFORMATI ON_SCHENA., CHARACTER DATA
CONSTRAI NT PG_EDGE TABLE COVPONENTS_ CHECK EDGE _END
CHECK ( EDGE_END I N ( ' DESTI NATION, 'SCURCE ) ),
EDGE_TABLE_COLUWN_NANVE | NFORMATI ON (SCHEMA. SQL_ | DENTI FI ER
CONSTRAI NT PG_EDGE_TABLE_COVPONENTS_EDGE_TABLE_COLUMN-NAME_NOT_NULL
NOT NULL,
VERTEX_TABLE_COLUMN_NANME | NFORMATD ON_SCHEMA. SQL_ | DENTI FI ER
CDNSTRAI NT PG_EDGE_TABLE_COVPONENTS VERTEX_TABLE/COLUMN_NAME_NOT_NULL
NOT NULL,
ORDI NAL_PCSI TI ON | NFORMATI ON_SCHEMA. CARDI NAL_NUVMBER
CPNSTRAI NT PG_EDGE_TABLE_COVPONENTS CHECK_ORDI NAL_POSI TI ON_GREATER THAN_ZERO

&

CON{

CON

CON

CHECK ( ORDINAL_PCSI TION > 0 )
INSTRAI NT_PG_ EDGE_TABLE_COMPONENTS_CHECK_ORDI NAL_POSI TI ON_CONTI GUOUS
CHECK ( 0 = ALL ( SELECT MAX( ORDI NAK.POSI TI ON) - COUNT(*)
FROM PG _EDGE_TABLE_COVPONENTS
GROUP BY PROPERTY_GRAPH CATALOG, PROPERTY_GRAPH SCHEMA,
PROPERTY_GRAPH_NAMVE, EDGE_TABLE ALIAS ) ),

STRAI NT PG_EDGE_TABLE_COVPORENTS PRI MARY_KEY
Rl MARY KEY ( PROPERTY_GRAPH CATALOG, PROPERTY_GRAPH_SCHEMA,
PROPERTY _GRAPH_NAMVE, EDGE_TABLE ALIAS, VERTEX_TABLE_ALI AS,
EDGE_END,~.ORDI NAL_POSI TI ON),

STRAI NT PG_EDGE_TABLE_COVPONENTS_FOREI GN_KEY_EDGE_| N_PG_ELEMENT TABLES

DREI GN KEY ( PROPERTY_GRAPH CATALOG, PROPERTY_GRAPH_ SCHEMA,
PROPERTY_GRAPH NAMVE, EDGE_TABLE_ALIAS )

REFERENCES. PG' ELEMENT _TABLES,

STRAI NT (PG EDGE_TABLE_COVPONENTS_FOREI GN_KEY_VERTEX_| N_PG_ELEMENT TABLES

DREI GN-KEY ( 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_ NAME,

EDGE_TABLE_ALI AS, VERTEX TABLE ALI AS, EDGE_TABLE_COLUWN_NAME ),

CONSTRAI NT PG _EDGE_TABLE_COVPONENTS_UNI QUE_VERTEX_COLUWN
UNI QUE ( PROPERTY_GRAPH CATALOG, PROPERTY GRAPH SCHEMA, PROPERTY_GRAPH_NAME,

)

212

EDGE_TABLE_ALI AS, VERTEX TABLE_ALI AS, VERTEX_TABLE_COLUMN_NAME )
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Description

1)

2)

3)

4)

5)

Initiall Table Population

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 of
EDGE_TABLE_ALIAS and the vertex table VT identified by VERTEX_TABLE_ALIAS.

The value of EDGE_END is

Case:

a)| IfVTis the destination vertex table of ET, then ‘DESTINATION.
b)| Otherwise, (VT is the source vertex of ET), ‘SOURCE..

Th value of EDGE_TABLE_COLUMN_NAME is

Case:

a)| IfVTisthe destination vertex table of ET, then the name of the column that is part ofthe edge
destination key.

b)| Otherwise, (VT is the source vertex of ET), the name of theé column that is part of thg edge
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 des-
tination vertex key.

b)| Otherwise, (VT is the source vertex of ET), the name of the column that is part of theg source
vertex key.

The value of ORDINAL_POSITION isthe ordinal position of the specific columns in the edge destin-
atipn key/destination vertex key ot edge source key/source vertex key, respectively.

Nope.
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