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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.
[SO 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.
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Organization (WTO) principles in the Technical Barriers to Trade (TBT) seeww. i S0. or g/ i soy f or e-
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This doqument was prepared by Technical Committee ISO/IEC JTC 1, Information technology, Sibcom-
mittee S
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technical errors have been corrected,
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ISO

C 32, Data management and interchange.

L edition of ISO/IEC 19075-6'¢ancels and replaces ISO/IEC TR 19075-6:2017. Several s
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Introduction

The organization of this document is as follows:
1) Clause 1, “Scope”, specifies the scope of this document.

2) Clause 2, “Normative references”, identifies additional standards that, through reference in this
document, constitute provisions of this document.

3) Clayse 3, “Terms and definitions”, defines the terms and definitions used in this document.
4) Clayse 4, “JavaScript Object Notation (JSON)”, introduces what is JSON.

5) Clayse 5, “The SQL/JSON data model”, introduces the data model that is used by the SQL/J$ON
fundtions and the SQL/JSON path language.

6) Clayse 6, “SQL/JSON functions”, introduces the SQL/]JSON functions to query and construct JSON.
7) Clayse 7, “SQL/]JSON path language”, introduces the SQL/JSON path language.
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INTERNATIONAL STANDARD ISO/IEC 19075-6:2021(E)

Information technology — Guidance for the use of database language SQL —

Part 6:
Support for JSON

1 Scape

This doqument describes the support in SQL for JavaScript Object Notation.
This doqument discusses the following features of the SQL language:

— Storiing JSON data.

— Publishing JSON data.

— Quefying JSON data.

— SQLYJSON data model and path language.

© ISO/IEC 2021 - All rights reserved
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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/IEC 9075-1, Information technology — Database languages — SQL — Part 1: FrameworH
(SOL/fFramework)

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

2 © ISO/IEC 2021 - All rights reserved
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3 Terms and definitions

ISO/IEC 19075-6:2021(E)

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

terms and definitions apply.

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

— IEC Electropedia: available at ht t p: / / www. el ect r opedi a. or g/
— ISO Pnline browsing platform: available at ht t p: / / www. i so. or g/ obp

3.1
JSON text
sequenck of tokens

Note 1 t¢ entry: JSON text must be encoded in Unicode (UTF-8 by default); insignificant whitesgace may

be used pnywhere in JSON text except within strings (where all whitespacé€ is s
literals. ]SON text is a single object or array

3.2
token
strings, numbers, literals, or one of six structural characters

DINTEN N AN BN TR VA T )
1 }’ [I]J LI A

Note 1 t¢ entry: The six structural characters are “{

3.3
value
object, afray, number, string, or one of three literals

3.4
type

primitive type or structured type

3.5
primitive type
string, nhmber, Boolean,-0r null

3.6
primitive value
value that is a string, number, Boolean, or null

3.7

ignificant), numbers, and

structured type
object or array

3.8
structured value
value that is an object or an array

© ISO/IEC 2021 - All rights reserved
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3 Term

3.9
string

19075-6:2021(E)
s and definitions

sequence of Unicode characters

Note 1 to entry: Some characters must be “escaped” by preceding them with a reverse solidus (“\ ”), while
any or all characters can be represented in “Unicode notation” comprising the string "\u' followed by
four hexadecimal digits or two such strings representing the UTF-16 surrogate pairs representing char-

acters n

ot on the Basic Multilingual Plane.

Note 2 to entry: Strings are surrounded by double-quote characters, which are not part of the value of
the strings.

3.10

number

sequenck comprising an integer part, optionally followed by a fractional part and/or an expone

Note 1t
3.11

Boolear

literal “t

3.12
null

literal “nful |

3.13
object

¢ entry: Non-numeric values, such as infinity and NaN are not permitted.

rue” or literal “f al se”

»

structurg represented by “{”, zero or more membersséeparated by “, ”, and “}”

3.14

member

string foLlowed by a colon followed by a valugsin an object

Note 1t
and the

3.15
array

entry: A member is also knownyas a “name-value pair”; the name is sometimes called
second value is sometimes called a “bound value”.

structurg represented by a-[-¥'zero or more elements separated by “, ”, and “]”

3.16

element

value in

3.17
field

AN array;

b : Tioor ] o : 1 1 : 1
membpertrairodbject  erementiranrarray, maire iira mehoer, o vartae ra meioet

3.18

data model
<general> definition of what kinds of data belong to a particular universe of discourse, including the
operations on those kinds of data

3.19

JSON data model
(implicit) data model associated with JSON

nt part

a “key”

© ISO/IEC 2021 - All rights reserved
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3 Terms and definitions

3.20
SQL/JSON data model
data model created for operating on JSON data within the SQL language

© ISO/IEC 2021 - All rights reserved 5
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4 JavaScript Object Notation (JSON)

4.1 Context for JSON

The requiirements for the material discussed in this document shall be as specified in ISO/IEC 9

and ISO

4.2

JSON (ar
data and
of classe
structur
data. Its

The com

The first
JSON ob
objectis
sequenc

Here is 3

{ "Nane
"Wei g
" Fano
"Phon

The nani
The nam

Here is 3
[ "Robe

In a JSO]

[EC9075-2.

What is JSON?

acronym for “JavaScript Object Notation”) is both a notation (that{is; a syntax) for repr
an implied data model. JSON is not an object-oriented data model;that is, it does not d€
s and methods, type inheritance, or data abstraction. Instead; JSON “objects” are simpl
s, including arrays. RFC 8259 says that JSON is a text formatfor the serialization of str
initial intended use was as a data transfer syntax.

plete syntax of JSON is specified in RFC 8259.

-class components of the JSON data model are JSON values. A JSON value is one of the fg

075-1

esenting
fine sets
b data
uctured

llowing:

ect, JSON array, JSON string, JSON number, orione of the JSON literals: true, false, and null. A JSON

zero or more name-value pairs and is enclesed in curly braces —{ }.AJSON array is an
e of zero or more values and is enclosed«in square brackets —[ ].

n example of a JSON object:

"] saac Newt on",
ht " : 80,
s" : true,
" . null }

e-value pairs are séparated by commas, and the names are separated from the values b
es are always strings and are enclosed in (double) quotation marks.

n example.of-a’JSON array:
t J. _Oppenheinmer”, 98, false, "Beechwood 45789" ]

N array, the values are separated by commas. JSON arrays and objects are fully nestable

ordered

 colons.

That s,

values in

beth ]QﬂN nh}'pr‘fc and ]QON arrays may be ]QﬂN cfringcl !QﬂN numbers, ’IQON Boolean

(repre-

sented by the JSON literals true and false), JSON nulls (represented by the JSON literal null), JSON objects,
or JSON arrays.

JSON can be used to represent associative arrays — arrays whose elements are addressed by content,
not by position. An associative array can be represented in JSON as a JSON object whose members are
name-value pairs; the name is used as the “index” into the “array” — that is, to locate the appropriate
member in the object — and the value is used as the content of the appropriate member. Here is such an
associative array:

{ "lsaac Newton" : "apple harvester",
"Robert J. Oppenheinmer": "security risk",
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"Al bert Einstein" : "patent clerk",
" St ephen Hawking" : "inspiration" }

An extremely important part of JSON’s design is that it is inherently schema-less. Any JSON object can be
modified by adding new name-value pairs, even with names that were never considered when the object
was initially created or designed. Similarly, any JSON array can be modified by changing the number of

values in the array.

4.3 Representations of [SON data

4.3.1 Introduction to representations of JSON data

Before

JSON da
most eaf
Unicode

comma, fight curly brace, quotation mark, and letters and digits are all used in their native Unig
resentatjon (UTF-8, UTF-16, UTF-32).

Howevet, for a variety of reasons, JSON data is sometimes stored-and exchanged in one of sever
represenptations. For example, a binary representation of JSON data may be significantly smalle
octets) than the character representation of the same data) s0 a reduction in network bandwidt
storage media can be achieved by transferring or storing.that data in a binary representation.

Readers
organizg
JSON. Th

represenptations generally. The following discussion is intended only to illustrate the use of and
with binpry serializations of JSON. The SQL standard leaves it implementation-defined whethet

such rep

4.3.2 Avro

Avro is described as a *data serialization system”. As such, its use is not limited to a binary repres

orasac
Avro as 1

Avro hag

lving much deeper into the primary topic of this document, readers should understan
a can be represented in several widely-acknowledged and -used forms.“The most obvi
ily recognizable is its “character string” representation, in which JSON data is represer
characters as plain text. More specifically, explicit characters such-as the left square br

should note that there are no published standards, either from traditional de jure stan

e two described in this document are-frequently used and may be representative of bin

resentations are supported in any particular SQL-implementation.

mpressiof¥representation of JSON data. However, a number of JSON environments hav|
heir préeferred binary, compressed representation.

anumber of important characteristics that affect its choice as a JSON representation.

d that
bus and
ted in
hce,

ode rep-

hl binary
- (fewer
h and or

Hards

tions nor from consortia or other de facto standards groups, for any binary representations of

hry JSON
issues
or not

entation
e chosen

— Data

s Tepresemnted i a variable-tengtty, “shortestform;eg;, the imteger2and the iteger

occupy a different number of octets in an Avro string.

2000

— Numbers are represented using a rather arcane “zig-zag” encoding (this notation “moves” the sign
bit from its normal position as the first bit to the last bit; doing so permits removing leading zeros
from the numbers, thus making their representation occupy fewer octets).

— There is not a one-to-one mapping between JSON atomic types and Avro atomic types.

— Avrodatais always associated with an Avro schema. An Avro schema describes the physical structure
of the corresponding Avro data and is needed merely to “unpack” Avro data because of the variable-
length fields and the various encoding rules. An Avro schema may accompany each individual Avro
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data string, or it may be specified separately and applied to all Avro data strings in, say, an Avro data
file. Avro schemas tell almost nothing about the data other than how it is packed into a data string.

— Avro strings can be encoded using JSON notation (which sort of contradicts its use as a different
representation for JSON data) or using a binary notation.

Readers should recognize that Avro is not a different kind of data at all. It is, instead, merely another way
of representing the same data that the JSON character string format represents. (It should be noted that
not all possible Avro strings can be treated as JSON data; similarly, not every character string is a valid
bit of JSON data.) In this document, Avro is referenced as one possible serialization of JSON data; the
character string format is another serialization of the same data.

4.3.3 BSON

BSON (variously pronounced as though it were spelled “bison” or as “beeson”) is another data seriplization
system. BSON says that it is “a binary format in which zero or more key/value paits are stored a$ a single
entity,” dalled a “document”. BSON is used by — and apparently was created for — a specific commercial
product

BSON stfings are no less difficult for human beings to read than Avro-strings are, but the design|of BSON
is significantly different than Avro’s. A BSON document is roughly.a'sequence of elements, each pf which
is introduced by a single-octet code (for example, the hexadecimal value ‘01’ identifies the elenent as a
double precision floating point value, which is always eight qctéts in length, and ‘OD’ identifies thelelement
as a string containing JavaScript code), followed by an optienal’element name, followed by the (mapdatory)
element|value.

BSON, like Avro, is not a different kind of data, but merely provides yet another way of representing JSON
data. (Also like Avro, not all BSON strings represent valid JSON data.)

4.4 chemas

4.4.1 )SON schemata and validity

Neither RFC 8259 nortISO/IEC 22275:2018 provide any mechanism by which JSON values can be tested
for validjty other thah strict syntactic validity.

JSON text is sufficiently “self-describing” that data encoded in JSON is easily parsed and can often) be used
in appliqation ¢components that have no specific knowledge of the data contained therein. This last fact
explains|why JSON is so successful in the broader data management community, in spite of the Jack of a
standard way to document its structure.

There is at least one effort to define a schema for JSON JSONschema that would describe the structure of
JSON data to be considered “valid” for some given application. However, there does not appear to be any
significantamount of interest from the JSON community for the rapid development of a schema definition
language for JSON.

While a schema language for JSON data could be useful in some circumstances, it does not appear that
such a language is widely used, and ISO/IEC 9075-2 neither relies on nor creates such a language.

ISO/IEC 9075-2 uses the word “valid” to describe data instances that satisfy all JSON syntactic require-
ments. [ISO/IEC 9075-2 specifies anew SQL predicate, IS JSON, to test the (syntactic) validity of JSON data
instances.

8 © ISO/IEC 2021 - All rights reserved


https://iecnorm.com/api/?name=73d07a269429ebb0a1a72674b9723ff6

ISO/IEC 19075-6:2021(E)
4.4 Schemas

4.4.2 Avro schemata

Because Avro is a representation in which each “field” (a bit of JSON data) occupies no more octets than
is required, using the particular encoding method for data of each type, it is not possible to simply index
to a specific field in each Avro string. In fact, because of the way that Avro encodes its fields, it is not
possible to scan an Avro string and identify the start of the second, third, or twenty-fifth field in that
string.

Consequently, Avro specifies that each Avro value be described by an Avro schema. Avro schemata are
expressed in the character representation of JSON. The schema that represents an entire Avro string is
composId of “smaller” schemata that represent each field in the Avro string. The schema descr}ilbes each

field by 1ts name, data type, and (if not already unambiguous) length. Thus, an application wishiing to
access the fields in an Avro string must first parse the schema of that string, then use that'information
to locatelthe desired fields in the string and to “decode” the field contents into a value of-a JSON data type.

Because|each JSON text can be of a different size or contain different components; enre might wish to
provide p different schema for each JSON text...a schema that uniquely describes that text and not (nec-
essarily) any other JSON text. This approach necessarily creates an increase.in'size of the JSON texts
associated with those schemata. For small JSON texts and/or J[SON texts with'a great many fields, the
overheadl (in octets) of providing a schema for each such text in the Avro.répresentation becomes unac-
ceptablg very quickly. For very large JSON texts, particularly with small'numbers of (very large] fields,
the presgnce of a per-text schema may be perfectly reasonable.

Avro dog¢s not require that a schema be provided along with €ach' JSON text, individually. It doe§ permit
that appfroach, but it also allows for a single schema to des¢ribe all of the Avro-represented JSON texts
in a “container file.” As long as all of the texts in that container file are sufficiently alike, a singlelschema
is adequte — and, of course, produces much-reduced-overhead. In the context of this document, an
entire cqlumn containing the Avro representation of JSON texts acts as the “container file”. The |Avro
schema associated with such a column is part of the metadata describing the column.

In the preceding paragraph, the phrase “sufficiently alike” was used. That phrase means that each
object/ z:lrray in the rows of a column contain the same number of members/elements, each haying the
same napme (for objects) and data typexltalso means that the lengths (number of octets) of each mem-
ber/elethent must be respectively thelsame, and that is not always easy to ensure.

NOTH 1 — Therefore, the JSON objécts“{ "name" : "Joe", "salary” : 85000 }” and “{ "name" : "Bob", "salary" :/78000 }”
are “qufficiently alike”, but “{ "name": "Ann", "bonus" : 85000 }” is not.

4.4.3 BSON schemata

Because|the BSONrepresentation of JSON contains a one-octet code as the first octet of every field, it is
possiblelto scan a BSON value and uniquely identify each field and its data type. Consequently, ho sort
of schema.j§required for BSON-represented JSON data.

However, BSON — like Avro — uses variable-length fields, so that corresponding members/elements in
different objects/arrays can have significantly different lengths. Scanning BSON strings to locate those
field codes (and thus the fields themselves) requires CPU cycles. BSON might benefit from having a schema
capability somewhat similar to Avro’s, but it is certainly not necessary.

© ISO/IEC 2021 - All rights reserved 9


https://iecnorm.com/api/?name=73d07a269429ebb0a1a72674b9723ff6

ISO/IEC 19075-6:2021(E)
4.5 Why does JSON matter in the context of SQL? What is JSON’s relationship to NoSQL?

4.5 Why doesJSON matter in the context of SQL? What is JSON’s relationship
to NoSQL?

[tis unclear that JSON and SQL ISO/IEC 9075-2 have any inherent relationship, but it is equally clear that
the technical, business, and government worlds are increasingly using both kinds of data in their environ-
ments. Individual applications are required to access and manipulate all of these kinds of data, often
concurrently. There are great benefits when a single data management system can concurrently handle
all of the data. Among the benefits are: reduced administrative costs, improved security and transaction
management, better performance and greater possibilities for optimization, better resource allocation,
and incrgased devetoper productivity.

Incorporation of JSON into the SQL umbrella offers implementers and users alike the benefits described
above. That fact easily justifies the relatively small increase in size and complexity of the SQL stiandard,
especially when the approach described in this document is used.

NoSQL database systems NoSQLDB are generally characterized by the following@ttributes:
— They do not use the relational model (they also do not use a number of-other data models)

— They tend to be focused on “big data” and on applications for which {approximate” answers are often
adequate.

— Theyare optimized for data retrieval, not for data creation or update, nor on the relationshipspetween
datg.

— They usually do not use ACID Distributed TransactiomProcessing transactions; instead, thdy may
offef transactional models that result in “eventual ¢ensistency”.

— They tend to be designed using distributed, fault-tolerant, highly parallel hardware and sofftware
arclitectures.

NoSQL database systems come in a very widevariety of kinds, based on their targeted marketplaces,
data moflels, and application requirements: They have been crudely taxonomized into:

— Keytvalue stores
— “BigTable” stores
— Docpment stores
— Graph databases

Key-valye stores provide exactly the capability that the name implies: applications provide a key and are
given a value in réturn. Key-value stores may manage only “flat” pairs, or they may manage hierarchical
pairs.

BigTabld stores implement multi-dimensional arrays such that applications provide one or mote index
values (oftemrstrings used as key values, instead of Tumeric imdexes ) that together provide thelocation
of a cell, the value of which is returned to the application.

Document stores, contrary to what the name many suggest to many, do not necessarily store textual
documents such as books, specifications, or magazines; instead, they store data that may be traditional
textual documents or organized collections of structured (and semi-structured) data.

Graph databases provide a way to store data that is generally linked together into graphs (often directed
graphs, sometimes trees in particular).

Many, but hardly all, NoSQL database systems manage data represented in JSON, especially key-value
stores and document stores.
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The rapidly increasing use of JSON to interchange data between Web applications has caught the attention
of academics, technologists, developers, and even enterprise management. SQL database implementers
are increasingly convinced that they must support JSON data “natively”. This document describes the
approach taken in ISO/IEC 9075-2, which allows such implementers to provide that supportin a common
manner.

4.6 Use cases for JSON supportin SQL

4.6.1 Introduction to the use cases

There aife three primary use cases:
— JSON data ingestion and storage
JSON data generation from relational data
— Querying JSON as persistent semi-structured data model instances

The follgwing sections discuss these use cases in greater detail.

4.6.2 )SON data ingestion and storage

Defininga new native data type is both costly to implement for SQL-implementations and costly[to adopt
by database tools and applications alike. Thus, ISQ/IEC 9075-2 took the approach to ingest JSON data as
character strings or binary strings that are then'stored in ordinary SQL columns of some existing string
type. When such data is retrieved from those*columns for use in JSON-based functions, it is transformed
(parsed)into instances of an internal SQL/SON data model that is never directly exposed to the application
author.

4.6.3 )SON data generation from relational data

This use|case asks “Haw-can JSON data instances be (declaratively) generated from relational tables for
data export?” Applications that are based on JSON data not only want to store and retrieve such data
upon demand, bt they typically want their queries against such data to provide results in the same form

objects
and arrays. (Readers are cautloned not to mlsmterpret this use case as requiring provision of a “bulk
JSON data export” facility.)

ISO/IEC 9075-2 addresses this use case by providing several functions that transform the data stored in
SQL tables into instances of the internal SQL/JSON data model that can, if needed, be serialized back into
character string form. This document provides several examples for those functions.
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4.6.4 Querying JSON as persistent semi-structured data model instances

This use case explores how JSON data that is stored directly in SQL tables can be queried. Direct mapping
of entire SQL tables into single (or, necessarily, multiple) JSON objects or arrays has not been specified
inISO/IEC9075-2, although supportis provided for such mappings when needed by applications. Instead,
JSON data is stored within an opaque data type (specifically an SQL string or Large Object) that can be
manipulated through the functional interface specified in ISO/IEC 9075-2, as illustrated by examples in
this document.

4.7 What features address those use cases?

4.7.1 Addressing the use cases

The use [cases are addressed as follows:

— SQLJquery expressions can access JSON data according to its strugture (e.g.,, using the namgs of key-
valule pairs in JSON objects, positions in JSON arrays, etc.).

— SQLJqueries can generate JSON data directly for return to invokers of those queries.
— SQLjtables can store JSON data persistently.

In the ngxt sections, each of these “macro-features” are explored in turn.

4.7.2 $toring JSON data in an SQL table

The approach taken by ISO/IEC 9075-2 ahd described in this document is to store JSON data into dharacter
string cqlumns or binary string columns that are defined within ordinary SQL tables. That permiits those
JSON data to participate in SQL queries (and, importantly, SQL-transactions) in the same manner as the
data stored in other columns of the same tables. By choosing to use columns whose declared tyjpes are

string types, the standardizatien (and implementation) overhead of creating a new built-in SQL data type
is avoid¢d without losing @ny significant advantages of a built-in type.

Applications, howevefyare not expected to provide detailed code to manipulate JSON data in those strings
directly |n the forntof character string operations. ISO/IEC 9075-2 provides a number of built-in SQL

functionp that access (query) JSON data stored in such columns. These functions are described in [Clause 6,
“SQL/JSON functions”.

4.7.3 Generating JSON in an SQL query

ISO/IEC 9075-2 provides built-in functions that generate JSON objects and JSON arrays as the results of
SQL queries, whether the source of the data queried is JSON data or ordinary SQL data. These functions
are also described in Clause 6, “SQL/JSON functions”.
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4.7.4 Querying JSON data in SQL tables using SQL

Since there is no well-known, standardized, and universally accepted language that queries data repre-
sented in the JSON data model, ISO/IEC 9075-2 defines the SQL/JSON path language, which is embedded

in SQL operators that address the use cases outlined in Subclause 4.6, “Use cases for JSON support in
SQL”.
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5.1 Introduction to the SQL/JSON data model

The SQL
The iten
using JS

To clearl
the SQL-

— The
825

— The

The rela
illustratd

JSON daf
be parse
Parsing
“Serializ

s are SQL scalar values with an additional SQL/JSON null value, and composite data st}
DN arrays and objects.

environment, the following conventions are adopted:

modifier “ISON” refers to constructs within a character or binary stringthat conforms
D.

modifier “SQL/JSON” refers to JSON constructs within the SQh-environment.

fionship between “JSON” outside of and “SQL/JSON” within the SQL-environment is crt
ed in Figure 1, “Relationships between “JSON” and “SQL#/JSON"".

QY
N
S Parse @
JSON 4
‘ ( Se{gﬁe
&

N

Figure,1 — Relationships between “JSON” and “SQL/JSON"

a is parsed into SQL/JSON values, which can then be serialized back into JSON. All JSON
d into SQL/JSON values; however, not all SQL/JSON values can be serialized into JSON
ind serializing are addressed in more detail in Subclause 5.4, “Parsing JSON”, and Subcl
ing JSON”, respectively.

Table 1,

JSON data model used by SQL/JSON path language can be summarized as “sequences ¢f items”.

fuctures

y distinguish between JSON values “outside” the SQL-environment and their.analogs “inside”

to RFC

1dely

data can
lata.
quse 5.5,

']QﬂNl QQT /]QﬂN, and QQI (nfhpr than QQI I/]QON values and {‘mlnfnrp:\r‘fc)"’ lists vario

1S terms

used in ISO/IEC 9075-2 and this document related to JSON, SQL/JSON, and SQL (other than SQL/JSON
values and their corresponding counterparts).

Table 1 — JSON, SQL/JSON, and SQL (other than SQL/JSON values and counterparts)

JSON SQL/JSON SQL (other than SQL/JSON)
JSON array SQL/JSON array
JSON object SQL/JSON object
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JSON SQL/JSON SQL (other than SQL/JSON)

JSON member SQL/JSON member

JSON literal nul | SQL/JSON null typed nulls

JSON literal t r ue True True

JSON literal f al se False False

JSON number number non-null number

JSON string character string non-null character string
datetime non-null datetime
SQL/JSON item
SQL/JSON sequence

NOTH 2 — SQL/JSON and SQL other than SQL/JSON have precisely the same value spaces in the case of non-nul| scalars of
Booldan, numeric, string, or datetime types.

5.2 $QL/JSON items

5.2.1 Definition of SQL/JSON items

An SQL/JSON item is defined recursivelyas any of the following:

1) An §QL/JSON scalar, defined as @;non-null value of any of the following predefined (SQL) types:
chatgacter string with characterset Unicode, numeric, Boolean, or datetime.

2) An 4QL/JSON null, defined as a value that is distinct from any value of any SQL type.
NOTE 3 — An SQL/JSON null is distinct from the null value of any SQL type.

3) An YQL/JSON array, defined as an ordered list of zero or more SQL/JSON items, called the SQL/JSON
ents of the'SQL/JSON array.

4) An QL/JSON object, defined as an unordered collection of zero or more SQL/JSON membeis, where
an SQL/JSON member is a pair whose first value is a character string with character set Unigode and
wh i i i i the key
and the second value is called the bound value.

NOTE 4 — RFC 8259, section 4, “Objects”, says “The names within an object SHOULD be unique”. Thus, non-unique
keys are permitted but not advised. The user may use the WITH UNIQUE KEYS clause in the <JSON predicate> to check
for uniqueness if desired.

Two SQL/JSON items are comparable if one of them is an SQL/JSON null, or if both are in one of these
types: character string, numeric, Boolean, DATE, TIME, TIMESTAMP.

Two SQL/JSON items SJI1 and SJI2 are said to be equivalent, defined recursively as follows:

1) IfSJI1 and SJ12 are non-null values of a predefined type, then S/I1 and SJI2 are equivalent if they are
equal.
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2) If§JI1 and SJ12 are the SQL/JSON null, then SJI1 and S/IZ are equivalent.

3) IfSji1 and SJI2 are both SQL/JSON arrays of the same length N and corresponding elements of SJI1
and SJI2 are equivalent, then SJI1 and S/I2 are equivalent.

4) IfSJI1 and SJI2 are SQL/JSON objects with the same number of members, and there exists a bijection
B from §J11 to SJ12 mapping each SQL/JSON member M of SJI1 to an SQL/JSON member B(M) of SJi2
such that the key and bound value of M are equivalent to the key and bound value of B(M), respectively,

for

all members M of SJI1 then S]I1 and SJI2 are equivalent.

An SQL/JSON sequence is an ordered list of zero or more SQL/JSON items.

NOTH 5 — There is no SQL <data type> whose value space is SQL/JSON items or SQL/JSON sequences.

SQL/JSON items are typed values in the following categories:

1) Ato
Ato
a)
b)

2) SQLYJSON arrays.
3) SQL}YJSON obijects.

These c

5.2.2

Atomic

ISO/IEC|9075-2, Stibelause 6.1, “<data type>". To recap the choices in Foundation:

<pr edef

<chg@r acter string type> [ CHARACTER SET <character set specification> ]

I
| <bi
I
I
I
I

ic values:
Iic values are the non-null SQL values of the following types:
Strings in a Unicode character set.
Numeric values:
i) Exact numeric values.
ii)  Approximate numeric values.
Boolean values.
Datetime values.

The SQL/JSON null value, which is distinct'from all SQL values, including the SQL null.

dtegories are discussed in the following subsections.

Atomic values

values in the.SQL/JSON data model are virtually a subset of the values of <predefined ty

ned ftiype> :: =

[\'<col | ate cl ause> ]

<national character string type> | <collate clause> ]

nary string type>

<numneric type>
<bool ean type>
<datetime type>
<interval type>

The SQL/JSON data model differs from Foundation predefined types as follows:

1) The data model does not support <binary string type> and <interval type>.

pe>in

2) Only character strings of Unicode characters are supported. The only collation is the binary (codepoint)
collation of Unicode.
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3) The SQL/JSON null value is regarded as the sole value of its own type. That is, there is no null character
string value, null numeric value, etc. In addition, JavaScript semantics are used for nulls in comparisons
— the SQL/JSON null is equal to the SQL/JSON null. (See ISO/IEC 22275:2018, section 11.9.6, “The
strict equality comparison algorithm”, and similar sections.)

In general, operations in the path language operate on atomic values in the SQL/JSON data model with
the same semantics as the corresponding operation in SQL, but note that null semantics follows ISO/IEC
22275:2018.

Datetimes have no serialized representation in JSON. They are part of the SQL/JSON data model to support
comparison predicates after converting JSON strings to datetime.

5.2.3 $QL/JSON arrays

An SQL/JSON array is an ordered list of zero or more SQL/JSON items in the SQL/JSON data modgl. When
serialized, the list is separated by commas and enclosed in square brackets, for example:

[ 2.3, fbye bye" ]

SQL arrdys are 1-relative, whereas ISO/IEC 22275:2018 arrays are @-relative. SQL/JSON arrays|are also
0-relativie. This allows some path expression to be used in either¢heSQL/JSON path language gr in
JavaScript.

5.2.4 $QL/JSON objects

An SQL-|SON object is an unordered set of zero,0ormore members.

NOTH 6 — Empty objects are permitted; see RFC 8259, section 4, “Objects”, and ISO/IEC 22275:2018, section 15.12.1.2,
“The |SON syntactic grammar”.

A member is a pair of values:
1) Theffirst value is a character’string and is called the key of the member.

2) Thelsecond value is any. SQL/JSON item in the SQL/JSON data model and is called the bound value
of the member.

An SQL/JSON object is'serialized enclosed in curly braces, with the members listed in a non-detefministic
order separated by ¢commas. Each member is serialized as its key (a character string, therefore g¢nclosed
in double quotes), a colon, and then the serialization of the (second) value of the member. For gxample:

{ "nanel:/Fido", "tag": 12345 }

5.3 SQL/JSON sequences

An SQL/JSON sequence is an ordered list of zero or more SQL/JSON items. SQL/JSON sequences do not

nest; they can only be concatenated. One may think of an SQL/JSON item as equivalent to an SQL/JSON

sequence of that one item, which is an acceptable mental model, but this document endeavors to always
view an SQL/JSON sequence as a container of zero or more SQL/JSON items.
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5.4 Parsing JSON

Parsing refers to the process of importing from some storage format into the SQL/JSON data model. The
storage format may be JSON text stored in a Unicode character string, or it may be some binary format

such as AVRO or BSON. Since no specifications of AVRO and BSON are formally referenceable, they have
been left as implementation extensions in ISO/IEC 9075-2.

The conversion from JSON is straightforward, because SQL/JSON data model is basically a superset of
JSON, as illustrated in Table 2, “Parallels between JSON text and SQL/JSON data model”.

Table 2 — Parallels between JSON text and SQL/JSON data model

JSON text SQL/JSON data model
true true
false false
null null

string, e.g.,, "hello dolly"

string, e.g.,, 'hello dolly’

nimber The format for numbers in,REC 8259 is the same as numeric
literals in SQL. Consequently, a number from JSON can be
transferred into SQL by simply parsing it as a <signed numeric
literal>.

aifray SQL/JSON array.

olbject SQL/JSON.object

5.5 S$erializing JSON

Serializing JSON refers to the process of exporting a value from the SQL/JSON data model back
storage format. Serialization is specified only to JSON text; conversion to some other format, such as
AVRO o1 BSON, is left.as‘an implementation-defined extension in ISO/IEC 9075-2.

to some

SQL/JSON datetimes cannot be serialized; neither can SQL/JSON sequences of length greater than one.

The resylt efisérialization is an implementation-dependent string of Unicode characters that, if|parsed,
would re¢store the original value in the SQL/JSON data model.

The precise result of serialization is implementation-dependent because:

— Meaningless whitespace is not specified.

— Because of escape sequences, there are multiple ways to serialize a character string.

— ISO/IEC 22275:2018, Sections 5.1.3, “The numeric string grammar”, and 9.3.1, “ToNumber applied
to the string type”, provide some discretion in the formatting of numbers.

— Members of an SQL/JSON object are unordered, so there are many possible permutations of the

members of an object.

18
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6 SQL/JSON functions

6.1 Introduction to SQL/JSON functions

In ISO/IEC 9075-2, operations on JSON data are generally performed using a set of built-in fungtions
specified explicitly for that purpose. These functions are called “SQL/JSON functions”. ISO/IEC 9075-2
also spegifies some supporting SQL syntax, such as the IS JSON predicate.

6.2 andle JSON using built-in functions

SQL/JSON functions are partitioned into two groups: constructor functions (JSON_OBJECT,
JSON_OBJECTAGG, JSON_ARRAY, and JSON_ARRAYAGG) and query functions (JSON_VALUE, JSON_TABLE,
JSON_EXISTS, and JSON_QUERY). Constructor functions use values 0f SQL types and produce JSON values
(JSON objects or JSON arrays) represented in SQL character or bihary string types. Query funct{ons

evaluatelSQL/JSON path language expressions against JSON values, producing values of SQL/JSON types,
which atle converted to SQL types. The SQL/JSON path langdage is described in Clause 7, “SQL/J§ON path

L

language”.

6.3 ]SON API common syntax

6.3.1 Introduction to JSON APl.common syntax

The SQLYJSON query functions-all need a path specification, the JSON value to be input to that path
specificdtion for querying and\processing, and optional parameter values passed to the path specffication.
They us¢ a common syntax:

<JSON APl commobn syntax> ::=
<JSON| cont ext_4t-enP> <comma> <JSON path specification> [ AS <JSON table path nang> ]
[ | <ISON.passi ng cl ause> ]

<JSON copntext) itenms :: =
<JSON| walie expressi on>

<JSON path specification> ::=
<character string literal >

<JSON passi ng clause> :: =
PASSI NG <JSON argunent> [ { <comma> <JSON ar gunent> } ]

<JSON argunent> ::=
<JSON val ue expression> AS <identifier>

The type of the <value expression> contained in the <JSON value expression> immediately contained in
the <JSON context item> is a string type. If the <JSON context item> does not implicitly or explicitly
specify a <JSON input clause>, then FORMAT JSON is implicit.
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If <J]SON API common syntax> is not contained in <JSON table>, then <JSON table path name> is not
required. The <JSON table path name> is optional; if <JSON table path name> is not specified, then an
implementation-dependent <JSON table path name> is implicit. The <JSON context item> is the JSON
input on which the SQL/JSON path expression operates.

6.3.2 JSON value expression

<JSON context item> is defined as a <JSON value expression>, which is in turn defined as:

<JSON val ue expression> ::=
<val ug¢ expression> [ <JSON i nput clause> ]

<JSON i pput cl ause> :: =
FORMAT <JSON representation>

<JSON r epresentation> :: =
JSON [ ENCODI NG { UTF8 | UTF16 | UTF32 } ]
| <inplenentation-defined JSON representati on option>

A <]JSONjvalue expression> may have an optional <JSON input clause>=This indicates that the vhlues

expressipn should be parsed as JSON. The standardized option is FORMAT JSON; implementatipns may
also support syntax such as FORMAT AVRO or FORMAT BSON. When using the <JSON input clagise>, the
<value ekpression> may be either a character string or a binary'string.

If the user does not specify the ENCODING for a <JSON value-€xpression>, then the SQL-implemlentation
will detgrmine it as one of the three encoding alternatives: UTF8, UTF16, and UTF32.

6.3.3 Path expression

The confext item is followed by a comma and the SQL/JSON path expression. <JSON path specification>
is a charpcter string literal. Requiring a literal enables the SQL-implementation to optimize the fjuery by
analyzinlg the SQL/JSON path expression and planning accordingly, for example, if there are indexes

availabl¢ on the JSON data.

The optipnal <JSON table path nhame> is syntax that is only used in JSON_TABLE, and then only if{the user
wants td write an explicit plan for processing nested COLUMNS clauses. Explicit plans for JSON|TABLE
are explained later.

6.3.4 TASSING clause

SQL's JSON facilities include a PASSING clause that is used to pass parameters to the SQL/JSON path
expression. For example, suppose that an SQL/PSM routine has parameters “upper” and “lower” and it
is desired to find rows in which the JSON data has a member called “age” between these two values. The
user might write:

SELECT *
FROM T
WHERE JSON _EXI STS (T. C,
"lax $ ? ($lo <= @age && @age <= $up)'
PASSI NG upper AS "up",
| ower AS "l0")

20 © ISO/IEC 2021 - All rights reserved


https://iecnorm.com/api/?name=73d07a269429ebb0a1a72674b9723ff6

ISO/IEC 19075-6:2021(E)
6.3 JSON API common syntax

In this example there are two variables defined in the PASSING clause. In “SQL-land” they are the PSM
variables upper and | ower; in “SQL/JSON-land” they are $up and $! o.

Syntactically, the PASSING clause is a comma-separated list of <JSON argument>s, defined as:

<JSON argunment> ::=
<JSON val ue expression> AS <identifier>

The <]JSON value expression> specifies the value to be passed into the SQL/JSON path engine. This may
be of any type supported by the data model (Unicode character strings, numbers, Booleans and datetimes)
or any other type that can be casttoa Unlcode character strmg (for example almost all non-Unicode
charactef s s g pe). In

The <iddntifier> in the <J]SON argument> specifies the variable name by which the value can be referenced
within the SQL/JSON path expression. In this example, these identifiers are “up’and “lo”. Within|the path
expressipn, these are referenced with a prefixed dollar sign ($up and $! o), sinCe $ marks the varjiables in
a path expression.

6.3.5 JSON output clause

Whenevpr JSON data is returned as the result of a function;the application author will normally wish to
control the form in which that JSON data is returned. The Syntax used to specify the data type, format,
and enc@ding of the JSON text created by a JSON-returiiing function.

<JSON olit put cl ause> :: =
RETURNI NG <data type>
[ | FORMAT <JSON representation> ]

<JSON r epresentation> :: =
JSON [ ENCODI NG { UTF8 | UTF16% UTF32 } ]
| <inplenentation-defined JSON;\representati on option>

If FORMAT is not specified, then FORMAT JSON is implicit. If the <J]SON output clause> specifies o implies
JSON, then the <data type> must identify a string type. FORMAT JSON specifies the data format $pecified
in [RFC8259]. FORMAT <implementation-defined JSON representation option> specifies an implementa-
tion-defined data format.

NOTH 7 — For example;, BSON or AVRO; see Bibliography. An <implementation-defined JSON representation option> implies
an abllity to pagseastring into the SQL/JSON data model, and an ability to serialize an SQL/JSON array or SQL/J$ON object
to a sfring, similar to the capabilities of “Parsing a JSON text”, and “Serializing an SQL/JSON item”, respectively.

6.3.6 ON ERROR and ON EMPTY syntax

The SQL/JSON query functions also have ON ERROR and ON EMPTY clauses in common. However, the
details of these clauses vary depending on the query function, so they are not included in the <JSON API
common syntax> shown above. They will be described individually for each query function.
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6.4 Query functions

6.4.1 The four query functions

The SQL/JSON query functions are:

— JSON_EXISTS — determine whether an SQL/JSON value satisfies a path specification.
— ]SO
— JSOIN_QUERY — extract an SQL/JSON value from an SQL/JSON value.
— JSON_TABLE — extract a table from an SQL/JSON value.

6.4.2 JSON_EXISTS

JSON_EXISTS determines whether a JSON value satisfies a search criterion. The syntax for JSON|_EXISTS
is:

<JSON eki sts predicate> ::=
JSON_EXI STS <l eft paren>
<JSON APl common synt ax>
[|<ISON exists error behavior> ON ERROR ]
<righ{ paren>

<JSON eki sts error behavior> ::=
TRUE | FALSE | UNKNOWN | ERROR

The syntiax for JSON_EXISTS is the shared syntax <JSON APl common syntax>, plus an optional OIN ERROR
clause, defaulting to FALSE ON ERROR. If the value of the <JSON context item> simply contained in the
<JSON API common syntax> is the null value, then the result of <JSON exists predicate> is Unknlown.

JSON_EXISTS is a predicate that canbe used to test whether an SQL/JSON path expression is fulfilled in
an SQL/|SON value. JSON_EXISTS-evaluates the SQL/JSON path expression; the result is True if the path
expressipn finds one or more\SQL/JSON items.

Considef the sample data inf Table 3, “JSON_EXISTS sample data”, with two columns, K (the prinjary key)
and J (a folumn containing JSON text).

Table 3 — JSON_EXISTS sample data

K J

101 {"who": "Fred", "where": "General Products”, "friends": [ { "name": "Lili", "rank": 5
} {"name": "Hank", "rank": 7} ] }

102 {"who": "Tom", "where": "MultiCorp", "friends": [ { "name": "Sharon", "rank": 2},
{"name": "Monty", "rank": 3} | }

103 {"who": "Jack", "friends": [ { "name": "Connie" } ] }

104 {"who": "Joe", "friends": [ { "name": "Doris" }, {"rank": 1} ] }
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K J

105 {"who": "Mabel", "where": "Black Label","friends": [ { "name": "Buck”, "rank": 6} ]
}

106 {"who": "Louise", "where": "lana" }

Looking at the sample data, one sees that each row contains a JSON object with one or more members.
Observe that rows 103 and 104 have no “where” member. To find the rows that have a “where” member,

one can

SE
FRS
VH

write:

L ECT T.K
DM T
EFRE JSON_EXI STS (T.J, 'lax $.where')

This is the simplest possible invocation of JSON_EXISTS. The first argument is the context item T|J, a JSON

value to

The SQL|
lax or st
example

After theg
the SQL
used to s

If a row

that “where” member. Thus, the SQL/JSON path expression returns a non-empty SQL/JSON sequ

rows 10

In this ey
to the er
an objec
member
(The altg
invoking
path exp

Thus, th

be queried. The second argument is the SQL/JSON path expression.

the choice is actually irrelevant.

mode declaration (lax or strict) one reaches the essengeof the SQL/JSON path expres
JSON path expression, the dollar sign ($) representsithe context item. The dot operato
elect a member of an object; in this case the member called “where” is selected.

has a “where” member, then the result of the SQL/JSON path expression is the bound v

1,102,105, and 106, and JSON_EXISTS return True for these rows.

ample, the path expression is in lax mode, which means that any “structural” errors are ¢

L or element of an array. Rows 103 and 104 have structural errors, because they lack the
In lax mode, such structurallerrors are handled by returning an empty SQL/JSON seqq
brnative, strict mode, treats.a’structural error as a “hard” error and returns that error t
routine. Strict mode will-be considered later.) On rows 103 and 104, the result of the S
ression is the empty’'SQL/JSON sequence, and for these rows JSON_EXISTS returns Falj

e result of the sample query is in Table 4, “Result of the sample query”.

Table 4 — Result of the sample query

K

JSON path expression begins with the keyword lax, the alternative-being strict. The choice of
rict governs the behavior in certain error situations to be describéd later. In this particylar

sion. In

() is

hlue of
tence for

bnverted

hpty SQL/JSON sequence. A structural error is an attempt to access a non-existent menber of

“where”
lence.

b the
DL/JSON
e.

101

102

105

106

Alternatively, the query could be run in strict mode:

SELECT T.K
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FROM T
WHERE JSON_EXI STS (T.J, 'strict $.where')

In this case, rows 103 and 104 will have errors in the path expression, which might be presented to the
user as exceptions. Users want the ability to handle exceptions so that the query can run to completion,
rather than halting on an exception. Thus, ON ERROR clause is provided in each of the four query operators.
For example, the user might write:

SELECT T.K
FROM T
WHERE JSON EXI STS(T.J, 'strict $.where' FALSE ON ERROR)

Here, FALSE ON ERROR means that the result of JSON_EXISTS should be False if there is an errdr. The
results df this query will therefore be as shown in Table 4, “Result of the sample query”, matching the
results df the lax mode example. FALSE ON ERROR is the default error behavior for JSON_EXIST|S. Other
choices are TRUE ON ERROR, UNKNOWN ON ERROR, or ERROR ON ERROR.

In the ejamples considered above, the SQL/JSON path expression $. wher e will find either zero pr one
SQL/JSON item. In general, an SQL/JSON path expression might result in moréthan one SQL/JSPN item.
For example, some rows have more than one “rank” member; however, row 103 has no rank m¢mber
(and row 106 does not even have friends). To search for rows having “rank’, one might use:

SELECT T.K
FROM T
WHERE JSON EXI STS (T.J, 'strict $.friends[*].rank')

This example shows another accessor in the SQL/JSON path.Janguage, [ *], which selects all elements of
an array| Look at how this SQL/JSON path expression isievaluated in row 101 of Table 5, “Accessor
example!’.

Table 5 — A€cessor example

Path step Result

1 $ {"who": “Fred", "where": "General Products", "friends": [ { "name": [Lili",
"rank"<5}, {"name": "Hank", "rank": 7} ] }

2 $.friends [{."name": "Lili", "rank": 5 }, { "name": "Hank", "rank": 7} |
3 $.friends[*] {"name": "Lili", "rank": 5 }, { "name": "Hank", "rank": 7}
4 $.friends[*hrank | 5,7

Successilve lines above show the evaluation of the SQL/JSON path expression $.friends[*].rank. PDn the
first ling} $,4he value is the entire context item. The next line drills down to the “friends” membér, which
is an array. The next line drills down to the elements of the array. Notice that at this point the square
bracket[ ] array wrappers are lost, and the result at this point is an SQL/JSON sequence of length two.
The final line drills down to the “rank” member of each SQL/JSON item in the SQL/JSON sequence; the
result is again an SQL/JSON sequence of length two.

Note in this example how the accessors in the SQL/JSON path language automatically iterate over all
SQL/JSON items discovered by the previous step in the SQL/JSON path expression. In this example, this
is seen in the transition from step 3 to step 4.

In some commercial products, it is customary for a member accessor such as . r ank to automatically
iterate over the elements of an array such as “friends”. Thus, the user of such a product would prefer to
write $. f ri ends. r ank, as if there were an implicit [ *] on “friends”. This convention is supported in lax
mode. Thus, the path expression| ax $. fri ends. rank findsthe samerowsasstrict $.friends[*].rank
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in this example. In lax mode, there are effectively two automatic iterations: first, any array in the sequence
is unwrapped (as if modified by [ *] ) and then the possibly expanded sequence is iterated over. Precise
details will be presented later when the path language is addressed.

The result of the SQL/JSON path expression in this example is 0 (zero), 1 (one), or 2 SQL/JSON items,
depending on the row. JSON_EXISTS is True if the resultis 1 (one) or more SQL/JSON items, False if the
result is 0 (zero) SQL/JSON items, and governed by the ON ERROR clause if the result is an error.

6.4.3 ]JSON_VALUE

JSON_VALUE is an operator to extract an SQL scalar from a JSON value. The syntax of JSON_VALUE is

<JSON val ue function> ::=

JSON _VALUE <l eft paren>
<JSON APl common synt ax>
[|<ISON returning clause> ]
[|<ISON val ue enpty behavi or> ON EMPTY ]
[|<IJSON val ue error behavi or> ON ERROR ]
hi paren>

<JSON returning clause> ::=
RETURNI NG <data type>

<JSON val ue enpty behavior> ::=
ERRPR

| NULL

| DEFAULT <val ue expression>

<JSON val ue error behavior> ::=
ERRDR

| NULL

| DEFAULT <val ue expression>

<JSON value empty behavior> specifies what to do if the result of the SQL/JSON path expression is empty:
— NUIL ON EMPTY means thatthe result of JSON_VALUE is the null value.
— ERROR ON EMPTY means that an exception is raised.

— DERAULT <value expression> ON EMPTY means that the <value expression> is evaluated apd cast
to the target types

<JSON value error.behavior> specifies what to do if there is an unhandled error. Unhandled errprs can
arise if there isan-input conversion error (for example, if the context item cannot be parsed), an error
returned by the'SQL/JSON path engine, or an output conversion error. The choices are the samg as for
<JSON valué empty behavior>.

When using DEFAULT <value expression> for either the empty or error behavior, what happens if the
<value expression> raises an exception? The answer is that an error during empty behavior “falls through”
to the error behavior. If the error behavior itself has an error, there is no further recourse but to raise
the exception.

If <JSON returning clause> is not specified, then an implementation-defined character string type is
implicit. The <data type> contained in the explicit or implicit <JSON returning clause> is a <predefined
type> that identifies a character string data type, numeric data type, Boolean data type, or datetime data
type. The declared type of <JSON value function> is the type specified by <data type>. If <JSON value
empty behavior> is not specified, then NULL ON EMPTY is implicit. If <JSON value error behavior> is not
specified, then NULL ON ERROR is implicit. If the value of the <JSON context item> simply contained in
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the <JSON API common syntax> is the null value, then the result of <JSON value function> is the null value
of type <data type>.

After finding a desired row, the user might wish to extract an SQL scalar value from a JSON value. This is
done using JSON_VALUE. For example, to extract the who member from each row:

SELECT T. K,
JSON VALUE (T.J, 'lax $.who') AS Wo
FROM T

with the result shown in Table 6, “Result 1”.

Table 6 — Result 1

K WHO
101 Fred
102 Tom
103 Jack
104 Joe
105 Mabel
106 Louise

Note that JSON_VALUE by default returns an implementation-defined character string type. Thejuser can
specify qther types using a RETURNING clause,\to be considered later.

The “whre” member from each row can also be extracted. However, there is no “where” there In rows

103 and|104. This is a structural error when evaluating $. wher e. In lax mode, structural errors jare con-
verted tg an empty SQL/JSON sequence. For those rows, the user may desire a default value, such as null.
This use|case is supported using the:underlined syntax shown below:

SELECT T.K,

JSON_VALUE (F-3 'lax $.who') AS Wo,
JSON_VALUE( T, 'lax $.where'

NULL ON ENPTY) AS Nal i

FROM T

with the|result shewn in Table 7, “Result 2”.

Table 7 — Result 2

K WHO NALI

101 Fred General Products
102 Tom MultiCorp

103 Jack

104 Joe

105 Mabel Black Label
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K WHO NALI

106 Louise Iana

Ifthe query is reformulated in strict mode, then the structural errors become “hard” errors, that is, errors
that are reported out of the path engine and back to the API level. To control “hard” errors, JSON_VALUE
has an ON ERROR clause. As one possibility of the ON ERROR clause, consider

SELECT T. K,
JSON-VACUE (T J;

STTTCr 3. WO ) AS WIO,

JSON VALUE (T.J, 'strict $.where'
DEFAULT 'no where there' ON ERROR )
AS Nal i

FROM T

The resylt of this example is shown in Table 8, “Result 3”.

Table 8 — Result 3

K WHO NALI
101 Fred General Products
102 Tom MultiCorp
103 Jack no where there
104 Joe no where there
105 Mabel Black Label
106 Louise [ana
JSON_VALUE expects that the SQL/JSON path expression will return one SQL/JSON item; the ON EMPTY

clause cdn be used to handle missing data (no SQL/JSON items) gracefully. More than one SQL/J$ON item
is an errpr. To avoid raising an‘exception on more than one SQL/JSON item, the ON ERROR clauge can be
used. Fof example, some-rows have more than one “friend”. Consider this query:

SELECT T. K,
JSONLVALUE (T.J, 'lax $.who') AS Wo,
JSONWALUE (T.J, 'lax $.where' NULL ON EMPTY) AS Nali,
JSON_VALUE (T.J, 'lax $.friends.name' NULL ON EMPTY
DEFAULT '*** error ***' ON ERROR)
AS Friend
FROM T

with the result shown in Table 9, “Result 4”.

Table 9 — Result 4

K WHO NALI FRIEND
101 Fred General Products *** error ***
102 Tom MultiCorp X error ***
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K WHO NALI FRIEND
103 Jack Connie
104 Joe Doris
105 Mabel Black Label Buck
106 Louise [ana

Rows 101 and 102 have an error because the path expression $. f ri ends. narme returns more th

SQL/JSO

the resu

Row 104

"friend

Thus, $.
objects,
does not
“name”,

t.

5" [ { "name": "Doris" }, {"rank": 1} ]

hs if $. fri ends[ *] . name had been written. The first object has-a\'name” member, the se

relying qn either an ON EMPTY or ON ERROR clause.

The ON ERROR clause is useful in strict mode, where evenstructural errors are hard errors. For
considet the following example, with a small rewrite tosspecify strict mode:

SE

FRS

then the

LECT T. K,
JSON VALUE (T.J, 'strict $.who' ) AS Wo,
JSON_VALUE (T.J, 'strict $.where'  NULL ON EMPTY NULL ON ERROR) AS Nali,
JSON_VALUE (T.J, 'strict $.friends[*].nane’ NULL ON EMPTY
DEFAULT '*** error ***' ON ERROR)
AS Friend
DM T
result changes to that shogvn in Table 10, “Result 5”.

Table 10 — Result 5

An one

N item. Row 106, on the other hand, has no “friends”, so the NULL ON EMPTY clause determines

in the preceding example deserves a closer look. Actually the “friends” member in this row is

f ri ends is an array of two objects. The member accessor $. f ri ends? name will iterate over both

rond one

.In lax mode, $. f ri ends. name will quietly eliminate the SQL/SON item in which there|is no
eaving one SQL/JSON item, and then JSON_VALUE can succéed with the result “Doris” without

bxample,

K WHO NALI FRIEND
101 Fred General Products X error *H*
102 Tom MultiCorp *HK error ***
103 Jack Connie

104 Joe *E error ***
105 Mabel Black Label Buck

106 Louise lana K error *H*

Look especially at row 104. In lax mode, the result in the FRIEND column was “Doris”, because there was
only one objectin $. f ri ends[ *] with a “name”. In strict mode, this row has a path error, because
$.friends[*] has two objects, and one of them has no “name”.

28
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So far the examples have all returned character strings. This is the default; to extract other types, use the
RETURNING clause. For example, the rank field is a number. A query to get the rank of the first friend is:

SELECT T.K,
JSON_VALUE (T.J, 'lax $.who') AS Wo,
JSON_VALUE (T.J, 'lax $.friends[0].rank' RETURNING | NTEGER NULL ON EMPTY)
AS Rank

FROM T

Note in the underlined syntax the use of the subscript [0] to access the first element of the array. This
follows the convention in ISO/IEC 22275:2018, section 5.1, that arrays begin at subscript 0 (zero). This

is one instance where it was better to follow the conventions of the JSON community rather than SQL.
The examnple has the result illustrated in Table 11, “Result 6”.
Table 11 — Result 6
K WHO RANK
101 Fred 5
102 Tom 2
103 Jack
104 Joe
105 Mabel 6
106 Louise
6.4.4 )JSON_QUERY
The JSON_VALUE function can extract a scalar from an SQL/JSON value, but it cannot extract an SQL/JSON
array or an SQL/JSON object from an SQL/JSON value. The JSON_QUERY function exists to extract SQL/JSON
values fijom SQL/JSON values.
The syntax for JSON_QUERY is:
<JSON qliery> : .=
JSON _QUERY <left paren>
I SON-ARI conmon synt ax>
<JSON out put cl ause> ]
<JSON query wrapper behavi or > WRAPPFR ]

<JSON query enpty behavi or> ON EMPTY ]
<JSON query error behavi or> ON ERROR ]

-
[
[
[ <JSON query quotes behavior> QUOTES [ ON SCALAR STRING ] ]
[
[
<

ri ght paren>

<JSON query wrapper behavior> ::=
W THOUT [ ARRAY ]

| WTH [ CONDITIONAL | UNCONDI TIONAL ] [ ARRAY ]

<JSON query quotes behavior> ::=

KEEP
| OMT
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<JSON query enpty behavior> ::

ERROR
| NULL

| EMPTY ARRAY
| EMPTY OBJECT

<JSON query error behavior> ::

ERROR
| NULL

| EMPTY ARRAY
| EMPTY OBJECT

The ON
way. The
can speg

If <]SON
of <JSON
clause>.
error be
not spec
if neithe
of the <]
the resu

Continuli
retrieve
JSON_VA

SELECT

FROM T
VWHERE J

with the

EMPTY and ON ERROR clauses are similar to JSON_VALUE, and handled essentially the
novel wrinkle is that DEFAULT <value expression> options are not provided; instead,
ify an empty array or empty object as the result in the empty or error cases.

output clause> is not specified, then RETURNING FORMAT JSON is implicit~The declar
query>is the type specified by the <data type> contained in the explicit orimplicit <]SO
[f <J]SON query empty behavior> is not specified, then NULL ON EMPTY isiimplicit. If <JS(
havior> is not specified, then NULL ON ERROR is implicit. If <JSON-query wrapper beh
ified, then WITHOUT ARRAY is implicit. If <J]SON query wrapperbehavior> specifies W
" CONDITIONAL nor UNCONDITIONAL is specified, then UNCONDITIONAL is implicit. If1
SON context item> simply contained in the <JSON API common syntax> is the null valu
t of <JSON query> is the null value.

ng with the example data from Table 3, “JSON_EXISTS sample data”, suppose the user v
the who, wher e, and f ri ends members. who and where’ are scalars and can be extracted v

LUE, butfri ends is a JSON array, so JSON_QUERY"is used:
M. K
J SON_VALUE "lax $.who') AS Wg,

(T.J,
JSON_VALUE (T.J, 'lax $.where' NULL ON EMPTY) AS Nali,
JSON_QUERY (T.J, 'lax $.friends(),"AS Friends

SON_EXI STS (T.J, 'lax $.friénds')
result given in Table 12, “JSON_EXISTS results”.

Table 12 — JSON_EXISTS results

same
he user

ed type
N output
N query
hvior> is
ITH, and
he value
e, then

vishes to
vith

K WHO NALI FRIENDS

101 Fred General Products [ { "name": "Lili", "rank" : 5 },
{"name": "Hank", "rank" : 7 } ]

102 Tom MultiCorp [ { "name": "Sharon", "rank" : 2 },
{"name": "Monty", "rank": 3 }]

103 Jack [ { "name": "Connie" } ]

104 Joe [ { "name": "Doris", "rank" : 1 } ]

105 Mabel Black Label [ { "name": "Buck”, "rank": 6 } ]

In row 106, there is no f ri ends member, so this row has been suppressed by the WHERE clause.

30
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Now, consider the various special cases that can arise. One possibility is that the SQL/JSON path expression
returns an empty SQL/JSON sequence. Similar to JSON_VALUE, the user can use an ON EMPTY clause to

handle the empty case. Thus, to handle row 106, one might write:

SELECT T. K,
JSON VALUE (T.J, 'lax $.who') AS Who,
JSON VALUE (T.J, 'lax $.where' NULL ON EMPTY) AS Nali,
JSON_QUERY (T.J, '"lax $.friends' NULL ON EMPTY) AS Friends
FROM T

with the result shown in Table 13, “ON EMPTY results”.

Table 13 — ON EMPTY results

K WHO NALI FRIENDS

101 Fred General Products [ { "name": "Lili", "rank%:5 },
{"name": "Hank", "rank": 7 } |

102 Tom MultiCorp [ { "name": "Sharon", "rank" : 2 },
{"name": "Monty", "rank" : 3 } ]

103 Jack [ { "name™: "Connie" } ]

104 Joe [A\¥name": "Doris", "rank" : 1} ]

105 Mabel Black Label [ { "name": "Buck”, "rank": 6 } ]

106 Louise [ana

The exainple explicitly specified NULL ON EMPTY, which is also the default behavior. Other alteg
are ERRDR ON EMPTY, EMPTY ARRAY ON EMPTY, and EMPTY OBJECT ON EMPTY. The latter tj
natives leturn the empty JSON forms “[}*-and “{}”, respectively.

A possiblle error condition is that-the'SQL/JSON path expression may result in more than one S
item, or the result may be a scalarrather than an SQL/JSON array or object. For example, the p3
expressipn $. fri ends. name(0r $. fri ends[ *] . nane in strict mode) may result in two names in 1
and 102| To handle this, thejuser may request that the results be wrapped in an array wrapper.
an example:

SELECT T. K,
SON_VALUE (T.J, 'lax $.who') AS Wo,
SON-VALUE (T.J, 'lax $.where' NULL ON EMPTY) AS Nali,
SON-QUERY (T.J, 'lax $.friends.name’ W TH ARRAY WRAPPER) AS Fri endsNanes

rnatives
o alter-

DL/JSON
th

ows 101
Here is

FROM T

with the result shown in Table 14, “ARRAY WRAPPER results”.

Table 14 — ARRAY WRAPPER results

K WHO NALI FRIENDSNAMES
101 Fred General Products [ "Lili", "Hank" ]

102 Tom MultiCorp [ "Sharon", "Monty" ]
103 Jack [ "Connie" ]
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K WHO NALI FRIENDSNAMES
104 Joe [ "Doris" ]

105 Mabel Black Label [ "Buck" ]

106 Louise lana [

Once again, row 106 is espec1ally 1nterest1ng In thls row, the result of the path expresswn is an empty

3an empty

array, sothere is no need to resort to the NULL ON EMPTY behav1or in this case (and i m fact the ON EMPTY

clause ig prohibited if WITH ARRAY WRAPPER is specified).

The alternative to WITH ARRAY WRAPPER is WITHOUT ARRAY WRAPPER, the defaultshown in the

initial eqamples. Actually, WITH ARRAY WRAPPER comes in two varieties, WITH UNECONDITIO

NAL

ARRAY WRAPPER and WITH CONDITIONAL ARRAY WRAPPER, the default beingt UNCONDITIONAL. The

differenge is that CONDITIONAL only supplies the array wrapper if the path expression results in

hnything

other than a singleton SQL/JSON array or object. UNCONDITIONAL always\supplies the array wrapper,

regardless of what the path expression results are.

Whatis the difference between JSON_VALUE returning a character stfingand JSON_QUERY? The djfference

can be s¢en with the example data shown in Table 15, “Illustrating differences”.

Table 15 — Illustrating differences

J2

{a:"[1,2]", b: [1,2],.c-Ri")

Note in this data that members a and ¢ have'values that are character strings, whereas membeq b has a
value that is an array. Table 16, “Comparison of wrapper options”, illustrates the results of extracting
each member, comparing JSON_VALUE-with JSON_QUERY, and comparing the different wrapperjoptions.

Table’16 — Comparison of wrapper options

Operator $.a $.b $.c
JSON_VALUE [1, 2] error hi
JSON_QUERY-}VWITHOUT ARRAY WRAPPER error [1, 2] errof

WITH UNCONDITIONAL ARRAY WRAPPER | ["[1,2]"1| [[1,2]] |["hi

']

WITH CONDITIONAL ARRAY WRAPPER ["[1,2]"1 | [1,2] [ "hi

"]

There are three error cases in this example. In the case of [SON_VALUE, they will be handled by using the
ON ERROR clause, as already discussed. As for JSON_QUERY, the possibilities for ON ERROR are the same

as ON EMPTY, namely NULL ON ERROR, EMPTY ARRAY ON ERROR, EMPTY OBJECT ON ERROR, o
ON ERROR.

r ERROR

32 © ISO/IEC 2021 - All rights reserved


https://iecnorm.com/api/?name=73d07a269429ebb0a1a72674b9723ff6

ISO/IEC 19075-6:2021(E)
6.4 Query functions

6.4.5 JSON_TABLE

6.4.5.1 Introduction to JSON_TABLE

JSON_TABLE is a function that takes JSON data as input and generates relational data for valid input data.
It has three parameters:

1) The JSON value on which to operate.

2) An JQL/JSON path expression to specify zero or more rows.
3) A CQLUMNS clause to specify the shape of the output table.
The complete syntax for JSON_TABLE is complex, because of the support for nested/COLUMNS ¢lauses.
Therefore the syntax will be presented in stages.
Considefr the following sample data in a table, BOOKCLUB, that contains a JSON, column, JCOL. Table 17,
“ISON_TABLE sample data in a book recommendation table” will be used in this section to illustrate some
examples of the JSON_TABLE function syntax.
Table 17 — JSON_TABLE sample data in a book recommendation table
1D JCOL
111 { "Name" : "John Snith",
"address" : { "street Address" :,"21 2nd Street",
"city" : "New York",
"state" : "NY'y
"post al Code" :~10021 1},
"phoneNunmber" : [ { "type': "home", "nunber" : "212 555-1234" },
{ "type" : "fax", "number" : "646 555-4567" } ],
"books" : [ { "title{y: "The Talisnman",
"aut horList" : [ "Stephen King", "Peter Straub" ],
"eategory" : [ "SciFi", "Novel" ] },
{(title" : "Far fromthe Mudding Crowd",
"aut horList" : [ "Thomas Hardy" ],
"category" : [ "Novel" ] } ] }
292 { "Nane"\.) "Peter Wal ker",
"address" : { "streetAddress" : "111 Main Street",
"city" : "San Jose",
"state" : "CA",
"postal Code" : 95111 },
"phoneNunber” : [ { "type" : "home", "nunber" : "408 555-9876" },
{ "type" : "office", "nunber" : "650 555-2468" } 1,
"books" : [ { "title" : "Good Onens",
"authorList" : [ "Neil Giman", "Terry Pratchett" ],
"category" : [ "Fantasy", "Novel" ] },
{ "title" : "Snoke and Mrrors",
"authorList" : [ "Neil Gaiman" ],
"category" : [ "Novel" ] } ] }
333 { "Nane" : "Janmes Lee" }
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6.4.5.2 COLUMNS clause that is not nested

The elementary case with no nested COLUMNS clause is supported by the following syntax:

<JSON table> :: =
JSON _TABLE <l eft paren>
<JSON APl common synt ax>
<JSON tabl e col utms cl ause>
[ <JSON table plan clause> ]
[ <JSON table error behavior> ON ERROR ]
<righ{_paren>

<JSON t @bl e columms cl ause> ::=
COLUMNS <l eft paren>
<JSON tabl e columm definition>
[[{ <comma> <JSON tabl e colum definition>}... ]
<fight paren>

<JSON t @bl e col umm definition> ::=
<JSPN table ordinality colum definition>
| <JSPON table regular columm definition>
| <JSPN table formatted col um definition>
| <JSPDN tabl e nested col ums>

<JSON t gbl e ordinality columm definition> ::=
<col ugm nanme> FOR ORDI NALI TY

<JSON t abl e regul ar columm definition> ::=

<col ufm nanme> <data type>
[ | PATH <JSON tabl e col utm pat h speci fi catiyon> ]
[[<ISON tabl e col um enpty behavi or> QN, EMPTY ]
[[<JSON tabl e columm error behavi or > ON ERROR ]

<JSON t &bl e col utm enpty behavior> ::=
ERRPR

| NULL

| DEFAULT <val ue expression>

<JSON t @bl e colum error behaviror> ::=
ERRCR

| NuULL

| DEFAULT <val ue exptessi on>

<JSON t @bl e col umm_pat h specification> ::=
<JSON| pat h specifi cati on>

<JSON t bl e f.ormatted col um definition> ::=
<col u nane> <data type>
FORVAT «<JSON represent ati on>

[ PATH=3ISON—tabte—cotum—patih—spectfication>1
[ <JSON table formatted col unmm w apper behavi or > WRAPPER ]
[ <JSON table formatted col unm quot es behavi or> QUOTES

[ ON SCALAR STRING ] ]
[ <JSON table formatted col umm enpty behavi or> ON EMPTY ]
[ <JSON table formatted columm error behavi or> ON ERROR ]

<JSON tabl e formatted col umm wrapper behavior> ::=
W THOUT [ ARRAY ]
| WTH [ CONDITIONAL | UNCONDI TIONAL | [ ARRAY ]

<JSON table formatted col um quotes behavior> ::=

KEEP
| oM T

34
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ERROR
| NULL
| EMPTY ARRAY
| EMPTY OBJECT

<JSON tabl e formatted col um error behavior> ::

ERROR
| NULL

| EMPTY ARRAY
| EMPTY OBJECT

<JSON thbl e error behavior> ::=
ERRDR

| EMP

Like the
the cont
called th

with ong SQL/JSON item for each row of the output table.
The COLUMNS clause can define two kinds of columns: ordinality columns/and regular columns
An ordirfality column provides a sequential numbering of rows. Row-numbering is 1-based.

A regulaf column supports columns of scalar type. The column isyproduced using the semantic:
JSON_VALUE. The column has an optional path expression, called the column pattern, which ca

defaulte

SQL/JSON item produced by the row pattern. The column‘also has optional ON EMPTY and ON

clauses,

The fina
later.

This is followed by the PLAN clause as part\of the <JSON table plan clause> option, which is use

express

The follgwing example generates relational data containing a column, ROWSEQ, illustrating the

the FOR

specified path expressions applied to the JSON data contained in the column JCOL of the BOOKCL

The row
item for
itemist

value foif the TITLE column in that row.

SELECT |t.rowseq, jt.title
FROM bopkel 'ub,
JSONLPABLE ( bookclub.jcol, 'lax $.books[*]'

Y

other JSON querying operators, JSON_TABLE begins with <JSON API commen.syntax> t
pxt item, path expression and PASSING clause. The path expression in this.¢as€'is more ac
e row pattern path expression. This path expression is intended to producean SQL/JSON s

 from the column name. The column pattern is usedto search for the column within the

with the same choices and semantics as JSON\VALUE.

option for a <JSON table column definitign>1is <JSON table nested columns>, which is co

the processing of multiple nested paths.

ORDINALITY clause, and a column, TITLE, of type VARCHAR(30), extracted according {

pattern path expression (' | ax $. books[*]' ) returns an SQL/JSON sequence with one S
each element of the'SQL/JSON array that is the value of the books member. Each such S
he basis for a tesult row and input to the column pattern (" I ax $.title') that produce

b specify
curately
equence,

of

n be

e current
ERROR

nsidered

d to

use of
o the

B table.
DL/JSON
DL/JSON
s the

COLUVNS { T owdeq FOR ORDI NALTTY,
title VARCHAR(30) PATH 'lax $.title',
) AS jt

VWHERE bookcl ub. I D = 111;

The result of the query is shown in Table 18, “Unnested query result”.

Table 18 — Unnested query result

ROWSEQ | TITLE

1 The Talisman
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ROWSEQ | TITLE

2 Far From the Madding Crowd

6.4.5.3 Nested COLUMNS clause

The syntax for a nested COLUMNS clause is:

<JSON t abl e nested col ums> :: =

NESTED [ PATH ] <JSON tabl e nested path specification>
AS <JSON tabl e nested path nane> ]
JSON t abl e col utms cl ause>

A

<JSON t fbl e nested path specification> ::=
<JSON| pat h specification>

<JSON t bl e nested path nanme> ::=
<JSON|t abl e path nane>

<JSON t gbl e path nanme> ::=
<identifier>

The nested COLUMNS clause begins with the keyword NESTED, followed by a path and an optignal path
name. The path provides a refined context for the nestedolumns. The primary use of the path|name is

if the us¢r wishes to specify an explicit plan.

After th¢ prolog to specify the path and path name,there is a COLUMNS clause, which has the shme

capabilities already considered.

The NESTED clause allows unnesting of (everdeeply) nested JSON objects/arrays in one invocation

rather than chaining several JSON_TABLE expressions in the SQL-statement.

The follqwing example illustrates thesise of an elementary nested COLUMNS clause in JSON_TAHBLE. Note
the missjng phoneNumber data in'the'last row of the result. This default LEFT OUTER JOIN-like §emantic

in this parent-child nested relatioenship is further explained in the next section.

SELECT bookclub.id, jtgname, jt.type, jt.nunber
FROM bopkcl ub,
JSON TABLE ( beokcl ub.jcol, 'lax $

COLUWNS ( name VARCHAR(30) PATH 'lax $. Nane',
NESTED PATH ' | ax $. phoneNunber[*]’
COLUWNS ( type VARCHAR(10) PATH 'lax $.type',
nunmber CHAR(12) PATH 'lax $.nunber' ) )

) ASjt;

The result of the query using the BOOKCLUB table sample data is shown in Table 19, “Nested query

result”.

Table 19 — Nested query result

ID NAME TYPE NUMBER
111 | John Smith home 212 555-1234
111 | John Smith fax 646 555-4567

36
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ID NAME TYPE NUMBER
222 Peter Walker home 408 555-9876
222 Peter Walker office 650 555-2468

333 | James Lee

6.4.5.4|PLAN clause

As seen gbove, every path may optionally be followed by a path name using an AS clause) Path names are
identifiers and must be unique. Path names are used in the PLAN clause to express the desired putput
plan.

The syntax for the PLAN clause is:

<JSON t @bl e pl an cl ause> :: =
<JSPON t abl e specific plan>
| <JSDN table default plan>

<JSON t abl e specific plan> ::=
PLAN gl eft paren> <JSON tabl e pl an> <right paren>

<JSON t @bl e plan> :: =
<JSON t abl e path nane>
| <JSDN table plan parent/child>
| <JSDN table plan sibling>

<JSON t @bl e plan parent/child> ::=
<JSON tabl e plan outer>
| <JSDN table plan inner>

<JSON t @bl e plan outer> ::=
<JSON| t abl e pat h nane> OUTER<JSON tabl e plan prinmary>

<JSON t @bl e plan inner> :¢=
<JSON|t abl e path nang=~FNNER <JSON tabl e plan prinary>

<JSON t @bl e pl an siblNeng> @ : =
<JSPN t abl e pltan* uni on>
| <JSPN tabl e-pl/an cross>

<JSON t @bl e~plian union> ::=
<JSON| table plan prinmary> UNION <JSON table plan primry>
[ [{\\UNION <JSON table plan primary>}... ]

<JSON table plan cross> ::=
<JSON tabl e plan primary> CROSS <JSON table plan prinmary>
[ { CROSS <JSON table plan primary> }... ]

<JSON table plan primary> ::=
<JSON t abl e path nane>
| <left paren> <JSON table plan> <right paren>

<JSON tabl e default plan> ::=
PLAN DEFAULT <l eft paren> <JSON table default plan choices> <right paren>

<JSON tabl e default plan choices> ::=
<JSON tabl e default plan inner/outer>
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[ <comma> <JSON table default plan union/cross> ]
| <JSON table default plan union/cross>
[ <comma> <JSON table default plan inner/outer> ]

<JSON tabl e default plan inner/outer> ::=
I NNER
| OUTER

<JSON tabl e default plan union/cross> ::
UNI ON
| CRCSS

The INNER, OUTER, UNION, and CROSS concepts in the context of the PLAN clause have the following
characteristics.

— INNER expresses INNER JOIN semantics.
— OUTER expresses LEFT OUTER JOIN semantics and is the default with parent/child relatiopships.

— Thelfirst operand of an INNER or OUTER (parent/child relationship) is necessarily a <JSON table
path name> and must be an ancestor of all path names in the second aoperand.

— If'thlere is an explicit PLAN clause, all path names must be explicitand’appear in the PLAN flause
exadtly once.

— CROSS expresses CROSS JOIN semantics.

— UNIPN expresses semantics of a FULL OUTER JOIN withhan unsatisfiable predicate such as{1=0 and
is the default with sibling relationships.

— UNIPN is associative (no parentheses required far.a list of paths to be unioned).
— CROSS is associative.

— Parg¢ntheses are required to disambiguate,complex expressions. In particular, there is no pr¢cedence
between UNION and CROSS.

The follgwing query illustrates the default OUTER semantics between the parent-child relationship of
the outef context of ID and NAME-with the nested columns of the book title and first and second author
columng, The first and second author column values, if present, are explicitly placed in two sepprate
columng in this example.

SELECT bookcl ub.id, jt mame, jt.title, jt.authorl, jt.author2
FROM bopkcl ub,
JSON _TABLE (- bookcl ub.jcol, 'lax $
COLUMNS ( nane VARCHAR(30) PATH 'lax $. Nane',
NESTED PATH 'l ax $. books[*]"
COLUMNS ( title VARCHAR(60) PATH 'lax $.title',
NESTED PATH 'l ax $.authorList[*]' AS A

COLMIS ( At har1 \/ARCLHAR(20Y DATLL ' | A~y &L N1
ooV otUt O T VA IR VN OO T YTt X P oT

aut hor 2 VARCHAR(30) PATH 'lax $[1]"
)

) ASjt;

The result of the query using the BOOKCLUB table sample data is shown in Table 20, “PLAN query result”.
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Table 20 — PLAN query result

ID NAME TITLE AUTHOR1 AUTHOR2
111 | John Smith The Talisman Stephen King Peter Straub
111 | John Smith Far From the Madding Crowd Thomas Hardy
222 | Peter Walker Good Omens Neil Gaiman Terry Pratchett
222| | Peter Walker Smoke and Mirrors Neil Gaiman
333| | James Lee
The follgwing query illustrates the nested COLUMNS clause using the default UNION semantic yvith the

sibling nested author and category columns.

SELECT
FROM bo
JS

bookcl ub. id,
bkcl ub,
DN TABLE ( bookclub.jcol, 'lax $'
COLUWNS ( nanme VARCHAR(30) PATH 'lax $. Nane',
NESTED PATH ' | ax $. books][ *]¢
COLUWNS ( title VARCHAR(60) PATH 'lax $.title',
NESTED PATHA%ax $.authorList[*]' AS ATH
COLUWNS ( -aut hor VARCHAR(30) PATH 'lax $' ),
NESTED PATH 'l ax $.category[*]' AS CAT
COLUWNS_( “cat egory VARCHAR(30) PATH 'lax $' )

jt.nane, jt.title, jt.authorl, jt.category

)

) ASjt;
The resylt of the query using the BOOKCLUBtable sample data is shown in Table 21, “Second PLAN query
result”.
Table'21 — Second PLAN query result

ID NAME TITLE AUTHOR CATEGORY

111 | John Smith The Talisman Stephen King

111 | John<Smith The Talisman Peter Straub

111 |John Smith The Talisman SciFi

11 John Smith The Talisman Novel

111 | John Smith Far From the Madding Crowd Thomas Hardy

111 | John Smith Far From the Madding Crowd Novel

222 | Peter Walker Good Omens Neil Gaiman

222 | Peter Walker Good Omens Terry Pratchett

222 | Peter Walker Good Omens Fantasy

222 | Peter Walker Good Omens Novel
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ID NAME TITLE AUTHOR CATEGORY
222 | Peter Walker Smoke and Mirrors Neil Gaiman

222 | Peter Walker Smoke and Mirrors Fantasy
333 | James Lee

The following query illustrates the nested columns using the PLAN clause specifying the CROSS semantics
betweernfthe stbimgauthorand category Cotumns. T Ne rTows WitlTOUter vatues thatdo not nave any nested
columng are not present in the result given the INNER semantics.

SELECT bookclub.id, jt.name, jt.title, jt.authorl, jt.category
FROM bogpkcl ub,
JSON _TABLE ( bookclub.jcol, '"lax $ AS PERSON
COLUWNS ( nanme VARCHAR(30) PATH 'lax $. Nane',
NESTED PATH 'l ax $. books[*]' AS BOOKS
COLUMNS ( title VARCHAR(60) PATH 'lax $.title",
NESTED PATH 'l ax $. aut harli,st[*]' AS ATH
COLUWNS ( aut hor VARCHAR(\30) PATH 'lax $' )
NESTED PATH -l ax $.category[*]' AY CAT
COLUWNS (( “cat egory VARCHAR( 30)
PATH 'lax $' )
)
)

PLAN ( PERSON | NNER ( BOOKS | NNER ( ATH CROSS CAT ) ) )
) ASjt;

The query above is equivalent to using the PLAN. DEFAULT clause instead of the explicit PLAN dlause as
follows:

SELECT bookclub.id, jt.nanme, jt.titley\jt.authorl, jt.category
FROM bogpkcl ub,
JSPN _TABLE ( bookcl ub.jcol, ,"hMax $ AS PERSON
COLUMNS ( nane,"VARCHAR(30) PATH 'lax $. Nane',
NESTED PATH 'l ax $. books[*]' AS BOOKS
COLUMNS ( title VARCHAR(60) PATH 'lax $.title',
NESTED PATH 'l ax $.authorList[*]' AS ATH
COLUWMNS ( aut hor VARCHAR(30) PATH 'lax $' )
NESTED PATH 'l ax $.category[*]' AY CAT
COLUWS ( category VARCHAR(30)
PATH 'lax $' )
)
)
PLAN DEFAULT ( | NNER, CROSS )
) ASjt;

The result of this query using the BOOKCLUB table sample data is shown in Table 22, “Third PLAN query
result”.

Table 22 — Third PLAN query result

ID NAME TITLE AUTHOR CATEGORY
111 | John Smith The Talisman Stephen King SciFi
111 | John Smith The Talisman Stephen King Novel
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ID NAME TITLE AUTHOR CATEGORY
111 | John Smith The Talisman Peter Straub SciFi
111 | John Smith The Talisman Peter Straub Novel
111 | John Smith Far From the Madding Crowd Thomas Hardy Novel
222 | Peter Walker | Good Omens Neil Gaiman Fantasy
222 | | Peter Walker | Good Omens Neil Gaiman Novel
222 | | Peter Walker | Good Omens Terry Pratchett Fantasy:
222 | | Peter Walker | Good Omens Terry Pratchett Novel
222 | | Peter Walker | Smoke and Mirrors Neil Gaiman Fantasy

6.4.6 (Conformance features for query operators

The follgwing conformance features are defined for the SQL/JSON query operators:

— Featjure T821, “Basic SQL/JSON query operators”, defined as the following:

JSON_VALUE with no PASSING clause, no ON"EMPTY, no ON ERROR clause.

— Without explicit PASSING syntax, no.values other than the context item can be pas
SQL/JSON path expression.

—  Without explicit syntax, the-default for ON EMPTY is NULL ON EMPTY.
— Without explicit syntax,the default for ON ERROR is NULL ON ERROR.

JSON_TABLE: with no PASSING clause, no sibling NESTED COLUMNS, no PLAN, no tabl
ON ERROR, and including same restrictions as JSON_VALUE for regular columns (i.e., 1
EMPTY, no ON ERROR).

— Without explicit PASSING syntax, no values other than the context item can be pas
SQL/]JSON path expression.

— Witheut explicit PLAN syntax, the default for joining parent/ child columns has OU|
semantics.

bed to an

b-level
o ON

bed to an

TER join

— " Without cihling NESTED COLUMNS support, the default Fnr}'nining cih]ing NESTEDC

LUMNS

has UNION join semantics.

— Without explicit syntax, the default for the table-level ON ERROR is EMPTY ON ERROR.

JSON_EXISTS with no PASSING clause and no ON ERROR clause.

— Without explicit PASSING syntax, no values other than the context item can be passed to an

SQL/JSON path expression.
— Without explicit syntax, the default for ON ERROR is FALSE ON ERROR.

IS JSON with no <JSON key uniqueness constraint>.
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— Without explicit UNIQUE KEYS syntax, the default is WITHOUT UNIQUE KEYS.

e Supportfor the SQL/JSON path language, except as listed as advanced features in Subclause 7.14,
“Conformance features for SQL/JSON path language”.

NOTE 8 — In all of the preceding, the excluded syntax options become enabled by other features enumerated below.

— Feature T822, “SQL/JSON: IS JSON WITH UNIQUE KEYS predicate”:
e Adds the WITH UNIQUE KEYS and WITHOUT UNIQUE KEYS syntax to the IS JSON predicate.
— Feature T823, “SQL/JSON: PASSING clause”:

¢ |Allows passing of additional values to the SQL/JSON path expression.
— Featjure T824, “JSON_TABLE: specific PLAN clause”:

e |Allows explicit specification of a join plan for parent/child and sibling NESTED COLUMNS.
— Featjure T825, “SQL/JSON: ON EMPTY and ON ERROR clauses”:

e |Allows to overwrite the default for ON EMPTY and ON ERROR options for JSON_VALUH,
JSON_TABLE, JSON_QUERY, and JSON_EXISTS.

— Featjure T826, “General value expression in ON ERROR or ON EMPTY clauses”:

e |Without this feature, the user specified value expression.in the ON ERROR clause or ON EMPTY
clause in JSON_VALUE or on a regular column definition in JSON_TABLE can only be a ljteral.

— Featlure T827, “JSON_TABLE: sibling NESTED COLUMNS clauses”:

e |With support for this feature, the user can specify either UNION or CROSS join semantics for
joining sibling NESTED COLUMNS.

— Featjure T828, “JSON_QUERY”:

e [[SON_QUERY butno PASSING, ON EMPTY, ON ERROR, or wrapper clauses. These excludgd syntax
options are enabled in conjunetien with other features.

— Without explicit PASSING syntax, no values other than the context item can be passed to an
SQL/JSON path expression.

— Without explicit'syntax, the default for ON EMPTY is NULL ON EMPTY.

— Without explicit syntax, the default for ON ERROR is NULL ON ERROR.

— Witheutexplicit syntax, the default for the wrapper option is WITHOUT ARRAY.
— Featjure T829, “JSON_QUERY: array wrapper options”:

e |With support for this feature, the user can specify whether none, all, or only scalar results should
be enciosed in an SQL/JSON array.

— Feature T838, “JSON_TABLE: PLAN DEFAULT clause”:
e This feature adds the PLAN DEFAULT syntax to JSON_TABLE.
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6.5 Constructor functions and IS JSON predicate

6.5.1 Tables used to illustrate constructor functions and the IS JSON predicate

To illustrate the use of the SQL/JSON constructor functions, consider the following two ordinary SQL
tables and one additional table that incorporates a single column of JSON data:

CREATE TABLE depts (
deptn | NTEGER,
dept nane CHARACTER VARYI NG 30) )

CREATE TABLE j obs (
job_seq | NTEGER,
job_aftri b CHARACTER(5),
job_ajtval CHARACTER VARYI NG 64) )

CREATE TABLE enpl oyees (
enp_{d | NTEGER,
name| CHARACTER VARY!I NG 50),
sal afy DECI MAL(7, 2),
dept ]id | NTEGER,
j son|enp CHARACTER VARYI NG 5000) )

Consider the DEPTS table as populated in Table 23, “DEPTS table”.

Table 23 — DEPTS table

DEPTNO DEPTNAME
314 Ehgineering
113 Architecture
12 Accounting
7 Sales

13 Executive

Consider also the JOBS table populated as shown in Table 24, “JOBS table”.

Table 24 — JOBS table

JOB_SEQ JOB_ATTRIB JOB_ATTVAL

101 Leader 155566

101 Duration 00:30:00

101 Description Design the new table for the web site
234 Duration 01:00:00

234 Description Load the tables with existing data
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JOB_SEQ JOB_ATTRIB JOB_ATTVAL
492 Leader 129596
17 Description Design the look-and-feel of the web site

Finally, consider the EMPLOYEES table in Table 25, “EMPLOYEES table”.

Table 25 — EMPLOYEES table

EMP_ID NAME SALARY DEPT_ID JSON_EMP
29334 Logan 10000 7
29335 James 7000 7
29336 Rachel 9000 7

6.5.2 JSON_OBJECT

SQL applications working with JSON data will often needdo construct new JSON objects, either [for use
within thje applications themselves, for storage in the SQLdatabase, or to return to the application program
itself. This section of this document describes the built-in function, JSON_OBJECT, that construgts JSON
objects from explicit name/value pairs.

<JSON obj ect constructor> ::=
JSON_PBJECT <l eft paren>
[[|<IJSON nane and value> [ { <comma> <JSON nanme and value> }... ]
[|<IJSON constructor null clause> ]
[ | <IJSON key uni queness conastraint> ] ]
[ | <IJSON out put cl ause>-]
h{ paren>

<JSON n@ne and val ue> <=
[ KEY ] <JSON name>VALUE <JSON val ue expressi on>
| <JSON name> <col on> <JSON val ue expressi on>

<JSON nqne> ::=
<char fict er val.ue expressi on>

<JSON cpngtructor null clause> ::=
NULL “ON NULL
| ABSENT ON NULL

<JSON key uni queness constraint> ::=
W TH UNI QUE [ KEYS ]
| WTHOUT UNI QUE [ KEYS ]

The <JSON name>s shall not be NULL. The <JSON value expression>s may be NULL, with the action taken
controlled by the <JSON constructor null clause>. NULL ON NULL produces an SQL/JSON null, while
ABSENT ON NULL omits that key:value pair from the resulting SQL/JSON object. The default if no <JSON
constructor null clause> is given is NULL ON NULL.

JSON_OBJECT is typically used in <select list>s, as illustrated in the following example.
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JSON_OBJECT( KEY 'deptno’ VALUE d. dept no,

KEY ' dept nane' VALUE d. deptnane ) AS D314

FROM depts AS d

VWHERE d.

deptno = 314

2021(E)
redicate

This query returns one row for department 314 recorded in the DEPTS table; that row contains a single
column, which contains a serialization of a JSON object having the department number and name. The
result column type is VARCHAR with an implementation-defined length. Visually, the returned JSON

object would look something like shown in Table 26, “The JSON object returned”.
NOTH 9 — This and other examples in this document show insignificant whitespace in the result for readability only. For
example, the spaces following the left curly brace, before and after the colons, etc., in the output are insignificant whitespace.
Whilg a conforming SQL-implementation may add insignificant whitespace, no conforming SQL-implementation |s required
to dojso.
Table 26 — The JSON object returned
D314
{ "deptno" : 314, "deptnane" : "Engineering" }

If Featur
expressg

SELECT
FROM de
WHERE d

6.5.3 }

Often, it
ofthe co
developé
that the
values, t

<JSON o
JSON

e T814, “Colon in JSON_OBJECT or J[SON_OBJECTAGG! is implemented, the query could
d using colon as a key-value separator:

JSON_OBJECT( 'deptno' : d.deptno, 'deptnane' : d.deptname ) AS D314
bt s AS d
deptno = 314

SON_OBJECTAGG

s inappropriate or evendimpossible to construct a JSON object by explicitly specifying th
htained name/value pairs{e.g., because the names are not known a priori). Instead, an ap
br may wish to construct a JSON object as an aggregation of information in an SQL table. Py
SQL table actually. contains a column with JSON names and another column with corres
he built-in functien JSON_OBJECTAGG (“object aggregate”) performs this function.

hj ect aggregate constructor> ::=
PDBJECTAGG <l ef t paren>

) SON-name and val ue>

<JSON constructor null clause> ]

also be

e names
plication
esuming
ponding

—r— A

<J8ON key uni queness constrai nt> ]

[ <IJSON out put clause> ]
<right paren>

The default if no <JSON constructor null clause> is given is NULL ON NULL.

The following example will create a JSON object containing a sequence of name/value pairs in which the

name is

a department name and the value is the department number:

SELECT JSON_OBJECTAGG ( dept nane VALUE deptno )

FROM de

pts

The result of this query is a table containing a single row of one column, which contains a serialization
of a JSON object. That object would look something like this:
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{ "Engineering" : 314, "Architecture" : 113, "Accounting" : 12,
"Sal es" : 7, "Executive" : 13}

The reader will observe that this is actually a kind of “pivot” of the DEPTS table.
The JSON_OBJECTAGG function can also be used in grouped queries to good effect.
The SQL query:

SELECT j.job_seq,

SON ORIFCTAGG (KEY | job attrib VAIUE | job attval RETURNI NG VARCHAR(200) )
AS|attributes

FROM j obs AS j
GROUP B j.job_seq

will prodluce a table containing four rows, each containing two columns. The first cglumn of th¢ table
containg the job sequence numbers, while the second column contains a serialization of a JSON|object
that is a pivot of the information in all of the rows associated with the correspanding job sequepce
number.|The result type of the JSON object is VARCHAR with a maximum length of 200, as specified in
the quer}f. An exception condition would be raised if this length is exceeded: The result will look sqmething
like the fesult shown in Table 27, “Returned JSON object with the corresponding job sequence jumber”.

Table 27 — Returned JSON object with the corresponding job sequence number

JOB_SEQ ATTRIBUTES

101 {"Leader" : "155566", "Duration” : "00:30:00", "Description" : "Design the newj tables
for the web site" }

234 {"Duration" : "01:00:00", "Desctiption" : "Load the tables with existing data" }

492 {"Leader": "129596" }

17 {"Description" : "Design the look-and-feel of the web site" }

6.5.4 JSON_ARRAY

Just as ap application‘developer might wish to construct a JSON object from an explicit list of data, she
might wish to construct a JSON array from a similar list of data. The built-in function JSON_ARRAY provides
that capability:

<JSON af nay” constructor> ::=
<JSON array constructor by enunmeration>
| <JSON array constructor by query>

<JSON array constructor by enuneration> ::=
JSON_ARRAY <| eft paren>
[ <JSON val ue expression> [ { <comma> <JSON val ue expression> }... ]
[ <IJSON constructor null clause> 1] ]
[ <JSON out put cl ause> ]
<right paren>

<JSON array constructor by query> ::=
JSON_ARRAY <| eft paren>
<query expressi on>
[ <IJSON input clause> ]
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[ <IJSON constructor null clause> ]
[ <JSON out put clause> ]
<right paren>

JSON_ARRAY has two variants: One variant produces its result from an explicit list of SQL values (literals
or computed values, including subqueries); the second variant produces its results from an SQL query
expression invoked within the function. For the constructor-by-query form, the query expression must
return exactly one column, and the array values are formed from the column values generated by the
query expression.

For JSON_ARRAY, if not explicitly specified, the default ON NULL clause is ABSENT ON NULL (which is
differenffrom the default for JSON_OBJECT).

The follgwing query illustrates the use of JSON_ARRAY:

SELECT
JSON_ARRAY ( 'deptno', d.deptno, 'deptnane', d.deptnane )
FROM flepts AS d
VWHERE| d. deptno = 314

This qudry returns one row for department 314 recorded in the DEPTS tdble; that row containg a single
column, which contains a serialization of a JSON array containing two.character string literals, the

department number,; and the department name. Visually, the returnedJSON array would look sgmething
like this

[ "deptpo", 314, "deptnane", "Engineering" ]

6.5.5 ]JSON_ARRAYAGG

Just as ah SQL application might need to constrict a JSON object as an aggregation of SQL data, so might
it need tp construct a JSON array as an aggregate.

<JSON afray aggregate constructor>u": =
JSON_ARRAYAGG <l eft paren>

<JSON val ue expressi on>

[[<JSON array aggregate“order by clause> ]

[ | <IJSON constructorthnul | clause> ]

[ | <IJSON out put clavbse> ]

h{ paren>

<JSON afray aggregate order by clause> ::=
ORDER| BY <sopt\‘specification |ist>

The defdult, if o ON NULL clause is given, is ABSENT ON NULL.

For examplé:

SELECT JSON_ARRAYAGG ( j.job_attval RETURNI NG CLOB(8K) ) AS attributes
FROM j obs AS j

The result of this query is a table of one row and one column, which would look something like the contents
of Table 28, “ARRAYAGG query result”.
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Table 28 — ARRAYAGG query result

ATTRIBUTES

[ "155566", "00:30:00", "Design the new tables for the web site",
"01:00: 00", "Load the tables with existing data", "129596", "Design the
| ook-and-feel of the web site" ]

JSON_ARRAYAGG supports an optional ORDER BY clause that allows the results of the query to bgordered
before the selected data is extracted to be placed in the resulting JSON array. As an exampl€,the [SQL that
might bg used to create a JSON object for each department listing all employees and their salary|in order
of incregsing salary looks like this:

SELECT JSON _OBJECT (
"departnent' : d.nane,
"enpl oyees' : JSON_ARRAYAGG ( JSON_OBJECT ( 'enployee' : e.nang,
‘salary' : e.salary )
ORDER BY e.salary ASC ) )<\\AS departnents
FROM depts d, enpl oyees e
VWHERE d]deptno = e.dept_id
GROUP B d. dept no;

Table 29, “Second ARRAYAGG query result”, illustrates the fesults of this query.

Table 29 — Second ARRAYAGG query result

DEPARTMENTS
{ "departnment" : "Sal es",
"enpl oyees" : [ { "enployee" : "Janes", "salary" : 7000},
{ "enpl oyee" : "Rachel", "salary" : 9000},
{~\~enpl oyee" : "Logan", "salary" : 10000} ]
}

In the following example, when there no employees in a department, a JSON null is output as the gmployee
name anld the salary in the Tesult:

SELECT JSON_OBJECTY(
"departnent'): d.nane,
"enpl oyees™ : JSON_ARRAYAGG ( JSON _OBJECT ( 'enpl oyee' : e.nane,
"salary' : e.salary )
ORDER BY e.salary ASC ) ) AS departnents

FROM depts d CEFT OJTER JO N enpl oyees €
ON ( d.deptno = e.dept_id )
GROUP BY d. dept no;

The result would be something like those shown in Table 30, “Third ARRAYAGG query result”.
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Table 30 — Third ARRAYAGG query result

DEPARTMENTS
{ "departnment" : "Sal es",
"enpl oyees" : [ { "enployee" : "Janes", "salary" : 7000},
{ "enpl oyee" : "Rachel", "salary" : 9000},
{ "enpl oyee" : "Logan", "salary" : 10000} ]
}
{ "department" : "Engi neering",
"enpl oyees" : [ { "enployee"” : null, "salary" : null } ]
}
{ "departnment" : "Architecture",
"enpl oyees" : [ { "enployee" : null, "salary" : null }.3
}
{ "departnent" : "Accounting",
"enpl oyees" : [ { "enployee" : null, "salary"/\\null } ]
}
{ "departnment" : "Executive",
"enpl oyees” : [ { "enployee" : null, Asalary" : null } ]
}
6.5.6 1SJSON predicate
Applications will frequently want to ensure that the data they expect to consume as JSON data is
JSON data. The IS JSON predicate determines whether the value of a specified string does or do
conform|to the structural rules forJSON. The syntax of the IS JSON predicate is:
<JSON pfedicate> ::=
<string val ue expresgion> [ <JSON input clause>] IS [ NOT ] JSON

[
[

<JSON p
VAL

| ARR

| OBJ

<JSON predi cate-type constraint> ]
<JSON key unigueness constraint> ]

edi cat e~type constraint> ::=
UE

Y

ECT,

, indeed,
bs not

| sca

AR

If <JSON input clause> is not specified, then FORMAT JSON is implicit. If <JSON key uniqueness constraint>

isnotsp

ecified, then WITHOUT UNIQUE KEYS is implicit.

6.5.7 Handling of JSON nulls and SQL nulls

SQL (correctly) distinguishes between data such as zero-length strings and the special pseudo-value

known as “the null value”. The semantics of those two things are quite different and those differences
affect a great many SQL operations. The differences are an important part of the semantics of the SQL
language.
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The JSON null provides yet another related difference. In JSON, null is an actual value, represented by a
JSON literal (“null”). It must be able to distinguish JSON nulls from SQL null values and that distinction
is an important part of the semantics of JSON handling in the SQL context.

To illustrate the situation, consider the JSON object stored in a column of an SQL table:

{ e

null, "b" : "null"™, "c" : "" }

JSON_VALUE, evaluated against that JSON object, returning the result as an SQL scalar value, would return,
for each respective name/value pair, the following: the SQL null value, the SQL character string comprising
the four characters “nul | ”, and the SQL zero-length character string; if [SON_VALUE were used to retrieve

the valu
the valu
null valu

The JSOI
are SQL
SQL null
member]
or JSON

6.5.8 (

There ar

e.

hull values. SQL/JSON supplies optional syntax to allow the application author to select

hrray being constructed.

Conformance features for constructor functions

e five conformance features defined for the JSON/gonstructor functions:

— Featjure T811, “Basic SQL/JSON constructor funetions”, defined as the following:

JSON_OBJECT with no <JSON key uniqueness constraint>.

— Without explicit UNIQUE KEYS syatax, the default is WITHOUT UNIQUE KEYS.
JSON_ARRAY.

JSON_ARRAYAGG without the:ORDER BY option.

implementationsdependent.

below.

— Fea]ure T812,SQL/JSON: JSON_OBJECTAGG” with no <JSON key uniqueness constraint>.

— Fea

ure T813;“SQL/JSON: JSON_ARRAYAGG with ORDER BY”:

e associated with the name “d”, it would return the SQL null value. Note that, when retrfeving
e of the first name/value pair, the SQL/JSON null value is automatically transformed intp an SQL

N constructor functions have to deal with situations in which the SQL data thatis being/queried

whether

values are included in the JSON object or JSON array being constructed}jor whether object
s or array elements whose (bound) values are SQL null values are omitted from the JSON object

— Without explicit ORDER BY syntax, the ordering of the elements in the SQL/JSON array is

NOTE 10 — In.all of the preceding, the excluded syntax options become enabled by other features enumerated

This feature allows the user to specify an order of the elements of the constructed SQL}/JSON

dal'l ay.

— Feature T814, “Colon in JSON_OBJECT or JSON_OBJECTAGG":

Subclause 6.5.2, “JSON_OBJECT”, contains examples that show the syntax of JSON_OBJECT with

and without support for Feature T814, “Colon in JSON_OBJECT or JSON_OBJECTAGG".

— Feature T830, “Enforcing unique keys in SQL/JSON constructor functions”:
Adds the WITH UNIQUE KEYS and WITHOUT UNIQUE KEYS syntax to JSON_OBJECT and

50

JSON_OBJECTAGG.
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7.1 Overview of SQL/JSON path language

The SQL
JSON_QL
query JS
these op
of ISO/IH
of the S(

The SQL
Figure 2

f

Completion Condition = N\ +— Completion Condition =—

The SQL
syntacti
framew

JSON path language is a query language used by certain SQL operators (JSON_VALUE,
JERY, JSON_TABLE and JSON_EXISTS, collectively known as the SQL/JSON query operat
ON text. The SQL/JSON path language is not, strictly speaking, SQL, though it is embed
prators within SQL. Lexically and syntactically, the SQL/JSON path language adépts many
1C 22275:2018, though itis neither a subset nor a superset of ISO/IEC 222752018. The s
)L./]SON path language are primarily SQL semantics.

JSON path language is used by the SQL/JSON query operators in the architecture shoy
“The SQL/JSON path language architecture”.

9 A

Context ltem = —_— Contextlltem =
Path Specification = SQL/JSON — PathSpecification =—

PASSING clause = Query Operator — PASSING clause =—

Other Inputs = | jSON_QUERY,
JSON_TABLE,
JSON_EXIST

Output «= o) +— SQL/JSON Sequence «—

Figure 2'= The SQL/JSON path language architecture

JSON query operators share the same first three lines in the diagram, which are expre
fally in the <JSON)API common syntax> that is used by all SQL/JSON query operators. ]
rk provides:the following inputs to an SQL/JSON query operator:

1) Ac

2) Apathspecification (the query to perform on the context item; this query is expressed in the S
path lahguage specified in ISO/IEC 9075-2, Subclause 9.41, “SQL/JSON path language: lexical e

ntext itém) (the JSON text to be queried).

N ERROR clause = (JSON_VALUE, Path Enging

prs) to
led in
features
bmantics

vn in

\

ssed
his

NL/JSON

ements”

and

Subclause 9.42, “SQL/JSON path language: syntax and semantics”.

3) A PASSING clause (SQL values to be assigned to variables in the path specification, for example, as
values used in predicates within the path specification).

The SQL/]JSON operators effectively pass these inputs to a “path engine” that evaluates the path specifi-
cation, using the context item and the PASSING clause to specify the values of variables in the path spec-
ification. The effective behavior of the path engine is specified in the General Rules of Subclause 9.42,

“SQL/JSON path language: syntax and semantics”, in ISO/IEC 9075-2.

The result of evaluating a path specification on a context item and PASSING clause is a completion condition,
and, if the completion condition is successful completion, an SQL/JSON sequence. The SQL/JSON query
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operators, in their General Rules, use the completion code and SQL/JSON sequence to complete the specific
computation specified via the particular SQL/JSON query operator.

Errors can occur at the following junctures in this architecture:

1) Anerror can occur when converting an input. For example, if the context item does not parse as JSON

text,

then that is an input conversion error.

2) Anerror can occur while processing an SQL/JSON path expression. This category of errors is further
subdivided as follows:

a)
b)
3) Ansg
The SQL|
mechani
1) The
expl
sion
uate
2) The
a)
b)
3) Non|

an exception.condition returned from the path engine to the SQL/JSON query operator.

4) The

SOl ICSAON Mr\tl\ Qs

A ctraaotiinal Ao o Hecxahan-an nraccian-—attamunteta-a AGG-a-1aR
1l olIvuLiluldl CIIT UL ULTuUur o vviivIiln dIil U\(l_‘/ JJUI‘ tl(,l I1T CA I'COOoIVUIT uLLbllll.]LQ LU 'dLUT To0 A 11VUIT

element of an SQL/JSON array or a non-existent member of a JSON object.

A non-structural error is any other error during evaluation of an SQL/JSON patH expres
example, divide by zero.

rror can occur when converting an output.

operators JSON_VALUE, JSON_QUERY, JSON_TABLE, and JSON_EXISTS'provide the follo
sms to handle these errors:

SQL/JSON path language traps any errors that occur during the evaluation of a <JSON
ession>. Depending on the precise <JSON path predicatex> eontained in the <JSON filte
>, the result may be Unknown, True, or False, depending on the outcome of non-error tg
d in the <JSON path predicate>.

SQL/JSON path language has two modes, strict andlax, which govern structural errors, as
In lax mode:

i) If an operation requires an SQL/JSON array but the operand is not an SQL/JSON
then the operand is first wrapped it an SQL/JSON array prior to performing the o

SQL/JSON array, then the 6perand is unwrapped by converting its elements into an
sequence prior to performing the operation.

iii)  After applying thé preceding resolutions to structural errors, if there is still a sty
error, the result’is an empty SQL/JSON sequence.

In strict mode, if the 'structural error occurs within a <JSON filter expression>, then thg
handling of <JSON filter expression> applies. Otherwise, a structural error is an unhandl

-structuralerrors outside of a <JSON path predicate> are always unhandled errors, res

SQL/JSON query operators provide an ON ERROR clause to specify the behavior in cas

existent

sion; for

wing

ilter
" expres-
sts eval-

follows:

array,
beration.

ii) If an operation requires something other than an SQL/JSON array, but the operand is an

SL/JSON

uctural
error

ed error.

ulting in

e of an

t'eonversion error, an unhandled structural error, an unhandled non-structural error, ¢

ran

inpy

output conversion error.

7.2 Objectives for the SQL/JSON path language

The objectives for the SQL/JSON path language are:

1) Minimalism: a minimal language that meets a short list of use cases, leaving freedom to adapt the
language to additional use cases in the future.

The
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following decisions were made based on this objective:
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7.2 Obijectives for the SQL/JSON path language

Rule out the following: union, intersection, difference, join, FLWOR expressions.

b) Only a minimal set of predicates, such as the standard comparison operators, on atomic values

only (no “deep equal”).

c) JSON path expressions must be compile-time constants; this excludes dynamic JSON path

d)
e)

expressions embedded in static SQL queries.
Parameters to JSON queries must be passed by value, not by reference.

No “reverse axes”.

2) SQL
of p

by making the semantics in SQL and in the path language the same.

Her

a)
b)

3) Java
will
222
issu

Her
a)

b)

4) Implementation accommodatjofi:'Some platforms for JSON have adopted some conventions

laxe
and
mod
in |4

7.3 Modes

semantics: the language should be readily integrable into an SQL engine; therefore, thes
redicates, operators, etc. should generally follow SQL. “Push-down” optimizationsare-fz

e are some consequences of this objective:
Functions in the path expression language should have SQL semantics:

Predicates should have SQL semantics; this means three-valued logic, SQL comparison
(such as trailing blank handling) and any other semantics issue§§hould also be derive
SQL. However, JSON null is not the same as SQL null, so that guiy " == nul | is True and {
no need foranis nul | predicate.

Script-like: the language should evolve from JavaScript,(because that is the language th
find most appropriate for working on JSON. JavaScript has been standardized as ISO/I]
75:2018. This means that lexical and syntactic issties’generally follow JavaScript, while s
es follow SQL in case of conflict between the twe,

e are some consequences of this objective:

Dot (.) for member access and [] for array access. 0-relative arrays (JavaScript-like rath
SQL-like) were adopted.

Lexical and syntactic design generally follow JavaScript.

I than JavaScript, partictlarly that in some contexts a singleton array can behave like a
conversely a scalar can behave like a singleton array. As a consequence of this objectivs
e is provided that-aveids errors on certain path expressions that would be regarded ag
vaScript.

bmantics
cilitated

rules
1 from
here is

at users
EC
emantic

er than

that are
scalar,
b a “lax”
errors

7.3.1 Introduction to modes

The path engine has two modes, strict and lax. The motivation for these modes is that strict mode will
be used to examine data from a strict schema perspective, for example, to look for data that diverges
from an expected schema. Therefore, strict mode raises an error if the data does not strictly adhere to
the requirements of a path expression. Lax mode is intended to be more forgiving, so lax mode converts
errors to empty SQL/JSON sequences.

In addition, lax mode adopts the convention that an array of size 1 is interchangeable with the singleton.

This con

vention is supported with the following conventions:
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1)

2)

If an operation requires an array but the operand is not an array, then the operand is implicitly
“wrapped” in an array.

If an operation requires a non-array but the operand is an array, then the operand is implicitly
“unwrapped” into an SQL/JSON sequence.

These modes govern three aspects of path evaluation, as shown in Table 31, “Three aspects of path
evaluation governed by modes”.

Table 31 — Three aspects of path evaluation governed by modes

lax

strict

AItomatic
umnnesting
off arrays

Certain path steps, such as the member
accessor $.key, automatically iterate
over SQL/JSON sequences. To make
these iterative path steps friendlier for
arrays, arrays are automatically
unnested prior to performing the iter-
ative path step. This means that the
user does not need to use an explicit
[*] to unnest an array prior to perform-
ing an iterative path step. This facili-
tates the use case where a field may be
either an array or a scalar.

Arrays are not automatically.unnest¢d
(the user can still write [*]t0 unnes
an array explicitly).

™

Avytomatic
rapping
ithin an
aifray

W]
A\

Subscript path steps, such as $[0] or
$[*], may be applied to a non-array. To
do this, the non-array is implicitly
wrapped in an array prior td,applying
the subscript operation. This also
facilitates the use case Where a field
may be either an array or a scalar.

There is no automatic wrapping pripr
to subscript path steps.

Exror han-
dling

Many errors related to whether data
is or is not an array or scalar are han-
dled by the'two preceding features.
The remaining errors are classified as
eitherstructural or non-structural. An
example of a structural error is $.name
if $ has no member whose key is name.
Structural errors are converted to
empty SQL/JSON sequences. An exam-
ple of a non-structural error is divide

Errors are strictly defined in all casgs

by zero; such errors are not elided.

Note that the path language mode is orthogonal to the ON ERROR clause. There are numerous use cases
for having any combination of ON ERROR clauses combined with either strict or lax modes.

7.3.2 Example of strict vs lax

Consider the data stored in a table called Data, illustrated in Table 32, “Example of strict vs lax”.
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Table 32 — Example of strict vs lax

pk col
1 { nane: "Fred",
phonet ype: "work",
"phone#": "650-506-2051"
}
2 e oty
phones: [ { phonetype: "work",
"phone#": "650-506-7000" },
{ phonetype: "cell",
"phone#": "650-555-5555" }
]
}
3 { nane: "Afu",
phones: [ { phonetype: "cell",
"phone#": "88-888-8888" } ]
}
4 { nane: "Justin"
}
5 { nane: "U La La",
phones: []
}

This datp has been created with a sloppy schiéma. If a person has just one phone (row 1), then the
phonetype and phone# are members of the' JSON object. If a person has more than one phone (fow 2),
then thefe is a member called phones, whose value is an array holding the phone information. But
sometinjes a person with just one phone still has a phones array (row 3). Also, some people haye no
phones, which can be indicated by an absence of the phonetype and phone# members (row 4), pr by the
presence of a phones array whose value is empty (row 5).

Now thelquestion is how touse JSON_TABLE to display all the name and phone information. Suppose
one wants to get a tablewith columns called name, phonetype, and phone#. If a person has multiple
phones, the display should be denormalized, with the person’s name repeated in multiple rows|in order
to displdy each phofie number in a separate row. If a person has no phones, the person name should
appear ih a single-row, with nulls for the phone information.

Processingthis data would be very difficult using strict mode. This is why lax mode is provided]to make
it easier&-de&w&h-dwseh&m&su&h-&s-@h;s—' is-

The solution to this use case is the following query:

SELECT D. pk, JT. nane,
CQALESCE (JT. "phone#", JT."phones. phone#") AS "phone#",
CQALESCE (JT. "phonetype", JT."phones. phonetype#") AS "phonetype"
FROM Dat a AS D,
JSON_TABLE (D.col, 'lax $'
COLUWNS (
nane VARCHAR(30) PATH 'lax $.nane',
"phone#" VARCHAR(30) PATH 'l ax $. phone#',
"phonet ype" VARCHAR(30) PATH 'l ax $. phonetype',
NESTED COLUWNS PATH ' | ax $. phones[*]"' (
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"phones. phone#"| VARCHAR(30) PATH 'l ax $. phone#',
"phones. phonet ype"] VARCHAR(30) PATH 'l ax $. phonetype'

)
) AS JT

Above, two output columns of the JSON_TABLE have been underlined, and two others are boxed. To
understand this query, note the following:

1) Row 1 has phone# and phonetype as “bare” members of the outermost object. These two members
will be picked up by the underlined columns called “phone#” and “phonetype”. The NESTED COLUMNS
cla itHT ; i jgin. Thus,

will be effectively a dummy row created with null values for the boxed columns. In-thg SELECT

list,leach COALESCE operator is used to choose the non-null values from an underlinédycolyimn and
the forresponding boxed column.

2) Rows 2 and 3 do not have bare phone# and phonetype; instead they have an array called phones. In
thege rows, the underlined columns have paths that will find empty sequenees) defaulting ta the null
value. The NESTED COLUMNS clause is used to iterate over the phones array, producing values for
the boxed columns, and again, the COALESCE operators in the SELECT list retain the non-null values.

3) Row 4 has no phone data atall. In this case, the underlined columps have paths that will find nothing
(defpulting to null values). The NESTED COLUMNS clause also has’ajpath that finds an empty spquence.
Usirjg the default outer join logic, this means that the boxed columns will also be null. The CQALESCE
operators must coalesce two null values, resulting in null.

4) Row 5 has a phones array, but it is empty. This case isprocessed similarly to rows 2 and 3: the
undprlined columns are null because their paths are empty. The NESTED COLUMNS clauselis used,
but the array is empty, so this is an outer join with.an empty table. Thus, the boxed columng also
comle up null, and the COALESCE operators combine these nulls to get null. The end result is the same
as row 4.

7.4 Lexical issues

Lexically, the SQL/JSON path language generally follows the conventions of ISO/IEC 22275:201]8 (with
a few mgdifications detailed below). It follows that SQL/JSON path language is case-sensitive i1} both

identifielrs and key words(Unlike SQL, there are no “quoted” identifiers, and there is no automatic con-
version of any identifiers to uppercase.

It was d¢cided notto-adopt the following lexical features of JavaScript into the SQL/JSON path language:
— Comments.

— Hex|ntmeric literals.

— JavaScriptregular expressions (instead the SQL predicate LIKE_REGEX is adopted, which uses XQuery
regular expressions, written as JavaScript character string literals).

— Automatic semicolon insertion (this feature pertains to JavaScript statements; since we only have
expressions and not statements, this is not relevant to the SQL/JSON path language).

The following lexical adjustments were made:
— Identifiers must not start with $.

— @ is an additional ECMAScript punctuator.
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[t turns out that no reserved words in SQL/JSON path language are required. The issue is how to determine
in a lexical scanner whether an alphabetic string is a key word or an identifier. In the defined language,
identifiers occur in only two contexts in the language:

— Beginning with a dollar sign, as a variable name.
— After a period, as a member name (never followed by a <left paren>).

Keywords never begin with a dollar sign, and, if they can come after a period, are always followed by a
<left paren>. Thus, it is possible to determine if a token is an identifier or a key word purely from the
lexical context.

The rulep for nested quoted strings were particularly examined. An SQL/JSON path expression'is fequired
to be an [SQL character string literal, so it will be enclosed in single quotes. Within this literal;/tle user
may wish to write a character string literal; such a character string literal will be written using the
JavaScript convention to enclose in double quotes. Within this character string literal, the user may wish
to have 4 single quote. At this point the user must escape the single quote, which can be done using either
the SQL ponvention of writing it twice, or using a JavaScript escape.

Here is an example. The user wishes to find names that start with “0" such as j0'Connor”. The us¢r writes
this query:

"lax $. pame ? (@starts with "O"'")"’

The quotes in the preceding example are interpreted as follows:

— Theloutermost single quotes ' enclose an SQL character, string literal.

— The|double quotes " enclose a character string in the SQL/JSON path language.

— Thelinner single quotes ' are doubled in accordance with the SQL convention, because they|are con-
tained in an SQL character string literal. The'pair actually denotes one instance of a single Tjuote.

The example could also be written using JavaScript escapes to represent the single quote, altho
is not a good option. The example would-be'written:

gh this

"lax $. pame ? (@starts with "Qc'v™")"

Here theuser is using the JavaScript escape for single quote, which is \. However, the single quote in this
must still survive the quotingrules of the outermost container, the SQL character string literal, o it is
necessary to write \". Thuys) there is no benefit in using JavaScript escape here.

It would|also be feasible to use the “\u” escape for single quote, which is “\u0027” like this:
"lax $. pane ? (@starts with "0 u0027")"'

Now, comsidér double quotes. Suppose the user wants to search $.text for an initial substring:

"hello
The user might write:
"lax $.text ? (@starts with "\"hello")'

In this example there is no problem with placing a double quote within the outermost single quotes which
delimit an SQL character string literal. However, there is a problem placing a double quote within a
JavaScript double-quoted literal; therefore the need to use the JavaScript escape \ ". Alternatively, using
\ u escapes:

"lax $.text ? (@starts with "\u0022hello")’
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7.5 Syntax summary

The Table 33, “Features of the SQL/JSON path language”, summarizes the features of the SQL/JSON path
language:

Table 33 — Features of the SQL/JSON path language

Component Example
literats ~heH-e——3—be3—true—Fatse—nuH
vdriables $ — context item

$f r odo — variable whose value is set in PASSING clause
@— value of the current item in a filter

parentheses ($a + $b)*$c

agcessors member accessor: $. phone
wildcard member accessor: $. *
element accessor: $[1, 2, 4 to 7]
wildcard element accessor: $[ *]

filter $?( @salary > 100000 )
bgolean &&

I

!
cqmparison == I= <> < <= »\>Z
special predicates exists ($)

($a == $h)’is unknown

$ |ikeNregex "col ou?r"
$ starts with $a

atfithmetic + - * ] %

-type()
.size()

. doubl e()
.ceiling()
.floor()
.abs()
.datetine()
. keyval ue()

item functions

BB AP PP HPH

7.6 Formal semantics and notational conventions

Throughout the formal semantics, there are SQL/JSON sequences of SQL/JSON items. SQL/JSON sequences
are generally denoted S, possibly with additional letters and possible with a subscript, and SQL/JSON
items are generally denoted I, possibly with additional letters and possibly with a subscript. SQL/JSON
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sequences are shown enclosed in parentheses, like this:S = ( 14, 15, ..., I, ).Individual subscripts
on SQL/JSON items are denoted with lowercase letters, such as i, j, or k.

Objects are represented as an unordered set of members{ M, ..., My}, where each member isa
key/bound value pair: M = K; : V;.Oran object can be representedas{ Ki : Vi, ..., Kn: Vn}.
Arrays are represented as an ordered list of elements: [ E;, ..., Es].

7.7 rimitive-operatiens-informal semanties

7.7.1 Concatenation

Concatepation of SQL/JSON sequences S;, S, ..., Spisdenoted ( S;, Sp,, Oy, S, ).Thergisno
nesting ¢f SQL/JSON sequences and empty SQL/JSON sequences are remoyed.

7.7.2 wnwrap()

The unwrap() operator expands all the arrays in an SQL/JSON.sequence.

LetS = I1, lp ..., I );unwap(S) is defined by.these rules:

1) For pachjbetween 1 and n, let $2; be the SQL/JSON sequence
Casg:
a) Iij is an array I] =[Eq, ... Epy ], thenlet SZj =(E1, - Ep).
b) |Otherwise, let S2; = (I;).

2) The|result of unwrap(S) is thejconcatenation of the SQL/JSON sequences ( $21, $23, ..., S2, )

The unwrap() operator is only'used in lax mode. Its purpose is to support data that is sometimes a single
object apd sometimes an array of objects. If it is an array of objects, the user wants to ignore thg array
boundarjy and just drilldown to the members of the objects. This user view is accommodated by cdnverting
the array into an SQL/JSON sequence prior to accessing the members of the nested objects. Exgmple:
$.phone$.type using the data shown in Table 34, “Data used by unwrap() example”.

Table 34 — Data used by unwrap() example

T.C

{ nane: "Babu", phones: { type: "cell", "090-0101" } }

{ nane: "Fred", phones: [ { type: "hone", nunber: "372-0453" },
{ type: "work", nunmber: "506-2051" } ] }

In the first row, phones is just an object, so there is no problem performing $.phones.type.

In the second row, phones is an array of objects. In lax mode, $.phones will evaluate to an array, and then
the next step to get type will use the unwrap operator to iterate over the array, so the end result is an
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SQL/JSON sequence with two values, “home” and “work”. This is equivalent to performing $.phones[*].type
in either mode.

7.7.3 wrap()

The wrap() function converts any non-array in an SQL/JSON sequence to an array of length 1 (one).

LetS= (14, Iy, .., I, ); wrap(S) is defined by these rules:

1) For pachjbetween 1 and n, let [2; be the SQL/JSON item:
a) [Ifl;isanarray, then I2; = I;.

b) |Otherwise, I2;=[;].

2) The|result of wrap (S) is the SQL/JSON sequence ( 121, 125, .., I12,,).

The wrap() operator is only used in lax mode. Its role is to handle data thatis sometimes an arfay and
sometinjes not an array. This is similar to the unwrap() operator. The difference is that wrap() 1s used
when the user’s intended final outcome is a singleton. That is, if the-data is an array, the user orfly wants
to get a sfingle element from the array, say $[0]. If the data is not an array, then the user wants the operation
to act aslif it were a singleton array. Example: $.phones[0] appliéd to the data given in Table 35)“Data
used by wrap() example”.

Table 35 — Data used by.wrap() example

T.C

{pame: "Fred", phones: [ "372-0453",2506-2051"] }

{ hame: "Babu", phones: "090-0101" }

On the first row, the result is “372-0453” on the second row the result is “090-0101".

NOTH 11 — wrap() and unwrap() are not inverses in general. However, if A = [ E'] is a singleton array and E is ngt an array,
then

wrap|(unwrap ([E])) =wrap ((E)) =[E]

Also if S = (14, .., Iz)Ais"an SQL/JSON sequence that contains no arrays, then

unwrpp (wrap-6Iy, .., Iy)=unwrap ([I1 ], - [1,]1) = (11, - 1)

7.8 Mode declaration

A <JSON path expression> begins with a declaration of either strict or lax mode:

<JSON pat h expression> ::=
<JSON path node> <JSON path wff>

<JSON path node> :: =
strict
| Iax

<JSON path wff> is the “meat” of an SQL/JSON path expression (“wft” stands for “well-formed formula”).
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7.9 <JSON path primary>

7.9.1 Introduction to JSON path primaries

In programming languages, a “primary” is a BNF non-terminal that is self-delimited, either because it is
a single token, or because of matching delimiters such as parentheses. (For example, <value expression
primary> and <table primary> in ISO/IEC 9075-2). The primaries in the specified language are given by
the BNF;

<JSON thh primary> ::=
<JSON path literal >
| <JSDN path vari abl e>

| <left paren> <JSON path wff> <right paren>

7.9.2 Literals

The atorpic values in the SQL/JSON path language are written the same’as in JSON, and are intefpreted
as if they were SQL values. Some examples are shown in Table 36, “ Examples of atomic values in the
SQL/JSON path language ”.

Table 36 — Examples of atomic values itvthe SQL/JSON path language

AS$ written Interpreted as

tfue boolean True

f4gl se boolean False

nyl | SQL/JSON null

123 exact numéeric scale 0 value 123

12.3 exactmumeric scale 1 value 12.3

14. 3e0 approximate numeric value 12.3

"Hel | 0" Unicode character string, value 'hello’ (without the delimiting quotes)

In charaftér strings, the escaping rules of both SQL (as the outer 1anguage) and JavaScript apply. Some

l forind 1 T, D7 ¢ Dy, nl fFilhn Aot ey ]
examp esarerothai—ranteo7; J_‘Acuuyu,o oI \,o\,at,uus T uu,o T

Table 37 — Examples of the escaping rules

Example Explanation

"0 ' Connor" The single quote character is escaped by doubling (SQL conven-
tion). The value is O'Connor

"\"hello\"" The double quote character is escaped with a backslash
(JavaScript convention). The value is "hello"
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7.9.3 Variables

The BNF for variables is:

<JSON path variable> ::=
<JSON path context variabl e>
| <JSON path naned vari abl e>
| <at sign>
| <JSON | ast subscript>

<JSON path context variable> ::=
<dol | ar si gn>

<JSON pfth named variable> ::=
<dol | ar sign> <JSON path identifier>

<JSON | st subscript> :: =
LAST

Context|variable: The SQL/JSON path language is always invoked with a context item. The confext item
is referepced using the symbol $. The context item is parsed as JSON; it is’an-error if the parsing fails.

Named yariables: Optionally, additional values can be passed in to the)path engine using the PASSING
clause. Hach value in the PASSING clause has an SQL identifier declated using AS. For example:

JSON VALUE (T1.J, 'lax $.phone [$K]"
PASSI NG T2. Huh AS K)

The pre¢eding example passes in the computed value T2.Huh as a variable named K. Within the path
expressi'rn, this value is referenced using the variable$k.

In the pijeceding example, the declared type of T2:Huh must be supported in the SQL/JSON data model.
This megns it must be a character string with-character set Unicode, numeric, Boolean, or datetime. It
cannot e a binary string, interval, row type,dser-defined type, reference type, or collection type.

It is also|possible to pass JSON to a namied variable. The (unnamed) context item is always parsged as
JSON; to|parse a named variable, the-EORMAT clause is required, as in this example:

JSON_EX| STS (T1.J1, 'lax $.?~(@nane == $J2. nane)’
PASSI NG T2.J2 FORMVAT JSON°AS J2)

The pre¢eding examplecompares the nane field in two JSON values, T1.J1 and T2.J2. T1.]J1 is chpsen as
the contpxt item, wheteas T2.J2 is passed in the PASSING clause. T1.J1 does not need a FORMAT clause,
wheread T2.]2 does,because without it T2.J2 would not be parsed and would only be passed as a dharacter
string. The path expression tests whether the name member in T1.J1 is the same as the nane member in
T2.]2, usling afilter expression (presented later). The result of the path expression is an empty SQL/JSON
sequencgk if the nane members are not equal, causing JSON_EXISTS to return False. If the name mjembers

are equdl then the result of path expression is a singleton SQL/JSON item, and the result of JSON_EXISTS

is True.

Note that it is necessary to observe the identifier rules of both SQL and JavaScript. Going back to the first
example, the SQL identifier K was coerced to uppercase since it is not a quoted identifier. JavaScript does
not coerce its identifiers to either upper or lower case. Consequently the following would be an error:

JSON_VALUE (T1.J, 'lax $.phone [$k]'
PASSI NG T2. Huh AS k)

In the erroneous rewrite, uppercase K has been replaced everywhere by lowercase k. In SQL, this is still
coerced to uppercase, but in the path expression, $k is left in lowercase, so there is a mismatch. To get a
variable with a lowercase name, it must be double-quoted in SQL, like this:
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JSON_VALUE (T1.J, 'lax $.phone [$k]'
PASSI NG T2. Huh AS "k")

Other variables: Two kinds of variables occur only in special contexts; these are:

1) Thekeyword | ast is a kind of variable, referencing the last subscript of an array; this will be consid-
ered with element accessors later.

2) An at-sign @is used in filter expressions to denote the value of the current SQL/JSON item; this will
be considered with filter expressions later.

7.9.4 Parentheses

As in SQL and JavaScript, parentheses may be used to override precedence. For example:

$a * ($b + 4)

The par¢ntheses override the usual precedence that performs multiplication before addition.

7.10 Accessors

7.10.1 Introduction to accessors

The synfax for accessors is:
<JSON afcessor expression> ::=
<JSPN path primary>
| <JSPN accessor expression> <JSON accessor op>

<JSON agcessor op> ::.=

<JSPN nmenber accessor>
| <JIJSDN wildcard nenber‘\accessor >
| <JSDN array accessory
| <JSDN wildcard arfray accessor>
| <JSDN filter eXpression>
| <JSDN item ngthod>

The first| four eheices are the accessors to be considered in this section. The last two are syntactically
similar butwill be treated separately for semantic reasons.

So, for presentprrpesesthere-arefotraceessors:
1) Member accessor.

2) Wildcard member accessor.

3) Elementaccessor.

4) Wildcard element accessor.

These accessors follow these general principles:
1) Accessors are postfix operators so they can be concatenated; they are evaluated from left to right.

2) The first operand of an accessor is evaluated to obtain an SQL/JSON sequence.
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3) The second operand specifies which kind of access to perform.

4) The access is performed by iterating over all SQL/JSON items in the value of the first operand.

5) Instrict mode, an accessor results in an error if any SQL/JSON item in the sequence fails the access
(e.g., member not found, subscript out of range, etc.).

6) Lax mode has three techniques to mitigate many errors:
a) Automatically unwrapping arrays before performing member access.

b) Automatically wrapping non-arrays in an array before performing element access.

c) |Converting structural errors to empty SQL/JSON sequence.

7.10.2 Member accessor

The synfax for member accessor is:

<JSON ngnber accessor> ::=
<pefi od> <JSON pat h key name>
| <pefiod> <JSON path string literal >

A membgr accessor is used to access a member of an object by key name. There are two ways tp specify
the key :Lame:

1) If the key name does not begin with a dollar sign and meets the JavaScript rules of an I dentji fi er,
ther] the member name can be written in clear téxtr For example:

$. nanme
$. fi|r st Nane
$. Phone

2) Anylkey name can be written as a character string literal. This supports member names that begin
with) a dollar sign or contain special characters. For example:

N
"$price”
"honme address”

“

The semlantics are as.follows:
1) Thelfirst operand is evaluated, resulting in an SQL/JSON sequence of SQL/JSON items.

2) In strictimode, every SQL/]JSON item in the SQL/JSON sequence must be an object with a member
hav1ng the specified key name. If this condition is not met, the result is an error.

3) Inlax mode, any SQL/JSON array in the SQL/JSON sequence is unwrapped. Unwrapping only goes
one deep; that is, if there is an array of arrays, the outermost array is unwrapped, leaving the inner
arrays alone.

4) Iterating over the SQL/JSON sequence, the bound value of each SQL/JSON item corresponding to the
specified key name is extracted. (In lax mode, any missing members are passed over silently).

Example: Suppose the context item is:
$ = { phones: [ { type: "cell", nunber: "abc-defg" },

{ nunber: "pqgr-wxyz" },
{ type: "hone", nunber: "hij-klm" } ] }
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$. phones. t ype is evaluated in lax mode as shown in Table 38, “Evaluation of ' $. phones. t ype' inlax
mode”.

Table 38 — Evaluation of' $. phones. type' in lax mode

Step Value
1 $ { phones: |
{ type: "cell", nunber: "abc-defg" },
nunmber: "pgr-wxyz" },
{ ty'JC I':IL.JIIC", IIUIIJUCI . ":I;j -Ir\: IIII'I } ] }
2 $. phones [ { type: "cell", nunber: "abc-defg" },
{ nunber: "pgr-wxyz" .},
{ type: "hone", nunmber: "hij-klm" } ]
3 $. phones. type "cell",
"home"

In the figst step, the value is just an SQL/JSON sequence of length 1, théejcontext item.

In the sgcond step, the value is the bound value of the member named phones. This is still an SQL/JSON
sequenck of length 1; the only item is an array.

The thirgl step tries to access the t ype member. However, the/SQL/JSON item in the SQL/JSON spquence
is an arrpy, not an object. Since this is an array in lax mode; the member accessor first unwraps|this
SQL/JSON item, giving the intermediate step illustratedrin Table 39, “Intermediate step”.

Table 39 — Intermediate step

Step Value
21n Unwr ap { type: "cell", nunber: "abc-defg" },
($. phones) { number: "pqr-wxyz" },
{ type: "hone", nunmber: "hij-klm" }

(Note that there is no unwrap function in the path language; this is an implicit primitive used in lax mode.)

The resylt of the intermediate step 2.1 is to unwrap the array, producing an SQL/JSON sequencp with
three SQL/JSON items. Now, the member access fort ype is performed iteratively on each SQL/J§ON item
of the infermediate result. The first and third SQL/JSON items have a t ype member, but the second does
not. The|final result (step 3) only retains the bound values for those SQL/JSON items that have a t ype
member| The'second SQL/]JSON item, which lacks at ype member, is a structural error, which is converted
to an empty SQE/ASONsequence imtax mode:

Now, consider this example in strict mode. Step 1 is evaluated the same as in lax mode. In step 2, a
structural error is seen, because the SQL/JSON item is an array rather than an object.

To get past this error, the strict mode user can use the wildcard element accessor presented later. The
revised path expression is $. phones[ *] . t ype, and the evaluation is shown in Table 40, “Evaluation
of $. phones[*].type' ”
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Table 40 — Evaluation of' $. phones[*]. type'

Step Value
1 $ { phones: [
{ type: "cell", nunber: "abc-defg" },
{ nunmber: "pgr-wxyz" },
{ type: "hone", nunber: "hij-klm" } ] }
2 $phomes —type—"cett*5—Tumber—"=bc=def g5
{ number: "pqr-wxyz" },
{ type: "honme", number: "hij-klm" } ]
3 $. phones][ *] { type: "cell", nunber: "abc-defg",},
{ number: "pqr-wxyz' ¥,
{ type: "hone", nunber: "hij-klm} }
4 $. phones[ *] error
.type

The reviged path expression still gets an error on step 4, because‘the second SQL/JSON item in the value

of step 3
member

using th
presentg

'$. phones[*] ? (exists (

]

@type)).type

does not have at ype member. The data has a loose schema that does not always provide at ype
Most likely, this data was not created with a stricttinode application in mind. However
mode user can surmount this hurdle by filtering out the SQL/JSON items that do not have a type
b path expression $. phones[*] ? (exists (@type)).type. Filters are another capabi
d later. This version of the path expression is\évaluated as shown in Table 41, “Evaluat

a strict
member,
ity to be
on of

Table 41 — Evaluation of \'¢! phones[*] ? (exists (@type)).type'

Step Value
1 $ { phones: |
{ type: "cell", nunber: "abc-defg" },
{ nunmber: "pgr-wxyz" },
{ type: "hone", nunber: "hij-klm" } ] }
2 $. phanes [ { type: "cell", nunber: "abc-defg" },
{ nunmber: "pqr-wxyz" },
{ type: "honme", nunmber: "hij-klm" } ]
3 $. phones|[ *] { type: "cell", nunber: "abc-defg" },
{ number: “pqr-wxyz" }
{ type: "hone", nunmber: "hij-klm" }
4 $. phones|[ *] { type: "cell", nunber: "abc-defg" },
? (exists { type: "hone", nunber: "hij-klm" }
(@type))
5 $. phones|[ *] "cell™",
? (exists "home"
(@type))
.type
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1) The first operand is evaluated, resulting in an SQL/JSON sequence of SQL/JSON items.

2) In SJHCt mode, every sQL/JSON item in the SQL/JSON Sequence must be an object. IT this cq
is ngt met, the result is an error.

3) Inlgx mode, any SQL/JSON array in the SQL/JSON sequence is unwrapped.

4) Iterating over the SQL/JSON sequence, every bound value of each SQL/JSON objéct in the S
sequence is extracted. (Inlax mode, any SQL/JSON items that are not objects dre passed over

There is only an implementation-dependent order to members within anrobject, but the or

objdcts within the SQL/JSON sequence is preserved in the result.

For example, using the data in the last section, consider the path expression $. phones

evaluatipn is shown in Table 42, “Evaluation of ' $. phones. *' in laxmede”.

Table 42 — Evaluation of ' $. phones. * in lax mode

ndition

DL/JSON
silently.)
der of

. * in lax mode. The

Step Value
1 $ { phonesi
{ type: "cell", nunber: "abc-defg" },
{ number: "pqr-wxyz" },
{>type: "hone", nunber: "hij-klm" } ] }
2 $. phones [ { type: "cell", nunber: "abc-defg" },
{ number: "pqr-wxyz" },
{ type: "home", nunmber: "hij-klm" } ]
2n Unwr ap { type: "cell", nunber: "abc-defg" },
($. phones) { nunber: "pqr-wxyz" },
{ type: "hone", nunber: "hij-klm" }
3 $. phones. * "cell", "abc-defg", "pqgr-wyz", "home",
"hij-klm"

Step 2.1|shews the intermediate step to unwrap the array because of lax mode.

In strict mode, the user must write $. phones[ *] . * to avoid raising an error. The result is illustrated in

Table 43, “Evaluation of ' $. phones[*].*' ”.

Table 43 — Evaluation of ' $. phones[*]. *'

Step Value
1 $ { phones: |
{ type: "cell", nunber: "abc-defg" },
{ nunmber: "pgr-wxyz" },
{ type: "hone", nunber: "hij-klm" } ] }
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Step Value
2 $. phones [ { type: "cell", nunber: "abc-defg" },
{ nunmber: "pqr-wxyz" },

{ type: "hone", nunber: "hij-klm" } ]

2.1 $. phones|[ *] { type: "cell", nunmber: "abc-defg" },
{ number: "pqr-wxyz" },
{ type: "honme", nunmber: "hij-klm" }

3 $. phones[*] .~ "celT™, "abc-defg", "pqr-wxyz', "home",
“hij - kIl m"

7.10.4 Element accessor

The BNH is:

<JSON afray accessor> ::=
<l eft|bracket> <JSON subscript |ist> <right bracket>

<JSON spbscript list> ::=
<JSON| subscript> [ { <conma> <JSON subscript> }..\]

<JSON spbscript> ::=
<JSPN path wff 1>
| <IJSDN path wff 2> to <JSON path wff 3>

<JSON path wif 1> ::=
<JSON| path wff>

<JSON path wff 2> ::=
<JSON| path wff>

<JSON paith wff 3> ::=
<JSON| path wff>

An element accessor uses squiare brackets to enclose a comma-separated list of subscripts. The sybscripts
can be specified in either of two forms:

1) A sipgle numericvalue.

2) Arange between two numeric values (inclusive) indicated by the keyword t o.

Following JavaScript conventions rather than SQL conventions, subscripts are 0-relative. Thus, [0]faccesses

the first lelementin-an-array

To handle arrays of unknown length, the special variable | ast may be used in a subscript. The value of

| ast is the size of the array minus 1 (one). For example, $[ | ast] accesses the last element in array $; and
$[last-1 to |ast] accesses the last two elements. This variable can only be used within an array
accessor, where it references the innermost array containing | ast .

For example:
$[0, last-1 to |last, 5]

The preceding accesses the first element of $, the last two elements of $, and the sixth element of $. Sub-
scripts can be specified in any order and may contain duplicates.
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In strict mode, subscripts must be singleton numeric values between 0 and | ast ; in lax mode, any subscripts
that are out of bound are simply ignored. In both strict and lax mode, non-numeric subscripts such as
$["hel | 0"] are an error.

More precisely, the semantics are specified as follows:

1) The first operand is evaluated, yielding an SQL/JSON sequence of SQL/JSON items.
2) Inlaxmode, any SQL/JSON item in the SQL/JSON sequence thatis not an array is wrapped in an array

of size 1.

3) In strictmedeitisanerrorifanySQEHSONHteminthe SQLASON-seqreneceisnetararray.
4) For pvery SQL/JSON item I in the SQL/JSON sequence:

a) |Every subscript is evaluated and subject to implementation-defined rounding:or'truncption.
Note that | ast may have a different value on different arrays in the SQL/JSON sequencg (which
is why this step is not performed outside the loop on SQL/JSON items). It.is an error if @any sub-
script is not a singleton numeric item, even in lax mode.

b) |Each subscript specifies a set of integers (either a single integer, or.dll integers betweep the
lower and upper bound inclusive).

c) |Instrict mode, itis an error if any subscript is less than 0 of-greater than | ast . It is alsojan error
when using t o to specify a range if the lower bound is greater than the upper bound.

d) |[The sets of integers are concatenated in the order spécified by the user to obtain the fihal set of
subscripts.

e) [The result for I is the SQL/JSON sequence ofielements in I at the positions specified by|the final
set of subscripts.

5) Theloverall result is the concatenation of the fesult for each SQL/JSON item [ in the input SQL/JSON
sequience.
Exampld: Let the context item be:
$ = { sensors:
{|sF: [ 10, 11, 12, 13 )15, 16, 17 ],
FC [ 20, 22, 24 ],
SJ: [ 30, 33 ]
}
Consider the pathexpression | ax $.sensors.*[0, |ast, 2].The evaluation results in the content of
Table 44, “Evaluation of ' | ax $.sensors.*[0, last, 2]'”
Table 44 — Evaluation of ' | ax $.sensors.*[0, last, 2]
Step Value
1 $ { sensors:
{ SF: [10, 11,12, 13,15, 16, 17],
FC [20, 22, 24],
SJ: [30, 33]
b}
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Step Value

$. sensors { SF:.[10,11, 12,13, 15, 16,17],
FC [20, 22, 24],
SJ: [30, 33]

—

$. sensors. * [10, 11, 12, 13, 15, 16, 17],
[ 20, 22, 24],
[ 30, 33]

$.sensors. *[ 0, | ast, 2] 10,17, 12,
20, 24, 24,
30, 33

Note that in step 3, the second array has 3 elements, so that| ast and 2 select the.same elemen

in step 4

Also, in 1
silently,

If this w.
is out of’

7.10.51

The BNH

<JSON W
<l eft

For exan
the oper
itinan 4

More pr
1) The

2) Inl4
of si

3) In st

the element whose value is 24 is selected twice.

tep 3, the third array has 2 elements, so that 2 is out of bounds. i1 lax mode, this is pas
hnd only subscript positions 0 and last appear in the final result.

hs evaluated in strict mode, there would be an error becausethe third array has a subsg

clement wildcard accessor

is:

| dcard array accessor> ::=
bracket > <asterisk> <right bracket>

1ple, the accessor $[ *] converts an array into a sequence of all of its elements. In strig
hnd must be an array. In laxmiode, if the operand is not an array, then one is provided by v
rray before unwrapping (effectively a no-op on non-array operands).

pcisely, the semantics'are specified as follows:
first operandiis-evaluated, yielding an SQL/JSON sequence of SQL/JSON items.

x mode, anny SQL/JSON item in the SQL/JSON sequence thatis not an array is wrapped in
ze 1.

rick mode, it is an error if any SQL/JSON item in the SQL/JSON sequence is not an array.

. Thus,

sed over

ript that

bounds. To avoid the error, the user might filter out arrays with less than three elements.

t mode,
yrapping

an array

y

4) For every SQL/]JSON item [ in the SQL/JSON sequence: the result for I is the sequence of elements of

L

5) The overall result is the concatenation of the result for each SQL/JSON item [ in the input SQL/JSON
sequence.

In lax mode, $[ *] isthe same as $[0 to | ast].In strict mode, there is a subtle difference: ${0 to | ast]
actually requires that the array have at least one element (at subscripts 0 and | ast ), whereas $[ *] is not

an error

70

in strict mode if $ is the empty array.
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7.10.6 Sequence semantics of the accessors

In review, the input to an accessor is an SQL/JSON sequence. The accessor is applied to each SQL/JSON
itemin the SQL/JSON sequence in turn and the results are concatenated, preserving order. When applying
an accessor to an SQL/JSON item, the result may be an error, or an SQL/JSON sequence of some length
(possibly empty, possibly a singleton, possibly longer). Overall, this means that there may be no one-to-
one correspondence between the input SQL/JSON items and the output SQL/JSON items.

For example, consider the path expression $. *[1 to |ast] applied in lax mode to the following JSON
text:

$ [ 12, 30 1],
[ 81,
[ "a", "b', et ]}

It of $. * is the following SQL/JSON sequence:

={ "x"
B A "pb"
The resu

[ 12, 3 e

D 1. [ [ ]

step in the evaluation is shown in Table 45, “ The step in the evaluation ”. s

81, "a", "b",

The nexf

Table 45 — The step in the evaluation

I

=

put SQL/JSON sequence Output SQL/JSON sequence

12, 30 ] 30

8 ]

g, "

In the fir
resultis
item, | as
empty S
array. Th

30, "b"

7.11 1]

st SQL/JSON item in the SQL/JSON sequence, | ast =1 (SQL/JSON arrays are 0-relative
the singleton 30. (Note that thie array accessor has removed the container). In the next S
t = 0. The subscript expression 1 to 0 is a structural error but lax mode converts this
DL/JSON sequence. In thelast row, last = 2 and the result is the last 2 SQL/JSON items
e final result is this SQL/JSON SQL/JSON sequence:

"

temmethods

, so the
DL/JSON
to an
of the

7.11.1 Introduction to item methods

Item methods are functions that operate on an SQL/JSON item and return an SQL/JSON item. Item
methods iterate over an SQL/JSON sequence; therefore they are written like methods as postfix operators
on a path expression.

<JSON item et hod> ::
<peri od> <JSON net hod>

<JSON net hod> ::
type <left paren> <right paren>

© ISO/IEC 2021 - All rights reserved 71


https://iecnorm.com/api/?name=73d07a269429ebb0a1a72674b9723ff6

	Contents
	Tables
	Figures
	Foreword
	Introduction
	1 Scope
	2 Normative references
	3 Terms and definitions
	4 JavaScript Object Notation (JSON)
	4.1 Context for JSON
	4.2 What is JSON?
	4.3 Representations of JSON data
	4.3.1 Introduction to representations of JSON data
	4.3.2 Avro
	4.3.3 BSON

	4.4 Schemas
	4.4.1 JSON schemata and validity
	4.4.2 Avro schemata
	4.4.3 BSON schemata

	4.5 Why does JSON matter in the context of SQL? What is JSON’s relationship to NoSQL?
	4.6 Use cases for JSON support in SQL
	4.6.1 Introduction to the use cases
	4.6.2 JSON data ingestion and storage
	4.6.3 JSON data generation from relational data
	4.6.4 Querying JSON as persistent semi-structured data model instances

	4.7 What features address those use cases?
	4.7.1 Addressing the use cases
	4.7.2 Storing JSON data in an SQL table
	4.7.3 Generating JSON in an SQL query
	4.7.4 Querying JSON data in SQL tables using SQL


	5 The SQL/JSON data model
	5.1 Introduction to the SQL/JSON data model
	5.2 SQL/JSON items
	5.2.1 Definition of SQL/JSON items
	5.2.2 Atomic values
	5.2.3 SQL/JSON arrays
	5.2.4 SQL/JSON objects

	5.3 SQL/JSON sequences
	5.4 Parsing JSON
	5.5 Serializing JSON

	6 SQL/JSON functions
	6.1 Introduction to SQL/JSON functions
	6.2 Handle JSON using built-in functions
	6.3 JSON API common syntax
	6.3.1 Introduction to JSON API common syntax
	6.3.2 JSON value expression
	6.3.3 Path expression
	6.3.4 PASSING clause
	6.3.5 JSON output clause
	6.3.6 ON ERROR and ON EMPTY syntax

	6.4 Query functions
	6.4.1 The four query functions
	6.4.2 JSON_EXISTS
	6.4.3 JSON_VALUE
	6.4.4 JSON_QUERY
	6.4.5 JSON_TABLE
	6.4.5.1 Introduction to JSON_TABLE
	6.4.5.2 COLUMNS clause that is not nested
	6.4.5.3 Nested COLUMNS clause
	6.4.5.4 PLAN clause

	6.4.6 Conformance features for query operators

	6.5 Constructor functions and IS JSON predicate
	6.5.1 Tables used to illustrate constructor functions and the IS JSON predicate
	6.5.2 JSON_OBJECT
	6.5.3 JSON_OBJECTAGG
	6.5.4 JSON_ARRAY
	6.5.5 JSON_ARRAYAGG
	6.5.6 IS JSON predicate
	6.5.7 Handling of JSON nulls and SQL nulls
	6.5.8 Conformance features for constructor functions


	7 SQL/JSON path language
	7.1 Overview of SQL/JSON path language
	7.2 Objectives for the SQL/JSON path language
	7.3 Modes
	7.3.1 Introduction to modes
	7.3.2 Example of strict vs lax

	7.4 Lexical issues
	7.5 Syntax summary
	7.6 Formal semantics and notational conventions
	7.7 Primitive operations in formal semantics
	7.7.1 Concatenation
	7.7.2 unwrap()
	7.7.3 wrap()

	7.8 Mode declaration
	7.9 <JSON path primary>
	7.9.1 Introduction to JSON path primaries
	7.9.2 Literals
	7.9.3 Variables
	7.9.4 Parentheses

	7.10 Accessors
	7.10.1 Introduction to accessors
	7.10.2 Member accessor
	7.10.3 Member wildcard accessor
	7.10.4 Element accessor
	7.10.5 Element wildcard accessor
	7.10.6 Sequence semantics of the accessors

	7.11 Item methods
	7.11.1 Introduction to item methods
	7.11.2 type()
	7.11.3 size()
	7.11.4 Numeric item methods (double, ceiling, floor, abs)
	7.11.5 datetime()
	7.11.6 keyvalue()

	7.12 Arithmetic expressions
	7.12.1 Introduction to arithmetic expressions
	7.12.2 Unary plus and minus
	7.12.3 Binary operations

	7.13 Filter expression
	7.13.1 Introduction to filter expressions
	7.13.2 true/false and True/False
	7.13.3 null and Unknown
	7.13.4 Error handling in filters
	7.13.5 Truth tables
	7.13.6 Comparison predicates
	7.13.7 like_regex predicate
	7.13.8 starts with predicate
	7.13.9 exists predicate
	7.13.10 is unknown predicate

	7.14 Conformance features for SQL/JSON path language

	Blank Page



