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Foreword

1(E)

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.
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ISO/IEC 9075-11, fifth edition or later;
ISO/IEC 9075-13, fifth edition or later;
ISO/IEC 9075-14, sixth edition or later;
ISO/IEC 9075-15, second edition or later;
ISO/IEC 9075-16, first edition or later.

© ISO/IEC 2021 - All rights reserved

ix


www.iso.org/directives
www.iec.ch/members_experts/refdocs
www.iec.ch/members_experts/refdocs
www.iso.org/patents
patents.iec.ch
www.iso.org/iso/foreword.html
www.iso.org/iso/foreword.html
www.iec.ch/understanding-standards
https://standardsiso.com/api/?name=73d07a269429ebb0a1a72674b9723ff6

ISO/IEC 19075-6:2021(E)

A list of all parts in the ISO/IEC 19075 series can be found on the ISO and [EC websites.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found atwww. i so. or g/ nenbers. ht Ml and ww. i ec. ch/ -
nati onal -conmittees.
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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) |Clause 3, “Terms and definitions”, defines the terms and definitions used in this document.
4) |Clause 4, “JavaScript Object Notation (JSON)”, introduces what is JSON.

5) [Clause 5, “The SQL/JSON data model”, introduces the data model that is used bycthe SQL/JSON
functions and the SQL/JSON path language.

6) |Clause 6, “SQL/JSON functions”, introduces the SQL/JSON functions to query’and construct JSON.
7) |[Clause 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 |Scope

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

— |Storing JSON data.

— |Publishing JSON data.

— |Querying JSON data.

— [SQL/JSON data model and path language.

© ISO/IEC 2021 - All rights reserved 1
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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
refefences, the latest edition of the referenced document (including any amendments) applies.

I§0/1EC 9075-1, Information technology — Database languages — SQL — Part 1: Framework
(§OL/Framework)

N

—

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

~
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Terms and definitions

1(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 pnd IEC maintain terminological databases for use in standardization at the following addresse

3.1

IEC Electropedia: available atht t p: / / www. el ect r opedi a. or g/

ISO Online browsing platform: available atht t p: / / www. i so. or g/ obp

JSON text
sequience of tokens

Not¢ 1 to entry: JSON text must be encoded in Unicode (UTF-8 by default); insignificant whitespace
be used anywhere in JSON text except within strings (where all whitespdce is significant), numbers,
literjals. JSON text is a single object or array

3.2
tokén
strimgs, numbers, literals, or one of six structural characters

Not¢ 1 to entry: The six structural characters are “{

3.3

T S AN N BN TR A T )
), }’ [I]J LI A

valye
objdct, array, number, string, or one of three literals

3.4
type

primitive type or structured type

3.5
priIlitive type
stri

3.6
pr
val

3.7

g, number, Boolean, or)null

1J1itive value
e that is a string, number, Boolean, or null

stryctured-type
objdctorarray

12

may
and

3.8
structured value
value that is an object or an array

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

3.9
string
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 not on the Basic Multilingual Plane.

e of

art

»

strulcture represented by “{”, zero or more members separated by “, ”, and “}”

”

strulcture represented by a “{.”} zero or more elements separated by “, ", and “]”

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

4 © 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
and

4.2

JSON (an acronym for “JavaScript Object Notation”) is both a notation (thatis,"a syntax) for represen

dat3

of classes and methods, type inheritance, or data abstraction. Instead; JSON “objects” are simple daf

requirements for the material discussed in this document shall be as specified in ISO/IEC9075
[SO/IEC 9075-2.

What is JSON?

and an implied data model. JSON is not an object-oriented data model;-that is, it does not define

T
[u

ting
sets
a

strufctures, including arrays. RFC 8259 says that JSON is a text formatfor the serialization of structured

datd
The

The
]SOl
objd

seqiience of zero or more values and is enclosed in square brackets —[ ].

Her

{ "

"\\&i ght" : 80,

"B

"Phone" : null }

The
The

Her
[ "R

Ina

. Its initial intended use was as a data transfer syntax.
complete syntax of JSON is specified in RFC 8259.

first-class components of the JSON data model are JSON values. A JSON value is one of the follow
N object, JSON array, JSON string, JSON number, ox:ghe of the JSON literals: true, false, and null. A ]
ctis zero or more name-value pairs and is enclesed in curly braces —{ }.A]SON array is an ord

b is an example of a JSON object:
lane" : "lsaac Newton",
Fanmous” : true,

name-value pairs are separated by commas, and the names are separated from the values by col
names are always strings and are enclosed in (double) quotation marks.

e is an example.ofa JSON array:
Robert J. ©ppenheimer”, 98, false, "Beechwood 45789" ]

JSON array, the values are separated by commas. JSON arrays and objects are fully nestable. Th4

val
sen

es in both JSON objects and JSON arrays may be JSON strings, JSON numbers, JSON Booleans (re

ring:
SON
bred

ons.

It is,
pre-
bcts,

ed-by the JSON literals true and false), JSON nulls (represented by the JSON literal null), JSON obj

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:

{"l

saac 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 ca

n 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 JSON data

4.3{1 Introduction to representations of JSON data

Befqre delving much deeper into the primary topic of this document, readers should understand th
JSON data can be represented in several widely-acknowledged and -used forms. The most obvious ¢
mogt easily recognizable is its “character string” representation, in whichJSON data is represented
Uni¢ode characters as plain text. More specifically, explicit characters such-as the left square brace,
comma, right curly brace, quotation mark, and letters and digits are all used in their native Unicode
resgntation (UTF-8, UTF-16, UTF-32).

However, for a variety of reasons, JSON data is sometimes stored.and exchanged in one of several bi
repifesentations. For example, a binary representation of JSON'data may be significantly smaller (fe
octegts) than the character representation of the same data;.$0 a reduction in network bandwidth an
storpge media can be achieved by transferring or storingsthat data in a binary representation.

Reaglers should note that there are no published standards, either from traditional de jure standard
orgdnizations nor from consortia or other de facto standards groups, for any binary representation
JSOIN. The two described in this document are frequently used and may be representative of binary ]

with binary serializations of JSON. The.SQL standard leaves it implementation-defined whether or
representations are supported ifi ahy particular SQL-implementation.

4.3]12 Avro

Avr¢ is described as a’data serialization system”. As such, its use is not limited to a binary representa
or af a compressioh reépresentation of JSON data. However, a number of JSON environments have ch
AvrI as their préferred binary, compressed representation.

Avro has a number of important characteristics that affect its choice as a JSON representation.

reprfesentations generally. The following discussion is intended only to illustrate the use of and issulfs

nt
nd
n

rep-

hary
ver
d or

S
5 of
SON

ot

tion
sen

occupy a different number of octets in an Avro string.

— |Data is represented in a variable-length, “shortest” form; e.g., the integer 2 and the integer 200|0

— Numbers are represented using a rather arcane “zig-zag” encoding (this notation “moves” the s

ign

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.

Avro datais 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 JfJSON data.) Tn this document, Avro is referenced as one possible serialization of JSON data; th¢
chafacter 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 serializgtion
system. BSON says that it is “a binary format in which zero or more key/value{pdits are stored as a single
entify,” called a “document”. BSON is used by — and apparently was created for — a specific commefcial
prodluct.

BSON strings are no less difficult for human beings to read than Avrostrings are, but the design of BSON
is significantly different than Avro’s. A BSON document is roughly‘a sequence of elements, each of which
is inftroduced by a single-octet code (for example, the hexadeciimal value ‘01’ identifies the element ps a
douple precision floating point value, which is always eight octets in length, and ‘OD’ identifies the elerhent
as aptring containing JavaScript code), followed by an optional element name, followed by the (mandatory)
ele(n]\ent value.

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

4.4 Schemas

4.4{1 JSON schemata and validity

Neither RFC 8259 nor1SO/IEC 22275:2018 provide any mechanism by which JSON values can be tested
for yalidity other than'strict syntactic validity.

JSON text is suffjeiently “self-describing” that data encoded in JSON is easily parsed and can often be yised
in application.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 lack|of a
standard.way to document its structure.

There is at Teast 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://standardsiso.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.

Conpequre A ift A i : A ataare
expressed in t tring is
posed of “smaller” schemata that represent each field in the Avro string. The schema descfibés ¢ach
field by its name, data type, and (if not already unambiguous) length. Thus, an applicationwishing J(())
accgss the fields in an Avro string must first parse the schema of that string, then use thatinformation
to Idcate the 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 componentsene might wish tp
proyide a different schema for each JSON text...a schema that uniquely describés that text and not (mec-
essdrily) any other JSON text. This approach necessarily creates an increase:in size of the JSON texts
assdciated with those schemata. For small JSON texts and/or JSON texts with a great many fields, the
overthead (in octets) of providing a schema for each such text in the Aviarepresentation becomes upac-
ceptiable very quickly. For very large JSON texts, particularly with small numbers of (very large) fields,

the presence of a per-text schema may be perfectly reasonable.

Avr¢ does not require that a schema be provided along with e€ach JSON text, individually. It does pefmit
thatjapproach, but it also allows for a single schema to describe 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 single schema
is adequate — and, of course, produces much-reduced-overhead. In the context of this document, af
entife column containing the Avro representation of JSON texts acts as the “container file”. The Avrg
schgma 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
objdct/array in the rows of a column contain‘'the same number of members/elements, each having the
samfe name (for objects) and data type;Italso means that the lengths (number of octets) of each mgm-
berfelement must be respectively the same, and that is not always easy to ensure.

NOTE 1 — Therefore, the JSON objects “{ "name” : "Joe", "salary” : 85000 }” and “{ "name" : "Bob", "salary" : 78000 }"
hre “sufficiently alike”, but “{ "name" : "Ann", "bonus" : 85000 }” is not.

4.4{3 BSON schemata

Because the BSON representation of JSON contains a one-octet code as the first octet of every field, |t is
posgible to secan'a BSON value and uniquely identify each field and its data type. Consequently, no sort
of s¢hema.is required for BSON-represented JSON data.

However, BSON — like Avro — uses variable-length fields, so that corresponding members/elemen|ts 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.
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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 fthe data Amnng the henefits are: reduced administrative costs, imprnvnr‘ cnr‘nrify and transaction
marjagement, better performance and greater possibilities for optimization, better resource allocatjon,
andlincreased developer productivity.

Incdrporation of JSON into the SQL umbrella offers implementers and users alike the benefits descrjbed
above. That fact easily justifies the relatively small increase in size and complexity of the’'SQL standard,
espé¢cially when the approach described in this document is used.

NoSQL database systems NoSQLDB are generally characterized by the following attributes:
— |They do not use the relational model (they also do not use a number of.ather data models).

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

— [They are optimized for data retrieval, not for data creation or update, nor on the relationships between
data.

— [They usually do not use ACID Distributed Transaction.Processing transactions; instead, they may
offer transactional models that result in “eventual consistency”.

— [They tend to be designed using distributed, fault-tolerant, highly parallel hardware and software
architectures.

NoSQL database systems come in a very wideyvariety of kinds, based on their targeted marketplacep
datd models, and application requirements. They have been crudely taxonomized into:

— |Key-value stores
— |“BigTable” stores
— [Document stores
— |Graph databases

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

BigTable stores implement multi-dimensional arrays such that applications provide one or more inflex
values (eften strings used as key values, instead of numeric indexes) that together provide the locatfion
of eﬂcell, 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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4.5 Why does JSON matter in the context of SQL? What is JSON’s relationship to NoSQL?

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

4.6

The

The

4.6

Use cases for |S| )N supportin SQI
rr Y

1 Introduction to the use cases

Fe are three primary use cases:

JSON data ingestion and storage

JSON data generation from relational data

Querying JSON as persistent semi-structured data model instances

following sections discuss these use cases in greater detail.

2 JSON data ingestion and storage

Defining a new native data type is both costly to implement for SQL-implementations and costly to a

by d
chai
type
(par
auth

4.6

This
datd
upo
—]J
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and
and

atabase tools and applications alike. Thus, ISO/IEC 9075-2 took the approach to ingest JSON da
acter strings or binary strings that are then'stored in ordinary SQL columns of some existing st|
. When such data is retrieved from thosecolumns for use in JSON-based functions, it is transfor
sed) into instances of an internal SQL/JSON data model that is never directly exposed to the applica
or.

3 JSON data generation from relational data

use case asks “Hewan JSON data instances be (declaratively) generated from relational tables
export?” Applications that are based on J[SON data not only want to store and retrieve such dat|

Hopt
aas
ring
med
tion

for
2l

h demand, batthey typically want their queries against such data to provide results in the same
| with many likely errors) construct JSON data, SQL's declarative nature suggests that JSON obj

arrays. (Readers are cautioned not to misinterpret this use case as requiring provision of a “bu

rm

bON. Although it is trivial to provide procedural mechanisms by which applications can laboriously

ts

arrays’should be generated instead of potentially lengthy character strings that represent such objects

Jsor

D PR SES LR Y
Udld €XPOUTI'L IdCIILy. )

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

Theluse cases are addressed as follows:

— |SQL query expressions can access JSON data according to its structure (e.g., using the names of key-
value pairs in JSON objects, positions in JSON arrays, etc.).

— |SQL queries can generate JSON data directly for return to invokers of those queries.
— |SQL tables can store JSON data persistently.

In the next sections, each of these “macro-features” are@xplored in turn.

4.7{2 Storing JSON data in an SQL table

Thefapproach taken by ISO/IEC 9075-2.ahd described in this document is to store JSON data into chargcter
string columns or binary string columns that are defined within ordinary SQL tables. That permits those
JSON data to participate in SQL queries (and, importantly, SQL-transactions) in the same manner agthe
datd stored in other columns ofthe same tables. By choosing to use columns whose declared types are

stripg types, the standardization (and implementation) overhead of creating a new built-in SQL data fype
is ayoided without losingrany significant advantages of a built-in type.

Applications, however, are not expected to provide detailed code to manipulate JSON data in those stifings
diregtly in the formi of character string operations. ISO/IEC 9075-2 provides a number of built-in SQL
fundtions that aceess (query) JSON data stored in such columns. These functions are described in Claufe 6,
“SQL/JSON functions”.

4.713 “Generating ISON in an SOL gquerv
O g e 4

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

The SQL/JSON data model

Introduction to the SQL/JSON data madel
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SQL/JSON data model used by SQL/JSON path language can be summarized as “sequences.of'ite

BQL-environment, the following conventions are adopted:

8259.
The modifier “SQL/JSON” refers to JSON constructs within the SQL=environment.

trated in Figure 1, “Relationships between “JSON” and “SQIS/JSON"”.

QO
\‘(\Q)

Parse

JSON ¢ o
‘ Seridlize
Oj

N

Figure 1T'— Relationships between “|]SON” and “SQL/JSON”

N data is parsed into'SQL/JSON values, which can then be serialized back into JSON. All JSON datg
arsed into SQLY/JSON values; however, not all SQL/JSON values can be serialized into JSON data
ing and serializing are addressed in more detail in Subclause 5.4, “Parsing JSON”, and Subclausg
ializing JSON”, respectively.

Tab
use

e 1,“JSON, SQL/JSON, and SQL (other than SQL/JSON values and counterparts)”, lists various te
innISO/IEC 9075-2 and this document related to JSON, SQL/JSON, and SQL (other than SQL/]JS

learly distinguish between JSON values “outside” the SQL-environment and their\analogs “inside

The modifier “JSON” refers to constructs within a character or binary stringthat conforms to RFC

relationship between “ISON” outside of and “SQL/JSON” within the SQL-environment is crudely

»

ms .

items are SQL scalar values with an additional SQL/JSON null value, and composite data structires
using JSON arrays and objects.

can

5.5,

rms
DN

valuesamnd their corresponding coumnterparts)-

14

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

jSONtiterattatse faise Fatse

JSON number number non-null number

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

NOTE 2 — SQL/JSON and SQL other than SQL/JSON have precisely the same value spaces in the case of non-null scalars of
Boolean, numeric, string, or datetime types.

5.2 SQL/JSON items

5.2]1 Definition of SQL/JSON items

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

1) [An SQL/JSON scalar, defined as a'nion-null value of any of the following predefined (SQL) types:
character string with character set Unicode, numeric, Boolean, or datetime.

2) |An SQL/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 SQL/JSON artay, defined as an ordered list of zero or more SQL/JSON items, called the SQL/JSON
elements of the SQL/JSON array.

4) |An SQL/JSON object, defined as an unordered collection of zero or more SQL/JSON members, where
an SQL/JSON member is a pair whose first value is a character string with character set Unicode{and
whesesecond value is an SQL/ JSON item. The first value of an SQL/JSON member is called 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 SJI1 and SJI2 are equivalent.

An §QL/JSON sequence is an ordered list of zero or more SQL/JSON items.
NOTE 5 — There is no SQL <data type> whose value space is SQL/JSON items or SQL/JSON sequences.

SQLY/JSON items are typed values in the following categories:
1) |Atomic values:
Atomic values are the non-null SQL values of the following types:
a) Strings in a Unicode character set.
b) Numeric values:
i) Exact numeric values.
ii)  Approximate numeric values.
c) Boolean values.
d) Datetime values.
e) The SQL/JSON null value, which is distinctfrom all SQL values, including the SQL null.
2) [SQL/JSON arrays.
3) [SQL/JSON obijects.

Thepe categories are discussed in thé fellowing subsections.

5.2]2 Atomic values

—

Atomic values in theSQL/JSON data model are virtually a subset of the values of <predefined type>
ISOfIEC 9075-2, Stibclause 6.1, “<data type>". To recap the choices in Foundation:

n

<pr ¢defi ned type> ::=

<char acter string type> [ CHARACTER SET <character set specification> ]
[vxcol | ate cl ause> ]

<pati'onal character string type> [ <collate clause> ]

<binary 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>.

2) Only character strings of Unicode characters are supported. The only collation is the binary (codepoint)
collation of Unicode.
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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.

Dat¢times have no serialized representation in JSON. They are part of the SQL/JSON data modelto sup|

co

5.2
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{ "name": MFi“do", "tag": 12345 }

parison predicates after converting JSON strings to datetime.

3 SQL/JSON arrays

QL/JSON array is an ordered list of zero or more SQL/JSON items in the SQL/JSON data model. W
hlized, the list is separated by commas and enclosed in square brackets, for example:

3, "bye bye" ]

arrays are 1-relative, whereas ISO/IEC 22275:2018 arrays are Q-relative. SQL/JSON arrays are
lative. This allows some path expression to be used in either the SQL/JSON path language or in
Script.

4 SQL/JSON objects

QL-JSON object is an unordered set of zero\ef’ more members.

The JSON syntactic grammar”.
ember is a pair of values:
The first value is a character String and is called the key of the member.

The second value is any(SQL/JSON item in the SQL/JSON data model and is called the bound va
of the member.

br separated by commas. Each member is serialized as its key (a character string, therefore encl

NOTE 6 — Empty objects are permitted; see RFG 8259, section 4, “Objects”, and ISO/IEC 22275:2018, section 15.12.1.2,

port

(hen

hlso

ue

QL/JSON object is setialized enclosed in curly braces, with the members listed in a non-determinjistic

sed

buble quotes);acolon, and then the serialization of the (second) value of the member. For exampple:

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 1liustrated 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’

number 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>.

array SQL/JSON array.

object SQL/JSON.qbject

5.5 Serializing JSON

Seriplizing JSON refers tothe process of exporting a value from the SQL/JSON data model back to sqme

storpge format. Serialization is specified only to JSON text; conversion to some other format, such as
AVRO or BSON, is leftas an implementation-defined extension in ISO/IEC 9075-2.

SQLYJSON datetintes cannot be serialized; neither can SQL/JSON sequences of length greater than gne.

The|result of serialization is an implementation-dependent string of Unicode characters that, if parsed,

woyld restore the original value in the SQL/JSON data model.

The|preécise 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 I$O/IEC 9075-2, operations on JSON data are generally performed using a set of built-in functionls
spedified explicitly for that purpose. These functions are called “SQL/JSON functions”. ISOAEE9075
also|specifies some supporting SQL syntax, such as the IS JSON predicate.

1
N

6.2 Handle JSON using built-in functions

SQLYJSON functions are partitioned into two groups: constructor functions’(JSON_OBJECT,
JSOIN_OBJECTAGG, JSON_ARRAY, and JSON_ARRAYAGG) and query functions (JSON_VALUE, JSON_TABLE,
JSOIN_EXISTS, and JSON_QUERY). Constructor functions use values.of- SQL types and produce JSON vallues
(JSON objects or JSON arrays) represented in SQL character or bitfary string types. Query functions
evaluate SQL/JSON path language expressions against JSON values, producing values of SQL/JSON types,
whith are converted to SQL types. The SQL/JSON path language is described in Clause 7, “SQL/JSON path
language”.

6.3l JSON API common syntax

6.3]1 Introduction to JSON APl common syntax

The|SQL/JSON query functions all need a path specification, the JSON value to be input to that path
spedification for querying and processing, and optional parameter values passed to the path specification.
They use a common syntax;

<JSON APl comon syntax> ::=
<JSON cont ext_d.t)en> <coma> <JSON path specification> [ AS <JSON table path nane> ]
[ <JSON_péassi ng cl ause> ]

<JSPN context/ itenm> :: =
<JSON wvalue expression>

<JSON-pat h specification> ::=
<character string riteral>

<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

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

<JSPN val ue expression> ::=
<yal ue expression> [ <JSON i nput cl ause> ]

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

<JSPN representation> :: =
JSON [ ENCODI NG { UTF8 | UTF16 | UTF32 } ]
| |<i npl enent ati on-defi ned JSON representati on option>

A <JSON value expression> may have an optional <JSON input clause>. This indicates that the value§
expression should be parsed as JSON. The standardized option is FORMAT JSON; implementations may
also[support syntax such as FORMAT AVRO or FORMAT BSON. When using the <JSON input clause>} the
<vz:1te expression> may be either a character string or a binary'string.

If thie user does not specify the ENCODING for a <JSON value'expression>, then the SQL-implementgtion
will|determine it as one of the three encoding alternatives: UTF8, UTF16, and UTF32.

6.3;3 Path expression

The|context item is followed by a comma and the SQL/JSON path expression. <JSON path specification>
is a tharacter string literal. Requiring ajliteral enables the SQL-implementation to optimize the query by
analyzing the SQL/JSON path expression and planning accordingly, for example, if there are indexes
available on the JSON data.

Theloptional <JSON table path/name> is syntax that is only used in JSON_TABLE, and then only if the iser
warts to write an explicit.plan for processing nested COLUMNS clauses. Explicit plans for JSON_TABLE
are ¢xplained later.

6.314 PASSING clause

SQLis ]SON facilities 1nclude a PASSING clause that is used to pass parameters to the SQL/JSON path
eXp COS51VUIL. FUI UAallllJlU, DUPPUDC LhaL dall SQL/IPS}\I{ ruuuuc haa lJal alllCLUl ] uyyc1 F- aud IUVVCI - all lt
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")
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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 <]SON value expression> spec1f1es the value to be passed 1nto the SQL/]SON path engine. ThlS ‘may

within the SQL/JSON path expression. In this example, these identifiers are “up’7and “lo”. Within the path
expression, these are referenced with a prefixed dollar sign ($up and $! o), siriee-$ marks the variablgs in
a path expression.

6.3]5 JSON output clause

Whegnever JSON data is returned as the result of a function,the application author will normally wigh to
control the form in which that JSON data is returned. The syntax used to specify the data type, formpt,
and[encoding of the JSON text created by a JSON-returning function.

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

<JSPN representation> :: =
JSON [ ENCODI NG { UTF8 | UTEZ6. UTF32 } ]
| |<i npl enent ati on-defi ned JSON-r epresentati on option>

If FORMAT is not specified, thensRFORMAT JSON is implicit. [f the <JSON output clause> specifies or implies
JSON, then the <data type> must identify a string type. FORMAT JSON specifies the data format specified
in [RFC8259]. FORMAT <implementation-defined JSON representation option> specifies an implementa-
tiondefined data format:

NOTE 7 — For example; BSON or AVRO; see Bibliography. An <implementation-defined JSON representation option> injplies
hn ability to parse astring into the SQL/JSON data model, and an ability to serialize an SQL/JSON array or SQL/JSON dbject
0 a string, similar to the capabilities of “Parsing a JSON text”, and “Serializing an SQL/JSON item”, respectively.

6.316 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.

The

1 The four query functions

SQL/JSON query functions are:
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FSONTEXISTS—-determine-whetheran-SQEASON-value-satisfiesapath-specifieation:
JSON_VALUE — extract an SQL scalar value from an SQL/JSON value.

JSON_QUERY — extract an SQL/JSON value from an SQL/JSON value.

JSON_TABLE — extract a table from an SQL/JSON value.

2 JSON_EXISTS

N_EXISTS determines whether a JSON value satisfies a search critetion. The syntax for JSON_EXI

DN exi sts predicate> ::=
BON_EXI STS <l eft paren>

<JSON APl common synt ax>

[ <JSON exists error behavi or> ON ERROR ]
i ght paren>

DN exi sts error behavior> ::=
TRUE | FALSE | UNKNOWN | ERROR

syntax for JSON_EXISTS is the shared syntax <J]SON API common syntax>, plus an optional ON ER
se, defaulting to FALSE ON ERROR. If'the value of the <]JSON context item> simply contained in {
N API common syntax> is the null\value, then the result of <JSON exists predicate> is Unknown

N_EXISTS is a predicate that can be used to test whether an SQL/JSON path expression is fulfille
QL/JSON value. JSON_EXISTS:evaluates the SQL/JSON path expression; the result is True if the
ession finds one or moné SQL/JSON items.

cider the sample dataiin Table 3, “JSON_EXISTS sample data”, with two columns, K (the primary
/ (a column contaihing JSON text).

Table 3 — JSON_EXISTS sample data

STS

ROR
he

d in
ath

key)

K J

101 {"who": "Fred", "where": "General Products”, "friends": [ { "name": "Lili", "rank'}: 5
T, {'Mame T "Hank", "Tank" T 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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J

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

}

non

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

158 ON ohia

Loo
Obs
one

Thid

value to be queried. The second argument is the SQL/JSON path expression.
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can write:

SELECT T.K
FROM T
VWHERE JSON_EXI STS (T.J, 'lax $.where')

erve that rows 103 and 104 have no “where” member. To find the rows that have a “where” member,

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

The
lax
exa

Aft
the
use

Ifa
that
row|

In th
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mer]
(The
invg
path

Thu

SQL/JSON path expression begins with the keyword lax, the alternative/being strict. The choice]of

r strict governs the behavior in certain error situations to be described later. In this particular
ple the choice is actually irrelevant.

the mode declaration (lax or strict) one reaches the essence of the SQL/JSON path expression|In

—

QL/JSON path expression, the dollar sign ($) represents‘the context item. The dot operator (. )
to select a member of an object; in this case the member called “where” is selected.

S

5101, 102, 105, and 106, and JSON_EXISTS return True for these rows.

is example, the path expression is in lax mede, which means that any “structural” errors are convejrt

U

hber. In lax mode, such structural errors are handled by returning an empty SQL/JSON sequenc
b alternative, strict mode, treats a structural error as a “hard” error and returns that error to the

expression is the empty-SQL/JSON sequence, and for these rows J[SON_EXISTS returns False.

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

Table 4 — Result of the sample query

Alte

106

rnatively, the query could be run in strict mode:

SELECT T.K

© ISO/IEC 2021 - All rights reserved

'ow has a “where” member, then the result of the. SQL:/JSON path expression is the bound value |of
“where” member. Thus, the SQL/JSON path expression returns a non-empty SQL/JSON sequencg for

ed

le empty SQL/JSON sequence. A structural error is an attempt to access a non-existent member|of
an object or element of an array. Rows 103'and 104 have structural errors, because they lack the “whlere

”

king routine. Strict mode will-be considered later.) On rows 103 and 104, the result of the SQL/JSON
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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
FROUV |
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 error. The
resylts of this query will therefore be as shown in Table 4, “Result of the sample query”, matching the
resylts of the lax mode example. FALSE ON ERROR is the default error behavior for JSON_EXISTS. Other
choices are TRUE ON ERROR, UNKNOWN ON ERROR, or ERROR ON ERROR.

In the examples considered above, the SQL/JSON path expression $. wher e will find either zero or one
SQLY/JSON item. In general, an SQL/JSON path expression might result in morethan one SQL/JSON item.
For pxample, some rows have more than one “rank” member; however, row,103 has no rank membér
(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})

Thid example shows another accessor in the SQL/JSON path'language, [ *], which selects all elemengs of
an a:Eray. Look at how this SQL/JSON path expression is,evaluated in row 101 of Table 5, “Accessor
example”.

Table 5 —Aé€cessor example

Path step Result

1 $ {"who": Fyed", "where": "General Products", "friends": [ { "name": "Lili'|,
"rank!: 5.}, {"name": "Hank", "rank": 7} ] }

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

Sucgessive lines above show the evaluation of the SQL/JSON path expression $.friends[*].rank. On the
firstline, $,the value is the entire context item. The next line drills down to the “friends” member, which
is an array. The next line drills down to the elements of the array. Notice that at this point the squarg
bragket/[ ] array wrappers are lost, and the result at this point is an SQL/JSON sequence of length fwo.
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.

6.413 JSON_VALUE

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

<JSPN val ue function> :: =

J$ON VALUE <l eft paren>
<JSON APl common synt ax>
[ <IJSON returning clause> ]
[ <JSON val ue enpty behavi or> ON EMPTY ]
[ <JSON val ue error behavi or> ON ERROR ]
<fi ght paren>

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

<JSPN val ue enpty behavior> ::=
ERROR

NULL

DEFAULT <val ue expressi on>

<JSON val ue error behavior> ::=
ERROR

| [NULL

DEFAULT <val ue expressi on>

<JSON value empty behavior> specifieswhat to do if the result of the SQL/JSON path expression is empty:
— |[NULL ON EMPTY means thatithe result of JSON_VALUE is the null value.
— |ERROR ON EMPTY means:that an exception is raised.

— |DEFAULT <value exptession> ON EMPTY means that the <value expression> is evaluated and cjst
to the target type.

<JSON value errorybehavior> specifies what to do if there is an unhandled error. Unhandled errors dan
arisg if there isaninput 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 same as for
<JSON value empty behavior>.

Whentusing DEFAULT <value expression> for either the empty or error behavior, what happens if the
<valueex i f Xception? Wer 1 urt \Y Vi ugh”

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

Notg¢ that JSON_VALUE by default returns an implementation-defined character string type. The usey can
spegify other types using a RETURNING clause,'to be considered later.

The|“where” member from each row can.alse 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 are ¢on-
verted to an empty SQL/JSON sequerice. For those rows, the user may desire a default value, such as pull.
Thig use case is supported using the.underlined syntax shown below:

SELECT T. K,
JSON_VALUE (I, J 'lax $.who') AS Wo,
JSON_VALUE~(\I/J, 'lax $.where'
NULL ON EMPTY) AS Nali

FROM T

with the resultshiown 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

26 © ISO/IEC 2021 - All rights reserved


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

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

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_VALUE (T.J, 'strict
JSON_VALUE (T.J, 'strict

DEFAULT 'no where there'

$. who' ) AS Who,
$. wher e’
ON_ERROR )

AS Nal i
FROM T

The

result 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

JSOIN_VALUE expects that the SQL/JSON path expression will return one SQL/JSON item; the ON EMPTY

clause can be used to handle miissing data (no SQL/JSON items) gracefully. More than one SQL/JSON

tem

is an error. To avoid raising anjexception on more than one SQL/JSON item, the ON ERROR clause can be

usedl. For example, some tows have more than one “friend”. Consider this query:

SELECT T. K,
JSONAALUE (T.J,
JSON_VALUE (T.J,
JSON_VALUE (T.J,
AS Fri end

FROM T

"lax $.who') AS Wo,
"l ax $.where'

DEFAULT

NULL ON EMPTY) AS Nali,
"l'ax $.friends. nanme' NULL ON EMPTY
Tk %k %k error * Kk k!

ON ERROR)

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 ***

© ISO/IEC 2021 - All rights reserved
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K WHO NALI FRIEND

103 Jack Connie

104 Joe Doris

105 Mabel Black Label Buck

10 Fouise fama
Rows 101 and 102 have an error because the path expression $. f ri ends. narme returns more than ohe
SQLYJSON item. Row 106, on the other hand, has no “friends”, so the NULL ON EMPTY clause’determjines
the result.

Row

"fri
Thu
objd
doe

104 in the preceding example deserves a closer look. Actually the “friends” member in this rov

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

5, $. fri ends is an array of two objects. The member accessor $. f ri ends. name will iterate over |
cts,asif$. fri ends[ *] . name had been written. The first object has a“mame” member, the second|
5 not. In lax mode, $. f ri ends. nane will quietly eliminate the SQL/JSON item in which there is n

“namne”, leaving one SQL/JSON item, and then JSON_VALUE can succeed with the result “Doris” with

rely

The
cons

ther

ng on either an ON EMPTY or ON ERROR clause.

ider the following example, with a small rewrite to specify strict mode:

SELECT T. K,
JSON_VALUE (T.J, 'strict $.who')AS Wo,
JSON_VALUE (T.J, 'strict $.wher'e® NULL ON EMPTY NULL ON ERROR) AS Nali,
JSON_VALUE (T.J, 'strict $.friyends[*].nane’ NULL ON EMPTY
DEFAULT '*** error ***' ON ERROR)
AS Friend
FROM T

the result changes to that shown in Table 10, “Result 5”.

Table 10 — Result 5

V is

both
one
D
put

ON ERROR clause is useful in strict mode, where even struictural errors are hard errors. For example,

K WHO NALI FRIEND
101 Fred General Products X error *H*
10P Tom MultiCorp *HK error ***
108 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

Notgtmrtheundertimedsymtax theuseof thesubscript 10t toaccess the firstetemrentof threarray—this
folldws the convention in ISO/IEC 22275:2018, section 5.1, that arrays begin at subscript 0 (zere)~This
is one instance where it was better to follow the conventions of the JSON community rather than"SQL.
Thelexample 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 from SQL/JSON values:

Thel[syntax for JSON_QUERY is:

<JSON query> : .5

J$ON QUERY <left paren>

<JSON/ARI comon synt ax>

[ <dSON out put cl ause> ]

[¢ <OISON query wr apper behavi or > WRAPPER ]

[. "<JSON query quotes behavior> QUOTES [ ON SCALAR STRING ] ]
[ <JSON guery enpty behavior> ON EMPTY ]

[ <JSON query error behavior> ON ERROR ]

<right paren>

<JSON query wrapper behavior> ::=
W THOUT [ ARRAY ]
| WTH [ CONDI TI ONAL | UNCONDI TI ONAL ] [ ARRAY ]

<JSON query quotes behavior> ::=

KEEP
| OMT
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<JSON query enpty behavior> ::

<JSON query error behavior> ::

The

Query functions

ERROR

NULL

EMPTY ARRAY
EMPTY OBJECT

ERROR
NULL
ENMPTY ARRAY

EMPTY OBJECT

way| The novel wrinkle is that DEFAULT <value expression> options are not provided; instead, the u

can

specify an empty array or empty object as the result in the empty or error cases.

If <JSON output clause> is not specified, then RETURNING FORMAT JSON is implicityTFhe declared t]

of <

clause>. If <JSON query empty behavior> is not specified, then NULL ON EMPTY isimplicit. If <JSON q
errdr behavior> is not specified, then NULL ON ERROR is implicit. If <J]SON query wrapper behaviot

not

specified, then WITHOUT ARRAY is implicit. If <JSON query wrapper.behavior> specifies WITH,

if ngither CONDITIONAL nor UNCONDITIONAL is specified, then UNCONDITIONAL is implicit. If the v
of the <JSON context item> simply contained in the <JSON API comm@en syntax> is the null value, th

the

Con
retr

result of <JSON query> is the null value.

finuing with the example data from Table 3, “J[SON_EXISTS&ample data”, suppose the user wish¢
eve the who, wher e, and f ri ends members. who and wherg'are scalars and can be extracted with

JSON_VALUE, but fri ends is a JSON array, so JSON_QUERY"is used:

SELECT T. K,

JSON_VALUE (T.J, 'lax $.who') AS Wpo,
JSON_VALUE (T.J, 'lax $.where' NULL*ON EMPTY) AS Nal i,
JSON_QUERY (T.J, 'lax $.friends() AS Friends

FROW T
WHERE JSON EXI STS (T.J, 'lax $.fri€nds')

with the result given in Table 12, “JSON_EXISTS results”.

Table 12 — JSON_EXISTS results

ON EMPTY and ON ERROR clauses are similar to JSON_VALUE, and handled essentially the.samg

ser

ype

SON query=>is the type specified by the <data type> contained in the explicit or'implicit <JSON oultput

hery

> is
and
alue
e

eS to

K WHO NALI FRIENDS

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

10p Tom MultiCorp [ { "name": "Sharon", "rank" : 2 },
{"name": "Monty", "rank" : 3 } ]

1038 Jaek H- " 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 expres

1(E)
ions

sion

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 } |

10L Tom MultiCorp [ { "name": "Sharon", "rank" : 2 },
{"name": "Monty", "rank" : 3 } ]

108 Jack [ { "nafme": "Connie" } ]

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

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

106 Louise [ana

Thelexample explicitly specified NULL ON EMPTY, which is also the default behavior. Other alternat
are ERROR ON EMPTY, EMPTY ARRAY ON:-EMPTY, and EMPTY OBJECT ON EMPTY. The latter two a
natiyes return the empty JSON forms“[J*-and “{}”, respectively.

A pgssible error condition is thatithe SQL/JSON path expression may result in more than one SQL/J
iteny, or the result may be a scalar'rather than an SQL/JSON array or object. For example, the path

expression $. fri ends. name(or$. f ri ends[ *] . nane in strict mode) may result in two names in rows
and|102. To handle this, the user may request that the results be wrapped in an array wrapper. Hersg
an example:

SELECT T. K,

JSON_VARMUE (T.J, 'lax $.who') AS Wo,

JSON-VALUE (T.J, 'lax $.where' NULL ON EMPTY) AS Nali,

JSONVQUERY (T.J, 'lax $.friends.name’ WTH ARRAY WRAPPER) AS Fri endsNanes
FROW T

ives
[ter-

SON

101
IS

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" ]

© ISO/IEC 2021 - All rights reserved
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K WHO NALI FRIENDSNAMES
104 Joe [ "Doris" ]
105 Mabel Black Label [ "Buck" ]
106 Louise lana [
Oncp again, row 106 is especially interesting. In this row, the result of the path expression is an empty

SQLY/JSON sequence. The array wrapper is applied to the empty SQL/JSON sequence, producinganen
arrdy, so there is no need to resort to the NULL ON EMPTY behavior in this case (and in fact the ON EM
claufse is prohibited if WITH ARRAY WRAPPER is specified).

The

initipl examples. Actually, WITH ARRAY WRAPPER comes in two varieties, WITH UNCONDITIONAL
ARRAY WRAPPER and WITH CONDITIONAL ARRAY WRAPPER, the default being UNCONDITIONAL.
diffgrence is that CONDITIONAL only supplies the array wrapper if the path expression results in anyt
othgr than a singleton SQL/JSON array or object. UNCONDITIONAL alwayssupplies the array wrapj
reggrdless of what the path expression results are.

What is the difference between JSON_VALUE returning a character strifig and JSON_QUERY? The differ

can

Not

value that is an array. Table 16, “Compatison of wrapper options”, illustrates the results of extracti

each

alternative to WITH ARRAY WRAPPER is WITHOUT ARRAY WRAPPER, the defaalt shown in th

be seen with the example data shown in Table 15, “Illustrating differences”.

Table 15 — Illustrating differences

J2

{a:"[1,2]", b: [1,2], i Thi"}

e in this data that members a and ¢ haye'values that are character strings, whereas member b hj

Table 16 — Comparison of wrapper options

pty
PTY

h

The
hing
er,

tnce

1S a
I

| member, comparing JSON_VALUE with JSON_QUERY, and comparing the different wrapper options.

Dperator $.a $.b $.c
SON_VALUE [1, 2] error hi
SON_QUERYY WITHOUT ARRAY WRAPPER error [1, 2] error

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, or ERROR
ON ERROR.

32
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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 SQL/JSON path expression to specify zero or more rows.
3) |A COLUMNS clause to specify the shape of the output table.
The|complete syntax for JSON_TABLE is complex, because of the support for nested-COLUMNS clauges.
Therefore the syntax will be presented in stages.
Congider 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 inthis section to illustrate spme
examples of the JSON_TABLE function syntax.
Table 17 — JSON_TABLE sample data in a book recommendation table
ID JCOL
111 { "Name" : "John Snith",
"address" : { "street Address" : .21 2nd Street",
"city" : "New York,
"state" : "NY",
"post al Code" \»*~10021 },
"phoneNumber" : [ { "type! : "home", "nunber" : "212 555-1234" },
{ "type" : "fax", "nunber" : "646 555-4567" } ],
"books" : [ { "title{ s "The Talisnman",
"authorList" : [ "Stephen King", "Peter Straub" ],
"category" : [ "SciFi", "Novel" ] },
{Atitle" : "Far fromthe Mdding Crowd",
“authorList" : [ "Thomas Hardy" ],
"category" : [ "Novel" ] } ] }
222 { "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", "number" : "650 555-2468" } ],
"books" : [ { "title" : "Good Onens",
"authorlist" : [ "Neil Gaiman", "Terry Pratchett" 1]
"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 t abl e col ums cl ause>
[ <JSON table plan cl ause> ]

<

<JS
(&1

<JS!

<JS
<

<JS!
<(

<JS

[ <JSON table error behavior> ON ERROR ]
i ght paren>

DN t abl e col ums cl ause> :: =

DLUWNS <| eft paren>
<JSON tabl e columm definition>
[ { <comma> <JSON tabl e colum definition>}... ]
<right paren>

DN t abl e columm definition> ::=

<JSON table ordinality colum definition>
<JSON tabl e regul ar columm definition>
<JSON tabl e formatted col umm definition>
<JSON t abl e nested col unms>

DN t abl e ordinality colum definition> ::=
ol um nanme> FOR ORDI NALI TY

DN t abl e regul ar colum definition> ::=

ol um nanme> <data type>
[ PATH <JSON tabl e colum path specification> ]
[ <JSON table colum enpty behavi or> QN EMPTY ]
[ <JSON table columm error behavi or->0ON ERROR ]

DN t abl e col utm enpty behavior> :: =
ERROR

NULL

DEFAULT <val ue expression>

DN t abl e col umm error behawi or> :: =
ERRCR

NULL

DEFAULT <val ue expressi on>

DN t abl e col um~—path specification> ::=
SON pat h speciYicati on>

DN t abl e forvmatted col umm definition> ::=

ol um nane> <data type>

PRVAT..<JSON r epresent ati on>

PATHY<JSON t abl e col umm path specification> ]

<JSON table formatted col uim w apper behavi or> WRAPPER ]

[
[

JSON Tabie formatted cof unmm gquotes benavi or> QUOTES

[ ON SCALAR STRING ] ]
<JSON table formatted col um enpty behavi or> ON EMPTY ]
<JSON table formatted col um error behavi or> ON ERRCR ]

<JSON tabl e formatted col umm wrapper behavior> ::=

W THOUT [ ARRAY ]
W TH [ CONDI TIONAL | UNCONDI TIONAL ] [ ARRAY ]

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

34
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ERROR

NULL

EMPTY ARRAY
EMPTY OBJECT

ERROR
NULL
ENMPTY ARRAY

<JSON t abl e error behavior> ::=

I
Like

the gontext item, path expression and PASSING clause. The path expression in this case is more accurz

calle
with

The
An ¢

A regular column supports columns of scalar type. The columnds)produced using the semantics of
JSOIN_VALUE. The column has an optional path expression, called the column pattern, which can be

defq
SQL

clauses, with the same choices and semantics as JSONCVALUE.

The

later.

Thid
expl

The
the

spe
The
iten
iten]

EMPTY OBJECT
ERROR
EMPTY

the other JSON querying operators, JSON_TABLE begins with <JSON API commpn.Syntax> to sp¢

d the row pattern path expression. This path expression is intended to produce an SQL/JSON seque
one SQL/JSON item for each row of the output table.

COLUMNS clause can define two kinds of columns: ordinality colunith$-and regular columns.

rdinality column provides a sequential numbering of rows. Rowniumbering is 1-based.

ulted from the column name. The column pattern is used-to search for the column within the cur
JSON item produced by the row pattern. The column also has optional ON EMPTY and ON ERR

final option for a <JSON table column definition> is <JSON table nested columns>, which is consid

is followed by the PLAN clause as payt of the <JSON table plan clause> option, which is used to
ess the processing of multiple nested paths.

following example generates relational data containing a column, ROWSEQ, illustrating the use
FOR ORDINALITY clause, and-a column, TITLE, of type VARCHAR(30), extracted according to th
ified path expressions applied to the JSON data contained in the column JCOL of the BOOKCLUB t:
row pattern path expression (' | ax $. books[ *]' ) returnsan SQL/JSON sequence with one SQL/J
for each element of-the SQL/JSON array that is the value of the books member. Each such SQL/]
is the basis for aresult row and input to the column pattern (' 1 ax $.title') that produces th

val

SELECT jt.rowseq, jt.title

F

e for the TITLE column in that row.

bookchub,
JSON.TABLE ( bookclub.jcol, 'lax $.books[*]'
COLUMNS ( rowSeq FOR ORDI NALI TY,
title VARCHAR(30) PATH 'lax $.title',

cify
itely
nce,

rent
OR

bred

of

a)

hble.
SON
SON
e

) AS |t

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

© ISO/IEC 2021 - All rights reserved
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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 ums cl ause>

<JSEN tabl e nested path specification> ::=
<JSON pat h specification>

<JSPN tabl e nested path nanme> ::=
<JSON t abl e path nane>

<JSON tabl e path name> ::=
<ildentifier>

The[nested COLUMNS clause begins with the keyword NESTED, followed by a path and an optional
nanie. The path provides a refined context for the nested«columns. The primary use of the path nam
user wishes to specify an explicit plan.

the prolog to specify the path and path name;there is a COLUMNS clause, which has the same
capdbilities already considered.

The[NESTED clause allows unnesting of (evetdeeply) nested JSON objects/arrays in one invocatior
rathler than chaining several JSON_TABLEexpressions in the SQL-statement.

Thelfollowing example illustrates theluse of an elementary nested COLUMNS clause in JSON_TABLE. ]
the missing phoneNumber data in.the last row of the result. This default LEFT OUTER JOIN-like semz
in this parent-child nested relationship is further explained in the next section.

SELECT bookcl ub.id, jte~name, jt.type, jt.nunber
bookcl ub,
JSON_TABLE ( booKclub.jcol, 'lax $
GOLUWNS ( nanme VARCHAR(30) PATH 'l ax $. Nane',
NESTED PATH ' | ax $. phoneNunber[*]’
COLUWNS ( type VARCHAR(10) PATH 'lax $.type',
nunmber CHAR(12) PATH 'lax $.nunber' ) )
) ASjt;

The(résult of the query using the BOOKCLUB table sample data is shown in Table 19, “Nested query
resutt™

Table 19 — Nested query result

ID NAME TYPE NUMBER
111 | John Smith home 212 555-1234
111 | John Smith fax 646 555-4567
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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 spen above, every path may optionally be followed by a path name using an AS clause. Path name:
identifiers and must be unique. Path names are used in the PLAN clause to express‘the desired outp

plan.
The|syntax for the PLAN clause is:

<JSOPN tabl e plan clause> ::=
<JSON t abl e specific plan>
<JSON t abl e default plan>

<JSON tabl e specific plan> ::=
PUAN <l eft paren> <JSON tabl e pl an> <right paren>

<JSOPN table plan> ::=

<JSON t abl e path nane>

<JSON tabl e plan parent/chil d>
<JSON tabl e pl an sibling>

<JSON table plan parent/child> ::=
<JSON t abl e plan outer>
<JSON tabl e plan inner>

<JSOPN tabl e plan outer> ::=
<JSON t abl e path nane> OUTER <JSON tabl e plan prinmary>

<JSON table plan inner> <=
<JSON t abl e path nang>“NNER <JSON tabl e plan prinmary>

<JSON tabl e plan sihling> ::=
<JSON t abl e pl‘an "uni on>
<JSON t abl espl/an cross>

<JSON t abl espltan union> :: =
<JSON table plan primary> UNION <JSON table plan primry>
[, -UNION <JSON table plan primary> }... ]

<JSPN"Vabl e 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>

<JSON tabl e default plan choices> ::=
<JSON tabl e default plan inner/outer>

© ISO/IEC 2021 - All rights reserved
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[ <comma> <JSON table default plan union/cross> ]
<JSON tabl e default plan union/cross>
[ <comma> <JSON table default plan inner/outer> ]

<JSON tabl e default plan inner/outer> ::=

<JSON tabl e default plan union/cross> ::

I NNER
QUTER

UNI ON

The
chati

The
the

CRCSS

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

acteristics.

INNER expresses INNER JOIN semantics.

OUTER expresses LEFT OUTER JOIN semantics and is the default with parenty/child relationships.

The first operand of an INNER or OUTER (parent/child relationship) is nécessarily a <JSON tabje

path name> and must be an ancestor of all path names in the second operand.

If there is an explicit PLAN clause, all path names must be explicitdnd appear in the PLAN claus

exactly once.
CROSS expresses CROSS JOIN semantics.

UNION expresses semantics of a FULL OUTER JOIN with.ah unsatisfiable predicate such as 1=0
is the default with sibling relationships.

UNION is associative (no parentheses required fot a list of paths to be unioned).
CROSS is associative.

Parentheses are required to disambiguate,complex expressions. In particular, there is no preced
between UNION and CROSS.

following query illustrates the déefault OUTER semantics between the parent-child relationship
buter context of ID and NAME with the nested columns of the book title and first and second au

col

columns in this example.

SELECT bookcl ub.id, jt\name, jt.title, jt.authorl, jt.author2

F

mns. The first and second author column values, if present, are explicitly placed in two separats

bookcl ub,
JSON_TABLE (~beokcl ub.jcol, 'lax $
COLUWNS ( name VARCHAR(30) PATH 'lax $.Nane',
NESTED PATH 'l ax $. books[*]"
COLUWNS ( title VARCHAR(60) PATH 'lax $.title',
NESTED PATH 'l ax $.authorList[*]' AS A
COLUWNS ( aut hor1 VARCHAR(30) PATH 'lax $[0]"
aut hor 2 VARCHAR(30) PATH 'lax $[1]"

e

and

Ence

of
thor

h

)

) ASjt;

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

38

© ISO/IEC 2021 - All rights reserved


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

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

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|following query illustrates the nested COLUMNS clause using the default UNION semantic with

sibling nested author and category columns.

SELE
FRON

The
resy

FCT bookcl ub. i d,
I bookcl ub,
JSON_TABLE ( bookclub.jcol, 'lax $
COLUWNS ( nanme VARCHAR(30) PATH 'lax ${Nane',
NESTED PATH ' | ax $. books[ *]\
COLUWNS ( title VARCHAR(6@) PATH 'lax $.title',
NESTED PATH '{ax $.authorList[*]' AS ATH
COLUWNS ( author VARCHAR(30) PATH 'lax $' ),
NESTED RATH ' | ax $.category[*]' AS CAT
COLUWNS, (“vcat egory VARCHAR(30) PATH 'lax $' )

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

)
) ASjt;

result of the query using the BOOKCLUBtable sample data is shown in Table 21, “Second PLAN q
It”.

Table 21 — Second PLAN query result

the

hery

© ISO/IEC 2021 - All rights reserved

ID NAME TITLE AUTHOR CATEGORY
111 | John Smith The Talisman Stephen King

111 | John<Smith The Talisman Peter Straub

111 |A4ehn Smith The Talisman SciFi
111~ John Smith The Talisman Novel
1 John-Smith Ear Erom-the Madding Growd ThemasHardy

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

Thelfollowing query illustrates the nested columns using the PLAN clause specifying the CROSS semallltics

between the sibling author and category columns. The rows with outer values that do not have anyine
columns are not present in the result given the INNER semantics.

SELECT bookclub.id, jt.name, jt.title, jt.authorl, jt.category
FROW bookcl 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 $.authorbhist[*]' AS ATH
COLUWNS ( aut hor VARCHAR(30) PATH 'lax $' )

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 claus
follqws:

SELECT bookclub.id, jt.nanme, jt.title,Jjt.authorl, jt.category
FROW bookcl ub,
JSON_TABLE ( bookcl ub.jcol ,~"lax $ AS PERSON
COLUWMNS ( nane-VARCHAR(30) PATH 'lax $. Nane',
NESTED PATH 'l ax $. books[*]' AS BOOKS
COLUWMNS ( title VARCHAR(60) PATH 'lax $.title',
NESTED PATH 'l ax $.authorList[*]' AS ATH
COLUWMNS ( aut hor VARCHAR(30) PATH 'lax $' )

COLUWS ( category VARCHAR(30)
PATH 'lax $' )
)
)

PLAN DEFAULT ( | NNER, CROSS )
) ASjt;

NESTED PATH-\l ax $.category[*]' AS CAT

NESTED PATH 'l ax $.category[*]' AS CAT

sted

£ as

The|réesult of this query using the BOOKCLUB table sample data is shown in Table 22, “Third PLAN q

hery

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

122— 1 Peter Watker T Good-Omrerrs NeitGaimman Famtasy
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|following conformance features are defined for the SQL/JSON query operators:
— |Feature T821, “Basic SQL/JSON query operators”, definred as the following:
¢ JSON_VALUE with no PASSING clause, no ON‘EMPTY, no ON ERROR clause.

— Without explicit PASSING syntax, nd«alues other than the context item can be passed tio 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.

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

=

— Withoutexplicit PASSING syntax, no values other than the context item can be passed o an
SQL/]JSON path expression.

— Without explicit PLAN syntax, the default for joining parent/ child columns has OUTER|join
semantics.

—2~ Without sibling NESTED COLUMNS support, the default for joining sibling NESTED COLUMNS
has UNION join semantics.

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

e ISJSON 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”:

e Allows passing of additional values to the SQL/JSON path expression.

— |Feature T824, “JSON_TABLE: specific PLAN clause”:

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

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

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

e  Without this feature, the user specified value expressianiin the ON ERROR clause or ON EMPTY
clause in JSON_VALUE or on a regular column definitionin JSON_TABLE can only be a literal.

— |Feature T827, “JSON_TABLE: sibling NESTED COLUMNS clauses”:

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

— [Feature T828, “JSON_QUERY”:

e JSON_QUERY butno PASSING, ONEMPTY, ON ERROR, or wrapper clauses. These excluded syptax
options are enabled in conjunctien with other features.

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

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

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

— Witheut explicit syntax, the default for the wrapper option is WITHOUT ARRAY.
— |Feature T829, “JSON_QUERY: array wrapper options”:

o  With support for this feature, the user can specify whether none, all, or only scalar results shpuld
be enclosed in an SQL/JSON array.

— Fealure I'oso, JOUN_IABLE! FLAN DEFAULI 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:

TE TABLE depts (
ptno | NTEGER,
pt name CHARACTER VARYI NG 30) )

Q Q

TE TABLE jobs (
j 9b_seq | NTEGER,
job_attri b CHARACTER(5),
b_attval CHARACTER VARYI NG 64) )

TE TABLE enpl oyees (

mp_i d | NTEGER,

ame CHARACTER VARY! NG 50),

gal ary DECI MAL(7, 2),

dept _id | NTEGER,

jlson_enp CHARACTER VARYI NG 5000) )

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

Table 23 — DEPTS table

DEPTNO DEPTNAME
314 Engineering
113 Architecture
12 Accounting
7 Sales

13 Executive

Congpider also theJOBS 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”.

6.5

SQL
with

itself. This section of this document describes the built-in function, JSON_OBJECT, that constructs |

obje

<J S
NE

<

<JS

<J S
<(

<JS

Table 25 — EMPLOYEES table

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

2 JSON_OBJECT

applications working with JSON data will often need¢«to)construct new JSON objects, either for
in the applications themselves, for storage in the SQlzdatabase, or to return to the application prog

cts from explicit name/value pairs.

DN obj ect constructor> ::=
BON_OBJECT <l eft paren>
[ <IJSON nane and value> [ { <coma> <JSON nanme and value> }... ]
[ <JSON constructor null clause> ]
[ <JSON key uni queness const'raint> ] ]
[ <JSON out put cl ause> ]
i ght paren>

DN nanme and val ue> :: =
[ KEY ] <JSON nane>)VALUE <JSON val ue expressi on>
<JSON nane> <cohon> <JSON val ue expressi on>

DN nane> :: =
har act er yal ue expressi on>

DN consfyuctor null clause> ::=
NULLTON NULL
ABSENT ON NULL

<JSON key uni queness constraint> ::=

W TH UNI QUE [ KEYS ]
W THOUT UNI QUE [ KEYS ]

se
ram
ON

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.

44
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SELECT
JSON_OBJECT( KEY 'deptno’ VALUE d. dept no,
KEY ' dept name' VALUE d. deptnane ) AS D314
FROM depts AS d
VWHERE d. deptno = 314

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

14 ] 4 1 VARCIIAD 1+l 3 ] ot dafi ] £l {73 H £l rs JICON
reSL ICCUITUIIIII L)’IJC 1S VIAINGUIIZNNIN VVILITL Adll uu}uculcul.auuu UCTIIIICU lCllsLll. \4 1ouau_y, IIC TULTUILIITYu JnJUl

objdct would look something like shown in Table 26, “The JSON object returned”.

NOTE 9 — This and other examples in this document show insignificant whitespace in the result for readability-only| For
bxample, the spaces following the left curly brace, before and after the colons, etc., in the output are insignificantwhitespace.
While a conforming SQL-implementation may add insignificant whitespace, no conforming SQL-implementation is reqpired

o do so.
Table 26 — The JSON object returned
D314
{ '"ldeptno" : 314, "deptnane" : "Engineering" }

If Fdature T814, “Colon in JSON_OBJECT or JSON_OBJECTAGG"ds implemented, the query could also| be
expressed using colon as a key-value separator:

SELECT JSON_OBJECT( 'deptno' : d.deptno, 'deptinane’ : d.deptname ) AS D314
FROY depts AS d
VWHERE d. deptno = 314

6.5;3 JSON_OBJECTAGG

Often, it is inappropriate or even impossible to construct a JSON object by explicitly specifying the names
of tHe contained name/value pdirs (e.g., because the names are not known a priori). Instead, an applicdtion
developer may wish to consttucta JSON object as an aggregation of information in an SQL table. Presurning
thatithe SQL table actuall§ ¢ontains a column with JSON names and another column with corresponfing
values, the built-in function JSON_OBJECTAGG (“object aggregate”) performs this function.

<JSPN obj ect aggregate constructor> ::=
J$ON_OBIECTAGG <l eft paren>

<JSON'ngne and val ue>

[ <dSON constructor null clause> ]

[, €3SON key uni queness constraint> ]

[ |<ISON out put cl ause> ]

<iight 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 dept s

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:

SELKECT j.job_seq,
JSON_OBJECTAGG (KEY j.job_attrib VALUE j.job_attval RETURNI NG VARCHAR(200)
AS attributes
FROY j obs AS |
GROUP BY j.job_seq

will|produce a table containing four rows, each containing two columns. The first column of the table
confains the job sequence numbers, while the second column contains a serialization of a JSON objgct
thatlis a pivot of the information in all of the rows associated with the corresponding job sequence
nunjber. The result type of the JSON object is VARCHAR with a maximum length of 200, as specified|in

the query. An exception condition would be raised if this length is exceeded(The result will look something
like [the result shown in Table 27, “Returned JSON object with the corresponding job sequence number”.

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

JOB_SEQ ATTRIBUTES

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

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

49p {"Leader": "129596" }

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

6.5/4 JSON_ARRAY

Just|as an application-developer might wish to construct a JSON object from an explicit list of data, ghe
might wish to cofstruct a JSON array from a similar list of data. The built-in function JSON_ARRAY proviides
that]capability:

<JSON array constructor> ::=
<JSON array constructor by enuneration>
| |[<ISON 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 [SON_ARRAY, if not explicitly specified, the default ON NULL clause is ABSENT ON NULL (which
diffgrent from the default for JSON_OBJECT).

i

S

The|following query illustrates the use of JSON_ARRAY:

SELECT
J$ON_ARRAY ( 'deptno', d.deptno, 'deptnane', d.deptnane )
F depts AS d

ERE d. deptno = 314

Thiqd query returns one row for department 314 recorded in the DEPTS tdble; that row contains a single
column, which contains a serialization of a JSON array containing two eharacter string literals, the
department number,; and the department name. Visually, the returnedJSON array would look something
like [this:

[ "deptno", 314, "deptnane", "Engineering" ]

6.5)5 JSON_ARRAYAGG

Just]as an SQL application might need to construct a JSON object as an aggregation of SQL data, so nmight
it nged to construct a JSON array as an aggregate.

<JSON array aggregate construct o>\ =
JPON_ARRAYAGG <l ef t paren>

<JSON val ue expression3

[ <JSON array aggregate order by clause> ]

[ <JSON constructor  null clause> ]

[ <JSON out put clause> ]

<ili ght paren>

<JSON array aggregate order by clause> ::=
ORDER BY <sort ‘specification |ist>

Thel|default, if no ON NULL clause is given, is ABSENT ON NULL.

For pxample:

SELFIf‘T 1SON_ARRAYACG ( J| J| ob attval BRETURNLNG Cl m( QI() ) AS attrihutes
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

AT

TRIBUTES

l o

[ "155566", "00:30:00", "Design the new tables for the web site",
"01:00: 00", "Load the tables with existing data", "129596", "Design the

k-and-feel of the web site" ]

]SO1
befd
mig
of in

SELH

N_ARRAYAGG supports an optional ORDER BY clause that allows the results of the query tobeord
re the selected data is extracted to be placed in the resulting JSON array. As an examplésthe SQL
nt be used to create a JSON object for each department listing all employees and thejrsalary in o
creasing salary looks like this:

FCT JSON_OBJECT (
"departnment’' : d.nane,
"enpl oyees' : JSON_ARRAYAGG ( JSON_OBJECT ( 'enployee' : e.nane,
"salary' : e.salary )
ORDER BY e.salary ASC ) ,)\AS departnents

FROY depts d, enpl oyees e

\HER
GRO

Tab

In th
nani

SELF

RE d. deptno = e.dept_id
UP BY d. dept no;

e 29, “Second ARRAYAGG query result”, illustrates the results 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} ]
}

e following example, when there no employees in a department, a JSON null is output as the empl
e and the salary intheresult:

ECT JSON_OBJECT) (
' depart ment)/~: d. nane,
"enpl oyees”™ : JSON_ARRAYAGG ( JSON_OBJECT ( 'enpl oyee' : e.nane,
"salary' : e.salary )
ORDER BY e.salary ASC ) ) AS departnents

F

dépt's d LEFT QUTER JO N enpl oyees e

bred
that
rder

hyee

ON ( d.deptno = e.dept_id )

GROUP BY d. dept no;

The

48

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},
{ "enployee" . "logan", "salary" : 10000} ]
}
{ "department" : "Engi neering",
"enpl oyees" : [ { "enployee"” : null, "salary" : null } ]
}
{ "departnment" : "Architecture",
"enpl oyees" : [ { "enployee" : null, "salary" : null }~]
}
{ "departnent" : "Accounting",
"enpl oyees" : [ { "enployee" : null, "salary"¢:\null } ]
}
{ "departnment" : "Executive",
"enpl oyees" : [ { "enployee" : null, Msalary" : null } ]
}
6.5/6 ISJSON predicate

JSON data. The IS JSON predicate determines whether the value of a specified string does or does ngt

App%ications will frequently want to ensure that the data they expect to consume as JSON data is, indj)eed,
conform to the structural rules forJSON. The syntax of the IS JSON predicate is:

<JSPN predicate> ::=

<g§tring val ue expression> [ <JSON input clause>] IS [ NOT ] JSON
[ <JSON predicat'e/type constraint> ]
[ <JSON key uhi-queness constraint> ]

<JSON predi cat entype constraint> ::=
VALUE
| |ARRAY
| [OBIECT:
| [SCALAR

If<] SON input clause>isnot cppr‘ifipd, then FEQRMAT JSON is implir‘if IF<IIQ()N l(pylmiqnpnpcc canstraint>
is not specified, 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.

© ISO/IEC 2021 - All rights reserved 49


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

ISO/IEC 19075-6:2021(E)
6.5 Constructor functions and IS JSON predicate

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:
{"a" : null, "b" : "null"™, "c" : "" }

JSON_VALUE, evaluated against that JSON object, returning the result as an SQL scalar value, would return,
for gachrespective mame/vattue pait; the fottowing the SQLmutt vatue, the SQE character string comprising
the four characters “nul 1 ”, and the SQL zero-length character string; if[SON_VALUE were used tometifieve
the yalue associated with the name “d”, it would return the SQL null value. Note that, when retrieving
the yalue of the first name/value pair, the SQL/JSON null value is automatically transformed: into an{SQL
nullfvalue.

The|J]SON constructor functions have to deal with situations in which the SQL data that is being quefied
are QL null values. SQL/JSON supplies optional syntax to allow the application author to select whether
SQL{null values are included in the JSON object or JSON array being constructed, or whether object
merhbers or array elements whose (bound) values are SQL null values are oniitted from the JSON object
or J§ON array being constructed.

6.5)8 Conformance features for constructor functions

Thete are five conformance features defined for the JSON.constructor functions:
— |Feature T811, “Basic SQL/JSON constructor functiens”, defined as the following:
e JSON_OBJECT with no <JSON key uniqueness constraint>.
— Without explicit UNIQUE KEYS syntax, the default is WITHOUT UNIQUE KEYS.
e JSON_ARRAY.
¢ JSON_ARRAYAGG without the ORDER BY option.

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

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

— |Feature T812,/SQL/JSON: JSON_OBJECTAGG” with no <JSON key uniqueness constraint>.
— [|Feature T8%3; “SQL/JSON: JSON_ARRAYAGG with ORDER BY”:

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

array.
N 4 TOQ1 4 “C 1 3 ICAON _ ADPID T ICAON-_ARIECTALLY
I Ircatulic 1017, GUUIUIL 11T JJ\JIV_UIJJLA\_‘ 1 Ul JJUl‘_UUJL‘\.‘ 1IAUU .

e 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”:

e Adds the WITH UNIQUE KEYS and WITHOUT UNIQUE KEYS syntax to JSON_OBJECT and
JSON_OBJECTAGG.
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7.1 _Qverview of SQL/JSON path language

The

JSOIN_QUERY, JSON_TABLE and JSON_EXISTS, collectively known as the SQL/JSON query operators)
query JSON text. The SQL/JSON path language is not, strictly speaking, SQL, though it isembedded i
e operators within SQL. Lexically and syntactically, the SQL/JSON path language adopts many featjires
0/IEC 22275:2018, though itis neither a subset nor a superset of ISO/IEC 22275¢2018. The semantics

thes
of IS
of th

The
Figy

The
synt

frampework providesthe following inputs to an SQL/JSON query operator:

1)
2)

ISO/IEC 19075-6:2021(E)

SQL/JSON path language

SQL/JSON path language is a query language used by certain SQL operators (JSON_VALUE,

e SQL/JSON path language are primarily SQL semantics.

SQL/JSON path language is used by the SQL/JSON query operators in the@rchitecture shown in
re 2, “The SQL/JSON path language architecture”.

9 h AMURERC TR

Context ltem = — Contéxtitem =

Path Specification = SQL/JSON : Path Specification =—

PASSING clause = Query Operator PASSING clause =—
ON ERROR clause = | (jSON_VALUE, Path Engine

Other Inputs = | jSON_QUERY,
JSON_TABLE, 3

, . JSON_EXIST@ . "
Completion Condition = b\S +— Completion Condition =—

Output « | c\}: ~— SQL/JSON Sequence «—

Figure 2= The SQL/JSON path language architecture

SQL/JSON query operators share the same first three lines in the diagram, which are expressed
actically in the <J[SONAPI common syntax> that is used by all SQL/JSON query operators. This

A context itém(the JSON text to be queried).

path language specified in ISO/IEC 9075-2, Subclause 9.41, “SQL/JSON path language: lexical eleme
and'Subclause 9.42, “SQL/JSON path language: syntax and semantics”.

to
n

A path specification (the query to perform on the context item; this query is expressed in the SQL/JSON

”

nts

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
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a) A structural error occurs when an SQL/JSON path expression attempts to access a nonzexis
element of an SQL/JSON array or a non-existent member of a JSON object.

b) Anon-structural error is any other error during evaluation of an SQL/JSON pathi-eXpression
example, divide by zero.

An error can occur when converting an output.

SQL operators JSON_VALUE, JSON_QUERY, JSON_TABLE, and JSON_EXISTS provide the followin
hanisms to handle these errors:

The SQL/JSON path language traps any errors that occur during the'€évaluation of a <JSON filter
expression>. Depending on the precise <JSON path predicate> contained in the <JSON filter exp
sion>, the result may be Unknown, True, or False, depending-0f the outcome of non-error tests ¢
uated in the <JSON path predicate>.

The SQL/JSON path language has two modes, strict andlax, which govern structural errors, as foll
a) Inlax mode:

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

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

sequence prior to performing the operation.

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

b) In strict mode, ifithe structural error occurs within a <JSON filter expression>, then the err
handling of <JSON filter expression> applies. Otherwise, a structural error is an unhandled e

Non-structural errors outside of a <JSON path predicate> are always unhandled errors, resultin
an exception<condition returned from the path engine to the SQL/JSON query operator.

The SQL/JSON query operators provide an ON ERROR clause to specify the behavior in case of
inputieonversion error, an unhandled structural error, an unhandled non-structural error, or an
output conversion error.
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7.2

The

Objectives for the SQL/JSON path language

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
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language to additional use cases in the future.

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

a) 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
expressions embedded in static SQL queries.

d) Parameters to JSON queries must be passed by value, not by reference.

e) No “reverse axes”.

2) |SQL semantics: the language should be readily integrable into an SQL engine; therefore, the;semantics
of predicates, operators, etc. should generally follow SQL. “Push-down” optimizations are facilitated
by making the semantics in SQL and in the path language the same.

Here are some consequences of this objective:

a) Functions in the path expression language should have SQL semantics(

b) Predicates should have SQL semantics; this means three-valued logic, SQL comparison rulds
(such as trailing blank handling) and any other semantics issues-should also be derived from
SQL. However, JSON null is not the same as SQL null, so that auN™ == nul | is True and therg¢ is
no need foranis nul | predicate.

3) [lavaScript-like: the language should evolve from JavaScript because that is the language that ugers
will find most appropriate for working on JSON. JavaScript has been standardized as ISO/IEC
22275:2018. This means that lexical and syntactic issues'generally follow JavaScript, while sem3antic
issues follow SQL in case of conflict between the two.

Here are some consequences of this objective:

a) Dot (.) for member access and [] for artay access. 0-relative arrays (JavaScript-like rather than
SQL-like) were adopted.

b) Lexical and syntactic design generally follow JavaScript.

4) (Implementation accommodation:Some platforms for JSON have adopted some conventions that are
laxer than JavaScript, particularly that in some contexts a singleton array can behave like a scalar,
and conversely a scalar can behave like a singleton array. As a consequence of this objective, a “|lax”
mode is provided that aveids errors on certain path expressions that would be regarded as err¢rs
in JavaScript.

7.3 Modes

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

errors to empty SQL/JSON sequences.

the requirements of a path expression. Lax mode is intended to be more forgiving, so lax mode converts

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

Note that the path language mode is orthogonal to the ON ERROR clause. There are numerous use cases

Table 31 — Three aspects of path evaluation governed by modes

lax

strict

Automatic
unnesting
of 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‘unnested
(the user can still write [¥J\to unnest
an array explicitly).

Automatic
wrapping
within an
array

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

There is no automatic wrapping prior
to subscript path steps.

Error han-
dling

Many errors rélated to whether data
is or is not @n'array or scalar are han-
dled by thejtwo 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
by zero; such errors are not elided.

Errors are strictly defined in all 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 { nane: "Ml ly",
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: []
}

Thig data has been created with a sloppy schema. If a person has just one phone (row 1), then the
phohetype and phone# are members of the JSON object. If a person has more than one phone (row|2),
thern there is a member called phones-whose value is an array holding the phone information. But
sometimes a person with just one phone still has a phones array (row 3). Also, some people have n¢
phohes, which can be indicated byran absence of the phonetype and phone# members (row 4), or by the
predence of a phones array whose value is empty (row 5).

Now the question is how(to,use JSON_TABLE to display all the name and phone information. Suppose
one[wants to get a tablé-with columns called name, phonetype, and phone#. If a person has multipl¢
phohes, the display should be denormalized, with the person’s name repeated in multiple rows, in ofrder
to djsplay each phone number in a separate row. If a person has no phones, the person name should
appear in a single'row, with nulls for the phone information.

Pro¢essing:this data would be very difficult using strict mode. This is why lax mode is provided: to make
it egsier te deal with sloppy schemas such as this.

The salution tothis use case is the follogwing ery:
HHHoR-tothHS U =t 1SHhe100WARI-qUely

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 phnnp# and phnnph/pp as “bare” members of the outermaost nhjpr‘f These two members
will be picked up by the underlined columns called “phone#” and “phonetype”. The NESTED COLUMNS
clause has a path that will find no rows. The default plan for NESTED COLUMNS is an outer join Thus,
there will be effectively a dummy row created with null values for the boxed columns. In.the SELJECT
list, each COALESCE operator is used to choose the non-null values from an underlined-column|and
the corresponding boxed column.

2) |Rows 2 and 3 do not have bare phone# and phonetype; instead they have an array called phone. In
these rows, the underlined columns have paths that will find empty sequences, defaulting to the{null
value. The NESTED COLUMNS clause is used to iterate over the phones afray, producing values for

the boxed columns, and again, the COALESCE operators in the SELECTAist retain the non-null values.

3) |Row 4 has no phone data atall. In this case, the underlined columns-have paths that will find nothing
(defaulting to null values). The NESTED COLUMNS clause also has@path that finds an empty sequgnce.
Using the default outer join logic, this means that the boxed columns will also be null. The COALHSCE
operators must coalesce two null values, resulting in nulls

4) |Row 5 has a phones array, but it is empty. This case is ptocessed similarly to rows 2 and 3: the
underlined columns are null because their paths are empty. The NESTED COLUMNS clause is used,
but the array is empty, so this is an outer join with an empty table. Thus, the boxed columns alsp
come up null, and the COALESCE operators combine these nulls to get null. The end result is the spme
as row 4.

7.4 Lexical issues

Lexically, the SQL/JSON path language generally follows the conventions of ISO/IEC 22275:2018 (with
a feyv modifications detailed’below). It follows that SQL/JSON path language is case-sensitive in both
identifiers and key words-Unlike SQL, there are no “quoted” identifiers, and there is no automatic cpn-
verdion of any identifiefs;to uppercase.

It whas decided notdo,adopt the following lexical features of JavaScript into the SQL/JSON path language:
— |Comments!

— |Hex ntimeric literals.

— ]avaScrlpt regular expressmns (1nstead the SQL predlcate LIKE REGEX is adopted, which uses XQuery

Q L
I Csulal CAPI CDDIUIID, Vvl lLLCll [e ) JClVClJLl llJl. Clldal QLLCI DLI 1115 llLCl alDJ

— 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

<l f-“ﬂu n Thice itic ciblata dataremain o 1€ o ol an 1o o s d oo o o oz vagaed ool fooa
e L t}al oIl = TITUO, IV IO PUJJIUI\.« LU ULCLUTIIIIINIC I d LUNRNCIT O dIT TULIILIlnIicI vl a l\\,)’ \AAS 9% yul \,l)’ ITUIII LIRC

lexi¢al context.

The[rules for nested quoted strings were particularly examined. An SQL/JSON path expressiod isrequired
to be an SQL character string literal, so it will be enclosed in single quotes. Within this literal, the user
may| wish to write a character string literal; such a character string literal will be writtenising the
JavaScript convention to enclose in double quotes. Within this character string literal;.the user may yish
to have a single quote. At this point the user must escape the single quote, which can be done using either
the BQL convention of writing it twice, or using a JavaScript escape.

Herg is an example. The user wishes to find names that start with “0" such,as\‘O'Connor”. The user writes
this|query:

"lay $.name ? (@starts with "O"'")’

The|quotes in the preceding example are interpreted as follows:

— |The outermost single quotes ' enclose an SQL character:string literal.

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

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

o0
o
o

Thelexample could also be written using JavaScript escapes to represent the single quote, although this
is ngt a good option. The example wouldbe written:

"lay $.nane ? (@starts with "Qwr")’

Her¢ the user is using the JavaSeript escape for single quote, which is \'. However, the single quote in|this
mudt still survive the quoting rules of the outermost container, the SQL character string literal, so it|is
necg¢ssary to write \"'. Thus, there is no benefit in using JavaScript escape here.

It wpuld also be feasjble-to use the “\u” escape for single quote, which is “\u0027”, like this:

"lafy $.nane ? (@starts with "0 u0027")"'

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

"helll o

T T p
The USCT IIIEgIL WIILE,

"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

Combponent Exambple

r r
literals “hello”, 1.5e3, true, false, null
variables $ — 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

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

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

I

!
comparison == I= <> < <= >\>=
special predicates exists ($)

($a ==_8$h)’is unknown

$ likewregex "col ou?r"
$ starts with $a

arithmetic - ] %

-type()
.size()

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

item functions

IR e R T T

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 Primitive operations in formal semantics

7.7/1 Concatenation

Confatenation of SQL/JSON sequences S;, S, ..., Spisdenoted ( S;, Sp,, (.., S, ).Thereisno
nesfing of SQL/JSON sequences and empty SQL/JSON sequences are removed:

7.7;2 unwrap()

Thefunwrap() operator expands all the arrays in an SQL/JSON‘sequence.

Let§ = ( 11, 1o, ..., Iy );unwap(S) is defined by these rules:

1) [For eachjbetween 1 and n, let S2; be the SQL/JSON sequence

Case:

a) Iij is an array I] =[Eq, .., Ep ], thenlet SZj =(Eq, - Ep).

b) Otherwise, let S2;=(I;).

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

Thejunwrap() operator is onlyused in lax mode. Its purpose is to support data that is sometimes a single
objdct and sometimes anfarray of objects. If it is an array of objects, the user wants to ignore the array

bounhdary and just drilldown to the members of the objects. This user view is accommodated by converting
the array into an SQLZJSON sequence prior to accessing the members of the nested objects. Example:
$.pHones.type usingthe 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).

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

1) [For eachjbetween 1 and n, let I2; be the SQL/JSON item:

a) Ifl;isanarray, then I2; = I;.

b) Otherwise, I2;=[1;].

2) |The result of wrap (S) is the SQL/JSON sequence ( 121, 25, .., I12,,).

The[wrap() operator is only used in lax mode. Its role is to handle data thatis sometimes an array apd
sometimes not an array. This is similar to the unwrap() operator. The différence is that wrap() is usgd
when the user’s intended final outcome is a singleton. That is, if the data is an array, the user only wants
to get a single element from the array, say $[0]. If the data is not an drray, then the user wants the operdtion
to a¢t as if it were a singleton array. Example: $.phones[0] applied to the data given in Table 35, “Data
used by wrap() example”.

Table 35 — Data used by’ wrap() example

T.C

{name: "Fred", phones: [ "372-0453",506-2051"] }

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

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

NOTE 11 — wrap() and unwrap(J-are not inverses in general. However, if A = [ E'] is a singleton array and E is not an grray,
hen

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

Also if S = (14, ..., I4) 15"an SQL/JSON sequence that contains no arrays, then

inwrap (wrap Ay, -, [,) =unwrap ([I1], . [1,]) = (11, - I;)

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

prin

the

<JS

BNF:

DN path primary> ::=

<JSON path literal >

<JSON path vari abl e>

<l eft paren> <JSON path wff> <right paren>

7.9]2 Literals
Thelatomic values in the SQL/JSON path language are written the same as in JSON, and are interpre
as ifithey were SQL values. Some examples are shown in Table 36/ Examples of atomic values in th
SQLY/JSON path language ”.
Table 36 — Examples of atomic values in.the SQL/JSON path language

As written Interpreted as

true boolean True

fal se boolean False

nul | SQL/JSON null

123 exact numeric scale 0 value 123

12.3 exact humeric scale 1 value 12.3

12. 3e0 approximate numeric value 12.3

"hel | 0" Unicode character string, value 'hello’ (without the delimiting quotes)
In character-strings, the escaping rules of both SQL (as the outer language) and JavaScript apply. So

exalrples are found in Table 37, “ Examples of the escaping rules”.

ary> and <table primary> in [SO/TEC9075-Z]. The primaries in the specified [anguage are given by

ted

D

me

© ISO

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"

/IEC 2021 - All rights reserved
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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 sign>

<JSPN pat h named variable> ::=
<dol | ar sign> <JSON path identifier>

<JSON | ast subscript> ::=
LAST

Conltext variable: The SQL/JSON path language is always invoked with a context item. The context jtem
is regferenced using the symbol $. The context item is parsed as JSON; it is@n error if the parsing fail.

Named variables: Optionally, additional values can be passed in to the path engine using the PASSING
claulse. Each value in the PASSING clause has an SQL identifier declared using AS. For example:

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

=3

The|preceding example passes in the computed value T2,Huh as a variable named K. Within the pat
expression, this value is referenced using the variable'$K.

In the preceding example, the declared type of T2:Huh must be supported in the SQL/JSON data model.
Thig means it must be a character string with character set Unicode, numeric, Boolean, or datetime] It
canfot be a binary string, interval, row typé, user-defined type, reference type, or collection type.

It isfalso possible to pass JSON to a named variable. The (unnamed) context item is always parsed a
JSON; to parse a named variable, the' FORMAT clause is required, as in this example:

JSON_EXI STS (T1.J1, 'lax $2(@nane == $J2. nane)’
PASSI NG T2.J2 FORVAT JSOWAS J2)

The|preceding example-compares the nane field in two JSON values, T1.J1 and T2.J2. T1.]J1 is chosen|as
the fontext item, whereas T2.J2 is passed in the PASSING clause. T1.J1 does not need a FORMAT clayse,
whereas T2.]2 does; because without it T2.J2 would not be parsed and would only be passed as a chardcter
strimg. The path expression tests whether the nane member in T1.J1 is the same as the nanme membef in
T2.JR, using afilter expression (presented later). The result of the path expression is an empty SQL/JSON
sequence if-the nane members are not equal, causing JSON_EXISTS to return False. If the name members
are ¢qual)then the result of path expression is a singleton SQL/JSON item, and the result of [SON_EX|STS
is Thue.

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:

62 © ISO/IEC 2021 - All rights reserved


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

ISO/IEC 19075-6:2021(E)
7.9 <JSON path primary>

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.

7.944 Parentheses

As in SQL and JavaScript, parentheses may be used to override precedence. For example:
$a { ($b + 4)

The|parentheses override the usual precedence that performs multiplication before addition.
7.10 Accessors

7.10.1 Introduction to accessors

The|syntax for accessors is:

<JSPN accessor expression> ::=
<JSON path primary>
| |<JSON accessor expression> <ISON accessor op>

<JSON accessor op> ::=

<JSON menber accessor>

| |[<ISON wi | dcard nenber accessor >
| |[<ISON array accessor>

| |[<ISON wi | dcard array accessor>
| |[<ISON filter expression>

| |[<ISON item ngt\hod>

Thelfirst four choeices are the accessors to be considered in this section. The last two are syntactically
similar but will be treated separately for semantic reasons.

So, t|or present purposes, there are four accessors:

1) 'Mémber-aceesser

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[syntax for member accessor is:

<JSON nenber accessor> ::=
<peri od> <JSON pat h key name>
<period> <JSON path string literal >

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

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

$. nanme
$. firstNanme
$. Phone

2) |Any key name can be written as a’¢haracter string literal. This supports member names that bejgin
with a dollar sign or contain special characters. For example:

$. " nane"”
$. " S$price”
$. "hone address"

The[semantics are agfollows:
1) [The first op€raid 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 memHber
havingthe specified key name. If this condition is not met, the result is an error.

3) [Indax mode, any SQL/JSON array in the SQL/JSON sequence is unwrapped. Unwrapping only gges
one deep; that s, It 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——cel—nurber—abe—detg—)-
{ nunmber: "pgr-wxyz" },
{ type: "hone", nunber: "hij-klm" } ] }
2 $. phones [ { type: "cell", nunber: "abc-defg" },
{ nunber: "pgr-wxyz" 49
{ type: "hone", nunmber: "hij-kl mi\} ]
3 $. phones. type "cell",
"home"
In the first step, the value is just an SQL/JSON sequence of length 1, the context item.

In the second step, the value is the bound value of the member named phones. This is still an SQL/]
ence of length 1; the only item is an array.

seq

The

SQL

(No

The
thre
of th
not.
mer
toa

third step tries to access the t ype member. However, the'SQL/JSON item in the SQL/JSON sequsg
is a1 array, not an object. Since this is an array in lax mode; the member accessor first unwraps this
JSON item, giving the intermediate step illustrated-in Table 39, “Intermediate step”.

Table 39 —Intermediate step

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

e that there is no unwirdp function in the path language; this is an implicit primitive used in lax md

result of the intérmediate step 2.1 is to unwrap the array, producing an SQL/JSON sequence wi
e SQL/JSON item’s. Now, the member access for t ype is performed iteratively on each SQL/JSON
e intermediate result. The first and third SQL/JSON items have a t ype member, but the second

The final result (step 3) only retains the bound values for those SQL/JSON items that have at ype

hber. The'second SQL/JSON item, which lacks at ype member, is a structural error, which is conve
h empty SQL/JSON sequence in lax mode.

ON

nce

de.)

h
tem
loes

rted

No

rconsiderthisexampte i strictmode- Step- tisevatuated the sameas imtax modetnstep 2,3
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 $. phones [ { type: "cell", nunber: "abc-defg" },
number: "pqr-wxyz" },
{ type: "home", number: "hij-klm" } ]
3 $. phones][ *] { type: "cell", nunber: "abc-defg"_},
{ number: "pqr-wxyz'-},
{ type: "hone", nunber: "hij-klm" }
4 $. phones| *] error
.type

The|revised path expression still gets an error on step 4, becausethe second SQL/JSON item in the vplue

of step 3 does not have at ype member. The data has a loose schema that does not always provide a{

ype

mernber. Most likely, this data was not created with a strictinode application in mind. However, a strict
mode user can surmount this hurdle by filtering out the SQL/JSON items that do not have a type menpber,
usirlg the path expression $. phones[*] ? (exists (@type)).type. Filters are another capability to be

pregented later. This version of the path expression,isievaluated as shown in Table 41, “Evaluation qf

]

'$. phones[*] ? (exists (

@type)).type

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

Step Value
1 $ { phones: |
{ type: "cell", nunber: "abc-defg" },
{ nunber: "pqr-wxyz" },
{ type: "hone", nunber: "hij-klm" } ] }
2 $. phones [ { 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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7.10.3 Member wildcard accessor

The

BNF is:

<JSON wi | dcard nmenber accessor> ::=
<period> <asterisk>

The

semantics are as follows:

1)
2)

3)
4)

For

evaluation is shown in Table 42, “Evaluation of ' $. phones. *' in lax mode”.

Step

In st

I'he nirst operand 1s evaluated, resulting i an SUYL/JSUN sequence of SUYL/JSUN 1tems.

In strict mode, every SQL/JSON item in the SQL/JSON sequence must be an object. If this condit
is not met, the result is an error.

In lax mode, any SQL/]JSON array in the SQL/JSON sequence is unwrapped.

[terating over the SQL/JSON sequence, every bound value of each SQL/JSON objéct in the SQL/]
sequence is extracted. (Inlax mode, any SQL/JSON items that are not objects.are passed over siler
There is only an implementation-dependent order to members within an’ebject, but the order
objects within the SQL/JSON sequence is preserved in the result.

bxample, using the data in the last section, consider the path expression $. phones. * in lax mode.

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

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

2.1 shows the intermediate step to unwrap the array because of lax mode.

ion

SON

tly)
bf

The

rict mode, the user must write $. phones[ *] . * to avoid raising an error. The result is illustrated|i

Tab

e 43, “Evatuatiomof —$ phones[™ T

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"™, nunber: "abc-defg" },
{ number: "pqr-wxyz" },
[ _tvna- "hoana! nunhar - " hi kl o' 1
C cJrPo- oy e e Ty g
3 $. phones[ *] . * "cell", "abc-defg", "pqgr-wyz", "home",
"hij -kl m"

7.10.4 Element accessor

The|BNF is:

<JSON array accessor> ;.=
<lfeft bracket> <JSON subscript |ist> <right bracket>

<JSPN subscript list> ::=
<JSON subscript> [ { <conma> <JSON subscript> }..s\]

<JSON subscript> ::=
<JSON path wff 1>
| |[<ISON path wff 2> to <JSON path wff 3>

<JSPN path wff 1> ::=
<JSON path wff>

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

<JSPN path wff 3> ::=
<JSON path wff>

An dlement accessor uses;squdre brackets to enclose a comma-separated list of subscripts. The subscripts
can pe specified in eitherof two forms:

1) |A single numericvalue.
2) |Arange between two numeric values (inclusive) indicated by the keyword t o.

Follpwing JavaScript conventions rather than SQL conventions, subscripts are O-relative. Thus, [0] accesses
the firstelement in an array.

To Handle arrays of unknownlength the special variable l ast may be usedina 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)
2)

The first operand is evaluated, yielding an SQL/JSON sequence of SQL/JSON items.

Inlax mode, any SQL/JSON item in the SQL/JSON sequence that is not an array is wrapped inan a

foiza
OT5TZC— 1

rray

3)
4)

5)

Exal

Con
Tab

In strict mode, it is an error if any SQL/JSON item in the SQL/JSON sequence is not an array.
For every SQL/JSON item [/ in the SQL/JSON sequence:

a) Every subscript is evaluated and subject to implementation-defined roundingortruncation.

Note that | ast may have a different value on different arrays in the SQL/]SON’sequence (w|
is why this step is not performed outside the loop on SQL/JSON items). Itisan error if any
script is not a singleton numeric item, even in lax mode.

b) Each subscript specifies a set of integers (either a single integer, orall integers between the
lower and upper bound inclusive).

c) Instrict mode, itis an error if any subscript is less than 0 or(greater than | ast. [tis also an ¢
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 speeified by the user to obtain the final s
subscripts.

e) The result for I is the SQL/JSON sequence of'elements in I at the positions specified by the
set of subscripts.

The overall result is the concatenation of theresult for each SQL/JSON item I in the input SQL/]
sequence.

mple: Let the context item be:

{ sensors:
{ SF: [ 10, 11, 12, 13;\45, 16, 17 ],
FC. [ 20, 22, 24 ]
SJ: [ 30, 33]
}
}

Kider the pathexpression | ax $.sensors. *[0, |ast, 2].The evaluation results in the content
e 44, “Evaluation of ' | ax $.sensors.*[0, last, 2]'".

Table 44 — Evaluation of ' | ax $.sensors.*[0, last, 2]

hich
sub-

'ror

ot of

inal

SON

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

2 $. sensors { SF:.[10,11, 12,13, 15, 16,17],
FC. [20, 22, 24],
SJ: [30, 33]

—

3 $. sensors. * [10, 11, 12, 13, 15, 16, 17],

Not

[ 20 22 241
R R e

[ 30, 33]

4 $. sensors. *[ 0, | ast, 2] 10, 17, 12,
20, 24, 24,
30, 33

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

in step 4, the element whose value is 24 is selected twice.

Alsd

sile

, in step 3, the third array has 2 elements, so that 2 is out of bounds<In-lax mode, this is passed
tly, and only subscript positions 0 and last appear in the final result:

If thiis was evaluated in strict mode, there would be an error becatse the third array has a subscript

iso

7.1

The

<JS
<|

For
the
itin

Mor
1)
2)

3)
4)

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

D.5 Element wildcard accessor

BNF is:

DN Wi | dcard array accessor> ::=
eft bracket> <asterisk> <right bracket>

us,

pver

that

example, the accessor $[*] converts an array into a sequence of all of its elements. In strict mdde,

pperand must be an array. In lax mode, ifthe operand is not an array, then one is provided by wrap
an array before unwrapping-(effectively a no-op on non-array operands).

e precisely, the semantics-are specified as follows:

The first operand isievaluated, yielding an SQL/JSON sequence of SQL/JSON items.

ping

In lax mode, anty,SQL/JSON item in the SQL/JSON sequence thatis not an array is wrapped in an array

of size 1.

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

Fot every SQL/JSON item I in the SQL/JSON sequence: the result for I is the sequence of elemen|
I

rs of

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 e

70

rror 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.

F 1 i | =l =l - Dol I 3 1. - 1 | b= =l £l - 1LC N
or CAdIITPIC, CULISTUCTT UIT AU CAPTTSSIUIN . 7 L TU T ast | dPpPICU Il 1dA TITUUT LU UIT TUITUWILG JoU

text
$ =|{ "x": [ 12, 30 ],

"y [ 81,

"z": [ "a", "b", "c" 1}

The|result of $. * is the following SQL/JSON sequence:
[ 12, 301, [ 81, [ "a", "b", "c" ]

The|next step in the evaluation is shown in Table 45, “ The step in the evaluation ”. s

Table 45 — The step in the evaluation

Input SQL/JSON sequence Output SQL/JSON sequence
[ 12, 30 ] 30

[ 81

[ "a b "c" ] b c

In the first SQL/JSON item in the SQL/JSON sequence, | ast =1 (SQL/JSON arrays are 0-relative), so|the
resyltis the singleton 30. (Note that thearray accessor has removed the container). In the next SQL/JSON
item, | ast = 0. The subscript expression 1 to 0 is a structural error but lax mode converts this to an
empty SQL/JSON sequence. Inthe'last row, last = 2 and the result is the last 2 SQL/JSON items of th¢
array. The final result is this/SQL/JSON SQL/JSON sequence:

14

30, |"b", "c"

7.11 Item-methods

7. 1L Introduction toitem 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>
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