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1.

1.

I ntroduction

JSON [ RFC8259] is a popular representation format for structured data
val ues. JSONPath defines a string syntax for selecting and
extracting JSON values fromw thin a given JSON val ue.

In relation to JSON Poi nter [ RFC6901], JSONPath is not intended as a
repl acenent but as a nore powerful conpanion. See Appendix C

1. Term nol ogy

The key words "MJST", "MJST NOT", "REQUI RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMENDED', "NOT RECOMMENDED', "MAY", and
"OPTIONAL" in this docunent are to be interpreted as described in
BCP 14 [ RFC2119] [RFC8174] when, and only when, they appear in all
capitals, as shown here

The grammatical rules in this docunment are to be interpreted as ABNF
as described in [RFC5234]. ABNF term nal values in this docunent
define Unicode scal ar values rather than their UTF-8 encodi ng. For
exanpl e, the Uni code PLACE OF | NTEREST SI GN (U+2318) woul d be defi ned
in ABNF as 9%2318.

Functions are referred to using the function nane foll owed by a pair
of parentheses, as in fnane().

The term nol ogy of [ RFC8259] applies except where clarified bel ow
The ternms "primtive" and "structured" are used to group different

ki nds of values as in Section 1 of [RFC38259]. JSON objects and
arrays are structured; all other values are primtive. Definitions
for "object", "array", "nunber", and "string" remain unchanged.

I mportantly, "object” and "array" in particular do not take on a
generic meani ng, such as they would in a general programing context.

The term nol ogy of [ RFC9485] appli es.
Addi tional ternms used in this document are defined bel ow.

Val ue: As per [RFC8259], a data itemconforming to the generic data
model of JSON, i.e., prinmitive data (nunmbers, text strings, and
the special values null, true, and false), or structured data
(JSON objects and arrays). [RFC8259] focuses on the textua
representation of JSON val ues and does not fully define the val ue
abstracti on assumed here.

Menber: A nane/value pair in an object. (A nmenber is not itself a
val ue.)

Nane: The nane (a string) in a nanme/value pair constituting a
menber. This is also used in [ RFC8259], but that specification
does not formally define it. It is included here for
conpl et eness.

Element: A value in a JSON array.

I ndex: An integer that identifies a specific elenent in an array.

Query: Short nanme for a JSONPath expression.

Query Argunent: Short nane for the value a JSONPath expression is
applied to.

Location: The position of a value within the query argunent. This
can be thought of as a sequence of names and i ndexes navigating to
the val ue through the objects and arrays in the query argunent,



with the enpty sequence indicating the query argunment itself. A
| ocation can be represented as a Nornalized Path (defined bel ow).

Node: The pair of a value along with its location within the query
ar gunent .

Root Node: The uni que node whose value is the entire query argunent.

Root Node ldentifier: The expression $, which refers to the root
node of the query argunent.

Current Node ldentifier: The expression @ which refers to the
current node in the context of the evaluation of a filter
expression (described later).

Children (of a node): |If the node is an array, the nodes of its
elements; if the node is an object, the nodes of its nenber
values. |If the node is neither an array nor an object, it has no
chil dren.

Descendants (of a node): The children of the node, together with the
children of its children, and so forth recursively. Mre
formally, the "descendants" rel ation between nodes is the
transitive closure of the "children" relation

Depth (of a descendant node within a value): The nunber of ancestors
of the node within the value. The root node of the value has
depth zero, the children of the root node have depth one, their
children have depth two, and so forth.

Nodelist: A list of nodes. Wile a nodelist can be represented in
JSON, e.g., as an array, this docunent does not require or assune
any particular representation

Paraneter: Formal paraneter (of a function) that can take a function
argunent (an actual paraneter) in a function expression.

Normal i zed Path: A form of JSONPat h expression that identifies a
node in a value by providing a query that results in exactly that
node. Each node in a query argunment is identified by exactly one
Normal i zed Path (we say that the Normalized Path is "unique" for
that node), and to be a Normalized Path for a specific query
argunent, the Normalized Path needs to identify exactly one node.
This is simlar to, but syntactically different from a JSON
Poi nter [ RFC6901]. Note: This definition is based on the
syntactical definition in Section 2.7; JSONPath expressions that
identify a node in a value but do not conformto that syntax are
not Nornalized Paths.

5

i code Scal ar Value: Any Unicode [ UNI CODE] code point except high-
surrogate and | ow surrogate code points (in other words, integers
in the inclusive base 16 ranges, either 0 to D7FF or EO0O0 to

10FFFF). JSONPat h queries are sequences of Unicode scal ar val ues.

Segnment: One of the constructs that selects children ([<sel ectors>])
or descendants (..[<selectors>]) of an input val ue.

Selector: A single itemwithin a segnment that takes the input val ue
and produces a nodelist consisting of child nodes of the input
val ue.

Si ngul ar Query: A JSONPath expression built fromsegnents that have
been syntactically restricted in a certain way (Section 2.3.5.1)
so that, regardl ess of the input value, the expression produces a
nodel i st containing at nobst one node. Note: JSONPath expressions
that al ways produce a singular nodelist but do not conformto the



syntax in Section 2.3.5.1 are not singular queries.
1.1.1. JSON Val ues as Trees of Nodes

Thi s docunent nodels the query argunent as a tree of JSON val ues,
each with its own node. A node is either the root node or one of its
descendant s.

Thi s docunent nodels the result of applying a query to the query
argunent as a nodelist (a list of nodes).

Nodes are the selectable parts of the query argunment. The only parts
of an object that can be selected by a query are the nenber val ues.
Menber nanes and nenbers (nane/val ue pairs) cannot be sel ected.

Thus, nenber val ues have nodes, but nenbers and nmenber nanes do not.
Simlarly, nenber values are children of an object, but menbers and
menber nanmes are not.

1.2. History

Thi s docunent is based on Stefan Gssner’s popul ar JSONPat h proposa
(dated 2007-02-21) [JSONPath-orig], builds on the experience fromthe
wi despread depl oynment of its inplenentations, and provides a
normative specification for it.

Appendi x B describes how JSONPath was inspired by XM."s XPat h
[ XPat h] .

JSONPat h was intended as a |ightweight conpanion to JSON

i npl ementations in progranm ng | anguages such as PHP and JavaScri pt,
so instead of defining its own expression | anguage, |ike XPath did,
JSONPat h del egated parts of a query to the underlying runtine, e.g.,
JavaScript's eval () function. As JSONPath was inplenented in nore
environnments, JSONPat h expressions becane decreasingly portable. For
exanpl e, regul ar expression processing was often del egated to a
conveni ent regul ar expressi on engi ne.

Thi s docunent ainms to renpve such inplenentation-specific
dependenci es and serve as a conmon JSONPath specification that can be
used across programm ng | anguages and environnments. This neans that
backwards compatibility is not always achi eved; a design principle of
this document is to go with a "consensus" between inpl enentations
even if it is rough, as long as that does not jeopardize the

obj ective of obtaining a usable, stable JSON query | anguage.

The term JSONPat h_ was chosen because of the XPath inspiration and
al so because the outcone of a query consists of _paths_ identifying
nodes in the JSON query argunent.

1.3. JSON Val ues

The JSON val ue a JSONPath query is applied to is, by definition, a
valid JSON value. A JSON value is often constructed by parsing a
JSON text.

The parsing of a JSON text into a JSON val ue and what happens if a
JSON text does not represent valid JSON are not defined by this
docunent. Sections 4 and 8 of [RFC8259] identify specific situations
that may conformto the grammar for JSON texts but are not

i nteroperabl e uses of JSQON, as they may cause unpredi ctabl e behavi or.
Thi s docunent does not attenpt to define predictable behavior for
JSONPat h queries in these situations.

Specifically, the "Semantics" subsections of Sections 2.3.1, 2.3.2,
2.3.5, and 2.5.2 describe behavior that becomes unpredictabl e when
the JSON val ue for one of the objects under consideration was



constructed out of JSON text that exhibits nmultiple nmenbers for a
singl e object that share the sane nenber nane ("duplicate nanes"; see
Section 4 of [RFC8259]). Also, when selecting a child by nane
(Section 2.3.1) and conparing strings (Section 2.3.5.2.2), it is
assuned these strings are sequences of Unicode scal ar val ues; the
behavi or becomes unpredictable if they are not (Section 8.2 of

[ RFC8259]).

1.4. Overview of JSONPath Expressions

A JSONPat h expression is applied to a JSON val ue, known as the query
argunent. The output is a nodelist.

A JSONPat h expression consists of an identifier followed by a series
of zero or nore segnents, each of which contains one or nore
sel ectors.

1.4.1. ldentifiers

The root node identifier $ refers to the root node of the query
argunent, i.e., to the argunent as a whol e.

The current node identifier @refers to the current node in the
context of the evaluation of a filter expression (Section 2.3.5).

1.4.2. Segnents

Segnents select children ([<selectors>]) or descendants
(..[<selectors>]) of an input val ue.

Segments can use _bracket notation_, for exanple:
$[ ' store’]["book’ J[O]["title’]

or the nore conpact _dot notation_, for exanple:
$.store. book[0] . title

Bracket notation contains one or nore (comua-separated) selectors of
any kind. Selectors are detailed in the next section

A JSONPat h expressi on may use a conbi nati on of bracket and dot
not at i ons.

Thi s docunent treats the bracket notations as canonical and defines
the shorthand dot notation in terns of bracket notation. Exanples
and descriptions use shorthand where conveni ent.

1.4.3. Selectors

A nanme selector, e.g., 'nane’, selects a nanmed child of an object.
An index selector, e.g., 3, selects an indexed child of an array.

In the expression [*], a wildcard * (Section 2.3.2) selects al
children of a node, and in the expression ..[*], it selects al
descendants of a node.

An array slice start:end:step (Section 2.3.4) selects a series of

el ements froman array, giving a start position, an end position, and
an optional step value that noves the position fromthe start to the
end.

A filter expression ?<l ogical -expr> selects certain children of an
object or array, as in:
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expr essi ons.

The exanpl es are ba
representing a book

{ "store": {

ce < 10].title

brief overview of JSONPath synt ax.

current node identifier (Section 2.3.5) |
(valid only within filter selectors) |

child segnent (Section 2.5.1): selects |
zero or nore children of a node |

shorthand for [’ nane’] |
shorthand for [*] |

| descendant segnment (Section 2.5.2): |
| selects zero or nore descendants of a node |

o m m e e e e e e e e e e e e e e e e e e e e e e e e e me—ao +
| shorthand for [ nane’ ] |
i +
| shorthand for [*] |
o m e e e e e e e e e e e e e e e e e e e e e mee—ooon +

| nane selector (Section 2.3.1): selects a |
| named child of an object |

| wildcard selector (Section 2.3.2): selects |
| all children of a node |

| index selector (Section 2.3.3): selects an |
| indexed child of an array (from 0) |

| array slice selector (Section 2.3.4): |
| start:end:step for arrays |

| filter selector (Section 2.3.5): selects |
| particular children using a |ogical |
| expression |
| function extension (Section 2.4): invokes |
| a function in a filter expression |
ble 1. Overview of JSONPath Syntax

S

ormative. It provides exanples of JSONPath

sed on the sinple JSON val ue shown in Figure 1,
store (which also has a bicycle).

"book": [
{ "category": "reference",
"author": "Ni gel Rees",
"title": "Sayings of the Century",
"price": 8.95

I

{ "category":

"fiction",



"aut hor": "Evel yn Waugh",
"title": "Sword of Honour",
"price": 12.99

H
{ "category": "fiction",
"author": "Herman Melville",
"title": "Mby Dick",
"isbn": "0-553-21311-3",
"price": 8.99
H
{ "category": "fiction",
"author": "J. R R Tolkien",
"title": "The Lord of the Rings",
"isbn": "0-395-19395-8",
"price": 22.99
}
1,
"bicycle": {
"color": "red",
"price": 399
}

}
}

Figure 1: Exanpl e JSON Val ue

Tabl e 2 shows sonme JSONPat h queries that mght be applied to this
exanmpl e and their intended results.

all things in the store, which are |
sone books and a red bicycle |

enpty result: the third book does not |
have a "publisher" nenber |

$. .
| $..book[:2]
all books with an | SBN nunber |
al | books cheaper than 10 |
all nenber values and array elenments |
contained in the input value |
Tabl e 2: Exanpl e JSONPat h Expressions and Their |ntended
Resul ts When Applied to the Exanple JSON Val ue

JSONPat h Syntax and Semantics



2.1. Overview

A JSONPath _expression_is a string that, when applied to a JSON
value (the _query argunent ), selects zero or nore nodes of the
argunent and out puts these nodes as a nodeli st.

A query MUST be encoded using UTF-8. The granmar for queries given
in this document assunes that its UTF-8 formis first decoded into
Uni code scal ar val ues as described in [ RFC3629]; inplenentation
approaches that lead to an equivalent result are possible.

A string to be used as a JSONPath query needs to be _well-formed_ and
_valid_. Astringis a well-forned JSONPath query if it conforns to
the ABNF syntax in this docunent. A well-forned JSONPath query is
valid if it also fulfills both semantic requirenents posed by this
docunent, which are as foll ows:

1. Integer nunbers in the JSONPath query that are relevant to the
JSONPat h processing (e.g., index values and steps) MJST be within
the range of exact integer values defined in Internet JSON
(I-JSON) (see Section 2.2 of [RFC7493]), nanely within the
interval [-(2753)+1, (2753)-1].

2. Uses of function extensions MJST be well-typed_, as described in
Section 2.4.3.

A JSONPat h i npl enentati on MJUST raise an error for any query that is
not well-forned and valid. The well-formedness and the validity of
JSONPat h queries are independent of the JSON val ue the query is
applied to. No further errors relating to the well-formedness and
the validity of a JSONPat h query can be raised during application of
the query to a value. This clearly separates well-fornmedness/
validity errors in the query frommsnmatches that nmay actually stem
fromflaws in the data.

M smat ches between the structure expected by a valid query and the
structure found in the data can lead to enpty query results, which
may be unexpected and indicate bugs in either. JSONPath

i npl ementations might therefore want to provide diagnostics to the
appl i cation devel oper that aid in finding the cause of enpty results.

Qovi ously, an inplenmentation can still fail when executing a JSONPat h
query, e.d., because of resource depletion, but this is not nodel ed
in this docunent. However, the inplenentation MJST NOT silently

mal function. Specifically, if a valid JSONPath query is eval uated
agai nst a structured val ue whose size is too large to process the
query correctly (for instance, requiring the processing of nunbers
that fall outside the range of exact values), the inplenentati on MIST
provi de an indication of overfl ow.

(Readers familiar with the HTTP error nodel nay be remni nded of 400
type errors when pondering well-formedness and validity, and they may
recogni ze resource depletion and related errors as conparable to 500
type errors.)

2.1.1. Syntax
Syntactically, a JSONPath query consists of a root identifier (%),
whi ch stands for a nodelist that contains the root node of the query

argunent, followed by a possibly enpty sequence of _segments_.

j sonpat h- query
segnent s

root-identifier segnents
*(S segnent)

B

%20 / ; Space
009 / ; Horizontal tab



9% 0A / ; Line feed or New |line
% 0D ; Carriage return
S = *B ; optional blank space

The syntax and senmantics of segments are defined in Section 2.5.
2.1.2. Semantics

In this docurment, the semantics of a JSONPath query define the
required results and do not prescribe the internal workings of an

i mpl ementation. This docunment nmay describe semantics in a procedura
st ep- by-step fashion; however, such descriptions are normative only
in the sense that any inplenentati on MJST produce an identical result
but not in the sense that inplementers are required to use the sane
al gorithns.

The senmantics are that a valid query is executed against a value (the
_query argument ) and produces a nodelist (i.e., alist of zero or
nmor e nodes of the val ue).

The query is a root identifier followed by a sequence of zero or nore
segnents, each of which is applied to the result of the previous root
identifier or segnent and provides input to the next segnent. These
results and inputs take the form of nodeli sts.

The nodelist resulting fromthe root identifier contains a single
node (the query argunent). The nodelist resulting fromthe | ast
segnent is presented as the result of the query. Depending on the

specific APl, it night be presented as an array of the JSON val ues at
the nodes, an array of Nornmalized Paths referencing the nodes, or
both -- or some other representation as desired by the

inplementation. Note: An enpty nodelist is a valid query result.

A segnent operates on each of the nodes in its input nodelist in
turn, and the resultant nodelists are concatenated in the order of
the input nodelist they were derived fromto produce the result of
the segnent. A node may be sel ected nore than once and appears that
nunber of tinmes in the nodelist. Duplicate nodes are not renoved.

A syntactically valid segment MJST NOT produce errors when executing
the query. This neans that some operations that m ght be considered
erroneous, such as using an index |lying outside the range of an
array, sinply result in fewer nodes being selected. (Additiona

di scussion of this property can be found in the introduction of
Section 2.1.)

As a consequence of this approach, if any of the segnents produces an
enpty nodelist, then the whol e query produces an enpty nodeli st.

If the semantics of a query give an inplenentation a choice of
produci ng nmul ti ple possible orderings, a particular inplenmentation
may produce distinct orderings in successive runs of the query.

2.1.3. Exanple

Consider this exanple. Wth the query argunent
{"a":[{"b":0},{"b":1},{"c":2}]}, the query $.a[*].b selects the
following list of nodes (denoted here by their values): 0, 1.

The query consists of $ followed by three segnents: .a, [*], and .b.
First, $ produces a nodelist consisting of just the query argument.

Next, .a selects fromany object input node and sel ects the node of
any nenber val ue of the input node corresponding to the nenber name
" The result is again a list containing a single node:

a .



[{"b":0},{"b":1},{"c":2}].

Next, [*] selects all the elements fromthe input array node. The
result is alist of three nodes: {"b":0}, {"b":1}, and {"c":2}.

Finally, .b selects fromany object input node with a nenber name b
and sel ects the node of the menber value of the input node
corresponding to that name. The result is a list containing 0, 1.
This is the concatenation of three lists: two of |ength one
containing 0, 1, respectively, and one of |ength zero.

2.2. Root ldentifier
2.2.1. Syntax

Every JSONPath query (except those inside filter expressions; see
Section 2.3.5) MJST begin with the root identifier $.

root-identifier = "$"
2.2.2. Semantics

The root identifier $ represents the root node of the query argunent
and produces a nodelist consisting of that root node.

2.2.3. Exanples

Note: In this exanple and the foll owi ng exanples in Sections
2.2 and 2.3, except for Table 11, we will present a JSON text
to show the JSON val ue used as the query argunent to the
queries in the exanples and then a table with the foll ow ng
col ums:

* Query: an exanple query to be applied to the query
ar gunent

* Result: the query result as a list of JSON val ues that
were |located in the query argunent

* Result Path: the query result as a list of (normalized)
paths into the query argunent, giving |ocations of the
JSON val ues in the previous col um

* Comment: descriptive information

JSON:

{"k": "v"}

Queri es:
R i pees el e oo e gl el e e
| Query | Result | Result Path | Conment
[ el oo ool ool e ]
| $ ] {"k": "v"} | $ | Root node
+------- I i i i F-- - - - +

Tabl e 3: Root Identifier Exanple
2.3. Selectors

Sel ectors appear only inside child segnents (Section 2.5.1) and
descendant segnents (Section 2.5.2).

A sel ector produces a nodelist consisting of zero or nore children of
the i nput val ue.



2

3.

There are various kinds of selectors that produce children of
obj ects, children of arrays, or children of either objects or arrays.

sel ect or = nane-sel ector /
wi | dcar d-sel ector /
slice-sel ector /
i ndex-sel ector /
filter-sel ector

The syntax and semantics of each kind of selector are defined bel ow

1. Nane Sel ect or

2.3.1.1. Syntax

A name sel ector '<name>" selects at nost one object nenber val ue.

In contrast to JSON, the JSONPath syntax allows strings to be
enclosed in _single_ or _double_ quotes.

nane- sel ect or = string-literal

string-literal = 9?22 *doubl e-quoted W22 / ; "string"
%27 *single-quoted %27 ; 'string’

doubl e- quot ed = unescaped /
%27 / ;]
ESC %22 / ;o\
ESC escapabl e

si ngl e- quot ed = unescaped /
%22 / ;"
ESC w27 / ;o\
ESC escapabl e

ESC = %5C ;.\ backsl ash

unescaped = 9%?20-21 / ; see RFC 8259

;o omt Ox22 "

% 23-26 /
;o omt Ox27

%28- 5B /
; omt Ox5C\

%5D D7FF /
; skip surrogate code points

% E000- 10FFFF

escapabl e = %62 / ; b BS backspace U+0008
%66 / ; f FF formfeed U+000C
%6E / ; n LF line feed U+O00A
%72 / ; r CR carriage return U+000D

W74 | t HT horizontal tab U+0009
e / slash (solidus) W002F
"\t \ backsl ash (reverse solidus) U+005C

(%75 hexchar) ; uXXXX U+XXXX

hexchar = non-surrogate /

(high-surrogate "\" %75 | ow surrogate)
(bagT/ "AY/"BY/"C [ “E'/"F') BHEXDIG /
("D'" 9%30-37 2HEXDI G )

"D o("8"/"9"/"A"/"B") 2HEXDI G

"D ("C'/"D'/"E'"/"F"') 2HEXDI G

non-surrogate

hi gh-surrogate
| ow surrogate

HEXD G u G T / " An / " Bn / " CI / " DI / " En / " Fn



Not es:

*  Doubl e-quoted strings follow the JSON string syntax (Section 7 of
[ RFC8259]); single-quoted strings follow an anal ogous pattern. No
attenpt was nade to inprove on this syntax, so if it is desired to
escape characters with scal ar val ues above OxFFFF, such as U+1F041
("", DOM NO TILE HORI ZONTAL-02-02), they need to be represented
by a pair of surrogate escapes ("\uD83C\uDC41" in this case).

* Al phabetic characters in quoted strings are case-insensitive in
ABNF, so each of the hexadecinal digits within \u escapes (as
specified in rules referenced by hexchar) can be either |owercase
or uppercase, while the u in \u needs to be | owercase (indicated
as W75).

2.3.1.2. Semantics
A name-sel ector string MJST be converted to a nmenmber nane M by

renovi ng the surroundi ng quotes and repl aci ng each escape sequence
with its equival ent Unicode character, as shown in Table 4:

| Escape Sequence | Unicode Character | Description |
| \b | U+0008 | BS backspace |
o e e e e oo o e e e e oo oo e e e e e e e e oo - - +
| \'t | U+0009 | HT horizontal tab |
o e e oo o e e oo s o mm e e e e e e e i +
| \n | U+000A | LF line feed |
o e e e e oo - o e e e e oo oo o e e e e e e e ememao - +
| \ f | U+000C | FF formfeed |
o e e e e oo o e e e e oo oo e e e e e e e e oo - - +
| \r | U+000D | CR carriage return |
o e e oo o e e oo s o mm e e e e e e e i +
| \ " | U+0022 | quotation mark |
o e e e e oo - o e e e e oo oo o e e e e e e e ememao - +
| \’ | U+0027 | apostrophe |
o e e e e oo o e e e e oo oo e e e e e e e e oo - - +
| \/ | U+002F | slash (solidus) |
o e e oo o e e oo s o mm e e e e e e e i +
| \\ | U+005C | backsl ash (reverse |
| | | solidus) |
o e e e oo o e e e o o e e e e e e e e m o +
| \ UXXXX | see | hexadeci mal escape |
| | Section 2.3.1.1 | |
o e e oo o e e oo s o mm e e e e e e e i +

Tabl e 4: Escape Sequence Repl acenents

Appl yi ng the nane-sel ector to an object node sel ects a nenber val ue
whose nane equal s the menber name Mor selects nothing if there is no
such nmenber value. Nothing is selected froma value that is not an
obj ect .

Not e: Processing the nane sel ector requires conparing the menber nane
string Mwi th nenber nane strings in the JSON to which the sel ector
is being applied. Two strings MJST be considered equal if and only
if they are identical sequences of Unicode scal ar values. In other
words, normalization operati ons MJUST NOT be applied to either the
menber nanme string Mfromthe JSONPat h or the nenmber name strings in
the JSON prior to comparison

2.3.1.3. Exanples

JSON:



"o {"j j": {"k.k": 3}},

e 2)

}

Queri es:

The exanples in Table 5 show the nane selector in use by child

segnents.
B ooy oo ooy s g
| Query | Resul t | Resul t Pat hs | Comment |
[ oo by oo oo ooy e e g
I $.0["] j'] [{"k. k"] $['o ][] '] | Named I
| | 3} | | value in |
| | | | a pested |
I I I | object I
Fom e e e e oo o N Tt Fomm e oo - +
| $.ol"j j7I["k- k'] |3 | $["o"]["] j"1["k.kK'] | Nesting I
| | further |
I I I | down I
. L e S Iy +
| $.o["] j"I["k. k"] |3 | $['o']["] j'1["k.k'] | Different |
| | | | delimter |
| | | | in the |
I I I | query, I
| | | | unchanged |
| | | | Nornalized
I I I | Path |
Fom e e e e oo o N Tt Fomm e oo - +
I $[" ][ @] | 2 I [\ @] | Unusual I
| | menber |
I I I | names I
. L e S Iy +

Tabl e 5: Nanme Sel ector Exanpl es

2.3.2. Wldcard Sel ector

2.3.2.1. Syntax
The wi |l dcard sel ector consists of an asterisk
wi | dcar d- sel ect or = "

2.3.2.2. Semantics
A wildcard sel ector selects the nodes of all children of an object or
array. The order in which the children of an object appear in the
resultant nodelist is not stipulated, since JSON objects are
unordered. Children of an array appear in array order in the

resul tant nodeli st.

Note that the children of an object are its nenber values, not its
menber nanes.

The wil dcard sel ector selects nothing froma primtive JSON val ue
(that is, a nunber, a string, true, false, or null).

2.3.2.3. Examples

JSON:
{
"ot {"j": 1, "K": 2},
"a': [5, 3]



}

Queri es:

The examples in Table 6 show the wildcard selector in use by a child

segment .
[ gt T oo puguty oo po s pu gl =g po g pu s pj e p——p—
| Query | Result | Resul t | Comment |
| | | Pat hs | |
E bl et s ool s
| $[*1 | {"j": 1, | $[' 0] | Qoject val ues |
I | "k": 2} | $(*a’] | I
I | [5 31 | I I
S R R S Fom e +
| $.0[*]1 | 1 | $['0’1['j’] | Ohject values |
| | 2 | s oIl k] | |
Fomm e - o - Fomm oo - o m e e e oo - o e e e e oo oo +
| $.0[*] | 2 | $['0’1['k’] | Alternative |
| | 1 | S0 1['i"] | result |
S R S oo oo Fom e +
| $.0[*, | 1 | $['0’]["j’']1 | Non-deterministic |
[ R | $['o']['k'] | ordering I
I | 2 | $["o" ]["k'] | I
| | 1 | s o1l | |
S SRR TS S o e e e e oo +
| $.a[*] | 5 | $['a ][0] | Array nenbers |
I | 3 | $["a'][1] | I
S S oo Fom e +

Table 6: W/l dcard Sel ector Exanpl es

The exanpl e above with the query $.0o[*, *] shows that the wildcard
sel ector nmay produce nodelists in distinct orders each tinme it
appears in the child segnent when it is applied to an object node
with two or nore menbers (but not when it is applied to object nodes
with fewer than two nmenbers or to array nodes)

2.3.3. Index Selector

2.3.3.1. Syntax

An index sel ector <index> matches at nobst one array el enent val ue.

i ndex- sel ect or = int ; decimal integer
i nt ="0" /
(["-"] DATL *DAT) ; - optional
DAT1 = %%31- 39 ; 1-9 non-zero digit

Appl ying the nunerical index-selector selects the correspondi ng
element. JSONPath allows it to be negative (see Section 2.3.3.2).

To be valid, the index selector value MJST be in the I-JSON range of
exact values (see Section 2.1).

Not es:
* An index-selector is an integer (in base 10, as in JSON nunbers).

* As in JSON nunbers, the syntax does not allow octal -like integers
with | eading zeros, such as 01 or -01

2.3.3.2. Semantics

A non-negative index-selector applied to an array selects an array



el ement using a zero-based index. For exanple, the selector O
selects the first, and the selector 4 selects the fifth element of a
sufficiently long array. Nothing is selected, and it is not an
error, if the index lies outside the range of the array. Nothing is
selected froma value that is not an array.

A negative index-selector counts fromthe array end backwards,
obt ai ni ng an equi val ent non-negative i ndex-sel ector by adding the

Il ength of the array to the negative index. For exanple, the selector
-1 selects the last, and the selector -2 selects the penultimate

el ement of an array with at |least two elements. As wth non-negative
i ndexes, it is not an error if such an el ement does not exist; this
simply means that no elenent is selected.

2.3.3.3. Exanples

JSON:

["a","b"]

Queri es:

The exanmples in Table 7 show the index selector in use by a child
segnent .

[ gl o e pusgut s peesg ey o}
| Query | Result | Result Paths | Comment |
F ool e oo ool s e s oo =}
|  $[1] | "b" | $[ 1] | Elenment of array |
B S, B o e e e e o - o mm e e e e e e e e e e e e e oo +
| $[-2] | "a" | $[ 0] | Element of array, fromthe end

E E o e oo - oo e e e e e e o - +

Tabl e 7: Index Sel ector Examples
2.3.4. Array Slice Selector
2.3.4.1. Syntax
The array slice selector has the form<start>: <end>: <step>. It
mat ches el ements fromarrays starting at index <start> and endi ng at

(but not including) <end>, while increnenting by step with a default
of 1.

slice-sel ector = [start §] ":" S[end S [":" [S step ]]
start = int ; included in selection

end = int ; not included in selection
step = int ; default: 1

The slice selector consists of three optional decimal integers
separated by colons. The second colon can be omitted when the third
integer is onmtted.

To be valid, the integers provided MJIST be in the I-JSON range of
exact val ues (see Section 2.1).

2.3.4.2. Semantics
The slice selector was inspired by the slice operator that was
proposed for ECMAScript 4 (ES4), which was never rel eased, and that
of Pyt hon.

2.3.4.2.1. Informal I|ntroduction

This section is informative.



Array slicing is inspired by the behavior of the

Array. prototype.slice method of the JavaScript |anguage, as defined
by the ECMA-262 standard [ ECMA-262], with the addition of the step
paraneter, which is inspired by the Python slice expression

The array slice expression start:end:step selects elenents at indices
starting at start, increnenting by step, and ending with end (which
is itself excluded). So, for exanple, the expression 1:3 (where step
defaults to 1) selects elenments with indices 1 and 2 (in that order),
whereas 1:5:2 selects elements with indices 1 and 3.

VWhen step is negative, elenents are selected in reverse order. Thus,
for exanple, 5:1:-2 selects elements with indices 5 and 3 (in that
order), and ::-1 selects all the elenents of an array in reverse
order.

VWhen step is 0, no elements are selected. (This is the one case that
differs fromthe behavior of Python, which raises an error in this
case.)

The foll owi ng section specifies the behavior fully, w thout depending
on JavaScript or Python behavi or

2.3.4.2.2. Nor mati ve Semantics

A slice expression selects a subset of the elenents of the input
array in the same order as the array or the reverse order, depending
on the sign of the step paranmeter. It selects no nodes froma node
that is not an array.

A slice is defined by the two slice paraneters, start and end, and an
iteration delta, step. Each of these paraneters is optional. |In the
rest of this section, len denotes the length of the input array.

The default value for step is 1. The default values for start and
end depend on the sign of step, as shown in Table 8.

=+t —-—————————{——————————+
| Condition | start | end |
S oo e el e pes e e e o1
| step>=0] O | len |
F--- - - - F---- - - - F--- - - +
| step <0 | len- 1] -len -1

I L I +

Table 8: Default Array Slice
start and end Val ues

Slice expression paraneters start and end are not directly usable as
slice bounds and must first be normalized. Normalization for this
purpose is defined as:

FUNCTI ON Normal i ze(i, len):
IFi >= 0 THEN
RETURN i
ELSE
RETURN | en + i
END | F

The result of the array index expression i applied to an array of
length len is the result of the array slicing expression Normalize(i,
I en): Normalize(i, len)+1l:1

Slice expression parameters start and end are used to derive slice
bounds | ower and upper. The direction of the iteration, defined by



the sign of step, determ nes which of the paranmeters is the | ower
bound and which is the upper bound:

FUNCTI ON Bounds(start, end, step, len):
n_start = Normalize(start, |en)
n_end = Normalize(end, |en)

IF step >= 0 THEN

|l ower = M N(MAX(n_start, 0), len)
upper = M N(MAX(n_end, 0), len)
ELSE
upper = M N(MAX(n_start, -1), len-1)
| ower = M N(MAX(n_end, -1), len-1)
END | F

RETURN (| ower, upper)

The slice expression selects elenents with indices between the | ower
and upper bounds. In the follow ng pseudocode, a(i) is the i+1th

el ement of the array a (i.e., a(0) is the first elenent, a(l) the
second, and so forth).

IF step > 0 THEN
i = | ower
VWHI LE i < upper
SELECT a(i)
i =i + step
END WHI LE
ELSE if step < 0 THEN

i = upper
VWHI LE | ower < i:
SELECT a(i)
i =i + step
END WHI LE
END | F

When step = 0, no elenents are selected, and the result array is
enpty.

2.3.4.3. Exanples
JSON:
["a", "b", "c", "d", "e", "f", "g"]
Queri es:

The exanples in Table 9 show the array slice selector in use by a
child segnent.

[ S el e ey e sty e s ety
| Query | Result | Result | Comment |

| | Paths | |
B oo el e el el oo e e
| $[1:3] | "b" | $[1] | Slice |
I | "c” | $[2] | with I
| | | | default |
I I I | step I
I F-------- F-------- I +
| $[5:] | "f" | $[5] | Slice |
I I "g" I $[ 6] I with no I



F- - - - - - - +-------- +-------- F-- - - - - II-
| $[1:5:2] | "b" | $[1] | Slice |
I | "a" |  $[3] | with I
I I I | step 2|
o e Fomm e Fomm e o e - +
| $[5:1:-2] | "f" | %[ 5] | Slice |
I | "d" |  $[3] | with I
| | | | negative |
I I I | step I
e mmmee oo - S S Fommmme oo +
| $[::-1] | "g" | %[ 6] | Slice in |
| | "f" | $[5] | reverse |
| | "e" | $[4] | order |
I | "a" | $[3] | I
I | "c” | $[2] | I
I | "b" | $[1] | I
I | "a" | $[0] | I
Fom e e e Fommm e e Fommm e e Fomm e e e +

Table 9: Array Slice Sel ector Exanpl es
2.3.5. Filter Selector

Filter selectors are used to iterate over the el enents or nmenbers of
structured values, i.e., JSON arrays and objects. The structured
val ues are identified in the nodelist offered by the child or
descendant segnent using the filter selector

For each iteration (elenent/nenber), a |ogical expression (the
_filter expression_) is evaluated, which decides whether the node of
the el enent/nmenber is selected. (Wiile a |ogical expression

eval uates to what mathematically is a Bool ean value, this
specification uses the term logical to maintain a distinction from
t he Bool ean val ues that JSON can represent.)

During the iteration process, the filter expression receives the node
of each array el enent or object nenber value of the structured val ue
being filtered; this elenent or nenber value is then known as the
_current node_.

The current node can be used as the start of one or nore JSONPat h
queries in subexpressions of the filter expression, notated via the
current-node-identifier @ Each JSONPat h query can be used either for
testing existence of a result of the query, for obtaining a specific
JSON val ue resulting fromthat query that can then be used in a
conparison, or as a _function argunent _.

Filter selectors may use function extensions, which are covered in
Section 2.4. Wthin the logical expression for a filter selector,
function expressions can be used to operate on nodelists and val ues.
The set of available functions is extensible, with a nunber of
functions predefined (see Section 2.4) and the ability to register
further functions provided by the "Function Extensions" subregistry
(Section 3.2). Wen a function is defined, it is given a unique
nane, and its return value and each of its paraneters are given a
_declared type . The type systemis limted in scope; its purpose is
to express restrictions that, without functions, are inplicit in the
grammar of filter expressions. The type system al so gui des
conversions (Section 2.4.2) that mimc the way different kinds of
expressions are handled in the grammar when function expressions are
not in use.

2.3.5.1. Syntax

The filter selector has the form ?<l ogical - expr>



filter-selector = "?" S |ogical-expr

As the filter expression is conmposed of constituents free of side
effects, the order of evaluation does not need to be (and is not)
defined. Simlarly, for conjunction (&%) and disjunction (]|])
(defined later), both a short-circuiting and a fully eval uating
implementation will lead to the same result; both inplenmentation
strategies are therefore valid.

The current node is accessible via the current node identifier @
This identifier addresses the current node of the filter-selector
that is directly enclosing the identifier. Note: Wthin nested
filter-selectors, there is no syntax to address the current node of
any other than the directly enclosing filter-selector (i.e., of
filter-selectors enclosing the filter-selector that is directly
enclosing the identifier).

Logi cal expressions offer the usual Bool ean operators (|| for OR &&
for AND, and ! for NOT). They have the normal senmantics of Bool ean
al gebra and obey its laws (for exanple, see [ BOOLEAN- LAWS]).

Par ent heses MAY be used within |ogical -expr for grouping.

It is not required that |ogical-expr consist of a parenthesized
expression (which was required in [JSONPath-orig]), although it can
be, and the semantics are the sane as wi thout the parentheses.

| ogi cal - expr
| ogi cal - or-expr

| ogi cal - or-expr
| ogi cal -and-expr *(S "|
; disjunction
; binds less tightly than conjunction
basi c-expr *(S "&&" S basic-expr)
; conjunction
; binds nore tightly than disjunction

S | ogi cal - and- expr)

| ogi cal - and- expr

basi c- expr = paren-expr /
compari son-expr /
t est - expr
par en- expr = [logical-not-op §] "(" S logical-expr S")'

; parent hesi zed expression
; logical NOT operator

| ogi cal - not - op =

A test expression either tests the existence of a node designated by
an enbedded query (see Section 2.3.5.2.1) or tests the result of a
function expression (see Section 2.4). 1In the latter case, if the
function’s declared result type is Logical Type (see Section 2.4.1),
it tests whether the result is Logical True; if the function’s
declared result type is NodesType, it tests whether the result is
non-enpty. If the function’s declared result type is Val ueType, its
use in a test expression is not well-typed (see Section 2.4.3).

t est - expr [l ogical-not-op S

(filter-query / ; existencel/non-existence
function-expr) ; Logical Type or NodesType
filter-query rel -query / jsonpath-query

rel -query current-node-identifier segnents
current-node-identifier ="@

Conpari son expressions are avail abl e for conpari sons between
primtive values (that is, nunmbers, strings, true, false, and null).
These can be obtained via literal values; singular queries, each of
whi ch sel ects at nost one node, the value of which is then used; or
function expressions (see Section 2.4) of type Val ueType.

compari son- expr = conparabl e S conpari son-op S conparabl e



literal = nunber / string-literal /
true / false / nul

conpar abl e =literal /
si ngul ar-query / ; singular query val ue
function-expr ; Val ueType
conpari son-op = "==" ] "=
ezt ) M=
" <Il / " >Il

si ngul ar - query rel -singul ar-query / abs-singul ar-query
rel -singul ar-query current-node-identifier singular-query-segnments
abs- si ngul ar - query root-identifier singular-query-segments

si ngul ar - query-segnents = *(S (name-segnment / index-segnment))

nane- segnment = ("[" name-selector "]") /
("." nmenber-name-shorthand)
i ndex- segment = "[" index-selector "]"

Literals can be notated in the way that is usual for JSON (with the
extension that strings can use single-quote delimters).

Not e: Al phabetic characters in quoted strings are case-insensitive in
ABNF, so within a floating point nunber, the ABNF expression "e" can
be either the character e or 'FE

true, false, and null are | owercase only (case-sensitive).

nunber =(int / "-0") [ frac ] [ exp ] ; decinmal nunber
frac ="." 1*DIAT ; decimal fraction
exp ="e" [ "-" /[ "+ ] I*DAT ; deci mal exponent
true = Ux74.72.75. 65 ; true

fal se = 9%66.61. 6C. 73. 65 ; fal se

nul | = Y%6e. 75. 6¢. 6¢C ; nul

Table 10 lists filter expression operators in order of precedence
from hi ghest (binds nost tightly) to | owest (binds |east tightly).

[S ooy oo s sy oo e
| Precedence | Operator type | Synt ax |
F =4 - ———————————+t—————————————+
| 5 | G oupi ng | (...) |
| | Function Expressions | _nane_(...) |
Fomm e oo - o e e e e e e oo o m e e e oo - +
| 4 | Logi cal NOT | ! |
R o e e e e e oo oo S +
| 3 | Rel ati ons | == = |
| | | < <= > >= |
S Fom e S +
| 2 | Logi cal AND | && |
R T S +
| 1 | Logi cal OR | | ] |
S Fom oo oo i +
Table 10: Filter Expression Operator Precedence
2.3.5.2. Semantics
The filter selector works with arrays and objects exclusively. |Its
result is alist of (_zero, one_, multiple, or _all_) their array

el ements or nmenber val ues, respectively. Applied to a primtive
value, it selects nothing (and therefore does not contribute to the
result of the filter selector).

In the resultant nodelist, children of an array are ordered by their
position in the array. The order in which the children of an object
(as opposed to an array) appear in the resultant nodelist is not
stipul ated, since JSON objects are unordered.



2.3.5.2.1. Existence Tests

A query by itself in a logical context is an existence test that
yields true if the query selects at |east one node and yields fal se
if the query does not sel ect any nodes.

Exi stence tests differ fromconparisons in that:

* They work with arbitrary relative or absolute queries (not just
si ngul ar queries).

* They work with queries that select structured val ues.

To exam ne the value of a node selected by a query, an explicit
conparison is necessary. For exanple, to test whether the node

sel ected by the query @foo has the value null, use @foo == null
(see Section 2.6) rather than the negated existence test !@foo
(which yields false if @foo selects a node, regardl ess of the node’s
value). Sinmlarly, @foo == false yields true only if @foo selects
a node and the value of that node is fal se.

2.3.5.2.2. Conparisons

The conparison operators == and < are defined first, and then these
are used to define I=, <= > and >=.

When either side of a conparison results in an enpty nodelist or the
special result Nothing (see Section 2.4.1):

* A comparison using the operator == yields true if and only the
other side also results in an enpty nodelist or the special result
Not hi ng.

* A conparison using the operator < yields false.

VWhen any query or function expression on either side of a conparison
results in a nodelist consisting of a single node, that side is
repl aced by the value of its node and then:

* A conparison using the operator == yields true if and only if the
compari son i s between:

- nunbers expected to interoperate, as per Section 2.2 of |-JSON
[ RFC7493], that conpare equal using nornmal nathemati cal
equality,

- nunbers, at |east one of which is not expected to interoperate
as per 1-JSON, where the nunbers conpare equal using an
i mpl ement ati on-specific equality,

- equal prinmtive values that are not nunbers,

- equal arrays, that is, arrays of the same | ength where each
el ement of the first array is equal to the corresponding
el enrent of the second array, or

- equal objects with no duplicate nanes, that is, where

0 both objects have the sane collection of names (with no
dupl i cates) and

o for each of those nanes, the val ues associated with the nane
by the objects are equal

* A conparison using the operator < yields true if and only if the



compari son i s between values that are both nunbers or both strings
and that satisfy the conparison:

nunbers expected to interoperate, as per Section 2.2 of |-JSON
[ RFC7493], MJST conpare using the normal mathematical ordering;
nunbers not expected to interoperate, as per |-JSON, MAY
compare using an inpl enentation-specific ordering,

the enpty string conpares |ess than any non-enpty string, and

a non-enpty string conpares | ess than another non-enpty string
if and only if the first string starts with a | ower Uni code
scal ar value than the second string or if both strings start
with the same Uni code scal ar value and the renai nder of the
first string conpares | ess than the renmmi nder of the second
string.

=, <=, > and >= are defined in terns of the other conparison
operators. For any a and b

* The conparison a != b yields true if and only if a == b yields
fal se.

* The conparison a <= b yields true if and only if a < b yields true
or a == b yields true.

* The conparison a > b yields true if and only if b < a yields true.

* The conparison a >= b yields true if and only if b < a yields true

or a == b yields true.
2.3.5.3. Exanples
The first set of exanples shows sone conpari son expressions and their
result with a given JSON val ue as input.
JSON
{
tobj i {"x": "y},
"arr": [2, 3
}
Conpari sons:
| Conpari son | Result | Conment |
| $.absentl == $.absent2 | true | Enpty nodelists |
o e e e e e e oo oo oo S SRR o e e e e e e oo oo oo +
| $.absentl <= $.absent2 | true | == inplies <= |
e e e e e oo T e e e e e oo +
| $. absent == 'g’ | false | Enmpty nodel i st |
o e e e e e a oo Fomm e - o - o e e e e e a oo +
| $.absentl != $.absent2 | false | Enpty nodelists |
o e e e e e e oo oo oo S SRR o e e e e e e oo oo oo +
| $.absent = "'g’ | true | Enpty nodel i st |
e e e e e oo T e e e e e oo +
| 1 <=2 | true | Nuneri c conpari son |
o e e e e e a oo Fomm e - o - o e e e e e a oo +
| 1>2 | false | Nuneri c conpari son |
o e e e e e e oo oo oo S SRR o e e e e e e oo oo oo +
| 13 == '13 | false | Type mi smatch |
e e e e e oo T e e e e e oo +
| a' <=0 | true | String conparison |
o e e e e e a oo Fomm e - o - o e e e e e a oo +



| ral > b
o e e e e e e e e e e e e e ==
| $.0bj == $.arr

o e e e e e e e e e e e e e e
| $.0bj !'=$. arr

o e e e e e e e e e e e e e e e e m -
| $.0bj == $. obj

o e e e e e e e e e e e e e ==
| $.0bj !'=$. obj

o e e e e e e e e e e e e e e
| $.arr == $.arr

o e e e e e e e e e e e e e e e e m -
| $.arr !'= $. arr

o e e e e e e e e e e e e e ==
| $.0bj == 17

o e e e e e e e e e e e e e e
| $.0bj =17

o e e e e e e e e e e e e e e e e m -
| $.0bj <= $.arr
SR
| $.0bj < $.arr
AR
| $. 0bj <= $. obj

o e e e e e e e e e e e e e ==
| $.arr <= $.arr

o e e e e e e e e e e e e e e
| 1 <= 8% arr

I

o e e e e e e e e e e e e e e e ==
| 1 >=$%. arr
e
| 1> 8% arr

I

o e e e e e e e e e e e e e e e ==
| 1 <$. arr
R
| true <= true

o e e e e e e e e e e e e e e e e m -
| true > true
.

compari son

hj ects and arrays do
not offer < conparison
oj ects and arrays do
not offer < conparison

do not offer <
compari son
Arrays do not offer <
conpari son
Arrays do not offer <
compari son
Arrays do not offer <
conpari son
== inmplies <=
Bool eans do not offer
< conparison

Tabl e 11: Conpari son Exanpl es

The second set of exanples shows sone conpl ete JSONPat h queries that
make use of filter selectors and the results of evaluating these
queries on a given JSON value as input. (Note: Two of the queries
enpl oy function extensions; please see Sections 2.4.6 and 2.4.7 for
details about these.)

JSON:
{
"a": [3, 5, 1, 2, 4, 6,
{"b": "7y,
{"b": "k},
{"b": {}},
{"b": "kilo"}
1,
"o": {"p" 1, "qg": 2, "r" 3, "s" 5 "t": {"U": 6}},
"e"r "f"



Coment

Mermber val ue

Resul t
Pat hs

Resul t

{"b":

Query

B e = e e e e Y e e

B ] e e e e e e e Y

The examples in Table 12 show the filter selector in use by a child

Queri es:
segnent .

compari son

I
I
T

$[ra ][9]

I
| "kilo"}

$.a[?@b
"kilo]

Equi val ent query
wi t h encl osi ng

par ent heses

I $["a’ ][9] I
+------------------+--------------L-------------+-------------------

{"b":
"kilo"}

’kiIo’)]:: I
I

$.a[?(@b

Exi stence of non-
si ngul ar queries

Array val ue
exi st ence

$. a[ 2@3. 5]

1
2
2
1

2@3]

| $.0[?@3,

i OR

Array val ue
| ogi cal

@b

K]

oo e e e e e moooo--

I $.a[’j_@<2 [

expressi on match

regul ar

"Ikl

| $.a[?match( @b,

expressi on search

Array val ue
regul ar

"Ikl

| $.a[?search(@b,



| $.0[?@1 && @4] | 2 | $’0'1['q' ] | Object value |
| | 3 | $['0’1['r’] | logical AND |
oo oo oo oo e +
| $.0[?@1 && @4] | 3 | $['0'1['r'] | Alternative |
I | 2 | $['o']1['q] | result I
oo oo oo o oo +
| $.0[?@u || @x] | {"u": 6} | $["0'1['t’] | Object value |
| | | | logical OR |
oo oo oo oo e +
| $.a[?@b == $.x] | 3 | $['a][0] | Conparison of |
| | 5 | $['a ][1] | queries with no

| | 1 | $['a][2] | values |
| | 2 | $["a’][3] | |
I | 4 | $["a’][4] | I
I | 6 | $["a][5] | I
o e e oo o e e - oo e o e e e +
[ $.a[?@== @ | 3 | $['a][0] | Conparisons of |
| | 5 | $['a]1[1] | primtive and of |
| | 1 | $['a][2] | structured values

I | 2 | $["a’][3] | I
I | 4 | $[a’][4] | I
I | 6 | $["a][5] | I
I | {"b": "j" | $["a’][6] | I
I | {"b": "k"} | $["a][7] | I
| | {"b": {}} | $["a’][8] | |
I | {"b": | $["a ][9] | I
I | "kilo"} I I I
o e e oo e e oo o e e e +

Table 12: Filter Sel ector Exanples

The exanpl e above with the query $.0o[ ?@3, ?@3] shows that a filter
sel ector nay produce nodelists in distinct orders each tine it
appears in the child segnent.

2. 4. Functi on Extensions

Beyond the filter expression functionality defined in the preceding
subsections, JSONPat h defines an extension point that can be used to
add filter expression functionality: "Function Extensions".

Thi s section defines the extension point and some function extensions
that use this extension point. \Wile these nmechani snms are designed
to use the extension point, they are an integral part of the JSONPath
specification and are expected to be inplenented |ike any other
integral part of this specification

A function extension defines a registered nane (see Section 3.2) that
can be applied to a sequence of zero or nore arguments, producing a
result. Each registered function nane is unique.

A function extension MIST be defined such that its evaluation is free
of side effects, i.e., all possible orders of evaluation and choices
of short-circuiting or full evaluation of an expression containing it
MJUST | ead to the same result. (Note: Mempization or |ogging are not
side effects in this sense as they are visible at the inplenmentation
| evel only -- they do not influence the result of the evaluation.)

function-nanme-first *function-name-char
LCALPHA

function-name-first / " "/ DAT
O%x61-7A ; "a".."z"

functi on-nane
function-nane-first
functi on- nane- char
LCALPHA

function-expr function-nane "(" S [function-argunent
*(S"," SfUnCtion-argu”-Bnt)] Sll)n

function-argunent =literal /
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4.

4.

filter-query / ; (includes singular-query)
| ogi cal -expr /
function-expr

Any function expressions in a query rmust be well-formed (by
conform ng to the above ABNF) and well-typed; otherw se, the JSONPath
i mpl ementati on MJUST rai se an error (see Section 2.1). To define

whi ch function expressions are well-typed, a type systemis first

i ntroduced.

1. Type System for Function Expressions

Each paraneter and the result of a function extension nmust have a
decl ared type.

Decl ared types enabl e checki ng a JSONPat h query for well-typedness
i ndependent of any query argunment the JSONPath query is applied to.

Tabl e 13 defines the available types in terns of the instances they
cont ai n.

| Type | I'nstances |
| Val ueType | JSON val ues or Not hi ng |
S oo e e e e e e e e oo - - +
| Logical Type | Logical True or Logical Fal se

S o mm e e e e e e e i +
| NodesType | Nodelists |
o m e e e oo - o e e e e e e e ememao - +

Tabl e 13: Function Extension Type System
Not es:

* The only instances that can be directly represented in JSONPat h
syntax are certain JSON values in Val ueType expressed as literals
(which, in JSONPath, are limted to primtive val ues).

* The special result Nothing represents the absence of a JSON val ue
and is distinct fromany JSON val ue, including null.

* Logi cal True and Logi cal Fal se are unrelated to the JSON val ues
expressed by the literals true and fal se.

2. Type Conversion

Just as queries can be used in |logical expressions by testing for the
exi stence of at |east one node (Section 2.3.5.2.1), a function
expression of declared type NodesType can be used as a function
argunent for a paraneter of declared type Logical Type, with the

equi val ent conversion rul e:

* |f the nodelist contains one or nore nodes, the conversion result
i s Logical True.

* |f the nodelist is enpty, the conversion result is Logical Fal se.

Not es:

* Extraction of a value froma nodelist can be perfornmed in severa
ways, so an inplicit conversion from NodesType to Val ueType may be

surprising and has therefore not been defi ned.

* A function expression with a declared type of NodesType can
indirectly be used as an argunment for a paraneter of declared type



Val ueType by wapping the expression in a call to a function
ext ension, such as value() (see Section 2.4.8), that takes a
paraneter of type NodesType and returns a result of type

Val ueType.

The wel | -typedness of function expressions can now be defined in
terns of this type system

2.4.3.

Wel | - Typedness of Function Expressions

For a function expression to be well-typed:

1.

ts declared type nmust be well-typed in the context in which it

occurs.

As per the grammar, a function expression can occur in three
different i medi ate contexts, which lead to the follow ng
conditions for well-typedness:

As a test-expr in a |logical expression

The function's declared result type is Logical Type or (giving
rise to conversion as per Section 2.4.2) NodesType.

As a conparable in a comnparison

The function’s declared result type is Val ueType.

As a function-argunment in another function expression

The function's declared result type fulfills the follow ng
rules for the correspondi ng paraneter of the encl osing
function.

ts argunents nust be well-typed for the declared type of the

correspondi ng paraneters.

The argurments of the function expression are well-typed when each
argunent of the function can be used for the declared type of the
correspondi ng parameter, according to one of the follow ng

condi tions:

*

When the argunent is a function expression with the sane
declared result type as the declared type of the paraneter.

When the declared type of the paraneter is Logical Type and the
argunent is one of the foll ow ng:

- A function expression with declared result type NodesType.
In this case, the argunment is converted to Logi cal Type as
per Section 2.4.2.

- Alogical-expr that is not a function expression

When the declared type of the paraneter is NodesType and the
argunment is a query (which includes singular query).

When the declared type of the paraneter is Val ueType and the
argunent is one of the foll ow ng:

- A value expressed as a literal
- A singular query. In this case

o If the query results in a nodelist consisting of a
singl e node, the argunent is the value of the node.

o If the query results in an enpty nodelist, the argunent
is the special result Nothing.
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4.

4. length() Function Extension

Par anet ers:
1. Val ueType

Result: Val ueType (unsigned integer or Not hing)

The I ength() function extension provides a way to conpute the |length
of a value and make that available for further processing in the
filter expression:

$[ ?l engt h( @ aut hors) >= 5]

Its only argunent is an instance of ValueType (possibly taken froma

singul ar query, as in the exanple above). The result is also an

i nstance of Val ueType: an unsigned integer or the special result
Not hi ng.

* |f the argunent value is a string, the result is the nunber of

Uni code scal ar values in the string.

* |f the argunment value is an array, the result is the nunber of

el ements in the array.

* |f the argunent value is an object, the result is the nunber of
menbers in the object.

* For any other argunent value, the result is the special result

4.

4.

Not hi ng.
5. count() Function Extension

Par anet ers:
1. NodesType

Result: Val ueType (unsigned integer)

The count () function extension provides a way to obtain the nunber of
nodes in a nodelist and make that available for further processing in
the filter expression:

$[ ?count (@ *. aut hor) >= 5]

Its only argunent is a nodelist. The result is a value (an unsigned
i nteger) that gives the nunber of nodes in the nodelist.

Not es:

* There is no deduplication of the nodelist.

* The nunber of nodes in the nodelist is counted i ndependent of
their values or any children they may have, e.g., the count of a
non-enpty singul ar nodelist such as count(@ is always 1.

6. match() Function Extension

Par anet er s:
1. ValueType (string)

2. ValueType (string conformng to [ RFC9485])
Result: Logi cal Type

The match() function extension provides a way to check whether (the
entirety of; see Section 2.4.7) a given string matches a given



regul ar expression, which is in the formdescribed in [ RFC9485].
$[ ?match(@date, "1974-05-..")]

Its argunents are instances of Val ueType (possibly taken froma
singul ar query, as for the first argunent in the exanple above). |If
the first argunent is not a string or the second argunent is not a
string conformng to [ RFC9485], the result is Logical Fal se.

O herwise, the string that is the first argunment is matched agai nst
the |-Regexp contained in the string that is the second argunent; the
result is Logical True if the string matches the |I-Regexp and is
Logi cal Fal se ot herwi se.

2.4.7. search() Function Extension

Par anet er s:
1. ValueType (string)

2. ValueType (string conformng to [ RFC9485])
Result: Logi cal Type

The search() function extension provides a way to check whether a
given string contains a substring that matches a given regul ar
expression, which is in the formdescribed in [ RFC9485].

$[ ?search(@aut hor, "[BR]ob")]

Its argunents are instances of Val ueType (possibly taken froma
singul ar query, as for the first argunent in the exanple above). |If
the first argunent is not a string or the second argunent is not a
string conformng to [ RFC9485], the result is Logical Fal se.

O herwise, the string that is the first argunment is searched for a
substring that matches the |-Regexp contained in the string that is
the second argunent; the result is Logical True if at |east one such
substring exists and is Logical Fal se ot herwi se.

2.4.8. value() Function Extension

Par anet ers:
1. NodesType

Result: Val ueType

The val ue() function extension provides a way to convert an instance
of NodesType to a value and nmake that available for further
processing in the filter expression

$[ ?val ue(@.color) == "red"]

Its only argunent is an instance of NodesType (possibly taken froma
filter-query, as in the exanple above). The result is an instance of
Val ueType.

* |f the argunent contains a single node, the result is the val ue of
t he node.

* |f the argunent is the enpty nodelist or contains multiple nodes,
the result is Nothing.

Note: A singular query may be used anywhere where a Val ueType is
expected, so there is no need to use the value() function extension
with a singular query.

2.4.9. Exanples
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[ sl s s oo e oo
| Query | Commrent |
[ s e e s s s e s s s e s s e s s s e e s s s s s s s s s s s
| $[?length(@ < 3] | well-typed |
o o m m e e e e e e e e e e e e e eee— oo s +
| $[?length(@*) < 3] | not well-typed since @* is a non- |
| | singular query |
o e e e e e oo oo T +
| $[?count(@*) == 1] | well-typed |
g o m m e e e e e e e e e e e e e e e eee— oo on +
|  $[?count(l) == 1] | not well-typed since 1 is not a query or |
| function expression

T T +
|  $[?count(foo(@*)) | well-typed, where foo() is a function |
| == 1] | extension with a paraneter of type |
| | NodesType and result type NodesType |
o o m m e e e e e e e e e e e e e eee— oo s +
| $[?match(@tinezone, | well-typed |
| " Europe/.*")] | |
o e e e e e oo oo T +
| $[?match(@tinmezone, | not well-typed as Logi cal Type may not be

| "Europe/.*") == | used in conparisons |
I true] I I
o e e e e e e oo o m e e e e e e e e e e e e e e e e e e e e e e e e e o +
| $[?value(@.color) | well-typed |
I == "red"] I I
g o m e e e e e e e e e e e e e e mee—ooon +
| $[?value(@.color)] | not well-typed as Val ueType may not be |
| | used in a test expression |
o e e e e e e oo o m e e e e e e e e e e e e e e e e e e e e e e e e e o +
| $[?bar(@a)] | well-typed for any function bar() with a |

par aneter of any declared type and

| | result type Logical Type |
g o m m e e e e e e e e e e e e e e e eee— oo on +
| $[?bnl (@*)] | well-typed for any function bnl() with a |
| | parameter of declared type NodesType or |
| | Logical Type and result type Logical Type |
o e e e e e oo oo T +
| $[?blt(1==1)] | well-typed, where blt() is a function |
| | with a paraneter of declared type |
| | Logical Type and result type Logical Type |
o e e e e e e oo o m e e e e e e e e e e e e e e e e e e e e e e e e e o +
| $[?blt(1)] | not well-typed for the same function |
| | blt(), as 1 is not a query, |ogical- |
| | expr, or function expression |
g o m m e e e e e e e e e e e e e e e eee— oo on +
| $[ ?bal (1)] | well-typed, where bal() is a function |
| | with a paraneter of declared type |
| | ValueType and result type Logical Type |
o e e e e e oo oo T +

Tabl e 14: Function Expression Exanpl es
Segnent s

For each node in an input nodelist, segnents apply one or nore
selectors to the node and concatenate the results of each sel ector
into per-input-node nodelists, which are then concatenated in the
order of the input nodelist to forma single segnent result nodelist.

It turns out that the nore segnents there are in a query, the greater
the depth in the input value of the nodes of the resultant nodelist:

* A query with N segnments, where N >= 0, produces a nodeli st
consi sting of nodes at depth in the input value of N or greater
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* A query with N segnents, where N >= 0, all of which are child
segnents (Section 2.5.1), produces a nodelist consisting of nodes
precisely at depth Nin the input val ue.

There are two kinds of segnments: child segnments and descendant
segment s.

segnent = chil d-segnent / descendant - segnent
The syntax and semantics of each kind of segnment are defined bel ow

1. Child Segnent

2.5.1.1. Syntax

The child segnment consists of a non-enpty, comma-separated sequence
of selectors enclosed in square brackets.

Shorthand notations are al so provided for when there is a single
wi | dcard or name sel ector

br acket ed-sel ection /

chi | d- segnent

(ﬁﬁldcard-selector /
menber - name- shor t hand))

"[" S selector *(S "," S selector) S"]"

br acket ed- sel ecti on

menber - nanme- short hand = nane-first *nane-char
name-first = ALPHA /
" /
9% 80- D7FF /
; skip surrogate code points
9% EO000- 10FFFF

nane- char = nane-first /| DAT
DAT = % 30-39 ; 0-9
ALPHA = U%41-5A /| 9%61-7A T AZ ] a-z

.*, a child-segnent directly built froma w ldcard-selector, is
shorthand for [*].

. <menber - name>, a child-segnment built from a menber-nane-short hand,
is shorthand for [’ <nenber-nane>"]. Note: This can only be used with
menber nanes that are conposed of certain characters, as specified in
the ABNF rul e menber-nane-shorthand. Thus, for exanple, $.foo.bar is
shorthand for $['foo ]['bar’] (but not for $['foo.bar’]).

2.5.1.2. Semantics

A child segnent contains a sequence of selectors, each of which
selects zero or nore children of the input val ue.

Sel ectors of different kinds may be conbined within a single child
segnent .

For each node in the input nodelist, the resulting nodelist of a
child segnment is the concatenation of the nodelists fromeach of its
selectors in the order that the selectors appear in the list. Note:
Any node mat ched by nore than one selector is kept as many tines in
the nodeli st.

Where a sel ector can produce a nodelist in nore than one possible
order, each occurrence of the selector in the child segrment may
produce a nodelist in a distinct order



In summary, a child segnent drills down one nore |level into the
structure of the input val ue.

2.5.1.3. Exanples
JSON

[*a", "b", "c", "d", "e", "f", "g"]

Queri es:
B oo ool oo ool el ool
| Query | Result | Result | Commrent |
| | | Paths | |
[ ety Sy g e ——r
| $[0, | "a" | $[0] | Indices |
|31 vdm ] s3] | |
B B B S +
| $[0:2, | "a" | $[0] | Slice and |
| 5] | "b" |  $[1] | index |
I | "f" | $[5] | I
. . . o e e oo oo +
| $[0, | "a" | $[0] | Duplicated |
| 0] | "a" | $[0] | entries |
E S E S E S R +
Tabl e 15: Child Segnent Exanpl es
2.5.2. Descendant Segnent
2.5.2.1. Syntax
The descendant segnent consists of a double dot .. followed by a

child segnent (using bracket notation).

Shorthand notations are al so provided that correspond to the
shorthand fornms of the child segnent.

descendant -segnent = ".." (bracketed-selection /
wi | dcard-sel ector /
menber - name- shor t hand)

.*, the descendant-segnent directly built froma wildcard-sel ector,
is shorthand for ..[*].

.. <menber - name>, a descendant-segnment built from a nenber-nane-
shorthand, is shorthand for ..[’ <nmenber-nanme>']. Note: As with the
simlar shorthand of a child-segnent, this can only be used with
menber nanmes that are conposed of certain characters, as specified in
the ABNF rul e menber - nane-short hand.
Note: On its own, .. is not a valid segnent.

2.5.2.2. Semantics

A descendant segnent produces zero or nore descendants of an input
val ue.

For each node in the input nodelist, a descendant selector visits the
i nput node and each of its descendants such that:

* nodes of any array are visited in array order, and
* nodes are visited before their descendants.

The order in which the children of an object are visited is not



stipul ated, since JSON objects are unordered.

Suppose the descendant segnment is of the form..[<selectors>] (after
converting any shorthand formto bracket notation), and the nodes, in
the order visited, are D1, ..., Dn (where n >=1). Note: Dl is the

i nput val ue.

For each i such that 1 <= i <= n, the nodelist R is defined to be a
result of applying the child segment [<selectors>] to the node Di.

For each node in the input nodelist, the result of the descendant
segnment is the concatenation of RL, ..., Rn (in that order). These
results are then concatenated in input nodelist order to formthe
result of the segnent.

In summary, a descendant segnent drills down one or nore levels into
the structure of each input val ue.

2.5.2.3. Examples
JSON:
to'r {"j": 1, "k": 2},
"a't [5, 3, [{"]": 4}, {"k": 6}]]
Queri es:
(Note that the fourth exanpl e can be expressed in two equival ent

queries, shown in Table 16 in one table row i nstead of two al nost-
identical rows.)

|  Query | Result | Resul t Pat hs | Comment |
| $. . | 1 | $['0 ][] ] | oject val ues |
I | 4 | $[a J[2][0]["j"] | I
oo oo oo e oo o e e oo +
| $. . | 4 | $['a 1[2]1[01['j’'] | Alternative |
I | 1 I $['o ]["]"] | result I
Fom oo oo oo oo +
| $..[0] | 5 | $['a ][0] | Array val ues |
I | {"i": 4} I $[*a’J[2][0] | I
oo oo o e e oo o e e oo +
| $..[*1 | {"j": 1, | $[' 0] | Al values |
I or | "k": 2} I $['a’'] I I
| $.* | [5 3, I $['o0 ]["]"] I I
I | [{"i": 4}, I $['0 ][ k'] I I
I | {"k": 6}]] I $['a ][0] I I
I | 1 I $['a ][1] I I
I | 2 I $['a'][2] I I
I | 5 I $[*a'][2][0] | I
I | 3 I $[ra’']l2][1] | I
I | [{"i": 4}, | $["a J[2][0]["j"] | I
I | {"k": 6}] | $[a ][2][1][ k'] | I
I | {"]": 4} I I I
I | {"k": 6} I I I
I | 4 I I I
I | 6 I I I
S Fom e e e e e e e e e e e e e e e oo e e e e e e e e oo +
| $..0 | {"j": 1, | $[' 0] | I'nput value is |
| | "k 2} | | visited |
e e oo o e e e o e e e +
| $.0..[*, | 1 | $['0 ]["]"] | Non-deterministic |
I *] | 2 I $['0 ][ k"] | ordering I
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| $.a..[0, | 5 | $['a ][0] | Multiple segments

I 1] | 3 I $["a’][1] I I
I | {"j": 4} I $[*a’][2][0] | I
I | {"k": 6} I $[ra']l2][1] | I
Fommmm e oo e e e e e e e e e oo s s +

Tabl e 16: Descendant Segnment Exanpl es

Note: The ordering of the results for the $..[*] and $..* exanples
above is not guaranteed, except that:

* {"j": 1, "k": 2} must appear before 1 and 2

* 5, 3, [{"j": 4}, {"k": 6}]] nust appear before 5, 3, and [{"]":

4}, {"k": 6}],
* 5 nust appear before 3, which nust appear before [{"]": 4}, {"k":
6}1,

* 5 and 3 nust appear before {"j": 4}, 4, {"k": 6}, and 6,

* [{"j": 4}, {"k": 6}] nust appear before {"j": 4} and {"k": 6},

* {"j": 4} nust appear before {"k": 6},

* {"k": 6} nust appear before 4, and

* 4 nust appear before 6.

The exanpl e above with the query $.0..[*, *] shows that a selector
may produce nodelists in distinct orders each time it appears in the
descendant segnent.

The exanpl e above with the query $.a..[0, 1] shows that the child
segnent [0, 1] is applied to each node in turn (rather than the nodes
bei ng visited once per selector, which is the case for some JSONPat h
i npl ementations that do not conformto this specification).

2.6. Semantics of null

Note: JSON null is treated the sanme as any other JSON value, i.e., it
is not taken to nean "undefined" or "nmissing"

2.6.1. Exanples

JSON:

{"a": null, "b": [null], "c": [{}], "null": 1}

Queri es:

| Query | Result | Result | Conmment |
| | | Paths | |
| $.a | null | $['a’] | Object value |
o e e e Fomm e o e o e e e e +
| $. a[ 0] | | | null used as array |
o e e oo S Fom e e o m e e e eeao—ooo +
| $.a.d | | | null used as object |
o mee oo . Fommmmee - oo e e e aaao--- +
| $. b[ 0] | null | $['b’1[0] | Array val ue |
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| $. b[ *] | null | $['b’1[0] | Array value |

o e e e e oo S SRR S o e e e e e e e oo +
| $.b[?@ | null | $['b’][0] | Existence |
o e e oo T Fom e oo o e e e e e e eie oo n +
|  $.b[?@=null] | null | $['b’][0] | Conparison |
o e e e e oo - Fomm e - o - N Tt +
| $.c[?@d==null] | | | Conparison with "m ssing"

| | val ue |
o e e e oo T Fom e e e e e e e e eaea oo n +
| $. nul | | 1 | $[’null’] | Not JSON null at all, |
| | | | just a menmber nane string
o e e e e oo - Fomm e - o - N Tt +

Tabl e 17: Exanples Involving (or Not Involving) nul
Nor mal i zed Pat hs

A Normalized Path is a unique representation of the location of a
node in a value that uniquely identifies the node in the val ue.
Specifically, a Normalized Path is a JSONPath query with restricted
syntax (defined below), e.g., $[' book’][3], which when applied to the
value, results in a nodelist consisting of just the node identified
by the Normalized Path. Note: A Normalized Path represents the
identity of a node _in a specific value_. There is precisely one
Normal i zed Path identifying any particular node in a val ue.

A nodelist nay be represented conpactly in JSON as an array of
strings, where the strings are Normalized Pat hs.

Normal i zed Pat hs provide a predictable format that sinmplifies testing
and post-processing of nodelists, e.g., to renove duplicate nodes.
Normal i zed Paths are used in this docunment as result paths in

exanpl es.

Normal i zed Pat hs use the canonical bracket notation, rather than dot
not ati on.

Single quotes are used in Nornmalized Paths to delimt string nenber
nanes. This reduces the nunber of characters that need escapi ng when
Nor mal i zed Pat hs appear in strings delinmted by double quotes, e.g.,
in JSON texts.

Certain characters are escaped in Normalized Paths in one and only
one way; all other characters are unescaped.

| Note: Normalized Paths are singular queries, but not al

| singular queries are Normalized Paths. For exanple, $[-3] is a
| singular query but is not a Nornmalized Path. The Normalized

| Path equivalent to $[-3] woul d have an index equal to the array
| length minus 3. (The array length nust be at least 3 if $[-3]

| is toidentify

88}

node.)

nor el i zed- pat h
nor mal - i ndex- segment
nor mal - sel ect or
nor mal - nane- sel ect or
nor mal - si ngl e- quot ed

root-identifier *(normal-index-segment)
"[" normal -sel ector "]"
nor mal - nane- sel ector / normal -i ndex- sel ect or
%27 *nornal -singl e-quoted %27 ; ’'string
nor mal - unescaped /
ESC nor nal - escapabl e
nor mal - unescaped ; omit 9%O0-1F control codes
%20- 26 /
;oomt Ox27
% 28- 5B /
; omit Ox5C\
%5D- D7FF /
; skip surrogate code points
% E000- 10FFFF
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3.

nor nal - escapabl e = %62 / ; b BS backspace U+0008
%66 / ; f FF formfeed U+000C
%6E / ; n LF line feed W+000A
%72 / ; r CR carriage return U+000D
%74 [/ ; t HT horizontal tab W+0009
"t/ ;' apostrophe W0027
"\'"/ ; \ backslash (reverse solidus) U+005C

(%75 nor mal - hexchar)
; certain values u00Oxx W+00XX
nor nal - hexchar ="0" "0O"
(
("0" 9%30-37) / ; "00"-"O0O7"
; omt W+0008- U+000A BS HT LF
("0" 9&62) / ;o "0b"
; omt W+000C U+000D FF CR
("0" 9%65-66) / ; "Oe"-"Of"
("1" normal - HEXDI G

)
nor mal - HEXDI G =DAT/ %61-66 ;o"o"-"or, tat-tft
normal -i ndex-selector = "0" / (DATL *DIAT)
; hon-negative deci mal integer

Since there can only be one Normalized Path identifying a given node,
the syntax stipul ates which characters are escaped and which are not.
So the definition of nornal -hexchar is designed for hex escapi ng of
characters that are not straightforwardly printable, for exanple,
W+000B LI NE TABULATI ON, but for which no standard JSON escape, such
as \n, is available.

.7.1. Exanples

| Pat h | Nornmalized Path | Comment |
| $.a | $['a] | Qoject value |
Fommm e e e e e Fom e e e e e e e e e oo oo +
| $[ 1] | $[ 1] | Array index |
oo oo e o e e ee e oo +
| $[ - 3] | $[ 2] | Negative array index for |

an array of length 5 |
oo o oo o m e e e e a +
| $.a.b[1:2] | $['a]['b ][1] | Nested structure |
Fommm e e e e e oo e e e e e e e e e oo oo +
| $["\uO00B"] | $[ '\ u000b’ ] | Uni code escape |
oo o e ee oo i +
| $["\u0061"] | $['a'] | Uni code character |
oo o oo o m e e e e a +

Tabl e 18: Nornmalized Path Exanples
I ANA Consi derations
1. Registration of Media Type application/jsonpath
| ANA has registered the foll owing nedia type [ RFC6838]:
Type name: application
Subt ype nane: jsonpath
Required paraneters: NA
Optional paranmeters: NA

Encodi ng consi derations: binary (UTF-8)



Security considerations: See the Security Considerations section of
RFC 9535.

Interoperability considerations: NA
Publ i shed specification: RFC 9535

Applications that use this media type: Applications that need to
convey queries in JSON data

Fragment identifier considerations: NA
Addi tional information

Deprecated alias nanmes for this type: NA
Magi ¢ nunber(s): NA

File extension(s): NA

Maci ntosh file type code(s): NA

Person & email address to contact for further information:
iesg@etf.org

I ntended usage: COMMON
Restrictions on usage: NA
Aut hor: JSONPat h WG
Change controller: |ETF
3.2. Function Extensions Subregistry

Per this specification, |ANA has created a new "Functi on Extensions"
subregistry in a new "JSONPat h" registry. The "Function Extensions"
subregi stry has the policy "Expert Review' (Section 4.5 of

[ RFC8126]).

The experts are instructed to be frugal in the allocation of function
ext ensi on nanes that are suggestive of generally applicable
semantics, keeping themin reserve for functions that are likely to
enj oy wi de use and can make good use of their conci seness. The
expert is also instructed to direct the registrant to provide a
specification (Section 4.6 of [RFC8126]) but can nmake exceptions, for
i nstance, when a specification is not available at the tine of
registration but is likely forthcomng. |If the expert becones aware
of function extensions that are deployed and in use, they may al so
initiate a registration on their own if they deem such a registration
can avert potential future collisions.

Each entry in the subregistry nmust include the foll ow ng:

Functi on Nane:
A |l owercase ASCII [RFC0020] string that starts with a letter and
can contain letters, digits, and underscore characters afterwards
([a-z][_a-z0-9]*). No other entry in the subregistry can have the
same function nane.

Brief description:
A brief description

Par anmet er s:
A conma-separated list of zero or nore declared types, one for
each of the arguments expected for this function extension

Resul t:
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The decl ared type of the result for this function extension

Change Controller
See Section 2.3 of [RFC8126].

Ref erence
A reference docunent that provides a description of the function

The initial

ext ensi on

and the entries in the "Reference" columm all
"Section 2.4 of RFC 9535":
N ettty et e ey
| Function Name | Brief Description | Parameters
[ oo e s s e
| length | length of string, | Val ueType
| | array, or object |
S o e e e e m oo oo R
| count | size of nodeli st | NodesType
oo - oo S
| match | regular expression | ValueType,
| | full match | Val ueType
T o e e e e e oo - R
| search | regular expression | Val ueType,
| | substring match | Val ueType
oo - oo S
| val ue | value of the single | NodesType
| | node in nodeli st |
T o e e e e e oo - R
Table 19: Initia

Security Considerations

Security considerations for JSONPath can stem from

*

.1

Hi storically,

attack vectors on JSONPat h i npl enent ati ons,

entries in this subregistry are listed in Table 19;
entries in the "Change Controller" colum all

t he

have the value "I ETF",
have t he val ue

| Result |
| Val ueType |
| |
S +
| Val ueType |
S +
| Logical Type

I I
S +
| Logi cal Type

I I
S +
| Val ueType |
I I
S +

Entries in the Function Extensions Subregistry

attack vectors on how JSONPath queries are formed, and

the way JSONPath is used in security-rel evant mechani sns.

Attack Vectors on JSONPat h | npl enent ati ons

Thi s appr

oach is well

JSONPat h has often been inplenented by feeding parts of
the query to an underlying programm ng | anguage engi ne,
JavaScript’s eval () function
injection attacks and woul d require perfect

e.g.,
known to lead to

i nput validation to

prevent these attacks (see Section 12 of [RFC8259] for simlar

consi derations for JSON itself).
need to inplement the entire syntax of the query wi thout

the parsers of progranm ng | anguage engi nes.

I nst ead, JSONPat h i npl enent ati ons

relying on

Attacks on availability nay attenpt to trigger unusually expensive
runti me performance exhibited by certain inplenentations in certain

cases.

(See Section 10 of [RFC8949] for issues in hash-table

i mpl ement ations and Section 8 of [ RFC9485] for performance issues in

regul ar expression inplenmentations.)

I mpl enenters need to be aware

that good average performance is not sufficient as |ong as an
attacker can choose to submt specially crafted JSONPat h queries or
query argunents that trigger surprisingly high, possibly exponential,

CPU usage or,
t he descendant segment,

for exanpl e,

st ack overfl ow.

via a naive recursive inplenentation of

I mpl ement ati ons need to have
appropri ate resource managenent to mtigate these attacks.



4.2. Attack Vectors on How JSONPath Queries Are Forned

JSONPat h queries are often not static but fornmed fromvariabl es that
provi de i ndex val ues, nember nanes, or values to conpare with in a
filter expression. These variables need to be validated (e.g., only
all owi ng specific constructs such as .nane to be formed when the
given values allow that) and translated (e.g., by escaping string
delinmters). Not perform ng these validations and transl ations
correctly can | ead to unexpected failures, which can lead to
availability, confidentiality, and integrity breaches, in particular,
if an adversary has control over the values (e.g., by entering them
into a web form. The resulting class of attacks, _injections_
(e.g., SQL injections), is consistently found anong the top causes of
application security vulnerabilities and requires particul ar
attention.

4.3. Attacks on Security Mechani sms That Enpl oy JSONPat h

Where JSONPath is used as a part of a security nechanism attackers
can attenpt to provoke unexpected or unpredictabl e behavior or take
advant age of differences in behavior between JSONPat h

i mpl emrent ati ons.

Unexpect ed or unpredictabl e behavior can arise froma query argunent
with certain constructs described as unpredictable by [ RFC8259].
Predi ct abl e behavi or can be expected, except in relation to the
ordering of objects, for any query argunment conformng with

[ RFC7493] .

O her attacks can target the behavi or of underlying technol ogies,
such as UTF-8 (see Section 10 of [RFC3629]) and the Unicode character
set.
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Appendi x A.  Col |l ected ABNF G amar s

Thi s appendi x collects the ABNF granmar fromthe ABNF passages used
t hroughout the docunent.

Figure 2 contains the collected ABNF grammar that defines the syntax

of a JSONPat h query.

j sonpat h- query
segnent s

B

S
root-identifier
sel ect or

nanme- sel ect or

string-literal

doubl e- quot ed

si ngl e- quot ed

ESC

unescaped

escapabl e

hexchar

non-surrogate

root-identifier segnents
*(S segnent)

%20 / ; Space

%09 / ; Horizontal tab

% 0A / ; Line feed or New |line
%% 0D ; Carriage return

*B ; optional blank space
n $Il

name-sel ector /

wi | dcard-sel ector /
slice-sel ector /

i ndex-sel ector /
filter-sel ector
string-literal

%22 *doubl e- quot ed %22 / ;
%27 *single-quoted %27 ;

"string"
"string’

unescaped /

9”27 / ;o
ESC %22 |/ ;
ESC escapabl e

unescaped /
%22 / ;"
ESC %27 / o\
ESC escapabl e
%5C ; \ backsl ash
%20- 21 / ;
; omit Ox22 "
% 23-26 /
;oomt 0x27 '
%28- 5B /
; omt Ox5C\
% 5D D7FF /
; skip surrogate code points
% EO000- 10FFFF

see RFC 8259

%62 / ; b BS backspace U+0008

%66 / ; f FF formfeed W000C

%6E / ; n LF line feed U+000A

%72 / ; r CR carriage return U+000D

%74 [ ; t HT horizontal tab U+0009

“/" | ; | slash (solidus) W+002F

"\" |/ ; \ backslash (reverse solidus) U+005C

(975 hexchar) ; uXXXX U+XXXX

non- surrogate /

(high-surrogate "\" %75 | ow surrogate)
((ppgT/ "AY/"BY/"C [ "E'/"F') BHEXDIGQ /
("D'" 9%30-37 2HEXDI G )



hi gh- surrogate
| ow surrogate

HEXDI G
wi | dcar d- sel ect or
i ndex- sel ect or

i nt

DGAdT1
slice-sel ector

start

end

step
filter-selector
| ogi cal - expr

| ogi cal - or-expr

| ogi cal - and- expr

basi c- expr

par en- expr
| ogi cal - not - op
t est - expr

filter-query
rel -query

current-node-identifier =

conpari son- expr
literal
compar abl e

conpari son- op

si ngul ar - query

rel -singul ar-query
abs- si ngul ar - query
si ngul ar - query-segnents =

nane- segnent

i ndex- segnent
nunber

frac

exp

true

fal se

nul |
functi on- nane

function-name-first
f uncti on- nanme- char

LCALPHA

function-expr

"D' ("8"/"9"/"A"/"B") 2HEXD G

"D ("C'/"D'/"E"/"F") 2HEXD G

b&aTt/ "A/ "B/ "C/ "D" [ "E" [ "F"
"nan

int ; decimal integer
"o" /

(["-"] DGAT1L *DIGET) ; - optiona

%%x31- 39 ; 1-9 non-zero digit
[start S§] ":" S [end S [":" [S step ]]

int ; included in selection

i nt ; not included in selection

i nt ; default: 1

"?" S | ogical -expr
| ogi cal - or-expr
| ogi cal -and-expr *(S "|
; disjunction
; binds less tightly than conjunction
basi c-expr *(S "&&" S basic-expr)
; conjunction
; binds nore tightly than disjunction

S | ogi cal - and- expr)

par en- expr /
conpari son-expr /
t est - expr
[logical-not-op §] "(" S logical-expr S")"

; parent hesi zed expression
e ; logical NOT operator
[l ogical -not-op S
(filter-query / ; existencel/non-existence
function-expr) ; Logical Type or NodesType
rel -query / jsonpath-query
current-node-identifier segnents

@

conparabl e S compari son-op S conparabl e
nunber / string-literal /

true / false / nul

literal /

singul ar-query / ; singular query val ue

function-expr ; Val ueType
==t

=" >

" <Il / " >Il

rel -singul ar-query / abs-singul ar-query
current-node-identifier singular-query-segnments
root-identifier singular-query-segnents
*(S (name-segnent / index-segnent))

("[" nane-selector "1") /

("." menber-name-shorthand)

"[" index-selector "]"

(int / "-0") [ frac ] [ exp ] ; deciml nunber
"Lt 1*DIA T ; decimal fraction
e [ "-"/ "4+" ] 1*DIAT ; deci mal exponent
W74.72.75. 65 ; true

% 66. 61. 6¢C. 73. 65 ; fal se

%x6e. 75. 6¢C. 6C ; nul

function-nane-first *function-nane-char

LCALPHA
function-nanme-first / " "/ DAT
ox61-7A ; "a".."z"

function-nane "(" S [function-argunent



*(S"," S function-argument)] S ")"
function-argunent =literal /
filter-query / ; (includes singular-query)
| ogi cal -expr [/
function-expr
chil d-segnent / descendant - segnent
bracket ed- sel ection /

segment
chi | d- segnent

(ﬁjldcard—selector /
menber - name- short hand))

bracket ed- sel ecti on "[" S selector *(S "," S selector) S"]"
nmenber - name- short hand = name-first *nanme-char
name-first = ALPHA /
"t /
% 80- D7FF /
; skip surrogate code points
% EO000- 10FFFF

nane- char = nane-first / DGQAT
DAT = 9% 30-39 ; 0-9
ALPHA = O&x41-5A / %61-7A  A-Z ] a-z

descendant - segnent .." (bracketed-sel ection /
wi | dcar d-sel ector /

menber - nane- short hand)
Figure 2: Collected ABNF of JSONPath Queries

Figure 3 contains the collected ABNF grammar that defines the syntax
of a JSONPath Normalized Path while al so using the rules root-
identifier, ESC, DIAT, and DDA Tl fromFigure 2

nor el i zed- pat h
nor mal - i ndex- segnent
nor mal - sel ect or
nor mal - name- sel ect or
nor mal - si ngl e- quot ed

root-identifier *(normal-index-segnment)
"[" normal -sel ector "]"
nor mal - nane-sel ector / nornal -i ndex-sel ect or
%27 *normal -singl e-quoted 9%&27 ; ’'string
nor nmal - unescaped /
ESC nor nal - escapabl e
nor mal - unescaped ; omt 9%O0-1F control codes
%20-26 /
;o omt Ox27
% 28- 5B /
; omt Ox5C\
%5D D7FF /
; skip surrogate code points
% E000- 10FFFF

nor mal - escapabl e = %62 / ; b BS backspace U+0008
%66 / ; f FF formfeed U+000C
%6E / ; n LF line feed U+O00A
%72 / ; r CR carriage return U+000D
%74 [ ; t HT horizontal tab U+0009
"t/ ;' apostrophe W0027
"\" [/ ; \ backslash (reverse solidus) U+005C

(%75 nor mal - hexchar)
; certain val ues u00Oxx WH+00XX
nor mal - hexchar ="o" "0O"

("0" 9%30-37) / ; "00"-"07"

; omt W+0008- U+O00A BS HT LF
("0" w62) / ;o "0b"

; omt W000C- UL+000D FF CR
("0" u65-66) / ; "0e"-"Of"
("1" normal - HEXDI G
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nor mal - HEXDI G = DAT/ %61-66 ;o "oU-"or, "at-"fr
nor mal -i ndex-selector = "0" / (DDA TL *DIAT)
; hon-negative deci mal integer

Figure 3: Collected ABNF of JSONPath Nornualized Paths
endi x B. Inspired by XPath
Thi s appendi x is infornative.
At the time JSONPath was invented, XML was noted for the availability
of powerful tools to analyze, transform and selectively extract data

from XM docunents. [XPath] is one of these tools.

In 2007, the need for sonething solving the same class of problens
for the emerging JSON conmunity becane apparent, specifically for

* finding data interactively and extracting them out of JSON val ues
[ RFC8259] wi thout special scripting and

* specifying the relevant parts of the JSON data in a request by a
client, so the server can reduce the anount of data in its
response, mnimzing bandw dth usage.

(Note: XPath has evol ved since 2007, and recent versions even

nom nal | y support operating inside JSON values. This appendix only

di scusses the nore widely used version of XPath that was available in

2007.)

JSONPat h picks up the overall feeling of XPath but maps the concepts

to syntax (and partially semantics) that would be famliar to someone

using JSON in a dynanmi c | anguage.

For exanple, in popular dynam ¢ programm ng | anguages such as
JavaScript, Python, and PHP, the semantics of the XPath expression

/store/book[1]/title
can be realized in the expression
X.store.book[0].title
or in bracket notation:
X["store ][’ book’ ][O][ title]
with the variable x holding the query argunent.
The JSONPat h | anguage was designed to:
* be naturally based on those | anguage characteristics,
* cover only the nost essential parts of XPath 1.0,
* be lightweight in code size and nenory consunption, and
* be runtinme efficient.
JSONPat h and XPat h
JSONPat h expressions apply to JSON values in the same way as XPath
expressions are used in conbination with an XM. docunent. JSONPath
uses $ to refer to the root node of the query argunent, simlar to

XPath’'s / at the front.

JSONPat h expressions nove further down the hierarchy using _dot



notation_ ($.store.book[0].title) or the _bracket notation_

($[ ' store’]['book’][0]['title’ ]); both replace XPath's / within query
expressions, where _dot notation_ serves as a |ightweight but linited
syntax while _bracket notation_ is a heavywei ght but nore genera

synt ax.

Both JSONPat h and XPath use * for a wildcard. JSONPath’s descendant
segnent notation, starting with .., borrowed from[E4X], is simlar
to XPath’'s //. The array slicing construct [start:end:step] is unique
to JSONPat h, inspired by [SLICE] from ECVASCRI PT 4

Filter expressions are supported via the syntax ?<logical -expr> as
in:

$.store. book[?@price < 10].title

Tabl e 20 extends Table 1 by providing a conparison with simlar XPath
concepts.

[ el e sy oo
| XPath | JSONPat h | Description |
| / | $ | the root XM el enent |
Fomm oo - Fom e e e oo o e e e e e e e e e e mmmemao - +
| | @ | the current XM el enent |
TS o e e e e oo oo o e e e e e e e e e e e e oo oo +
| / | or [] | child operator |
S o e e oo S +
| | n/a | parent operator |
Fomm oo - Fom e e e oo o e e e e e e e e e e mmmemao - +
| 7/ | nane, | descendants (JSONPat h borrows |
| | [i ndex], *, | this syntax from E4X) |
I | or ..[*] I I
S o e e oo S +
| * | * | wildcard: Al XM el enments |
| | | regardless of their nanmes |
TS o e e e e oo oo o e e e e e e e e e e e e e o m o +
| @ | n/a | attribute access: JSON val ues do |
| | | not have attributes |
S o e e oo S +
| 1 | 1 | subscript operator used to |
| | | iterate over XM el enment |
| | | collections and for predicates |
TS o e e e e oo oo o e e e e e e e e e e e e oo oo +
| | | [,] | Union operator (results in a |
| | | conbination of node sets); called

| | | list operator in JSONPath, allows

| | | conbi ni ng menber nanes, array |
| | | indices, and slices |
TS o e e e e oo oo o e e e e e e e e e e e e oo oo +
| n/la | [start:end:step] | array slice operator borrowed |
| | fromE4 |
S Fom e e e oo o m m e e e e e e e e e e e eo oo s +
| 1 | 2 | applies a filter (script) |
| | | expression |
TS o e e e e oo oo o e e e e e e e e e e e e oo oo +
| seamess | n/a | expression engine |
S o e e oo S +
IO | n/a | grouping I
Fomm oo - Fom e e e oo o e e e e e e e e e e mmmemao - +

Tabl e 20: XPath Syntax Conpared to JSONPath
For further illustration, Table 21 shows some XPath expressions and

their JSONPat h equival ents.



the aut hors |
of all books |
in the store |

| //author | $..author | all authors |

| all things in |
| store, which |
| are sone |
| books and a |
| red bicycle |

| /storel/l/price | $.store..price | the prices of |
| | | everything in |
| | | the store |

| //book[ 3] | $..book[ 2] | the third |
| | | book |

| //book[last()] | $..book[-1] | the | ast book |
| | | in order |

| //book[position()<3] | $..book[O, 1] | the first two |
| | $..book[:2] | books |

| //book[isbn] | $..book[?@i sbn] | filter all |
| | | books with an |
| | | 1 SBN nunber |

| //book[price<l10] | $..book[?@ price<10] | filter all |
| | | books cheaper |
| | | than 10 |

| all elements |
| in an XM |
| docunent; all |
| nenber val ues |
| and array |
| elenents |
| contained in |
| input value |

Tabl e 21: Exanpl e XPath Expressions and Their JSONPath Equi val ents

XPath has a ot nore functionality (location paths in unabbreviated
syntax, operators, and functions) than listed in this conparison
Moreover, there are significant differences in how the subscript
operator works in XPath and JSONPat h:

* Square brackets in XPath expressions always operate on the _node
set_resulting fromthe previous path fragment. |Indices always
start at 1.

* Wth JSONPat h, square brackets operate on each of the nodes in the
_nodelist_ resulting fromthe previous query segnent. Array
i ndi ces al ways start at O.

Appendi x C. JSON Poi nter
Thi s appendi x is informative.

In relation to JSON Poi nter [ RFC6901], JSONPath is not intended as a



repl acenent but as a more powerful conpanion. The purposes of the
two standards are different.

JSON Pointer is for identifying a single value within a JSON val ue
whose structure is known.

JSONPat h can identify a single value within a JSON val ue, for
exanple, by using a Normalized Path. But JSONPath is also a query
syntax that can be used to search for and extract multiple val ues
from JSON val ues whose structure is known only in a general way.

A Normalized JSONPat h can be converted into a JSON Poi nter by
converting the syntax, w thout know edge of any JSON val ue. The
inverse is not generally true, i.e., a nuneric reference token (path
conmponent) in a JSON Pointer may identify a nmenber val ue of an object
or an elenent of an array. For conversion to a JSONPath query,

know edge of the structure of the JSON value is needed to distinguish
t hese cases.

Acknowl edgenent s

Thi s docunent is based on Stefan Gssner’s original online article
defining JSONPat h [ JSONPat h-ori g] .

The books exanpl e was taken fromcourse material that Bielefeld
Uni versity, Germany used in 2002.

This work is indebted to Christoph Burgnmer for the superb JSONPat h
compari son project [COVPARI SON] that details the behavior of over
forty JSONPath inpl enmentations applied to numerous queries.

Contri butors

Marko M kulicic

I nfl uxData, Inc.

Pi sa

Italy

Emai |l : mmikulicic@nmail.com

Edwar d Sur ov
TheSoul Publishing Ltd.
Li massol

Cyprus
Enmai | : esurov.tsp@nmail.com

Greg Dennis

Auckl and

New Zeal and

Enmai | : gregsdenni s@ahoo. com

URI : https://github. com gregsdennis

Aut hors’ Addr esses

Stefan Gssner (editor)

Fachhochschul e Dort nmund

Sonnenstrae 96

D- 44139 Dort mund

Ger many

Enai | : stefan. goessner @ h-dort nund. de

@ yn Norm ngton (editor)
W nchest er



United Ki ngdom
Emai | : gl yn. norm ngt on@nai | . com

Carsten Bormann (editor)
Uni versitt Brenmen TZI
Post f ach 330440

D- 28359 Brenen

Ger many

Phone: +49-421-218-63921
Emai | : cabo@zi.org



