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Abstract

Internet technical specifications often need to define a fornal
syntax. Over the years, a nodified version of Backus-Naur Form
(BNF), called Augnented BNF (ABNF), has been popul ar anong nany

I nternet specifications. The current specification docunents ABNF.
It bal ances conpactness and sinplicity, with reasonable
representational power. The differences between standard BNF and
ABNF involve naming rules, repetition, alternatives, order-

i ndependence, and value ranges. This specification also supplies
addi tional rule definitions and encoding for a core |exical analyzer
of the type conmon to several Internet specifications.
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1. | NTRODUCTI ON

Internet technical specifications often need to define a fornal
syntax and are free to enpl oy whatever notation their authors deem
useful. Over the years, a nodified version of Backus-Naur Form
(BNF), called Augnented BNF (ABNF), has been popul ar anong nany
Internet specifications. It balances conpactness and sinplicity,
Wi th reasonabl e representational power. 1In the early days of the
Arpanet, each specification contained its own definition of ABNF.
This included the email specifications, [RFC733] and then [ RFC822],
whi ch canme to be the common citations for defining ABNF. The current
docunent separates those definitions to permt selective reference.
Predictably, it also provides sone nodifications and enhancenents.

The differences between standard BNF and ABNF invol ve naning rul es,
repetition, alternatives, order-independence, and val ue ranges.
Appendi x B supplies rule definitions and encoding for a core | exical
anal yzer of the type common to several Internet specifications. It
is provided as a convenience and is otherw se separate fromthe neta
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| anguage defined in the body of this docunment, and separate fromits
formal status.

Changes since [ RFC2234]:

In Section 3.7, the phrase: "That is, exactly <N> occurrences of
<element>." was corrected to: "That is, exactly <n> occurrences of
<el ement >. "

Sone continuation coment |ines needed to be corrected to begin
wi th conment character (";").

2. RULE DEFI NI TI ON
2.1. Rule Nam ng

The nanme of a rule is sinply the nane itself; that is, a sequence of
characters, beginning with an al phabetic character, and foll owed by a
combi nati on of al phabetics, digits, and hyphens (dashes).

NOTE:
Rul e nanes are case-insensitive

The nanes <rul enane>, <Rul enane>, <RULENAME>, and <r U ENant> al
refer to the same rule.

Unli ke original BNF, angle brackets ("<", ">") are not required.
However, angle brackets may be used around a rul e nanme whenever their
presence facilitates in discerning the use of a rule nane. This is
typically restricted to rule name references in free-form prose, or
to distinguish partial rules that conbine into a string not separated
by white space, such as shown in the discussion about repetition

bel ow.

2.2. Rule Form
Arule is defined by the foll owi hg sequence:
nane = elenments crlf

where <nanme> is the name of the rule, <elenents> is one or nore rule
nanes or term nal specifications, and <crlf> is the end-of-Iline
indicator (carriage return followed by line feed). The equal sign
separates the nane fromthe definition of the rule. The elenents
forma sequence of one or nore rule nanmes and/or val ue definitions,
combi ned according to the various operators defined in this docunent,
such as alternative and repetition.
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For visual ease, rule definitions are left aligned. Wen a rule
requires multiple lines, the continuation lines are indented. The
left alignment and indentation are relative to the first lines of the
ABNF rul es and need not natch the left nmargin of the docunent.

2.3. Term nal Val ues

Rul es resolve into a string of terninal values, sonetinmes called

characters. In ABNF, a character is merely a non-negative integer
In certain contexts, a specific mapping (encoding) of values into a
character set (such as ASCI1) will be specifi ed.

Terninals are specified by one or nore nuneric characters, with the
base interpretation of those characters indicated explicitly. The
foll owi ng bases are currently defined:

b = binary

d = decinm

X = hexadeci ma
Hence:

CR = %13

CR = WwO0D

respectively specify the deci mal and hexadeci mal representation of
[US-ASCII] for carriage return

A concatenated string of such values is specified conpactly, using a
period (".") to indicate a separation of characters within that
val ue. Hence

CRLF = %13. 10

ABNF permits the specification of literal text strings directly,
encl osed in quotation-nmarks. Hence:

comand = "conmand string"

Literal text strings are interpreted as a concatenated set of
printable characters.
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NOTE:

ABNF strings are case-insensitive and the character set for these
strings is us-ascii.

Hence:
rul ename = "abc"
and:
rul enane = "aBc"
wggglnatch "abc", "Abc", "aBc", "abC', "ABc", "aBC', "AbC', and

To specify a rule that IS case SENSI TI VE, specify the characters
i ndi vidual ly.

For exanmpl e:

rul ename = %97 %98 %99
or
rul ename = 9%g97.98.99
will match only the string that conprises only the | owercased

characters, abc.
2.4. External Encodings

External representations of termnal value characters will vary
according to constraints in the storage or transni ssion environnent.
Hence, the sane ABNF-based granmar may have nmultiple externa

encodi ngs, such as one for a 7-bit US-ASCI| environnment, another for
a binary octet environnent, and still a different one when 16-bit
Uni code is used. Encoding details are beyond the scope of ABNF,

al t hough Appendi x A (Core) provides definitions for a 7-bit US ASCl |
envi ronment as has been common to nuch of the Internet.

By separating external encoding fromthe syntax, it is intended that
alternate encodi ng environments can be used for the sane syntax.
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3. OPERATORS
3.1. Concatenation: Rulel Rule2
A rule can define a sinple, ordered string of values (i.e., a

concat enati on of contiguous characters) by listing a sequence of rule
nanes. For exanpl e:

f oo = %61 Coa
bar = 62 b
munbl e = foo bar foo

So that the rule <munbl e> matches the | owercase string "aba"

LI NEAR VWHI TE SPACE: Concatenation is at the core of the ABNF parsing
nmodel. A string of contiguous characters (values) is parsed
according to the rules defined in ABNF. For Internet specifications,
there is sone history of pernitting linear white space (space and
horizontal tab) to be freely and inplicitly interspersed around mngj or
constructs, such as delimting special characters or atom ¢ strings.

NOTE:

This specification for ABNF does not provide for inplicit
specification of linear white space.

Any granmar that wishes to permt linear white space around
delimters or string segnments nust specify it explicitly. It is
often useful to provide for such white space in "core" rules that are
then used variously anong higher-level rules. The "core" rules m ght
be formed into a | exical analyzer or sinply be part of the main

rul eset.

3.2. Alternatives: Rul el / Rul e2

El ements separated by a forward slash ("/") are alternatives.

Ther ef or e,
foo / bar
wi |l accept <foo> or <bar>.
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NOTE:

A quoted string containing al phabetic characters is a special form
for specifying alternative characters and is interpreted as a
non-termnal representing the set of conmbinatorial strings with
the contained characters, in the specified order but with any

m xture of upper and | ower case.

3.3. Increnental Alternatives: Rulel =/ Rul e2

It is sometimes convenient to specify a list of alternatives in
fragnents. That is, an initial rule may match one or nore
alternatives, with later rule definitions adding to the set of
alternatives. This is particularly useful for otherw se, independent
specifications that derive fromthe sane parent rule set, such as
often occurs with paraneter lists. ABNF permits this increnenta
definition through the construct:

ol drul e =/ additional -alternatives

So that the rule set

rul eset = altl/ alt2
rul eset =/ alt3
rul eset =/ alt4 / alth

is the same as specifying
rul eset = altl/ alt2/ alt3/ alt4 / alth
3.4. Value Range Alternatives: Oc##-##

A range of alternative numeric values can be specified conpactly,
usi ng dash ("-") to indicate the range of alternative values. Hence:

DAT = 9%30- 39
i s equivalent to:
DAT = "o*/ "1" / "2" ]/ "3" [/ "4" | "5" [ "6" [

n 7Il / n 8Il / n 9Il
Concat enat ed numeric val ues and nuneric val ue ranges cannot be

specified in the same string. A nuneric value may use the dotted
notation for concatenation or it may use the dash notation to specify
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one val ue range. Hence, to specify one printable character between
end of |ine sequences, the specification could be:

char-1line = %0D. 0A %20- 7TE % O0D. 0A
3.5. Sequence Group: (Rulel Rule2)

El enents enclosed in parentheses are treated as a single el enent,
whose contents are STRI CTLY ORDERED. Thus,

elem (foo / bar) blat
mat ches (elemfoo blat) or (elembar blat), and
elem foo / bar bl at
mat ches (elem foo) or (bar blat).
NOTE:
It is strongly advised that grouping notation be used, rather than
relying on the proper reading of "bare" alternations, when
alternatives consist of multiple rule nanmes or literals.
Hence, it is reconmended that the foll owi ng form be used:
(elemfoo) / (bar blat)

It will avoid misinterpretation by casual readers.

The sequence group notation is also used within free text to set off
an el ement sequence fromthe prose.

3.6. Variable Repetition: *Rule

The operator "*" preceding an el enment indicates repetition. The full
formis:

<a>* <b>el enment

where <a> and <b> are optional decinmal values, indicating at |east
<a> and at nmpst <b> occurrences of the el enent.

Default values are 0 and infinity so that *<elenent> all ows any

nunber, including zero; 1*<elenent> requires at |east one;
3*3<el enent > all ows exactly 3 and 1*2<el enent> all ows one or two.
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3.7. Specific Repetition: nRule
A rule of the form
<n>el enent
is equivalent to
<n>*<n>el enent

That is, exactly <n> occurrences of <elenment>. Thus, 2DIAT is a 2-
digit nunmber, and 3ALPHA is a string of three al phabetic characters.

3.8. Optional Sequence: [RULE]
Squar e brackets encl ose an optional el enment sequence:
[foo bar]
is equivalent to
*1(foo bar).
3.9. Comment: ; Comment
A sem -colon starts a conment that continues to the end of Iine.
This is a sinple way of including useful notes in parallel with the
speci fications.
3.10. COperator Precedence
The various nmechani sns descri bed above have the foll owi ng precedence,
from hi ghest (binding tightest) at the top, to | owest (loosest) at
t he bottom
Strings, Names formation
Conmmrent
Val ue range
Repetition
Groupi ng, Optional
Concat enati on

Al ternative
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Use of the alternative operator, freely nmixed with concatenations,

can b

Ag

e confusing.

ain, it is recoormended that the groupi ng operator be used to

make explicit concatenation groups.

rul es that
included in a

is relatively

4. ABNF DEFI NI TI ON OF ABNF
NOTES:
1. This syntax requires a formatting of
strict. Hence, the version of a rul eset
speci fication night need preprocessing to ensure that it can be
interpreted by an ABNF parser.
2. This syntax uses the rules provided in Appendix B (Core).
rul elist = 1*(C rule / (*c-wsp c-nl) )
rule = rul enane defined-as el enents c-nl
; continues if next line starts
;. wWith white space
rul enane = ALPHA *(ALPHA / DI T/ "-")
defined- as = *c-wsp ("=" [/ "=/") *c-wsp
; basic rules definition and
. increnmental alternatives
el enent s = alternation *c-wsp
C-wWsp = WSP / (c-nl WEP)
c-nl = coment / CRLF
; comrent or new ine
conment = ";" *(W8P / VCHAR) CRLF
alternation = concatenation
*(*c-wsp "/" *c-wsp concatenation)
concatenation = repetition *(1*c-wsp repetition)
repetition = [repeat] elenent
repeat = 1*DAT/ (*DAT "*" *DIAT)
Crocker & Overell
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el enent =

group =
option =

char - val =

num val =

bi n-val =

dec- val =

hex-val =

prose- val

ABNF Cct ober

rul enane / group / option /
char-val / numval / prose-va

(" *c-wsp alternation *c-wsp ")"
"[" *c-wsp alternation *c-wsp "]

DQUOTE *(%20-21 / 9%23-7E) DQUOTE
; quoted string of SP and VCHAR
;W thout DQUOTE

"% (bin-val / dec-val / hex-val)

"b" 1*BIT

[ 1*("." 1*BIT) / ("-" 1*BIT) ]
. series of concatenated bit val ues
;or single ONEOF range

"d" 1*DIGT
[ 1*("." 1*DIGT) / ("-" 1*DIGT) ]
"x" 1*HEXDI G
[ 1*("." 1*HEXDIG) / ("-" 1*HEXDI Q) ]

"<" Y (9%20-3D / %3F-7E) ">"
; bracketed string of SP and VCHAR
;Wi thout angles
; prose description, to be used as
. last resort

5. SECURI TY CONSI DERATI ONS

Security is truly believed to be irrelevant to this docunent.

6. References
6.1. Nornmmtive References

[US-ASCI 1] Anerican Nati

2005

onal Standards Institute, "Coded Character

Set -- 7-bit Anerican Standard Code for |nformation
I nt erchange", ANSI X3.4, 1986.
6.2. Informative References
[ RFC2234] Crocker, D. and P. Overell, "Augnmented BNF for Syntax
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Appendi x B. APPENDI X - CORE ABNF OF ABNF

Thi s Appendi x is provided as a convenient core for specific granmmars.
The definitions may be used as a core set of rules.

B.1. Core Rules

Certain basic rules are in uppercase, such as SP, HTAB, CRLF, DIQT,
ALPHA, etc.

ALPHA = U%41-5A / %61-7TA ; A-Z /| a-z
BI T = " 0|| / " lu
CHAR = W&O01-7F

; any 7-bit US-ASCI I character,
;excludi ng NUL
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CR = WO0D
; carriage return
CRLF = CRLF
; Internet standard new i ne
CTL = W&O00-1F / %WT7F
; controls
DAT = 9%30-39
; 0-9
DQUOTE = 22
;" (Doubl e Quote)
HEXDI G = pgTt/ "A/ "B/ "Cc/ "D [/ "E"/|] "F"
HTAB = %09
: horizontal tab
LF = OWO0A
: |inefeed
LWSP = *(WSP / CRLF WBP)
; linear white space (past new i ne)
OCTET = UO00- FF
; 8 bits of data
SP = %20
VCHAR = W%&21-7E
; visible (printing) characters
WEP = SP / HTAB
; White space
B.2. Common Encodi ng
Externally, data are represented as "network virtual ASCI" (nanely,
7-bit US-ASCII in an 8-bit field), with the high (8th) bit set to
zero. A string of values is in "network byte order™, in which the

hi gher-val ued bytes are represented on the left-hand side and are
sent over the network first.
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