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Abst ract

Several protocols have been specified in the Routing Area of the | ETF
usi ng a common variant of the Backus-Naur Form (BNF) of representing
message syntax. However, there is no formal definition of this

versi on of BNF.

There is value in using the sane variant of BNF for the set of
protocols that are commonly used together. This reduces confusion
and sinplifies inplenmentation.

Updating exi sting docunents to use sone other variant of BNF that is
al ready formally docurmented woul d be a substantial piece of work.

Thi s docunent provides a formal definition of the variant of BNF that
has been used (that we call Routing BNF) and nekes it avail able for
use by new protocols.
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1.

1.

1.

I nt roducti on

Backus- Naur Form (BNF) has been used to specify the nessage formats
of several protocols within the Routing Area of the | ETF.
Unfortunately, these specifications are not based on any specific
formal definition of BNF, and they differ slightly fromthe
definitions provided in other places.

It is clearly valuable to have a formal definition of the syntax-
defining | anguage that is used. It would be possible to convert al
exi sting specifications to use an established specification of BNF
(for exanple, Augnented BNF or ABNF [ RFC5234]); however, this would
require a lot of work. It should be noted that in ABNF the terminals
are integers (characters/bytes), while in the BNF formused to define
message formats, the terminals are "objects” (sonme kind of nessage

el ements, but not individual bytes or characters) or entire
"messages". This neans that converting existing specifications to
use an established BNF specification would al so require extensions to
that BNF specification.

On the other hand, the variant of BNF used by the specifications in
question (which is simlar to a subset of Extended BNF [EBNF]) is
consistent and has only a small nunber of constructs. |t nakes
sense, therefore, to provide a definition of this variant of BNF to
al | ow ease of interpretation of existing documents and to facilitate
the devel opnent of new protocol specifications using the same variant
of BNF. A specification will also facilitate automated verification
of the formal definitions used in future docunents.

Thi s docunment provides such a specification and nanes the BNF vari ant
Routi ng BNF ( RBNF).

1. Term nol ogy

The key words "MJST", "MJST NOT", "REQUI RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMENDED', "MAY"', and "OPTIONAL" in this
docunent are to be interpreted as described in [ RFC2119].

2. Existing Uses

The first notable use of the variant of BNF that concerns us is in
the specification of the Resource Reservation Protocol (RSVP)

[ RFC2205]. RSVP has been extended for use in Miltiprotocol Labe
Switching (MPLS) networks to provide signaling for Traffic

Engi neering (TE) [RFC3209], and this has been devel oped for use as
the signaling protocol in Generalized MPLS (GWPLS) networ ks

[ RFC3473] .
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Each of these three uses of RSVP has given rise to a | arge nunber of
speci fications of protocol extensions to provide additional features
over and above those in the base docunents. Each new feature is
defined in its own docunent using the conmmon variant of BNF.

New protocol s have al so been specified using the sane variant of BNF.
This has arisen partly because the devel opers were famliar with the
BNF used in [ RFC2205], etc., but also because of the overlap between
the protocols, especially with respect to the network objects
control |l ed and oper at ed.

Not abl e anong these additional protocols are the Link Managenent
Protocol (LMP) [RFC4204] and the Path Computation El ement Protocol
(PCEP) [ RFC5440]. In both cases, further docunents that specify
prot ocol extensions also use the sane variant of BNF.

1.3. Applicability Statenent

RBNF as defined in this docunment is primarily applicable for the
protocols listed in the previous section. The specification my be
used to facilitate the interpretation of the pre-existing RFCs that
are referenced. 1t should also be used in the specification of

ext ensions to those protocols.

RBNF coul d al so be used for the specification of new protocols. This
is nost appropriate for the devel opment of new protocols that are
closely related to those that already use RBNF. For exanple, PCEP is
closely related to RSVP-TE, and when it was devel oped, the PCE
wor ki ng group chose to use the sane formof BNF as was al ready used
in the RSVP-TE specifications.

If a wholly new protocol is being developed and is not related to a
protocol that already uses RBNF, the working group shoul d consider
carefully whether to use RBNF or to use a nore formally specified and
broader form of BNF such as ABNF [ RFC5234].

The use of RBNF to specify extensions to protocols that do not
al ready use RBNF (i.e., that use sone other formof BNF) is not
r ecomrended.

2. Formal Definitions
The basic building blocks of BNF are rules and operators. At its
sinmplest form a rule in the context we are defining is a protoco

object that is traditionally defined by a bit diagramin the protoco
specification. Further and nore conplex rules are constructed by
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combi ning other rules using operators. The nmpost conplex rule is the
message that is constructed from an organi zati on of protocol objects
as specified by the operators.

An RBNF specification consists of a sequence of rule definitions
using the operators defined in Section 2.2. One rule may be
constructed froma set of other rules using operators. The order of
definition of rules does not matter. That is, the subordinate rules
MAY be defined first and then used in subsequent definitions of
further rules, or the top-level rules MAY be defined first followed
by a set of definitions of the subordinate rules.

Rul e definitions are read left-to-right on any line, and the lines
are read top-to-bottomon the page. This beconmes particularly
i mportant when considering sequences of rules and operators.

2.1. Rule Definitions
No semantics should be assumed from special characters used in rule

nanes. For exanple, it would be wong to assune that a rule carries
a deci mal nunber because the rule name begins or ends with the letter

"d". However, individual specifications MAY choose to assign rule
nanes in any way that makes the human interpretation of the rule
easi er.

2.1.1. Rule Name Delimtation
Al'l rule nanes are encl osed by angle brackets ("<" and ">"). Rule
nanes MAY include any printable characters, but MJST NOT include tabs
or line feeds/breaks.

Exanpl e:
<Pat h Message>

2.1.2. ojects

The nost basic (indivisible) rule is terned an object. The
definition of an object is derived fromits context.

ojects are typically naned in uppercase. They do not usually use
spaces within the name, favoring underbars ("_").

Exanpl e:
<SENDER_TEMPLATE>
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2.1.3. Constructs

Rul es that are constructed fromother rules using operators are
ternmed constructs.

Constructs are naned in | owercase, although capitals are comonly
used to indicate acronyns. Spaces and hyphens are used between words
Wi t hi n nanes.

Exanpl e:
<sender descriptor>

2.1.4. Messages
The final objective is the definition of messages. These are rules
that are constructed from objects and constructs using operators.
The only syntactic difference between a nessage and a construct is
that no other rule is typically constructed froma nessage.

Messages are typically named in title case.

Exanpl e:
<Path Message>

2.2. Qperators

Qperators are used to build constructs and nessages from obj ects and
constructs.

2.2.1. Assignnent
Assignnent is used to formconstructs and nessages.
Meani ng:

The naned construct or nessage on the left-hand side is defined to
be set equal to the right-hand side of the assignnent.

Encodi ng:

colon, colon, equal sign ("::=")
Exanpl e:

<WF fl ow descriptor> ::= <FLOASPEC>
Not e:

The | eft-hand side of the assignnent and the assignnment operator
MUST be present on the sane line.
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2.2.2. Concatenation

hj ects and constructs can be conbi ned as a sequence to forma new
construct or a nessage.

Meani ng:
The objects or constructs MJST be present in the order specified.
The order of reading RBNF is stated in Section 2

Encodi ng:
A sequence of objects and constructs usually separated by spaces.
The objects in a sequence MAY be separated by |ine breaks.

Exanpl e:
<SE fl ow descriptor> ::= <FLOANSPEC> <filter spec list>

Not e:
See Section 2.3.3 for further comments on the ordering of objects
and constructs.

2.2.3. Optional Presence
oj ects and constructs can be nmarked as optionally present.

Meani ng:
The optional objects or constructs MAY be present or absent within
the assignment. Unless indicated as optional, objects and
constructs are mandatory and MJST be present. The optiona
operator can also be nested to give a hierarchical dependency of
presence as shown in the exanpl e bel ow.

Encodi ng:
Cont ai ned in square brackets ("[" and "]").
Exanpl e:
<Pat hTear Message> ::= <Comon Header> [ <INTECRI TY> ]

<SESSI ON> <RSVP_HOP>
[ <sender descriptor> ]

Exanmpl e of nesting:
The optional operator can be nested. For exanple,

<construct> ::= <MAND> [ <OPT_1> [ <OPT_2> ] ]

In this construction, the object OPT_2 can only be present if OPT_1
is al so present.
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Not e:
The set of objects and constructs within the same pair of square
brackets is treated as a unit (an unnaned construct). This means
that when multiple objects and constructs are included within the
sanme pair of square brackets, all MJST be included when one is
i ncluded, unless nested square brackets are used as in the previous
exampl e.

2.2.4. Aternatives
Choi ces can be indicated within assignnents.

Meani ng:
Ei ther one rule or the other MJST be present.

Encodi ng:
The pipe synbol ("|") is used between the objects or constructs
that are alternatives.

Exanpl e:
<flow descriptor list> ::= <FF flow descriptor list>
| <SE flow descriptor>
Not es:

1. Use of explicit grouping (Section 2.2.6) is RECOMVENDED to avoid
confusion. Inplicit grouping using |line breaks (Section 2.3.2)
is often used, but gives rise to potential msinterpretation and
SHOULD be avoi ded in new definitions.

2. Multiple menbers of alternate sets can give rise to confusion
For exanpl e:

<flow descriptor list> ::= <enpty>
<fl ow descriptor list> <flow descriptor>

could be read to nean that an instance of <flow descriptor> nust
be present or that it is optional

To avoid this type of issue, explicit grouping (see Section
2.2.6), or an internediary MJST be used in all new docunents
(existing uses are not deprecated, and automatic parsers need to
handl e existing RFCs). See also Section 2.4 for a description
of precedence rules.

Thus:

<construct> ::= <ALT_A> <ALT B> | <ALT_C> <ALT_D>
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is not allowed in new docunments and MJST be presented using
grouping or using an intermedi ary construct. For exanple, and
dependi ng on i ntended neani ng:

<construct> ::= ( <ALT_A> <ALT B> ) | ( <ALT_C <ALT D> )
or
<construct> ::= <ALT_A> ( <ALT B> | <ALT_C> ) <ALT D>

or

<intermediary X> ::= <ALT_A> <ALT B>

<intermediary Y> ::= <ALT_C <ALT_D>

<construct> ::= <internediary X> | <internediary Y>
or

<intermediary Z> ::= <ALT B> | <ALT_C

<construct> ::= <ALT_A> <internmediary Z> <ALT_D>

2.2.5. Repetition

It could be the case that a sequence of identical objects or
constructs is required within an assi gnment.

Meani ng:
MAY repeat the preceding object, internedi ate construct, or
construct.
Encodi ng:
Three dots ("...").
Exanpl e:
<Path Message> ::= <Commopn Header> [ <INTEGRI TY> ]
<SESSI ON> <RSVP_HOP>
<TI ME_VALUES>
[ <POLI CY_DATA> ... ]
[ <sender descriptor> ]
Not es:

1. A set of zero or nore objects or constructs can be achi eved by
conmbining with the Optional concept as shown in the exanple
above.

2. Sequences can al so be encoded by building a recursive construct
using the Alternative operator. For exanple:
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<sequence> ::= <OBJECT> |
( <OBJECT> <sequence> )

3. Repetition can also be applied to a conponent of an assi gnnent
to indicate the optional repetition of that conponent. For
exanple, the Notify message in [RFC3473] is defined as foll ows:

<Notify message> ::=
<Common Header > [ <I NTEGRI TY>]
[ [ <MESSAGE_I D_ACK> | <MESSAGE_ID NACK>] ... ]
[ <MESSACE_I D> ]
<ERROR_SPEC> <notify session |ist>

In this exanmple, there is a sequence of zero or mnore instances
of [<MESSAGE | D ACK> | <MESSACE |ID NACK>]. One could argue that
the use of grouping (see Section 2.2.6) or a recursive construct
(see Note 2, above) would be nore clear

2.2.6. Gouping

Meani ng:
A group of objects or constructs to be treated together. This
notation is not mandatory but is RECOMVENDED for clarity. See
Section 2.4 on Precedence.

Encodi ng:
Round brackets ("(" and ")") enclosing a set of objects,
constructs, and operators.

Exanpl e:
<group> ::= ( <this> <that>)

Not es:
1. The precedence rule in Section 2.4 neans that the use of
grouping is not necessary for the formal interpretation of the
BNF representation. However, grouping can nmake the BNF easier
to parse unanbi guously. Either grouping or an internediate
construct MJST be used for nulti-alternates (Section 2.2.4).

2. Line breaks (Section 2.3.2) are often used to clarify grouping
as can be seen in the definition of <sequence> in Section 2.2.5,
but these are open to misinterpretation, and explicit grouping
i s RECOVIVENDED.

3. A practical alternative to grouping is the definition of

intermedi ate constructs as illustrated in Note 2 of Section
2.2.4.
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2.3. Editorial Conventions
2.3.1. Wite Space

White space (that is space characters) between operators, objects,
and constructs is ignored but SHOULD be used for readability.

2.3.2. Li ne Breaks

Li ne breaks within an assignnent are ignored but SHOULD be used for
readability.

Li ne breaks are often used to inply grouping within the precedence
rules set out in Section 2.4, but explicit grouping (Section 2.2.6)
or intermedi ary constructs (Section 2.2.4) SHOULD be used in new
definitions.

A line break MJUST NOT be present between the |eft-hand side of an
assi gnnent and the assignnent operator (see Section 2.2.1).

New assi gnnents (i.e., new construct or message definitions) MJST
begin on a new |ine.

2.3.3. Odering
The ordering of objects and constructs in an assignnent is explicit.

Prot ocol specifications MAY opt to state that ordering is only
RECOMMENDED. I n this case, elenents of a |ist of objects and
constructs MAY be received in any order

2. 4. Pr ecedence

Precedence is the main opportunity for confusion in the use of this
BNF. In particular, the use of alternatives mxed with
concatenations can give rise to different interpretations of the BNF.
Al t hough precedence can be deduced froma "proper" reading of the BNF
usi ng the rul es defined above and the precedence ordering shown

bel ow, authors are strongly RECOMVENDED to use grouping (Section
2.2.6) and ordering (Section 2.3.3) to avoid cases where the reader
woul d otherwi se be required to understand the precedence rul es.

Aut omat ed readers are REQU RED to parse rules correctly with or
wi t hout this use of grouping.

The various nechani sns described in the previous sections have the

foll owi ng precedence, from highest (binding tightest) at the top, to
| onest (and | oosest) at the bottom
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obj ects, constructs
repetition
groupi ng, optiona
concat enati on
alternative

Not e:
Precedence is the main opportunity for confusion in the use of BNF.
Aut hors are strongly RECOMVENDED to use grouping (Section 2.2.6) in
all places where there is any scope for msinterpretati on even when
the nmeaning is obvious to the authors.

Exanpl e:

An exanpl e of the confusion in precedence can be found in Section
3.1.4 of [RFC2205] and is nentioned in Section 2.2.4.

<flow descriptor list> ::= <enpty> |
<fl ow descriptor list> <flow descri ptor>

The i npl enent er MJUST deci de which of the follow ng is intended:

a. <flow descriptor list> ::= <enpty> |
( <flow descriptor list> <flow descriptor>)

b. <flow descriptor list> ::= ( <enpty> | <flow descriptor list>)
<fl ow descri pt or >

The Iine break MAY be interpreted as inplying grouping, but that is
not an explicit rule. However, the precedence rules say that
concat enati on has hi gher precedence than the Alternative operator
Thus, the text in [RFC2205] SHOULD be interpreted as shown in
formul ati on a.

Simlarly (fromthe sane section of [RFC2205]):
<fl ow descriptor list> ::=
<FLONMSPEC> <FILTER SPEC> |
<fl ow descriptor |ist> <FF fl ow descri ptor>
SHALL be interpreted as:
<fl ow descriptor list> ::=
( <FLOWBPEC> <FI LTER SPEC> )
( <flow descriptor list> <FF fl ow descriptor> )

The use of explicit grouping or internediary constructs is strongly
RECOMVENDED in new text to avoid confusion.
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3. Autonmmted Validation

RBNF woul d be appropriate for verification using automated validation
tools. Validation tools need to be able to check for close
conformance to the rules expressed in this docunent to be useful for
verifying new docunents, but should al so be able to parse RBNF as
used in existing RFCs. No tools are known at this tinme.

4. Security Considerations

Thi s docunent does not define any network behavi or and does not
i ntroduce or seek to solve any security issues.

It may be noted that clear and unanbi guous protocol specifications
reduce the likelihood of inconpatible or defective inplenentations
that might be exploited in security attacks.
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