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Abst r act

Thi s docunent describes extensions to the OSPF protocol version 2 to
support intra-area Traffic Engineering (TE), using Opaque Link State
Advertisements.

1. Introduction

Thi s docunent specifies a method of adding traffic engineering
capabilities to OSPF Version 2 [1]. The architecture of traffic
engineering is described in [5]. The semantic content of the
extensions is essentially identical to the correspondi ng extensions
to 1S 1S[6]. It is expected that the traffic engineering extensions
to OSPF will continue to mirror those in IS 1S

The extensions provide a way of describing the traffic engi neering
topol ogy (including bandwi dt h and admi ni strative constraints) and
distributing this information within a given OSPF area. This

t opol ogy does not necessarily match the regul ar routed topol ogy,

t hough this proposal depends on Network LSAs to describe nulti-access
links. This docurment purposely does not say how t he mechani sims
descri bed here can be used for traffic engineering across multiple
OSPF areas; that task is left to future documents. Furthernore, no
changes have been nmade to the operation of OSPFv2 flooding; in
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particular, if non-TE capabl e nodes exist in the topol ogy, they MJST
fl ood TE LSAs as any other type 10 (area-local scope) Opaque LSAs
(see [3]).

1.1. Applicability

Many of the extensions specified in this docunment are in response to
the requirenents stated in [5], and thus are referred to as "traffic
engi neeri ng extensions", and are al so comonly associated with MPLS
Traffic Engineering. A nore accurate (albeit bland) designation is
"extended link attributes”, as the proposal is to sinply add nore
attributes to links in OSPF advertisenents.

The infornmati on made avail abl e by these extensions can be used to
build an extended |ink state database just as router LSAs are used to

build a "regular" |ink state database; the difference is that the
extended |ink state database (referred to below as the traffic
engi neeri ng database) has additional link attributes. Uses of the

traffic engi neering database include:

o nonitoring the extended link attributes;
o local constraint-based source routing; and
o global traffic engineering.

For exanpl e, an OSPF-speaking device can participate in an OSPF area,
build a traffic engi neering database, and thereby report on the
reservation state of links in that area.

In "l ocal constraint-based source routing”, a router R can compute a
path froma source node Ato a destination node B; typically, Ais R
itself, and B is specified by a "router address" (see below). This
path nay be subject to various constraints on the attributes of the
i nks and nodes that the path traverses, e.g., use green |inks that
have unreserved bandw dth of at |east 10Mips. This path could then
be used to carry some subset of the traffic fromAto B, formng a
sinple but effective means of traffic engineering. How the subset of
traffic is determ ned, and how the path is instantiated, is beyond
the scope of this docunment; suffice it to say that one neans of
defining the subset of traffic is "those packets whose IP
destinations were | earned fromB", and one nmeans of instantiating
paths is using MPLS tunnels. As an aside, note that constraint-based
routing can be NP-hard, or even unsol vabl e, depending on the nature
of the attributes and constraints, and thus nany inplenentations wl|
use heuristics. Consequently, we don't attenpt to sketch an

al gorithm here.
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Finally, for "global traffic engineering", a device can build a
traffic engineering database, input a traffic matrix and an

optim zation function, crunch on the information, and thus compute
optimal or near-optimal routing for the entire network. The device
can subsequently nonitor the traffic engineering topol ogy and react
to changes by reconputing the optinmal routes.

1.2. Limtations

As nentioned above, this docunent specifies extensions and procedures
for intra-area distribution of Traffic Engineering information

Met hods for inter-area and inter-AS (Autononous System) distribution
are not discussed here.

The extensions specified in this document capture the reservation
state of point-to-point links. The reservation state of multi-access
links may not be accurately reflected, except in the special case in
which there are only two devices in the nmulti-access subnetwork.
Qperation over nulti-access networks with nore than two devices is
not specifically prohibited. A nore accurate description of the
reservation state of multi-access networks is for further study.

Thi s docunent al so does not support unnunbered links. This
deficiency will be addressed in future docunents; see also [7] and

[8].
1.3. Conventions

The key words "MJST", "MJST NOT", "REQU RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOWMENDED', "MAY"', and "OPTIONAL" in this
docunent are to be interpreted as described in BCP 14, RFC 2119 [2].

2. LSA For mat

2.1. LSA type
Thi s extensi on makes use of the Opaque LSA [3].
Three types of Opaque LSAs exist, each of which has a different
fl oodi ng scope. This proposal uses only Type 10 LSAs, which have an
area fl oodi ng scope.
One new LSA is defined, the Traffic Engineering LSA. This LSA
descri bes routers, point-to-point |inks, and connections to nulti-
access networks (simlar to a Router LSA). For traffic engineering

pur poses, the existing Network LSA is sufficient for describing
mul ti-access |inks, so no additional LSA is defined for this purpose.
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2.2. LSAID

The LSA I D of an Opaque LSA is defined as having eight bits of type
data and 24 bits of type-specific data. The Traffic Engi neering LSA
uses type 1. The remaining 24 bits are the Instance field, as
fol | ows:

0 1 2 3
01234567890123456789012345678901
B I i o SIS I I Y Y Y S T T T T N i S N S S il o S S I S

| 1 | I nst ance
B ol it I R S T et S i e e s s s sl o it SRR I TR Sl e T S I SR g

The Instance field is an arbitrary value used to naintain nultiple
Traffic Engineering LSAs. A nmaxi num of 16777216 Traffic Engi neering
LSAs may be sourced by a single system The LSA ID has no
t opol ogi cal significance.
2.3. LSA Format Overview
2.3.1. LSA Header
The Traffic Engineering LSA starts with the standard LSA header:
0 1 2 3

01234567890123456789012345678901
A S S S e i S R T S S i SR S

| LS age | Opt i ons | 10 |
B s i S i I i S S S i i
| 1 | I nst ance

e s S S e e e e o S I R SR
| Adverti sing Router

e  E E kSR ol T S e L s ik s i Sl S N R
| LS sequence number

B s i S i I i S S S i i
| LS checksum | Lengt h |
i i T i e S S S  h ik S R SR S

Katz, et al. St andards Track [ Page 4]



RFC 3630 TE Extensions to OSPF Version 2 Sept ember 2003

2.3.2. TLV Header

The LSA payl oad consists of one or nore nested Type/Length/Val ue
(TLV) triplets for extensibility. The format of each TLV is:

0 1 2 3
01234567890123456789012345678901
A A S T S T i S S S
| Type | Length |
B i aT T ST S O S it T ol STEE S U SR U S e O S S N S S
| Val ue. .. |

A S S S e i S R T S S i SR S

The Length field defines the length of the value portion in octets
(thus a TLV with no value portion would have a length of zero). The
TLV is padded to four-octet alignnment; padding is not included in the
length field (so a three octet value would have a length of three,

but the total size of the TLV woul d be eight octets). Nested TLVs
are also 32-bit aligned. Unrecognized types are ignored.

This menpo defines Types 1 and 2. See the | ANA Consi derations section
for allocation of new Types.

2.4. LSA payl oad details
An LSA contains one top-level TLV.
There are two top-level TLVs defined:

1 - Router Address
2 - Link

2.4.1. Router Address TLV
The Router Address TLV specifies a stable |P address of the

advertising router that is always reachable if there is any
connectivity to it; this is typically inplenmented as a "l oopback

address”. The key attribute is that the address does not becone
unusable if an interface is down. In other protocols, this is known
as the "router ID " but for obvious reasons this nomenclature is
avoi ded here. |f a router advertises BGP routes with the BGP next

hop attribute set to the BGP router ID, then the Router Address
SHOULD be the same as the BGP router I|D.
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If 1S-1Sis also active in the domain, this address can al so be used
to conpute the mappi ng between the OSPF and | S-1S topol ogies. For
exanpl e, suppose a router R is advertising both IS 1S and OSPF
Traffic Engineering LSAs, and suppose further that sone router Sis
buil ding a single Traffic Engi neering Database (TED) based on both
IS-1S and OSPF TE information. R nmay then appear as two separate
nodes in S's TED. However, if both the I1S-1S and OSPF LSAs generated
by R contain the same Router Address, then S can deternine that the
IS-1S TE LSA and the OSPF TE LSA from R are indeed froma single
router.

The router address TLV is type 1, has a length of 4, and a val ue that
is the four octet IP address. It nust appear in exactly one Traffic
Engi neering LSA originated by a router.

2.4.2. Link TLV

The Link TLV describes a single link. It is constructed of a set of
sub-TLVs. There are no ordering requirenents for the sub-TLVs.

Only one Link TLV shall be carried in each LSA, allowing for fine
granul arity changes in topol ogy.

The Link TLV is type 2, and the length is variable.
The foll owi ng sub-TLVs of the Link TLV are defined:

- Link type (1 octet)

- Link 1D (4 octets)

- Local interface |IP address (4 octets)

- Renote interface | P address (4 octets)
Traffic engineering nmetric (4 octets)

- Maxi mum bandwi dth (4 octets)

- Maxi mum reservabl e bandwi dth (4 octets)
- Unreserved bandwi dth (32 octets)

- Adm nistrative group (4 octets)

OCO~NOUR_WNE
1

This menmo defines sub-Types 1 through 9. See the | ANA Consi derations
section for allocation of new sub-Types.

The Link Type and Link ID sub-TLVs are mandatory, i.e., nust appear
exactly once. Al other sub-TLVs defined here may occur at nobst
once. These restrictions need not apply to future sub-TLVs.

Unr ecogni zed sub-TLVs are ignored.
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Various val ues bel ow use the (32 bit) | EEE Floating Point format.
For quick reference, this format is as foll ows:

0 1 2 3
012345678901234567890123456789¢01
B T s i I S e i S i i S S e S
| S| Exponent | Fraction |
e L s e e e e th s i S S N
S is the sign, Exponent is the exponent base 2 in "excess 127"
notation, and Fraction is the mantissa - 1, with an inplied binary
point in front of it. Thus, the above represents the val ue:
(-1)**(S) * 2**(Exponent-127) * (1 + Fraction)
For nore details, refer to [4].
2.5. Sub-TLV Details
2.5.1. Link Type
The Link Type sub-TLV defines the type of the Iink:

1 - Point-to-point
2 - Miulti-access

The Link Type sub-TLV is TLV type 1, and is one octet in |length.
2.5.2. Link ID

The Link ID sub-TLV identifies the other end of the link. For

point-to-point links, this is the Router |ID of the neighbor. For

multi-access links, this is the interface address of the designated

router. The Link IDis identical to the contents of the Link ID

field in the Router LSA for these |ink types.

The Link ID sub-TLV is TLV type 2, and is four octets in |length.
2.5.3. Local Interface |IP Address

The Local Interface | P Address sub-TLV specifies the | P address(es)

of the interface corresponding to this link. |If there are nultiple

| ocal addresses on the link, they are all listed in this sub-TLV.

The Local Interface |P Address sub-TLV is TLV type 3, and is 4N
octets in length, where Nis the number of |ocal addresses.
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2.5.4. Renmpte Interface |IP Address

The Renote Interface | P Address sub-TLV specifies the | P address(es)
of the neighbor’s interface corresponding to this link. This and the
| ocal address are used to discern nultiple parallel |inks between
systens. |If the Link Type of the link is Milti-access, the Renpte
Interface |P Address is set to 0.0.0.0; alternatively, an

i mpl enent ati on MAY choose not to send this sub-TLV.

The Renote Interface | P Address sub-TLV is TLV type 4, and is 4N
octets in length, where N is the nunber of nei ghbor addresses.

2.5.5. Traffic Engineering Metric

The Traffic Engineering Metric sub-TLV specifies the link netric for
traffic engineering purposes. This metric may be different than the
standard OSPF |ink netric. Typically, this metric is assigned by a
net wor k adm ni strator.

The Traffic Engineering Metric sub-TLV is TLV type 5, and is four
octets in |ength.

2.5.6. Maxi num Bandw dt h

The Maxi mum Bandwi dt h sub- TLV specifies the maxi mum bandwi dt h t hat
can be used on this link, in this direction (fromthe system
originating the LSA to its neighbor), in | EEE floating point format.
This is the true Iink capacity. The units are bytes per second.

The Maxi mum Bandwi dth sub-TLV is TLV type 6, and is four octets in
| engt h.

2.5.7. Maxi num Reservabl e Bandwi dt h

The Maxi mum Reservabl e Bandwi dt h sub- TLV specifies the maxi mum
bandwi dth that may be reserved on this link, in this direction, in
| EEE floating point format. Note that this may be greater than the
maxi mum bandwi dth (i n which case the Iink nay be oversubscri bed).
Thi s SHOULD be user-configurable; the default value should be the
Maxi mum Bandwi dth. The units are bytes per second.

The Maxi mum Reservabl e Bandwi dth sub-TLV is TLV type 7, and is four
octets in | ength.
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2.5.8. Unreserved Bandw dth

The Unreserved Bandwi dth sub-TLV specifies the anpbunt of bandwi dth
not yet reserved at each of the eight priority levels in | EEE
floating point format. The values correspond to the bandw dth that
can be reserved with a setup priority of 0 through 7, arranged in
increasing order with priority 0 occurring at the start of the sub-
TLV, and priority 7 at the end of the sub-TLV. The initial values
(before any bandwidth is reserved) are all set to the Maxi mum
Reservabl e Bandwi dth. Each value will be I ess than or equal to the
Maxi mum Reservabl e Bandwi dth. The units are bytes per second.

The Unreserved Bandwi dth sub-TLV is TLV type 8, and is 32 octets in
[ engt h.

2.5.9. Adnministrative Goup

The Adm nistrative G oup sub-TLV contains a 4-octet bit nask assigned
by the network admnistrator. Each set bit corresponds to one
adnmi ni strative group assigned to the interface. A link may belong to
mul tipl e groups.

By convention, the least significant bit is referred to as "group 0,
and the nost significant bit is referred to as 'group 31

The Adm nistrative Goup is also called Resource C ass/Color [5].

The Adm nistrative G oup sub-TLV is TLV type 9, and is four octets in
| engt h.

3. Elenents of Procedure

Routers shall originate Traffic Engi neering LSAs whenever the LSA
contents change, and whenever otherw se required by OSPF (an LSA
refresh, for exanple). Note that this does not mean that every
change nust be fl ooded i mediately; an inplenmentation MAY set
threshol ds (for exanple, a bandw dth change threshold) that trigger
i mediate flooding, and initiate flooding of other changes after a
short time interval. 1In any case, the origination of Traffic

Engi neering LSAs SHOULD be rate-linted to at nost one every

M nLSInterval [1].

Upon recei pt of a changed Traffic Engi neering LSA or Network LSA
(since these are used in traffic engineering cal cul ations), the
router should update its traffic engineering database. No Shortest
Path First (SPF) or other route cal cul ations are necessary.
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4.

Conpatibility |ssues

There should be no interoperability issues with routers that do not
i mpl enent these extensions, as the Opaque LSAs will be silently
i gnor ed.

The result of having routers that do not inplenment these extensions
is that the traffic engineering topology will be m ssing pieces.
However, if the topology is connected, TE paths can still be

cal cul ated and ought to work.

Security Considerations

Thi s docunent specifies the contents of Opaque LSAs in OSPFv2. As
Opaque LSAs are not used for SPF conputation or normal routing, the
ext ensi ons specified here have no affect on IP routing. However,
tanmpering with TE LSAs may have an effect on traffic engineering
conputations, and it is suggested that any nechani sns used for
securing the transm ssion of normal OSPF LSAs be applied equally to
all Opaque LSAs, including the TE LSAs specified here.

Note that the mechanisnms in [1] and [9] apply to Opaque LSAs. It is
suggested that any future mechani snms proposed to secure/authenticate
OSPFv2 LSA exchanges be nmade general enough to be used with Opaque
LSAs.

| ANA Consi der ati ons

The top level Types in a TE LSA, as well as Types for sub-TLVs for
each top |l evel Type, have been registered with | ANA, except as noted.

Here are the guidelines (using ternms defined in [10]) for the
assignnent of top |level Types in TE LSAs:

o Types in the range 3-32767 are to be assigned via Standards
Acti on.

o Types in the range 32768-32777 are for experinmental use; these
will not be registered with | ANA, and MJUST NOT be mentioned by
RFCs.

o Types in the range 32778-65535 are not to be assigned at this
time. Before any assignnents can be nade in this range, there
MJUST be a Standards Track RFC that specifies | ANA Consi derations
that covers the range bei ng assigned.
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The guidelines for the assignnment of types for sub-TLVs in a TE LSA
are as follows:

o Types in the range 10-32767 are to be assigned via Standards
Acti on.

o Types in the range 32768-32777 are for experinmental use; these
will not be registered with | ANA, and MJUST NOT be mentioned by
RFCs.

o Types in the range 32778-65535 are not to be assigned at this
time. Before any assignnents can be nade in this range, there
MUST be a Standards Track RFC that specifies | ANA Consi derations
that covers the range being assigned.

7. Intellectual Property Rights Statenent

The I ETF takes no position regarding the validity or scope of any
intellectual property or other rights that mght be clainmed to
pertain to the inplenentation or use of the technol ogy described in
thi s docunent or the extent to which any |icense under such rights

m ght or mght not be available; neither does it represent that it
has made any effort to identify any such rights. Information on the
| ETF's procedures with respect to rights in standards-track and

st andards-rel at ed docunentati on can be found in BCP-11. Copies of
clainms of rights nade avail able for publication and any assurances of
licenses to be nade avail able, or the result of an attenpt nmade to
obtain a general license or pernission for the use of such
proprietary rights by inplementors or users of this specification can
be obtained fromthe | ETF Secretari at.

The IETF invites any interested party to bring to its attention any
copyrights, patents or patent applications, or other proprietary

ri ghts which may cover technol ogy that may be required to practice
this standard. Please address the information to the | ETF Executive
Director.
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10. Full Copyright Statenent
Copyright (C The Internet Society (2003). Al Rights Reserved.

Thi s docunent and translations of it may be copied and furnished to
ot hers, and derivative works that conment on or otherwi se explain it
or assist inits inplenentation may be prepared, copied, published
and distributed, in whole or in part, without restriction of any

ki nd, provided that the above copyright notice and this paragraph are
i ncluded on all such copies and derivative works. However, this
docunent itself may not be nodified in any way, such as by renoving
the copyright notice or references to the Internet Society or other
I nternet organi zati ons, except as needed for the purpose of
devel opi ng Internet standards in which case the procedures for
copyrights defined in the Internet Standards process nust be
followed, or as required to translate it into |anguages ot her than
Engl i sh.

The Iimted perm ssions granted above are perpetual and will not be
revoked by the Internet Society or its successors or assignees.

Thi s docunent and the information contained herein is provided on an
"AS | S" basis and THE | NTERNET SOCI ETY AND THE | NTERNET ENG NEERI NG
TASK FORCE DI SCLAI M5 ALL WARRANTI ES, EXPRESS OR | MPLI ED, | NCLUDI NG
BUT NOT LI M TED TO ANY WARRANTY THAT THE USE OF THE | NFORVATI ON
HEREI N W LL NOT | NFRI NGE ANY RI GHTS OR ANY | MPLI ED WARRANTI ES OF
MERCHANTABI LI TY OR FI TNESS FOR A PARTI CULAR PURPCSE
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