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Abstract

Thi s docunent specifies extensions to OSPF to support the distributed
conput ation of Maximally Redundant Trees (MRT). Sone exanpl e uses of
the MRTs include | P/LDP Fast-Reroute and gl obal protection or |ive-
live for nulticast traffic. The extensions indicate what MRT
profile(s) each router supports. Different MRT profiles can be
defined to support different uses and to allow transitioning of
capabilities. An extension is introduced to flood MRT-1neligible
links, due to adm nistrative policy.

The need for a nechanismto allow routers to advertise a worst-case
FIB conpute/install tinme is well understood for controlling
convergence. This specification introduces the Controll ed
Convergence TLV to be carried in the Router Information LSA

Status of This Meno

This Internet-Draft is submtted in full conformance with the
provi sions of BCP 78 and BCP 79.

Internet-Drafts are working docunents of the Internet Engineering
Task Force (I1ETF). Note that other groups may al so distribute
wor ki ng docunents as Internet-Drafts. The list of current Internet-
Drafts is at http://datatracker.ietf.org/drafts/current/.

Internet-Drafts are draft docunents valid for a maxi mum of six nonths
and nmay be updated, replaced, or obsol eted by other docunents at any
time. It is inappropriate to use Internet-Drafts as reference
material or to cite themother than as "work in progress.”

This Internet-Draft will expire on January 22, 2015.
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1. I nt roducti on

OCO~NOOOUITOITA,DWWN

Thi s docunent describes the OSPF extensions necessary to support the
architecture that defines how | P/ LDP Fast-Reroute can use MRTs

[I-D.ietf-rtgwg-nrt-frr-architecture]. At |east one conmon

standardi zed al gorithm (such as the | owpoi nt al gorithm expl ai ned and

fully docunented in [I-D.ietf-rtgwg-nrt-frr-algorithm)

At | as,
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so that the routers supporting MRT conputation consistently conpute
the sane MRTs. MRT can also be used to protect nmulticast traffic via
ei ther gl obal protection or |ocal
protection.[l-D.atlas-rtgwy-nrt-nc-arch]

| P/ LDP Fast - Reroute using MRTs can provide 100% coverage for |ink and
node failures in an arbitrary network topol ogy where the failure
doesn’'t split the network. It can also be deployed increnmentally
inside an OSPF area; an MRT Island is formed of connected supporting
routers and the MRTs are conputed inside that island.

In the default MRT profile, a supporting router both conputes the
MRTs and creates the necessary transit forwardi ng state necessary to
provi de the two additional forwarding topol ogies, known as MRT-Bl ue
and MRT- Red.

2. Requirenents Language

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

3. Term nol ogy

For ease of reading, sonme of the term nol ogy defined in
[I-Dietf-rtgwg-nrt-frr-architecture] is repeated here.

net wor k gr aph: A graph that reflects the network topol ogy where al
i nks connect exactly two nodes and broadcast |inks have been
transforned into the standard pseudo-node representation.

Redundant Trees (RT): A pair of trees where the path from any node
X to the root Ralong the first tree is node-disjoint with the
path fromthe sane node X to the root along the second tree.
These can be conputed in 2-connected graphs.

Maxi mal | y Redundant Trees (MRT): A pair of trees where the path
fromany node X to the root R along the first tree and the path
fromthe same node X to the root along the second tree share the
m ni mum nunber of nodes and the m ni mum nunber of |inks. Each
such shared node is a cut-vertex. Any shared links are cut-1links.
Any RT is an MRT but many MRTs are not RTs.

MRT | sl and: From the conputing router, the set of routers that

support a particular MRT profile and are connected via MRT-
eligible Iinks.
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GADAG Generalized Alnost Directed Acyclic Gaph - a graph that is
t he conbination of the ADAGs of all blocks. Transformng a
network graph into a GADAG is part of the MRT algorithm

VRT- Red: MRT-Red is used to describe one of the two MRTs; it is
used to described the associ ated forwardi ng topol ogy and MI-1D
Specifically, MRT-Red is the decreasing MRT where links in the
GADAG are taken in the direction froma higher topologically
ordered node to a | ower one.

VRT- Bl ue: MRT-Bl ue is used to describe one of the two MRTs; it is
used to described the associ ated forwardi ng topol ogy and MI-1D
Specifically, MRT-Blue is the increasing MRT where links in the
GADAG are taken in the direction froma | ower topologically
ordered node to a hi gher one.

4. Overvi ew of OSPF Extensions for MRT

There are two separate aspects that need to be advertised in OSPF
Both derive fromthe need for all routers supporting an MRT profile
to conmpute the sane pair of MRTs to each destination. By executing
the sane al gorithmon the sane network graph, distributed routers
w Il conpute the same MRTs. Convergence considerations are discussed
in[l-Dietf-rtgwg-mrt-frr-architecture].

The first aspect that nust be advertised is which MRT profile(s) are
supported and the associ at ed GADAG Root Sel ection Priority. The
second aspect that nust be advertised is any |inks that are not
eligible, due to admnistrative policy, to be part of the MRTs. This
must be advertised consistently across the area so that all routers
in the MRT Island use the sanme network graph.

4.1. Supporting MRT Profiles

An MRT Profile defines the exact MRT Algorithm the MRT-Red LDP M-
ID, the MRT-Blue LDP MI-I1D, and the forwardi ng nmechani sns supported
for the transit MRT-Red and MRT-Bl ue forwardi ng topol ogies. Finally,
the MRT Profile defines exact behavioral rules such as:

o how reconvergence i s handl ed,

o inter-area forwardi ng behavior,

A router that advertises support for an MRT Profile MJST provide the
speci fied forwardi ng nechanismfor its MRT-Red and MRT-BI ue
forwardi ng topologies. A router that advertises support for an MRT

Profile MJUST inplenent an al gorithmthat produces the sane set of
MRT- Red and MRT-Bl ue next-hops for its MRT-Red and MRT-BIl ue
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topologies as is provided by the algorithmspecified in the MRT
Profile.

A router MAY indicate support for multiple MRT Profiles. A router
conputes its local MRT Island for each separate MRT Profile that the
router supports. Supporting nultiple MRT Profiles also provides a
mechani smfor transitioning fromone profile to another. Different
uses of MRT forwarding topol ogi es may behave better on different MRT
profiles.

The default MRT Profile is defined in
[I-D.ietf-rtgwg-nmrt-frr-architecture]. |Its behavior is intended to
support | P/LDP unicast and nmulticast fast-reroute.

4.2. GADAG Root Sel ection

One aspect of the MRT algorithns is that the selection of the GADAG
root can affect the alternates and the traffic through that GADAG
root. Therefore, it is inportant to provide an operator with control
over which router will play the role of GADAG root. A neasure of the
centrality of a node may hel p determ ne how good a choice a
particul ar node is.

The GADAG Root Sel ection Policy (defined as part of an MRT profile)
may make use of the GADAG Root Selection Priority value advertised in
the MRT Profile TLV of the Router Information LSA. For exanple, the
GADAG Root Sel ection Policy for the default MRT profile is the

foll owi ng: Anong the routers in the MRT Island and with the hi ghest
priority advertised, an inplenentation MJST pick the router with the
hi ghest Router ID to be the GADAG root.

4.3. Triggering an MRT Conputation

When an MRT Conputation is triggered, it is triggered for a given MRT
Profile in a given area. First, the associated MRT Island is

determ ned. Then, the GADAG Root is selected. Finally, the actual
MRT algorithmis run to conpute the transit MRT-Red and MRT-Bl ue
topol ogies. Additionally, the router MAY choose to conpute MRT-FRR
alternates or nake other use of the MRT conputation results.

Prefi xes can be attached and det ached and have their associ ated MRT-

Red and MRT- Bl ue next-hops conputed w thout requiring a new MRT
conput ati on.
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5. MRT Capability Advertisenment

A router that supports MRT indicates this by setting a newy defined

Mbit in the Router LSA. If the router provides no other information
via a separate MRT Profile TLV, then the router supports the default

MRT Profile with a GADAG Root Sel ection Priority of 128.

In addition, a router can advertise a new y-defined MRT Profile TLV
within the scope of the OSPF router information LSA [ RFC4970]. This
TLV al so i ncludes the GADAG Root Selection Priority.

5.1. Advertising MRT Capability in OSPFv2

A new Mbit is defined in the Router-LSA (defined in [RFC2328] and
updated in [ RFC4915]), as pictured bel ow.
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Mbit in OSPFv2 Router LSA

M bit: When set, the router supports MRT. |If no separate MRT
Profile TLV is advertised in the associated Router Information
LSA, then the router supports the default MRT Profile and has a
GADAG Root Sel ection Priority of 128.

5.2. Advertising MRT Capability in OSPFv3
Simlarly, the Mbit is defined in the OSPFv3 Router LSA as shown

bel ow. Since there can be nultiple router LSAs, the Mbit needs to
be set on all of them
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which is defined for both OSPFv2 and OSPFv3 in [RFC4970]. The RI LSA
MUST have area scope.

0 1 2 3
01234567890123456789012345678901
T ST S T T T o S =

| Type | Lengt h |
I ik aie: ST S S I I i o ST I I I I il sl e S
| Profile I1D(1) | GADAG Priority | Reser ved |

I S T o S S i it S S S S it A o S
T S S e Sl T S T i St S S A o S
| Profile ID(n) | GADAG Priority | Reser ved |
B T I i T ST S T T a i S o R S T

TYPE: TBA-MRT-OSPF-1 (To Be All ocated by | ANA)
LENGTH: 4 * (nunber of Profiles)

Profile ID: 1 byte

GADAG Priority: 1 byte

MRT Profile TLV in Router Information LSA

Each Profile ID listed indicates support for a given MRT Profile, as
defined in [I-D.ietf-rtgwg-nrt-frr-architecture]. A Profile ID value
of O corresponds to the default MRT profile.

The GADAG Priority is the GADAG Root Selection Priority associ ated
with the advertising router in the MRT Island for the associated MRT
Profile, as indicated by the Profile ID. If nmultiple MRT Profiles
are supported, then the length of this TLV varies. The ordering of
the profiles inside the TLV is not significant. Miltiple appearances
of this TLV is not an error.

Lack of support for the default MRT profile is indicated by the
presence of an MRT Profile TLV with a non-zero Profile ID val ue, and
t he absence of an MRT Profile TLV with a zero Profile ID val ue.

6. Advertising MRT-ineligible links for MRT

Due to adm nstrative policy, sone otherwise eligible links in the

net work topol ogy may need to be excluded fromthe network graph upon

which the MRT algorithmis run. Since the sanme network graph nust be
used across the area, it is critical for OSPF to flood which links to
exclude fromthe MRT calculation. This is done by introducing a new

MRT- 1 nel i gi bl e Link sub-TLV. For OSPFv2, this sub-TLV is carried in
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t he Extended Link TLV defined in
[1-D.ietf-ospf-segnent-routing-extensions]. For OSPFv3, this sub-TLV
is carried in the Router-Link TLV defined in
[1-D.ietf-ospf-ospfv3-Isa-extend].

If alink is marked by adm nistrative policy as MRT-1neligible, then
a router MJUST flood the OSPFv2 Extended Link TLV (or OSPFv3 Router -
Link TLV) for that |ink, including the MRT-1Ineligible Link sub-TLV.
The OSPW2 Extended Link TLV and OSPFv3 Router-Link TLV have area

wi de scope.

6.1. MRT-Ineligible Link sub-TLV

0 1 2 3
012345678901 23456789012345678901
e S S S e S
| Type | Lengt h |
Fo e o e e o e e e e e e e e e e e e e e e e e e Fe e e e e e e -+

TYPE: TBA-MRT-OSPF-2 in OSPFv2 Extended Link TLV
TBA- MRT- OSPF-3 in OSPFv3 Router-Link TLV
(To Be All ocated by | ANA)

LENGTH: O

MRT- 1 nel i gi bl e Li nk sub-TLV

This zero-length sub-TLV can appear in the OSPFv2 Extended Link TLV
or the OSPFv3 Router-Link TLV. |Its presence indicates that the
associ ated |ink MUST NOT be used in the MRT cal culation for al
profiles.

7. \Worst-Case Network Convergence Tine

As part of converging the network after a single failure,

Section 12.2 of [I-D.ietf-rtgwg-mt-frr-architecture] describes the
need to wait for a configured or advertised period for all routers to
be using their new SPTs. Simlarly, any work on avoiding m cro-
forwardi ng | oops during convergence[ RFC5715] requires determning the
maxi mum anong all routers in the area of the worst-case route
conputation and FIB installation time. More details on the specific
reasoning and need for flooding it are given in

[I1-D. atlas-bryant-shand-1f-tiners].
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0 1 2 3
01234567890123456789012345678901
B il ais S I o T i ot S S I Y S S S S it o
| Type | Lengt h |
e i R S e e e el I S R R R R e S il I R S R R R R
| Reser ved | FI B conmpute/install tine |
B T T i S i S S T it s T i S S S S S

TYPE: TBA-MRT-OSPF-4 (To Be All ocated by | ANA)

LENGTH: 4

FI B conpute/install tinme: This is the worst-case tinme the router
may take to conpute and install all OSPF routes in the area
after a change to a stable network. The value is
in mlliseconds.

Control | ed Convergence TLV in Router Information LSA

The Controll ed Convergence TLV is carried in the Router Information
LSA and fl ooded with area-w de scope. The FIB conpute/install tine
val ue sent by a router SHOULD be an estimate taking into account
network scale or real-time nmeasurenents, or both. Advertisenents
SHOULD be danpened to avoid frequent communi cation of small changes
in the FIB conmpute/install tine.

A router receiving the Controlled Convergence sub-TLV SHOULD esti mate
t he network convergence tinme as the maxi mum of the FIB conpute/
install times advertised by the routers in an area, including itself.
In order to account for routers that do not advertise the Controll ed
Convergence sub-TLV, a router MAY use a locally configured m nimm
networ k convergence tinme as a | ower bound on the conputed network
convergence time. A router MAY use a locally configured maxi mum

net wor k convergence tine as an upper bound on the conputed network
convergence tine.

8. Backwards Conpatibility

The MRT capability bit, the MRT Profile, the MRT-1neligible Link, and
the OSPFv3 MRT-Ineligible Link TLVs are defined in this docunent.
They should not introduce any interoperability issues. Routers that
do not support the MRT capability bit in the router LSA SHOULD
silently ignore it. Routers that do not support the new MRT-rel ated
TLVs SHOULD silently ignore them
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8.

10.

11.

Handl i ng MRT Capability Changes

When a router changes from supporting MRT to not supporting MRT, it
is possible that Router Information LSAs with MRT-related TLVs remain
in the neighbors’ database briefly. Such MRT-related TLVs SHOULD be
i gnored when the associated Router LSA fromthat router does not have
the MRT capability set in its Router LSA

When a router changes from not supporting MRT to supporting MRT, it
will flood its Router LSA(s) with the Mbit set and nay send an
updated Router Information LSA. If a Router LSA is received with the
Mbit newy set, an MRT conputation SHOULD be schedul ed but MAY be
del ayed up to 60 seconds to allow reception of updated rel ated Router
Informati on LSAs. In general, when changes in MRT-rel ated
information is received, an MRT conputati on SHOULD be triggered.

The rational e behind using the Mbit in router LSAis to handle the
MRT capability changes gracefully in case of version upgrade/
downgrade. The Mbit in router LSA ensures the |latest "MRT
capability" information is available for conputation when there is a
downgrade to the version that doesn’'t support MRT and Rl LSA.

| npl enent ati on Status
[RFC Editor: please renpve this section prior to publication.]

Pl ease see [I-D.ietf-rtgwg-mt-frr-architecture] for details on
i npl enent ati on st at us.

Security Considerations

This OSPF extension is not believed to introduce new security
concerns. It relies upon the security architecture already provided
for Router LSAs and Router Information LSAs.

| ANA Consi der ati ons

I ANA is requested to allocate values for the foll ow ng OSPF Router
Informati on TLV Types [ RFC4970]: MRT Profile TLV ( TBA- MRT- OSPF- 1),
and Controll ed Convergence TLV ( TBA- MRT- OSPF- 4) .

I ANA is requested to allocate a value fromthe OSPF Extended Link LSA
sub-TLV registry [I-D.ietf-ospf-segnment-routing-extensions] for the
MRT- 1 nel i gi bl e Li nk sub-TLV ( TBA- MRT- OSPF- 2) .

I ANA is requested to allocate a value fromthe OSPFv3 Extended- LSA
sub-TLV registry [I-D.ietf-ospf-ospfv3-Isa-extend] for the MRT-
I neligible Link sub-TLV ( TBA- MRT- OSPF- 3).
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