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I nt roducti on

An | GP-comput ed path based on the shortest 1GP netric is often
replaced by a traffic-engineered path due to requirenents that are
not reflected by the IGP netric. Sone networks engineer the | GP
metric assignments in a way that the 1G netric reflects the link
bandwi dth or delay. |If, for exanple, the IGP nmetric reflects the
bandwi dth on the link and user traffic is delay sensitive, the best
IGP path may not reflect the best path fromsuch a user’s
perspecti ve.

To overconme this linmtation, various sorts of Traffic Engineering
have been depl oyed, including RSVP-TE and SR-TE, in which case the TE
component is responsible for computing paths based on additiona
metrics and/or constraints. Such paths need to be installed in the
forwarding tables in addition to, or as a replacenent for, the
original paths conputed by IGPs. Tunnels are often used to represent
the engi neered paths and nechani sns, |ike the one described in

[ RFC3906], and are used to replace the original |1GP paths with such
tunnel paths.

Thi s docunent specifies a set of extensions to IS-1S, OSPFv2, and
OSPFv3 that enable a router to advertise TLVs that (a) identify a

cal culation-type, (b) specify a netric-type, and (c) describe a set
of constraints on the topology that are to be used to conpute the
best paths al ong the constrained topology. A given conbination of

cal cul ation-type, netric-type, and constraints is known as a

"Fl exible Algorithm Definition". A router that sends such a set of
TLVs al so assigns a Flex-Algorithmvalue to the specified conbination
of calculation-type, netric-type, and constraints.

Thi s docunent al so specifies a way for a router to use IGPs to
associ ate one or nore Segnent Routing with the MPLS Data Pl ane (SR-
MPLS) Prefix-SIDs [ RFC8660] or Segnent Routing over |Pv6 (SRv6)

| ocators [RFC8986] with a particular Flex-A gorithm Each such
Prefix-SID or SRv6 | ocator then represents a path that is conputed
according to the identified Flex-Algorithm In SRv6, it is the

| ocator, not the Segnent Identifier (SID), that holds the binding to
the al gorithm

Requi renent s Language

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

Ter mi nol ogy
This section defines ternms that are often used in this docunent.

Fl exi ble Algorithm Definition (FAD): the set consisting of (a) a
calculation-type, (b) a netric-type, and (c) a set of constraints.

Fl ex-Al gorithm a nuneric identifier in the range 128-255 that is
associ ated via configuration with the Flexible Al gorithm
Definition.

Fl exi bl e Algorithm Participation: per the data plane configuration
state that expresses whether the node is participating in a
particular Flexible Algorithm Not all routers in a given network



need to participate in a given Flexible Algorithm The Flexible
Al gorithm(s) that a given router participates in is determ ned by
configuration.

IGP Algorithm value fromthe I ANA "I GP Al gorithm Types" registry
defined under the "Interior Gateway Protocol (1GP) Paraneters”
registry group. |1GP Algorithnms represent the triplet
(cal cul ation-type, nmetric-type, and constraints), where the second
and third elenments of the triplet MAY be unspecifi ed.

ABR: Area Border Router. 1In IS-IStermnology, it is also known as
the Level 1 (L1) / Level 2 (L2) router.

ASBR:  Aut ononpus System Border Router
4. Flexible Al gorithm

Many possible constraints may be used to conmpute a path over a
networ k. Sone networks are deployed as multiple planes. A sinple
formof constraint may be to use a particular plane. A nore

sophi sticated form of constraint can include sone extended netric, as
described in [RFC8570]. Constraints that restrict paths to |inks
with specific affinities or avoid links with specific affinities are
al so possible. Conbinations of these are al so possi bl e.

To provide maximumflexibility, a mechanismis provided that allows a
router to identify a particular calculation-type and netric-type,
describe a particular set of constraints, and assign a numeric
identifier, referred to as Flex-Algorithm to the conbination of that
calcul ation-type, metric-type, and those constraints. The nmapping
between the Flex-Algorithmand its meaning is flexible and defined by
the user. As long as all routers in the domain have a comon
understanding as to what a particular Flex-Al gorithmrepresents, the
resulting routing conputation is consistent and traffic is not

subj ect to any | ooping.

The set consisting of (a) a calculation-type, (b) a nmetric-type, and
(c) a set of constraints is referred to as a Flexible Al gorithm
Definition.

The Flex-Algorithmis a nuneric identifier in the range 128-255 that
is associated via configuration with the Flexible Al gorithm
Defini tion.

The 1ANA "I GP Al gorithm Types" registry defines the set of values for
IGP Algorithns. The follow ng values are allocated by ANA fromthis
registry for Flex-Al gorithns:

128-255 - Flex-Al gorithns
5. Flexible Algorithm Definition Advertisenent

To guarantee | oop-free forwarding for paths conputed for a particul ar
Fl ex-Al gorithm all routers that (a) are configured to participate in
a particular Flex-Algorithmand (b) are in the same Fl ex-Al gorithm
Definition adverti senent scope MJST agree on the definition of the

Fl ex-Al gorithm The foll owi ng procedures ensure this condition is
fulfilled.

5.1. 1S-1S Flexible AlgorithmDefinition Sub-TLV

The 1S-1S Flexible AlgorithmDefinition (FAD) sub-TLV is used to
advertise the definition of the Flex-Al gorithm

The 1S-1S FAD sub-TLV is advertised as a sub-TLV of the | S-1S Router
CAPABI LI TY TLV-242, which is defined in [ RFC7981].



The 1S-1S FAD sub-TLV has the foll owing format:

0 1 2 3
01234567890123456789012345678901
B T I e R i i i T S S e e I e ik oI I S S e S S

| Type | Length | Fl ex-Algorithm| Metric-Type
el i I e i it T e e e e i i T o S e e S e T R R
| Cal c- Type | Priority

R o o e e el i S S S S i S i ol S S e e e s
| Sub- TLVs |
+ +
| |

T T S S e e i S S U S S AR Tk ok e

wher e:
Type: 26

Length: variable nunber of octets, dependent on the included sub-
TLVs.

Fl ex- Al gorithm Fl exible Al gorithmnunber. Single octet val ue
bet ween 128 and 255 i ncl usi ve.

Metric-Type: type of nmetric fromthe ANA "I GP Metric-Type"
registry (Section 18.1.2) to be used during the cal cul ation
The foll owi ng val ues are defi ned:

0: | GP Metric

1: Mn Unidirectional Link Delay, as defined in Section 4.2 of
[ RFC8570], encoded as an application-specific link
attribute, as specified in [ RFC8919] and Section 12 of this
docunent .

2: Traffic Engineering Default Metric, as defined in
Section 3.7 of [RFC5305], encoded as an application-specific
link attribute, as specified in [RFC8919] and Section 12 of
this docunent.

Ca

c-Type: calculation-type. Value from0-127 inclusive fromthe
I ANA "I GP Al gorithm Types" registry defined under the "Interior
Gat eway Protocol (1GP) Paraneters" registry. |1GP Algorithns in
the range of 0-127 have a defined triplet (calculation-type,
metric-type, constraints). Wen used to specify the

cal cul ation-type in the FAD sub-TLV, only the cal cul ati on-type
defined for the specified G Algorithmis used. The Metric/
Constraints MJUST NOT be inherited. |If the required
calculation-type is Shortest Path First, the value 0 MJST
appear in this field.

Priority: wvalue between 0 and 255 inclusive that specifies the
priority of the advertisenent. Numerically greater values are
preferred. Usage of the priority is described in Section 5. 3.

Sub- TLVs: optional sub-TLVs.
The 1S-1S FAD sub-TLV MAY be advertised in a Label Sw tched Path
(LSP) of any nunber. The I1S-1S router MAY advertise nore than one
IS-1S FAD sub-TLV for a given Flexible Algorithm (see Section 6).

The 1S-1S FAD sub-TLV has an areal/l evel scope. The Router Capability
TLV in which the FAD sub-TLV is present MJST have the S bit clear.



An IS 1S L1/L2 router MAY be configured to regenerate the w nning FAD
fromlevel 2, without any nodification to it, to the level 1 area.
The regeneration of the FAD sub-TLV fromlevel 2 to level 1 is
determned by the L1/L2 router, not by the originator of the FAD
advertisenent in level 2. In such a case, the regenerated FAD sub-
TLV will be advertised in the level 1 Router Capability TLV
originated by the L1/L2 router

An L1/L2 router MUST NOT regenerate any FAD sub-TLV fromlevel 1 to
| evel 2.

.2. OSPF Flexible Algorithm Definition TLV

The OSPF FAD TLV is advertised as a top-level TLV of the Router
Information (RI) Link State Advertisenment (LSA), which is defined in
[ RFC7770] .

The OSPF FAD TLV has the foll owing format:

0 1 2 3
01234567890123456789012345678901
i R L s e T e R h th s i S SR N S
| Type | Lengt h |
B I i st ST S I S S S S S S S S e S S S S ik o S N S S S

| Fl ex- Al gorithm | Metric-Type | Cal c- Type | Priority
el i I e i it T e e e e i i T o S e e S e T R R
| Sub- TLVs |
+ +
I I

i S S T i S S e S AT i S S

wher e:
Type: 16

Length: variable nunber of octets, dependent on the included sub-
TLVs.

Fl ex-Algorithm Flexible A gorithmnunber. Single octet val ue
bet ween 128 and 255 i ncl usi ve.

Metric-Type: type of metric fromthe ANA "I GP Metric-Type"
registry (Section 18.1.2) to be used during the cal cul ation
The foll owi ng val ues are defi ned:

0: ICGP Metric
1: Mn Unidirectional Link Delay, as defined in Section 4.2 of
[ RFC7471], encoded as an application-specific link

attribute, as specified in [ RFC8920] and Section 12 of this
docunent .

2: Traffic Engineering Metric, as defined in Section 2.5.5 of
[ RFC3630], encoded as an application-specific |ink
attribute, as specified in [ RFC8920] and Section 12 of this
docunent .
Cal c- Type: as described in Section 5.1
Priority: as described in Section 5.1
Sub- TLVs: optional sub-TLVs.

When nultiple OSPF FAD TLVs, for the sanme Flexible Algorithm are
received froma given router, the receiver MJST use the first



occurrence of the TLV in the Rl LSA. If the OSPF FAD TLV, for the
same Flex-Al gorithm appears in nmultiple RI LSAs that have different
fl oodi ng scopes, the OSPF FAD TLV in the RI LSA with the area-scoped
fl oodi ng scope MUST be used. |If the OSPF FAD TLV, for the sane
algorithm appears in nultiple RI LSAs that have the sanme flooding
scope, the OSPF FAD TLV in the RI LSA with the nunerically small est
Instance | D MIUST be used and subsequent instances of the OSPF FAD TLV
MUST be i gnor ed.

The RI LSA can be advertised at any of the defined opaque fl ooding
scopes (link, area, or Autonomous System (AS)). For the purpose of
OSPF FAD TLV advertisenent, area-scoped flooding is REQU RED. The AS
fl oodi ng scope SHOULD NOT be used unl ess |ocal configuration policy
on the originating router indicates domain-w de fl oodi ng.

5.3. Common Handling of the Flexible AlgorithmDefinition TLV

This section describes the protocol -i ndependent handling of the FAD
TLV (OSPF) or FAD sub-TLV (IS1S). W will refer toit as FAD TLV in
this section, even though, in the case of IS 1S, it is a sub-TLV.

The val ue of the Flex-Al gorithm MJUST be between 128 and 255
inclusive. |If it is not, the FAD TLV MJUST be i gnored.

Only a subset of the routers participating in the particular Fl ex-
Al gorithmnneed to advertise the definition of the Flex-Al gorithm

Every router that is configured to participate in a particular Flex-
Al gorithm MJUST select the Flex-Al gorithm Definition based on the
followi ng ordered rules. This allows for the consistent Flex-

Al gorithmDefinition selection in cases where different routers
advertise different definitions for a given Flex-Al gorithm

1. Fromthe advertisenents of the FAD in the area (including both
| ocally generated advertisenents and received advertisenents),
sel ect the one(s) with the nunmerically greatest priority val ue.

2. If there are nmultiple advertisenents of the FAD with the sane
nunerically greatest priority, select the one that is originated
fromthe router with the nunerically greatest SystemID, in the
case of I1S-1S, or Router ID, in the case of OSPFv2 and OSPFv3
For 1S-1S, the SystemID is described in [1S0OL0589]. For OSPFv2
and OSPFv3, the standard Router ID is described in [ RFC2328] and
[ RFC5340], respectively.

The FAD sel ected according to these rules is also known as the
"wi nni ng FAD".

A router that is not configured to participate in a particul ar Flex-
Al gorithm MJUST ignore FAD sub-TLV advertisenents for such Flex-
Al gorithm

A router that is not participating in a particular Flex-Al gorithm MAY
advertise the FAD for such Flex-Algorithm Receiving routers MJST
consi der a received FAD advertisenent regardl ess of the Flex-

Al gorithm participation of that FAD advertisenent’s origi nator.

Any change in the Flex-AlgorithmDefinition may result in a tenmporary
di sruption of traffic that is forwarded based on such Flex-Al gorithm
paths. The inmpact is sinmilar to any other event that requires

net wor k- w de conver gence

If a node is configured to participate in a particular Flexible

Al gorithm but there is no valid Flex-Al gorithmDefinition avail abl e
for it or the selected Flex-A gorithm Definition includes

cal cul ation-type, netric-type, constraint, flag, or sub-TLV that is



not supported by the node, it MJST stop participating in such
Flexible Algorithm That inplies that it MJST NOT announce
participation for such Flexible Algorithm as specified in

Section 11, and it MJST renpve any forwarding state associated with
it.

The Flex-AlgorithmDefinition is topology independent. It applies to
all topologies that a router participates in.

6. Sub-TLVs of 1S-1S FAD Sub- TLV

One of the limtations of 1S-1S [1SOL0589] is that the length of a
TLV/ sub-TLV is linmted to a maxi num of 255 octets. For the FAD sub-
TLV, there are a nunber of sub-sub-TLVs (defined below) that are
supported. For a given Flex-Algorithm it is possible that the total
nunber of octets required to conpletely define a FAD exceeds the

maxi mum | engt h supported by a single FAD sub-TLV. In such cases, the
FAD MAY be split into multiple such sub-TLVs, and the content of the
mul ti pl e FAD sub-TLVs are conbined to provide a conplete FAD for the
Fl ex-Al gorithm |In such a case, the fixed portion of the FAD (see
Section 5.1) MJST be identical in all FAD sub-TLVs for a given Fl ex-
Algorithmfroma given IS. |n case the fixed portion of such FAD
sub-TLVs differ, the values in the fixed portion in the FAD sub-TLV
in the first occurrence in the | owest-nunbered LSP froma given IS
MJST be used.

Any specification that introduces a new | S-1S FAD sub-sub- TLV MJST
speci fy whether the FAD sub-TLV nay appear nultiple tinmes in the set
of FAD sub-TLVs for a given Flex-Algorithmfroma given IS and how to
handle themif multiple are all owed.

6.1. IS-IS Flexible A gorithm Exclude Adnin G oup Sub-TLV

The Flexible A gorithm Definition can specify "colors" that are used
by the operator to exclude links during the Flex-Algorithmpath
comput at i on.

The 1S-1S Flexible Al gorithm Exclude Admn G oup (FAEAG sub-TLV is
used to advertise the exclude rule that is used during the Flex-
Al gorithm path cal cul ation, as specified in Section 13.

The |1S-1S FAEAG sub-TLV is a sub-TLV of the I S-1S FAD sub-TLV. It
has the foll owing format:

0 1 2 3
01234567890123456789012345678901
e T e ik o oI S R B T
| Type | Lengt h |
B i s T T i i o S o T Ji I
| Ext ended Admin G oup |
+- -+
I : I

I T S S S e S S S S S Sup S Sup S S S

wher e:
Type: 1

Length: wvariable, dependent on the size of the Extended Admin
Group. MJIST be a multiple of 4 octets.

Ext ended Admi nistrative G oup: Extended Administrative Goup, as
defined in [ RFC7308].

The 1 S-1S FAEAG sub- TLV MJUST NOT appear nore than once in a single
IS-1S FAD sub-TLV. If it appears nore than once, the IS-1S FAD sub-
TLV MJST be ignored by the receiver.



The 1S-1S FAEAG sub-TLV MJUST NOT appear nore than once in the set of
FAD sub-TLVs for a given Flex-Algorithmfroma given IS, If it
appears nore than once in such a set, the | S-1S FAEAG sub-TLV in the
first occurrence in the | owest-nunbered LSP froma given IS MIST be
used, and any ot her occurrences MJST be ignored.

6.2. |1S-IS Flexible Al gorithmInclude-Any Adm n G oup Sub-TLV

The Flexible Al gorithm Definition can specify "colors" that are used
by the operator to include links during the Flex-Al gorithm path
comput at i on.

The 1S-1S Flexible Al gorithmInclude-Any Adnmin Group sub-TLV is used
to advertise the include-any rule that is used during the Flex-
Al gorithm path cal cul ation, as specified in Section 13.

The 1S-1S Flexible Al gorithmInclude-Any Adnin Goup sub-TLV is a
sub-TLV of the 1S-1S FAD sub-TLV. It has the follow ng format:

0 1 2 3
01234567890123456789012345678901
S e

| Type | Lengt h |

B i s T T i i o S o T Ji I
| Ext ended Admin G oup |
+- -+

I T S S S e S S S S S Sup S Sup S S S

wher e:
Type: 2

Length: wvariable, dependent on the size of the Extended Admi n
Group. MJIST be a multiple of 4 octets.

Ext ended Admi nistrative G oup: Extended Admi nistrative G oup, as
defined in [ RFC7308].

The 1S-1S Flexible AlgorithmInclude-Any Adnin G oup sub-TLV MUST NOT

appear nmore than once in a single IS-1S FAD sub-TLV. If it appears
more than once, the IS-1S FAD sub-TLV MJST be ignored by the
receiver.

The 1S-1S Flexible AlgorithmInclude-Any Adnmin G oup sub-TLV MUST NOT
appear nore than once in the set of FAD sub-TLVs for a given Fl ex-
Algorithmfroma given IS. If it appears nore than once in such a
set, the 1S-1S Flexible AlgorithmInclude-Any Admin G oup sub-TLV in
the first occurrence in the | owest-nunbered LSP froma given IS MJST
be used, and any ot her occurrences MJST be ignored.

6.3. IS-1S Flexible AlgorithmInclude-Al Admn Goup Sub-TLV

The Flexible Al gorithm Definition can specify "colors" that are used
by the operator to include |links during the Flex-Algorithm path
conput ati on.

The 1S-1S Flexible AlgorithmInclude-All Admin G oup sub-TLV is used
to advertise the include-all rule that is used during the Flex-
Al gorithm path cal cul ation, as specified in Section 13.

The 1S-1S Flexible AlgorithmInclude-All Admin Goup sub-TLV is a
sub-TLV of the I1S-1S FAD sub-TLV. It has the followi ng format:

0 1 2 3
01234567890123456789012345678901



B il s S S S S I S i
| Type Length |
i i i T i I S i e s o o i i
| Ext ended Admi n G oup |
+- -+

T S S S T S S S S it S S SEp DI S S

wher e:
Type: 3

Length: variable, dependent on the size of the Extended Admn
G oup. MIST be a multiple of 4 octets

Ext ended Administrative Goup: Extended Administrative Goup, as
defined in [ RFC7308].

The 1S-1S Flexible AlgorithmInclude-All Adnmin Goup sub-TLV MJUST NOT

appear nmore than once in a single IS-1S FAD sub-TLV. If it appears
nore than once, the IS 1S FAD sub-TLV MJST be ignored by the
receiver.

The 1S-1S Flexible AlgorithmInclude-Al Adnin G oup sub-TLV MJST NOT
appear nmore than once in the set of FAD sub-TLVs for a given Fl ex-
Algorithmfroma given IS. If it appears nore than once in such a
set, the 1S 1S Flexible AlgorithmInclude-All Admin Goup sub-TLV in
the first occurrence in the | owest-nunbered LSP froma given IS MJST
be used, and any ot her occurrences MJST be ignored.

6.4. 1S-IS Flexible AlgorithmDefinition Flags Sub-TLV

The 1S-1S Flexible AlgorithmDefinition Flags (FADF) sub-TLV is a
sub-TLV of the I1S-1S FAD sub-TLV. It has the follow ng format:

0 1 2 3
01234567890123456789012345678901
B il s S S S S I S i
| Type | Length |
i i i T i I S i e s o o i i
| Fl ags |
+- -+
I : I

T S S S T S S S S it S S SEp DI S S

wher e:
Type: 4

Length: variable, nunber of octets of the Flags field.

Fl ags:
0123456T17...

L S e T
IM | |
S

Mflag: when set, the Flex-Algorithmspecific prefix nmetric
MUST be used for inter-area and external prefix calculation
This flag is not applicable to prefixes advertised as SRv6
| ocat ors.

A new | ANA "I GP Flexible Algorithm Definition Flags" registry is
defined for allocation of bits in the Flags field -- see
Section 18. 2.

Bits are defined/sent starting with bit 0 defined above. Additiona
bit definitions that may be defined in the future SHOULD be assigned



in ascending bit order to mnimze the nunber of bits that will need
to be transnitted.

Undefined bits MJUST be transnmitted as O.

Bits that are not transmtted MJST be treated as if they are set to O
on receipt.

The 1S-1S FADF sub-TLV MJUST NOT appear nore than once in a single IS
IS FAD sub-TLV. If it appears nore than once, the I S-1S FAD sub-TLV
MJUST be ignored by the receiver.

The 1S-1S FADF sub- TLV MJUST NOT appear nore than once in the set of
FAD sub-TLVs for a given Flex-Algorithmfroma given IS, If it
appears nore than once in such a set, the IS-1S FADF sub-TLV in the
first occurrence in the | owest-nunbered LSP froma given | S MIST be
used, and any ot her occurrences MJST be ignored.

If the I S-1S FADF sub-TLV is not present inside the 1S-1S FAD sub-
TLV, all the bits are assuned to be set to O.

If a node is configured to participate in a particular Flexible

Al gorithm but the selected Flex-Al gorithmDefinition includes a bit
inthe IS 1S FADF sub-TLV that is not supported by the node, it MJST
stop participating in such Flexible Al gorithm

New flag bits may be defined in the future. |nplenmentations MJST
check all advertised flag bits in the received |S-1S FADF sub-TLV --
not just the subset currently defined.

The M flag MJST not be used when cal culating prefix reachability for
the SRv6 Locator prefix.

6.5. IS-IS Flexible A gorithm Exclude SRLG Sub- TLV

The Flexible Al gorithm Definition can specify Shared Ri sk Link G oups
(SRLGs) that the operator wants to exclude during the Flex-Al gorithm
pat h conput ati on.

The 1S-1S Flexible Al gorithm Exclude SRLG (FAESRLG sub-TLV is used
to advertise the exclude rule that is used during the Flex-Al gorithm
pat h cal cul ati on, as specified in Section 13.

The 1S-1S FAESRLG sub-TLV is a sub-TLV of the 1S-1S FAD sub-TLV. It
has the foll owing fornmat:

0 1 2 3
01234567890123456789012345678901
B il s S S S S I S i

| Type | Lengt h |

i i i T i I S i e s o o i i
| Shared Ri sk Link G oup Val ue |
+- -+

T S S S T S S S S it S S SEp DI S S

wher e:
Type: 5

Length: variable, dependent on nunber of SRLG values. MJST be a
multiple of 4 octets.

Shared Ri sk Link Goup Value: SRLG value, as defined in
[ RFC5307] .

The 1S-1S FAESRLG sub- TLV MJUST NOT appear nore than once in a single
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IS-1S FAD sub-TLV. If it appears nore than once, the IS-1S FAD sub-
TLV MUST be ignored by the receiver.

The 1S-1S FAESRLG sub- TLV MAY appear nore than once in the set of FAD
sub-TLVs for a given Flex-Algorithmfroma given IS. This may be
necessary in cases where the total nunmber of SRLG val ues that are
speci fied cause the FAD sub-TLV to exceed the maxi num |l ength of a
single FAD sub-TLV. In such a case, the receiver MJST use the union
of all values across all 1S 1S FAESRLG sub-TLVs from such set.

Sub-TLVs of the OSPF FAD TLV
OSPF Fl exi bl e Al gorithm Excl ude Admi n G oup Sub-TLV

The OSPF Fl exi bl e Al gorithm Exclude Adnin Goup (FAEAG sub-TLVis a
sub-TLV of the OSPF FAD TLV. |Its usage is described in Section 6.1.
It has the follow ng format:

0 1 2 3
01234567890123456789012345678901
i s T S i i T S A b e ok
| Type | Lengt h |
i e e R e T S S ko o i NI TR R R S
| Ext ended Admi n G oup |
+- -+
I

T T S i i S DU S A S R T o T

wher e:
Type: 1

Length: variable, dependent on the size of the Extended Admn
Group. MJIST be a multiple of 4 octets.

Ext ended Administrative G oup: Extended Administrative Goup, as
defined in [ RFC7308].

The OSPF FAEAG sub- TLV MJUST NOT appear nore than once in an OSPF FAD
TLV. If it appears nore than once, the OSPF FAD TLV MUST be ignored
by the receiver.

OSPF Fl exi bl e Al gorithm I nclude-Any Adm n G oup Sub-TLV

The OSPF Fl exi bl e Al gorithm Include-Any Admin Goup sub-TLV is a sub-
TLV of the OSPF FAD TLV. The usage of this sub-TLV is described in
Section 6.2. It has the followi ng fornmat:

0 1 2 3

01234567890123456789012345678901
B T S i T s i i e e SEI S
| Type | Lengt h |
R i T I e T S S e S TR S T e i I S e S e e e e o o
| Ext ended Admin G oup

+- -+
B T S i T s i i e e SEI S
wher e:

Type: 2

Length: variable, dependent on the size of the Extended Admin
Group. MJIST be a multiple of 4 octets.

Ext ended Administrative Goup: Extended Administrative Goup, as
defined in [ RFC7308].



The OSPF Fl exi bl e Al gorithm I nclude-Any Admin G oup sub-TLV MJST NOT
appear nore than once in an OSPF FAD TLV. |If it appears nore than
once, the OSPF FAD TLV MJST be ignored by the receiver.

7.3. OSPF Flexible Algorithm Include-All Admn G oup Sub-TLV

The OSPF Fl exible Al gorithmlnclude-Al Admin Goup sub-TLV is a sub-
TLV of the OSPF FAD TLV. The usage of this sub-TLV is described in
Section 6.3. It has the followi ng fornmat:

0 1 2 3

01234567890123456789012345678901
B i s T T i i o S o T Ji I
| Type | Length |
R e s T o T S R El ok i R e e S S e o o s
| Ext ended Admi n G oup

+- -+
B i s T T i i o S o T Ji I
wher e:

Type: 3

Length: variable, dependent on the size of the Extended Admn
G oup. MIST be a multiple of 4 octets.

Ext ended Administrative Goup: Extended Admnistrative Goup, as
defined in [ RFC7308].

The OSPF Fl exible Al gorithmlnclude-Al Admin Goup sub-TLV MJST NOT
appear nore than once in an OSPF FAD TLV. |If it appears nore than
once, the OSPF FAD TLV MJST be ignored by the receiver.

7.4. COSPF Flexible AlgorithmDefinition Flags Sub-TLV

The OSPF Fl exible Al gorithm Definition Fl ags (FADF) sub-TLV is a sub-
TLV of the OSPF FAD TLV. It has the follow ng format:

0 1 2 3
01234567890123456789012345678901
T T S S S T e S S it S S i S S
| Type | Lengt h |
T S T I Al ol ST SN S S S S S S S S S i S SIS SN S O Y
| Fl ags |
+- -+
I : I
+

T T T S S T S S i S S s Suity SN

wher e:
Type: 4

Length: variable, dependent on the size of the Flags field. MJST
be a multiple of 4 octets.

Fl ags:
0123456T7...

i g
IM | |
R R I

Mflag: when set, the Flex-Algorithmspecific prefix and ASBR
metric MUST be used for inter-area and external prefix
calculation. This flag is not applicable to prefixes
advertised as SRv6 | ocators.

A new | ANA "I GP Flexible Algorithm Definition Flags" registry is



defined for allocation of bits in the Flags field -- see
Section 18. 2.

Bits are defined/sent starting with bit 0 defined above. Additional
bit definitions that may be defined in the future SHOULD be assigned
in ascending bit order to minimze the nunber of bits that will need
to be transmitted.

Undefined bits MJUST be transnmitted as O.

Bits that are not transmtted MJST be treated as if they are set to O
on receipt.

The OSPF FADF sub- TLV MUST NOT appear nore than once in an OSPF FAD
TLV. If it appears nore than once, the OSPF FAD TLV MJUST be ignored
by the receiver.

If the OSPF FADF sub-TLV is not present inside the OSPF FAD TLV, all
the bits are assuned to be set to O.

If a node is configured to participate in a particular Flexible

Al gorithm but the selected Flex-Al gorithmDefinition includes a bit
in the CSPF FADF sub-TLV that is not supported by the node, it MJST
stop participating in such Flexible Al gorithm

New flag bits may be defined in the future. |nplenmentations MJST
check all advertised flag bits in the received OSPF FADF sub-TLV --
not just the subset currently defined.

The M flag MJST not be used when cal culating prefix reachability for
the SRv6 Locator prefix.

7.5. OSPF Fl exible Al gorithm Exclude SRLG Sub- TLV

The OSPF Fl exi bl e Al gorithm Exclude SRLG (FAESRLG) sub-TLV is a sub-
TLV of the OSPF FAD TLV. |Its usage is described in Section 6.5. It
has the foll owing format:

0 1 2 3

01234567890123456789012345678901
T e L o o o e i i s it NN R SR S B S
| Type | Lengt h |
B i s T T i i o S o T Ji I
| Shared Ri sk Link G oup Val ue

+- -+
B i s sl o S S S S N i e ik T SEIE TR e Sl R R i S S e e i e i
wher e:

Type: 5

Length: variable, dependent on the nunmber of SRLGs. MJST be a
multiple of 4 octets.

Shared Ri sk Link Goup Value: SRLG value, as defined in
[ RFC4203] .

The OSPF FAESRLG sub- TLV MJST NOT appear nore than once in an OSPF
FAD TLV. If it appears nore than once, the OSPF FAD TLV MJST be
i gnored by the receiver.

8. 1S 1S Flexible AlgorithmPrefix Metric Sub-TLV
The 1S-1S Flexible Algorithm Prefix Metric (FAPM sub-TLV supports

the advertisenent of a Flex-Algorithmspecific prefix metric
associated with a given prefix advertisenent.



The 1S-1S FAPM sub-TLV is a sub-TLV of TLVs 135, 235, 236, and 237
and has the followi ng format:

0 1 2 3
01234567890123456789012345678901
i T S S O S i o S

| Type | Lengt h | Fl ex- Al gorithm |

R e s T o T S R El ok i R e e S S e o o s
| Metric

R e o T T e S S T ol S i T S s ik i I S I S S R S R

wher e:
Type: 6

Length: 5 octets
Fl ex- Al gorithm single octet val ue between 128 and 255 i ncl usive.
Metric: 4 octets of metric infornation.

The 1S-1S FAPM sub- TLV MAY appear multiple tines in its parent TLV.
If it appears nore than once with the sane Fl ex-Al gorithmvalue, the
first instance MJST be used and any subsequent instances MJST be

i gnor ed.

If a prefix is advertised with a Flex-Algorithmprefix metric |arger
than MAX PATH METRIC, as defined in [RFC5305], this prefix MJST NOT
be considered during the Flexible Al gorithm conputation.

The usage of the Flex-Algorithmprefix nmetric is described in
Section 13.

The 1S-1S FAPM sub-TLV MJUST NOT be advertised as a sub-TLV of the IS-
I'S SRv6 Locator TLV [RFC9352]. The I1S-1S SRv6 Locator TLV includes
the Algorithmand Metric fields, which MIST be used instead. |If the
FAPM sub-TLV is present as a sub-TLV of the IS 1S SRv6 Locator TLV in
the received LSP, such FAPM sub- TLV MJST be ignored.

OSPF Fl exi ble AlgorithmPrefix Metric Sub-TLV

The OSPF Flexible Al gorithmPrefix Metric (FAPM sub-TLV supports the
adverti senent of a Flex-Al gorithmspecific prefix netric associated
with a given prefix advertisenent.

The OSPF FAPM sub-TLV is a sub-TLV of the:

*  (OSPFv2 Extended Prefix TLV [ RFC7684] and

* followi ng OSPFv3 TLVs, as defined in [ RFC8362]:
- Inter-Area Prefix TLV
- External -Prefix TLV

The OSPF FAPM sub-TLV has the foll owing format:

0 1 2 3
01234567890123456789012345678901
B i aT T e e o S o S S S I T et sl o ST S S S S S S
| Type | Length |
B T S i T s i i e e SEI S
| Fl ex- Al gorithm | Fl ags | Reserved |
I S i o T s S S S e s s T
| Metric |
B i aT T e e o S o S S S I T et sl o ST S S S S S S
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wher e:
Type: 3 for OSPFv2, and 26 for OSPFv3

Length: 8 octets
Fl ex-Al gorithm single octet val ue between 128 and 255 i ncl usive.
Flags: 1l-octet val ue

01234567
i S S
| El |
T T

E bit: position 0: The type of external metric. |If the bit is
set, the netric specified is a Type 2 external nmetric. This
bit is applicable only to OSPF external and Not- So- St ubby
Area (NSSA) external prefixes. This is semantically the
same as the E bit in Appendix A 4.5 of [RFC2328] and
Appendi x A 4.7 of [RFC5340] for OSPFv2 and OSPFv3,
respectively.

Bits 1 through 7: MJST be cleared by the originator and
i gnored by the receiver.

Reserved: MJST be set to 0 and ignored at reception
Metric: 4 octets of netric information.

The OSPF FAPM sub- TLV MAY appear nultiple times in its parent TLV.

If it appears nore than once with the sane Fl ex-Al gorithmval ue, the
first instance MUST be used and any subsequent instances MJST be

i gnor ed.

The usage of the Flex-Algorithmprefix metric is described in
Section 13.

OSPF Fl exi bl e Al gorithm ASBR Reachability Adverti senent

An OSPF ABR advertises the reachability of ASBRs in its attached
areas to enable routers within those areas to performroute

cal cul ations for external prefixes advertised by the ASBRs. OSPF
extensions for advertisenent of Flex-Algorithmspecific reachability
and the nmetric for ASBRs is sinmlarly required for Flex-Al gorithm
external prefix conputations, as described further in Section 13.1

1. OSPFv2 Extended Inter-Area ASBR LSA

The OSPFv2 Extended Inter-Area ASBR (El A-ASBR) LSA is an OSPF Opaque
LSA [ RFC5250] that is used to advertise additional attributes related
to the reachability of the OSPFv2 ASBR that is external to the area
yet internal to the OSPF donmain. Semantically, the OSPFv2 El A- ASBR
LSA is equivalent to the fixed format Type 4 sunmary-LSA [ RFC2328].
Unli ke the Type 4 summary-LSA, the Link State ID (LSID) of the ElA-
ASBR LSA does not carry the ASBR Router ID -- the ASBR Router IDis
carried in the body of the LSA. The OSPFv2 EI A-ASBR LSA is
advertised by an OSPFv2 ABR, and its flooding is defined to be area-
scoped only.

An OSPFv2 ABR generates the El A-ASBR LSA for an ASBR when it is
advertising the Type 4 sunmary-LSA for it and has the need for
advertising additional attributes for that ASBR beyond what is
conveyed in the fixed-format Type 4 summary-LSA. An OSPFv2 ABR MUST
NOT advertise the ElIA-ASBR LSA for an ASBR for which it is not
advertising the Type 4 summary-LSA. This ensures that the ABR does
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not generate the EIA-ASBR LSA for an ASBR to which it does not have
reachability in the base OSPFv2 topol ogy cal culation. The OSPFv2 ABR
SHOULD NOT advertise the EI A-ASBR LSA for an ASBR when it does not
have additional attributes to advertise for that ASBR

The OSPFv2 El A- ASBR LSA has the followi ng format:
0 1 2 3

01234567890123456789012345678901
T T S S e T o S U S SUp S SEp S SR S i

| LS age | Opt i ons | LS Type |
B I i st ST S I S S S S S S S S e S S S S ik o S N S S S
Opaque Type | Opaque I D |

L- i T S S S T i T i I S I S S
| Adverti sing Router |
R i T I e T S S e S TR S T e i I S e S e e e e o o
| LS sequence nunber |
i T s i o S i i S R I S I S S S M
| LS checksum | Length |
B T S i T s i i e e SEI S
L.
I

I
TLVs -+
|

The LS age and Options fields are as defined in Appendix A 4.1 of
[ RFC2328] .

The LS Type MJST be 10, indicating that the Opaque LSA floodi ng scope
is area-local [RFC5250].

The Opaque Type used by the OSPFv2 ElI A-ASBR LSA is 11. The Opaque
Type is used to differentiate the various types of OSPFv2 Opaque LSAs
and is described in Section 3 of [RFC5250].

The Opaque ID field is an arbitrary value used to maintain nultiple
OSPFv2 El A- ASBR LSAs. For OSPFv2 ElI A- ASBR LSAs, the Opaque ID has no
semantic significance other than to differentiate OSPFv2 El A- ASBR
LSAs originated by the same OSPFv2 ABR |If nultiple OSPFv2 El A- ASBR
LSAs specify the same ASBR, the attributes fromthe Opaque LSA with
the | owest Opaque | D SHOULD be used.

The Advertising Router, LS sequence nunber, and LS checksum fi el ds
are as defined in Appendix A 4.1 of [RFC2328].

The Length field is as defined in Appendix A 4.1 of [RFC2328]. It
represents the total length (in octets) of the Qpaque LSA, including
the LSA header and all TLVs (including padding).

The format of the TLVs within the body of the OSPFv2 EIA-ASBR LSA i s
the sane as the format used by the Traffic Engi neering Extensions to
OSPFv2 [ RFC3630]. The variable TLV section consists of one or nore
nested TLV tuples. Nested TLVs are also referred to as sub- TLVs.
The TLV Length field defines the length of the value portion in
octets (thus, a TLV with no val ue portion would have a |l ength of 0).
The TLV is padded to 4-octet alignnment; padding is not included in
the Length field (so a 3-octet value would have a | ength of 3, but
the total size of the TLV would be 8 octets). Nested TLVs are al so
32-bit aligned. For exanple, a l1l-octet value would have the Length
field set to 1, and 3 octets of padding woul d be added to the end of
the value portion of the TLV. The padding is conmposed of zeros.

1.1. OSPFv2 Extended Inter-Area ASBR TLV
The OSPFv2 Extended Inter-Area ASBR (EIA-ASBR) TLV is a top-level TLV

of the OSPFv2 ElI A-ASBR LSA and is used to advertise additiona
attributes associated with the reachability of an ASBR



The OSPFv2 EI A-ASBR TLV has the followi ng format:

0 1 2 3

01234567890123456789012345678901
B T I e R i i i T S S e e I e ik oI I S S e S S
| Type | Length |
el i I e i it T e e e e i i T o S e e S e T R R
| ASBR Router |ID |
R i T I e T S S e S TR S T e i I S e S e e e e o o

Sub- TLVs
B T S i T s i i e e SEI S

wher e:
Type: 1

Length: variable nunmber of octets.

ASBR Router ID: 4 octets carrying the OSPF Router |ID of the ASBR
whose information is being carried.

Sub-TLVs: vari able

Only a single OSPFv2 ElI A-ASBR TLV MJST be advertised in each OSPFv2
El A-ASBR LSA, and the receiver MJST ignore all instances of this TLV
other than the first one in an LSA

The OSPFv2 El A- ASBR TLV MJST be present inside an OSPFv2 El A- ASBR LSA
and MJST include at |east a single sub-TLV; otherw se, the OSPFv2
El A- ASBR LSA MUST be ignored by the receiver.

.2. OSPF Flexible Al gorithm ASBR Metric Sub-TLV

The OSPF Fl exi bl e Al gorithm ASBR Metric (FAAM sub-TLV supports the
advertisenent of a Flex-Algorithmspecific netric associated with a
gi ven ASBR reachability advertisenment by an ABR

The OSPF FAAM sub-TLV is a sub-TLV of the:

*  (OSPFv2 Extended Inter-Area ASBR TLV, as defined in Section 10.1.1,
and

* (OSPFv3 Inter-Area-Router TLV, as defined in [ RFC8362].
The OSPF FAAM sub-TLV has the follow ng format:

0 1 2 3

01234567890123456789012345678901
i s T S i i T S A b e ok
| Type | Lengt h |
i e e R e T S S ko o i NI TR R R S
| Fl ex- Al gorithm | Reserved |
B i s T T i i o S o T Ji I
| Metric |
e L o i e S  th o i R S

wher e:
Type: 1 for OSPFv2, and 33 for OSPFv3

Length: 8 octets
Fl ex-Al gorithm single octet val ue between 128 and 255 i ncl usive.

Reserved: 3 octets. MJST be set to O and ignored at reception.
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Metric: 4 octets of netric information.

The OSPF FAAM sub- TLV MAY appear nultiple tinmes in its parent TLV.

If it appears nore than once with the sane Fl ex-Al gorithmvalue, the
first instance MJUST be used and any subsequent instances MJST be

i gnor ed.

The advertisenent of the ASBR reachability using the OSPF FAAM sub-
TLV inside the OSPFv2 El A-ASBR LSA fol l ows Section 12.4.3 of

[ RFC2328] and inside the OSPFv3 E-Inter-Area-Router-LSA foll ows
Section 4.8.5 of [RFC5340]. The reachability of the ASBR is

eval uated in the context of the specific Flex-A gorithm

The FAAM conputed by the ABR will be equal to the netric to reach the
ASBR for a given Flex-Algorithmin a source area or the cumul ative
metric via an ABR(s) when the ASBRis in a renote area. This is
simlar in nature to howthe nmetric is set when the ASBR reachability
metric is conputed in the default algorithmfor the nmetric in the
OSPFv2 Type 4 ASBR sunmary-LSA and the OSPFv3 Inter-Area- Router-LSA

An OSPF ABR MUJST NOT include the OSPF FAAM sub-TLV with a specific
Flex-Algorithmin its reachability advertisenent for an ASBR between
areas unless that ASBR is reachable for it in the context of that
specific Flex-Al gorithm

An OSPF ABR MJUST include the OSPF FAAM sub-TLVs as part of the ASBR
reachability advertisenment between areas for any Flex-Al gorithmfor
whi ch the winning FAD i ncludes the Mflag and the ASBR is reachabl e
in the context of that specific Flex-A gorithm

OSPF routers MJST use the OSPF FAAM sub-TLV to cal cul ate the
reachability of the ASBRs if the winning FAD for the specific Flex-
Algorithmincludes the Mflag. OSPF routers MJUST NOT use the OSPF
FAAM sub-TLV to cal cul ate the reachability of the ASBRs for the
specific Flex-Algorithmif the w nning FAD for such Fl ex-Al gorithm
does not include the Mflag. Instead, the OSPFv2 Type 4 sunmary-LSAs
or the OSPFv3 Inter-Area-Router-LSAs MIST be used, as specified in
Section 16.2 of [RFC2328] and Section 4.8.5 of [RFC5340] for OSPFv2
and OSPFv3, respectively.

The processing of a new or changed OCSPF FAAM sub-TLV triggers the
processing of external routes simlar to what is described in
Section 16.5 of [RFC2328] for OSPFv2 and Section 4.8.5 of [RFC5340]
for OSPFv3 for the specific Flex-Algorithm The OSPF external and
NSSA external route calculation should be limted to a Fl ex-

Al gorithm(s) for which the wi nning FAD(s) includes the Mfl ag.

Processi ng of the OSPF FAAM sub-TLV does not require the existence of
the equival ent OSPFv2 Type 4 sumary-LSA or the OSPFv3 Inter-Area-
Router-LSA that is advertised by the sane ABR inside the area. The
presence of the base LSA is not mandatory for the usage of the
extended LSA with the OSPF FAAM sub- TLV.

Advertisement of Node Participation in a Flex-A gorithm

When a router is configured to participate in a particular Flex-
Algorithmand is advertising such participation, it is participating
in that Flex-Al gorithm

Pat hs for various data pl anes MAY be conputed for a specific Fl ex-
Algorithm Each data plane uses its own specific forwardi ng over
such Fl ex-Al gorithm paths. To guarantee the presence of the data-

pl ane-specific forwarding, associated with a particular Flex-

Al gorithm a router MJST advertise its participation for a particul ar
Fl ex- Al gorithm for each data plane. Sone data planes may share a
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common participation advertisenent (e.g., SR MPLS and SRv6).

Advertisenment of the participation for any particular Flex-Al gorithm
in any data plane is subject to the condition specified in
Section 5. 3.

1. Advertisenent of Node Participation for Segnent Routing

[ RFC8665], [RFC8666], and [ RFC8667] (I GP Segnent Routing extensions)
describe how the SR-Algorithmis used to conpute the | GP best path.

Rout ers advertise support for the SR-Al gorithmas a node capability,
as described in the above-nentioned | GP Segnent Routing extensions.
To advertise participation for a particular Flex-A gorithmfor
Segnent Routing, including both SR-MPLS and SRv6, the Fl ex-Al gorithm
val ue MUST be advertised in the SR-Al gorithm TLV (OSPF) or sub-TLV
(1S19).

Segment Routing Fl ex-Al gorithm participation advertisenent is

topol ogy i ndependent. \When a router advertises participation in an
SR-Algorithm the participation applies to all topologies in which
the advertising node participates.

2. Advertisement of Node Participation for Oher Data Pl anes

Thi s section describes considerations related to how other data
pl anes can advertise their participation in a specific Flex-
Al gorithm

Dat a- pl ane-specific Flex-Al gorithm participation adverti sements NMAY
be topol ogy specific or MAY be topol ogy i ndependent, depending on the
data plane itself.

Dat a- pl ane-speci fic adverti sement for Flex-Al gorithm participation
MUST be defined for each data plane and is outside the scope of this
docunent .

Advertisement of Link Attributes for Flex-Al gorithm

Various link attributes nay be used during the Flex-Al gorithm path
cal culation. For exanple, include or exclude rules based on |ink
affinities can be part of the Flex-Al gorithmDefinition, as defined
in Sections 6 and 7.

Application-specific link attributes, as specified in [ RFC8919] or

[ RFC8920], that are to be used during Flex-Al gorithmcal cul ati on MJST
use the Application-Specific Link Attribute (ASLA) advertisements
defined in [ RFC8919] or [RFC8920] unless, in the case of IS 1S, the
L-flag is set in the ASLA advertisement. \Wen the L-flag is set,
then | egacy advertisenents MJST be used, subject to the procedures
and constraints defined in Section 4.2 of [RFC8919] and Section 6.

The mandatory use of ASLA advertisenents applies to link attributes
specifically mentioned in this docunent (M n Unidirectional Link

Del ay, TE Default Metric, Adm nistrative G oup, Extended

Adm ni strative Group, and Shared Ri sk Link G oup) and any other |ink
attributes that may be used in support of Flex-Algorithmin the
future.

A new Application Identifier Bit is defined to indicate that the ASLA
advertisenent is associated with the Flex-Al gorithm application.

This bit is set in the Standard Application Bit Mask (SABM defined
in [ RFC8919] or [RFC8920]:

Bit 3: Flexible Algorithm (X-bit)
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ASLA Admin Group Advertisenents to be used by the Flexible Al gorithm
application MAY use either the Adm nistrative G oup or Extended
Adm ni strative Goup encodi ngs.

A receiver supporting this specification MJST accept both ASLA

Admi ni strative Group and Extended Administrative Goup TLVs, as
defined in [RFC8919] or [RFC8920]. In the case of IS 1S, if the
L-flag is set in the ASLA advertisenent, as defined in Section 4.2 of
[ RFC8919], then the receiver MJST be able to accept both the

Admi ni strative Group TLV, as defined in [ RFC5305], and the Extended
Admini strative Group TLV, as defined in [ RFC7308].

Cal cul ati on of Flexible Al gorithm Paths

A router MJST be configured to participate in a given Flex-Al gorithm
K and MJST sel ect the FAD based on the rules defined in Section 5.3
before it can conpute any path for that Flex-Al gorithm

No specific two-way connectivity check is performed during the Flex-
Al gorithm path conputation. The result of the existing Flex-

Al gorithmagnostic, two-way connectivity check is used during the

Fl ex- Al gorithm path conput ation

As described in Section 11, participation for any particul ar Fl ex-

Al gorithm MJST be advertised on a per data plane basis. Calculation
of the paths for any particular Flex-Algorithmis data pl ane

speci fic.

Mil tiple data planes MAY use the sane Fl ex-Al gorithmvalue at the
same time and, as such, share the FAD for it. Traffic for each data
pl ane will be forwarded based on the data-pl ane-specific forwarding
entries.

The Flex-AlgorithmDefinition is data plane i ndependent and is used
by all Flex-Al gorithm data pl anes.

The way various data planes handl e nodes that do not participate in
Flexible Algorithmis data plane specific. |If the data plane only
wants to consider participating nodes during the Flex-Al gorithm

cal cul ation, then when conputing paths for a given Flex-Al gorithm

all nodes that do not advertise participation for that Flex-Al gorithm
in their data-plane-specific advertisenents MJST be pruned fromthe
topol ogy. Segnment Routing, including both SR-MPLS and SRv6, are data
pl anes that MJST use such pruning when conputing Fl ex-Al gorithm

pat hs.

When conputing the path for a given Flex-Al gorithm the nmetric-type
that is part of the Flex-Al gorithm Definition (Section 5) MJST be
used.

When conputing the path for a given Flex-A gorithm the cal cul ati on-
type that is part of the Flex-A gorithmDefinition (Section 5) MJST
be used.

Various links that include or exclude rules can be part of the Flex-
AlgorithmDefinition. To refer to a particular bit within an Admn
Group or Extended Admin Goup, we use the term"color".

Rules, in the order as specified below, MJST be used to prune links
fromthe topol ogy during the Flex-Al gorithm computation

For all links in the topol ogy:
1. Check if any exclude Administrative Goup rule is part of the

Fl ex-Al gorithmDefinition. |If such exclude rule exists, check if
any color that is part of the exclude rule is also set on the
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link. |If such a color is set, the link MJST be pruned fromthe
conput ati on.

2. Check if any exclude SRLG rule is part of the Flex-Al gorithm
Definition. |If such exclude rule exists, check if the link is
part of any SRLG that is also part of the SRLG exclude rule. |If
the link is part of such SRLG the Iink MJST be pruned fromthe
conput ati on.

3. Check if any include-any Adnministrative Goup rule is part of the

Fl ex-Algorithm Definition. |f such include-any rule exists,
check if any color that is part of the include-any rule is also
set on the link. If no such color is set, the |link MJST be

pruned fromthe conputation.

4. Check if any include-all Administrative Goup rule is part of the

Fl ex-Algorithm Definition. |If such include-all rule exists,
check if all colors that are part of the include-all rule are
also set on the link. |If all such colors are not set on the

link, the Iink MUST be pruned fromthe conputation

5. If the Flex-Algorithm Definition uses sonething other than the
IGP netric (Section 5), and such metric is not advertised for the
particular link in a topology for which the conputation is done,
such link MJST be pruned fromthe computation. A nmetric of value
0 MJST NOT be assuned in such a case

1. Milti-area and Multi-domai n Consi derations

Any | GP Shortest Path Tree calculationis limted to a single area.
This applies to Flex-Al gorithmcalculations as well. Gven that the
conputing router does not have visibility of the topology of the next
areas or domain, the Flex-Al gorithmspecific path to an inter-area or
inter-domain prefix will be conputed for the local area only. The
egress L1/L2 router (ABR in OSPF), or ASBR for an inter-domain case,
will be selected based on the best path for the given Flex-Al gorithm
in the |ocal area, and such egress ABR or ASBR router will be
responsi ble to conpute the best Flex-Al gorithmspecific path over the
next area or donmain. This may produce an end-to-end path, which is
subopti mal based on Flex-Al gorithmconstraints. |n cases where the
ABR or ASBR has no reachability to a prefix for a given Flex-
Algorithmin the next area or domain, the traffic could be dropped by
t he ABR/ ASBR.

To allow the optinal end-to-end path for an inter-area or inter-
domai n prefix for any Flex-Algorithmto be conputed, the FAPM has
been defined in Sections 8 and 9. For external route calculation for
prefixes originated by ASBRs in rempte areas in OSPF, the FAAM has
been defined in Section 10.2 for the ABRto indicate its ASBR
reachability along with the netric for the specific Flex-Al gorithm

If the FAD sel ected based on the rules defined in Section 5.3
includes the Mflag, an ABR or an ASBR MUST include the FAPM (see
Sections 8 and 9) when advertising the prefix that is reachable in a
gi ven Fl ex-Al gorithm between areas or domains. Such netric will be
equal to the nmetric to reach the prefix for that Flex-Algorithmin
its source area or domain. This is simlar in nature to how the
metric is set when prefixes are adverti sed between areas or donains
for the default algorithm \Wen a prefix is unreachable inits
source area or domain in a specific Flex-Algorithm then an ABR or
ASBR MUST NOT include the FAPM for that Flex-Algorithm when
advertising the prefix between areas or donmains.

If the FAD sel ected based on the rules defined in Section 5.3
includes the Mflag, the FAPM MUST be used during the cal cul ati on of
prefix reachability for the inter-area and external prefixes. |f the



FAPM for the Flex-Algorithmis not advertised with the inter-area or
external prefix reachability advertisenment, the prefix MJST be

consi dered as unreachable for that Flex-Algorithm Simlarly, in the
case of OSPF, for ASBRs in renote areas, if the FAAMis not
advertised by the local ABR(s), the ASBR MJST be considered as
unreachabl e for that Flex-Algorithm and the external prefix

adverti senents from such an ASBR are not considered for that Flex-

Al gorithm

The Flex-Al gorithmprefix netrics and the OSPF Fl ex- Al gorithm ASBR
metrics MJUST NOT be used during the Flex-Al gorithm conputation unless
the FAD sel ected based on the rules defined in Section 5.3 includes
the Mflag, as described in Sections 6.4 or 7.4.

In the case of OSPF, when calculating external routes in a Fl ex-
Algorithm if the winning FAD i ncludes the Mflag, and the
advertising ASBRis in a renpote area, the netric will be the sum of
the foll ow ng:

* the FAPM for that Flex-Algorithmadvertised with the external
route by the ASBR

* the nmetric to reach the ASBR for that Flex-Al gorithmfromthe
local ABR, i.e., the FAAMfor that Flex-Al gorithm advertised by
the ABR in the |ocal area for that ASBR

* the Flex-Algorithmspecific netric to reach the | ocal ABR

This is simlar in nature to how the netric is calculated for routes
|l earned fromrenote ASBRs in the default algorithmusing the OSPFv2
Type 4 ASBR summary-LSA and the OSPFv3 I nter- Area-Rout er-LSA

If the FAD sel ected based on the rules defined in Section 5.3 does
not include the Mflag, then the IGP netrics associated with the
prefix reachability adverti sements used by the base 1S-1S and OSPF
prot ocol MJUST be used for the Flex-Al gorithmroute conputation.
Simlarly, in the case of external route calculations in OSPF, the
ASBR reachability is determ ned based on the base OSPFv2 Type 4
sunmar y- LSA and the OSFPv3 Inter-Area- Router-LSA

It is NOT RECOMWENDED to use the Flex-Al gorithmfor inter-area or
inter-domain prefix reachability without the Mflag set. The reason
is that, without the explicit Flex-Algorithmprefix metric
advertisenent (and the Flex-Al gorithm ASBR netric advertisenent in
the case of OSPF external route calculation), it is not possible to
concl ude whether the ABR or ASBR has reachability to the inter-area
or inter-domain prefix for a given Flex-Algorithmin the next area or
domain. Sending the Flex-Algorithmtraffic for such a prefix towards
the ABR or ASBR may result in traffic |ooping or persistent traffic
dr op.

During the route conputation, it is possible for the Flex-A gorithm
specific netric to exceed the nmaxi mum val ue that can be stored in an
unsigned 32-bit variable. |In such scenarios, the value MIST be
considered to be of val ue OxFFFFFFFF during the conputation and
advertised as such.

The FAPM MUST NOT be advertised with IS-1S L1 or L2 intra-area,
OSPFv2 intra-area, or OSPFv3 intra-area routes. |If the FAPMis
advertised for these route-types, it MJST be ignored during the
prefix reachability cal cul ati on.

The Mflag in the FAD is not applicable to prefixes advertised as
SRv6 | ocators. The IS 1S SRv6 Locator TLV [ RFC9352] includes the
Al gorithmand Metric fields. Wen the SRv6 Locator is advertised
bet ween areas or dommins, the Metric field in the Locator TLV of |S-
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I'S MUST be used irrespective of the Mflag in the FAD adverti senent.

OSPF external and NSSA external prefix advertisenments MAY include a
non-zero forwardi ng address in the prefix advertisenents in the base
protocol. In such a scenario, the Flex-A gorithmspecific
reachability of the external prefix is determ ned by Flex-Al gorithm
specific reachability of the forwardi ng address.

In OSPF, the procedures for translation of NSSA external prefix
advertisements into external prefix advertisements performed by an
NSSA ABR [ RFC3101] remai n unchanged for Flex-Algorithm An NSSA
transl ator MJST include the OSPF FAPM sub-TLVs for all Flex-
Algorithns that are in the original NSSA external prefix
advertisenent fromthe NSSA ASBR in the transl ated external prefix
adverti senent generated by it, regardless of its participation in
those Flex-Algorithns or its having reachability to the NSSA ASBR in
t hose Fl ex-Al gorithmns.

An area coul d becone partitioned fromthe perspective of the Flex-

Al gorithmdue to the constraints and/or netric being used for it
while maintaining the continuity in the base algorithm \Wen that
happens, sonme destinations inside that area coul d beconme unreachabl e
in that Flex-Algorithm These destinations will not be able to use
an inter-area path. This is the consequence of the fact that the
inter-area prefix reachability advertisement would not be avail abl e
for these intra-area destinations within the area. It is RECOVMMENDED
to mninmze the risk of such partitioning by providing enough
redundancy inside the area for each Fl ex-Al gorithm being used.

Fl ex- Al gorithm and Forwardi ng Pl ane

Thi s section describes how Fl ex-Al gorithm paths are used in
f orwar di ng.

1. Segnment Routing MPLS Forwarding for Flex-Algorithm

Thi s section describes how Fl ex-Al gorithm paths are used with SR MPLS
f orwar di ng.

Prefix-SID advertisenents include an SR-Al gorithm val ue and, as such,
are associated with the specified SR-Algorithm Prefix-SIDs are al so
associated with a specific topology that is inherited fromthe

associ ated prefix reachability advertisenent. Wen the al gorithm

val ue advertised is a Flex-Algorithmvalue, the Prefix-SIDis
associated with paths cal cul ated using that Flex-Algorithmin the
associ at ed topol ogy.

A Fl ex-Al gorithmpath MJST be installed in the MPLS forwardi ng pl ane
usi ng the MPLS | abel that corresponds to the Prefix-SID that was
advertised for that Flex-algorithm |If the Prefix-SID for a given
Fl ex-Al gorithmis not known, the Flex-Al gorithmspecific path cannot
be installed in the MPLS forwardi ng pl ane.

Traffic that is supposed to be routed via Flex-Al gorithmspecific
pat hs MJUST be dropped when there are no such paths avail abl e.

Loop Free Alternate (LFA) paths ([ RFC6571] or its variants) for a

gi ven Fl ex-Al gorithm MJST be conputed using the sane constraints as
the calculation of the primary paths for that Flex-A gorithm LFA
pat hs MJUST only use Prefix-SIDs advertised specifically for the given
algorithm LFA paths MJUST NOT use an Adjacency SID that belongs to a
link that has been pruned fromthe Flex-Al gorithm conputation

If LFA protection is being used to protect a given Flex-A gorithm
path, all routers in the area participating in the given Fl ex-
Al gorithm SHOULD advertise at | east one Flex-Al gorithm specific Node-
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SID. These Node-SIDs are used to steer traffic over the LFA-conputed
backup pat h.

2. SRv6 Forwarding for Flex-Al gorithm

Thi s section describes how Fl ex-Al gorithm paths are used with SRv6
f orwar di ng.

In SRv6, a node is provisioned with a (topology, algorithm specific
| ocator for each of the topology/algorithmpairs supported by that
node. Each locator is an aggregate prefix for all SIDs provisioned
on that node that have the matchi ng topol ogy/al gorithm

The SRv6 | ocator advertisenment in IS-1S [ RFC9352] includes the Milti-
Topol ogy Ildentifier (MM D) value that associates the |ocator with a
specific topology. SRv6 |ocator advertisenments al so include an

al gorithmvalue that explicitly associates the locator with a
specific algorithm \Wen the al gorithmvalue advertised with a

| ocator represents a Flex-Algorithm the paths to the |ocator prefix
MUST be cal cul ated using the specified Flex-Algorithmin the
associ at ed topol ogy.

Forwardi ng entries for the | ocator prefixes advertised in IS 1S MJST
be installed in the forwardi ng plane of the receiving SRv6-capabl e
routers when the associ ated topol ogy/algorithmis participating in
them Forwarding entries for |ocators associated with Fl ex-

Al gorithns in which the node is not participating MUST NOT be
installed in the forwardi ng pl ane.

When the | ocator is associated with a Flex-Algorithm LFA paths to
the | ocator prefix MJIST be cal cul ated using such Flex-A gorithmin
the associ ated topology to guarantee that they follow the sane
constraints as the calculation of the primary paths. LFA paths MJST
only use SRv6 SIDs advertised specifically for the given Fl ex-

Al gorithm

If LFA protection is being used to protect |ocators associated with a
given Flex-Algorithm all routers in the area participating in the

gi ven Fl ex-Al gorithm SHOULD advertise at | east one Flex-Al gorithm
specific |ocator and END SI D per node and one END. X SID for every
l'ink that has not been pruned from such Fl ex-Al gorithm conputation
These | ocators and SIDs are used to steer traffic over the LFA-
comput ed backup pat h.

3. Oher Data Planes’ Forwarding for Flex-Al gorithm

Any data plane that wants to use Fl ex-Al gorithmspecific forwarding
needs to install some formof Flex-Algorithmspecific forwarding
entries.

Dat a- pl ane-specific forwarding for Flex-Al gorithns MJST be defined
for each data plane and is outside the scope of this docunent.

Oper ational Considerations
1. Inter-area Considerations

The scope of the Flex-Algorithmconputation and the scope of the FAD
is an area. In 1S 1S, the Router Capability TLV in which the FAD
sub-TLV is advertised MIST have the S bit clear, which prevents it
frombeing flooded outside the level in which it was originated.

Even though in OSPF the FAD sub-TLV can be flooded in an R LSA that
has an AS fl oodi ng scope, the FAD selection is perforned for each

i ndividual area in which it is being used.

There is no requirenent for the FAD for a particular Flex-Al gorithm
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to be identical in all areas in the network. For exanple, traffic
for the same Flex-Algorithmnmay be optim zed for mninal delay (e.g.,
using delay netric) in one area or level while being optinized for
avai |l abl e bandwi dth (e.g., using IGP netric) in another area or

| evel

As described in Section 5.1, IS 1S allows the regeneration of the

wi nning FAD fromlevel 2, without any nodification to it, into a
level 1 area. This allows the operator to configure the FAD in one
or multiple routers in level 2, without the need to repeat the sane
task in each level 1 area, if the intent is to have the same FAD for
the particular Flex-A gorithmacross all levels. This can sinmlarly
be achieved in OSPF by using the AS fl ooding scope of the Rl LSA in
whi ch the FAD sub-TLV for the particular Flex-Algorithmis

adverti sed.

Regeneration of the FAD froma level 1 area to the level 2 area is
not supported in IS 1S, soif the intent is to regenerate the FAD
between 1S-1S levels, the FAD MIST be defined on a router(s) that is
inlevel 2. In OSPF, the FAD definition can be done in any area and
propagated to all routers in the OSPF routing domain by using the AS
fl oodi ng scope of the RI LSA

2. Usage of the SRLG Exclude Rule with Fl ex-Al gorithm

There are two different ways in which SRLG i nformation can be used
with Fl ex-Al gorithns:

* |In a context of a single Flex-Algorithm it can be used for
comput ati on of backup paths, as described in
[ RTGAG- SEGVENT- ROUTI NG Tl -LFA]. This usage does not require
associ ation of any specific SRLG constraint with the given Flex-
Al gorithm Definition.

* |In the context of nultiple Flex-Algorithns, it can be used for
creating disjoint sets of paths by pruning the |links belonging to
a specific SRLG fromthe topol ogy on which a specific Flex-
Al gorithm conputes its paths. This usage:

- facilitates the usage of already depl oyed SRLG configurations
for the setup of disjoint paths between two or nore Fl ex-
Al gorithns and

- requires explicit association of a given Flex-Algorithmwith a
specific set of SRLG constraints, as defined in Sections 6.5
and 7.5.

The two usages mentioned above are orthogonal
3. Max-Metric Consideration

Both IS-1S and OSPF have a nmechanismto set the G netric on a link
to a value that would nmake the link either unreachable or serve as
the link of last resort. Simlar functionality would be needed for
the Mn Unidirectional Link Delay and TE netric, as these can be used
to conpute Flex-Al gorithm paths

The Iink can be made unreachable for all Flex-Al gorithnms that use the
Mn Unidirectional Link Delay as a nmetric, as described in

Section 5.1, by removing the Fl ex-Al gorithm ASLA M n Unidirectiona

Li nk Del ay advertisenment for the link. The link can be made the |ink
of last resort by setting the delay value in the Flex-Al gorithm ASLA
del ay advertisenment for the link to the value of 16,777,215 (2724 -
1).

The Iink can be made unreachable for all Flex-Algorithms that use the
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TE nmetric, as described in Section 5.1, by renoving the Fl ex-

Al gorithm ASLA TE netric advertisenent for the link. The link can be
made the link of last resort by setting the TE nmetric value in the

FI ex- Al gorithm ASLA del ay advertisement for the link to the val ue of
(2724 - 1) in1S-1S and (2732 - 1) in OSPF.

4. Flexible A gorithmDefinition and Changes

When configuring a node to participate in a specific Flex-Al gorithm
the conponents of the FAD (cal cul ation-type, netric-type, and
constraints) should be considered carefully. The configuration of
participation in a particul ar Flex-Al gorithm doesn’'t guarantee that
the node will actively participate in it, because it may not support
the calcul ati on-type, the netric-type, or some constraint advertised
by the wi nning FAD (see Section 5.3). Changes in the FAD
configuration should al so be considered in |ight of the capabilities
of the participating routers in the scope of the FAD adverti senent.

As Section 5.3 notes, a change in the Flex-Al gorithm Definition may
require network-w de Shortest Path First (SPF) reconputation and
networ k reconvergence. This potential for disruption should be taken
into consideration when planning and maki ng changes to the FAD

5. Nunber of Flex-Al gorithns

The maxi mum nunber of Flex-Algorithns is determ ned by the algorithm
range 128-255, as specified in Section 4. Although possible, it is
not expected that all of themw |l be used sinultaneously.

Typically, only a linited subset of Flex-Algorithms is expected to be
depl oyed in the network.

Backward Conmpatibility

Thi s extension brings no new backward-conpatibility issues. SIS,
OSPFv2, and OSPFv3 all have wel | -defined handling of unrecognized
TLVs and sub-TLVs that allows the introduction of new extensions,
simlar to those defined here, w thout introducing any
interoperability issues.

Security Considerations
Thi s docunent adds two new ways to di srupt | GP networKks:

* An attacker can hijack a particular Flex-Al gorithmby advertising
a FADwith a priority of 255 (or any priority higher than that of
the |l egitimte nodes).

* An attacker could make it look like a router supports a particul ar
Fl ex- Al gorithmwhen it actually doesn’t, or vice versa.

Both of these attacks can be addressed by the existing security
extensions, as described in [RFC5304] and [ RFC5310] for IS 1S, in
[ RFC2328] and [ RFC7474] for OSPFv2, and in [ RFC4552] and [ RFC5340]
for OSPFv3.

If the node that is authenticated is taken over by an attacker, such
rogue node can advertise the FAD for any Flex-Algorithm Doing so
may result in traffic for such Flex-Algorithmto be msrouted, or not
delivered at all, for exanple, by using an unsupported netric-type,
cal cul ation-type, or constraint. Such attack is not preventable
through authentication, and it is not different from advertising any
other incorrect information through 1S-1S or OSPF.

| ANA Consi der ati ons

1. | GP | ANA Consi der ati ons
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1.1. 1GP Algorithm Types Registry

Thi s docunent nakes the followi ng registration in the "I GP Al gorithm
Types" registry:

[} ety e ————————————(—————— Ll —_—(—————r 1
| Val ue | Description | Reference |
[ el sy el
| 128-255 | Flexible Algorithns | RFC 9350, Section 4 |
S S S +

Table 1: 1GP Al gorithm Types Registry
1.2. 1GP Metric-Type Registry

| ANA has created the "I GP Metric-Type" registry within the "Interior
Gateway Protocol (1GP) Paranmeters" registry group. The registration
policy is "Standards Action" [RFC8126] [RFC7120]. Values are
assigned fromthe range 0-255 and have been registered as foll ows.

| Type | Description | Reference |
| O | 1GP Metric | RFC 9350, |
| | | Section |
I I | 5.1 I
Foommo- o m o e oo S +
| 1 | Mn Unidirectional Link Delay as | RFC 9350, |
| | defined in [ RFC8570], Section 4.2 | Section |
| | and [RFC7471], Section 4.2 | 5.1 |
+o-m - - o e e e e e e e e e e m e ao- - S +
| 2 | Traffic Engineering Default Metric | RFC 9350, |
| | as defined in [ RFC5305], Section 3.7 | Section |
| | and Traffic Engineering Metric as | 5.1 |
| | defined in [ RFC3630], Section 2.5.5 | |
R o e e e e e e e e e e e e e e me oo R +

Table 2: I1GP Metric-Type Registry
2. |1GP Flexible AlgorithmDefinition Flags Registry

I ANA has created the "I GP Flexible A gorithmDefinition Flags"
registry within the "Interior Gateway Protocol (IGP) Paraneters"
registry group. The registration policy is "Standards Action". New
regi strations should be assigned in ascending bit order (see

Section 6.4); the following single bit has been assigned as foll ows.

[ gttt e ——————————(—(———(———— Ll p—p—p——_—r
| Bit | Name | Reference |
[ bt e sl el
| O | Prefix Metric Flag (Mflag) | RFC 9350, Sections |
| | | 6.4 and 7.4 |
Fomm - - o e e e e e e e ememao - Fom e e e e oo o +

Table 3: I1GP Flexible AlgorithmDefinition Flags Registry
3. IS 1S 1ANA Considerations
3.1. IS 1S Sub-TLVs for 1S-1S Router CAPABILITY TLV Registry

Thi s docunent nakes the following registration in the "I S-1S Sub-TLVs
for 1S-1S Router CAPABILITY TLV" registry.

| Value | Description | Reference



+

| RFC 9350, |
| Section 5.1 |
+

Table 4: 1S-1S Sub-TLVs for |S-1S Router CAPABILITY TLV
Regi stry

18.3.2. |IS-1S Sub-TLVs for TLVs Advertising Prefix Reachability
Regi stry

Thi s docunent nakes the followi ng registration in the "I S-1S Sub-TLVs
for TLVs Advertising Prefix Reachability" registry.

B ety e —p—p— j——— —pj—p—j—" fj——j—_— j{—p——_— pjp—j——— i pjp—j———————
| Type | Description | 27 | 135 | 235 | 236 | 237 | Reference |
[ e oo oo e pe et S S pl S feje e pel e pu gty S pupet S pojes o p e
| 6 | Flexible | n | vy | vy | vy | vy | RFC 9350, |
| | AlgorithmPrefix | | | | | | Section 8 |
I | Metric (FAPM I I I I I I I
+------ I i T ) I R +----- +----- +----- I +

Table 5: 1S 1S Sub-TLVs for TLVs Advertising Prefix Reachability
Regi stry

18.3.3. |IS-1S Sub-Sub-TLVs for Flexible AlgorithmDefinition Sub-TLV
Regi stry

| ANA has created the "IS-1S Sub-Sub-TLVs for Flexible Al gorithm
Definition Sub-TLV' registry within the "I S-1S TLV Codepoi nts"
registry group. The registration procedure is "Expert Review' (note
that the "I S-1S TLV Codepoi nts" registry group includes Expert Review
gui dance that applies to all registries thereunder).

The sub-sub-TLVs defined in this document have been assigned as

fol | ows.
[ gttty S p—p—p—p—p—_——————————————————————————————_— Lp—p—p—p—————————
| Type | Description | Reference |
| O | Reserved | RFC 9350 |
N o e e e e e e e e e e e e e e e e e e e e e e o o m e e e oo - +
| 1 | Flexible Al gorithm Exclude Admin Group | RFC 9350, |
| | | Section 6.1 |
Fomm o - o m e e e e e e e e e e e e e e e e e eee—o o on Fom e o - +
| 2 | Flexible Al gorithmlnclude-Any Admin | RFC 9350, |
| | Group | Section 6.2 |
N o e e e e e e e e e e e e e e e e e e e e e e o o m e e e oo - +
| 3 | Flexible Algorithmlnclude-Al Admn | RFC 9350, |
| | Group | Section 6.3 |
Fomm o - o m e e e e e e e e e e e e e e e e e eee—o o on Fom e o - +
| 4 | Flexible Al gorithm Definition Flags | RFC 9350, |
I I | Section 6.4 |
N o e e e e e e e e e e e e e e e e e e e e e e o o m e e e oo - +
| 5 | Flexible Al gorithm Exclude SRLG | RFC 9350, |
| | | Section 6.5 |
Fomm o - o m e e e e e e e e e e e e e e e e e eee—o o on Fom e o - +
| 6-255 | Unassigned | |
S o m m e e e e e e e e e e e me— oo - R +

Table 6: 1S 1S Sub-Sub-TLVs for Flexible A gorithm
Definition Sub-TLV Registry

18.4. OSPF | ANA Consi der ati ons

18.4.1. OSPF Router Information (RI) TLVs Registry



Thi s docunent nakes the follow ng registration in the "OSPF Router
Information (RI) TLVs" registry.

| Value | Description | Reference |
[} ety e —————————————————————————————————— Ll —p—p—p—_—(——r
| 16 | Flexible AlgorithmDefinition (FAD) TLV | RFC 9350, |
| | | Section 5.2 |
dememaas TS . +
Table 7: OSPF Router Information (RI) TLVs Registry
18.4.2. OSPFv2 Extended Prefix TLV Sub-TLVs Registry
Thi s docunent nakes the followi ng registration in the "QOSPFv2
Ext ended Prefix TLV Sub-TLVs" registry.
[} gty e —p—p——(———————————————————————— Ll pp—p—p—p—————r
| Value | Description | Reference |
[ el s ety ety o}
| 3 | Flexible AlgorithmPrefix Metric (FAPM | RFC 9350, |
| | | Section 9 |
N o e e e e e e e e e e e e e e e e e e e e memao o N +
Tabl e 8: OSPFv2 Extended Prefix TLV Sub-TLVs Registry
18.4.3. OSPFv3 Extended-LSA Sub-TLVs Registry
Thi s docunent nakes the follow ng registrations in the "OSPFv3
Ext ended- LSA Sub- TLVs" registry.
[ el s ey et
| Value | Description | Reference |
| 26 | Flexible AlgorithmPrefix Metric (FAPM | RFC 9350, |
| | | Section 9 |
AR, T R +
| 33 | OSPF Flexible Al gorithm ASBR Metric | RFC 9350, |
I I | Section 10.2 |
Fommma - YT . +

Tabl e 9: OSPFv3 Ext ended- LSA Sub- TLVs Regi stry
18.4.4. OSPF Flex-AlgorithmPrefix Metric Bits Registry

| ANA has created the "OSPF Fl ex-Al gorithm Prefix Metric Bits"
registry under the "COpen Shortest Path First (OSPF) Paraneters"”
registry. The registration procedure is "IETF Review'. Bits 1-7 are
unassi gned, and the initial value has been assigned as follows.

| Bit Nunmber | Description | Reference |
| O | Ebit - External Type | RFC 9350, Section 9 |
Fom e m oo - - o e e e e oo oo o e e e m oo oo +

Table 10: OSPF Flex-Algorithm Prefix Metric Bits Registry
18.4.5. Opaque Link-State Advertisenents (LSA) Option Types Registry

Thi s docunent nakes the followi ng registration in the "Qpaque Link-
State Advertisenents (LSA) Option Types" registry within the "Open
Shortest Path First (OSPF) Opaque Link-State Advertisenents (LSA)
Option Types" registry group.



18.

18.

18.

OSPFv2 Extended Inter-

| RFC 9350, |
| | Area ASBR (EI A-ASBR) LSA

Section 10.1 |
Tabl e 11: Opaque Link-State Advertisenents
(LSA) Option Types Registry
4.6. OSPFv2 Extended Inter-Area ASBR TLVs Registry
| ANA has created the "OSPFv2 Extended Inter-Area ASBR TLVs" registry

within the "Open Shortest Path First v2 (OSPFv2) Paranmeters" registry
group. The registration procedure is "I ETF Review' or "IESG

Approval". The initial value has been assigned as follows.
[ ool oo ool e ]
| Value | Description | Reference |
[ el sl el
| 1 | Extended Inter-Area ASBR | RFC 9350 |
+------- I T I +

Tabl e 12: OSPFv2 Extended | nter-Area ASBR
TLVs Registry

The val ues 2-32767 are unassi gned, the val ues 32768-33023 are
reserved for Experinmental Use, and the values 0 and 33024- 65535 are
reserved.

4.7. OSPFv2 Extended Inter-Area ASBR Sub- TLVs Registry
| ANA has created the "OSPFv2 Extended | nter-Area ASBR Sub- TLVs"

registry under the "Open Shortest Path First v2 (OSPFv2) Paraneters"”
registry. The registration procedure is "I ETF Review' or "IESG

Approval". The initial value has been assigned as foll ows.
[ ettty Sppp—p—p—p—p—(———(—(———————(————————————————— L ppp—p—_———
| Value | Description | Reference |
| 1 | OSPF Flexible A gorithmASBR Metric | RFC 9350 |
N o e e e e e e e e e e e e e e mmemamao o N +

Tabl e 13: OSPFv2 Extended Inter-Area ASBR Sub-TLVs Registry

The val ues 2-32767 are unassi gned, the val ues 32768-33023 are
reserved for Experinmental Use, and the values 0 and 33024- 65535 are
reserved.

4.8. OSPF Flexible AlgorithmDefinition TLV Sub-TLVs Registry

| ANA has created the "OSPF Fl exible Al gorithmDefinition TLV Sub-
TLVs" registry within the "Open Shortest Path First (OSPF)

Par amet ers" registry group. The registration procedure is "IETF
Revi ew' or "I ESG Approval ".

The "OSPF Fl exible AlgorithmDefinition TLV Sub-TLVs" registry will
define sub-TLVs at any |level of nesting for the Flexible Al gorithm
TLV, and new val ues can be allocated via the registrati on procedure.

Thi s docunent registers the follow ng sub-TLVs.



18.

19.

19.

| 1 | Flexible Al gorithm | RFC 9350, |
| | Exclude Admin G oup | Section 7.1 |
- T . +
| 2 | Flexible Al gorithm | RFC 9350, |
| | I'nclude-Any Adnin G oup | Section 7.2 |
R oo e m e e e e e e e e e e e e e e e e e ma o - S +
| 3 | Flexible Al gorithm | RFC 9350, |
| | I'nclude-All Adnin G oup | Section 7.3 |
- T . +
| 4 | Flexible Al gorithm | RFC 9350, |
| | Definition Flags | Section 7.4 |
R oo e m e e e e e e e e e e e e e e e e e ma o - S +
| 5 | Flexible Algorithm | RFC 9350, |
| | Exclude SRLG | Section 7.5 |
- T . +

Tabl e 14: OSPF Flexible AlgorithmDefinition TLV Sub-TLVs Registry

The val ues 6-32767 are unassi gned, and val ues 32768-33023 are for
Experinmental Use; these will not be registered with | ANA

Types in the range 33024-65535 are not to be assigned at this tine.
Bef ore any assignments can be made in the 33024-65535 range, there
MJUST be an | ETF specification that specifies | ANA considerations that
cover the range bei ng assigned.

4.9. Link Attribute Application Identifiers Registry

Thi s docunent registers the following bit in the "Link Attribute
Application ldentifiers" registry.

[ bt ey ety o}
| Bit | Description | Reference |
| 3 | Flexible Algorithm (X-bit) | RFC 9350, Section 12 |
+--m - - o e e e e e e e e a oo - T +

Table 15: Link Attribute Application Identifiers Registry
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