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Abst ract

Flexible Algorithmis a solution that all ows sone routing protocols
(e.g., OSPF and I1S-1S) to conpute paths over a network based on user-
defined (and hence, flexible) constraints and netrics. The
conmputation is performed by routers participating in the specific
network in a distributed manner using a Flexible A gorithm Definition
(FAD). This definition is provisioned on one or nore routers and
propagat ed through the network by OSPF and IS-1S fl oodi ng.

Border Gateway Protocol - Link State (BGP-LS) enables the collection
of various topology information fromthe network. This docunent
defines extensions to the BGP-LS address fanily to advertise the FAD
as a part of the topology information fromthe network.
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I nt roducti on

The classical IGP (e.g., OSPF and IS-1S) conputation of best paths
over the network is based on the IGP netric assigned to the links in
the network. Many network depl oynents use sol uti ons based on RSVP-TE
[ RFC3209] or Segnment Routing (SR) Policy [ RFC8402] to enforce traffic
over a path that is conputed using different netrics or constraints
than the shortest | GP path. [RFC9350] defines the Flexible Al gorithm
solution that allows IGPs thensel ves to conmpute constraint-based
pat hs over the network

Fl exible Algorithmis called so because it allows a user the
flexibility to define:

* the type of calculation to be used (e.g., shortest path),
* the metric type to be used (e.g., IG nmetric or TE netric), and

* the set of constraints to be used (e.g., inclusion or exclusion of
certain links using affinities).

The operations of the 1GP Flexible Algorithmsolution are descri bed
in detail in [RFC9350].

The BGP-LS extensions for SR are defined in [ RFCO085] and

[ 1 DR- BGPLS- SRV6- EXT] for SR-MPLS and Segment Routing over |Pv6
(SRv6), respectively. They include the extensions for advertisenent
of SR information including various types of Segnent ldentifiers

(SI Ds) as bel ow

* SR Algorithm TLV to indicate the participation of a node in a
Fl exi bl e Al gorithm conputation

* Prefix-SID TLV to indicate the association of the Prefix-SIDs to a
specific Flexible Algorithmfor SR MPLS forwarding

* SRv6 Locator TLV to indicate the Locator for a specific Flexible
Al gorithm for SRv6 forwarding

Thi s docunment defines extensions to BGP-LS for the advertisenment of
the Flexible AlgorithmDefinition (FAD) infornmation to enable

| earning of the mapping of the Flexible Al gorithmnunber to its
definition in each area/domain of the underlying IGP. This
definition indicates the type of conputation used and the constraints
for a given Flexible Algorithm This information can then be used
for setting up SR Policy paths end to end across dommins by using the
appropriate Flexible-A gorithmspecific SIDs in its segnent |ist

[ RFC9256]. For exanple, picking the Flexible Al gorithmPrefix-SID
(in case of SRRMPLS) or End SID (in case of SRv6) of Area Border

Rout ers (ABRs) or Autonompus System Border Routers (ASBRs)



corresponding to a definition that optimzes on the delay netric
enabl es the building of an end-to-end | ow | atency path across | GP
domains with minimal SIDs in the SIDist.

1.1. Requirenents Language

The key words "MJST", "MJST NOT*, "REQU RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMENDED', "NOT RECOMVENDED', "MAY", and
"OPTIONAL" in this docunent are to be interpreted as described in BCP
14 [RFC2119] [RFCB174] when, and only when, they appear in all
capitals, as shown here.

2. Overview of BGP-LS Extensions for Flexible A gorithm

BGP- LS [ RFC7752] specifies the Node Network Layer Reachability
Information (NLRI) for the advertisenent of nodes, along with their
attributes using the BGP-LS Attribute; the Link NLRI for the
advertisenent of links, along with their attributes using the BGP-LS
Attribute; and the Prefix NLRI for the advertisement of prefixes,
along with their attributes using the BGP-LS Attribute.

The FADs advertised by a node are considered as a node-| evel
attribute and advertised as specified in Section 3.

Various link attributes, like affinities and Shared Ri sk Link G oup
(SRLG, that are used during the Flexible Algorithmroute
calculations in IS-1S and OSPF are advertised in those protocols
using the Application-Specific Link Attribute (ASLA) advertisenents,
as described in [ RFC8919], [RFC8920], and [RFC9350]. The BGP-LS
ext ensi ons for ASLA advertisenments are specified in [ RFC9294].

The Flexible AlgorithmPrefix Metric (FAPM is considered as a prefix
attribute and advertised as specified in Section 4.

3. Flexible AlgorithmDefinition TLV

Thi s docunent defines a new optional BGP-LS Attribute TLV associ ated
with the Node NLRI called the "Flexible Al gorithmDefinition TLV'
("FAD TLV" for short), and its format is as follows:

0 1 2 3

01234567890123456789012345678901
B i s T T i i o S o T Ji I
| Type | Lengt h |
i I i I s S S S S N S
| Fl ex Al go | Metric-Type | Cal c- Type | Priority |
I i I i i S i S S
| sub- TLVs /1
B i s T T i i o S o T Ji I

Figure 1: Flexible Al gorithmDefinition TLV

wher e:
Type: 1039

Length: The total length of the value field (including any sub-
TLVs) in octets. The length value MJUST be 4 or |arger.

Fl exi ble Algorithm (Flex Algo): Single octet value carrying the
Fl exi bl e Al gorithm nunber between 128 and 255 incl usive, as
defined in [ RFC9350] .

Metric-Type: Single octet value carrying the netric type, as
defined in [ RFC9350] .

Cal c-Type: Single octet value carrying the calculation type, as



defined in [ RFC9350] .

Priority: Single octet value carrying the priority of the FAD
advertisement, as defined in [ RFC9350].

sub-TLVs: Zero or nore sub-TLVs may be included, as described
further in this section.

The FAD TLV that is advertised in the BGP-LS Attribute along with the
Node NLRI of a node is derived fromthe follow ng | GP protocol -
speci fic advertisenments:

* in the case of 1S-1S, fromthe IS-1S Flexible A gorithm Definition
sub-TLV i n [ RFC9350]

* in the case of OSPFv2/ GSPFv3, fromthe OSPF Fl exible Al gorithm
Definition TLV in [ RFC9350]

The BGP-LS Attribute associated with a Node NLRI may include one or
nmore FAD TLVs corresponding to the FAD for each algorithmthat the
particul ar node is adverti sing.

The foll owi ng subsections define sub-TLVs of the FAD TLV.
3.1. Flexible A gorithm Exclude-Any Affinity Sub-TLV

The Flexi bl e Al gorithm Exclude-Any Affinity sub-TLV is an optional
sub-TLV that is used to carry the affinity constraints associ ated
with the FAD and enabl e the exclusion of links carrying any of the
specified affinities fromthe conputation of the specific algorithm
as described in [RFC9350]. The affinity is expressed in ternms of the
Ext ended Adm n Goup (EAG, as defined in [ RFC7308].

The sub-TLV has the follow ng format:
0 1 2 3

01234567890123456789012345678901
e i S T S S T T S i S S S S

| Type | Lengt h |
I S i o T s S S S e s s T
| Excl ude- Any EAG (vari abl e) 11
B i aT T e e o S o S S S I T et sl o ST S S S S S S

Figure 2: Flexible Al gorithm Exclude-Any Affinity Sub-TLV

wher e:
Type: 1040

Length: The total length of the value field in octets dependent
on the size of the EAG It MJST be a non-zero value and a
mul tiple of 4.

Excl ude- Any EAG The EAG val ue, as defined in [ RFC9350].

The information in the Flexible Al gorithm Exclude-Any Affinity sub-
TLV is derived fromthe IS-1S and OSPF protocol -specific Flexible
Al gorithm Excl ude Admin G oup sub-TLV, as defined in [ RFC9350].

3.2. Flexible Algorithm Include-Any Affinity Sub-TLV

The Flexible Al gorithmlnclude-Any Affinity sub-TLV is an optional
sub-TLV that is used to carry the affinity constraints associ ated
with the FAD and enabl e the inclusion of links carrying any of the
specified affinities in the conputation of the specific algorithm as
described in [RFCO350]. The affinity is expressed in ternms of the
EAG as defined in [ RFC7308].



The sub-TLV has the foll owi ng format:

0 1 2 3
01234567890123456789012345678901
T T T o T i S S i oI S SEp S S S

| Type | Length |
B T S i T s i i e e SEI S
| I ncl ude- Any EAG (vari abl e) /1

i e R R e e s i i e i i o S N S
Figure 3: Flexible Al gorithmlnclude-Any Affinity Sub-TLV

wher e:
Type: 1041

Length: The total length of the value field in octets dependent
on the size of the EAG It MJST be a non-zero value and a
multiple of 4.

I ncl ude- Any EAG  The EAG val ue, as defined in [ RFC9350].

The information in the Flexible Algorithmlnclude-Any Affinity sub-
TLV is derived fromthe IS-1S and OSPF protocol -specific Flexible
Al gorithm I nclude-Any Adm n Group sub-TLV, as defined in [ RFC9350].

3.3. Flexible AlgorithmInclude-Al Affinity Sub-TLV

The Flexible AlgorithmInclude-Al Affinity sub-TLV is an optional
sub-TLV that is used to carry the affinity constraints associ ated
with the FAD and enable the inclusion of links carrying all of the
specified affinities in the conputation of the specific algorithm as
described in [RFCO350]. The affinity is expressed in terns of the
EAG as defined in [ RFC7308].

The sub-TLV has the foll owi ng format:
0 1 2 3

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

| 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
| I ncl ude- All EAG (vari abl e) /1

B T S i T s i i e e SEI S
Figure 4: Flexible AlgorithmInclude-Al Affinity Sub-TLV

wher e:
Type: 1042

Length: The total length of the value field in octets dependent
on the size of the EAG It MJST be a non-zero value and a
mul tiple of 4.

Include-All EAG The EAG val ue, as defined in [ RFC9350].

The information in the Flexible AlgorithmlInclude-Al Affinity sub-
TLV is derived fromthe IS-1S and OSPF protocol -specific Flexible
Al gorithmInclude-All Admn Goup sub-TLV, as defined in [ RFC9350].

3.4. Flexible AlgorithmDefinition Flags Sub-TLV

The Flexible A gorithm Definition Flags sub-TLV is an optional sub-
TLV that is used to carry the flags associated with the FAD that are
used in the conputation of the specific algorithm as described in

[ RFC9350] .



The sub-TLV has the foll owi 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
| Fl ags (vari abl e) /1
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

Figure 5: Flexible AlgorithmDefinition Flags Sub-TLV

wher e:
Type: 1043

Length: The total length of the value field in octets dependent
on the size of the flags. It MJST be a non-zero value and a
multiple of 4.

Flags: The bitnmask used to represent the flags for the FAD, as
defined in [ RFC9350] .

The information in the Flexible AlgorithmDefinition Flags sub-TLV is
derived fromthe 1S-1S and OSPF protocol -specific Flexible A gorithm
Definition Flags sub-TLV, as defined in [ RFC9350].

3.5. Flexible A gorithm Exclude SRLG Sub- TLV

The Fl exi ble Al gorithm Exclude SRLG sub-TLV is an optional sub-TLV
that is used to carry the Shared Ri sk Link Goup (SRLG information
associated with the FAD and enabl e the exclusion of links that are
associated with any of the specified SRLGin the conputation of the
specific algorithm as described in [RFC9350]. The SRLGs associ at ed
with a link are carried in the BGP-LS Shared Ri sk Link G oup (TLV
1096) [RFC7752].

The sub-TLV has the foll owi ng format:
0 1 2 3

01234567890123456789012345678901
T T T o T i S S i oI S SEp S S S

| Type | Lengt h |
B T S i T s i i e e SEI S
| Shared Ri sk Link Goup Values (variable) /1

i e R e e e i i e i i st S SN S
Figure 6: Flexible Al gorithm Exclude SRLG Sub- TLV

wher e:
Type: 1045

Length: The total length of the value field in octets dependent
on the nunber of SRLG values carried. |1t MJST be a non-zero
value and a multiple of 4.

Shared Ri sk Link Goup Values: One or nore SRLG val ues, each with
a size of 4 octets, as defined in [ RFCO9350].

The information in the Flexible Al gorithm Exclude SRLG sub-TLV is
derived fromthe 1S-1S and OSPF protocol -specific Flexible A gorithm
Excl ude SRLG sub-TLV, as defined in [ RFC9350].

3.6. Flexible A gorithm Unsupported Sub-TLV

The OSPF and 1S-1S signaling for FAD all ows for extensions via new



sub- TLVs under the respective |G” s Flexible Algorithm Definition
TLV. As specified in Section 5.3 of [RFC9350], it is inportant that
the entire FAD be understood by anyone using it for conputation
purposes. Therefore, the FAD is different fromnost other protoco
ext ensi ons, where the skipping or ignoring of unsupported sub-TLV
informati on does not affect the base behavi or.

The Flexible Al gorithm Unsupported sub-TLV is an optional sub-TLV
that is used to indicate the presence of unsupported FAD sub- TLVs.
The need for this sub-TLV arises when the BGP-LS inpl enentation on
the advertising node does not support one or nore of the FAD sub-TLVs
present in the | GP advertisenent.

The sub-TLV has the foll owi ng format:
0 1 2 3

01234567890123456789012345678901
T T T o T i S S i oI S SEp S S S

| Type | Length |
B T S i T s i i e e SEI S
| Protocol-ID | sub-TLV types (variable) ... /1

i R e e i i i e il i S S SN
Figure 7: Flexible Al gorithm Unsupported Sub-TLV

wher e:
Type: 1046

Length: The total length of the value field in octets (including
any included sub-TLV types).

Protocol -1 D: Indicates the BGP-LS Protocol-1D of the protoco
fromwhich the FAD is being advertised via BGP-LS. The val ues
are fromthe | ANA "BGP-LS Protocol -1 Ds" subregistry under the
"Border Gateway Protocol - Link State (BGP-LS) Paraneters"
registry <https://ww. iana. org/assi gnment s/ bgp-1s-paraneters/>

sub-TLV types: Zero or nore sub-TLV types that are not supported
by the node originating the BGP-LS advertisenent. The size of
each sub-TLV type depends on the protocol indicated by the
Protocol -1 D field. For exanple, for 1S 1S, each sub-TLV type
woul d be 1 octet in size, while for OSPF, each sub-TLV type
woul d be 2 octets in size

The node originating the advertisement MJST include the Flexible

Al gorithm Unsupported sub-TLV when it comes across an unsupported
sub-TLV in the corresponding FAD in the IS 1S and OSPF adverti senent.
When advertising the Flexible Al gorithm Unsupported sub-TLV, the

prot ocol - specific sub-TLV types that are not supported SHOULD be
included. This information serves as a diagnostic aid.

The di scussion on the use of the FAD information by the consuners of
the BGP-LS information is beyond the scope of this docunent.
However, it is RECOMMVENDED t hat the choice of the node used for
originating the I GP topology information into BGP-LS be nade such
that the advertising node supports all the FAD extensions in use in
its part of the network. This avoids the scenario where an

i nconpl ete FAD gets advertised via BGP-LS

Fl exi ble Algorithm Prefix Metric TLV
Thi s docunent defines a new optional BGP-LS Attribute TLV associ ated
with the Prefix NLRI called the "Flexible AlgorithmPrefix Metric TLV
("FAPM TLV" for short), and its format is as foll ows:

0 1 2 3



01234567890123456789012345678901
B T S i T s i i e e SEI S
| Type | Length |
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
| Fl ex Al go | Fl ags | Reserved |
i T s i o S i i S R I S I S S S M
| Metric |
B T S i T s i i e e SEI S

Figure 8 Flexible AlgorithmPrefix Metric TLV

wher e:
Type: 1044

Length: 8 octets

Fl exi ble Algorithm (Flex Algo): Single octet value carrying the
Fl exi bl e Al gorithm nunber between 128 and 255 incl usive, as
defined in [ RFC9350] .

Flags: Single octet value and only applicable for OSPF, as
defined in [ RFC9350]. The value MJST be set to O for IS-IS.

Reserved: 2-octet value that MJST be set to O by the originator
and MJST be ignored by the receiver.

Metric: 4-octet field to carry the netric information.

The FAPM TLV that is advertised in the BGP-LS Attribute along with
the Prefix NLRI froma node is derived fromthe follow ng I GP
prot ocol - speci fic advertisenents:

* in the case of I1S-1S, fromthe IS-1S Flexible A gorithm Prefix
Metric sub-TLV in [ RFC9350]

* in the case of OSPFv2/ CSPFv3, fromthe OSPF Fl exible Al gorithm
Prefix Metric sub-TLV in [ RFC9350]

The BGP-LS Attribute associated with a Prefix NLRI nmay include one or
nmore FAPM TLVs corresponding to the Flexible AlgorithmPrefix Metric
for each algorithm associated with that particular prefix.

| ANA Consi der ations

| ANA has all ocated code points in the "BGP-LS Node Descriptor, Link
Descriptor, Prefix Descriptor, and Attribute TLVs" registry
<https://wwv. i ana. or g/ assi gnnent s/ bgp-| s- paranet ers> based on the
tabl e bel ow for the TLVs/sub-TLVs introduced by this docunent.

[} et ————— Ll —p—_—(—————————————————————————————
| TLV Code Point | Description |
| 1039 | Flexible Al gorithm Definition |
oo o - o e e e e e e e e e e e e e e e e e e e e memao o +
| 1040 | Flexible Al gorithm Exclude-Any Affinity |
S T +
| 1041 | Flexible AlgorithmInclude-Any Affinity |
. TS +
| 1042 | Flexible AlgorithmlInclude-Al Affinity |
oo o - o e e e e e e e e e e e e e e e e e e e e memao o +
| 1043 | Flexible AlgorithmDefinition Flags |
S T +
| 1044 | Flexible AlgorithmPrefix Metric |
. TS +
| 1045 | Flexible Al gorithm Exclude SRLG |



6.

8.

8.

| 1046 | Flexible Al gorithm Unsupported

Tabl e 1: Flexible Al gorithm Code Points
Manageabi l ity Consi derations

The new protocol extensions introduced in this docunent augnent the
existing I GP topology information that can be distributed via

[ RFC7752]. Procedures and protocol extensions defined in this
docunent do not affect the BGP protocol operations and managenent
other than what is discussed in the "Manageability Considerations"
section of [RFC7752]. Specifically, the malformed NLRIs attribute
tests in the "Fault Managenent" section of [RFC7752] now enconpass
the new TLVs for the BGP-LS NLRI in this docunent.

The extensions specified in this docunent do not specify any new
configuration or nonitoring aspects in BGP or BGP-LS. The
specification of BGP nodels is an ongoi ng work based on

[ I DR- BGP- MODEL] .

Security Considerations

Security considerations for acquiring and distributing BGP-LS
informati on are discussed in [RFC7752].

The TLVs introduced in this docunent are used to propagate the | GP

Fl exi bl e Al gorithm extensions defined in [RFC9350]. It is assuned
that the I GP instances originating these TLVs will support all the
required security (as described in [RFC9350]) for Flexible Al gorithm
depl oynent .

Thi s docunent specifies extensions for the advertisenent of node and
prefix-related Flexible Algorithminformation. Tanpering with this
Fl exi bl e-Algorithmrelated i nformati on may affect applications using
it, including inpacting route cal cul ation and progranmi ng. As the
advertisenents defined in this docunent are related to a specific

Fl exi bl e Al gorithmtopol ogy, the inpact of tanpering is simlarly
limted in scope.
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