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Abstract

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

BGP Link-State (BGP-LS) enables the collection of various topol ogy
informati on fromthe network. BGP-LS supports the advertisement of
Fl exi bl e Al gorithm Definition and other Flexible Algorithmrelated
advertisenents as a part of the topology information fromthe
network. This docunment specifies the advertisenent of further

Fl exi ble Algorithmrel ated extensions in BGP-LS.

Status of This Meno

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

Internet-Drafts are working docunents of the Internet Engineering
Task Force (IETF). Note that other groups may also distribute

wor ki ng documents as Internet-Drafts. The list of current Internet-
Drafts is at https://datatracker.ietf.org/drafts/current/.

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

This Internet-Draft will expire on 14 May 2026.
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1.

.1

I nt roducti on

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 Al gorithm
Definition. This Definition is provisioned on one or nore routers
and propagated through the network by OSPF and IS-1S fl oodi ng.

[ RFC9350] defines the base Flexible Algorithmsolution that allows

| GPs thensel ves to conpute constraint-based paths over the network

The extensions to BGP-LS [ RFC9552] for the advertisenment of the

Fl exi bl e Algorithm Definition (FAD) information to enable | earning of
the mapping of the flexible algorithmnunber to its Definition in
each area/domain of the underlying IGPs are defined in [ RFC9351].

Thi s docunent defines further extensions to BG-LS for Flexible
Al gorithm as bel ow

* The extensions to the Flexible Algorithmso that it can be used
with the regular 1 Pv4 and | Pv6 forwarding as defined for IGPs in
[ RFC9502] .

* The Flexible AlgorithmDefinition that is used to exclude based on
bandwi dth and metric constraints and to automatically cal cul ate
metrics for use in SPF cal cul ation as defined for IGPs in
[ RFC9843] .

* The Flexible AlgorithmDefinition that is used to include/exclude
links in the reverse direction of the traffic flow for SPF
calculation as defined for IGPs in
[I-Dietf-lsr-igp-flex-algo-reverse-affinity].

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 document are to be interpreted as described in BCP
14 [ RFC2119] [ RFC8174] when, and only when, they appear in al
capitals, as shown here

Advertising IP Al gorithm Participation
The IP Algorithm TLV is a BGP-LS Node Attribute TLV associated with

the Node NLRI that is used for the algorithns associated with a given
node. The format of this TLV is as foll ows:
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0 1 2 3

01234567890123456789012345678901
T S T I Al ol ST SN S S S S S S S S S i S SIS SN S O Y
| Type | Lengt h |
I S i i i i S S S e
| Algorithm1l | Algorithm... | Agorithmn | 11
i I i i S i i i e ih it SHE

Figure 1: I P AlgorithmTLV
Wher e:
*  Type: TBA
* Length: Variable

* Algorithm Single octet al gorithmvalue between 128 and 255
i ncl usi ve.

The 1P Algorithm TLV is derived fromthe follow ng | GP protocol -
specific advertisements:

* |In the case of IS-IS, fromthe IS-IS IP Al gorithm sub-TLV defined
in [ RFC9502] .

* In the case of OSPFv2/ OSPFv3, fromthe OSPF I P Al gorithm sub-TLV
defined in [ RFC9502].

The IP Algorithm TLV is optional and it MJUST NOT be advertised nore
than once in the BGP-LS Attribute. |If nmultiple instances are
present, then the first one MJST be considered valid, and the rest
MUST be i gnor ed.

3. Advertising IP Al gorithm Reachability

The normal or base (i.e., algorithmO) prefix reachabilities are done
using the BGP-LS | Pv4/ I Pv6 Topology Prefix NLRIs defined in [ RFC9552]
along with its associated IGP netric carried within the 1GP Metric
TLV (TLV 1095) in the BGP-LS Attribute associated with the NLRI. The
presence of IGP Metric TLV is what identifies the base/normal prefix
reachability.

The | P algorithm specific reachability adverti sements are al so done
usi ng the BGP-LS | Pv4/ I Pv6 Topol ogy Prefix NLRIs. However, these
al gorithm specific advertisements MJST NOT carry an | GP Metric TLV
along with them Instead, the netric associated with the IP

al gorithmspecific prefix reachability is carried within the TLVs
introduced in the foll owi ng subsecti ons.
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A BGP-LS Consuner receiving an | Pv4/ 1 Pv6 Topol ogy Prefix NLRI

adverti senent that carries both an 1GP Metric TLV along with any of
the TLVs introduced in the foll owing subsections, MJST consider it as
a normal (i.e., algorithmO) prefix reachability advertisenment and
MUST ignore all TLVs corresponding to algorithmspecific prefix
reachability advertisenents.

The I P Algorithm Prefix Reachability TLV is a BGP-LS Prefix Attribute
TLV associated with the | Pv4/I1Pv6 Topology Prefix NLRI that is used
for the advertisenment of the algorithmspecific prefix reachability
froma given node. The format of this TLV is as foll ows:

0 1 2 3

01234567890123456789012345678901
B i s T T i i o S o T Ji I
| Type | Lengt h |
R e s T o T S R El ok i R e e S S e o o s
| Fl ags | Algorithm | Reserved |
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
| Metric |
B i s T T i i o S o T Ji I

Figure 2: IP AlgorithmPrefix Reachability TLV

Wher e:

*  Type: TBA

* Length: 8

* Flags: 1 octet of flags. The flags are copied fromthe IS-1S
I Pv4/ 1 Pv6 Al gorithm Prefix Reachability TLV [ RFC9502] or the
OSPFv2/ CSPFv3 | P Al gorithm Prefix Reachability sub-TLV [ RFC9502]
in the case of 1S 1S or OSPFv2/ OSPFv3 respectively.

* Algorithm 1 octet value providing the Associated Al gorithmfrom
128 to 255.

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

* Metric: The algorithmspecific netric val ue.

The 1P Algorithm Prefix Reachability TLV is derived fromthe
followi ng | GP protocol -specific adverti sements:
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* In the case of IS IS, fromthe IS 1S IPv4/1Pv6 Al gorithm Prefix
Reachability TLV defined in [ RFC9502]. The sub-TLVs are encoded
using the BGP-LS Attribute TLVs defined for the | Pv4/IPv6 Topol ogy
Prefix NLRI.

* In the case of OSPF, fromthe OSPFv2/ OSPFv3 | P Al gorithm Prefix
Reachabil ity sub-TLV defined in [ RFC9502].

The Multi-topology ID (MMl D) associated with the underlying I GP
advertisenents is encoded using the Miulti-Topol ogy ldentifier TLV
(TLV 263) [RFC9552] as a Prefix Descriptor TLV when the advertisenent
is associated with a non-default topology. The IP Prefix value
itself is encoded using the IP Reachability Information TLV (TLV 265)
[ RFC9552] as a Prefix Descriptor TLV.

The 1P Algorithm Prefix Reachability TLV MJUST NOT be advertised nore
than once in the BGP-LS Attribute. |If nmultiple instances are
present, then the first one MJST be considered valid, and the rest
MUST be i gnored.

4. Advertising CGeneric Metric for Links

The Generic Metric TLV is a BGP-LS Link Attribute TLV associated with
the Link NLRI that is used for the advertisenment of the generic
metric(s) associated with a link. The format of this TLV is as
fol |l ows:

0 1 2 3

01234567890123456789012345678901
i R L s e T e R h th s i S SR N S
| Type | Length |
B T I e R i i i T S S e e I e ik oI I S S e S S
| Metric Type | Reserved |
el i I e i it T e e e e i i T o S e e S e T R R
| Metric |
i e R i e i i i e i i St S N e S

Figure 3: Generic Metric TLV
Wher e:
*  Type: TBA
* Length: 8.

* NMetric Type: 1 octet that carries a netric type fromthe I GP
Metric Type registry

Hegde, et al. Expires 14 May 2026 [ Page 6]



I nternet-Draft Fl exi ble Algorithm Extn in BGP-LS Noverber 2025

* Reserved: 3 octet value that MJST be set to O by the originator
and ignored by the receiver.

* Metric: 4-octet field carrying the metric value. In the case of
IS-1S, the value MJST be in the range of 0 - 16,777, 215.

The Generic Metric TLV is derived fromthe followi ng | GP protocol -
speci fic adverti sements:

* |n the case of IS IS, fromthe IS 1S Generic Metric sub-TLV
defined in [ RFC9843].

* |n the case of OSPF, fromthe OSPF Generic Metric sub-TLV defi ned
in [ RFC9843] .

The advertisenent of the Generic Metric TLV as a top-level TLV or as
a sub-TLV of the BGP-LS ASLA TLV [ RFC9294] in the BGP-LS Attribute
associated with the Link NLRI is based on the encoding in the
underlying | GP advertisenent.

The Generic Metric TLV MAY be advertised nore than once in the BGP-LS
Attribute, one for each netric type. |If nultiple instances are
present for the sanme nmetric type, then the first one MJST be
considered valid, and the rest MJST be ignored.

5. Advertising Flexible Al gorithm Definition Extensions
[ RFC9351] introduced the Flexible AlgorithmDefinition (FAD) TLV that
is advertised in the BGP-LS Attribute along with the Node NLRI for
the advertisenent of the Flexible Algorithmdefinition advertised by
a given node in | GPs.

The foll owi ng subsections define new sub-TLVs of the FAD TLV to cover
further extensions of the IGP Flexible Algorithmsolution.

5.1. FAD Excl ude M ni num Bandwi dth Sub- TLV
The FAD Excl ude M ni mum Bandwi dth sub-TLV is an optional sub-TLV that
is used to carry the m ninum bandw dth associated with the FAD t hat
are used in the conputation of the specific algorithmas described in
[ RFC9843] .

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

01234567890123456789012345678901
B i s T T i i o S o T Ji I
| Type | Lengt h |
I S i i i i S S S e
| M ni mum Bandwi dt h |
i I i i I i i i S e ih it S

Fi gure 4: FAD Excl ude M ni num Bandw dt h sub- TLV
Wher e:
*  Type: TBA
* Length: 4 octets.

* Mn Bandwi dth: The mninmum|link bandwidth is encoded in 32 bits in
| EEE floating point format. The units are bytes per second.

The information in the FAD Excl ude M ni mum Bandwi dth sub-TLV is
derived fromthe 1S-1S and OSPF protocol -specific FAD Excl ude M ni num
Bandwi dt h sub-TLVs as defined in [ RFC9843].

5.2. FAD Excl ude Maxi mum Li nk Del ay Sub-TLV

The FAD Excl ude Maxi mum Li nk Del ay sub-TLV is an optional sub-TLV
that is used to carry the maxi mum|link delay information associated
with the FAD that is used in the conputation of the specific

al gorithm as described in [ RFC9843].

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

01234567890123456789012345678901
T I T S S i T T S AR

| Type | Lengt h |
i e e R e T S e i o i o S R S S
| Maxi mum Li nk Del ay | Reserved |

T S T I Al ol ST SN S S S S S S S S S i S SIS SN S O Y
Figure 5: FAD Excl ude Maxi num Li nk Del ay sub-TLV

Wher e:

*  Type: TBA

* Length: 4 octets.
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* Maxi mum Li nk Del ay: The maxi numlink delay is encoded in
m cr oseconds.

* Reserved: 1 octet field that MJUST be set to 0 by the originator
and ignored by the receiver.

The information in the FAD Excl ude Maxi mum Li nk Del ay sub-TLV is
derived fromthe 1S-1S and OSPF protocol -speci fic FAD Excl ude Maxi num
Li nk Del ay sub-TLVs as defined in [ RFC9843].

5.3. FAD Reference Bandw dth Sub-TLV

The FAD Ref erence Bandwi dth sub-TLV is an optional sub-TLV that is
used to carry the informati on needed for the reference bandwi dth

met hod of netric cal culation associated with the FAD that is used in
the conputation of the specific algorithmas described in [ RFC9843].

The sub-TLV has the follow ng format:

0 1 2 3

01234567890123456789012345678901
B T S i T s i i e e SEI S
| Type | Lengt h |
I S i o T s S S S e s s T
| Fl ags | Reserved |
B i aT T e e o S o S S S I T et sl o ST S S S S S S
| Ref erence Bandw dt h |
B T S i T s i i e e SEI S
| Granul arity Bandw dth |
I S i o T s S S S e s s T

Figure 6: FAD Reference Bandw dth sub-TLV
Wher e:
*  Type: TBA
* Length: 12 octets.
* Flags: 1 octet of flags. The flags are copied fromthe 1S 1S FAD
Ref erence Bandwi dth sub-TLV [ RFC9843] or the OSPF FAD Reference
Bandwi dt h sub-TLV [ RFC9843] in the case of IS-1S or OSPF

respectivel y.

* Reserved: 3 octet field that MIST be set to 0 by the originator
and ignored by the receiver.
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5.
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4.

* Reference Bandwi dth: The reference bandwidth is encoded in 32 bits

in |EEE floating point format. The units are bytes per second.

* @anularity Bandwi dth: The granularity bandwidth is encoded in 32

bits in |EEE floating point format. The units are bytes per
second.

The information in the FAD Reference Bandwi dth sub-TLV is derived
fromthe 1S-1S and OSPF protocol -specific FAD Reference Bandwi dth
sub-TLV as defined in [ RFC9843].

FAD Bandwi dt h Thr eshol ds Sub- TLV

The FAD Bandwi dth Threshol ds sub-TLV is an optional sub-TLV that is
used to carry the information needed for bandw dth threshol d nethod
of metric calculation associated with the FAD that are used in the
conputation of the specific algorithmas described in [ RFC9843].

The sub-TLV has the foll owi 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 e i o i o S R S S
| Fl ags | Reserved |
B i s T T i i o S o T Ji I
| Bandwi dth Threshol d 1 |
e L o i e S  th o i R S
| Threshold Metric 1 |
i e e R e o o e i ol S N B S
| Bandwi dt h Threshold 2 |
B i s T T i i o S o T Ji I
| Threshold Metric 2 |
e L o i e S  th o i R S
T e L o o o e i i s it NN R SR S B S
| Bandwi dt h Threshold n |
B i s T T i i o S o T Ji I
| Threshold Metric n |
e L o i e S  th o i R S

Fi gure 7: FAD Bandw dth Threshol ds sub- TLV
Wher e:

*  Type: TBA
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* Length: 4 + (n * 8) octets. Here n is equal to the nunber of
Threshold Metrics specified. n MJST be greater than or equal to 1.

* Flags: 1 octet of flags. The flags are copied fromthe 1S 1S FAD
Bandwi dt h Threshol ds sub- TLV [ RFC9843] or the OSPF FAD Bandwi dth
Threshol ds sub-TLV [ RFC9843] in the case of I1S-1S or OSPF
respectively.

* Reserved: 3 octet field that MIST be set to O by the originator
and ignored by the receiver.

* Bandwi dth Threshold (1 ... n): The bandwi dth threshold is encoded
in 32 bits in IEEE floating point format. The units are bytes per
second.

* Threshold Metric (1 ... n): 4 octet field carrying the threshold
metric value. In the case of IS-1S, the value MIST be in the

range of 0 - 16,777, 215.

The information in the FAD Bandw dth Threshol ds sub-TLV is derived
fromthe 1S-1S and OSPF protocol -speci fic FAD Bandw dt h Threshol ds
sub-TLV as defined in [ RFC9843].

5.5. Flexible A gorithm Excl ude- Any Reverse Affinity Sub-TLV

The Fl exi bl e Al gorithm Excl ude-Any Reverse Affinity sub-TLV is an
optional sub-TLV that is used to carry the reverse affinity
constraints associated with the FAD and enabl e the exclusion of |inks
carrying any of the specified affinities fromthe conputation of the
specific algorithmas described in
[I-D.ietf-lsr-igp-flex-algo-reverse-affinity]. The affinity is
expressed in terms of Extended Admin G oup (EAG as defined in

[ RFC7308] .

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

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

| Type | Lengt h |
i i i T i I S i e s o o i i
| Excl ude- Any Reverse EAG (vari abl e) /1

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
Figure 8: Flexible Al gorithm Exclude-Any Reverse Affinity sub-TLV

*  Type: TBA
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* 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.

* Excl ude- Any Reverse EAG the EAG val ue.

The information in the Flexible Al gorithm Excl ude Any Reverse
Affinity sub-TLV is derived fromthe 1S 1S and OSPF protocol -specific
Fl exi bl e Al gorithm Exclude Adm n G oup sub-TLV as defined in
[I-D.ietf-lIsr-igp-flex-algo-reverse-affinity].

5.6. Flexible AlgorithmInclude-Any Reverse Affinity Sub-TLV

The Flexible Al gorithmlnclude-Any Reverse Affinity sub-TLV is an
optional sub-TLV that is used to carry the affinity constraints
associated with the FAD and enabl e the inclusion of links carrying
any of the specified affinities in the conputation of the specific
al gorithm as described in
[I-Dietf-lsr-igp-flex-algo-reverse-affinity]. The affinity is
expressed in terms of Extended Admn G oup (EAG as defined in

[ RFC7308] .

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

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

| Type | Lengt h |
i i i T i I S i e s o o i i
| I ncl ude- Any Reverse EAG (vari abl e) /1

R et e s i o e s i i
Figure 9: Flexible Al gorithmlnclude-Any Reverse Affinity sub-TLV

Wher e:

*  Type: TBA

* 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 nultiple
of 4.

* |nclude-Any EAG the EAG val ue.

The information in the Flexible Al gorithmlnclude-Any Reverse

Affinity sub-TLV is derived fromthe 1S 1S and OSPF protocol -specific

Fl exi bl e Al gorithm I nclude-Any Reverse Admin G oup sub-TLV as defined
in[l-Dietf-lsr-igp-flex-algo-reverse-affinity].
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5.7. Flexible AlgorithmInclude-All Reverse Affinity Sub-TLV

The Flexible Al gorithmlnclude-Al Reverse Affinity sub-TLV is an
optional sub-TLV that is used to carry the affinity constraints
associated with the FAD and enabl e the inclusion of |inks carrying
all of the specified affinities in the conmputation of the specific
al gorithm as described in
[I-Dietf-lsr-igp-flex-algo-reverse-affinity]. The affinity is
expressed in terms of Extended Admn 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
| I nclude- All Reverse 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 10: Flexible AlgorithmInclude-Al Reverse Affinity sub-TLV

Wher e:

*  Type: TBA

* 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 nultiple
of 4.

* Include-All EAG the EAG val ue.

The information in the Flexible Algorithmlnclude-Al Reverse

Affinity sub-TLV is derived fromthe IS 1S and OSPF protocol -specific

Fl exi bl e Al gorithm Include-All Reverse Adm n G oup sub-TLV as defined

in[l-Dietf-lsr-igp-flex-algo-reverse-affinity].

6. | ANA Consi derations
Thi s docunent requests IANA to allocate code points fromthe "BGP-LS

NLRI and Attribute TLVs" sub-registry of the "Border Gateway Protocol
- Link-State (BGP-LS) Paraneters" registry group.
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Figure 11: BGP-LS Flexible Al gorithm Extensions Code Points
7. Manageability Considerations

Thi s docunent does not introduce any new manageability consi derations
beyond t hose covered by [ RFC9351].

8. Security Considerations

Thi s docunent does not introduce any new security considerations
beyond t hose covered by [ RFC9351].
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