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I nt roduction

H gh bandwi dth traffic such as residential Internet traffic and
machi ne-t o- machi ne el ephant flows benefit from using high capacity
links. Accordingly, many network operators define a link’'s metric
relative to its capacity to help direct traffic to hi gher bandw dth
links, but this is no guarantee that |ower bandwidth links will be
avoi ded, especially in failure scenarios. To ensure that el ephant
flows are only placed on high capacity links, it would be useful to
explicitly exclude the high throughput traffic fromutilizing |inks
bel ow a certain capacity. Flex-Al gorithm[RFCI350] provides a
mechanismto create constrai ned paths by defining a set of parameters
consi sting of calculation-type, netric-type, and a set of
constraints. In this docunent, we define further extensions to the
Fl exi ble Algorithm Definition (FAD) that will all ow operators
additional control over their traffic flows, especially with respect
to bandw dth constraints.

Hi storically, 1GPs have done path conputation by mnimzing the sum
of the link metrics along the path fromsource to destination. Wile
the nmetric has been admi nistratively defined, inplenentations have
defaulted to a metric that is inversely proportional to link

bandwi dth. This has driven traffic to higher bandwi dth |inks and has
requi red manual metric mani pulation to achi eve the desired | oadi ng of



t he networKk.

Over tine, with the addition of different traffic types, the need for
alternate types of metrics has evolved. Flex-Al gorithm already
supports using the mnimumlink delay and the adm nistratively
assigned traffic-engineering metrics in path conputation. However,
it is clear that additional netrics may be of interest in different
situations. A network operator may seek to minimze their
operational costs and thus may want a netric that reflects the actua
fiscal costs of using a link. Qher traffic nmay require low jitter,
leading to an entirely different set of nmetrics. Wth Fl ex-
Algorithm all of these different netrics, and nore, could be used
concurrently on the sane network.

In sone circunstances, path conputation constraints, such as

admi ni strative groups, can be used to ensure that traffic avoids
particul ar portions of the network. These strict constraints are
appropriate when there is an absolute requirenent to avoid parts of
the topol ogy, even in failure conditions. However, if the
requirenent is less strict, then using a high netric in a portion of
the topol ogy may be nore appropriate.

Thi s docunent defines a family of generic nmetrics that can adverti se
various types of adnministratively assigned nmetrics. This docunent

i ntroduces standard netric-types that have specific semantics and
require standardi zation. This docunent al so specifies user-defined
metric-types where specifics are not defined so that administrators
are free to assign senantics as they see fit.

Section 3 defines additional FAD [ RFC9350] constraints that allow the
networ k administrator to preclude the use of | ow bandw dth |inks or
hi gh delay links. Section 4 specifies a new bandwi dt h-based netric-
type to be used with Flex-Al gorithm and other applications.

Section 4.1 defines mechanisns to automatically cal culate |ink
metrics based on the paraneters defined in the FAD and the adverti sed
Maxi mum Li nk Bandwi dth of each link. This is advantageous because
adm nistrators can change their criteria for netric assignnent
centrally, wi thout individual nodification of each link netric

t hroughout the network. The procedures described in this docunment
are intended to assign a netric to a link based on the total |ink
capacity, and they are not intended to update the metric based on
actual traffic flow Thus, the procedures described in this docunent
are not a replacenent to the capability of a PCE [ RFC4655], which has
a dynam c view of the network and provides real -tine bandw dth
managenment or a distributed bandw dth nanagenment protocol

.1. Requirenments Language

The key words "MJST", "MJST NOT*, "REQU RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMVENDED', "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
capital s, as shown here

Ceneric Metric Advertisement

I S-1S [RFCL195] and OSPF [ RFC2328] advertise a netric for each link
in their respective link state advertisenents. Miltiple netric-types
are already supported. Administratively assigned netrics are
described in the original OSPF and | S-1S specifications. The Traffic
Engi neering Default Metric is defined in [ RFC5305] and [ RFC3630], and
the Unidirectional Link Delay is defined in [ RFC8570] and [ RFC7471].
QO her nmetrics, such as jitter, reliability, and fiscal cost may be
hel pful , depending on the traffic class. Rather than attenpt to
enunerate all possible metrics of interest, this docunent specifies a



generic mechani smfor advertising netrics.

Each generic netric advertisenment is on a per-link and per-netric-
type basis. The netric advertisenent consists of a nmetric-type field
and a value for the nmetric. The metric-type field has been assigned
inthe "I GP Metric-Type" | ANA registry. Metric-types 0-127 are
standard netric-types as assigned by ANA. This docunent further
specifies a user-defined nmetric-type space of nmetric-types 128-255.
They can be assigned by an operator for |ocal use.

| mpl enent ati ons MUST support sending and receiving a Generic Metric
sub-TLV in Application-Specific Link Attributes (ASLA) encodi ngs as
well as in TLV 22 and Extended Link Opaque Link State Advertisenents
(LSAs) [RFC7684] and TE-LSAs. The usage of a generic netric by an

i ndi vidual application is subject to the sane rules that apply to
other link attributes as defined in [ RFC3630], [RFC5305], [RFC9479],
[ RFC9492], and [ RFC9350].

.1. 1S 1S Generic Metric Sub-TLV

The 1S-1S Generic Metric sub-TLV specifies the link netric for a
given netric-type. Typically, this metric is assigned by a network
adm nistrator. The Generic Metric sub-TLV is advertised in the TLVs/
sub- TLVs bel ow

a. TLV 22 (Extended IS reachability) [RFC5305]

b. TLV 222 (Mr-1SN) [RFC5120]

c. TLV 23 (1S Neighbor Attribute) [ RFC5311]

d. TLV 223 (M | S Neighbor Attribute) [RFC5311]

e. TLV 141 (Inter-AS Reachability Information) [RFC9346]

f. sub-TLV 16 (Application-Specific Link Attributes (ASLA)) of TLVs
22/ 222/ 23/ 223/ 141 [ RFC9479]

g. TLV 25 (L2 Bundl e Menber Attributes) [RFC8668]. Marked as "y(s)"
(shareabl e anbng bundl e nenbers).

0 1 2 3
01234567890123456789012345678901
I T S S i i S S S S S S S e

| Type | Length | metric-type |
e T e R S e e s i oI T e S S I S e
| Val ue |

i T S S i St S S S e
Figure 1: 1S 1S Generic Metric Sub-TLV
wher e:

Type (1 octet):
An 8-bit field assigned by I1ANA (17). This val ue uniquely
identifies the Generic Metric TLV.

Length (1 octet):
An 8-bit field indicating the total length, in octets, of the
subsequent fields. For this TLV, the Length is set to 4.

Metric-Type (1 octet):
An 8-bit field specifying the type of netric. The value is taken
fromthe "I GP Metric-Type" registry maintained by | ANA.  The
metric-type may be any value that is indicated as allowed in the
Generic Metric sub-TLV by the "I GP Metric-Type" registry.



Val ue (3 octets):
A 24-bit unsigned integer representing the nmetric value. The
valid range is fromO to 16, 777, 215 ( OxFFFFFF) .

The Generic Metric sub-TLV MAY be advertised nultiple tines. For a
particular nmetric-type, the Generic Metric sub-TLV MJST be adverti sed
only once for a link when advertised in TLVs 22, 222, 23, 223, and
141. Wen the Generic Metric sub-TLV is advertised in ASLA, each
metric-type MUST be advertised only once per-application for a link.
If there are nultiple Generic Metric sub-TLVs advertised for a link
for the same netric-type (and the sanme application in case of ASLA)
in one or nore received Link State Protocol Data Units (LSPDUs),
advertisenent in the | owest-nunbered fragment MJUST be used, and the
subsequent instances MJST be ignored.

For a link, if the metric-type corresponds to a nmetric-type for which
| egacy advertisement mechani snms exist (e.g., the 1GP Metric, the Mn
Uni directional Link Delay, or the Traffic Engi neering Default
Metric), the legacy netric-types MJUST be utilized fromthe existing
TLV or sub-TLVs. |If a Generic Metric advertises a legacy netric, it
MUST be i gnored.

A metric value of OXFFFFFF is considered a maximumlink metric, and a
link having this netric value MJST be used during Fl ex-Al gorithm
calculations as a last resort link as described in Section 15.3 of

[ RFC9350]. A link can be nade unusabl e by Fl ex-Al gorithm by | eaving
out Generic Metric advertisenent of the particular metric-type that
the Fl ex-Al gorithmuses, as described in [ RFCO9350].

During the router maintenance activity, the Generic Metric for all
the links on the node MAY be set to a maxi mum val ue of 16,777, 215
(OXFFFFFF), as it is the maxi numusable link netric for the Flex-
Al gorithm cal cul ati ons.

2.2. OSPF Generic Metric Sub-TLV
The OSPF Generic Metric sub-TLV specifies the link nmetric for a given
metric-type. Typically, this netric is assigned by a network
adm nistrator. The Generic Metric sub-TLV is advertised in the TLVs
bel ow:
a. sub-TLV of TE Link TLV (type 2) of OSPF TE LSA [ RFC3630].

b. sub-TLV of TE Link TLV (type 2) of OSPFv2 Inter-AS-TE-v2 LSA
[ RFC5392] .

c. sub-TLV of TE Link TLV (type 2) of OSPFv3 Intra-Area-TE-LSA
[ RFC5329] .

d. sub-TLV of TE Link TLV (type 2) of OSPFv3 Inter-AS-TE-v3 LSA
[ RFC5392] .

e. sub-TLV of Application-Specific Link Attributes (ASLA) sub-TLV
[ RFC9492] of the OSPFv2 Extended Link TLV [ RFC7684] .

f. sub-TLV of Application-Specific Link Attributes (ASLA) sub-TLV
[ RFC9492] of the OSPFv3 Router-Link TLV [ RFC8362].

g. sub-TLV of the OSPFv2 L2 Bundl e Menber Attributes sub-TLV
[ RFC9356] .

h. sub-TLV of the OSPFv3 L2 Bundl e Menber Attributes sub-TLV
[ RFCO356] .

The Generic Metric sub-TLV, types 25/36/34, is 8 octets in |ength.



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
| nmetric-type | Reserved (MBZ) |
el i I e i it T e e e e i i T o S e e S e T R R
| Val ue |
i e R i e i i i e i i St S N e S

Figure 2: OSPF Generic Metric Sub-TLV
wher e:

Type (2 octets):
A 16-bit field assigned by | ANA (25/36/34). This val ue uniquely
identifies the Generic Metric TLV.

Length (2 octets):
A 16-bit field indicating the total length, in octets, of the
subsequent fields. For this TLV, the Length is set to 8.

Metric-Type (1 octet):
An 8-bit field specifying the type of metric. The value is taken
fromthe "I GP Metric-Type" registry maintained by | ANA.  The
metric-type may be any value that is indicated as allowed in the
Generic Metric sub-TLV by the "I GP Metric-Type" registry.

Reserved (3 octets):
MJST set to zero by the sender and MJST be ignored by the
receiver.

Val ue (4 octets):
A 32-bit unsigned integer representing the metric value. The
valid range is fromO to 4,294, 967, 295 ( OXxFFFFFFFF) .

The Generic Metric sub-TLV MAY be advertised nultiple tines. For a
particular netric-type, the Generic Metric sub-TLV MJUST be adverti sed
only once for a link when advertised as (a) through (d) above. When
the Generic Metric sub-TLV is advertised as a sub-TLV of ASLA, it
MJST be advertised only once per application for a link. |If there
are nmultiple Generic Metric sub-TLVs advertised for a link for the
same netric-type (and the same application in case of ASLA) in one or
nmore received LSAs, advertisenment in the | owest-nunbered LSA MUST be
used, and the subsequent instances MJST be ignored.

For a link, if the metric-type corresponds to a nmetric-type for which
| egacy advertisement mechani snms exist (e.g., the 1GP Metric, the Mn
Unidirectional Link Delay, or the Traffic Engi neering Default

Metric), the legacy netric-types MJST be utilized fromthe existing
TLV or sub-TLVs. |If a Generic Metric advertises a legacy netric, it
MUST be i gnored.

A netric value of OxFFFFFFFF is considered a naximumlink nmetric, and
a link having this netric value MJST be used during Flex-Al gorithm
calculations as a |last resort |link, as described in Section 15.3 of

[ RFC9350] .

A link can be made unusable by Flex-Al gorithmby |eaving out Generic
Metric advertisement of the particular netric-type that the Flex-
Al gorithmuses, as described in [ RFC9350].

During the router nmaintenance activity, the Generic Metric for al
the links on the node MAY be set to a maxi num val ue of 4,294,967, 295
(OXFFFFFFFF), as it is the maxi mumusable link metric for the Flex-



Al gorithm cal cul ati ons.

2.3. Ceneric Metric Applicability to Flexible A gorithm Milti-Donain/
Mul ti-Area Networks

Generic Metric can be used by Flex-Al gorithm by specifying the
metric-type in the Flexible AlgorithmDefinitions. Wen Flex-
Algorithmis used in a nmulti-area network, [RFC9350] defines the

Fl exi ble Algorithm Prefix Metric (FAPM sub-TLV that carries the

Fl exi bl e-Al gorithm specific netric. Metrics carried in FAPMw || be
equal to the nmetric to reach the prefix for that Flex-Al gorithmin
its source area or dommin (source area fromthe Area Border Router
(ABR) perspective). Wen Flex-Al gorithmuses Generic Metric, the
same procedures as described in Section 13 of [RFC9350] are used to
send and process the FAPM sub- TLV.

3. FAD Constraint Sub-TLVs

Large high throughput flows are referred to as "el ephant flows".
Directing an el ephant flow down a | ow bandwi dth |ink m ght congest
the link and cause other critical application traffic flow ng on the
link to drop. Thus, in the context of Flex-Algorithm it would be
useful to be able to constrain the topology to only those |inks
capabl e of supporting a m ni mum anount of bandw dt h.

If the capacity of a low bandwidth link is constant, constraining the
topol ogy to avoid those |inks can al ready be achi eved through the use
of administrative groups. However, when a Layer 3 link is actually a
coll ection of Layer 2 links (Link Aggregation Goup (LAG / Layer 2
Bundl e), the link bandwidth will vary based on the set of active
constituent links. This could be automated by having an

i npl ementation vary the advertised admi nistrative groups based on
bandwi dth, but this seens unnecessarily conplex and expressing this
requirenent as a direct constraint on the topol ogy seens sinpler.
This is al so advantageous if the ninimumrequired bandw dth changes,
as this constraint would provide a single centralized, coordinated

poi nt of control.

To satisfy this requirenent, this docunent defines an Exclude M ni num
Bandwi dt h constraint. When this constraint is advertised in a FAD, a
link will be pruned fromthe Flex-Al gorithmtopology if the link's
adverti sed maxi mum | ink bandwi dth value is bel ow the FAD adverti sed

m ni mum bandw dt h val ue.

Simlarly, this docunent defines an Excl ude Maxi mum Li nk Del ay
constraint. Applications, such as Hi gh-Frequency Trading are
sensitive to link delays and may performpoorly in networks prone to
delay variability, such as those with transparent Layer 2 |ink
recovery nechanisns or satellite |inks. Mechanisns already exist to
measure the |link delay dynamically and advertise it in the |IGP.

Net wor ks that enpl oy dynam c |ink-delay nmeasurenent, may want to
exclude links that have a delay over a given threshold.

3. 1. IS-1S FAD Constraint Sub-TLVs
3.1.1. 1S-1S Exclude M ni num Bandw dt h Sub- TLV

IS-1S Fl ex-Al gorithm Excl ude M ni mum Bandwi dth (FAEMB) sub-TLV is a
sub-TLV of the 1S-1S FAD sub-TLV. It has the follow ng format:

0 1 2 3
01234567890123456789012345678901
A S T S
| Type | Length |
T T s S T D S T A T A S
| M n Bandwi dt h
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Figure 3: IS 1S FAEMB Sub-TLV
wher e:

Type (1 octet):
An 8-bit field assigned by IANA (6). This val ue uniquely
identifies the FAEMB sub- TLV.

Length (1 octet):
An 8-bit field indicating the total length, in octets, of the
subsequent fields. For this sub-TLV, the Length is set to 4.

M n Bandwi dth (4 octets):
A 32-bit field specifying the Iink bandwi dth encoded in | EEE
floating point format (32 bits) [|EEE754-2019]. The units are
byt es per second.

The FAEMB sub- TLV MJST appear once at nost in the FAD sub-TLV. If it
appears nore than once, the 1S-1S FAD sub-TLV MJST be ignored by the
receiver.

The m ni mum bandwi dt h val ue advertised in the FAEMB sub-TLV MJST be
conmpared wi th maxi mum | i nk bandw dth val ue advertised in sub-sub-TLV
9 of the ASLA sub-TLV [RFC9479]. |If the L-flag is set in the ASLA
sub-TLV, the mi ni mum bandwi dth val ue advertised in the FAEMB sub- TLV
MUST be conpared with the nmaxi mum |ink bandw dth val ue as advertised
in the sub-TLV 9 of the TLVs 22/222/23/223/ 141 [ RFC5305], as defined
in Section 4.2 of [RFC9479].

If the maxi mum|ink bandwi dth value is |ower than the m ni mumlink
bandwi dt h val ue advertised in the FAEMB sub-TLV, the |ink MJST be
excluded fromthe Flex-Al gorithmtopology. |If a link does not have
t he Maxi mum Li nk Bandwi dt h adverti sed but the FAD contains the FAEMB
sub-TLV, then that |ink MJUST NOT be excluded fromthe topol ogy based
on the M ni mum Bandw dt h constraint.

.1.2. 1S 1S Exclude Maxi mum Del ay Sub-TLV

I S-1S Fl ex-Al gorithm Excl ude Maxi mum Del ay (FAEMD) sub-TLV is a sub-
TLV of the IS-1S FAD sub-TLV. It has the follow ng format:

0 1 2 3
01234567890123456789012345678901
e T T A O S S SRR

| Type | Length |
i i TSI T R S I S SO S S S S S S S e =

| Max Link Del ay |

i i i i S T I S s sk S S S S 2

Figure 4: 1S-1S FAEMD Sub- TLV
wher e:
Type (1 octet):
An 8-bit field assigned by IANA (7). This val ue uniquely
identifies the FAEMD sub-TLV.
Length (1 octet):
An 8-bit field indicating the total length, in octets, of the
subsequent fields. For this sub-TLV, the Length is set to 3.

Max Link Delay (3 octets):
A 24-bit field specifying the Maxi mum|link delay in mcroseconds.



The FAEMD sub- TLV MJST appear only once in the FAD sub-TLV. [If it
appears nore than once, the 1S-1S FAD sub-TLV MJST be ignored by the
receiver.

The maxi mum |ink del ay val ue advertised in the FAEMD sub- TLV MJUST be
compared with Mn Unidirectional Link Delay advertised in sub-sub-TLV
34 of the ASLA sub-TLV [RFC9479]. |If the L-flag is set in the ASLA
sub-TLV, the maxi numlink del ay val ue advertised in the FAEVMD sub-TLV
MUST be conpared with Mn Unidirectional Link Delay as advertised by
the sub-TLV 34 of the TLVs 22/222/23/223/ 141 [ RFC8570], as defined in
Section 4.2 of [RFC9479].

If the Mn Unidirectional Link Delay value is higher than the Maxi num
Li nk Del ay advertised in the FAEMD sub-TLV, the |ink MJST be excl uded
fromthe Flex-Al gorithmtopology. If a link does not have the Mn
Unidirectional Link Delay advertised but the FAD contains the FAEMD
sub-TLV, then that |ink MJUST NOT be excluded fromthe topol ogy based
on the Maxi mum Del ay constrai nt.

3.2. OSPF FAD Constrai nt Sub-TLVs
3.2.1. OSPF Excl ude M ni rum Bandwi dt h Sub- TLV

OSPF Fl ex- Al gorithm Excl ude M ni mum Bandwi dth ( FAEMB) sub-TLV is a
sub-TLV of the OSPF FAD TLV. It has the follow ng format:

0 1 2 3

01234567890123456789012345678901
L e i S e I S ek i S N SR S
| Type | Lengt h |
B i s T T i i o S o T Ji I
| M n Bandwi dt h |
i I i S e S it SN DU DU SRS

Fi gure 5: OSPF FAEMB Sub- TLV
wher e:

Type (2 octets):
A 16-bit field assigned by 1ANA (6). This val ue uniquely
identifies the OSPF FAEMB sub- TLV.

Length (2 octets):
A 16-bit field indicating the total length, in octets, of the
subsequent fields. For this sub-TLV, the Length is set to 4.

M n Bandwi dth (4 octets):
A 32-bit field specifying the Iink bandw dth encoded in | EEE
floating point format (32 bits)[| EEE754-2019]. The units are
byt es per second.

The FAEMB sub- TLV MUST only appear once in the FAD sub-TLV. [If it
appears nore than once, the OSPF FAD TLV MJST be ignored by the
receiver.

The Maxi mum Li nk Bandwi dt h as advertised in the Extended Link TLV in
the Extended Link Opaque LSA in OSPFv2 [ RFC7684] or as a sub-TLV of
the Router-Link TLV of the E-Router-LSA Router-Link TLV in OSPFv3

[ RFC8362] MJST be conpared agai nst the M ni mum Bandwi dth adverti sed
in the FAEMB sub-TLV. |If the |ink bandwi dth value is | ower than the
M ni mum Bandwi dt h advertised in the FAEMB sub-TLV, the |ink MJST be
excluded fromthe Fl ex-Al gorithmtopol ogy.

If a link does not have the Maxi num Li nk Bandwi dt h advertised but the
FAD contai ns the FAEMB sub-TLV, then that |ink MJST be included in
the topol ogy and proceed to apply further pruning rules for the link.



3.2.2. OSPF Exclude Maxi mum Del ay Sub-TLV

The OSPF Fl ex- Al gorithm Excl ude Maxi mum Del ay (FAEMD) sub-TLV is a
sub-TLV of the OSPF FAD TLV. It has the follow ng format.

0 1 2 3

01234567890123456789012345678901
i I S T S S i I S A SHE N SR
| Type | Length |
I i I e i S L ik i SR N SRR S
| RESERVED | Max Li nk Del ay |
T S T I Al ol ST SN S S S S S S S S S i S SIS SN S O Y

Fi gure 6: OSPF FAEMD Sub- TLV
wher e:

Type (2 octets):
A 16-bit field assigned by IANA (7). This val ue uniquely
identifies the OSPF FAEMD sub- TLV.

Length (2 octets):
A 16-bit field indicating the total length, in octets, of the
subsequent fields. For this sub-TLV, the Length is set to 4.

Reserved (1 octet):
MJST be set to zero by the sender and MJUST be ignored by the
receiver.

Max Link Delay (3 octets):
A 24-bit field specifying the Maximumlink delay in mcroseconds.

The FAEMD sub- TLV MUST only appear once in the OSPF FAD TLV. If it
appears nore than once, the OSPF FAD TLV MJST be ignored by the
receiver.

The M n Del ay val ue advertised via the Mn/Max Unidirectional Link
Del ay of the ASLA sub-TLV [ RFC9492] MJUST be conpared agai nst the

Maxi mum Del ay advertised in the FAEMD sub-TLV. If the Mn

Uni directional Link Delay is higher than the Maximum Del ay adverti sed
in the FAEMD sub-TLV, the |ink MJST be excluded fromthe Flex-

Al gorithmtopology. |If the Mn/Max Unidirectional Link Delay is not
advertised for a link but the FAD contains this sub-TLV, then that
l'ink MUST NOT be excluded fromthe topol ogy based on the Maxi mum

Del ay constraint.

4, Bandwi dt h Metric Adverti sement

Hi storically, 1GP inplenentations have nade default netric

assi gnnents based on link bandwi dth. This has proven to be useful
but has suffered fromhaving different defaults across

i mpl ementations and fromthe rapid growh of |ink bandwi dths. Wth
Fl ex- Al gorithm the network adm nistrator can define a function that
will produce a netric for each link and have each node automatically
conpute each link’s nmetric based on its bandw dth.

Thi s docunent defines a standard nmetric-type for this purpose called
the "Bandwi dth Metric". The Bandwi dth Metric MAY be advertised in
the Generic Metric sub-TLV with the nmetric-type set to "Bandwi dth
Metric". 1S 1S and OSPF will advertise this type of metric in their
link advertisenments. The Bandwidth Metric is a link attribute, and
it MJUST follow Section 12 of [RFC9350] for its advertisenment and
processi ng during Flex-Al gorithm cal cul ati on.

Fl ex- Al gorithmuses this metric-type by specifying the bandwi dth



metric as the nmetric-type in a FAD TLV. A FAD TLV may al so specify
an automatic conputation of the bandwi dth netric based on a link’'s
advertised bandwi dth. An explicit advertisenent of a link's

bandwi dth nmetric using the Generic Metric sub-TLV overrides this
automatic conputation. The automatic Bandwi dth netric cal cul ation
sub-TLVs are advertised in the FAD TLV, and these parameters are
applicable to applications such as Flex-Al gorithmthat nmake use of
the FAD TLV.

4.1. Autonmmtic Metric Calcul ation

Net wor ks that are designed to be highly regular and that follow
uniformmetric assignment may want to sinplify their operations by
automatically cal culating the bandwi dth netric. Wen a FAD
advertises the netric-type as Bandwidth Metric and the |ink does not
have the Bandwi dth Metric advertised, automatic nmetric derivation can
be used with additional FAD constraint advertisement as described in
this section.

If a link’s bandw dth changes, then the delay in | earning about the
change may create the possibility of micro-loops in the topol ogy.
This is no different fromthe IG” s susceptibility to nicro-Ioops
during a netric change. The mcro-loop avoi dance procedures
described in [ SR-LOOP-AVO D] or any other nmechani sm as described in
the framework [RFC5715] can be used to avoid nicro-|loops when the
automatic nmetric calculation is depl oyed

Conputing the nmetric between adjacent systenms based on bandwi dth

becones nore conplex in the case of parallel adjacencies. |If there
are parall el adjacencies between systens, then the bandw dth between
the systems is the sumof the bandwi dth of the parallel links. This

is somewhat nore conplex to deal with, so there is an optional node
for conputing the aggregate bandw dth.

4.1.1. Automatic Metric Cal cul ati on Mddes
4.1.1.1. Sinple Mde

In Sinple Mbde, the Maxi mum Li nk Bandwi dth of a single Layer 3 link
is used to derive the metric. This nmode is suitable for deploynents
that do not use parallel Layer 3 links. 1In this case, the
computation of the netric is straightforward. |If a Layer 3 link is
composed of a Layer 2 bundle, then the link bandwidth is the sum of
t he bandwi dt hs of the working conponents and nay vary with Layer 2
l'ink failures.

4.1.1.2. Interface G oup Mde

The Sinple Mbde of netric calculation may not work well when there
are nultiple parallel Layer 3 interfaces between two nodes. |Ideally,
the netric between two systens shoul d be the sane given the sane
bandwi dt h, whether the bandwi dth is provided by parallel Layer 2
links or parallel Layer 3 links. To address this, in Interface G oup
Mode, nodes MJUST compute the aggregate bandw dth of all parallel

adj acenci es, MJST derive the netric based on the aggregate bandw dth,
and MUST apply the resulting netric to each of the parall el

adj acencies. Note that a single elephant flowis normally pinned to
a single Layer 3 interface. |If the single Layer 3 link bandwidth is
not sufficient for any single elephant flow, the mechanisnms to solve
this issue are outside the scope of this docunent.

Figure 7: Parallel Interfaces



For exanple, in the above diagram there are two parallel |inks
between B->C, C->F, F->D. Let us assune the link bandwidth is

uni form 10 Gops on all links. Wen bandwidth is used to derive the
nmetric for the links, the netric for each link will be the sane.
Traffic fromB to Dw |l be forwarded as B->E->D because the netric

will be lower. Since the bandwidth is higher on the B->C >F->D path,
the nmetric for that path should be | ower than the B->E->D path to
attract the traffic on the B->C->F->D path. |Interface G oup Mde
shoul d be preferred in cases where there are parallel Layer 3 Ilinks.

In the Interface Goup Mbde, every node MJST identify the set of
paral l el 1inks between a pair of nodes based on IGP |ink

adverti senents and MUST consi der cunul ative bandwi dth of the parall el
links while arriving at the netric of each |ink.

The parallel Layer 3 links between two nodes nay not have the sane
bandwi dth. In such cases, the nethod described in Interface G oup
Mode will result in the sane netric being used for all the parallel
Iinks, which may cause undesired | oad bal ancing on the links. In
such cases, a device may locally apply a | oad-bal anci ng factor
relative to the link bandwi dth on the ECMP next hops. The | oad-
bal anci ng mechani sms are outside the scope of this docunent.

4.1.2. Automatic Metric Cal cul ati on Met hods

In automatic netric calculation for sinple and Interface G oup Mde,
Maxi mum Li nk Bandwi dth of the links is used to derive the netric.
There are two types of automatic netric derivation nethods.

1. Ref erence bandw dt h net hod
2. Bandwi dth threshol ds net hod
4.1.2.1. Reference Bandw dth Met hod

In many networks, the nmetric is inversely proportional to the |ink
bandwi dth. The adm nistrator or inplenentation selects a reference
bandwi dth and the nmetric is derived by dividing the reference

bandwi dt h by the advertised Maxi mum Li nk Bandwi dth. Advertising the
reference bandwidth in the FAD constraints allows the nmetric

comput ation to be done on every node for each link. The metric is
comput ed using reference bandwi dth and the advertised |ink bandw dth.
Centralized control of this reference bandw dth sinplifies managenent
in the case where the reference bandwi dth changes. |In order to
ensure that small bandwi dth changes do not change the Iink metric, it
is useful to define the granularity of the bandwidth that is of
interest. The link bandwidth will be truncated to this granularity
before deriving the netric.

For exanpl e,
ref erence bandwi dth = 1000G
Ganularity = 20G

The derived nmetric is 10 for link bandwidth in the range 100G to
119G

4.1.2.2. Bandwi dt h Thr eshol ds Met hod

The reference bandw dth approach descri bed above provides a uniform
metric value for a range of |ink bandwidths. In certain cases, there
may be a need to define non-proportional netric values for the

varyi ng ranges of |ink bandwi dth. For exanple, bandw dths from 10G
to 30G are assigned netric value 100, bandwi dth from 30G to 70G are



assigned a netric value of 50, and bandw dths greater than 70G have a
metric of 10. 1In order to support this, a staircase mappi ng based on
bandwi dth thresholds is supported in the FAD. This advertisenent
contains a set of threshold values and associated netri cs.

4.1. 3. IS-1S FAD Constraint Sub-TLVs for Automatic Metric Cal cul ation
4.1.3.1. Reference Bandw dth Sub-TLV

This section provides FAD constraint advertisenent details for the
reference bandwi dth method of netric calculation, as described in
Section 4.1.2.1. The Flexible Al gorithm Definition Reference

Bandwi dt h (FADRB) sub-TLV is a sub-TLV of the IS-1S FAD sub-TLV. It
has the foll owing format:

0 1 2 3
01234567890123456789012345678901
i T S S i St S S S e

| Type | Length | Fl ags |

B T S i T s i i e e SEI S
| Ref erence Bandwi dt 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
| G anul arity Bandw dt h |
i T s i o S i i S R I S I S S S M

Figure 8: IS 1S FADRB Sub-TLV
wher e:

Type (1 octet):
An 8-bit field assigned by 1ANA (8). This value uniquely
identifies the 1S-1S FADRB sub- TLV.

Length (1 octet):
An 8-bit field indicating the total length, in octets, of the
subsequent fields. For this sub-TLV, the Length is set to 9.

Flags (1 octet):
An 8-bit field containing flags.

01234567
i S S

(e |

i S N S

G fl ag:
When set, Interface Group Mbde MUST be used to derive total l|ink
bandwi dth. Unassigned bits MJST be set to zero and MJST be
i gnored by the receiver.

Ref erence Bandwi dth (4 octets):
A 32-bit field with Bandwi dth encoded in | EEE fl oating point
format [| EEE754-2019]. The units are bytes per second.

Granul arity Bandwi dth (4 octets):
A 32-bit field with Bandwi dth encoded in | EEE fl oating point
format [| EEE754-2019]. The units are bytes per second.

When granularity _bwis less than or equal to Total _|ink_bandwi dth,
t hen:
Metric calculation: (Reference_bandwidth) / (Total |ink _bandw dth -

(Modul us of (Total _|ink _bandwi dth, granularity bw)))

When granularity _bw is greater than Total _|ink_bandw dth, then:



Metric calculation: Reference _bandw dth / Total _|ink_bandw dth

The division used here is integer division. Mdulus of operationis
defined as a remmi nder val ue when two nunbers are divided.

The Granul arity Bandwi dth val ue ensures that the metric does not
change when there is a small change in the |ink bandwidth. The IS 1S
FADRB sub- TLV MJUST NOT appear nore than once in an |IS-1S FAD sub-TLV.
If it appears nore than once, the 1S 1S FAD sub-TLV MJST be ignored
by the receiver. The value advertised in the Reference Bandw dth
field MUST be non-zero. |If a zero value is advertised in the

Ref erence Bandwi dth field in the IS-1S FADRB sub-TLV, the sub-TLV
MJUST be i gnor ed.

If a Generic Metric sub-TLV with a Bandwi dth nmetric-type is
advertised for a link, the Flex-Al gorithmcal culation MJST use the
advertised Bandwi dth Metric and MJUST NOT use the automatically
derived nmetric for that |ink.

In case of Interface G oup Mdde, the following rules apply to

paral l el 1inks:
* |f all the parallel links have been advertised with the Bandw dth
Metric:

The individual |ink Bandwi dth Metric MJUST be used.

* |If only sonme |links among the parallel |inks have advertised the
Bandwi dth Metric:

- The Bandwi dth Metric for such |inks MJST be ignored.

- Automatic nmetric calculation MJST be used to derive the |ink
metric.

If the calculated netric evaluates to zero, a netric of 1 MJST be
used.

If the calculated netric evaluates to a nunber greater than OxFFFFFF,
it is set to OxFFFFFF.

4.1. 3. 2. Bandwi dt h Threshol d Sub- TLV

Thi s section provides FAD constraint advertisenent details for the
Bandwi dt h Threshol ds met hod of netric calculation as described in
Section 4.1.2.2. The Flexible A gorithm Definition Bandw dth
Threshol d (FADBT) sub-TLV is a sub-TLV of the 1S 1S FAD sub-TLV. It
has the foll owing format:

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

| Type | Length | Fl ags |

B i aT T e e o S o S S S I T et sl o ST S S S S S S
| Bandwi dt h Threshold 1

B T S i T s i i e e SEI S
| Threshold Metric 1

I S i o T s S S S e s s T
| Bandwi dt h Threshold 2

B i aT T e e o S o S S S I T et sl o ST S S S S S S
| Threshold Metric 2

B T S i T s i i e e SEI S
| Bandwi dth Threshold 3

I S i o T s S S S e s s T

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



| Threshold Metric N1

B T S i T s i i e e SEI S
| Bandwi dth Threshold N

i e R i e i i i e i i St S N e S
| Threshol d Metric N |

i T S S i St S S S e

Figure 9: IS 1S FADBT Sub-TLV
wher e:

Type (1 octet):
An 8-bit field assigned by 1ANA (9). This val ue uniquely
identifies the 1S-1S FADBT sub- TLV.

Length (1 octet):
An 8-bit field indicating the total length, in octets, of the
subsequent fields. For this sub-TLV, the Length is cal cul ated as
(1+N*7). Here, Nis equal to the nunber of Threshold Metrics
specified. N MJST be greater than or equal to 1.

Flags (1 octet):
01234567
i S e T o

19 | | |

i S S

Gflag: Wen set, Interface Group Mbde MJUST be used to derive
total Iink bandwi dth. Unassigned bits MJST be set to zero and
MJUST be ignored by the receiver.

Following is the staircase bandwi dth threshold and associated netric
val ues.

Bandwi dth Threshold 1 (4 octets):
M ni mum Li nk Bandwi dth is encoded in | EEE floating point fornat
(32 bits)[1 EEE754-2019]. The units are bytes per second.

Threshold Metric 1 (3 octets):
Metric value range (1 - 16,777,215 (OxFFFFFF))

Bandwi dt h Threshold N (4 octets):
Maxi mum Li nk Bandwi dth is encoded in | EEE floating point format
(32 bits)[| EEE754-2019]. The units are bytes per second.

Threshold Metric N (3 octets):
Metric value range (1 - 16,777,215 (OxFFFFFF))

Wen the Gflag is set, the cumul ati ve bandwi dth of the parall el
links is conputed as described in Section 4.1.1.2. If the Gflag is
not set, the advertised Maxi mum Li nk Bandw dth is used.

The assi gnnent of the Bandwi dth Metric based on conputed link
bandwi dth is described bel ow.

The Bandwi dth Metric for a link during the Fl ex-Al gorithm Shortest
Path First (SPF) cal culation MJUST be assigned according to the
follow ng rul es:

1. \When the conputed link bandwi dth is | ess than Bandw dth Threshol d
1:

The Bandwi dth Metric MUST be set to the maxi num netric val ue of
4,261,412, 864.

2. When the conputed link bandwidth is greater than or equal to



Bandwi dt h Threshold 1 and | ess than Bandw dth Threshol d 2:
The Bandwi dth Metric MUST be set to Threshold Metric 1.

3. Wen the computed |ink bandwidth is greater than or equal to
Bandwi dth Threshold 2 and | ess than Bandwi dth Threshol d 3:

The Bandwi dth Metric MUST be set to Threshold Metric 2.
4. In general, for all integer values of X such that 1 X < N

When the conputed link bandwidth is greater than or equal to
Bandwi dth Threshold X and | ess than Bandw dth Threshol d X+1:

The Bandwi dth Metric MUST be set to Threshold Metric X

5. When the conputed link bandwidth is greater than or equal to
Bandwi dt h Threshol d N

The Bandwi dth Metric MUST be set to Threshold Metric N
Not es:

* The term "Bandwi dth Threshold X' refers to a predefined threshold
val ue corresponding to the index X

* The term"Threshold Metric X' refers to the netric val ue
associ ated with Bandwi dth Threshold X

* Nrepresents the total nunber of bandwi dth thresholds defined in
the system

I mpl enent ati ons MJUST ensure that these rules are consistently applied
to maintain interoperability and optinal path conputation within the
net wor k.

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

A FAD MJUST NOT contain both the FADBT sub-TLV and the FADRB sub- TLV.
If both of these sub-TLVs are advertised in the sanme FAD for a
Fl exi bl e Al gorithm the FAD MJUST be ignored by the receiver.

If a Generic Metric sub-TLV with Bandwi dth netric-type is advertised
for a link, the Flex-Al gorithmcal cul ati on MJST use the Bandwi dth
Metric advertised on the Iink and MUST NOT use the automatically
derived nmetric for that |ink.

In case of Interface G oup Mdde, the following rules apply to

paral l el 1inks:
* |f all the parallel links have been advertised with the Bandw dth
Metric:

The individual |ink Bandwi dth Metric MJUST be used.

* |If only sonme |links among the parallel |inks have advertised the
Bandwi dth Metric:

- The Bandwi dth Metric for such |inks MJST be ignored.

- Automatic nmetric calculation MJST be used to derive the |ink
metric.

4.1.4. OSPF FAD Constraint Sub-TLVs for Automatic Metric Cal cul ation



4.1.4.1. Reference Bandw dth Sub-TLV

The Flexible Al gorithm Definition Reference Bandw dth (FADRB) sub-TLV
is a sub-TLV of the OSPF FAD TLV. It has the follow ng format:

0 1 2 3

01234567890123456789012345678901
i s T S i i T S A b e ok
| Type | Length |
i e e T i e e T e e T b i o I N S S
| Fl ags | Reserved |
B i s T T i i o S o T Ji I
| Ref erence Bandw dt h |
e L o i e S  th o i R S
| G anul arity Bandw dt h |
i e e R i s o i e R e e T i s i o S N S S

Fi gure 10: OSPF FADRB Sub- TLV
wher e:
Type (2 octets):
A 16-bit field assigned by 1ANA (8). This val ue uniquely
identifies the OSPF FADRB sub- TLV.
Length (2 octets):
A 16-bit field indicating the total length, in octets, of the
subsequent fields. For this sub-TLV, Length is set to 14.

Flags (1 octet):
01234567

S
g | | I
R A et

Gflag: When set, Interface Group Mbde MIST be used to derive
total |ink bandwi dth. Unassigned bits MJST be set to zero and
MUST be ignored by the receiver.

Ref erence Bandwi dth (4 octets):
Bandwi dt h encoded in 32 bits in | EEE floating point format
[1 EEE754-2019]. The units are in bytes per second.

Granul arity Bandwi dth (4 octets):
Bandwi dt h encoded in 32 bits in |EEE floating point fornmat
[ 1 EEE754-2019]. The units are in bytes per second.

VWhen granularity bwis less than or equal to Total _Iink_bandw dth,
t hen:

Metric cal cul ation:
(Ref erence_bandwi dth) / (Total _Iink_bandw dth - (Mdul us
of (Total _| i nk_bandw dth, granularity_bw)))
When granularity bw is greater than Total |ink_bandw dth, then:

Metric cal cul ation:
Ref er ence_bandw dt h/ Total _I| i nk_bandwi dt h

The division used here is integer division.

Modul us of operation is defined as a renainder val ue when two nunbers
are divi ded.

The Granul arity Bandwi dth value is used to ensure that the netric



does not change when there is a small change in the |ink bandw dth.
The OSPF FADRB 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. The value advertised in the Reference Bandw dth
field MUST be non-zero. |If a zero value is advertised in the

Ref erence Bandwi dth field in the OSPF FADRB sub-TLV, the sub-TLV MJUST
be ignored. If a Generic Metric sub-TLV with Bandw dth netric-type
is advertised for a link, the Flex-Al gorithmcal culation MJST use the
advertised Bandwi dth Metric on the Iink and MUST NOT use the
automatically derived netric for that Iink. In the case of Interface
G oup Mode, the follow ng procedures apply:

* \Wen all parallel |links have advertised the Bandwi dth Metric: The
i ndividual link Bandwi dth Metric MJST be used for each I|ink.

*  \When only a subset of the parallel Iinks have advertised the
Bandwi dth Metric: The Bandwi dth Metric adverti sements for those
l'inks MJUST be ignored. |In this scenario, automatic metric
cal cul ation MJUST be used to derive the link nmetrics for all
paral l el 1inks.

If the calculated netric evaluates to zero, a netric of 1 MJST be
used.

If the calculated netric evaluates to a nunber greater than
OXFFFFFFFF, it is set to OxFFFFFFFF.

4.1.4.2. Bandwi dth Threshol d Sub-TLV

The Flexible A gorithm Definition Bandwi dth Threshol d (FADBT) sub-TLV
is a sub-TLV of the OSPF FAD TLV. It has the follow ng 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
| FI ags | Reserved |
L e L o i T e i ok o i R SR S
| Bandwi dth Threshold 1 |
i e e R e o o e i ol S N B S
| Threshold Metric 1 |
B i s T T i i o S o T Ji I
| Bandwi dt h Threshol d 2 |
e L o i e S  th o i R S
| Threshold Metric 2 |
i e e R e o o e i ol S N B S
| Bandwi dt h Threshold 3 |
B i s T T i i o S o T Ji I
i s T S i i T S A b e ok
| Threshold Metric N1 |
i e e R e o o e i ol S N B S
| Bandwi dt h Threshol d N |
B i s T T i i o S o T Ji I
| Threshol d Metric N |
e L o i e S  th o i R S

Fi gure 11: OSPF FADBT Sub- TLV
wher e:
Type (2 octets):

A 16-bit field assigned by 1ANA (9). This val ue uniquely
i dentifies the OSPF FADBT sub- TLV.



Length (2 octets):
A 16-bit field indicating the total length, in octets, of the
subsequent fields. For this sub-TLV, Length is set to 2 + N*8
octets. Here, Nis equal to the nunber of Threshold Metrics
specified. N MJST be greater than or equal to 1.

Flags (1 octet):
01234567
B T s i T e

(e I

R e i i i
Gflag: When set, Interface Group Mbde MIST be used to derive
total |ink bandwi dth. Unassigned bits MJST be set to zero and
MUST be ignored by the receiver.

Following is the staircase bandw dth threshold and associated netric
val ues.

Bandwi dth Threshold 1 (4 octets):
M ni mum Li nk Bandwi dth is encoded in | EEE floating point fornat
(32 bits)[| EEE754-2019]. The units are bytes per second.

Threshold Metric 1 (4 octets):
Metric value range (1 - 4,294,967, 296 (OxFFFFFFFF))

Bandwi dth Threshold N (4 octets):
Maxi mum Li nk Bandwi dth is encoded in |IEEE floating point fornat
(32 bits)[| EEE754-2019]. The units are bytes per second.

Threshold Metric N (4 octets):
Metric value range (1 - 4,294,967, 296 (OxFFFFFFFF))

Wien the Gflag is set, the cumul ative bandw dth of the parallel
links is conputed as described in Section 4.1.1.2. If the Gflag is
not set, the advertised Maxi num Li nk Bandwi dth i s used.

The assignnment of the Bandwi dth Metric based on conputed |ink
bandwi dth is described bel ow

During the Flex-Al gorithm SPF cal cul ation, the Bandwi dth Metric for a
l'ink MUST be assigned according to the follow ng rul es:

1. Wien the conputed link bandwi dth is | ess than Bandw dth Threshol d
1:

The Bandwi dth Metric MJST be set to the maxi mum netric val ue of
4,294, 967, 296.

2. Wen the conputed link bandwidth is greater than or equal to
Bandwi dth Threshold 1 and | ess than Bandw dth Threshold 2:

The Bandwi dth Metric MJUST be set to Threshold Metric 1.

3. Wen the computed |ink bandwi dth is greater than or equal to
Bandwi dth Threshold 2 and | ess than Bandwi dth Threshol d 3:

The Bandwi dth Metric MJUST be set to Threshold Metric 2.
4. I1n general, for all integer values of X where 1 X < N

When the conputed link bandwidth is greater than or equal to
Bandwi dt h Threshold X and | ess than Bandw dth Threshol d X+1:

The Bandwi dth Metric MJUST be set to Threshold Metric X



5. When the conputed link bandwidth is greater than or equal to
Bandwi dt h Threshold N:

The Bandwi dth Metric MJUST be set to Threshold Metric N.
Not es:

* Bandwi dth Threshold X refers to the predefined bandw dth threshol d
correspondi ng to index X

* Threshold Metric Xis the netric value associated wi th Bandw dth
Threshol d X

* N represents the total nunber of bandwi dth thresholds defined in
the system

| mpl enent ati ons MJST consistently apply these rules to ensure
accurate path computations and maintain interoperability within the
net wor k.

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

A FAD MJUST NOT contain both the FADBT sub-TLV and the FADRB sub- TLV.
If both these sub-TLVs are advertised in the same FAD for a Flexible
Al gorithm the FAD MJUST be ignored by the receiver.

If a Generic Metric sub-TLV with Bandwi dth nmetric-type is advertised
for a link, the Flex-Al gorithm cal cul ati on MJST use the Bandwi dth
Metric advertised on the link and MUST NOT use the automatically
derived metric for that |ink.

Metric Assignment in Interface G oup Mde:

When a link does not have a configured Bandwi dth Metric, the
automatically derived netric MJST be used for that I|ink.

In case of Interface Goup Mdde, the following rules apply to
paral l el 1inks:

* |If all parallel Iinks have advertised the Bandwi dth Metric:

The individual |ink Bandwi dth Metric MJUST be used for each |ink
during path conputation.

* |f only sone of the parallel |inks have advertised the Bandw dth
Metric:

-  The Bandwi dth Metric advertisenents for those |inks MJST be
i gnor ed.

- Automatic netric calculation MJST be used to derive the |ink
metrics for all parallel links.

Thi s approach ensures consistent nmetric cal culation and avoi ds
di screpanci es caused by partial Bandwi dth Metric adverti senents anong
paral l el 1inks.

Bandwi dth Metric Considerations
This section specifies the rules of deriving the Bandwi dth Metric if
and only if the winning FAD for the Flex-Al gorithm specifies the
metric-type as "Bandwi dth Metric".

1. If the Generic Metric sub-TLV with Bandwi dth netric-type is
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advertised for the link as described in Section 4, it MJST be
used during the Flex-Al gorithmcal cul ati on.

2. If the Generic Metric sub-TLV with Bandwi dth netric-type is not
advertised for the Iink and the wi nning FAD for the Fl ex-
Al gorithm does not specify the automatic Bandwi dth metric
calculation (as defined in Section 4.1), the link is treated as
if the Bandwi dth Metric is not available for the Iink.

3. If the Generic Metric sub-TLV with Bandwidth netric-type is not
advertised for the Iink and the wi nning FAD (Section 5.3 of
[ RFC9350]) for the Flex-Algorithm specifies the automatic
Bandwi dth netric cal culation (as defined in Section 4.1), the
Bandwi dth Metric MJUST be automatically cal cul ated per the
procedures defined in Section 4.1. |If the Link Bandwidth is not
advertised for a link, the Iink MJST be pruned for the Fl ex-
Al gorithm cal cul ati ons.

4. In 1S1S, for Flex-Al gorithm purposes, the Link Bandwi dth is
advertised as a sub-sub-TLV 9 of the Flex-Al gorithmspecific ASLA
sub-TLV. It is also possible to advertise the |link bandw dth or
Fl ex-Al gorithmin sub-TLV 9 of TLVs 22/222/23/223/ 141 [ RFC5305]
together with the L-flag set in the Flex-Al gorithmspecific ASLA

advertisenment. |In the absence of both of these advertisenents,
the bandwi dth of the link is not available for Flex-A gorithm
pur poses.

Cal cul ati on of Flex-Al gorithm Paths

The following two new additional rules are added to the existing
rules in the Flex-Al gorithmcal cul ati ons specified in Section 13 of
[ RFC9350] :

6. Check if any exclude FAEMB rule is part of the Flex-Al gorithm
definition. |f such exclude rule exists and the Iink has
Maxi mum Li nk Bandwi dt h advertised, check if the |ink bandw dth
satisfies the FAEMB rule. If the link does not satisfy the
FAEMB rul e, the Iink MIUST be pruned fromthe Flex-Al gorithm
conput ati on.

7. Check if any exclude FAEMD rule is part of the Flex-A gorithm
definition. |If such exclude rule exists and the link has Mn
Unidirectional |ink delay advertised, check if the |link del ay
satisfies the FAEMD rule. If the link does not satisfy the
FAEMD rul e, the Iink MJUST be pruned fromthe Fl ex-Al gorithm
comput ati on.

Backward Conmpatibility

Thi s extension brings no new backward-conpatibility issues. This
docunent defines new FAD constraints in Sections 3, 4.1.3, and 4.1.4.
As described in [ RFC9350], any node that does not understand sub-TLVs
in a FAD TLV stops participation in the correspondi ng Fl ex-Al gorithm
The new ext ensi ons can be depl oyed anong the nodes that are upgraded
to understand the new extensions wthout affecting the nodes that are
not upgraded. This docunent al so defines a new netric adverti senent
as described in Section 2. As per Section 13 of [RFC9350], when the
links do not advertise the nmetric-type specified by the sel ected FAD,
the link is pruned from Fl ex-Al gorithm cal cul ati ons. The new netric-
types and Fl ex-Al gorithms using the new netric-types can be depl oyed
in the network without affecting existing depl oynent.

Security Considerations

Thi s docunent inherits security considerations from[RFC9350].
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Oper ational Considerations

Qperational considerations defined in [ RFC9350] generally apply to
the extensions defined in this docunment as well. This docunent
defines a nmetric-type range for user-defined netrics. \Wen user-
defined netrics are used in an inter-area or inter-level network, al
the domai ns shoul d assi gn sanme neaning to the particular netric-type.
The YANG data nodels for Flex-Algorithmextensions are defined in
docunent s [ OSPF- AUGVENTATI ON] and [ 1 SI S- AUGVENTATI QN] .

Before the router goes into naintenance activity, the traffic needs
to be diverted away fromthe router. This is achieved by setting the
overload bit or setting link nmetrics on the router to a high val ue.
In case of Generic Metric, the link metrics can be set to a Maxi mum
usable netric for OSPF and IS-1S. The traffic will be diverted away
fromthe router to a shorter available path. |f there are no
alternate paths available, traffic will stay on the router as the
l'inks are not renoved fromthe Flex-Al gorithm cal cul ati on when t hey
are set to a maxi mumnetric per [ RFC9350].

| ANA Consi der ati ons
1. 1GP Metric-Type Registry

The "1 GP Metric-Type" registry has been updated to include another
col umm speci fying whether the particular metric-type is allowed in
the Generic Metric sub-TLV. The range 128-255 is redefined by this
docunent as a user-defined range, and this range does not require
St andards Action [ RFC8126] .

[} ety e ———————————————————————_ Ll —p—_————— Ll pp—p—p—p—_—_————————r
| Type | Description | Reference | Allowed in |
| | | Generic-Metric
| O | 1GP Metric | Section | No |
I I | 5.1 of I I
| | | [RFC9350] | |
R o e e e e e e e oo S S +
| 1 | Mn Unidirectional Link | Section | No |
| | Delay as defined in | 5.1 of | |
| | [RFC8570], Section 4.2 | [RFC9350] | |
| | and [ RFC7471], | | |
| | Section 4.2 | | |
R o e e e e e e e oo S S +
| 2 | Traffic Engineering | Section | No |
| | Default Metric as defined | 5.1 of | |
| | in [RFC5305], Section 3.7 | [RFC9350] | |
| | and Traffic Engi neering | | |
| | Metric as defined in | | |
| | [RFC3630], Section 2.5.5 | | |
S e e e e e e e eaea oo n Fom e o a o +
| 3 | Bandwi dth Metric | RFC 9843 | Yes |
S o e e e e e e e e e e oo - R o a o +
| 128-255 | Reserved for User-Defined | RFC 9843 | Yes |
| | Metric | | |
R o e e e e e e e oo S S +

Table 1. I GP Metric-Type Registry
2. 1S 1S Sub-Sub-TLVs for Flexible A gorithm Definition Sub-TLV

The "1 S-1S Sub-Sub-TLVs for Flexible AlgorithmDefinition Sub-TLV'
registry is part of the "IS-1S TLV Codepoi nts" registry group

Type: 6
Description: 1S-1S Exclude M ni mum Bandw dt h



Ref er ence: RFC 9843, Section 3.1.1

Type: 7
Description: |S-1S Exclude Maxi num Del ay
Ref erence: RFC 9843, Section 3.1.2

Type: 8
Description: 1S-1S Reference Bandwi dth
Ref erence: RFC 9843, Section 4.1.3.1

Type: 9
Description: 1S-1S Bandwi dth Threshol d
Ref erence: RFC 9843, Section 4.1.3.2

.3. OSPF Sub-TLVs for Flexible A gorithm Definition Sub-TLV

The "OSPF Fl exible Al gorithmDefinition TLV Sub-TLVs" registry is
part of the "Open Shortest Path First (OSPF) Paraneters" registry

gr oup.

Type: 6
Description: OSPF Exclude M ni num Bandwi dt h
Ref erence: RFC 9843, Section 3.2.1

Type: 7
Description: OSPF Excl ude Maxi mum Del ay
Ref erence: RFC 9843, Section 3.2.2

Type: 8
Description: OSPF Reference Bandwi dth
Ref erence: RFC 9843, Section 4.1.4.1

Type: 9
Description: OSPF Bandw dth Threshol d
Ref erence: RFC 9843, Section 4.1.4.2

.4. 1S 1S Sub-TLVs for TLVs Advertising Neighbor Information

The "1 S-1S Sub-TLVs for TLVs Advertising Nei ghbor |nfornmation”
registry is part of the "IS-1S TLV Codepoi nts" registry group

Type: 17

Description: Generic Metric

TLVs set to "Y': 22, 23, 25, 141, 222, and 223
Ref erence: RFC 9843, Section 2.1

. 5. Sub-Sub- TLV Codepoi nts for Application-Specific Link Attributes

The "1S-1S Sub- Sub- TLV Codepoi nts for Application-Specific Link
Attributes" registry is part of the "IS- 1S TLV Codepoi nts" registry

group.
Type: 17

Description: Generic Metric
Ref erence: RFC 9843, Section 2.1

.6. OSPFv2 Extended Link TLV Sub-TLVs

The "OSPFv2 Extended Link TLV Sub-TLVs" registry is part of the "QOpen
Shortest Path First v2 (OSPFv2) Paraneters" registry group

Val ue: 25
Description: Generic Metric
L2BM Y

Ref erence: RFC 9843, Section 2.2
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7. Types for Sub-TLVs of TE Link TLV (Val ue 2)

The "Types for sub-TLVs of TE Link TLV (Value 2)" registry is part of
the "Open Shortest Path First (OSPF) Traffic Engineering TLVS"
registry group.

Val ue: 36

Description: Generic Metric

Ref erence: RFC 9843, Section 2.2
8. (OSPFv3 Ext ended-LSA Sub-TLVs

The " OSPFv3 Ext ended-LSA Sub- TLVsS" registry is part of the "Open
Shortest Path First v3 (OSPFv3) Paranmeters" registry group.

Val ue: 34
Description: Generic Metric
L2BM Y

Ref er ence: RFC 9843, Section 2.2
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Appendi x A.  Updated List of Rules for Pruning Links in Flex-Al gorithm
Topol ogy

This section lists the entire set of rules to prune links from Fl ex-
Al gorithm topol ogy during Flexible Al gorithmcalculation. It
includes the original rules defined in Section 13 of [RFC9350] as
well as the new additions (rules 6 and 7) described in this docunent.
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
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 Group 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. 1f 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 MJUST be pruned fromthe conputation.

5. If the Flex-Al gorithm Definition uses sonething other than the
IGP nmetric (Section 5 of [RFC9350]), and such nmetric is not
advertised for the particular link in a topology for which the
computation is done, such link MJST be pruned fromthe
conmputation. A netric of value 0 MUST NOT be assunmed in such a
case.

6. Check if any exclude FAEMB rule is part of the Flex-Al gorithm
Definition. |If such exclude rule exists and the |ink has Maxi mum
Li nk Bandw dth advertised, check if the |link bandw dth satisfies
the FAEMB rule. |If the link does not satisfy the FAEMB rule, the
link MJUST be pruned fromthe Fl ex-Al gorithm conputation.

7. Check if any exclude FAEMD rule is part of the Flex-A gorithm
Definition. |If such exclude rule exists and the link has Mn
Uni directional Link Delay advertised, check if the |link del ay
satisfies the FAEMD rule. If the link does not satisfy the FAEMD
rule, the Iink MUST be pruned fromthe Flex-Al gorithm
comput ati on.
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