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Abstract

| GP protocols traditionally conpute best paths over the network based
on the I1GP netric assigned to the links. Many network depl oynents
use RSVP-TE based or Segnment Routing based Traffic Engineering to
enforce traffic over a path that is conputed using different netrics
or constraints than the shortest I GP path. Various mechani sns are
used to steer the traffic towards such traffic engi neered paths.

Thi s docunment proposes a solution that allows | GPs thenselves to
comput e constraint based paths over the network without the use of

t he above nentioned traffic engineering technol ogi es.

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 docunments of the Internet Engineering
Task Force (1ETF). Note that other groups may also distribute
wor ki ng docunents as Internet-Drafts. The list of current Internet-
Drafts is at https://datatracker.ietf.org/drafts/current/.

Internet-Drafts are draft documents 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 August 20, 2018.
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Provisions Relating to | ETF Documents
(https://trustee.ietf.org/license-info) in effect on the date of
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carefully, as they describe your rights and restrictions with respect
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include Sinplified BSD Li cense text as described in Section 4.e of
the Trust Legal Provisions and are provided without warranty as
described in the Sinplified BSD License.
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1. Introduction

| GP comput ed path based on the shortest IGP netric nust often be
replaced by traffic engineered path due to the traffic requirenents
which are not reflected in the |G netric. Some networks engi neer
the 1GP netric assignnents in a way that the IGP Metric reflects the
link bandwi dth or delay. |If, for exanple, the IGP netric is
reflecting the bandwidth on the link and the application traffic is
del ay sensitive, the best |GP path nay not reflect the best path from
such application s perspective.

To overcome such IGP limtation, various sorts of traffic engineering
has been depl oyed, including RSVP-TE or SR-TE, in which case the TE
conmponent is responsible for conputing the path based on additiona
metrics and/or constraints. Such paths need to be installed in the
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forwardi ng and replace the original paths conputed by | GPs. Tunnels
are often used to represent the engi neered paths and mechani sns |ike
one described in [ RFC3906] are used to replace the native |IGP paths
with such tunnel paths.

Segnment Routing (SR) allows a flexible definition of end-to-end paths
within | GP topol ogi es by encodi ng paths as sequences of topol ogica
sub-paths, called segnents. It also defines an al gorithmthat
defines how the paths are computed. It also provides a way to
associate Prefix-SIDwith an algorithm This allows |GPs to conpute
pat hs based on various algorithns and cause traffic to be forwarded
on such paths using the algorithmspecific segnents.

Thi s docunment describes the IS-1S extension to support Segnent
Routing Flexible A gorithmon an MPLS dat a- pl ane.

1.1. Requirenents notation

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

2. Flexible Al gorithm

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

sophi sticated form of constraint can include sone extended netric as
described in [RFC7810]. Constraints which restrict paths to |inks
with specific affinities or avoid links with specific affinities are
al so possible. Conbinations of these are al so possible.

To provide maximumflexibility we do not want to provide a strict
mappi ng between the set of constraints and the algorithmthat is
associated with it. W want the napping between the al gorithmval ue
and it’s meaning to be flexible and defined by the user. As far as
all routers in the dormai n have the comon understandi ng what the
particul ar algorithm val ue represents, the conputation for such
algorithmis consistent and traffic is not subject to any | ooping.

Because the neaning of the algorithmis not defined by any standard,
but is defined by the user, we call it Flex-Al gorithm

3. Flexible A gorithm Adverti senent
[I-D.ietf-isis-segnent-routing-extensions] defines an SR-Al gorithm

This algorithmdefines how the best path is conputed by the IGP
Rout ers advertise the support for the algorithmas a node capability.
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Prefix SIDs are al so advertised with an algorithmvalue and as such
are tightly coupled with the algorithm

Exi sting advertisenent of the SR-Algorithmis used for the Fl ex-
Al gorithm adverti senents as defined in
[I-D.ietf-isis-segment-routing-extensions].

SR-Algorithmis a one octet value. W propose to split the range of
val ues as foll ows:

0-127 - standardi sed val ues assi gned by | ANA
128- 255 - user defined val ues.
4. Flexible Algorithm Definition Advertisenent
To guarantee the | oop free forwarding for paths conputed for a
particular Flex-Algorithm all routers in the flooding scope of the
al gorithmdefinition MIJST agree on the definition of the Flex-
Al gorithm
4.1. Flexible Al gorithm Definition Sub-TLV

Fl exi bl e Al gorithm Definition Sub-TLV (FAD Sub-TLV) is used to
advertise the definition of the Flex-Al gorithm

FAD Sub-TLV is advertised as Sub-TLV of the IS-1S Router Capability
TLV-242 that is defined in [ RFC7981].

When the definition of the Flex Algorithmis advertised, it is
applicable to all topol ogi es supported on the receiving node.

FAD Sub-TLV has the follow ng format:
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0 1 2 3
01234567890123456789012345678901
B T s T S i S S S i (T S I S S S o S i
Type [ Length [ Algorithm | Metric Type |
B e i T S S i S S S S S
Al g. Type [ Priority [
B i I T i i S S S i SR N S
Sub- TLVs

+-

I
+-+
I
+- +

I I
+ +
I I
I I
R R e R e s s e o S S e R e o o
wher e:

Type: TBD1

Lengt h: variabl e, dependent on the included Sub-TLVs

Al gorithm Flex-Al gorithm nunber. Value between 128 and 255
i ncl usi ve.

Metric Type: Type of netric to be used during the cal cul ation
Fol | owi ng val ues are defi ned:

0: IGP Metric
1: Mn Unidirectional Link Delay as defined in [ RFC7810].
2: TE default nmetric as defined in [ RFC5305].

Al gorithm Type: Single octet identifying the algorithmtype used
to conpute paths for the Flex-Algoritm Values are defined in
"I GP Algorithm Types" registry defined under "Interior Gateway
Protocol (1GP) Paranmeters" |ANA registries

Priority: Single octet that specifies the priority of the
adverti sement.

Sub- TLVs - optional sub-TLVs.

When the router is configured with the local definition of the Flex-
Al gorithm the router MJST advertise its local definition in the FAD
Sub-TLV. If the local definition of the Flex-Al gorithmis not
advertised, the inconsistency in the configuration of the Flex-

Al gorithm on various nodes cannot be detected and traffic routed
based on a Flex-Algorithmpath may | oop pernmanently.

Psenak, et al. Expi res August 20, 2018 [ Page 5]



Internet-Draft I SI'S Segnent Routing Flex Al gorithm February 2018

Every router, that is configured to support a particul ar Flex-
Al gorithm MUIST select the Flex-Al gorithmdefinition based on the
foll owi ng rul es:

From the received advertisenments of the FAD, select the one(s)
with the highest priority.

If there are nultiple advertisenents of the FAD with the same
hi ghest priority, select the one that is originated fromthe
router with the highest Router ID. Router IDis required to be
advertised in every Router Capability TLV [ RFC7981].

If the router has a local definition of the Flex-Al gorithm
compare it with the received FAD adverti sements using the sane
rul es as have been used to pick the best FAD advertisenent, e.g.
priority and Router |ID

A router that is not configured to support a particular Flex-
Al gorithm MJST ignore FAD Sub-TLVs advertisenments for such Fl ex-
Al gorithm

Having a deternministic way that always produces a valid Fl ex-

Al gorithmdefinition avoids conflicts and nmaxim zes the availability
of the forwarding for the traffic that is using the Flex-Al gorithm
pat hs.

Any change in the Flex-Algorithmdefinition may result in tenporary
di sruption of traffic that is forwarded based on such Fl ex-Al gorithm
paths. The inpact is sinmilar to any other event that requires
networ k wi de convergence

The FAD Sub-TLV of the IS-1S Router Capability TLV-242 MJIST be
propagat ed throughout the level. It MAY be advertised across | eve
boundaries, if the S-flag in the Router Capability TLV is set. The
S-Flag SHOULD not be set by default unless |ocal configuration policy
on the originating router indicates donain w de fl ooding.

Fl ex-Al gorithmdefinition is topol ogy i ndependent. A node which
advertises support for a given Flex-Al gorithmmy support that Flex-
Al gorithmon any subset of the topologies it supports. Enabling of a
supported Flex-Al gorithmon a given topology is a matter of |oca
configuration. For a given topology, if out of the set of nodes
supporting that topol ogy AND advertising support for a given Flex-
Algorithmonly a subset of the nodes actually conpute/install Flex-
Al gorithm specific paths in the forwardi ng plane for that topol ogy,
some traffic intended for such topol ogy/Fl ex-Al gorithm could be
dropped if forwarded to a node on which the Flex-Al gorithmis not
enabl ed on that topol ogy.
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4.2. Flexible A gorithm Exclude Adnin G oup Sub-TLV

The Fl exible-Algorithmdefinition can specify 'colors’ that are used
by the operator to exclude links during the Flex-Al gorithmpath
conput ati on.

Fl exi bl e Al gorithm Exclude Adnin G oup Sub-TLV (FAEAG Sub-TLV) is a
Sub- TLV of the FAD Sub-TLV. It has the follow ng format:

0 1 2 3
01234567890123456789012345678901
T T S S

| Type | Length |

B i s T T S T et S S T S I T s sl s ol ST S S S
| Ext ended Adm n G oup |
+- -+
| |
o T g S S
wher e:

Type: 1

Length: variabl e, dependent on the size of the Extended Adnmin
Goup. MJIST be a multiple of 4 octets.

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

FAEAG Sub- TLV SHOULD only appear once in FAD Sub-TLV. |If it appears
nore then once, FAD Sub-TLV MJST be ignored by the receiver.

4.3. Flexible AlgorithmInclude Adnin G oup Sub-TLVs
The Flexible-Algorithmdefinition can specify 'colors’ that are used
by the operator to include links during the Flex-Al gorithmpath
conput ati on.

The format of the include Sub-TLVs is identical to the format of the
FAEAG Sub-TLV in Section 4. 2.

Two forns of inclusion are available - include-any and include-all.
Fl exi bl e Al gorithm I nclude-Any Adnin G oup Sub-TLV - Type 2.

Fl exi bl e Al gorithm Include-All Admin Goup Sub-TLV - Type 3.
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Fl exi bl e Al gorithm Include Adnmin Goup Sub-TLVs SHOULD only appear
once in FAD Sub-TLV. |If any of these Sub-TLVs appear nore then once,
FAD Sub- TLV MJUST be ignored by the receiver.

5. Calculation of Flexible Al gorithm Paths
A router may conpute path for multiple Flex-Al gorithns.

A router MJST be configured to support Flex-AlgorithmK before it can
compute any path for Flex-Al gorithmK

A router MJST either be configured with a |ocal definition of Flex-
Al gorithm K or receive the definition via the FAD Sub-TLV, as
described in Section 4.1, before it can conpute any path for Flex-
Al gorithm K.

When conputing the path for Flex-AlgorithmK, all nodes that do not
advertise support for Flex-AlgorithmK in SR Al gorithm Sub-TLV
([1-D.ietf-isis-segnent-routing-extensions]), MJST be pruned fromthe

t opol ogy.

When conputing the path for Flex-AlgorithmK, the netric that is part
of the Flex-Algorithmdefinition (Section 4.1) MJST be used.

Various link include or exclude rules can be part of the Fl ex-
Algorithmdefinition. These rules use Extended Adm nistrative G oups
(EAG as defined in [ RFC7308]. [RFC7308] uses term’colors’ as a
shorthand to refer to particular bits with an EAG  Link
advertisement CAN al so i nclude EAG which describe which color is set
on the I|ink.

Li nk advertisement CAN al so include Administrative Goup (AG TLV
([ RFC5305]). The coexistence of EAG and AG is described in the
section 2.3.1 of [RFC7308].

Rules, in the order as specified below, MJST be used to prune link
fromthe topol ogy during the Fl ex-Al gorithm conputation.

For all links in the topol ogy:

1. Check if any exclude rule is part of the Flex-Al gorithm
definition. |f such exclude rule exists, check if any col or that
is part of the exclude rule is also set on the link. |If such a
color exist, the |ink MIST be pruned fromthe conputation.

2. Check if any include-any rule is part of the Flex-Al gorithm

definition. if such include-any rule exists, check if any color
that is part of the include-any rule is also set on the link. |If
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such col or does not exist, the link MJST be pruned fromthe
conmput at i on.

3. Check if any include-all rule is part of the Flex-Al gorithm
definition. |f such include-all rule exists, check if all colors
that are part of the include-all rule are also set on the I|ink.
If not all such colors are set on the link, the link MJST be
pruned fromthe conputation.

4. If the Flex-Algorithmdefinition uses other than I1GP netric
(Section 4.1), and such netric is not advertised for the
particular link in a topology for which the conputation is done,
such link MJST be pruned fromthe computation. A nmetric of val ue
0 MJST NOT be assumed in such case.

Fl ex- Al gorithm K path MJST be installed in the MPLS forwardi ng pl ane
using the MPLS | abel that corresponds to the Prefix-SID that was
advertised for algorithmK If the Prefix SID for algorithmK is not
known, the Flex-AlgorithmK path to such prefix MJST NOT be installed
in the MPLS forwardi ng pl ane.

Loop Free Alternate (LFA) paths for Flex-A gorithm K path MJST be
conmput ed using the sane constraints as the calculation of the prinmary
paths for Flex-Al gorithmK.  LFA path MJST only use Prefix-SIDs
advertised specifically for algorithmK to enforce the traffic over
such path. LFA path MJUST NOT use Adjacency-SID that belong to the
link that has been pruned fromthe conputation.

If LFA protection is being used to protect Flex-Al gorithmK paths,

all routers in the area SHOULD advertise at |east one Flex-Al gorithm
K specific Prefix-SID. These Prefix-SIDs are used to enforce traffic
over the LFA computed backup path.

Fl ex- Al gorithm paths MAY be used by other applications, that do not
utilize MPLS forwarding plane. It is outside of the sope of this
specification, how these application learn and use the Flex-Al gorithm
specific paths.

Any Shortest Path Tree calculation is limted to a single area. Same
applies to Flex-Algorithmcal culations. Gven that the conputing
router nmay not have the visibility to the topol ogy of renote areas,
the Flex-AlgorithmK path to an inter-area prefix will only be
conputed for the local area. The egress L1/L2 router will be

sel ected based on the best path for the Flex-AlgorithmK in the |ocal
area and such egress L1/L2 router will be responsible to conpute the
best Flex-AlgorithmK path over the next area. This may produce end-
to-end path, which is not the best fromthe Flex-A gorithmK
perspective. |If the best end-to-end path for Flex-A gorithm K needs
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to be used for inter-area destinations, paths for such destinations
need to be computed by the entity that has the topol ogica
i nformati on about all areas.
6. Backward Conpatibility
Thi s extension brings no new backward conpatibility issues.
7. Security Considerations
Thi s extension adds no new security considerations.

8. | ANA Consi derati ons

Thi s docunments request allocation for the following I SIS TLVs and
SubTLVs.

8.1. Sub TLVs for Type 242

Thi s docunment makes the followi ng registrations in the "sub-TLVs for
TLV 242" registry.

Type: TBD1l (suggested val ue 24).
Description: Flexible A gorithm Definition Sub-TLV.
Ref erence: This docunment (Section 4.1).

8.2. New Sub-Sub-TLV registry

Thi s docunent creates the follow ng Sub-TLV Registry:

Regi stry: Sub-TLVs for Flexible A gorithm Definition Sub-TLV
Regi stration Procedure: Expert review
Ref erence: This docunent (Section 4.1)

This docunment resisters follow ng Sub-TLVs in the "Sub-TLVs for
Fl exi bl e Al gorithm Definition Sub-TLV" registry:

Type: 1
Description: Flexible Al gorithm Exclude Adnin G oup Sub-TLV
Ref erence: This docunent (Section 4.2).

Type: 2
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Description: Flexible A gorithmlnclude-Any Adnin G oup Sub-TLV
Ref erence: This docunment (Section 4.3).
Type: 3
Description: Flexible Al gorithmlnclude-Al Admin Goup Sub-TLV
Ref erence: This docunment (Section 4.3).

8.2.1. Flexible AlgorithmDefinition TLV Metric Registry

This docunent creates the follow ng Registry:

Regi stry: Flexible AlgorithmDefinition TLV Metric Registry
Regi stration Procedure: Expert review
Ref erence: This docunent (Section 4.1)

This document registers followi ng values in the "Flexible
AlgorithmDefinition TLV Metric Registry":

Type: TBD, suggested value O
Description: I1GP netric
Ref erence: This docunent (Section 4.1)
Type: TBD, suggested value 1
Description: Mn Unidirectional Link Delay [RFC7810]
Ref erence: This docunent (Section 4.1)
Type: TBD, suggested val ue 2
Description: TE Default Metric [ RFC5305]
Ref erence: This docunent (Section 4.1)
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