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Abst r act

IGP Flexible Algorithmallows | GPs to conpute constraint-based paths
over the network using different types of metrics or constraints.

Thi s docunent defines a new type of constraint called "Tinme
Constraint", which can be used to control the tinme period during
which a Flex-Algorithmtakes effect for constraint-based path

cal culation. Such nechani sm may be useful in network scenarios where
either the traffic demand or the characteristics of the network
varies as a function of tine. The procedures of using Tinme
Constraint in Flexible Algorithmis al so descri bed.

Status of This Meno

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

Internet-Drafts are working docunents of the Internet Engineering
Task Force (I ETF). 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 docunents valid for a maxi mum 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 6 May 2026.
Copyright Notice

Copyright (c) 2025 | ETF Trust and the persons identified as the
docunent authors. Al rights reserved.

Thi s docunent is subject to BCP 78 and the | ETF Trust’s Lega
Provisions Relating to | ETF Docunents (https://trustee.ietf.org/
license-info) in effect on the date of publication of this docunent.
Pl ease revi ew these docunents carefully, as they describe your rights
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and restrictions with respect to this docunent. Code Conponents
extracted fromthis docunent nust include Revised BSD License text as
described in Section 4.e of the Trust Legal Provisions and are

provi ded wi thout warranty as described in the Revised BSD License.
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1. Introduction

I GP Flexible Algorithm[RFC9350] allows I GPs to conmpute constraint-
based paths over the network using different types of netrics or
constraints.

In some network scenarios, the traffic demand varies as a function of
time, and in different tine period, the network path for such traffic
can be conputed using different set of constraints.

In sone other network scenarios, the characteristics of the network
itself, such as the connectivity between nodes, the Iink attributes
or the node attributes may change as a function of tine, the network
path nmeeting specific requirenents may need to be recal cul ated at
specific time, and the calculation result can be used for a specific
time duration.
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[I-D.ietf-tvr-requirements] specifies that the schedul e should be
consi dered for making forwardi ng deci sions and cal cul ating paths in
the distributed routing scenario. However, there are no detai
descriptions on howto calculate paths in a distributed manner and
forward packets based on schedul e.

Thi s docunent defines a new type of constraint called "Tine
Constraint", which can be used to control the time period during
which a Flex-Algorithmtakes effect for constraint-based path
calculation. The procedure of using Tinme Constraints in Flexible
Algorithmis al so descri bed.

1.1. Requirenents Language

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

2. Time Constraints of Flexible Al gorithm

The Tinme Constraints of Flexible Algorithmare used to specify the
time when the Flexible Algorithmis in effect, and only the network
nodes and |inks that are operational and neet other constraints of
the Flexible Algorithmduring the active period can be used for path
computation. It also indicates the tine at which the constraint-
based path conputation of this Flexible A gorithm should be
performed. Similar to other constraints of Flexible Algorithm Tine
Constraint is defined as one sub-TLV of the Flexible A gorithm
Definition (FAD). The Time Constraints sub-TLV specifies the flags,
initial time, end tine, recurrence, slot nunber and the duration of
each time slot when the Flexible Algorithmtakes effect (in this
docunent it is called the Flexible Algorithmis active). The
encoding of Tine Constraint in |IS-1S and OSPF are specified in bel ow
subsecti ons.

2.1. Tinme Constraint Sub-TLV of IS IS FAD TLV

IS-1S Flex-Algo Tine Constraint Sub-TLV is a sub-TLV of the IS 1S FAD
Sub-TLV. 1t has the follow 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 | FI ags | Reserved
e L i i i S th o i R S
~ Initial Time (64 bit) ~
e e L o o T i i o SR NN B SR SR T
| End Time (32 bit) |
B i s T T i i o S o T Ji I
Recurrence (32 bit) |
B S i i s e ek i i

Sl ot Nunber |

B s e e T o i S S S et o S I NI S
Sl ot #1 Enable Tine (32 bit) |
B S S e i S S T A S S S S S S i S S
Slot #1 Disable Time (32 bit) |
B S i i T S e e ek it
B s o T ol i R R S e i ik i Sh SRR N S
Sl ot #n Enable Tine (32 bit) |
B S S e i S S T A S S S S S S i S S
Slot #n Disable Time (32 bit) |
B S i i T S e e ek it
Sub- TLVs -~
B s o T ol i R R S e i ik i Sh SRR N S

+l+—+—+ +—+— +— +—

Figure 1: Encoding of Time Constraint Sub-TLV of IS 1S FAD TLV

Type (8 bits): TBD1, used to identify the type of Tinme Constraint
Sub- TLV.

Length (8 bits): The size of the value field in octets.
Flags (8 bits): Al flags are reserved for future use.

Reserved (8 bits): Reserved for future use. MJST be set to O on
transm ssion and ignored at reception.

Initial Tine (64 bits): The nunber of seconds since the epoch. It is
the base tineline for the Flex-Algorithm s time constraint.

End Tinme (32 bits): The nunber of seconds since the initial time. It
indicates the time when the Flex-Al gorithmexpires. Wen the end
time of a Flex-Algorithmarrives, the routing table of this Flex-

Al gorithm should be deleted. Wen the End Tine is set to O, it

i ndi cates the Flex-Al gorithm never expires.
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Recurrence (32 bits): This is used to indicate the recurrence period
of all the time slots of the Flexible Algorithmin seconds. Wen the
recurrence is set to 0, it indicates the slots in the Flex-Algo are
not cyclic.

Sl ot Nunber (8 bits): It is used to indicate the nunber of tinme slot
inthe following fields. Each tinme slot consists of enable tine and
disable time. The time slots indicate the duration when the Fl ex-
Algorithmis considered active.

Slot# Enable Tine (32 bits): The nunber of seconds since the initial
time. It is used to indicate when the Flex-Algorithmstart to take
effect for a specific time slot.
Slot# Disable Time (32 bits): The nunber of seconds since the initial
time. It is used to indicate when the Fl ex-Al gorithm becones
i neffective.
Sub- TLVs: Optional sub-TLVs.

2.2. Time Constraint Sub-TLV of OSPF FAD TLV

OSPF Fl ex-Algo Tine Constraint Sub-TLV is a sub-TLV of the OSPF FAD
TLV. It has the follow ng fornmat:
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0 1 2 3
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Slot #n Disable Tine (32 bit) |
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Figure 2: Encoding of Time Constraint Sub-TLV of OSPF FAD TLV

Type(16 bits): TBD2, used to identify the type of Time Constraint
Sub- TLV.

Length (16 bits): The size of the value field in octets.

The description, format, and neaning of the flags, Initial Tine, End
tinme, Recurrence, Slot Nunmber, Slot# Enable Tinme, Slot# Disable Tine
fields remain the sanme as in the Tinme Constraint Sub-TLV of IS-1S FAD
TLV.

3. Procedures

The tinme constraint extension brings some updates to the Fl ex-

Al gorithm mechanism This section describes the updates to Fl ex-

Al gorithm Definition advertisement, Flex-Al gorithm path cal cul ati on,
Fl ex- Al gorithm based packet forwarding and traffic sw tching between
Fl ex- Al gorit hns.
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It should be noted that the process of how a node receive tine
variable link-state information is out of scope of this docunent. It
i s assuned that each node can obtain the tinme variable information of
t he whol e network by sonme neans.

3.1. Time-Constrained Flex-Al gorithm Definition Adverti senent

The valid tinme slots and the recurrence of the Flex-Al gorithmcan be
determ ned according to the predicted change of the traffic or the
network. Multiple tinme-constrained Flex-Al gorithns MAY be defined
and advertised for path calculation in different tine ranges. In
this case there is usually no overl appi ng between different tine-
constrai ned Flex-Al gorithms. A tine-constrained Flex-Al gorithm also
includes with other constraints as defined in [ RFC9350]. For
exanple, the Metric Type, the Adm n Goups, etc. Only a subset of
the routers participating in the particular Flex-A gorithmneeds to
advertise the definition of the time-constrained Flex-Algorithm in
which the time constraints are encoded as one Sub-TLV of the FAD TLV
(OSPF) or FAD sub-TLV (1S-19)

3.2. Advertisement of Node Participation in Time-Constrained Flex-
Al gorithm

When a node is configured to participate in a tine-constrained Fl ex-
Al gorithm the node MJST advertise the Flex-Al gorithm participation
according to the data pl ane nmechani smused with Flex-Al gorithm For
SR- MPLS dat a pl ane, the mechani snms defined in [ RFC8665], [RFC8666],
[ RFC8667] MUST be used, and for SRv6 data pl ane, the nechani sns
defined in [ RFC9352], [RFC9513] MJST be used.

Based on the End Time of the Flex-Al gorithm nodes participating in
the Fl ex-Al gorithm MAY withdraw the data plane identifiers it
advertised for the Flex-Algorithm (e.g. the Algorithmspecific SR
SI Ds and SRv6 Locators).

3.3. Tinme-Constrained Flex-Al gorithmPath Cal cul ati on

Constraint-based path conmputation of a tine-constrained Fl ex-

Al gorithm SHOULD be perforned before the enable tine of each valid
time slot of the Flex-Algorithm A local timer MAY be used to
determine the tine at which the calculation is perforned, so that the
calculation is finished at the start time of the tinme slot. The
mechani sm for cal cul ating Fl ex-Al gorithm paths as defined in section
13 of [RFC9350] still applies here. The path conputation SHOULD be
based on the network topology at the noment of the start tine,
possibly with predicted changes of the network topol ogy and
attributes which nay happen during the tinme slot. Only network nodes
and links that are fully operational during the period of the Flex-
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Algorithmtime slot can used in Flex-Al gorithm path conmputation of
that time slot. Topology changes which are received outside any tinme
slot of a Flex-Algorithmare stored only and will not trigger path
calculation of the Flex-Algorithm This way, unnecessary constraint-
based path cal cul ati on can be avoi ded.

3.4. Time-Constrai ned Fl ex-Al gorithm and Packet Forwardi ng

For a tinme-constrained Flex-Algorithm the conputed paths MJST be
installed in the forwardi ng plane of network nodes which participate
in the Flex-Al gorithmbefore the enable tine of each tine slot of the
Fl ex-Al gorithm For SR-MPLS and SRv6 data plane, the mechani sns of
installing Flex-Al gorithmspecific forwarding entries as described in
section 14 of [RFC9350] applies here.

When a packet arrives at the edge of the network, according to the
arrival tinme and local policy, the ingress edge node SHOULD determ ne
which in effect time-constrained Flex-Algorithmw ||l be used for
forwardi ng the packet in the network, then the packet is encapsul ated
with the Flex-Al gorithmspecific SR-MPLS Prefix SID or SRv6 SID
corresponding to the selected Flex-Algorithm The internediate nodes
SHOULD forward the packet according to forwarding entries of the

Fl ex- Al gorithm

3.5. Tinme-Constrained Flex-Al gorithm Swi tching

In order to adapt to the changes in network traffic or network
connectivity, multiple time-constrained Fl ex-Al gorithns MAY be
provi sioned, the effective tinme slots of which are conpl enentary.
This can provide network paths to neet specific requirenment at
different tinme period. At the monents when a Fl ex-Al gorithm becone
inactive (not in any of its valid tine slot), traffic SHOULD be

swi tched over to paths calcul ated with another active tine-
constrai ned Flex-Algorithm Such switchover can be configured via
| ocal policy.

When a timne-constrained Fl ex- Al gorithm becone inactive, network edge
nodes MJUST NOT use Fl ex-Al gorithmspecific data plane encapsul ati on
for any packets received after the disable tine of the Flex-
Algorithm Wile the Flex-Al gorithmspecific forwarding entries
installed in the forwardi ng plane SHOULD NOT be deleted, this is to
make sure that packets in-flight with Flex-Al gorithmspecific data
pl ane encapsul ati on can be forwarded correctly if the path is stil
available. Traffic SHOULD be switched to paths of other Flex-

Al gorithns which can neet the requirenent while have conpl ementary
tinme slots.
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6.

7.

7.

1.

When a Fl ex-Algorithmexpires (the end tinme of the Flex-Al gorithm
arrives), the Flex-Al gorithmspecific forwarding entries installed in
the forwarding plane SHOULD be del eted after a |local configured tine
period, so that the packets in-flight in the network can be forwarded
correctly if the path is still avail able.

By the above nechani sns, there is no packet |oss during the
swi tchover of time-constrained Fl ex-Al gorithmns.

Security Considerations

Thi s document introduces no additional security vulnerabilities in
addition to the ones as described in [ RFC9350].

I ANA Consi derati ons
I ANA is requested to assign a new code point for "Flexible A gorithm

Ti me Constraint Sub-TLV' under the "I S-1S Sub-Sub-TLVs for Flexible
Al gorithm Definition Sub-TLV' Registry.

[} ettty e ———————————(———————————————— Ll p—p—p—_—r
| Type | Description | Reference |
[ el by e el
| TBD1L | Flexible Algorithm Tinme Constraint | This document |
S o m m e e e e e e e e ee oo oo +

Table 1

I ANA is requested to assign a new code point for "Flexible A gorithm
Ti me Constraint Sub-TLV' under the "OSPF Fl exible Al gorithm
Definition TLV Sub-TLV' Registry.

[} ettty e ———————————(———————————————— Ll p—p—p—_—r
| Type | Description | Reference |
[ el by e el
| TBD2 | Flexible Algorithm Tinme Constraint | This docunment |
S o m m e e e e e e e e ee oo oo +
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