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Abst ract

In many cases, a |arge nunmber of routes can be reached by multiple
next hops. Wien a link fails, route calcul ati on needs to be
performed and a new reachabl e path needs to be calculated. |If all
routes are re-calculated and refreshed, the calculation tine
increases linearly as the nunber of routes increases, resulting in a
long tine for route convergence. This docunent describes an
architecture where the nunber of prefixes is independent. This
architecture allows routes to be recal cul ated when paths change,
regardl ess of the nunber of |1GP routes.

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 (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 docunments valid for a maxi num of six nonths
and nmay 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 15 August 2025
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docunent authors. Al rights reserved.
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Thi s docunent is subject to BCP 78 and the | ETF Trust’'s Lega
Provisions Relating to | ETF Documents (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
and restrictions with respect to this docunent. Code Conponents
extracted fromthis docunment nust include Revised BSD License text as
described in Section 4.e of the Trust Legal Provisions and are

provi ded without warranty as described in the Revised BSD License.
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1. Introduction
In nmodern networks, it is not uncommon to have a prefix reachable via
multiple paths. When the primary link fails, routes nust be
converged again as soon as possible.
For the OSPF route cal cul ati on process, see [ RFC2328].

1) Calculate the shortest path (spf) tree fromthe root node to al
routi ng nodes based on the |ink status.

2) The cost of each prefix is calculated according to the distance
between the root node and the router node in the shortest path tree.

VWhen t he nunber of prefixes increases, route convergence slows down.
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Thi s docunent proposes a hierarchical shared forwardi ng chain
organi zation that allows traffic to be restored in tine periods

i ndependent of prefix nunber. This technology relies on interna
router behavior that is conpletely transparent to operators and can
be depl oyed and enabl ed progressively w thout operator intervention

2. Conventions used in this document

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

3. Termi nol ogy
The following terns are defined in this draft:

* | @GP prefix: Aprefix Pfm (of any AFI/SAFI) that is learnt via an
Interior Gateway Protocol, such as OSPF and I1SIS, has a path for
The prefix may be learnt directly through the G or redistributed
from ot her protocol (s)

* OSPF ABR Node: OSPF Area Boundary Router, A OSPF router between
mul tiple areas

* (OSPF ASBR Node: OSPF AS boundary router, A OSPF router that
exchanges routing information with routers in other AS

* OSPF Node: A node is associated with a real OSPF router or the
conbi nation of multiple OSPF routers that advertise the sane
prefix. Real OSPF Routers include OSPF ABR Node, OSPF ASBR Node,
and OSPF ordi nary Node.

* SIS Node: A node is associated with a real 1SIS router or the
conbination of multiple ISIS routers that advertise the sane
prefix

* | GP Node: including OSPF Node and | SI'S Node

4. Overview

The idea of IGP-PIC is based on two pillars,

1) A shared forwardi ng Chain: |Instead of having g separate list of

next - hops for each destination, all destinations sharing the same

list of next-hops can point to a single copy of this thereby allow ng

fast convergence by nmaking changes to a single shared list of next-
hops rather than possibly a | arge nunber of destinations.
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2) A forwarding plan that support multiple levels of indirection: A
forwarding that starts with a destination and ends with an out goi ng
interface is not a sinmple flat structure. Instead a forwarding entry
is constructed via multiple | evels of dependency.

Desi gning a forwardi ng pl ane that constructs multi-Ilevel forwarding
chains with maxi mal sharing of forwarding objects allows rerouting a
| arge number of destinations by nodifying a small nunber of objects

t her eby achi eving convergence in a tine frame that does not depend on
t he number of destinations.

Sinmlar to the inplenentati on of BGP-PIC,
see[l-D.ietf-rtgwg-bgp-pic]chapter 2 for details.

4.1. Dependency

This section describes the required functionality in the forwarding
and control planes to support |GP-PIC described in the docunent.

IGP PIC requires a hierarchical hardware FIB support: for each IGP
forwarded packet, a destination is |ooked up, then an | G® Node, then
an Adj acency.

4.2. FRR Consideration

As per [RFC5286] Rapid failure repair is achieved through use of
precal cul at ed backup next-hops that are |oop-free and safe to use
until the distributed network convergence process conpletes. So
based on backing up the next hop of the current route in advance, FRR
can achieve rapid switching of faulty Iinks.

+o-mm - +
[----] S |----\
/ +----- + \
/5 8\

/ \
+o--- - + +o--- - +
| E | | N_1 |
+o-m - - + +o-m - - +

\ /

\ \' 4 3/ 1/
\ \ [ |/
- \ +----- + [ +-

\-- - D |---/
+o-m - - +

Figure 1: Node Protection Topol ogy
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As shown in the figure, the optimal next hop fromoriginal device S
to Dis EE If we take N.1 as the next hop for backup fromS to E,
when there is a fault between S and E, the data packet to D is handed
over to N 1. It can be forwarded to D normally, so N 1 has the
qualification for backup next hop fromSto E. But if the COST val ue
of the direct link fromN.1 to Dis greater than 17,before the route
on N_1 converges again, the next junp fromN1to Dis Sinstead of D
thus form ng a tenmporary loop. So as per [RFC5286]

A nei ghbor N 1 can provide a |oop-free alternate (LFA) if and only if
Di stance opt(N 1, D) < Distance opt(N 1, S) + Distance opt(S, D)

+----- + +----- +
R | N
+- - - -+ 6 +--m - - +
I I
| 5 2 |
I I
I +o- oo +
+--- - E |---+
+- - +- -+
I
| 3
I
+-- - -+
| D |
+--m - - +

Figure 2: Link Protection Topol ogy

Anot her typical scenario is shown in figure 2. Wen S and N Both
have enabled IP FRR, so S and Nwll treat each other as their backup
to the next hop of the D main path. At this tinme, when downstream
node E fails, S and Nwill send nessages to D to each other and
resulting in a mcroloop. So the priority of node protection is

hi gher than that of |ink protection.

4.3. |IG-PIClllustration
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+---4

Fomm e |R2 |------- +

| +---+ |

I I
+---+ +---+  Prefix-1
| RL | | R4 | Prefix-2
+---+ +-- -+

| | Prefix-n

| oo |

+o-m - - |R3 |------- +

+---+

Figure 3: Single source PIC network diagram

As shown in the figure 1, R4 advertides n prefix routes. Rl->R2->R4,
R1->R3->R4. Wen the link between RL and R2 is faulty, route
calculation is perfornmed again. Topology cal culation is perforned
first to calculate the path to R4 fromthe original equal-cost path
to the single path R1->R3->R4. Routes fromprefix-1 to prefix-n are
recal cul ated, and forwarding entries are updated for all routes.

When the nunber of prefix-1 to prefix-n increases, the tinme for route
cal culation and forwardi ng tabl e update increases as the nunber of
routes increases, which slows route convergence.

For prefix-1 to prefix-n routes, since they are all advertised by R4,
their paths are the same after switching. |In route calculation, the
change of the route to R4 only needs to be cal cul ated once, and the
forwarding table to R4 needs to be updated to the new forwarding
path. The route fromPrefix-1 to Prefix-n can be updated. This is
the convergence of prefix-independent routes.

Before PIC route calculation, the prefix needs to be associated with
the 1GP Node. |In the current exanple, the IG node is the real

router R4.

Prefix I GP Node Next Hop
Fomm e - o - + Fomm oo - +

| Prefix-1] | R4 | ---->R2
| Prefix-2]|---> | ---->R3
| ... | L +

| Prefix-n|

S +

Figure 4: Single source PIC Forward
When path switching occurs, only the forwarding path of the | GP node

needs to be updated fromthe equal -cost route ECMP path R2+R3 to R3,
wi t hout recal culating and updating all prefixes. This saves the tine
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5.

5.

1.

of route calculation and forwardi ng table update, and inproves the
speed of route convergence. |In the process of PIC route cal culation
update, that is, the next hop information to the corresponding | GP
node i s updated regardl ess of the specific prefix.

+---+? ? +---+? Prefix-1

Fommmm - |R2 |------- | R4 | Prefix-2
| +---+ +---+
| Prefix-n
+---+
|RL |
+---+
I
| +---+ +---+ Prefix-1
oo |R3 |------- | RS | Prefix-2
+---+ +---+
Prefix-n

Figure 5: Milti-source PIC network di agram

In the case of nultiple sources, the multiple destination nodes are
conbi ned into conbined | GP node and the path is calculated for this
conbi ned node.

Prefix I GP Node Next Hop
Fomm e - o - + Fomm oo - +
| Prefix-1]| | R4, RS | ---->R2
| Prefix-2|--->| | ---->R3
| ... | AR +
| Prefix-n|
Fommmaa - +

Figure 6: Milti-source PIC Forward

When the path changes, route calculation is perforned again for the
conbi ned node (R4, R5), and the forwarding path is updated fromthe
original R2+R3 to R3 without route calculation for all prefixes and
forwardi ng tabl e flushing.

ISIS PIC

Mai nt enance of |SIS | GP-nodes
For single-source prefixes, when an ISIS LSP is received carries the
prefix TLV, an ISIS IGP Node is created and associated with the
prefix. The key of ISIS IGP Node is systemid, |level, and topo.

If the prefix is advertised by the LSP of the pseudo node, the key of
ISIS IGP Node is systemid, pseudo node ID, |evel, and topo.
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6

6

For multi-source prefixes, Miltiple ISIS routers advertise the sane
prefix through LSPs, a conbined ISIS IGP node is create and
associated with the prefix. The key of the conmbined ISIS I GP node is
multiple (systemid, |evel, and topo).
2. PIC Route Comnpute

The procedure for route calculation is as foll ows,

(1) Calculating the shortest-path tree for Level-1 and Level -2

(2) Calculate each routes for Level-1 and Level -2.

When support PIC Route Compute, The procedure for route cal cul ation
is as foll ows,

(1) Calculating the shortest-path tree for Level-1 and Level -2

(2) Instead of calculating routes based on each prefix, the next hop
i nformation i s updated based on | GP- node.

CSPF PIC
1. Maintenance of OSPF | GP-nodes
The key of OSPF I GP-node is router-id, area, and topo.

When the prefix is advertised through a router-LSA, the OSPF | GP-node
is create and the key is router-id, area, and topo.

When the prefix is advertised through a network-LSA, the key of OSPF
| GP-node is router-id, DR | P-Address, area, and topo.

When the prefix is advertised through Type-3 summary-LSA, the key of
OSPF | GP-node is ABR router-id, area, and topo.

When the prefix is advertised through Type-5 AS-external -LSA, the key
of OSPF I GP-node is ASBR router-id, Forwarding Address, and topo.

For multi-source prefixes, Miultiple OSPF routers advertise the sane
prefix through LSAs, a conbined OSPF | GP-node is create and
associated with the prefix. The key of the conbined OSPF | GP-node is
multiple (router-id, area, and topo).
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6.2. PIC Route Conpute
For OSPF route cal cul ation, see [RFC2328], chapter 16, Cal cul ation of
the routing table. The procedure for route calculation is as
fol | ows,

(1) Calculating the shortest-path tree for an area, and then
calculate the intra-area routes.

(2) Calculating the inter-area routes by exam ning summary- LSAs.
(3) Examining transit areas’ sunmary-LSAs.
(4) Calculating AS external routes.

When support PIC Route Conpute, The procedure for route cal cul ation
is as follows,

(1) Calculating the shortest-path tree for an area, and then
calculate the intra-area routes. Instead of calculating intra-area
routes based on each prefix, the next hop information is updated
based on | GP- node.

(2) Calculating the inter-area routes by exam ning sumary-LSAs. |f
the ABR | GP-node has been updated, the inter-area routes do not need
to be recal cul at ed.

(3) Examining transit areas’ summary-LSAs. Instead of cal culating
routes based on each prefix, the next hop information is updated
based on Intra | GP-node and ABR | GP- node.

(4) Calculating AS external routes. |If the ASBR | GP-node has been
updated, the AS external routes do not need to be recal cul ated.

7. Exanple
7.1. 1SS PIC Route
When the Iink to the I GP node changes, the topology is re-calcul ated

and the correspondi ng next hop list is updated, w thout updating the
forwarding table for each prefix.
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0000. 0000. 0002
12.1.1. 2+---+

Fomme e - |R2 |----------- +
| rooot |
|if1,12.1.1.1 |

- -+ - -+ 192.0.0.1/32

| R1 | 0000.0000. 0001 | R4 | 0000.0000.0004 192.0.0.2/32

- -t - -t L
|if2,13.1.1.1 | 192. 168. 0. 10/ 32
| +ooot |
R |R3 |----------- +

13.1.1. 3+---+
0000. 0000. 0003

Figure 7: Single source ISIS PIC network diagram

Prefix | GP Node Next Hop
S + o a o +
| 192.0.0.1/32 | | 0000. 0000.0004 | ---->R2(Via 12.1.1.2,if1)
| 192.0.0.2/32 |--->] | ---->R3(Via 13.1.1.3,if2)
o e +

[... |
| 192. 0. 0. 10/ 32|

Prefix I GP Node Next Hop
S + o e +
| 192.0.0.1/32 | | 0000. 0000. 0004 |
| 192.0.0.2/32 | --->| | ---->R3(Via 13.1.1.3,if2)
. +

| ... |
| 192. 0. 0. 10/ 32|
Figure 7: Single source 1SIS PIC Forward

If the path to R2 is faulty, re-calculate the route and update the
next hop information of the | GP node associated with R4.

7.2. OSPF PIC Route
When the Iink to the | GP node changes, the topology is re-calcul ated

and the correspondi ng next hop list is updated, w thout updating the
forwarding table for each prefix.
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22.22.22.22
12.1. 1. 2+-- -+
Hom--- - |R2 |----------- +
| oo |
[ifl,12.1.1.1 |
ot ot 192.0.0.1/32
|RL | 11.11.11.11 |R4 | 44.44.44. 44 192.0.0.2/32
+---+ +---+
[if2,13.1.1.1 | 192.168. 0. 10/ 32
| 4o |
HFom--- - [IR3 [----------- +
13.1. 1. 3+---+
33.33.33.33

Figure 9: Single source OSPF PI C network diagram

Prefix | GP Node Next Hop

R T + R R +

[192.0.0.1/32 | | 44.44. 44, 44 ---->R2(Via 12.1.1.2,if1)

[192.0.0.2/32 |--->| ---->R3(Via 13.1.1.3,if2)

| | S +

| 192. 0. 0. 10/ 32|

Figure 10: Single source OSPF PIC Forward

Prefix I GP Node Next Hop
o m e e e oo - + oo o - +
| 192.0.0.1/32 | | 44. 44. 44. 44
| 192.0.0.2/32 |--->] ---->R3(Via 13.1.1.3,if2)
o a o +

| ... |
| 192. 0. 0. 10/ 32|
Figure 11: Single source OSPF PIC Forward

If the path to R2 is faulty, re-calculate the route and update the
next hop information of the | GP node associated with R4.
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