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Status of this Memo

This document is an Internet-Draft and is in full conformance with
all provisions of Section 10 of RFC2026 except that the right to
produce derivative works is not granted.

Internet-Drafts are working documents of the Internet Engineering
Task Force (IETF), its areas, and its working groups. Note that
other groups may also distribute working documents as Internet-
Drafts.

Internet-Drafts are draft documents valid for a maximum of six months
and may be updated, replaced, or obsoleted by other documents at any
time. It is dinappropriate to use Internet- Drafts as reference
material or to cite them other than as "work in progress."

The 1list of current Internet-Drafts can be accessed at
http://www.ietf.org/ietf/lid-abstracts.txt

The 1list of Internet-Draft Shadow Directories can be accessed at
http://www.ietf.org/shadow.html.

Abstract

Traffic engineering using MPLS involves the setting up of label
switched paths (LSP) possibly with explicit routing and with
bandwidth guarantees (for label switched paths). The reliability of
these LSPs can be increased by providing a backup LSP onto which
traffic can be switched upon failure of an element in the path of the
active LSP. Backup LSPs can be routed in a way that bandwidth can be
shared between backup links of more than one active path while still
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guaranteeing recoverability for a set of failures. This sharing
greatly increases the network efficiency, thereby -increasing the
number of LSPs that can be carried while maintaining guarantees.
Algorithms which can route such recoverable LSPs while using only
aggregate network usage information are being developed.
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This informational draft illustrates the concept of sharing links
along backup paths and examines the requirements from link state
information and the signaling functions.

Introduction

The Multi Protocol Label Switching (MPLS) working group has developed
a framework and standards which enable traffic engineering of
networks. The framework is described in [8] and the architecture s
described in [7]. The MPLS framework 1is becoming increasing popular
to traffic engineer IP networks.

MPLS uses the label swapping paradigm to switch data over an LSP. The
functional capabilities required for operations in an MPLS domain are
described in [9]. The network layer routing determines the route of
an LSP from the topology of the network and the current demands of
the applications utilizing the network. Link state routing protocols
like OSPF (as described 1in [1]) and IS-IS (as described 1in [2]) can
provide the topology information to network layer routing that
engineers traffic. Signaling protocols like RSVP (as described in [9]
and [10]) and LDP (as described in [11l] and [12]) are then used to
setup the LSP.

Since a LSP traverses a fixed path in the network, its reliability
depends on the links and nodes along the path. Traditionally IP
networks have carried only best-effort traffic. However new
applications are using the IP network infrastructure in ways that
make it highly desirable to incorporate faster repair.

MPLS based recovery provides a faster restoration mechanism than
layer 3 routing. Several methods have been proposed for MPLS based
recovery. A framework and terminology for MPLS based recovery is
described in [3].

Setting up a backup LSP for an active LSP (e.g. [6]) 1is one way to
achieve reliability. A straightforward solution to this problem is to
find two disjoint paths. However this requires at least twice the
amount of network resources. For a restoration objective like single
link failure recovery, links on the backup path can be shared between
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different active paths in a way that single link failure restoration
is guaranteed. This must be done without requiring per-LSP routing
information for all LSPs currently c:arried by the network, since
keeping track of per-LSP routing information for the whole network
is not feasible. It is more desirable to efficiently route
recoverable LSPs with shared backups using only aggregate network
usage information. Aggregate information useful for setting up
shared backup paths is obtainable by adding a few new information
elements to the link state advertisement of a link state routing
protocol like OSPF or ISIS. Algorithms which can operate using
aggregate information are being developed. An example of one such
algorithm 1is described later. Other examples of such algorithms are
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in [4],[5]. These algorithms achieve a very high degree of sharing by
using aggregate information that can be conveyed by a 1link state
routing protocol.

The key concept of sharing backup paths is described in Section 2.
The requirements from link state protocols and signaling protocols
is briefly examined in Section 3.

Concept of Sharing Backup Paths

A brief description of the concept of sharing is described in this
section.

The model under which this principle of sharing is expected to be
deployed 1is very general. The failure entity for which protection is
provided could be a link, node, or Shared Risk Link Group (SRLG).
Requests for LSPs should be routed as they arrive (online). A new
type of LSP can be computed where given a source and destination, an
active path and a backup path (possibly shared) 1is calculated.
Bandwidth on links on the backup path are possibly shared between
backup paths of other active paths in a way that single
link/node/SRLG failure restoration is guaranteed. As requests for
setup and teardown of such LSPs arrive and link failures occur, the
total link bandwidth allocated for active paths and backup paths vary
accordingly.

Sections 2.1 through 2.3 illustrate the sharing concept through some
examples and Section 2.4 outlines one simple algorithm that achieves
sharing and guarantees single link failure recovery. This algorithm

needs only aggregate information. [4] and [5] are other dinstances of
similar algorithms. They achieve a very high degree of sharing using
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only aggregate information. Section 2.5 outlines a framework for
distributed determination of the shared bandwidth on a link for
backup paths during path signaling.

2.1 Sharing Backup: Single Link Failure Recovery
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Figure 1 : Sharing backup links with link failure recovery
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Figure 1 illustrates a simple case of sharing of backup paths in a
way that single link failure can be recovered. A and B are label
switch routers. Say each link is of unit bandwidth and each LSP
request is also of unit bandwidth. L1 and L2 are two active paths.
L1lb is the backup for L1 and L2b 1is the backup for L2. Llb and L2b
can be accomodated on the same link by sharing the bandwidth.
Clearly, 1if either one of L1 or L2 fail the system can recover.

2.2 Sharing Backup : Single Node Failure Recovery

Figure 2 illustrates a simple case of sharing of backup paths in a
way that single node failure can be recovered.

———- L1b L2b ———-
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Figure 2 : Sharing backup links with node failure recovery

A,B, ... G are label switch routers. L1 is an active path along
E-F-G. The corresponding backup L1lb is along the path E-C-D-G.
Similarly L2 1is an active path along A-B. L2b 1is the corresponding
backup path along A-C-D-B. Clearly, if max-bandwidth(L1,L2) ds
allocated on link C-D for L1lb and L2b together, the system can
ensure single node failure recovery.

2.3 Local Restoration: Single Link/Node Recovery
Local restoration (SONET like recovery constraints), can be achieved
by providing intermediate nodes with a backup path. The intermediate
nodes can switchover to the backup path immediately on getting a

failure indication.

Figure 3 illustrates an example of local restoration for single link
failure recovery.

S. Kini, et al Expires October, 2001 [Page 4]

Internet Draft draft-kini-shared-backup-1lsp-restoration-01.txt May 2001

Clearly, from section 2.1, sharing of backup paths can be done 1in
this case to achieve single link/node failure recovery. In fact, a
further degree of sharing can be achieved by sharing of links between
segments of the backup paths A-D-B and B-E-C (intra demand sharing).
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Figure 3 : Local restoration of link failure

Similarly Figure 4 illustrates an example of local restoration for
single node failure recovery.
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Figure 4 : Local restoration of single node/link failure

Clearly, from sections 2.1 and 2.2, Figure 3, and Figure 4 backup
sharing (intra and inter demand sharing) can be done in this case as
well.

2.4 A Simple Algorithm for Calculating Shared Backup Paths

Terminology: Say for link (i,3j)

i) the cumulative bandwidth allocated for active paths is F(i,j)
ii) the cumulative bandwidth allocated for backup paths 1is G(i,j)
iii) the residual bandwidth free for allocation 1is R(i,j)

For a request of bandwidth b the active path 1is calculated as the
shortest path on the topology of links that have R(i,j) > b.

Let M be the max of the F values along the active path. The backup
path is calculated as follows. The cost of a link (u,v) is now taken
as
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i) 0 if { M+b < G(u,v) } else

ii) b if { G(u,v) <= M and b <= R(u,v) } else

111) M+b - G(U;V) if {M<= G(U,V) and M+b <= G(U,V)"‘R(U,V) } else
iv) infinity in all other cases

The backup path is calculated as the shortest path on the topology
with the cost of links calculated as above.

The lack of an active path or a backup path with finite cost
represent failure conditions.
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2.5 Distributed Determination of Shared Bandwidth on a Link for Backup
Paths

In the distributed scenario where path computation for an LSP occurs
at its ingress node, sharability of bandwidth on the backup path
cannot be determined during path computation. This 1is because two
active paths L1 and L2 can share bandwidth on a link on their backup
paths only if L1 and L2 are failure entity (e.g., link or node or
SRLG) disjoint. Thus, determination of backup bandwidth sharability
requires global information about all LSPs in the network which 1s
not available at the ingress node.

Note that a node 1in the network can maintain (in a local database)
explicit hop and bandwidth information about the LSPs whose active or
backup paths pass through it. This information can be disseminated
during signaling of the paths through this node, using extensions to
signaling protocols like RSVP [10], [13] or CR-LDP [14] to carry the
explicit hop information for active and backup paths. Using explicit
information about the active paths whose backup paths traverse a

link adjacent to a given node, this node can locally determine the
amount of shared backup bandwidth that needs to be allocated on all
links adjacent to it (as described below).

Consider the case where the failure entity to protect against 1is a
link, i.e., single link failure recovery as discussed in Section 2.1.
For a link A-B adjacent to nodes A and B, the set of active paths
whose backup paths traverse link A-B are known at both nodes A and B.
For each link X-Y that is on any of these active paths, compute the
sum of the bandwidths of the LSPs whose active paths fail when this
link goes down. The maximum value over all such links X-Y 1is the
amount of shared bandwidth that needs to be reserved on link A-B for
backup paths. Note that this computation can be done at either node
A or B using its local database which contains information about all
LSPs whose active or backup paths traverse link A-B.

When the signaling message for provisioning a new backup path arrives
at a node over an adjacent link, the node decides whether to 1increase
the shared bandwidth on this 1link using the above computation. Note
that in this case, the above computation needs to be repeated for
only those links X-Y that belong to the active path of this new LSP.
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This is because the failure of other links (i.e., those which do not
belong to the active path of this new LSP) will affect the active
paths of other LSPs whose backup paths traverse this link and this
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has been taken into account during previous computations of the
required backup bandwidth on this link.

The above framework for distributed determination of shared bandwidth
for backup paths can be used together with any path computation
algorithm at the ingress node which may or may not use (partial)
information available about the bandwidth used on each 1link for
active and backup paths. Local computation of shared bandwidth for
backup paths allows optimal allocation of shared backup bandwidth on
a link after the active and backup paths for an LSP have been
computed at the link-level at the 1ingress node.

Requirements for Shared Backup LSP Restoration

Requirements from link state routing protocols and signaling
protocols 1is briefly described in this section.

Aggregate information about a link that has to be conveyed by a link
state routing protocol should consist of

i) The total bandwidth used on the 1link for active LSPs

ii) Total bandwidth used on the 1link for backup LSPs

iii) Total available bandwidth on the 1link

The signaling protocol information elements should consist of

i) The setup information and procedures for a backup LSP

ii) The association between the active and backup LSP

iii) Explicit hop information about the active and backup LSPs at the
level of the failure entity to protect against, e.g., link or
node.

Every node needs to maintain explicit hop information (at the failure

entity level) about all active LSPs whose backup LSPs pass through

that node.

Security Considerations

This document raises no new security issues.
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