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Multiprotocol Label Switching
within the Core Network
The phenomenal growth of Internet traffic is attributed to the increasing acceptance of the Internet protocol
(IP) as the predominant protocol in enterprise networks. The traditional design of a router upon which the
Internet is based is becoming unable to support the current demand from users. This service has worked
exceptionally well for non real-time traffic such as electronic mail but for real-time traffic such as voice and
video, IP has only performed well across a lightly loaded network. To provide services for real-time traffic, new
classes of services are being introduced into the Internet.
For networks to be able to support this increased user demand for more bandwidth and for multimedia and
real-time traffic, IP routers need to be faster and to provide quality-of-service (QoS) guarantees. This demand
for more bandwidth and QoS support has fuelled interest in the use of asynchronous transfer mode (ATM) as an
underlying link-layer technology in the Internet. The aim is to exploit the potential benefits of ATM while
maintaining the inherent strengths of IP.
Hop-by-hop routing normally works well for non-delay sensitive data traffic but, in cases where prioritisation
is required, it gives unacceptable performance since the current Internet is unable to differentiate between
different sorts of packets, and thus stipulate that the network provide designated levels of servicing. Since voice
and video are delay sensitive they will add additional pressure to the routers. Additionally the increase in
traffic is creating the need for higher bandwidth which the packet-forwarding model of router processing
cannot provide effectively. The goal would be to expedite movement of information without forcing users to
abandon router-independent protocols. Ideally, one would want to move the forwarding function of routing all
the way out to the periphery of the network, leaving a protocol-independent network core that would be focused
on providing reliable high-performance standards-based connections.
The emergence of the multiprotocol label switching (MPLS) architecture1 aims to improve the scalability and
performance of the prevalent hop-by-hop routing and forwarding across packet networks. Its primary goal is to
standardise a technology that integrates the label swapping forwarding paradigm with network layer routing.
This label swapping is expected to improve the flexibility and robustness in delivering new routing services
without alteration to the forwarding paradigm. The word multiprotocol suggests that this architecture will be
applicable to any network-layer protocol in addition to IP; label switching indicates the underlying forwarding
mechanism. This paper will start with a basic tutorial on IP switching techniques and then explain how it can
be utilised to accelerate IP packets through the core of the network. The paper concludes with the description of
a proposed architecture, quality-of-service label distribution protocol (QoSLDP) whose objective is to provide
bandwidth guarantees.

Introduction
An IP switch is a device that can
forward IP packets at layer 3 as well
as switching packets at layer 2. The
mechanisms used by an IP switch
enable it to be able to classify packets
which will be forwarded at layer 3
and which will be switched at layer 2
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and then to redirect those packets
over a layer 2 switched path1, 2.
The device consists of an IP
controller running network layer
routing protocols (for example, BGP,
OSPF, RIP) on top of a switching
component. Most devices use an ATM
switching fabric where the ATM
switch maintains a table of input
ports, input labels, output ports and
labels like a normal ATM switch.
There are two distinct functional
components to an IP switching
system: a control component and a
forwarding component. The control
component uses standard routing
protocols to build a forwarding table.
On receiving packets, the forwarding
component searches the forwarding
table to decide on the next hop for
the packet, and switches the packet

from the input interface to the output
interface.
The ingress and egress components, otherwise known as a label
edge router (LER), are positioned at
the edge of an IP switching system;
they can consist of software residing
in a router. The concept of an IP
switching ingress and egress is as
follows: assume that the IP switching
system decides to forward some
packets over an established end-toend layer 2 switched path. Packets
arriving at the ingress are classified
for either default layer 3 IP forwarding or layer 2 switching based on IP
layer criteria such as IP source/
destination addresses. Packets that
fall into the layer 2 classification are
forwarded over the established layer
2 path, while all other packets are
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forwarded at layer 3 using normal IP
forwarding procedures. Upon arrival
at the egress, either at layer 2 or
layer 3, they will be passed to layer 3
for normal IP processing and forwarded to the destination.
In conventional IP routing,
packets travel from a source to the
destination by hop-by-hop forwarding
through routers. At each router hop
the IP header is examined and the
next hop decision is made on a
number of functions such as the
destination address, TTL counter,
and so on. This introduces delay for
packets traversing the path.
The layer 2 switched path bypasses
intermediate layer 3 hops from
source to destination; this path is
called a cut through or short cut
path3. The basic functions of a cut
through path are:
l it bypasses intermediate layer 3

routing;
l if the cut through is removed,

packets can still be forwarded by
conventional hop-by-hop routing;
l it can be point-to-point, point-tomultipoint or multipoint-to-point;
and
l a cut through path can be built
based upon data or control traffic.

Label Distribution Protocol
The main component of the
multiprotocol label switching (MPLS)
architecture is the label distribution
protocol (LDP)4, 5; it is defined as a set
of protocols by which a label switch
router (LSR) communicates with an
adjacent peer by means of exchanging
labels. The LDP protocol is a set of
procedures and messages exchanged
and maintained between adjacent
LSRs in the process of establishing
label switch paths (LSPs) through a
network by mapping network layer
information to a label representing a
data-link layer path. Each LSP has a
forwarding equivalence class (FEC)
associated with it; at the ingress of an
MPLS domain all incoming packets
will be assigned to one of these FECs.
The classification of packets into
specific FECs identifies the set of
packets, which will be mapped to a
path through the network. Examples
of FEC elements are a complete host
address or an address prefix.
The LDP protocol has four types
of messages, discovery, session,
advertisement and notification. The
cumulative operation of these
messages allows LSRs to indicate
their presence in the network to
98

Partnership of MPLS and
ATM

establish and maintain sessions
between peers and to perform
operations on the labels they
exchange between themselves. A
label is a short fixed-length identifier
used to identify a packet assigned to
an FEC. Adjacent LSRs agree on the
label that will be used to represent
an FEC flowing in a particular
direction; packets belonging to that
FEC will have this label appended to
it. The label can either reside within
the data link header or exist between
the layer 3 and layer 2 headers. The
downstream LSR makes the decision
to bind a label L to a particular FEC
F and sends this assignment to the
upstream LSR. This label is then
used by the upstream node to
forward all packets belonging to that
FEC to the downstream node. It is
these mechanisms of label assigning
and distributing that are employed in
an MPLS network. Figure 1 shows a
simple example of an MPLS domain.
(1) An unlabelled packet reaches the
ingress of an MPLS domain, where
the ingress node (2) examines the
network layer header and decides
which FEC to assign it to. Once this
decision is made the packet is
assigned a label representing the
path it should take. The labelled
packet is then forwarded to the next
LSR within the MPLS domain. When
it is received at (3) the LSR examines
its labelling information base and
uses the label to determine the next
hop for the packet, and the new label
that should replace the incoming
label. The packet is then forwarded
to the egress node using the newly
assigned label. At the egress node (4)
the LSR removes the label, examines
the network layer header and
forwards the packet from the MPLS
domain into the non-MPLS network.

This section outlines a number of
scenarios in which MPLS and ATM
can coexist; it explains the problems
with the various implementations
and direction in which this research
will take.
It is possible for MPLS to operate
over any data link layer, but ATM is
by far the most attractive technology
because it is the only link layer
protocol that can transport video,
voice and data with the offer of a
defined QoS.
There are a number of different
ways in which ATM6, 7 can support
MPLS; the first is as a peer model.
An ATM switch is converted into an
LSR called an ATM-LSR that runs
an instance of the LDP protocol and
network layer routing protocols, and
is capable of forwarding packets at
layer 3 and label swapping at layer 2.
ATM-LSRs are directly connected to
each other and they exchange
routing protocols and LDP messages
along serial links. In this instance, all
ATM Forum protocols have been
removed and the switches use LDP to
establish LSPs through the network.
The peer MPLS/ATM3 implementation places less routing burdens on
the system than an IP/ATM overlay
model because each ATM-LSR only
forms routing adjacencies with its
neighbour, and not each router at the
other end of a VC. However, in this
model the loop-free QoS-based path
selection and the native QoS support
is lost. If one is not exploiting ATM
QoS this model might seem to defeat
the initial objectives.
The second example is the
integrated approach in which ATMLSRs communicate with each other
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through native ATM switches. ATMLSRs may establish PVCs or SVCs
using native ATM signalling to send
IP traffic, control information or LDP
messages over. When a stream is
mapped to a VC, an identifier, VCID,
is associated with it if it passes
through intermediate switches. The
integrated approach allows MPLS to
be integrated into an existing ATM
network8.
In the third model the physical
ATM model is divided into two
topologies, one maintained by PNNI
and the other by IP and MPLS. This
requires the partitioning of the VPI/
VCI label space into MPLS and
ATM portions. Additionally, some
ports may be configured for MPLS
and others for ATM. Switch resources
are then under the control of
coresident, but mutually exclusive,
MPLS and ATM switch control
points. The switch component would
run a VC routing protocol like
PNNI. Thus a network employing
the integrated approach would
support concurrent MPLS and ATM
topologies, routing and VC management. Rather than implement the
overlay model that could delete VC
resources, an installation of this
model would be an option. This
model also allows the provider to
continue to provide ATM services
while introducing an additional
control plane that is optimised for
scalable IP routing.
A number of scenarios in which
MPLS can be used in ATM have been
described. We have seen how the
integration of IP and ATM has
allowed IP to route its packets
quickly through the core of the
network, but the fundamental
problem with the current version of
MPLS is that it offers no QoS. With
MPLS in its current form you would
need to use the complex and cumbersome ATM Forum signalling. The
authors propose a novel QoS scheme
that will enable an IP switching
network to reserve resources using
LDP as its base.

QoS Label Distribution
Protocol
In order to devise a QoS scheme it is
essential to detail the component(s)
that is deemed necessary. The
authors believe that in order to offer
more than one service level efficiently, there is the need for the
‘reservation of router resources’9.
QoSLDP expands on the fundamental component of the MPLS architec-

ture—the LDP protocol. An ingress
node will receive the application’s QoS
requirements in terms of ATM’s QoS
and traffic parameters; that is, cell loss
priority, cell delay variation and cell
transfer delay. The ingress node will
formulate a reservation request
message to its downstream neighbour
with the requested QoS parameters.
The node will carry out a connection
admission control algorithm to
determine whether or not it can accept
this request. If it is unable to grant the
request it will immediately reply with
a reservation reject message. Upon
receipt of a reservation reject message,
the recipient will try alternative paths
until it is accepted or until all possible
paths are blocked.
If an LSR determines that it can
grant a reservation request, it will
select a virtual connection that can
meet the QoS requirements and
identify it by assigning a label to it,
which it will record in its information
base. It will then send the reservation request to its downstream
neighbour. The downstream neighbour will determine if it can accept
the request; if it can it will assign a
label identifying the virtual connection. Reservation request messages
will continue to propagate through
the network until an egress node for
the flow has been reached.
When a node realises that it is the
egress node for a particular path, it
will reserve a VC and send a reservation accept message to its upstream
neighbour setting a field in the label
indicating that this is the egress node
for that particular flow.
Upon receiving a reservation
accept message, intermediate nodes
will record the label received from
their downstream neighbour alongside the reserved virtual connection.
When the ingress node receives a
reservation accept message it checks
the label for an indication that its
request has been received by the
egress node before assigning all
packets belonging to that flow with
the label. An end-to-end virtual
connection has been established for
that flow to transverse with the
requested QoS parameters.
A node that is unable to process a
reservation request message will not
propagate the request message to its
downstream neighbour; it will
instead send a reservation reject
message to its upstream neighbour.
A node only propagates a reservation accept message to its upstream
neighbour when it has received a
label indicating it has originated

from the egress node for the flow,
thereby indicating an end-to-end
virtual connection has been established for the flow. In the case where
the connection is no longer required a
reservation withdraw message will be
sent to the appropriate routers.
In the QoSLDP architecture, in
the event that a node is unable to
allocate resources a message is
immediately propagated to the
initiator. If the router alongside the
ingress router is unable to reserve
resources it will reply with a reservation reject message instantly. In
QoSLDP the network layer header is
examined only once at the edge of the
network and within the network, the
routers need only examine a short
label to determine where the next
hop is.
QoSLDP naturally allows the
encapsulation of QoS messages
within LDP messaging format.
In the design of QoSLDP we have
made the assumption that IP
applications at some time in the
future will have the ability to signal
their QoS needs to the ATM layer, in
terms of ATM QoS parameters.
At the moment QoSLDP is still in
the experimental phase and as a
result of this the authors accept that
performance issues will arise. A few
of the problems that can be determined qualitatively are scaling
issues being introduced when a
single VC is used for each flow as the
number of VCs in any ATM network
is limited. As a result of this the
number of QoS flows that can be
accommodated by any one device is
limited strictly to the number of VCs
available to a device. Another
primary concern is how to integrate
the many-to-many connectionless
features of IP multicast into the oneto-many point-to-multipoint connection-oriented realm of ATM.
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