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Abstract: Generalized Multiprotocol Label Switching (GMPLS) also known by the name of Multiprotocol Lambda
Switching is the extended protocol suite of MPLS to manage further classes of switching technologies and interfaces
such as layer-2 switching, time division multiplexing, fiber switching and wavelength switching. In this paper we have
discuss the requirement of enhancing the technologies, fundamental of Multiprotocol Label Switching (MPLS).
Evolution of GMPLS is described in depth with the details of improvement in GMPLS over MPLS, protocol suits and

GMPLS outstanding issues.
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I. INTRODUCTION

With the rapid increase in the use of internet traffic the
requirement of high speed and highly reliable data
communication came in demand. Firstly networking
transformed from a single system to the interconnected
Collection of independent systems. Now in today’s
scenario the need of error-free, high bandwidth
communication channel is on rise and service provided by
computer networks are mainly remote information access
[1]. In modern world the demand for high speed network
increases and with the increase in demand the price of
bandwidth also increases. As a result the increase in cost
of bandwidth results in advancement of technology. Today
data transport services provides services like real time
voice and video etc., which are performance sensitive and
require guaranteed quality of service (QoS).

These facts have brought forward the progress of high
capacity optical network and aided in implementation of
these networks from research centres into the commercial
world [2]. Optical network not only provide high speed
and capacities but also provides a platform which can
deliver so many services with least interference and loss of
data. The demand of high bandwidth in the network have
spotted the need for faster switching for which WDM is
used more over the improvement in internet protocol to
carry traffic engineering was also required. MPLS creates
the internet architecture to work in a connection-oriented
fashion so as to support QoS and traffic engineering [3].

These days the popularity of IP over internet is very
effective in data traffic engineering which is due to the
high consumption rate of storage capacity and power by
consumer. Various technologies can solve the issue of
high bandwidth requirement like high-bit-rate digital
subscriber line, asymmetric digital subscriber line and
fiber to the home; but difference in the traffic pattern leads
to shortage of traffic management. Earlier data was less
but today data as well as voice is generated in traffic and
requires traffic management; such architecture results to
need of QoS optimization.
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To meet all these demands WDM has moved from
traditional method to new approach and increased the
usage of fiber communication by dividing bandwidth or
wavelength for managing traffic [4]. Various IP protocol
services govern today’s internet and therefore, IP over
WDM has become an excellent combination that can
handle traffic efficiently.

MPLS was established as a packet-based technology and
is swiftly becoming key for use in core networks, together
with converged data and voice networks. MPLS does not
change IP routing, but works in conjunction with existing
and future routing technologies to offer very high-speed
data forwarding between Label-Switched Routers (LSRs)
along with reservation of bandwidth for traffic flows by
means of differing Quality of Service (QoS) necessities.
MPLS bring many additional benefits to IP based network
such as traffic engineering, virtual private network and
elimination of multiple layers. Generalized multiprotocol
label switching (GMPLS), in addition to supporting
devices which perform packet switching also supports the
device which perform switching in space, time and
wavelength domains.

Il. MPLS FUNDAMENTALS

MPLS also have fundamental blocks like every other
multi-layer switching solution. These structural blocks are
identified to be common among them [5]. They are
provided as follows:

e The separation amid the control and forwarding
components
o The label-swapping forwarding algorithm

a) The Separation between the Control and Forwarding
Components

MPLS set up the control planes and the forwarding planes.
These planes are separated from each other not like as in
the conventional protocols where both planes are united
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together. What occurs exactly is that the control planes
uses the conventional or traditional routing protocols
identical the intermediate system to intermediate system
protocols (1S-1S), the open shortest path first (OSPF), and
also the border gateway protocols (BGP) to construct and
maintain the forwarding tables [6].

The maintenance of this table happen when these
protocols interchange information with other routers and
immediately the packet arrives, the forwarding component
refer to the forwarding table and then selects the routing of
the packet by comparing the packet header information
with that available in the forwarding table. The obtained
corresponding match is now used for determining the out
band interface for the packet. The block diagram presented
in Figurel.8 gives a pictorial outlook of how these planes
are structured and how they are related to each other.

b) Swapping of label

The swapping of label is a phenomenon set up in multi-
layer switching solutions and MPLS uses the label
swapping forwarding algorithm for the forwarding of
packets from source to destination. The moment packet
enters the MPLS cloud through the ingress router; the
forwarding equivalence class (FEC) for this packet is
determined with the use of label in the packet header [7].

This simply means that the traffic associated with such
kind of label will be treated in the similar way. Moreover
they will be further forwarded in the identical manner
regardless of their several destinations. In the event when
the packet gets to the switching port, the forwarding
component makes well use of the input port as well as the
information in the label to find matching values from the
forwarding table. The result of this is that the out band
interface, the out band level and the following destination
hop for the packet is determined.

When this has been established, the incoming label swaps

by the forwarding component and plane with the newly
established ones before getting forward to the next hop.

Table 1: Summary of

Routing information
exchanged with
routers

IP Routing
Protocol
IP Routing
Table

Label bindings
and exchange
with other routers|

LIB MPLS IP
Routing

DATA PLANE

——— LFI ‘:{)

Figure 1: Representation of Control and Data Plan

Incoming label
packets

Outgoing label
packets

Packet eventually gets to the egress router; the labels on it
are removed giving way for it to be forwarded using the
traditional routing procedure. MPLS enables the
distribution of provider network based VPN’s the
decreases the management as well as configurational
complexity for end-consumer [8]

111 MPLS EVOLUTION TO GMPLS

In the past year, the International Engineering Task Force
(IETF) has improved and prolonged the MPLS suite of
protocols to embrace devices that switch in wavelength,
(like, DWDM), time and space domains (like, OXC) via
GMPLS which allows GMPLS-based networks to detect
and allocate an optimal path depending on user traffic
requirements for a flow that possibly starts on an IP
network. This flow is later transported by SONET, and
then is switched throughout a definite wavelength on a
definite physical fiber. Table 1 gives a summary of the
GMPLS framework.

GMPLS Framework

Switching Traffic Type Forwarding Example of Device Nomenc-lature
Domain Scheme
Packet, cell IP, asynchronous Label as shim IP  router, ATM Packet switch capable
transfer mode (ATM) header, virtual switch (PSC)
channel
connection (VCC)
Time TDM/ SONET Time slot in Digital cross- TDM capable
repeating cycle system (DCS),
ADM
Wavelength Transparent Lambda DWDM Lambda switch
capable (LSC)
Physical Transparent Fiber, line OXC Fiber switch capable
space (FSC)
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The cardinal task for an all-encompassing control protocol
is the establishment, maintenance, and management of
traffic-engineered paths to permit the data plane to
effectively and proficiently transport user data from the
source to the destination. A user flow initiating from its
source is probably travel several network spans—for e.g.,
edge or an access network that entireties the flows from
multiple users (for example, enterprise applications) to
deliver into a metro network that is based on SONET or
ATM, that itself entireties multiple flows from diverse
edge networks to deliver into a long-haul network that
uses A’s(lambdas) to transport the aggregated flow of
numerous metro networks and the reverse path is utilized
to deliver data to its destination. Such networks and their
typical devices are shown in Figure2.

IV. SUMMARY OF THE GMPLS PROTOCOL
SUITE

The evolution of MPLS into GMPLS has spread the
signaling (RSVP-TE, CR— LDP) and routing protocols
(OSPF-TE, IS-IS-TE) which commodes the
characteristics of TDM/SONET and optical networks. A
new protocol defined as link-management protocol (LMP)
has been announced to manage and maintain the strength
of the control and data planes between two adjacent nodes
[9]. LMP is an IP-based protocol that embraces extensions
to RSVP-TE and CR-LDP. A new protocol defined as
link-management protocol (LMP) has been announced to
manage and maintain the strength of the control and data

planes between two adjacent nodes. LMP is an IP-based
protocol that embraces extensions to RSVP-TE and CR—
LDP [10].

IP IP
Router Router
[P Router [P Router
Access/ Access/
Edoe Regional Ilzlon? Regional Edoe
g Care - eare g
DD~
I[P | TDM SONET Photonic | TDM IP
Network Care  SONET Network
Figure 2: Representing Dissimilar Network Carrying End
User Traffic

Table2: Description of Protocols

Protocols

Description

OSPE-
TE
IS-IS-TE

Routing

follows:

Routing protocol for the auto-discovery of network topology, advertise resource
availability (e.g., bandwidth or protection type). The major enhancements are as

o Advertising of link-protection type (1+1, 1:1, unprotected, extra traffic)

group)
RSVP-

TE,
CR-LDP

Signaling
enhancement are as follows:

Implementing derived links (forwarding adjacency) for improved scalability
Accepting and advertising links with no IP address-link 1D

Incoming and outgoing interface ID

Route discovery for back-up that is different from the primary path (shared-risk link

Signaling protocols for the establishment of traffic-engineered LSPs. The major

¢ Label exchange to include non-packet networks (generalized labels)

o Establishment of bidirectional LSPs

¢ Signaling for the establishment of a back-up path (protected information)

o Expediting label assignment via suggested label

o Waveband switching support-set of contiguous wavelength switched together

Link
Management

LMP

protocol)

o Control-Channel Management: Established by negotiating link parameters (e.g.,
frequency in sending keep-alive messages) and ensuring the health of a link (hello

o Link-Connectivity Verification: Ensuring the physical connectivity of the link
between the neighboring nodes using a PING- like test message

o Link-Property Correlation: Identification of the link properties of the adjacent
nodes (e.g., protection mechanism)

o Fault Isolation: Isolates a single or multiple faults in the optical domain.
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RSVP-TE| CR-LDP BGP
LMP UDP OSPF-TE TCP
IP
PPP/Adaptation
Laver

FIBER

Figure 3: Protocol Stack of GMPLS

The point to note is that the IS-IS-TE routing protocol
stack is alike to OSPF-TE with the omission that in place
of IP connectionless network protocol (CLNP) is used to
carry IS-IS-TE's information.

V. GMPLS ISSUES AND THEIR RESOLUTIONS

The following issues can be considered for a control plane
to be used for all of these dissimilar networks types:

Copyright to IJIREEICE

Data forwarding is now just not limited to that of
packet forwarding [11]. The general solution must be
able to retain the simplicity of forwarding the packets
using a label for a variety of devices that is capable of
switch in all physical ports i.e. in time or wavelength,
or space (physical ports).

Not every type of network is proficient of viewing into
the contents of the received data and of extracting a
label. For instance, packet networks are able to analyse
the headers of the packets, check the label, and takes
over decisions for the output interface for the
forwarding path that they have to utilize. This is not the

case for TDM or optical networks, the equipment’s in
these types of networks are designed in certain way
that they have no ability to inspect the content of the
data that is send to them.

In TDM, FSC, and LSC interfaces, bandwidth
allocation for an LSP can be achieved only in discrete
units, for example, a packet-based network may have
flows of 1 Mbps to 10 or 100 Mbps. However, an
optical network will practice links that have fixed
bandwidths: optical carrier OC-3, OC-12, OC-48, etc.
In a case when a 10 Mbps LSP is initiated by a PSC
device and it supposed to be carried by optical
connections with fixed bandwidths (e.g., an OC-12
line) there would be no logic to assign an entire 622M
line for a 10M flow.

Scalability is an important concern in designing large
networks. It’s an important issue when to
accommodate changes in the network quickly and
gracefully. The resources that must be organised and
regulated in a TDM or optical network are likely to be
much higher in scope than in a packet-based network.
In the case of optical networks, it is anticipated that
hundreds to thousands of wavelengths (lambdas) will
be carrying user data on hundreds of fibers.
Configuration of the switching fabric in optical or
electronic switches may be a time-consuming
procedure. For example, although in DCS is proficient
of switching tens of thousands of digital signal [(DS)-1
]physical ports but finding the connection between the
input/output ports could be time consuming process as
smaller number of ports become accessible to harbour
(accommodate) incoming user traffic. Latency
occurred while setting up an LSP within these types of
networks could have a accumulative delaying effect in
setting up an end-to-end flow in the network.

SONET networks are known for their inherent ability
to achieve a fast switchover from a failed path to a path
in working condition. The approximate time it takes for
switching is around 50 milliseconds. GMPLS' control
plane are expected to be essential be able to
accommodate this and other levels of protections. It
also essential to deliver restoration of failed paths via
dynamic or static reroute, conditional on the required
class of service (CoS).These issues are well
summarized in Table 3.

Table 3: Summary of Issues of Common Control Planes with GMPLS Solutions

ISSUES GMPLS SOLUTION PROTOCOL NOTES

Switching Generalized labels RSVP-TE, LSP to start and end on
Signaling

Configuration Suggested label Bidirectional LSP’s Signaling Expedite LSP set-up

Diversity CR-LDP The same type of device

Forwarding Logical or physical separation of All Signaling and routing to travel

diversity control and data out of band

Scalability Forwarding adjacency, Routing and Lower link database size

signaling: OSPF-

Bandwidth scalability
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Line bundling
Hierarchical LSP’s

Efficient use of  Hierarchical LSP

network Unnumbered links

resources

Reliability Protection and restoration
(M:N, 1+1)
Shared-risk link group for path
diversity

TE,

IS-IS-TE

Signaling/ Save on excess use of scarce IP
routing addresses

LMP Simulate SONET bidirectional
Routing: OSPF- line-switched ring (BLSR),
TE, IS-IS-TE Unidirectional path switched

ring (UPSR)
User disjoint route for back-up

a) Switching Diversity
Switching diversity is another important aspect which is
resolver in GMPLS using protocol CR-LDP. The further
details are explained below:
i) Generalized Label and Its Distribution:
GMPLS introduces new add-on to the format of the labels
S0 as to support devices that can be switch in different
domains. This new label format is named as a "generalized
label" which is capable to contain information to permit
the receiving device to program its forward data and
switch irrespective of its structure (TDM, packet, lambda,
etc.). A generalized label is efficient of representing a
single fiber, a single wavelength, or a single time-slot
moreover traditional MPLS label, like ATM, VCC, or IP
shim are also involved. The information that is entrenched
in a generalized label includes the features are mentioned
below:

e LSP encoding type: It indicates what type of label is
being carried in LSP (for e.g., packet, lambda, SONET,
etc.).

e Switching type: It directs whether the node is proficient
of switching packets, wavelength, time-slot or fiber.

e General payload identifier: It specify what payload is
being transported by the LSP (for example, virtual
tributary [VT], ATM, Ethernet, etc.).

Similar to MPLS in GMPLS the label distribution initiated
from the upstream LSR. The upstream LSP requests a
label from the downstream LSR. GMPLS takes this further
by allowing the upstream LSR to recommend a label for a
LSP that can be superseded by the downstream LSR.

i) LSP Creation in GMPLS-Based Networks:

The procedure of establishing an LSP in a GMPLS
network is alike to that of MPLS networks. Figure 4
demonstrating a packet network (PSC) linked thru an OC-
12 pipe to DCS1 in the upper TDM network and shows
that both of the TDM networks utilise a SONET UPSR
OC-48 ring architecture. The two TDM networks are
connected thru two OXCs proficient of delivering multiple
0OC-192 lambdas with the goal to establish an LSP amid
LSR1 and LSR4.

For the establishment of the LSPpc amid LSR1 and LSR4
it is required that the other LSPs in the further networks
necessarily be established so as to tunnel the LSPs in the
lower hierarchy. For example, as per Figure 4, LSP1T1
will transmit LSP1, LSP2, and LSP3 if the totality of the
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traffic-engineering requirements of the packet LSPs can be
accommodated via it. This requirement can be fulfilled by
sending a PATH/Label Request message downstream
towards the destination that will transmit the lower
hierarchy LSP. For example, DSCi sends such request
message to OXCL1 (intended for DSCe) when received by
OXC1, it will then forman LSP amid it and OXC2. When
this LSP (LSPI) is established only then LSP between
DSCi to DSCe will be established denoted as LSPtdi.

PSC
Network

00
N

LSR1 LSR2

PSC Network

00

LSP
T1

€—|_SP tdi —>]

LSP tdm

A
\ 4

LSP pi

N
Vv

&
~

LSP >

Figure 4: Representation of an Establishment of an LSP
through Heterogeneous Network with GMPLS

The PATH/Label Request message contains several
important information’s such as a Generalized Label
Request with the type of LSP i.e., the layer concerned, and
also type of its payload e.g., DS-3, VT, etc.. This message
also specifies other specific parameters such as local
protection, type of signal, suggested labels and
bidirectional LSP. After receiving the message the
downstream node will send back a RESV/Label Mapping
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message which includes one generalized label that may
enclose other several generalized labels.When this
generalized label contained by RESV/Label message is
received by the initiator LSR, it can then form an LSP
with its peer thru RSVP/PATH messages per network
domain.

The following sequence has taken place as per Figure 4:

e LSP is set between OXC1 and OXC2 (LSPI) and
efficient of carrying OC-192 wavelength to tunnel in
TDM LSPs.

e LSPisset amid DSCi and DSCe (LSPtdi).

e LSP is set amid DS-1 and DS-2 (internal LSPs within
the two TDM networks are set advance to the
establishment of this LSP).

e LSPissetamid LSR2 and LSR3 (LSPpi).

e LSP pcis setamid LSR1 and LSR4.

iii) Forwarding Diversity

MPLS devices are proficient of discriminating the
contents-of-information unit which is passed amid them
for example, a cell or a packet that contain header
information. They require studying the label (e.g., shim
header) to ascertain the output port and the output label for
an incoming packet. The data and the control planes are
logically separated by label-swapping paradigm.

GMPLS spreads this paradigm to those devices that are
designed to seek any headers at specific time when they
receive the user data. In this case, GMPLS lets the data
plane and the control plane to be physically and logically
separate. For example, the control path amid two devices
could travel an external line like an Ethernet connection,
or other types of physical links. GMPLS does not
command how the control information is to be transported
amid two nodes.

The preference of a medium to transfer the control
information amid the two GMPLS nodes can affect the
finances of the network operator. Noticeably, asingle fiber
should not be utilized to convey this information amid two
geographically separate devices for e.g., two DCSes in a
SONET ring network. Other connection types may be
expensive to practice, for e.g., an X.25 connection. One
method is to use a logical slice of a line, for e.g.,
synchronous transport signal (STS)-1—and utilize the
data communication channel (DCC) bytes in the SONET
overhead to transmit the control information. These bytes
are encompassed of section and line overhead (three and
nine bytes, respectively) and can both be utilized for this
reason. Together they deliver a 768 kbps channel for the
reciprocity of control messages. They can be utilized in
each direction amid two adjacent nodes. This is a highly
effective technique that does not take away bandwidth that
could be utilized for user data traffic.

b) Configuration
When an LSP is being set initiating from the access
network, it may need the establishment of some other
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LSPs alongside its end-to-end path. These intermediate
LSPs may be established on TDM and/or LSC grounded
(based) devices.

These devices have dissimilar internal characteristics, and,
s0, GMPLS must adapt these differentials in such a way as
to accelerate the establishment of the end-to-end LSPs.
Two significant new conceptions that are introduced in
GMPLS to address these differences are as follows.

e Suggested Label: As stated in a prior section, an
upstream node can optionally advise a label to its
downstream node. The downstream node has the right
of rejection and may suggest its own. Nonetheless, this
process is vital to systems that need time-consuming
procedures to configure their switch fabric, for
example, a DCS with high switching granularity (e.g.,
DS-1, DS-3) and thousands of ports that must go over
a time-consuming procedure in configuring its
switching fabric. Recall that a label in this situation is
used to rapidly discover the internal path amid an input
and an output port. A recommended label permits the
DCS to configure itself with the suggested label, in
place of waiting to receive a label from the
downstream node followed by configuring its
hardware. Suggested labels are also significant
inaccelerating the set-up of back-up paths, other LSPs,
for a failed LSP. Though, if the downstream device
discards the recommended label and offers its own
label. The upstream device must re-configure itself
with the new label.

e Bidirectional LSP:Network protection (e.g., against
fiber cuts) in optical networks is delivered with back-
up fibers, e.g. four-wire BLSR or two-wire BLSR
architectures. Similarly, LSPs in an optical network is
essential to be protected. This is fulfilled by
establishing two unidirectional LSPs, one LSP for the
protection of the other. Bidirectional LSPs is expected
to have the identical restoration requirement and
traffic-engineering.

GMPLS helps the setup of bidirectional LSPs through one
set of signalling protocol messages, for example
RSVP/PATH and RESV. This aids to avoid the inessential
exchange of control messages, additional route look-ups,
race conditions and configuration-latency in set up the
internal input/output (1/0) paths in an optical switch.

c) Scalability

Scalability is an important concern in designing large
networks. It’s an important issue when to accommodate
changes in the network quickly and gracefully. The
resources that must be organised and regulated in a TDM
or optical network are likely to be much higher in scope
than in a packet-based network.

In the case of optical networks, it is anticipated that
hundreds to thousands of wavelengths (lambdas) will be
carrying user data on hundreds of fibers.
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d) Forwarding Adjacency LSP (FALSP)

A FA-LSP is an LSP which is based on GMPLS, to carry
other LSPs which is established amid two GMPLS nodes
can be seen as a virtual link with its own traffic-
engineering characteristics and can be promoted into the
OSPF/IS-IS as a normal link identical to any other

Packet Network
LSP1, LSP2,LSP3

physical link. An FA-LSP may be incorporated into the
link-state  database and utilized in routing-path
computation to carry other LSPs. This can decrease the
size of the database, and, as a result, will reduce the time
that is spent in the table look-up operation.

Packet NetworkLSP4, LSP5,
LSP6

|

LSP tdm

0C-12

Figure 5: Forwarding Adjacency

An FA-LSP may be either a numbered or unnumbered and
may be bunched with other links, whether they are normal
links or FA-LSPs. Both the concepts are talk over in late
sections. Figure 5expresses how a TDM LSP (LSPtdm)
can be seen as a link that attachestwo packet-based
networks. This LSP can be observed as a single link in the
packet-based LSRs of the two PSC networks, in place of
all of the physical links in the TDM network

e) Hierarchical LSP

The network hierarchy (access,long haul and metro)
presented in Figure 6 offers an increasing bandwidth
capacity for each hierarchy. In case an end-to-end flow is
to be create for a specific enterprise application, that flow
will traverse networks that utilize devices that may not be
intended to configure connections with flexible bandwidth
levels i.e., only discrete bandwidth are obtainable. In this
case, a single OC-192 physical link amid two optical
switches should not be predicted to carry a traffic that is
only 100M or even 2.5G, as it would be extravagant and
highly inefficient. It is better to cumulate lower-speed
flows into higher-speed ones, as, this brings the notion of
hierarchical LSP.
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Figure 6: Network Hierarchy
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A natural hierarchy is set wherein a group of PSC-LSPs
are encapsulated within TDM-LSPs that are then
encapsulated within a LSC that is part of a group of LSCs
within an FSC. The link multiplex ability parameter
familiarized in GMPLS specifies this ordering when an

PSC Links TDM Links

LSP is being created. Clearly, bandwidth that remains
within each LSP can and should be utilized to take and
include additional LSPs from lower-hierarchy LSPs,
Figure 7shows this hierarchy.

FCS LINK(s)

[\

LSC Links

PSC-LSPs PSC-
LSPsPSC-LSPs

%ﬁ PR

<
\e

PSC-LSPs PSC-

LSPsPSC-LSPs

{ >TDM LSP

PSC-

LSPs PSC-LSPs
PSC -LSP

PSC-LSPs
LSPsPSC-LSPs

PSC-

TDM LSP

oM
100 M

0C-48 0C-192

Fiber

Figure 7: Hierarchy of LSP

f) Link Bundling

It is expected that an optical network will set up of tens to
hundreds of parallel fibers, each carrying hundreds to
thousands of lambdas amid two nodes. Tocircumvent a
large size for the link database and deliver better scaling of
the network, GMPLS has introduced and presented the
concept of link bundling.

Link bundling permits the mapping of some links into one
and promoting and advertising that into the routing
protocol i.e., OSPF, 1S-IS. Though, with the grown level
of presumption, some information is vanished. This
technique significantly depresses the size of the link-state
database and the amount of links that need to be
advertised. A bundled link requires only one control
channel that further helps to lessen the number of
messages exchanged in signalling and routing protocols.
GMPLS openly permits the bundling of both LSPs and
point-to-point (PTP) links that were advertised as links to
OSPF (forward adjacency).

There are restrictions present in bundling links, which are
explained as follow:

All links that contain a bundled link must start and end
on the same pair of LSRs.
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o All links that comprise a bundled link must be of the
same link type (e.g., PTP or multicast).

All links that comprise a bundled link must have the
same traffic metric for e.g., protection type or
bandwidth.

All links that comprise a bundled link must have the
same switching capability like PSC, TDMC, LSC, or
FSC.

Bundled links consequence in loss of granularity in the
network resources, Nonetheless, the gain in the lessening
of link-state database entries and the speed gain in table
look-ups faraway outweigh the vanished information.

0) Reliability

An important aspect of GMPLS suite of protocols is the
ability to allow automatic fault management in network
operation. An error or fault in one type of the network
must be separate or identify and fix separately from other
networks. This is a very significant feature for end-to-end
LSPs that are tunnelled in other LSPs that need higher
degrees of reliability alongside the hierarchy [12]. A
common control plane that spans dissimilar networks must
be capable to address the changing degrees of reliability
necessities within each network span. The steps that are
essential continue fault management is shown in Figure 8.
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GMPLS offers protection against failed channels or links
amid two adjacent nodes, this protection is named as span
protection, and end-to-end protection called as path
protection [13]. The extensions for GMPLS like OSPF and
IS-IS advertise the link-protection-type parameter to
embrace span protection while the route is being
computed.

Fault
Occurs

Localization Resolution

Notification

Handled at | [Determine ||Notify Switchover
the layer when the nodes failed path
closet to failure has ||responsible |[to pre-
the fail, e.g, | joccurred for allocated
loss of light restoration ||LSP (fast
(LOL) LMP band- |1} pmp- switchover-
shake RSVP-TE ||protection)
between two | |Notify or create a
adjacent message | |new path for
nodes for LSP | fthe LSP
(Channel failures dynamically
Fail, between  ||(restoration)
Channel non-
Fail Ack or neighbouri
Channel ng nodes
Fail Nack)

Figure 8: Fault Management Protocol in GMPLS

On the computation of route, signalling to establish the
backup paths (LSP) is supported via RSVP-TE or CR-
LDP. For span protection, protection scheme like 1+1 or
M:N are offered by establishing secondary paths thru the
network and utilizing signalling messages to switch from
the failed primary path to the next available secondary
path. Figure 8 portrays span and path protections.

For end-to-end path protections, both the primary and
secondary paths are calculated and signalled to designate
that the two paths share reservations. Shared-risk link
group is an optional mechanism that permits the creating
of back-up LSPs that do not have any links in common
with the primary LSP and this is attained in the routing
extension of OSPF/IS-IS.

The process of restoration of a failed path signifies to the
dynamic establishment of a back-up path and this
procedure needs the dynamic allocation of resources and
route calculation. Two dissimilar restoration approaches
are given one is line and other is path. Line restoration
discoveries another route at an intermediate node. Path
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restoration is begun at the source node to route about a
failed path at anyplace within the path for the specific
LSP.

h) Efficient Resource Usage

The introduction and management of resources in optical
and TDM devices, through an IP-based control plane,
needs new levels of optimization. Link bundling was
already discussed earlier as a technique to lessen the size
of the link-state database for each TDM and optical
networks, another main issue in TDM and optical
networks is their possible usage of IP addresses, which is
discussed next.

e Unnumbered Links:In place of allocating a dissimilar
IP address to each TDM or optical link, the idea of
"unnumbered links" is utilised to keep eye on these
types of links. This is essential because of the
following reasons:

e The figure of TDM channels, fibers and wavelength
can effortlessly reach a point where their management,
for each IP address, will become very time-taking.

o |P addresses are taken as limited resources.

An unnumbered link is a link that has no IP address rather
have a combination of a unique router ID and link number
which is used to signify it. These links convey traffic-
engineering info and can be specified in the signalling
plane like a normal link containing IP address.RSVP-TE
and CR-LDP have both been prolonged to transmit this
information in the signalling plane. The same thing has
been practised in the routing protocols like OSPF-TE, IS—
IS-TE.

VI. GMPLS OUTSTANDING ISSUES

The GMPLS suite of protocols or extensions is not
completely standardized as of this script. It is anticipated
that they will shortly become so. In the interim, there are
numerous unresolved problems that require attention.
These issues are briefly discussed as follows.

o Interworking the popularity of GMPLS will partly
depend on its capability to communicate with the
numerous current Frame Relay or ATM network
infrastructures. Interworking with ATM and Frame
Relay networks will let transport of control and data
plane information exchanged amid two similar
networks, for e.g. two ATM networks, through a
dissimilar network, for e.g. GMPLS.

The implementation of interworking functions amid these
networks counter following issues:

o Interworking in the control plane is actual complex as
dissimilar suites of protocols are utilised in each
network for e.g., routing and private network-to-
network interface [PNNI] in ATM vs. OSPF-TE in
GMPLS networks.
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The assuring of end-to-end service quality as usage
data travels thru unlike network types is vital.

GMPLS switching can be TDM based, packet based,
wavelength based, fiber based or waveband based. This
generates reasonably a few combinations in the data
plane interworking context amid GMPLS networks and
ATM or frame relay networks, which transmit data in
cells or frames, respectively.

Numerous industry forums are presently addressing the
essentials of interworking between these networks, for e.g,
the MPLS Forum, the Frame Relay Forum, the ATM
Forum. Practical solutions need to be satisfied the carriers
that manage both MPLS networks and legacy networks
and these solutions must stay undefined at this time.

Security: Traditional IP routing inspects the matters of
the header of a received packet to choose the next hop
for it. This step is time consuming, this allow the
establishment of firewalls, as the necessary information
is available in the packet header for e.g., the source and
the destination addresses that are universally unique. In
contrast to it, GMPLS or MPLS labels are utilised to
swift up the forwarding scheme and only have limited
significance i.e., the label is only understood by
GMPLS devices and internally used by itself. As such
these labels cannot be utilized for access control or
network security purposes. One method to establish
security in a GMPLS network is to apply access
security during the connection set-up time similar to
other connection oriented networks for e.g., ATM or
X.25.

Network Equilibrium:In GMPLS network, whenever a
new resource is remover or added, the bunch of control
information that is required to exchange is large in
comparison with that of a traditional IP network. For
the management of trafficc GMPLS use traffic-
engineering models. This model consist of introducing
a set of traffic parameters, performing constraints-
based routing, associates with data links, LMPs, etc.
Theoretically, it has been said that MPLS/GMPLS
network would take a comparatively longer time to
attain an equilibrium state in comparison with a
traditional IP network, when the network is disrupted.
Network-Management Systems:The most significant
parameter use in managing a traditional IP network
(e.g the Internet) is address reachability. In the
GMPLS network-management system require to keep
track of several thousand or even millions of LSPs for
their traffic engineering, routing paths, operational
status, etc. This signifies the GMPLS network-
management system is more complex comparative to
the management of the traditional Internet.

VII CONCLUSION

The detailed survey on evolution of GMPLS with a brief
fundamental of MPLS is studied. GMPLS protocols,
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problem resolved in GMPLS and its outstanding issues are
also discussed in detail.

(1]

[2
(31

(41
(5]

(6]

[71

(8l

[9]

[10]

[11]

[12]

[13]

DOI 10.17148/IJIREEICE.2016.4115

REFERENCES

Ramaswami R. “Multiwavelengthlightwave networks for computer
communication”, IEEE communication magazine, vol. 31(2), pp.
78-88, 1993.

Rmaswami R, Sivarajan KN, “Optical Networks”, Uniterd States:
Morgan Kaufmann Publishers”, ISBN: 9781558604452, 1998.
Ramaswami R, Sivarajan KN, “ Optica Networks: A practical
prospective”, United States: Morgan Kaufmann Publishers, ISBN:
9781558606555, 2001

Agrawal GP, “Fiber-optic communication system”,
Blackwell, 4™ edition, ISBN: 9780470505113, 2010
Derwesh MA, “Integrating Internet Protocol (IP) Multicast over
Multi-Protocol Label Switching (MPLS) for real time video
conferencing data transmission”, International Journal of Advanced
Research in Computer and Communication Engineering, pp. 368-
372, 2015

Alawieh B, Ahmed Re, Mouftah HT, “Society impacts on
establishing MPLS/BGP VPNs”, Security and Communication
Networks, pp. 269-275, 2008

Alawieh B, Ahmed RE, Mouftah HT, “Security impacts on
establishing MPLS/BGP VPNs”, Security and Communication
Networks, pp. 269-275, 2008

Mellah H, Abbou FM, “MPLS over segmented WDM optical
packet switching networks”, Journal of Computer Science, vol.
2(5), pp. 431-433, 2006

Chen J, Peng L, “Adaptive routing algorithm for multi-channel
wireless mesh networks”, Journal of Computer Applications, vol.
29(5), pp. 1211-1213, 2009

Stanviewicz R, “Advanced MPLS design and implementation”,
IEEE Communication Magazine, vol.40 (3), pp. 34-36, 2002
Banerjee A, Drake L, Lang L, Turner B, Awduche D, Berger L,
Kompella K, Rekhter Y, “Generalized multiprotocol label
switching: an overview of signaling enhancement and recovery
techni  ques”, IEEE communication magazine, vol. 39(7), pp.
144-151, 2001

Agraz F, Velasco L, Perello J, Ruiz M, Spadaro S, Junyent G,
Comellas J, “Deployment and validation of GMPLS-controlled
multi-layer integrated routing over the ASON/GMPLS CARISMA
test-bed”, Journal of Networking, vol. 5(11),2010

Morrow MJ, Sayeed A, “MPLS and next generation networks:
Foundations for NGN and enterprise Virtualization”, Indianapolis
cisco press, ISBN: 9781587201202, 2002

Wiley-

90



