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‘While MPLS is in itself simple, its apparent complexity lies in the proliferation
of applications, which shows no signs of ceasing. To make things worse, catching
up involves reading a large number of documents written by various authors
at various times in various styles. Here at last is a single, all-encompassing
resource where the myriad applications sharpen into a comprehensible text that
first explains the whys and whats of each application before going on to the
technical detail of the hows.’

Kireeti Kompella, Juniper Fellow, Juniper Networks

‘MPLS-Enabled Applications thoroughly covers the MPLS base technology and
applications on MPLS-enabled IP networks. It guides you to a comprehen-
sive understanding of standards, problems, and solutions in networking with
MPLS. Before it had been necessary to go through material from many different
sources, here we have everything in one place. All the MPLS protocols are
covered, as are the applications of these protocols. This should be the textbook for
MPLS courses, both for training of experienced networking professionals and for
universities.”

Loa Andersson, Acreo AB, IAB-member and IETF MPLS working group co-chair

‘This is the MPLS text that the industry has been waiting for. On one hand,
the text presents MPLS technology clearly enough that the reader can absorb its
content in a few easy sittings. On the other hand, the text provides a sufficiently
in-depth treatment that even an MPLS expert can learn from it. The authors offer
a clear and complete description of MPLS, its inner workings and its applications,
in a manner that could only be achieved by persons who have been significant
contributors to the MPLS development effort. Every network operator who has
deployed or is considering the deployment of MPLS technology should read this
book. It is appropriate reading for everyone from the CTO to the tier 1 NOC
engineer.’

Ron Bonica, Juniper Networks, IESG member and IETF L3VPN working group co-chair

‘This book provides an excellent overview of MPLS mechanisms and applications.
It allows understanding what we can do today and what we will be able to do
tomorrow with MPLS, as it covers not only stable and deployed technologies
such as MPLS Fast Reroute, L3VPNs, L2VPN, but also new technologies under
development within the IETF, such as IP/LDP Fast Reroute, inter-domain Traffic



Engineering and Point-To-Multipoint MPLS. Hence this book will be highly useful
for network designers, operators, students as well as anyone interested with the
MPLS architecture.’

Jean-Louis Le Roux, Senior MPLS architect, Orange

“This is a highly recommended book for network design engineers who want to
update themselves with the latest MPLS development, or those who want to learn
this technology thoroughly. In addition to the impressive technology coverage
and depth, the book is also a delightful reading!

Lei Wang, IP Network Architect, Telenor

"MPLS-Enabled Applications provides an excellent review of the fundamentals and
key applications of the MPLS suite of protocols. Its balanced mix of both the
technical and business motivations for using these applications make it a must-
read for anyone involved in enterprise or service-provider networks.”

Dave Cooper, VP, Network Architecture, Global Crossing Ltd.

‘MPLS-Enabled Applications is an excellent read for network engineers involved in
the design of MPLS networks and services. It can serve as an introduction to MPLS
networking or as a reference book for the advanced engineer. It discusses practical
issues that must be considered in the design of MPLS networks and services,
including MPLS-TE, MPLS-IPVPNs and MPLS L2VPNs. It also discusses current
topics that are still evolving in the industry such as inter-AS/area MPLS-TE,
point-to-multipoint LSPs and IPVPN multicast, providing a good overview of the
issues being addressed and the current industry direction.”

Nabil N. Bitar, Principal member of Technical Staff and lead network architect, Verizon

‘MPLS Enabled Applications: Emerging Developments and New Technologies second
edition, by Ina Minei and Julian Lucek, presents the current state-of-the-art in the
specification, development, and application of MPLS and its related technologies.
I believe, the readers will find the book to be a very valuable resource.’

Bijan Jabbari, PhD, Founder of Isocore, and Professor of Electrical Engineering,
George Mason University
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Foreword

Yakov Rekhter, Juniper Fellow, Juniper Networks

Multi-Protocol Label Switching (MPLS) began in the mid-1990s with just
two modest design objectives. The first was a better integration of ATM
with IP by providing a single IP-based control plane that could span
both ATM switches and IP routers. The second objective was to augment
the IP control plane with some additional functionality, namely traffic
engineering using constraint-based routing that was already present in
the ATM control plane.

Not long after it started, MPLS usage was extended to applications such
as Circuit Cross Connect (CCC), ATM and Frame Relay service over an
IP/MPLS infrastructure (draft-martini), BGP/MPLS VPNs (2547 VPNs)
and more recently Virtual Private LAN Services (VPLS). The original
constraint-based routing functionality evolved beyond traffic engineering
to applications such as fast reroute and Differentiated Services Traffic
Engineering (DiffServ-TE).

The idea of a single control plane for both ATM switches and IP routers
evolved into Generalized Multi-Protocol Label Switching (GMPLS),
which provides a single control plane that could span not only routers
and ATM switches but SONET/SDH and optical cross connects as well.

One of the recent MPLS developments deserving of mention here is
the use of MPLS in the access network, which is covered in this book.
Since the first edition of this book, significant progress has been made
in the area of MPLS multicast, IP multicast with BGP/MPLS VPNs and
IP multicast with VPLS. The second edition covers the advances in these
areas.

It is important to keep in mind that in all of the applications mentioned
above MPLS is just one of the components of such applications, albeit
a critical one. If we look back at the time when MPLS was created, and
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compare its design objectives with what MPLS is used for today, we
notice several things. First of all, most of the applications of MPLS that
we have today were not conceived of during the original design of MPLS.
Furthermore, while the original design goal of a better integration of
ATM and IP routers is still with us, the way MPLS today supports this
is completely different from the way it was originally conceived. Instead
of having a single control plane that could span both ATM switches and
routers, ‘better integration’ today has a dual meaning of being able to
offer the ATM service over an IP/MPLS infrastructure that has no ATM
switches at all, as well as the ability to interconnect ATM switches over
such an infrastructure. While originally MPLS was conceived as a tech-
nology solely for the Service Providers, we see today how MPLS is grad-
ually penetrating the enterprise environment. Additionally, over time
the whole MPLS concept evolved from Multi-Protocol Label Switching to
Multi-Purpose Label Switching.

A new technology quite often generates opposition, and MPLS was by
no means an exception. You may all remember how MPLS was branded
by its opponents in negative terms as ‘bad’, ‘evil’, ‘a social disease’ or
‘a nightmare of unprecedented proportions’. To put this in a proper
perspective, we need to keep in mind that technologies exist not for their
own sake but for the purpose of solving business problems. Therefore,
talking about “good’” technologies versus ‘bad/evil’ technologies has little
practical relevance; yet what is of great relevance is how well a particular
technology meets business needs.

One might wonder how they could judge how well a particular tech-
nology, like MPLS, meets business needs. To answer this question [ would
like to remind you of the expression that ‘the proof of the pudding is in
the eating’ (and not in the debate about the pudding). That being said,
the ultimate judge of how well a particular technology meets business
needs is the marketplace. It is the judgment of the marketplace that deter-
mines whether a particular technology deserves to live or to die; and with
respect to MPLS the market made its judgment loud and clear - MPLS is
here to stay.



Preface

In the three years since we began the first edition of this book, so many
new MPLS developments have taken place that our publisher and many
readers suggested that a second edition would be useful. The motivation
for the book remains the same: MPLS is moving so fast that some of its
new applications have already been deployed in production networks,
yet are not described anywhere in book form. In many cases, the only
available resources are the IETF drafts which list the extensions needed to
produce interoperable implementations. These documents often assume
familiarity with the problem at hand and do not explain the details of
why a particular solution has been chosen or what are the pros and cons
of using it. The second edition of MPLS-Enabled Applications attempts to
fill this gap and provide the reader with an understanding of both the
problem and why the solution looks the way it does.

Therefore, when we describe the mechanisms underpinning an MPLS
application, the emphasis is on giving an overview of the protocol
machinery without delving into the bits and bytes of each protocol
message. This allows us to convey the concepts without making it diffi-
cult to see the wood for the trees. Also, some of the mechanisms that
we write about are currently being defined, so details of the protocol
messages may change, but the concepts are less likely to. References at
the end of each chapter point to the documents describing the message
formats and processing rules.

Although we both happen to work for the same router vendor, the book
is not vendor-specific. Occasionally, we point out some vendor-specific
quirks if they are relevant to the discussion, or aid in understanding a
particular topic. Many of the topics discussed are still under debate in
the IETF, and naturally our personal views on one topic or another may
be stated more strongly than the opposing view.
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WHO SHOULD READ THIS BOOK?

The intended audience of this book includes employees of service
providers and network equipment vendors, customers of service
providers who are interested in the mechanisms underpinning
the services that they buy, network professionals who want to keep up
to date with the latest advances in MPLS and students of network tech-
nology. To make the second edition of this book more accessible to both
the student and to the practitioner of MPLS, we have added study ques-
tions at the end of each chapter.

We assume that the reader has some degree of familiarity with
network technology and routing protocols, in particular BGP and the
link-state IGPs, but these are not a requirement to benefit from the
book. Although our main aim is to cover the cutting-edge develop-
ments of MPLS, the Foundation chapter allows the reader unfamiliar
with MPLS to get up to speed in order to benefit from the remainder
of the book. Even when discussing basic topics such as TE or fast
reroute, we also explore the more interesting and advanced aspects of the
technology.

WHAT IS NEW IN THE SECOND EDITION?

In this second edition, we aim to capture the latest developments in the
field. For this reason, we added two new chapters: Chapter 10 covers
multicast in L3VPNSs, including discussion of both the PIM/GRE and
the new ‘next-generation’ BGP/MPLS schemes, and Chapter 14 discusses
the use of MPLS in access networks. Additional material was added and
updated throughout the book, such as IPv6 VPNs, ECMP fast-reroute
for LDP, 6PE, interworking of LDP-based and BGP-based VPLS, support
of multicast in VPLS, OAM tools for P2MP LSPs, topics in self-healing
networks and MPLS in mobile networks. The study questions at the end
of each chapter are intended to help readers test their understanding
of the topics discussed and can serve to trigger debate on the pros
and cons of the applicability of a particular technology to a particular
deployment.

HOW THIS BOOK IS ORGANIZED

The book is divided into two parts, each containing several chapters. Part
One describes the MPLS infrastructure tools used as the foundation to
build services, and Part Two covers the MPLS-based services themselves.
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The structure of Part One

Chapter 1, the Foundations chapter, reviews the control plane and
forwarding plane mechanisms associated with MPLS. In that chapter, we
give an overview of the LDP and RSVP signaling protocols and compare
the two.

Chapter 2 discusses MPLS Traffic Engineering, which gives service
providers control over the path taken by traffic through their network
and the ability to give bandwidth guarantees. In this context, we look at
the impact of TE on network scalability, as well as at solutions for TE in
LDP networks.

Chapter 3 explores the topic of Protection and Restoration in MPLS
networks, essential to allowing MPLS networks to carry mission-critical
traffic. We cover link and node protection, their respective scaling proper-
ties and the cost of bandwidth protection. We also explore more advanced
topics such as fate sharing and the new developments for providing fast
restoration in IP and LDP networks.

Chapter 4 presents Differentiated Services (DiffServ) Aware Traffic
Engineering, which allows traffic engineering to be applied with per-class
granularity, bringing QoS to the network.

Chapter 5 introduces Interdomain Traffic Engineering. This is likely to
be of increasing importance in the future as MPLS-based services extend
across multiple IGP areas and AS boundaries. Both the signaling and
computation aspects are discussed, and path-computation elements are
also reviewed.

Chapter 6 is devoted to MPLS multicast functionality. This chapter
covers not just P2MP LSP setup with RSVP and LDP but also advanced
topics such as upstream label allocation and hierarchies of P2MP LSPs.
MPLS multicast is currently of great interest as it allows MPLS to be used
in broadcast TV and IPTV applications and because it is an essential part
of the next-generation L3VPN multicast solutions that have recently been
devised in the IETF.

The structure of Part Two

Chapters 7, 8, 9 and 10 are devoted to Layer 3 VPNs — the most
widespread application of MPLS to date. Chapter 7 provides a tutorial
on L3VPN and explains the basic concepts, Chapter 8 discusses more
advanced topics such as route target filtering and scalability analysis,
Chapter 9 covers hierarchical VPNs, while Chapter 10 is entirely dedi-
cated to the different solutions for providing multicast support in a VPN,
an area which has seen tremendous change in the last couple of years.
Chapter 11 describes the rapidly growing area of Layer 2 transport over
MPLS, including pseudowires and Layer 2 VPNs. These allow service
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providers to migrate ATM and Frame Relay services to an IP/MPLS
network and to offer Ethernet-based alternatives to those services.

Chapter 12 describes the Virtual Private LAN Service (VPLS). This
allows a service provider to offer a very simple-to-use service to enterprise
customers, in which the customer’s sites appear to be attached to the
same LAN. Multicast support over VPLS, an area which has seen a lot of
change in recent years, is also discussed.

Chapter 13 covers some aspects of the management and trouble-
shooting of MPLS networks. The subject of management of MPLS
networks could fill an entire book by itself and a single chapter does not
do it justice. However, we attempt to show some of the challenges (such
as ICMP tunneling) and some of the available tools, such as LSPing.

Chapter 14 provides an overview of the emerging trend of using MPLS
in the access network, explains why this technology is taking off and
describes the various deployment models.

The final chapter takes a look at the achievements of MPLS to date
and how MPLS may in future extend beyond the service provider core
to DCNs, mobile Radio Access Networks and enterprise networks.

REFERENCES

At the end of each chapter, there is a list of references. In the body of
the text, these references appear in brackets, like this [REF1]. Many of
the references are IETF documents. As these documents progress in the
IETF process, their revision number and document name may change.
Therefore, when looking up a reference online, search by the author and
title rather than by the document name.

In some chapters, we have included a section with further reading.
These are documents that we thought would be useful for those wanting
to broaden their knowledge on a particular topic.

Ina Minei, Sunnyvale, CA
Julian Lucek, Ipswich, UK
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