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INTRODUCTION

The primary focus of this book is Gigabit Ethernet and its usc in multispeed LANS. The
Ethernet protocol quickly rose to the forefront when it was first proposed and has since
become the preferred LAN protocol for computer users. This does not mean that there

has not been competition. A number of other LAN technologies, including Token Ring,
FDDI, 100VG-AnyLAN, and most notably ATM, have all attempted to eclipse Ethernet
within the LAN marketplace. However, they have all been spectacular in their failure to
achieve that goal. Ethernet is now used on 80 to 85 percent of the world’s LAN-connected
PCs and workstations because of its demonstrated capability to respond to the ever-
increasing need for more and more bandwidth.

The Ethernet protocol has been able to successfully incorporate a number of new capabili-
ties because its developers, manufacturers, and standards committees have remained true to
the initial Ethernet goals and design principles of simplicity, interoperability, robustness,
and low cost. In short, Ethernet has remained viable precisely because it has been adapted
to meet the changing needs of its customers while remaining easy to use, easy to install,
easy to maintain, and economical to own. '

Gigabit Ethernet is the most important recent addition to the Ethernet protocol. The capa-
bility for priority-based transmission at 1,000 Mbps in both directions (full-duplex opera-
tion) over a single link plus associated improvements in network addressing methodology
(VLAN tagging) and in switching/routing hardware will ensure that Ethernet remains well
ahead of other LAN technologies.

Gigabit Ethernet has a very important role to play in existing LANSs that are implemented
with a combination of twisted pair copper and multimode optical fiber cabling. However,
transmission through these cables at Gigabit rates presented some very challenging prob-
lems and at one point even threatened the Gigabit Ethernet goal of being able to operate
over long-established-standard link lengths. In contrast with other books on Gigabit
Ethernet, we have not shied away from these issues, but have included in-depth discussions
of both the problems encountered and their solution development.



XX Gigabit Ethernet Networking

We took the time to write this book because we passionately believe that you should
understand the recent capability additions to Ethernet: why they were developed, how they
work, what the cabling limitations are, how Gigabit Ethernet fits into existing Ethernet
(and other) LANs, how it should be installed, and how all of this will affect future
LAN/MAN development.

Like other books on Gigabit Ethernet, we have included a discussion of the protocol, but
at greater depth than most, and we have also included discussions on the following;:

e Layered architectures (a concept that we have found is not well understood by many of
the people in the field)

¢ The concepts and nuances of signal transmission through optical fiber (explained in a
diagrammatic way that does not require higher level mathematics to be understood)

e Systems considerations and practical planning methods for new networks and network
upgrades (how you would actually develop a network plan)

e Network topologies that provide improved chances for rapid recovery in case of equip-
ment or link failure (where and why you should install alternate paths and redundant
equipment or cables)

e Cable plant installation and management (including a few anecdotal examples of what
not to do)

o Integrating Gigabit Ethernet with other LAN technologies (such as ATM)

These are all areas where experience has shown that there is a definite need, but that are
often not well-covered in technical books on the Ethernet protocol.

Our Approach

Several people we talked to when we first considered writing this book told us that they
didn’t need “just another Gigabit Ethernet book.” What they did need was a book that
contained technical information in sufficient detail to provide them with the background
knowledge that would allow them not only to understand the current state of the proto-
col, but to be better prepared for future changes, as well.

Our approach throughout the book has been to provide an essentially non-mathematical
treatment to each subject and to use conceptual diagrams and graphs to explain what is
going on in each part of the system. For example, the coverage of baseband transmission
through optical fiber links is very diagrammatic and, based on reactions from people who
have seen it, should be readily understandable, even to readers not previously familiar with
the physics of light transmission through optical fiber.
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Our Target Audience

This book was written for several broad audiences, including but not limited to:

* Networking systems product developers: engineers, computer scientists, and marketing
personnel working for companies that design and manufacture network equipment
(such as switches and routers) and components (such as laser transceivers, LAN inter-
faces, networking software, and optical fiber cables and connectors)

¢ Network implementers: network planners, managers, buyers, installers, and maintenance
personnel who work for organizations that currently need, or soon will need, to
upgrade or better understand their particular networks

* Students and faculty in electrical and computer engineering and computer science for
coursework at the senior or first-year graduate level

While we assume that you may be familiar with LANs and Ethernet, we have provided
enough information in the book to enable you to understand all aspects of Gigabit
Ethernet networking without prior experience with high speed digital communications and
network bridges, routers, and switches.

In addition, this book can be used as a companion to the Gigabit Ethernet standards doc-
umentation. In this role, it contains a lot of previously unpublished information that pro-
vides context and will help you understand why the specification is how it is.

Organization

The book is organized in six parts, in a fashion thar allows you to skim or even skip indi-
vidual sections or chapters, depending on your interest or need at the moment. We recom-
mend, however, that you review the table of contents to determine the topics included in
each chapter before you decide to go on. Backward and forward references are included
throughout the text to help you find related information on specific topics.

Part I: Introduction

Chapter 1, “Ethernet Development: The Need for Speed,” documents the creation, devel-
opment, and evolution of Gigabit Ethernet networking. This chapter also introduces the
CSMA/CD transmission and reception procedures and provides an overview of the com-
ponents and topology of a Gigabit Ethernet network.

Chapter 2, “The OSI and Gigabit Ethernet Standard Reference Models,” introduces both
the ISO and IEEE 802.3 Ethernet reference models as a precursor to detailed discussion
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of layered architectures and the logjcal requirements of the interfaces between the different
protocol layers of the model.

Part II: Network Access and Control

Chapter 3, “Media Access Control,” details the Ethernet media access control (MAC)
layer functions and responsibilities, the MAC frame format and format options, frame gen-
eration and transmission in both full- and half-duplex mode (including collision filtering,
carrier extension, and frame bursting in CSMA/CD mode), and frame reception and error
control.

Chapter 4, “Gigabit Repeaters, Bridges, Routers, and Switches,” introduces reference
models for Gigabit repeaters and bridges and describes functions/responsibilities of
repeaters, bridges, routers, and switches, including port buffering, speed handling, and
flow control.

Part III: Transmission Fundamentals

Chapter 5, “Fundamentals of Baseband Transmission,” is essentially a non-mathematical
introduction to baseband digital transmission. All key concepts required to understand the
underlying thinking, design procedures, and trade-offs that led to the final specifications
for the 1000BASE-X Gigabit Ethernet physical layers are covered.

Chapter 6, “Fundamentals of Fiber Optic Communication,” is also a self-contained, essen-
tially non-mathematical tutorial that introduces the basic optical fiber definitions, concepts,
components, and technology relevant to Gigabit Ethernet. This chapter provides impor-
tant background information for anyone implementing optical fiber networks.

Part IV: The Common 1000BASE-X Physical Layers

Chapter 7, “The Common Physical Sublayers: Reconciliation and the GMIL,” introduces
the Gigabit Media Independent Interface that provides a simple, inexpensive, and
easy-to-implement interconnection between the Gigabit Ethernet media-independent layer
and the media-dependent physical layers, and between the physical layers and the network:
management processor.

Chapter 8, “Physical Coding, Physical Medium Attachment, and Auto-Negotiation for
1000BASE-X,” introduces the concepts and operation of the Physical Coding Sublayer
(PCS), Physical Medium Atrachment Sublayer (PMA), and Auto-Negotiation unit that are
common to all 1000BASE-X systems. ) ' |
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Part V: The 1000BASE-X Media Dependent Layers

Chapter 9, “The Gigabit Ethernet Optical Link Model,” documents the Gigabit Ethernet
optical link model, a tool developed by the Gigabit Ethernet task force to aid development
of the 1000BASE-X physical sublayer specifications. The link model is currently (1999) the
state of the art as far as laser-based data communication standards are concerned.

Chapter 10, “The Gigabit Ethernet Modal Bandwidth Investigation,” discusses the resolu-
tion of some long-standing fundamental issues regarding laser-based multimode optical
fiber transmission by Gigabit Ethernet: modal noise and unpredictable bandwidth
performance.

Chapter 11, “1000BASE-X: Optical Fiber and Copper PMDs,” discusses the functions,
components, and specifications for baseband Gigabit Ethernet optical and short-haul cop-
per PMDs. The Gigabit Ethernet optical link model is used with techniques discussed in
Chapter 5 to illustrate and derive the PMD specifications.

Part VI: Network Installation and System Considerations

Chapter 12, “The Cable Plant: Installation and Management,” introduces basic concepts
of structured cabling relevant to Gigabit Ethernet and discusses installing conduit and
cable. As-built drawing and database content requirements for effective cable plant man-
agement are also defined.

Chapter 13, “Upgrading Ethernet LANSs: System and Topology Considerations,” reviews
the Ethernet system and compatibility considerations and defines planning procedures for
implementing Gigabit Ethernet in network upgrades and /or new networks.

Chapter 14, “Gigabit Ethernet in Context with Other LAN Technologies,” reviews

some non-Ethernet technologies currently deployed in LANs (Token Ring, FDDI,
100VG-AnyLAN, and ATM) and then considers the use of Gigabit Ethernet as a network
upgrade. |

Chapter 15, “The Future: Gigabit Ethernet and Beyond,” begins with a review of
1000BASE-T Gigabit Ethernet and link aggregation. It then moves on to discuss the
use of Gigabit Ethernet in MAN/WAN networks and as part of WDM-based virtual
MANs/WANSs. Ten Gigabit Ethernet is also discussed.
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Reader Guidelines

We: are very aware that not everyone needs, nor should they be expected, to know and
understand all the information that is contained in each chapter of this book. We also real-
ize that while the table of contents provides some insight into each chapter’s contents, 2
few suggestions might also be in order.

First, because development of 1000BASE-T (Gigabit Ethernet over four pair Category-5
or better, unshielded twisted pair copper cable) was not complete until most of the chap-
ters had been written, we included it in Chapter 15. We recommend that you go to sec-
tion 15.1 after you have completed Chapter 11, “1000BASE-X: Optical Fiber and Copper
PMDs.” The 1000BASE-T and 1000BASE-X physical sublayers are very different from
each other, and should be considered in sequence.

Second, the following table suggests possible approaches for several different categories of
readers.

" Reader Work Assignment Chapters Containing Chapters Containing
or Interest Background Material  Essential Material
Network consultants, 1,2 3-15
planners, and implementers

Network managers 1,2,7-11 3-6, 12-15

Network installers 14, 7-11, 14-15 5-6, 12-13
and maintenance personnel

Designers of network 1,12 2-11, 13-15
equipment and components

Components designers 1,12, 14 2-11,13,15

(for example, network interface
cards, transceivers)

Cable and cable components 14,7-8 5-6, 9-15
designers, (for example, cable,
connectors, cross-connect
panels)

Electrical /Computer 1 2-15
Engineering students

Computer Science students 1,8-11 2-7,12-15
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Course Matervials

Bill Lane is planning to use this book as the text for a High Speed Data Communications
Networks course for Computer Science and Electrical/Computer Engineering majors
(senior/graduate level) during the fall of 1999. Course materials will be available after the
end of the course and will include a syllabus, suggested assignments, and additional discus-
sion topics. You can receive this material by sending an email to bill_lane@iece.org.

Contacting the Authors

If you have comments or suggestions about the book, you may contact either of us by
email or at the address shown below. While we cannot guarantee an immediate response to
questions and comments, we will certainly try to get back to you in a timely fashion.

William G. Laric, Prof. Emeritus

Dept. of Electrical and Computer Engineering
California State University, Chico

Chico, CA 95929

bill_lane@iecee.org



FOREWORD

Over the past five years, we have witnessed two dramatic improvements in LAN technology.
Ethernet, already well-established as the world’s most popular network, was reborn as Fast
Ethernet. The idea of providing a tenfold increase in bandwidth while retaining all of the
important characteristics of a mature and well-understood technology proved to be an irre-
sistible combination for a market that perpetually demands ever faster and ever larger capac-
ity for information exchange. Thus, when Fast Ethernet appeared on the scene in 1995, it
rapidly became the network of choice.

This phenomenon hardly went unnoticed. Indeed, with many other technologies contend-
ing for the honor of succeeding Ethernet, every step of the evolution of Fast Ethernet was
monitored and reported with interest and no small amount of sensationalism. The spectac-
ular success enjoyed by those who invested in Fast Ethernet attracted the attention of the
venture capital community, which was smarting from the poor returns it had received on
investments in other, more complicated, networking technologies. Fast Ethernet quickly
acquired a golden reputation as a simple and reliable technology, with broad appeal and
tangible benefits. It required a fairly small investment, both to develop and to deploy, yet
it yielded dramatic returns. Whether you were a venture capitalist putting money into a
startup company, or a Management Information Systems manager purchasing the network
infrastructure for your enterprise, Fast Ethernet was the smart place to put your money.

And then, just five months after the Institute of Electrical and Electronic Engineers com-
pleted its work on the formal standard for Fast Ethernet, they began work on a standard
for Gigabit Ethernet. Against the backdrop of Fast Ethernet’s success, the ordinarily dull
and dry exercise of writing an IEEE standard became a closely watched event. Once again,
the ink and the money started flowing. In the space of just one year, twenty startup com-
panies were funded to develop Gigabit Ethernet products. The founders of these compa-
nies became celebrities, and the companies achieved lofty valuations on the basis of little
more than the market potential of Gigabit Ethernet.

While all this attention raged about them, a relatively small group of engineers applied them-
selves to the task of defining just what Gigabit Ethernet was, and how it would work. This
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group banded together under the auspices of the IEEE 802.3 Working Group, the commit-
tee responsibie for the development of Ethernet standards. For the most part, they were vol-
unteers, taking time away from their normal jobs to work side-by-side with engineers from
rival companies. The standards writing process took two and a half years from start to finish,
and along the way there were numerous technical challchgcs to address and resolve. This
process took place under the harsh glare of attention from the industry press, and the con-
stant pressure to deliver the standard on schedule. This last point is significant in that few, if
any, standards projects commit to and publish a target schedule for completion.

No one took on a larger responsibility or produced a larger contribution to the IEEE stan-
dard for Gigabit Ethernet than Dr. David Cunningham. At a critical point in the develop-
ment of the standard, Dr. Cunningham assumed the leadership role in addressing a critical
technical issue which threatened to delay the progress of the standards project. This issue
was referred to as Differental Mode Delay, and it was resolved by the Modal Bandwidth
Investigation, which was chaired by Dr. Cunningham. By applying his extensive knowledge
of laser physics and fiber optics, and his exceptional leadership and communication skills,
Dr. Cunningham became one of the heroes of Gigabit Ethernet, for which the industry
owes him profound thanks.

Together, Dr. Cunningham and Dr. William Lane have authored a definitive work on the
subject of Gigabit Ethernet. Their long experience with the development of standards in
the IEEE 802 LAN/MAN Standards Committee gives them unique insight into the inner
workings of this exciting technology. Both of these gentlemen are acknowledged experts in
the development of networking standards, and both share an insider’s view of the process
by which an industry standard turns a concept into a formal specification. Gigabit Ethernet
Networking provides more than just a comprehensive explanation of the contents of the
IEEE 802.3z standard for Gigabit Ethernet. It provides the background knowledge neces-
sary to understand how Gigabit Ethernet works, why it works, and where to use it to the
‘best advantage.

Technical professionals at all levels will benefit from reading this work. Whether one seeks
to learn the physical principles that underlie the technology of high-speed fiber optic com-
munications, or wishes to acquire a detailed knowledge of the protocols and algorithms
specified in the IEEE 802.3z standard for Gigabit Ethernet, or desires to understand how
Gigabit Ethernet can and should be deployed in a modern data communications network
infrastructure, Gigabit Ethernet Networking by Dr. Cunninghém and Dr. Lane is the
authoritative source of information.

Howard M. Frazier, Jr.
Former Chairman, IEEE P802.3z Gigabit Task Force



