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IMPORTANT INFORMATION AND DISCLAIMERS

1. This specification includes subject matter relating to a patent(s) of Xerox
Corporation. No license under such patent(s) is granted by implication, estoppel
or otherwise as a result of publication of this specification. Applicable licenses
may be obtained from Xerox Corporation.

2. This specification is furnished for informational purposes only. Digital, Intel, and
Xerox do not warrant or represent that this specification or any products made in
conformance with it will work in the intended manner or be compatible with
other products in a network system. Nor do they assume responsibility for any
errors that the specification may contain, or have any liabilities or obligations for
damages (including but not limited to special, indirect or consequential damages)
arising out of or in connection with the use of this specification in any way.
Digital, Intel and Xerox products may follow or deviate from the specification
without notice at any time.

3. No representations or warranties are made that this specification or anything made
from it is or will be free from infringements or patents of third persons.
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Preface

This document contains the specification of the Ethernet, a local area network
developed jointly by Digital Equipment Corporation, Intel Corporation, and Xerox
Corporation. The Ethernet specification arises from an extensive collaborative effort
of the three corporations, and several years of work at Xerox on an earlier prototype
Ethernet.

This specification is intended as a design reference document, rather than an
introduction or tutorial. Readers seeking introductory material are directed to the
reference list in Section 2, which cites several papers describing the intent, theory,
and history of the Ethernet.

This document contains 7 sections, falling into three main groups:

Sections 1, 2, and 3 provide an overall description of the Ethernet, including its
goals, and the scope of the specification.

Sections 4 and 5 describe the architectural structure of the Ethernet in terms of a
functional model consisting of two layers, the Data Link Layer and the Physical
Layer.

Sections 6 and 7 specify the two layers in detail, providing the primary technical
specification of the Ethernet.

Readers wishing to obtain an initial grasp of the organization and content of the
specification will be best served by reading Sections 1, 3, and 4. Readers involved in
actual implementation of the Ethernet will find Sections 5, 6, and 7 to contain the
central material of the specification. Section 2 provides references, and the
appendices provide supplementary material.

The approach taken in the specification of the Data Link Layer in Section 6 is a
procedural one: in addition to describing the necessary algorithms in English and
control flow charts, the specification presents these algorithms in the language Pascal.
This approach makes clear the required behavior of Data Link Layer, while leaving
individual implementations free to exploit any appropriate technology.

Because the procedural approach is not suitable for specifying the details of the
Physical Layer, Section 7 uses carefully worded English prose and numerous figures
and tables to specify the necessary parameters of this layer.

Some aspects of the Ethernet are necessarily discussed in more than one place in this
specification. Whenever any doubt arises concerning the official definition in such a
case, the reader should utilize the Pascal procedural specification of the Data Link
Layer in Section 6.5, and the detailed prose specification of the Physical Layer in
Sections 7.2 through 7.9.
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One aspect of an overall network architecture which is not addressed by this
specification is network management. The network management facility performs
operation, maintenence, and planning functions for the network:

- Operation functions include parameter setting, such as address selection.
- Maintenance functions provide for fault detection, isolation, and repair.

- Planning functions include collection of statisical and usage information, necessary
for planned network growth.

While network management itself is properly performed outside the Ethernet Data
Link and Physical Layers, it requires appropriate additional interfaces to those layers,
which will be defined in a subsequent version of this specification.
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1. INTRODUCTION

The Ethernet local area network provides a communication facility for high speed
data exchange among computers and other digital devices located within a moderate-
sized geographic area. Its primary characteristics include:

Physical Layer:
Data rate: 10 Million bits/sec
Maximum station separation: 2.5 Kilometers
Maximum number of stations: 1024
Medium: Shieldea coaxial cable, base-band signalling
Topology: Branching non-rooted tree

Data Link Layer:

Link control procedure: Fully distributed peer protocol, with statistical
contention resolution (CSMA/CD)

Message protocol: Variable size frames, "best-effort” delivery

The Ethernet, like other local area networks, falls in a middle ground between long
distance, low speed networks which carry data for hundreds or thousands of
kilometers, and specialized, very high speed interconnections which are generally
limited to tens of meters. The Ethernet is intended primarily for use in such areas as
office automation, distributed data processing, terminal access, and other situations
requiring economical connection to a local communication medium carrying bursty
traffic at high peak data rates, Use in situations demanding resistance to hostile
environments, real-time response guarantees, and so on, while not specifically
excluded, do not constitute the primary environment for which the Ethernet is
designed.

The precursor to the Ethernet specified in this document was the "Experimental
Ethernet", designed and implemented by Xerox in 1975, and used continually since
that time by thousands of stations. The Ethernet defined here builds on that
experience, and on the larger base of the combined experience of Digital, Intel, and
Xerox in many forms of networking and computer interconnection.

In specifying the Ethernet, this document provides precise detailed definitions of the
lowest two layers of an overall network architecture. It thus defines what 1s generally
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referred to as a link-level facility. It does not specify the higher level protocols
needed to provide a complete network architecture. Such higher level protocols
would generally include such functions as internetwork communication, error
recovery, flow control, security measures (e.g. encryption), and other higher level
functions that increase the power of the communication facility and/or tailor it to
specific applications. In particular, it should be noted that all error recovery
functions have been relegated to higher level protocols, in keeping with the low error
rates that characterize local networks.

One of the main objectives of this specification is compatibility. As stated in Section
3, it is intended that every implementation of the Ethernet be able to exchange data
with every other implementation. It should be noted that higher level protocols raise
their own issues of compatibility over and above those addressed by the Ethernet and
other link-level facilities. This does not eliminate the importance of link-level
compatibility, however. While the compatibility provided by the Ethernet does not
guarantee solutions to higher level compatibility problems, it does provide a context
within which such problems can be addressed, by avoiding low level incompatibilities
that would make direct communication impossible,
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3. GOALS AND NON-GOALS
This section states the assumptions underlying the design of the Ethernet,

3.1 Goals
The goals of the Ethernet design are:

Simplicity: Features which would complicate the design without substantially
contributing to the meeting of the other goals have been excluded.

Low cost; Since technological improvements will continue to reduce the overall
cost of stations wishing to connect to the Ethernet, the cost of the connection
itself should be minimized.

Compatibility: ~ All implementations of the Ethernet should be capable of
exchanging data at the data link level. For this reason, the specification
avoids optional features, to eliminate the possibility of incompatible variants
of the Ethernet.

Addressing flexibility:  The addressing mechanisms should provide the
capability to target frames to a single node, a group of nodes, or to all nodes
on the network.

Fairness: All nodes should have equal access to the network when averaged
over time.

Progress: No single node operating in accordance with the protocol should be
able to prevent the progress of other nodes.

High speed: The network should operate efficiently at a data rate of 10
Megabits per second.

Low delay: At any given level of offered traffic, the network should introduce
as little delay as possible in the transfer of a frame.

Stability: The network should be stable under all load conditions, in the sense
that the delivered traffic should be a monotonically non-decreasing function
of the total offered traffic.

Mainiainability. The Ethernet design should allow for network maintenance,
operation, and planning.

Layered Architecture: The Ethernet design should be specified in layered terms
to separate the logical aspects of the data link protocol from the physical
details of the communication medium.
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3.2 Non-Goals
The following are nor goals of the Ethernet design:

Full duplex: At any given instant, the Ethernet can transfer data from one
source station to one or more destination stations. Bi-directional
communication is provided by rapid exhange of frames, rather than full
duplex operation.

Error control: Error handling at the data link level is limited to detection of bit
errors in the physical channel, and the detection and recovery from collisions.
Provision of a complete error control facility to handle detected errors is
relegated to higher layers of the network architecture.

Security: The data link protocol does not employ encryption or other
mechanisms to provide security. Higher layers of the network architecture
may provide such facilities as appropriate.

Speed flexibility: This specification defines a physical channel operating at a
single fixed data rate of 10 Megabits per second.

Priority:  The data link protocol provides no support of priority station
operation.

Hostile user: There is no attempt to protect the network from a malicious user
at the data link level.










































































































































































































































