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Objectives

A ldentify the basic characteristics of network media used in
Ethernet.

A Describe the physical and data link features of Ethernet.

A Describe the function and characteristics of the media access
control method used by Ethernet protocol.

A Explain the importance of Layer 2 addressing used for data
transmission and determine how the different types of
addressing impacts network operation and performance.

A Compare and contrast the application and benefits of using
Ethernet switches in a LAN as apposed to using hubs.

A Explain the ARP process.
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Outline

AOverview of Ethernet
| Ethernet: standards and implementation
| Ethernet: layer 1 and layer 2
I Logical Link Control: connecting to the upper layers
I MAC: getting data to the media
I Physical implementations of Ethernet

AEthernet: communication through the LAN
| Historic Ethernet
I Legacy Ethernet
I Current Ethernet
I Moving to 1Gbps and beyond
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Outline

AEthernet frame
| Frame: encapsulating the packet
| Ethernet MAC address
I Hexadecimal numbering and addressing
I Another layer of addressing
| Ethernet unicast, multicast and broadcast

AEthernet MAC
I CSMA/CD: the process
I Ethernet timing
I Interframe spacing and backoff

AEthernet physical layer
I 10-Mbps Ethernet
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Outline

1 100-Mbps Ethernet (Fast Ethernet)
1 1000-Mbps Ethernet (Gigabit Ethernet)
1 10-Gbps and Future Ethernet

AHubs and switches
| Legacy Ethernet: using hubs
| Ethernet: using switches
I Switches: selective forwarding

AAddress Resolution Protocol (ARP)
I Resolving IPv4 addresses to MAC addresses
I Maintaining a cache of mappings
I ARP broadcast issues
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Overview of Ethernet

AEthernet is one of the LAN standards.

I There were several other LAN standards such as Token
Ring, FDDI, etc.

AHowever, nowadays, Ethernet is the dominant
standard used in LANS.

AThe initial Ethernet specifies a 10Mbps LAN
standard using coaxial cable.

AOQOver time, Ethernet has evolved to use other
transmission media as well as higher data rate.
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Ethernet: Standards and Implementation

AThe first Ethernet standard was published in 1980 by a
consortium of Digital Equipment Corporation, Intel and
Xerox (DIX).

A Ethernet was then standardized by IEEE in 1985 under
the standard 802.3.

I Ethernet is also called IEEE 802.3

AThis standard includes layer 1 (physical layer) and part
of layer 2 (data link layer) of the OSI model.
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Ethernet: Layer 1 and Layer 2

AEthernet includes two standards:

I IEEE 802.3 1 for physical layer and the MAC sublayer of
the data link layer.

I IEEE 802.2 T for the LLC sublayer of the data link layer.

AlLayer 1 elements specified by Ethernet:
| Signals
| Bit streams that travel on the media
I Physical components that put signals on the media
I Various topologies
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Ethernet: Layer 1 and Layer 2

ALayer 2 elements specified by Ethernet:
I Provides an interface to the upper-layer protocols
I Provides an address to identify devices
I Uses frames to organize bits into meaningful groups
I Controls the transmission of data from sources

AThe MAC sublayer is concerned with the physical
components that are used to communicate
Information and prepare data for transmission over
that media.

I WIll be different for different media.

AThe LLC sublayer, on the other hand, is
Independent of the physical equipment used.



’ Clsca Networkmgﬁademy‘

Loglcal Lmk Control Connectlng to
the Upper Layers

ALLC manages the communication between the
networking software at the upper layers and
nardware at the lower layers.

ALLC is implemented in software and is independent
of the physical equipment.

I LLC can be considered the driver software for the
network interface card (NIC).

| The driver program interacts directly with the hardware on
the NIC to pass the data between the media and the MAC
sublayer.

ALLC takes the Network layer PDU (IPv4 packet)
and adds control information to deliver the packet
to the destination node.
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MAC: Getting Data to the Media

AThe MAC sublayer is implemented in hardware (the
NIC).
Alt has two main responsibilities:

| Data encapsulation
I Performing media access control (MAC)

AData encapsulation involves the process of adding
a header and a trailer to layer 3 PDUs.

AThere are three functions of data encapsulation:
I Frame delimiting T to identify the start and end of frame.

I Addressing 1 to specify the source and destination MAC
address
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MAC: Getting Data to the Media

I Error detection T to add CRC (cyclic redundancy check)
code to the trailer to be used by the receiver to detect bit
errors

AMedia access control is performed to control how
and when the nodes gain access to the media.

| This includes what to do to recover from collision.
| For historic and legacy Ethernet networks, this is done
using CSMA/CD.

AMedia access control also defines when to decide
to accept a frame.

I This is done by examining the destination MAC address
Inside the frame header.
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Physical Implementations of Ethernet

AThe first Ethernet was developed back in 1970s.
| Started with 10 Mbps Ethernet.

ASince then, it has evolved to meet the increased
demand for high-speed LANS.

| Today, the fastest Ethernet can achieve data rate up to
10 Gbps.

I Also used in WANSs (wide area networks) and MANs
(metropolitan area networks).

AThere are various Ethernet standards to support
different data rate, transmission media and
connector specification.
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Physical Implementations of Ethernet

ATo ensure compatibility between the various standards,
Ethernet uses the same frame structure.

I As a result, the different Ethernet standards can be used
together in a single LAN.
AReasons for Ethernet success:
I Simplicity and ease of maintenance
I Ability to incorporate new technologies
I Reliability
I Low cost of installation and upgrade.



Different Generations of Ethernet

AHistoric Ethernet
ALegacy Ethernet
ACurrent Ethernet
A Developing Ethernet (Future)
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Historic Ethernet

AThe original Ethernet design uses a shared bus
topology.

AThere were two standards:
I 10BASEZ2 (Thinnet) T uses thin coaxial cable.
I 10BASES (Thicknet) T uses think coaxial cable.

AThese early Ethernet standards were deployed in
low bandwidth (10 Mbps) LANSs.

ADue to the use of bus topology, collision may
happen.

I Therefore, access to the media was managed by CSMA,
and later CSMA/CD.



Historic Ethernet
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Legacy Ethernet

AThis generation of Ethernet is characterized by the
use of UTP cable and physical star topology.

I Hosts are connected to a hub using UTP cable.
| This Ethernet standard is called 10BASE-T.

AHowever, the logical topology is still a bus.
I A hub broadcast incoming frame to all outgoing ports.
I Only one station can transmit at a time (half-duplex).
I Collision may happen.
I Access to the media is managed using CSMA/CD.

AlLater, the use of a hub is replaced with a switch.

I This minimizes the possibility of collisions and increases
the performance and reliability of Ethernet.
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Current Ethernet

AThis Ethernet standard has a data rate of 100
Mbps.
| The standard is called 100BASE-T (Fast Ethernet).

AThe use of hubs has been replaced with switches.
| This leads to point-to-point logical topology.
AA switch can forward iIncoming frame only to the
port that leads to the receiver.
I This minimizes the possibility of collisions.
I Eliminates the necessity to perform CSMA/CD.
I It also enables the hosts to have the full bandwidth of the
media.

ALater switch implementation also support full-
duplex communications.
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Current Ethernet

Topology
physical: Star
Logical: Point-to-point
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Moving to 1 Gbps and Beyond

AEthernet nowadays can operate at the rate of 1
Gbps (1000 Mbps) or even 10 Gbps (10000 Mbps).

I These are called Gigabit Ethernet and 10-Gigabit
Ethernet respectively.

I This higher speed is necessary to properly support Voice
over IP (VolP) and multimedia applications.

ASwitch is still used as the connecting device.
I However, the switch must have full-duplex capabillity.
Aln addition to UTP cable, fiber optic cable can also
be used.

| Fiber optic cable will allow for greater distance.
| This enables Ethernet to be used in WANs and MANSs.
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Moving to 1 Gbps and Beyond

Gigabit Ethernet

Gigabit Ethernet technology is applied beyond the enterprise
LAN to MAN and WAN-based networks.

WAN

Metropolitan-
area Network
MAN
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A Ethernet protocol is only concerned with how the
Information gets from one Ethernet host or device to
another.
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Ethernet Frame

AAIl Ethernet standards use the same frame
structure.

I Ethernet has a header and a trailer.

AThere are three versions of Ethernet frame:
I DIX
I IEEE 802.3 (Original)
I IEEE 802.3 (Revised 1997)

AAN Ethernet frame has minimum size of 64 bytes
and maximum size of 1518 bytes.

I Any received frame not within this size will be considered
as corrupted and will be discarded.



Ethernet Frame



