10/19/2011

Ethernet

CSE 3213
Fall 2011

19 October 2011 1

Introduction

¢ Rapid changes in technology designs
e Broader use of LANs
e New schemes for high-speed LANs

¢ High-speed LAN technologies:
—TFast and gigabit Ethernet
—Fiber channel
—High speed wireless LANs
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Ethernet (CSMA/CD)

e Medium access control: Carrier Sense Multiple
Access with Collision Detection

e Xerox -

Ethernet

e IEEE 802.3
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CSMA/CD Precursors

earliest was ALOHA

e developed for packet radio networks

e station may transmit a frame at any time

o if frame is determined invalid, it is ignored
e maximum utilization of channel about 18%

next came slotted ALOHA

e organized slots equal to transmission time
e increased utilization to about 37%

ALOHA

¢ Developed for packet radio networks.
¢ When station has frame, it sends.

¢ Station listens (for max round trip time) plus small
increment.

o If ACK, fine. If not, retransmit.

e If no ACK after repeated transmissions, give up.

¢ Frame check sequence (as in HDLC).

e If frame OK and address matches receiver, send ACK.

e Frame may be damaged by noise or by another station
transmitting at the same time (collision).

e Any overlap of frames causes collision.
e Max utilization 18%.
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Slotted ALOHA

e Time in uniform slots equal to frame
transmission time.

e Need central clock (or other sync mechanism).
e Transmission begins at slot boundary.

e Frames either miss or overlap totally.

e Max utilization 37%.

CSMA

e Propagation time is much less than transmission time.

— All stations know that a transmission has started almost
immediately.

First listen for clear medium (“carrier sense”).

If medium idle, transmit.

If two stations start at the same instant, collision.

Wait reasonable time (round trip plus ACK contention).
No ACK then retransmit.




CSMA (2)

Utilization far exceeds ALOHA.

Max utilization depends on propagation time (medium
length) and frame length.
— Longer frame and shorter propagation gives better utilization.

First listen for clear medium (“carrier sense”).
If medium idle, transmit.

If medium is busy, wait for idle then transmit.

— This is called 1-persistent CSMA. Stations are selfish.

If two or more stations waiting, collision guaranteed.
— Gets sorted out after collision.

Nonpersistent CSMA

1.
2.

If medium is idle, transmit.

If medium is busy, wait amount of time drawn from
probability distribution (retransmission delay) and
repeat 1.

Random delays reduces probability of collisions.

— Consider two stations become ready to transmit at same time
¢ While another transmission is in progress.

— If both stations delay same time before retrying, both will
attempt to transmit at same time.

Capacity is wasted because medium will remain idle
following end of transmission.
— Even if one or more stations waiting.

Nonpersistent stations are deferential.
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p-persistent CSMA

Compromise that attempts to reduce collisions.
— Like nonpersistent

And reduce idle time.
— Like 1-persistent

Rules:

If medium idle, transmit with probability p, and delay
one time unit with probability (1 — p).

— Time unit typically maximum propagation delay.

If medium busy, listen until idle and repeat step 1.

If transmission is delayed one time unit, repeat step 1.
What is an effective value of p?

Value of p?

To avoid instability under heavy load.
Assume n stations waiting to send.

At the end of a transmission, the expected number of stations
attempting to transmit is np.

— n = number of stations ready to transmit

— p = probability of transmitting

If np > 1 on average there will be a collision.

Repeated attempts to transmit almost guarantee more collisions.
Retries compete with new transmissions.

Eventually, all stations will try to send.

— Continuous collisions; zero throughput

So we want np < 1 for expected peaks of n.

If heavy load expected, p should be small.

However, as p is made smaller, stations will wait longer.

At low loads, this gives very long delays.
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CSMA/CD

e With CSMA, collision occupies medium for
duration of transmission = capacity wasted.

e To reduce this waste, stations continue to
listen to medium while transmitting.

e Use CSMA/CD (see next slide).

e Important rule: frames should be long enough
to allow collision detection prior to the end of
transmission.

— Shorter frames: collision detection does not occur.
— CSMA/CD performance same as CSMA.
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Description of CSMA/CD




CSMA/CD P P —
Operation

TME T,
B Famamasion e 7
5w irpermmaT
Sgraontes  [FF 77

TRAL
B R B [ e 2 i R
' tranamisson :}; I_ﬂ
Sgni on ths i S e s e e o)

TME L
Kuw [, R R R ]
&% trnamissnn s Sy
gl on b e R

TRAL &
B wnrammsion [ ST T P e i
'n bpnamisson R&_{f_]_\_‘@

Il O s T o e o o et gt e

Which Persistence Algorithm?

IEEE 802.3 uses 1-persistent.
Nonpersistent: capacity wasted.

p-persistent: low p to avoid instability under high loads,
but will cause long delays under light loads.

1-persistent (p = 1) seems more unstable than p-
persistent due to the greed of the stations.

But wasted time due to collisions is short (if frames are
long relative to propagation delay).

With random backoff, unlikely to collide on next tries.

To ensure backoff maintains stability, IEEE 802.3 and
Ethernet use binary exponential backoff.
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Binary Exponential Backoff

Attempt to transmit repeatedly if repeated collisions
First 10 attempts, mean value of random delay doubled
Value then remains the same for 6 further attempts
After 16 unsuccessful attempts, station gives up and
reports error

As congestion increases, stations back off by larger
amounts to reduce the probability of collision.
1-persistent algorithm with binary exponential backoff
efficient over wide range of loads

— Low loads, 1-persistence guarantees station can seize channel
once idle

— High loads, at least as stable as other techniques
Backoff algorithm gives last-in, first-out effect

— Stations with no or few collisions transmit first
17

Ethernet MAC Summary

e Random Access

— Stations access medium randomly
Contention
—Stations content for time on medium

e CSMA/CD with

—1-persistent
—binary exponential backoff
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Collision Detection

on baseband bus

e collision produces
higher signal voltage

e collision detected if
cable signal greater
than single station
signal

e signal is attenuated

over distance
e [imit to 500m

(10Base5) or 200m

(10Base2)

on twisted pair

(sta r-topology)

e activity on more than
one port is collision

e use special collision
presence signal

7 octets

Preamble

1 octets

Start of Frame Delimiter

6 octets

Destination Address

6 octets

Source Addresss

2 octets

Length/Type

46 to 1500 i
or 1504 < [
or 1982 octets ]

r .

MAC Client Data

\:

Pad

4 octets |

Frame Check Sequence

.......................

Extension

LB [T T T T T T T

bits

transmitted
left to right

frame

] MSB

octets

transmitted
top to bottom

packet

Figure 16.3 IEEE 802.3 MAC Frame Format

IEEE 802.3
MAC
Frame
Format
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10-Mbps Ethernet Specifications

IOBASES TIBASEZ TR ASE-T IEASE-FT*
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techndgue {Manchestery [Manchester) {Manchester) off
Tuplogy Bus Bus Siar Star
Maximum ar I35 1TH1 Sy
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Nodes per L] L - 13
segaeinl
Cable i 5 (4 1o {6 H2 525 pm
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High Speed Ethernet (16.2)

e 100-Mbps (Fast Ethernet)

Gigabit Ethernet
10-Gbps Ethernet
40-Gbps Ethernet
100-Gbps Ethernet

22

10/19/2011

11



Reading

e Chapter 16, Stallings’ book

¢ Assigned reading: Section 16.2 High Speed
Ethernet
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