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“Dominant” LAN technology:

e cheap $20 for 100Mbs!

e first widely used LAN technology

e Simpler, cheaper than token LANs and ATM

* Kept up with speed race: 10, 100, 1000 Mbps

Metcalfe’s Ethernet
sketch
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Ethernet uses CSMA/CD

* No slots.

 Adapter doesn’t transmit if it senses that
some other adapter is transmitting, that is,
carrier sense.

* Transmitting adapter aborts when it senses
that another adapter is transmitting, that is,
collision detection.

e Before attempting a retransmission, adapter
waits a random time, that is, multiple access.
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CSMA/CD Efficiency

* 1,0 = Max propagation time between 2 nodes in LAN

* t. ... =time to transmit max-size ethernet frame

1
1+5¢  /t

prop trans

efficiency =

* Efficiency goestolast,,, goesto0
* Goestolast,,,, goes toinfinity

 Much better than ALOHA, but still decentralized, simple,
and cheap
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Ethernet Frame (MAC)

OCTETS WITHIN
FRAME TRANSMITTED
TOP TO BOTTOM

7 OCTETS PREAMBLE
1 OCTET SFD
6 OCTETS DESTINATION ADDRESS
6 OCTETS SOURCE ADDRESS
2 OCTETS LENGTH/TYPE
: MAC CLIENT DATA :
AB-ASO0OOTETS o ok s s s e e e e ’
: PAD !
4 OCTETS FRAME CHECK SEQUENCE
: EXTENSION !
tse | | [ [ [ [ [ | ] wmsB
b0 b’

‘ BITS WITHIN
FRAME TRANSMITTED —— i~
LEFT TO RIGHT

Source: IEEE 802.3



Digital Signal — Fourier

Transformation

Nachrichtentschnik Signale
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Frequency vs Data Rate

IU[V] ’_I_ NRZ

11 00 10 01 10 10 11 —

@ os Bicsi



U/UTP — 10BaseT, Manchester
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F/UTP — 10BaseT, Manchester
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U/UTP — 100Mbps, NRZI
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F/UTP — 100Mbps, NRZI
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Eye Pattern Test

* Eye Pattern are used to monitor "health" or
quality of digital signals.

* Eye Pattern mask tests allow to compare
received digital signals.

* Eye Pattern test cannot substitute for a Bit
Error Rate (BER) test, but there is a
correlation between the two.
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Setup: Eye Pattern Test 1

70 m: Cable duct

Control and
70m parallel Run data cables

Control devices

90 m Cat. 5e
U/UTP or F/UTP

receive

transmit

Signal Analyzer
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Eye Diagram 1

T U/UTP
| : : o : : L : e 10-BaseT, Manchester code
e Reference - no induced noise

e Total number of scans: 1000
e Test time: 400sec

e No of mask intrusions: O
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Eye Diagram 2
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U/UTP

10-BaseT, Manchester code
With induced noise

Total number of scans: 1000
Test time: 400sec

No of mask intrusions: 21,936
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Eye Diagram 3

i akdine B T R ) * 10-BaseT, Manchester Code
.:afs&“"uﬁ' O * Grounded at both ends
BRI L S e With induced noise

e Total number of scans: 1000
e Testtime: 400sec

e No of maskintrusions: 256

~500mY A ‘ : : L
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Setup: Eye Pattern Test 2

70 m: Cable duct

Control and
70m parallel run data cables

100 Mbit/s Transmission

Control devices

90 m Cat. 5e
U/UTP or F/UTP

transmit

receive Traffic

generator

server

Network Analyzer
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U/UTP Reference Cable

* Eye pattern test
 Network test 100-BaseT, NRZI
 Reference - no induced noise

* Frame size: 450 bytes
* Transmission time: 405 sec
* Transmitted frames: 970,962
* Bad CRC/retries: 0
* Short/runt: 0
 Lost frames: 0
: i * Frame error rate: <1010
' , .~ '+ BestcaseBER: <1010
o . i : . . . . ,
76.1ns Snssdiv 126.1inw
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U/UTP with Noise

* Eye pattern test
* Network test 100-BaseT, NRZI
* Small frame size (450 Bytes)

* Frame size: 450 bytes

* Transmission time: 405 sec

* Transmitted frames: 975,825

* Bad CRC/retries: 656

* Short/runt: 199

e Lost frames: 0

* Frame error rate: <6.7*¥10*4

 Best case BER: <1.9*%10"
A
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U/UTP with Noise

* Eye pattern test
* Network test 100-BaseT, NRZI
e Large frame size (1000 Bytes)

* Frame size: 1000 bytes

* Transmission time: 405 sec

 Transmitted frames: 484598

* Bad CRC/retries: 6623

* Short/runt: 1618

 Lost frames: 28

* Frame error rate: <1.4*10 2
* Best case BER: <1.7*¥10°
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F/UTP with Noise

* Eye pattern test
 Network test 100-BaseT, NRZI
* perfectly grounded

* Frame size: 1000 bytes
e Transmission time: 405 sec
 Transmitted frames: 481006

 Bad CRC/retries: 0
* Short/run: 0
e Lost frame: 0
 Frame error rate: <1010
: : : ' - : ' S . -10
'53'?\{“ e e Best case BER: <10
=
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Coding Transmitted Signal

100BASE-TX 1000BASE-T 10GBASE-T
1V

Signal strength
o
<

009V
0.0013V

-1V
MLT-3 PAM 5 PAM 16
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Coding Received Signal

100BASE-TX 1000BASE-T 10GBASE-T

Signal strength
o
<

0.0013V

-0.25V



Active Compensation with 10Gbps

Ethernet

10GBASE-T Transmission ‘:

Switch NEXT FEXT NIC
2.5 Ghit/s

e . .

= Digital Digital 2z

0 Signal Signal o

Q

g Processor Processor =

Iy (DSP) (DSP) FP
—

Return Loss

* 20Gbit/s dual-duplex link
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NRZ-PAM2 — 100Gbps




PAMA4 - 400Gbps, Transceiver

Grey Code And/Or Mapping

- Fourdigits (0, 1, 2, 3) mapping between serial bits and PAM4 symbols/levels
~ Listed from lowest to highest symbol
- These digits correspond to binary bit patterns 00, 01, 10, 11
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Grey Code: 3201 )

= = = =

-0 . >
i b T4 T 4
KGR |

» -
AR e

—

RS

g

—
Q@ os Bicsi
VAt Source: EDN-Europe/SiSoft ICSI




PAMA4 - 400Gbps, Receiver

Top eye slicer, DT
Middle eye slicer, DM

Bottom eye slicer, DB

Sampling phase DB
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Link Speeds Evolution

ETHERNET SPEEDS
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Speeds

TO TERABIT SPEEDS
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Ethernet Graphic Road 2016
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