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%URDGFDVW�1HWZRUNV

� 5HFDOO�WKDW�LQ�EURDGFDVW�QHWZRUNV�

� (DFK�VWDWLRQ�LV�DWWDFKHG�WR�D�
WUDQVPLWWHU�UHFHLYHU�ZKLFK�FRPPXQLFDWHV�
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� 7UDQVPLVVLRQ�IURP�DQ\�VWDWLRQ�LV�UHFHLYHG�E\�
DOO�RWKHU�VWDWLRQV

� 7KHUH�DUH�QR�LQWHUPHGLDWH�VZLWFKLQJ�QRGHV
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7KH�0XOWL�$FFHVV�3UREOHP

� ,I�PRUH�WKDQ�RQH�VRXUFH�WUDQVPLWV�DW�D�
WLPH�RQ�WKH�EURDGFDVW�FKDQQHO��D������ � � ��� ���

RFFXUV

� 7KH�PXOWL�DFFHVV�SUREOHP� +RZ�WR�
GHWHUPLQH�ZKLFK�VWDWLRQ�FDQ�WUDQVPLW"
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0XOWL�DFFHVV�3URWRFROV

� 3URWRFROV�WKDW�UHVROYH�WKH�PXOWL�DFFHVV�
SUREOHP�G\QDPLFDOO\�DUH�FDOOHG��
	�� � 
�� ��������������

3URWRFROV

� 'LIIHUHQW�W\SHV�RI�PXOWL�DFFHVV�SURWRFROV

� &RQWHQWLRQ�SURWRFROV UHVROYH�D�FROOLVLRQ�DIWHU�LW�
RFFXUV��7KHVH�SURWRFROV�H[HFXWH�D�FROOLVLRQ�
UHVROXWLRQ�SURWRFRO�DIWHU�HDFK�FROOLVLRQ

� &ROOLVLRQ�IUHH�SURWRFROV HQVXUH�WKDW�D�FROOLVLRQ�FDQ�
QHYHU�RFFXU
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(YROXWLRQ�RI�&RQWHQWLRQ�
3URWRFROV

'HYHORSHG�LQ�WKH�����V�IRU�D�

SDFNHW�UDGLR�QHWZRUNAloha

Slotted
Aloha

Improvement: Start transmission only at 
fixed times (slots)

CSMA

CSMA = Carrier Sense Multiple Access
Improvement: Start transmission only if no 
transmission is ongoing

CD  = Collision Detection
Improvement: Stop ongoing transmission if 
a collision is detected

CSMA/CD
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$ORKD

� $OO�VWDWLRQV�VHQG�IUDPHV�WR�D�FHQWUDO�QRGH��
ZKLFK�EURDGFDVWV�WKHP

� :KHQHYHU�D�VWDWLRQ�KDV�GDWD��LW�WUDQVPLWV

� 6HQGHU�OLVWHQV�WR�EURDGFDVW�DQG�FKHFNV�IRU�
FROOLVLRQV

� 6HQGHU�UHWUDQVPLWV�DIWHU�VRPH�UDQGRP�WLPH�LI�
WKHUH�LV�D�FROOLVLRQ

&ROOLVLRQV�LQ��3XUH��$/2+$
1 . 1 1 . 2

Transmiss ion
T ime

(F)
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2 . 1
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3 . 1 3 . 2
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Broadcast
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� �

2 . 2

1 . 3

� �
� �Complete
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Collision
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7KH�9XOQHUDEOH�3HULRG�LQ�$ORKD

$

%

9XOQHUDEOH�3HULRG�
 ���3DFNHW�/HQJWK

3DFNHW�OHQJWK

9XOQHUDEOH�3HULRG�
:KDW�LV�WKH�WLPH�LQWHUYDO�GXULQJ�ZKLFK�DUULYDO�RI�SDFNHW�%
LPSOLHV�D�FROOLVLRQ�ZLWK�SDFNHW�$"
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6ORWWHG�$/2+$��6�$/2+$�

� � � ��� � ��
�
 ��� ��� ��������� ��
 ��� � �
� 6ORWWHG�$ORKD�� $ORKD�ZLWK�DQ�DGGLWLRQDO�FRQVWUDLQW

� 7LPH�LV�GLYLGHG�LQWR�GLVFUHWH�WLPH�LQWHUYDOV�� 	�

� �����
� $�VWDWLRQ�FDQ�WUDQVPLW�RQO\�DW�WKH�EHJLQQLQJ�RI�D�IUDPH

� $V�D�FRQVHTXHQFH��

� )UDPHV�HLWKHU�FROOLGH�FRPSOHWHO\�RU�GR�QRW�FROOLGH�DW�DOO
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&ROOLVLRQV�LQ�6�$/2+$

1 . 1 1 . 2
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3 . 1 3 . 2
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channel � �� �

2 . 2

1 . 3

Complete
Collision � �� �
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7KH�9XOQHUDEOH�3HULRG�LQ�
6ORWWHG�$ORKD

$

%

9XOQHUDEOH�3HULRG
 �3DFNHW�/HQJWK

3DFNHW�OHQJWK

9XOQHUDEOH�3HULRG�
:KDW�LV�WKH�WLPH�LQWHUYDO�GXULQJ�ZKLFK�DUULYDO�RI�SDFNHW�%
LPSOLHV�D�FROOLVLRQ�ZLWK�SDFNHW�$"

%�DUULYHV

&RPSDULVRQ�RI�$/2+$�DQG�6�
$/2+$

0D[LPXP�XWLOL]DWLRQ��$ORKD� ������6�$ORKD� ����
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,(((�����/$1�6WDQGDUG

802.3

802.4

802.5

802.6

802.2

802.1

IEEE 802 standard

Medium
Access
Control

Physical
Layer

Logical Link
Control

IEEE
Reference

Model

Physical
Layer

Data Link
Layer

Higher
Layer
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,(((�����/$1�6WDQGDUG
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hy
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A
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IE
E
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CSMA/
CD

Broadband
coaxial:
10Mbps

Unshielded
twisted pair:
1 -100Mbps

Optical
Fiber
10-

1000Mbps

IEEE 802.2
Unacknowledged connect ionless service

Connect ion-or iented service
Acknowledged connect ionless service

IE
E

E
 8

02
.4

Token
Bus

Broadband
coaxial:

1 ,5 ,10Mbps

Carr ierband
1,5 ,10Mbps

Optical f iber
5 ,10,20
Mbps

IE
E

E
 8

02
.5

Token
Ring

Shielded
twisted pair:
4 ,16Mbps

Unshielded
twisted pair:

4Mbps

F
D

D
I

FDDI

Optical
f iber:

100Mbps IE
E

E
 8

02
.6

DQDB

Optical f iber
or coaxial

44 .736
M B p s
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,(((�������6WDQGDUG
7KH�(WKHUQHW

� (WKHUQHW�LV�WKH�PRVW�VXFFHVVIXO�/$1�WHFKQRORJ\�
WRGD\

� 'HYHORSHG�RULJLQDOO\�DW�WKH�;HUR[�3DOR�$OWR�
5HVHDUFK�&HQWHU��;HUR[�3$5&�

� 6WDQGDUGL]HG�E\�'(&��,QWHO��DQG�;HUR[�LQ�����

� )RUPV�EDVLV�RI�WKH�,(((�������VWDQGDUG

� 6WDQGDUG�LQFOXGHV

� +DUGZDUH�VSHFLILFDWLRQ��3K\VLFDO�/D\HU�

� 3URWRFRO�VSHFLILFDWLRQ��/LQN�0$&�/D\HU�

(WKHUQHW�+DUGZDUH�
6SHFLILFDWLRQV�

� 3K\VLFDO�OD\HU�FRQILJXUDWLRQV�IRU�������/$1V

data rate
in Mbps

signaling
method

cabling

10
100
1000

Base - Baseband 
(digital signaling)

Broad - Broadband 
(analog signaling)

5 - Thick coax 
(≤ 500 m long)

2 - Thin coax 
(≤ 200 m long)

T - Twisted pair
F - Optical fiber

&RS\ULJKW�E\�-RUJ��/LHEHKHUU������

%XV�7RSRORJ\

Ethernet

� ��%DVH��DQG���%DVH��(WKHUQHWV�KDYH�D�
EXV�WRSRORJ\

&RS\ULJKW�E\�-RUJ��/LHEHKHUU������

5HSHDWHUV

Ethernet EthernetRepeater

� 0D[LPXP�OHQJWK�RI�D�VHJPHQW�LV����P�
���%DVH���DQG����P����%DVH��

� 6SDQ�FDQ�EH�H[WHQGHG�E\�FRQQHFWLQJ�
VHJPHQWV�YLD�UHSHDWHUV����PD[LPXP�

� 5HSHDWHUV�GR�QRW�LVRODWH�FROOLVLRQV

&RS\ULJKW�E\�-RUJ��/LHEHKHUU������

� :LWK���%DVH�7��VWDWLRQV�DUH�FRQQHFWHG�WR�D�KXE�LQ�D�
VWDU�FRQILJXUDWLRQ

� 7KH�GLVWDQFH�RI�D�QRGH�WR�WKH�KXE�PXVW�EH�≤ ����P�

6WDU�7RSRORJ\

Hub

&RS\ULJKW�E\�-RUJ��/LHEHKHUU������

)DVW�(WKHUQHW

� )DVW�(WKHUQHW�LV�V\QRQ\PRXV�ZLWK�
(WKHUQHW�DW�����0ESV�UDWHV�

� 6WDQGDUG��������,(((������X�

� ���%$6(�7�������0ESV�RYHU�WHOHSKRQH�
JUDGH�WZLVWHG�SDLU�

� ���%DVH�7;������0ESV�RYHU�&DWHJRU\���
WZLVWHG�SDLU�

� ���%DVH�);������0ESV�RYHU�)LEHU�2SWLFV�

&RS\ULJKW�E\�-RUJ��/LHEHKHUU������
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*LJDELW�(WKHUQHW

� 'DWD�UDWH�LV���*ESV� ������0ESV

� 6WDQGDUG��������,(((������]

� 3K\VLFDO�/D\HUV�
� ����%DVH�6; VKRUW�ZDYH�ODVHU�RYHU�PXOWLPRGH�
ILEHU

� ����%DVH�/; ORQJ�ZDYH�ODVHU�RYHU�VLQJOH�PRGH�
ILEHU�DQG��PXOWLPRGH�ILEHU

� 7ZLVWHG�SDLU�YHUVLRQ

� 8VHG�IRU�EDFNERQH�RI�
D�FDPSXV�DUHD�QHWZRUN

&RS\ULJKW�E\�-RUJ��/LHEHKHUU������

���*LJDELW�
(WKHUQHW

7LPHOLQH

� $�QHZ�(WKHUQHW�
VWDQGDUG�WKRXJKW�WR�
SRVVLEO\�UHSODFH�
EDFNERQH�OLQN�
WHFKQRORJ\�LQ�WKH�
QHDU�IXWXUH��*RRG�
E\H�621(7��$70��
HWF�

� )LQG�PRUH�RQ�

ZZZ���JHD�RUJ

(WKHUQHW�6ZLWFKHV

� (WKHUQHW�VZLWFKHV�DOORZ�WR�FRPSOHWHO\�DYRLG�
FROOLVLRQV

� (DFK�SRUW�LV�LVRODWHG�DQG�EXLOGV�LWV�RZQ�FROOLVLRQ�
GRPDLQ

H
ighS

peed
B

ackplane

C S M A / C D

C S M A / C D

C S M A / C D

C S M A / C D

C S M A / C D

C S M A / C D

C S M A / C D

C S M A / C D

O u t p u t
Buf fers

Inpu t
Buf fers

&RS\ULJKW�E\�-RUJ��/LHEHKHUU������

Destination
address

Source
address

Data
Check-

sum

7 1 1 2 or 6 2 or 6 0-1500 4 1Bytes

P r e a m b l e

Star t  de l imi ter

Frame con t ro l

End  de l im i te r

(WKHUQHW�3URWRFRO�
6SHFLILFDWLRQV��)UDPH�)RUPDW

� 3UHDPEOH�LV�D�VHTXHQFH�RI���E\WHV��VHW�WR�³��������´�IRU�HDFK�E\WH��
3UHDPEOH�KHOSV�UHFHLYHU�WR�V\QFKURQL]H�ZLWK�ELW�SDWWHUQ�EHIRUH�DFWXDO��
IUDPH�LV�UHFHLYHG

� $W����0ESV��D�IUDPH�PXVW�EH�DW�OHDVW����E\WHV�ORQJ��2WKHUZLVH��D
VWDWLRQ�PD\�QRW�GHWHFW�D�FROOLVLRQ�RI�LWV�RZQ�WUDQVPLVVLRQ

� 0D[LPXP�IUDPH�VL]H�LV�VHW�WR������E\WHV�RI�GDWD��PLQLPXP�IUDPH�VL]H�
LV�VHW�WR�����ELWV�

&RS\ULJKW�E\�-RUJ��/LHEHKHUU������

(WKHUQHW�$GGUHVVHV

� (DFK�(WKHUQHW�FDUG�FRPHV�ZLWK�D�
KDUGZLUHG���E\WH�DGGUHVV��WKH� ����� ��� �����
DGGUHVV�

� ([DPSOH�UHSUHVHQWDWLRQ�
� �����E�H��E���

� (DFK�DGGUHVV�LV�JOREDOO\�XQLTXH

� 3UHIL[�GHWHUPLQHV�PDQXIDFWXUHU
� $GYDQFHG�0LFUR�'HYLFHV�KDV��������SUHIL[

%URDGFDVW�0XOWLFDVW

� 7KH�EURDGFDVW�DGGUHVV��%URDGFDVW�LV�
LQGLFDWHG�E\�VHWWLQJ�WKH�SDFNHW¶V�
DGGUHVV�ILHOG�WR�))�))�))�))�))�))

� 0XOWLFDVW�DGGUHVVHV��$Q\�DGGUHVV�WKDW�

VWDUWV�ZLWK�D���LV�FRQVLGHUHG�D�PXOWLFDVW�
DGGUHVV
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(WKHUQHW�$GDSWRU�
5HFHLYHU�6LGH

� 5HFHLYHU�

� 5HFHLYHV�SDFNHWV�DGGUHVVHG�WR�WKH�FDUG¶V�
SK\VLFDO�DGGUHVV

� 5HFHLYHV�SDFNHWV�DGGUHVVHG�WR�WKH�
EURDGFDVW�DGGUHVV

� 5HFHLYHV�SDFNHWV�DGGUHVVHG�WR�DQ\�
PXOWLFDVW�DGGUHVV�WKH�FDUG�LV�OLVWHQLQJ�WR

� 5HFHLYHV�DOO�SDFNHWV�ZKHQ�RSHUDWLQJ�LQ���������� 	�

������	��������

(WKHUQHW�$GDSWRU�
7UDQVPLWWHU�6LGH

� 7UDQVPLWWHU�
� :DLWV�IRU�OLQH�WR�EHFRPH�LGOH

� 7UDQVPLWV�GDWD�DQG�OLVWHQV�IRU�FROOLVLRQV

� ,I�FROOLVLRQ�LV�GHWHFWHG�VHQGV�D���� ��	�� ��� ���
� :DLWV�IRU�D�QXPEHU�RI�VORWV�WKHQ�
UHWUDQVPLWV

� 7UDQVPLVVLRQ�LVVXHV�
� :KHQ�WR�UHWUDQVPLW"�

� 7KH�H[SRQHQWLDO�EDFNRII�DOJRULWKP

� :KDW�LV�WKH�VORW�VL]H"

([SRQHQWLDO�%DFNRII�$OJRULWKP
� (WKHUQHW�XVHV�WKH�

��������������� � ������� 

����  ��� ������� � !���	 WR�GHWHUPLQH�ZKHQ�D�VWDWLRQ�FDQ�
UHWUDQVPLW�DIWHU�D�FROOLVLRQ

Algorithm:
• Set “slot time” equal to T
• After first collision wait 0 or 1 slot times
• After i-th collision, wait a random number 

between 0 and 2i-1 time slots
• Do not increase random number range, if 

i=10
• Give up after 16 collisions

&RS\ULJKW�E\�-RUJ��/LHEHKHUU������

6ORW�6L]H

� 6ORWV�PXVW�EH�ODUJH�HQRXJK�IRU�FROOLVLRQV�WR�EH�
GHWHFWHG

� 4XHVWLRQ� "$#�%'& #�(�)+*�#�,�-/. 010 2�3�,�0 #+*�,�0 ,�4
0524
#�& & . -�. #�(�67 $QVZHU� 89(:0 ;�,�%�#�<�-�014
2�-=,�>?0 %�. 4�,�0 ;�,@ 2�A�. @�B�@DC <�# C 2�)�2�0 . #�(+*�,�& 2�EF#�G50 ;�, @ ,�*�. B�@7 Slot size = 2 propagation delay

H/IKJ+L MONPMFQ5R STN:U
V STL�L�R WFR STNYX[Z\Q�ZF]^Q5R STN

A B
B Detects col l is ion

t0+a

t0  +2a

A BA Detects Col l is ion Just
Before  End o f  Transmiss ion

_ _

` `

A B
A beg ins  Transmiss ion

t0

t0 +a-ε
A B

B beg ins  Transmiss ion

a b c d e f g h i j d k b e g l m f n j n h n e e o p l o o

H/Q5q/Z[r�N/Z\QtsuR�N:R�vxw:vzy/MF]\{$ZFQ
|}ZON/~:Q5q V STN/W�Q1r�MOR�NPQ
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