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1313--1   1   IEEE STANDARDSIEEE STANDARDS

InIn 19851985,, thethe ComputerComputer SocietySociety ofof thethe IEEEIEEE startedstarted aaInIn 19851985,, thethe ComputerComputer SocietySociety ofof thethe IEEEIEEE startedstarted aa
project,project, calledcalled ProjectProject 802802,, toto setset standardsstandards toto enableenable
intercommunicationintercommunication amongamong equipmentequipment fromfrom aa varietyvarietyintercommunicationintercommunication amongamong equipmentequipment fromfrom aa varietyvariety
ofof manufacturersmanufacturers.. ProjectProject 802802 isis aa wayway ofof specifyingspecifying
functionsfunctions ofof thethe physicalphysical layerlayer andand thethe datadata linklink layerlayerfunctionsfunctions ofof thethe physicalphysical layerlayer andand thethe datadata linklink layerlayer
ofof majormajor LANLAN protocolsprotocols..

Topics discussed in this section:Topics discussed in this section:
Data Link Layer
Physical Layer
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Figure 13.1  IEEE standard for LANs
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Figure 13.2  HDLC frame compared with LLC and MAC frames
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1313--2   2   STANDARD ETHERNETSTANDARD ETHERNET

TheThe originaloriginal EthernetEthernet waswas createdcreated inin 19761976 atat Xerox’sXerox’sTheThe originaloriginal EthernetEthernet waswas createdcreated inin 19761976 atat Xerox sXerox s
PaloPalo AltoAlto ResearchResearch CenterCenter (PARC)(PARC).. SinceSince then,then, itit hashas
gonegone throughthrough fourfour generationsgenerations WeWe brieflybriefly discussdiscuss thethegonegone throughthrough fourfour generationsgenerations.. WeWe brieflybriefly discussdiscuss thethe
StandardStandard (or(or traditional)traditional) EthernetEthernet inin thisthis sectionsection..

MAC Sublayer
Topics discussed in this section:Topics discussed in this section:

Physical Layer
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Figure 13.3  Ethernet evolution through four generations
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Figure 13.4  802.3 MAC frame
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Figure 13.5  Minimum and maximum lengths
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Note

Frame length:
Mi i 64 b t (512 bit )Minimum: 64 bytes (512 bits) 

Maximum: 1518 bytes (12,144 bits)
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Figure 13.6  Example of an Ethernet address in hexadecimal notation
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Figure 13.7  Unicast and multicast addresses

13.11



Note

The least significant bit of the first byte 
d fi th t f dddefines the type of address.

If the bit is 0, the address is unicast;
otherwise, it is multicast.
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Note

The broadcast destination address is a 
i l f th lti t dd ispecial case of the multicast address in 

which all bits are 1s.
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Example 13.1

Define the type of the following destination addresses:
a 4A:30:10:21:10:1A b 47:20:1B:2E:08:EEa. 4A:30:10:21:10:1A b. 47:20:1B:2E:08:EE
c. FF:FF:FF:FF:FF:FF

Solution
To find the type of the address, we need to look at the 
second hexadecimal digit from the left. If it is even, the 
address is unicast. If it is odd, the address is multicast. If 
all digits are F’s, the address is broadcast. Therefore, we 
have the following:
a.  This is a unicast address because A in binary is 1010.
b. This is a multicast address because 7 in binary is 0111.

hi i b d dd b ll di i ’
13.14

c. This is a broadcast address because all digits are F’s.



Example 13.2

Show how the address 47:20:1B:2E:08:EE is sent out on 
line.

Solution
Th dd i l f i h b b b f hThe address is sent left-to-right, byte by byte; for each 
byte, it is sent right-to-left, bit by bit, as shown below:
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Figure 13.8  Categories of Standard Ethernet
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Figure 13.9  Encoding in a Standard Ethernet implementation
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Figure 13.10  10Base5 implementation
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Figure 13.11  10Base2 implementation
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Figure 13.12  10Base-T implementation
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Figure 13.13  10Base-F implementation
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Table 13.1  Summary of Standard Ethernet implementations

13.22



1313--3   3   CHANGES IN THE STANDARDCHANGES IN THE STANDARD

ThTh 1010 MbMb St d dSt d d Eth tEth t hh th hth hTheThe 1010--MbpsMbps StandardStandard EthernetEthernet hashas gonegone throughthrough
severalseveral changeschanges beforebefore movingmoving toto thethe higherhigher datadata

tt ThTh hh t llt ll dd thth dd tt ththratesrates.. TheseThese changeschanges actuallyactually openedopened thethe roadroad toto thethe
evolutionevolution ofof thethe EthernetEthernet toto becomebecome compatiblecompatible withwith

thth hi hhi h d td t tt LANLANotherother highhigh--datadata--raterate LANsLANs..

Bridged Ethernet
Topics discussed in this section:Topics discussed in this section:

Switched Ethernet
Full-Duplex Ethernet
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Figure 13.14  Sharing bandwidth
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Figure 13.15  A network with and without a bridge
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Figure 13.16  Collision domains in an unbridged network and a bridged network
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Figure 13.17  Switched Ethernet
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Figure 13.18  Full-duplex switched Ethernet
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1313--4   4   FAST ETHERNETFAST ETHERNET

FastFast EthernetEthernet waswas designeddesigned toto competecompete withwith LANLANFastFast EthernetEthernet waswas designeddesigned toto competecompete withwith LANLAN
protocolsprotocols suchsuch asas FDDIFDDI oror FiberFiber ChannelChannel.. IEEEIEEE
createdcreated FastFast EthernetEthernet underunder thethe namename 802802 33uu FastFastcreatedcreated FastFast EthernetEthernet underunder thethe namename 802802..33uu.. FastFast
EthernetEthernet isis backwardbackward--compatiblecompatible withwith StandardStandard
EthernetEthernet butbut itit cancan transmittransmit datadata 1010 timestimes fasterfaster atat aaEthernet,Ethernet, butbut itit cancan transmittransmit datadata 1010 timestimes fasterfaster atat aa
raterate ofof 100100 MbpsMbps..

Topics discussed in this section:Topics discussed in this section:
MAC Sublayer
Physical Layer
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Figure 13.19  Fast Ethernet topology
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Figure 13.20  Fast Ethernet implementations

13.31



Figure 13.21  Encoding for Fast Ethernet implementation
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Table 13.2  Summary of Fast Ethernet implementations
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1313--5   5   GIGABIT ETHERNETGIGABIT ETHERNET

ThTh dd ff hi hhi h d td t tt lt dlt d ii ththTheThe needneed forfor anan eveneven higherhigher datadata raterate resultedresulted inin thethe
designdesign ofof thethe GigabitGigabit EthernetEthernet protocolprotocol ((10001000 Mbps)Mbps)..
ThTh IEEEIEEE ittitt llll thth t d dt d d 802802 33TheThe IEEEIEEE committeecommittee callscalls thethe standardstandard 802802..33zz..

MAC Sublayer
Topics discussed in this section:Topics discussed in this section:

Physical Layer
Ten-Gigabit Ethernet
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N t

In the full duplex mode of Gigabit

Note

In the full-duplex mode of Gigabit 
Ethernet, there is no collision;

h i l h f h bl ithe maximum length of the cable is 
determined  by the signal attenuation y g

in the cable.
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Figure 13.22  Topologies of Gigabit Ethernet
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Figure 13.23  Gigabit Ethernet implementations
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Figure 13.24  Encoding in Gigabit Ethernet implementations
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Table 13.3  Summary of Gigabit Ethernet implementations
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Table 13.4  Summary of Ten-Gigabit Ethernet implementations
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