Table of Contents

1 TheEthernet ...........cccocooiiiiiiiiiiiiiiiiicteteeeee et 1
INETOAUCTION ..ottt ettt ettt st e a e st sbeesaaesaneenee 1
1.1 Fundamentals..........cccocueeiiienieiieinienie ettt st st e sine s 2
1.2 ALOHA MOdEL.....ciiiiiiiiniiniiniinieieeteeeese sttt 3
1.3 Manchester ENCOING .......ccceeviirriiiniiiiieiienie ettt 4
1.4 TEEE Standards.........c.cceeceerienieiiieenienieeieeseessieesieeseeesieesatesieesieesane e 5

1.4.1  PLS (Physical Layer Signaling) .......c.ccceeceeveerneeneencieeneeneennne 9
142 The PMA .ottt 11
143 The AUL .ottt 12
144 The MAU ..ottt 14
145 The MDI ..ottt 14
1.5 CSMA/CD ..ottt ettt 15
1.5.1  Early ColliSION ...c.ccevierieriiieniieeieeiie sttt 17
1.5.2  Late ColliSION.....cccierierieeiieniieeieeitesie ettt eie e sveeeee e 18
1.5.3 CSMA/CD Operation: Preamble and SFD Transmission ....... 19
1.5.4  Back-off AIZOTIthim ......cccoceiiiiiniiiiiiinienieeieieeeeee e 21
1.5.5 Inter-Packet Gap .......ccoeceeviiiniieiiiiienieeeereeeeeeee e 22
1.5.6  Round Trip Delay .......cocceeviiiiiiniiiiiinieeceiieseeeieenee e 23
1.6 The MAC ...ttt st 28
1.6.1 Transmit and Receive Data Encapsulation............cccceeevueeneenns 29
1.6.2  Access Management ...........covveereeerieeniensieenieneensieeneesseeeseeenns 31
1.7 Frame STrUCLUTE ........cccverieriiierieeiteniie ettt ettt s s 31
1.8 Ethernet COMPONENLS .......covuierierriierieeieeniiesieeieenteenieesieesteesieesieesaeeas 42
L8T  NIC ittt sttt 42
1.8.2  Ethernet in ACHON.......cocueviiierieriieiiienieeieenite et 44
1.9  Interconnection DEVICES ........cocveruieriieriieiiiieniieeieeiee sttt 46
191 REPEALET ...eeuviiiiieiieiieeteeeete ettt ettt s 47
1.9.2  BIIAZE ceeevieiieeieeieeeeeeeete ettt s 48
1.9.3  SWILCH oo 50
1,94 ROULET ..eoiiiieiiieiieiieeteeieette ettt ettt sttt s 51
1.9.5  GAtEWAY c.eeiiiieiieeieeiteeeeee ettt sttt sttt st e 51
1.10 Structured Cabling SYSteM........cccueeruiiriieiriierieiieeie sttt 53
1.10.1 The Definition......ccccovervieeiiiinieeieeiiesieeieesite e 54
1.10.2  The SUDSYSIEIMS .....eevvieeiieiieiieeieeiee et eie ettt eveesiee e 56
1.10.3 Effects of Wire CharacteristiCs........eovvervuerriierieesieeniesieenieenns 61
1.10.4 UTP Wiring CONCEPL .....cerveeruieriieiieniienieeniee e eieenieeseessieenes 68
1.11 The Shared-media Ethernet LAN.........cccociriiiniiniiinienienieeeeeeeeiene 73

1.11.1 10 Base-5 (Thick CoaX)......ccovvvereeeiiureeieeeiireeeeeecreeeeeeeeveeee e 74



Table of Contents

1.11.2 10 Base-2 (Thin CoaX).......cccouveeeeerireeeeeeiireeeeeesiireeeeeeeareeeeeens 75

1.11.3 10 Base-T (TP) .eoererieieieiiceeeieereeeeeeceesiese e 76

2  Basics of LAN SWitChing..........c.cccoooioviiiiiiineeeeeee e 81
INEOAUCTION ..ottt 81
2.1 Switching: A technology OVEIVIEW ........ccceeriiriieinieeniiiiienie e 81
2.1.1  Stackable SWItChes .........cccevirviininiieniiiencicereceeereee 84

2.1.2  Modular SWItChes ......c..coceererieiiininiininienceeeeeeeeeeereeees 87

2.2 Switching BasiCs ...c.cevueriiiniiiiieeiieriieeitete sttt 89
2.2.1  Configuration SWitChing .........cccccevvueevieniiirsiienienieenieeeeeieene 90

2.2.2  Cell SWItCHING ..eovveeeieiiiiiiieieeee ettt 90

2.2.3  Frame Switching (Layer 2)......ccccoovvevveenieniinnieneesieeneeeieene 91

2.2.4  Switch performance...........ccocueeveerieenieenieniienienee e 95

2.2.5  LAleNCY ouveeeieeiiieiieeieeiteete ettt ettt st aee e 95

2.2.6  TRrOUZNPUL ...ooviiiiieiieiie ettt 96

2.277  Congestion CONIOL......c.cevuirrieerieriiieniienieeieesie et eie e 96

2.3 Architecture and Design CONCEPL ......cccueerveeriirvieinieniieieeneesieeneeneeeen 97
23,1 BUTeriNg..cooieeiiiiieeieceeeeeee et 97

2.3.2  Address ReSOIUtION.......ccceecuerieiiinieieniieiencetenceeereceeereeeeas 98

2.4 ThEe DESIZN .ccuvieuiieiieiiieiiesiie ettt ettt sttt ettt e e saeees 99
2.4.1  Cross-bar SWitCh.......cccccoceeciiniriiininiiiineeneeeeecseeeeee 99

2.4.2  Shared-memory SWItCh ........ccoevuirnieriieriieniiiieeic e 101

243  Shared BUS.....cccocoreeiinieniinieieiecceecceeneeee e 103

2.4.4  Functional Model...........coooueriuiriiiniiniiiienieeeesie e 103

2.5  Selecting @ SWItCh ...ccuieviiiiiiiieiee e 104
2.5.1  BUTeriNg..cooieviiiiieiecteteeeeee et 105

2.5.2  PacKet DIOP .cccceeeiiiniiieiieiieeieeiteseeeeee et 105

2.5.3  LAleNCY couveeiieeiiieiieeie ettt ettt sttt s 105

2.5.4 Bandwidth and configuration flexibility...........cccccervurrreenen. 106

2.5.5 Remote monitoring capability .........ccccceeveeveiiiveinieriieeneennnen. 106

2.6 SWiItCh FEatures .....coceevuiriiniiiiiiiicieniceeceetc et 106
2.6.1  Auto-sensing (Auto-negotiation).........cccceereveereereersueereennnenn 107

2.6.2  Spanning Tree Protocol .........cecceeviervieivieniinnieenieiieeeenenn 110

2.7 VLAN ettt s 129
2.7.1  Virtual Organization ...........cecueevueeriervierneeniieeneenieesieeseesnens 129

2.7.2  Resource Management ..........cceceereeeuersieeneeenieeneesineeneennens 129

2.7.3  Bandwidth Efficiency ........ccocceeveenieniienieeniieiccicceeeeen 130

274 SECUTILY cuveeiieeiiieieeeteett ettt ettt e e st es 131

2.7.5  VLAN BaSICS..cootiriiiiierieiieietteeeiceieeie sttt 131

2.8 MLT .ttt et 139
2.9 TP MUICASE ..ottt s 144
2.10 Traffic Class and Dynamic Filtering Service..........cccevvvercveeneeneennne. 150
2.10.1 Group MAC AdAress......ccceevueeiieenieniienieenieeieeniee e e 151
2.10.2  Port Filtering Mode..........cccevvueriiienienieiieenieeieeniee e 151
2.10.3  VLAN Lottt ettt 152

2,104 GMRP ... 152



Table of Contents XI

2.10.5 GARP PDU....coiiiiiiiiieceteeeeseee et 153
2.10.6 The IEEE 802.1p definition.........ccccceeveerieeneeneenieenieneeenne 153

2.11 Simple Network Management Protocol ..........cccceecuerviienieniieineeneennne. 159
2.11.1 Managed NOE........eevieriiiieiiienieeieerte sttt 160
2.11.2 Network Management Station ...........cccceeeeevveereenveeneeneenne 160
2.11.3 Managed ODJECL......uevuieriierieiiieee ettt 160
2,114 MIB ..ottt e 160
2.11.5 Structure of Management Information ..........ccecceecveervennennne. 160
2.11.6  SNMP OPEIation .........ccceerverrieeniierieenienieenieeneesreeseesee e 160

212 RMON ..ttt et 163
2.12.1 RMON I MIB GIOUPS.....ccoceeeueeriierieeniienieenieeneesieeseesvesnnes 163

3 Trends of Ethernet...............cccoooiiiiiiiininininiicictceneseeeeeeeeeeeaee 167
INErOAUCHION ..ottt et st 167
3.1  Asynchronous versus Synchronous Ethernet.............cccooceevvvieniennnnne 168
3.2 Fast Bthernet......cccooiiiiiiiiiiiieicceee ettt 170
3.3 Layered ArChiteCture.........ccceevcuerviienieiieiieeniieeieeiee e 172
3.3.1 The Reconciliation Sublayer (RS).......cccccevvuerveiniiriinnennnenn 172

332 MIL ettt 174

3.3.3  Physical Coding Sublayer..........cccecuervueinirriieinienieeieeneenneen 178

3.3.4  Physical Medium Attachment (PMA) .....cc.cceveeviirneeneennnen. 179

3.3.5  PMD SUDIAYET ...covieiiieiieiieeieeiteseeeeeee et 179

34 ENCOING.ccuiiiiiiiiiiiieiieeieeste ettt sttt st s 179
3.4.1 NRZI (Non-Return To Zero Inverted)..........cccoevvveveveecunnnnnnn. 181

342 MLT-3 ettt 182

3.5 100 BaSE-T4 ..o e 183
3.5.1 The PCS transmit and receive Function ...........ccecceevveeneennen. 187

3.5.2  PMA SUDIAYET ...ooviiiiiiiieiieeiecitesteeeeee et 191

3.5.3  MDI CONNECIOT .....uiiriieriiieiieeieeitesiteeieeiee e eie et sbeesiee e s 192

3.6 100 BaSE-T2 oottt e 194
3.6.1 100 Base-T2 Operation..........ccecceereereersieeneennieenieeseeesieenneens 195

3.6.2 100 Base-T2 PCS....cccooiiimiirieieieieereeeeeeeteeeeeees 196

3.6.3  PMA SUDIQYET ..oovieiiiiiiiiieeieeteseeeeeee et 197

3.6.4  PHY oottt 197

3.6.5  Delay factorsS.....cccceerieriiienienieeieesie et 198

3.7  The 100 Base-X TranSCeIVET .........coceerureruernieenienieeniieneesieenieesnesnnes 198
3.7.1 100 Base-X PHY encapsulation ..........cccceeeueeveerneeruennueennenn. 201

3.7.2  The 100 Base-X PCS sublayer ........ccccceeeevierreenieriennieennnenn 201

373 100 Base-TX ...cocooieiriririnienieeeeeteiteere ettt 203

374 100 Base-FX .oocoooiiiiiiiiiieeeeteeeecte et 207

3.8  The 100 Base-T network SYStem ........ccceecueeriieniercieeniienieeieenieesieenes 211
3.9 Gigabit Bthernet .......cccoecuieiiiiniiniiiiieeiecieete et 213
3.9.1 Physical Coding Sublayer (PCS).....cccceevrniirviennienienienenne 219

3.9.2  The PMA SUDLAYeT.....ccccoviiriiiiienieeieeie et 221

3.9.3  The PMD SUbBIayer.......ccccooueriieiiieniieieeieeieeieesee e 222

3.9.4  The GbE MAC ...ttt 225

3.10 1000 Base-LX GDE .......ccociviiiriiniinienieieieeeeeeese ettt 226



XII

Table of Contents

311 1000 BaSE-SX....coeeierieeieiieieiieeeieeeeteste et ae et sseesaesaeenaesseennes 227
3.12 1000 BaSE-CX ...oveeueeieeieieeieiieieeteeeetesteae e e ae st essesseessesneennesseennes 228
3.13 GbE over Copper (1000 Base-T) ......cccevvueerirrvieriiienieeieenieeieeneenee 231
3.13.1 Layered ArchiteCture .........ccocevveeeiiienieniieeniienieeieenee e 233
3.13.2 Delay CONStraintS.......cocueerveerierieeeniesieniieenieeieesieeseessseenveens 237
3.13.3 Noise ENVIrONmMEeNt ........coceerueriieenienienieenieerieenieesveesieenneens 237
3.13.4  AUtO-NEZOtAION ..eevreriiieiieeieeieerite ettt 238
3.13.5 1000 Base-T cabling Considerations...........cceceeeveerueervuernenne 240
3.14 GbE Topology and Cabling...........cccceeeueerierieeneenienieenienreenieenee e 241
TOKEN RING .......ooviiiiiiiiceeeeee et 245
TNETOAUCTION ..vviiiieiieeie ettt ettt et 245
4.1 ATCRIECIUTE ..ottt sttt st 246
4.2 TR BASICS teuvtiriieiiieriieeieeieesteeie ettt ettt sttt et st et esatesbeebee e 247
4.2.1 Differential Manchester Encoding........c...ccocceeveeriirvienneennen. 248
4.3 Symbol TranSmiSSION ........cccververrieerieeiteeriienieeieeniee e eeeesieesveesieenes 248
4.4 The PSC SUDIAYET ....coviiiiiiiiiiieeitecieeieete ettt 251
4.4.1 Implementation of SETViCe Primitives .......ccecceereerveereereennne 252
4.5 The PMC SUDIAYET ....ccveeiieiieeieeitesieeieete ettt ettt 255
4.6 The CONCENITALOT .......eevieriieitierieeieenite et eiee ettt e sbeebeesbeesaeesee e 256
4.6.1  Concentrator Lobe Port .......c.cccocceeviiriiiinieniieienieeieeeeee, 259
4.6.2  Trunk POTt.....coooiiiiiiiiiiiieieceeteeeete et 261
4.6.3  Active Retiming Concentrator (ARC) .......cccceevvvriiinveneennne. 262
4.6.4  Dual-ring and Wrapback Reconfiguration .............cccceeeueenne. 263
4.7 TR Bridging/SWiItChing ..........cccceevieriiriiiiienieeieete et 267
4.7.1  SRBI/SRS...oeeeeetee ettt 269
4.8 The CONCEPL ..cuvviriiieiieeieeieesteete ettt sttt st 269
481 TOKEM ettt ettt sttt st 269
4.9 Frame StrUCIUIE .....ccueeruierieeitierieeieeniteeteeteesiteeteebeesitesateenbeesasesnseenee 273
49.1 Frame Control (FC) .....ccoeiiiiiiiiieieeiieee e 273
4.9.2  LLC Frame.....cccccooveevieriiieiienieeitesteeeeesiee st 276
4.9.3 DA and SA FieldS.....ccocveeievircieniieieieeee e 279
4.9.4  The RIfield.....ccceoieieiieieeceeeeee et 281
4.9.5 Frame Check Sequence (FCS).....cooevvieniiriiennieniiiieeeeee, 283
4.9.6  Frame StatUs ....c.cooeeeieeriienieeieeieesieeitesite ettt 283
4.9.7  TREIFG...ocoieieiieieieee ettt nseeneens 284
410 TR OPETAtION ....eeritieiieeiieeieesiteete ettt ettt ettt e st et e satesbeebee e 284
4.10.1 TR error Condition .........ccecvervveerieerieerienieenieenee e esieesee e 287
4.10.2  SOFEEITOT ittt ettt 295
4.10.3 Active Retiming Concentrator (ARC) .......cccceevevriiiniennennne 296
4.11 Dedicated TR.....cc.ooouiiriieiieiieeieeeee ettt s 296
4.11.1 DTR CONCENITALOT ..envvruiieiieriieeieenieeieenieesieeieesieeeseesaeesaees 297
4.11.2 Port State Database .........cccceerverrieenieniiieniie et 302
4.11.3 Filtering Database...........ccocververriierieeiieniie et 302

4.11.4 Destination Route Descriptor (DRD) ........cccceeveeriiiniiennnnnne. 302



Table of Contents XIII

4.12 DTR Frame FOrmat ...........ccooueeiieriienienieeiie et 304
4.12.1 Access Control (AC).....cooueeeeeeeireiee e eeeereee e 304
4.12.2 Functional Addresses........cceerverrieenienieniieenienieeieeneeseeenes 305
4.12.3 Ending Delimiter ........ccccceeviiirieriiieniienienieeieeeeeiee e 305
4.12.4  Frame STAtUS .....c.cocveerieeriieniienienieeniteeteeieestesreeiee e saee s 305
4.12.5 The DTR MAC Frames ........c.ccceccevviienieniieeniienieeieenieeseeeaees 306
4.12.6 TXI Access Protocol Definition ..........cceeceeveereenieeneeneennne. 306

413 FaSt TR oottt 306
4.13.1 Frame StrUCLUTE .......cccvevveeeiiierierieeieente ettt 307
4.13.2  MAC frAme.....cocveeiiierieeiieieeeeeeieesee ettt 310

414 GIabit TR ...ooovieieiieieie ettt ene s 310

5 WIreless LAN ...ttt 311

INETOAUCTION ..vevieiiieiieeieeteete ettt sttt st e st 311

5.1 MOAUIALION .ueviiiieiieeiieeieeste ettt st 311
5.1.1  Amplitude Modulation............cceecveeveeenierieenienieeieenieseeene 312
5.1.2  Frequency Modulation.........ccccevveevieenienieeneeneesieeneeseeennes 312
5.1.3  Phase Modulation ...........ceeeveeveenieniieenienieeieenee e 312

5.2 Digital ModUulation ...........coceerieriiienienieeieenie et 313
5.2.1  Phase Shift Keying (PSK) .....ccccocevrviiniiniiiienierieeeeneee, 314
5.2.2  Frequency Shift Keying (FSK).....cccccovvvniiininniiniiiieniee, 314
5.2.3  Amplitude Shift Keying (ASK)......ccceocieniiriinniiniiiieeneene, 314

5.3 BasicsS Of WLAN L...ciiiieeeteeeetee ettt 316
5.3. 1 OVEIVIEW..uiiiiiiiieeieeieeite ettt ettt st 317

5.4 Layered ArChiteCture.........occeevieriiiriiienienieeieesteeieesite e 321
5.4.1  Spread Spectrim (SS).....covierrierrierieeitenie et 322
542 FHSS oottt 323
543 DS S S et 328
5.4.4  Basic Access ProtoCols........cccceeveerieeniieniennieeneenieeieeneeeaes 332
5.4.5  SyNCATONMIZAON ..cuvevuviiiiieieiieeniie ettt 346
5.4.6 AP OPEration .......ccceeeueiiiiiiieiiieniieeieeste sttt 349

5.5  Frame STrUCLUTE .......cooieriiiiiieniieeieeeeete ettt ettt 350
5.5.1 Frame Control (FC) .....cccoooiviiiiiiiieiiieeeeeeeee e 350
5.5.2  Duration/ID ......cccoovueeviiiiiinieiieenie ettt 353
5.5.3  Address Fields ....ccccoooiiniiiiiiiniiiieecicceeee e 354
5.5.4  Sequence Control........ccceevierreeriirnieeniienieeeenee e 355
5.5.5  Frame Body ....ccccooveiiiiiniiiiiiiiieeete e 355
556 FCS ot 355

5.6 IR PHY oottt 356
5.6.1 PLCP Transmit and Receive procedure.........c..ccecueerueennennne. 358
5.6.2 IR PMD SUDIAYET ....ccceevriiieiiiiienieeieete sttt 360

5.7  Planning for WLAN .....oooiiiiiiiee ettt 362

5.7.1  Product REqQUITEmMENtSs..........eecueerieerierriieniieeieenee e 362



XIV

Table of Contents

6 TP InternetWorking...............ccccoeviirieiiiiieiieii e 365
INErOAUCTION ..ottt st 365

6.1 Layer 3 SWILCh c.covciiiieecee e 365

6.2 TP AdAIESSING ..cuveeuvieiiieiieiieeiteeieeit ettt sttt 367
6.2.1  SUDNEING .c.eeeeiiiiiieieeeeteeeeeee et e 368

6.2.2  Variable Length Subnet Mask .........cccccoveeriiiiniiniiineenienen, 373

6.2.3  Classless Interdomain Routing ..........cccecceevveiverneeniienneennnenn 375

6.3 ROULING c..eotiiiiieeieeiie ettt sttt ettt e sbaesare e 379
6.3.1  Routing Tables.......cccceecieriiriiiiiienieeeeee et 380

6.3.2  Routing ProtoCols ........cccevieriieiniieniiiieenie et 382

6.3.3  OSPF Protocol .......ccceeviiiiiiiiiiieiieeiteseeeeee et 389

6.4 VOIP OVEIVIEW ....oiiiiiieiiiiiiesiieeieette ettt ettt 411
6.4.1 Layered ArchiteCture .........ccocueevieenieeiienriienieeeenee e 412

6.5 TP QOS et 429
6.5.1  First-in, First-out (FIFO) ..........coovvviiiiiiiiiiieeieeeeeeeeeeeeee 431

6.5.2  Weighted Fair Queuing (WFQ) ......ccoceviiiviiiniiniiiiieeeen 432

6.5.3  Custom Queuing (CQ)....ccceevvuerriierieriieeiierieerieeneeeieesiee e 434

6.5.4  Priority Queuing (PQ) .....cccoevueriiiniiniiiieiieecenc e 435

6.5.5 TP Datagrami........ccceeceeeciienieniieeiienieeieeite et 436

6.5.6  Integrated SEeTVICe ......cccevrieriieriiienieeieeee ettt 449

6.5.7 Differentiated Service (DiffServ) ......ccccoevvvvieevviveiiieicinneneenn, 459
Biblioraphiy...........ccoociiiiiiiiieiceeeee et 469
INAEX ..ottt et st s 473



2 Springer
http://www.springer.com/978-3-540-66597-7

High Speed LAN Technology Handbook
Chowdhury, D.D.

2000, XM, 497 p., Hardcover

ISBEN: @78-3-540-66597-7



