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Abstract

Ethernet has traditionally been the dominant technology in enterprise
Local Area Networks (LAN) and is today the standard for communication
between clients and servers in enterprise networks. Over time, Ethernet
technology has evolved in response to the changing requirements of such
networks. Ethernet switches have proved to be an excellent tool for scaling
up Ethernet enterprise networks.

Ethernet 1is today preparing to enter the Metropolitan Area Network
(MAN). Extending Ethernet to the MAN offers new opportunities for
network operators. In particular, it promises relatively inexpensive high
speed access, which can then be combined with new networking services
from the enterprise domain.

A Metro Ethernet Network 1s generally defined as the network that
connects geographically separated enterprise LANs while also connecting
across the core networks that are generally owned by service providers.
The Metro Ethernet Networks provide connectivity services across Metro
geography utilizing Ethernet as the core protocol and enabling broadband
applications.

Many of the applications and services used in Metro Ethernet Networks
rely on multicasting and since FEthernet switches treat broadcast and
multicast addresses as unknown destinations and flood these frames over
all ports of the switch within the network segment, a problem arises as this
will consume the bandwidth of the network creating a bottleneck. This
may be acceptable in LANs but when dealing with carrier Ethernet this
will not be accepted.

This thesis proposes two solutions either of them when deployed in
Ethernet switches with the IGMP Snooping technique enables the Ethernet
switches to deal with multicast frames through Layer 2 processing without
flooding the frames or sending them to uninterested network segments.



The first Solution uses the FEthertype field of the Ethernet frame while
solution two relies on using the source address field in order to enable the
Ethernet switches to build a multicast MAC address table with unique
addressing instead of wusing the recent way that results in overlapping
addresses.

Opnet Modeler simulator is used to evaluate the performance of the Metro
Ethernet Network while using the two proposed solutions relative to the
traditional two solutions that relied on the forwarding of the frames
depending on the destination IP address or the destination MAC address.

The evaluation showed a significant enhancement in the performance of
the network when using the proposed solutions especially in the end-to-
end delay and link utilization.

This thesis is organized as follows; Chapter 1 presents the statement of the
problem the thesis discuses showing the recent ways used to deal with this
problem and why it is not so effective. Chapter 2 will present the Ethernet
and metro Ethernet technologies, their main features and the main services
offered by the Metro FEthernet Network. Chapter 3 focuses on the
challenges that face deploying metro FEthernet networks concentrating on
the multicast problem in the Ethernet environment and presenting two
solutions that can enhance the multicast forwarding of Ethernet frames in
the Metro Ethernet Network. Chapter 4 explains the simulation model used
to evaluate the proposed solutions. Chapter 5 presents the simulation
model results and their analysis. And finally Chapter 6 concludes the
results followed by suggestions for future work related to this thesis.



Table of Contents

TaDle Of CONEENLS....ceiievrriiicriirisnrisssnnicssniesssnsisssssnssssssessssssssssssssssssesssssssssssessssssssssssssssssssses I
LiSt Of ACIOMYIMS....cuuuiiiiirniinisnicsssnncssssnscssssnsssssessssssssssssssssssssssssssssssssssssssssssssssasssssasssssnss 1A%
LSt Of FIGUI'ES ceceiierinnniiiinisnnniecssssnnnicssssnnsncsssssssssssssssssnsssssssssssssssssssssssssssssssssssssssssssssssssssss VI
LSt Of TADIES ccuveeiieiisrnniicisssnniicssssanneesssssnsssssssssssessssssssssssssssssssssssssssssssssssssssssassassssssassasss VIII
L@ 1 F21 111 L TN 1
INErOAUCTION covvveriiiiisnniicnsssanriccsssansecsssssssesssssssssesssssssssssssssssssssssssssssssssasssssssssssssssssssssssssssanss 1
1.1 Problem Statement.........ccoceiievvricsinrcsssnnicssnnicssssssssssessssssssssssessssssssssssssssssssssssssssses 2
1.2 Related WOrK ...eeiiiiiiciinscssssnnnneicccssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssses 3
1.3 Thesis OrganizZation.......ccocceeieccssssnriccssssnssccsssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss 4
L@ 1 F21 111 /N 5
Ethernet and Metro Ethernet NetWOTrKS ....ueeeeciiiiciiiiicssssnneriecccsssssssssnsssesecsssssssssssssssssssssses 5
2.1 EtREIIMEL..cuuneeeeeeeeiiiicinininrnnnesseteccsssssssssssssssssccsssssssssssssssssssssssssssssssssssssssssssssssasssssssssse 5
2.2  Ethernet MAC Address StrUCTUTe.......ccovveeessnecsssrncsssaricssssnessssesssssssssssssssssssssssssss 6
2.3  Ethernet Data EncapsSulation ..........c.eicoeiecnsnicsssnnicssnncsssncsssssessssssssssssssssssssssssess 8
2.4  Ethernet Frame Orig@ination......ceiiccicsserecsssssnrnccssssassesssssssssssssssssssssssssssssssssssssses 9
2.5  Ethernet Switch FOrwarding.........ceeeineecseecseecsennseesssesssscssnecssescssnsssesnn 10
2.6 SWItCh OPErations .......ccccceeieiirenicssnicsssnnisssnnicssssesssssssssssssssssssesssssssssssssssssssssssssssses 11
2.6.1 MAC AdAress LEAINING .......cceevveiieiieiie e sieeseesreesee e sre e e siaesre e sseenae s 12

2.6.2 MAC AdAreSS AQING ..ocveeieeieeiece e see s e st e e e e e sae e s e e sreesaeenreenas 12

2.6.3 Frame FIOOUING......cciiiiiiiiieiiee e 13

2.6.4 SeleCtive FOrWAardiNg ......coccvoiiiiiieieriee e e s 14

2.6.5 Frame FIEriNgG ....c.ooviiiiie et 14

2.6.6 VLAN TAGUING .. 0eiitieieiieee et st e e e s e e snaesreenneenas 15

2.6.7 Expanding the Network With Trunks ........ccocovvinniniinneseeeeeec e 16

2.6.8 Switching Broadcast and Multicast Frames ..........ccccovevieiieeiiiesiee s 16

2.6.9 Preventing Loops using Spanning Tree Protocol (STP) .....ccccccvevvevvevvecinenee. 16

2.7 Ethernet Beyond the LAN ......iiiniviininiinnsniinssnnicssnncssssnessssssssssssessssssssssssssnss 17
2.8 Metro Ethernet NetWOrKS......cccocvvrvrrnneeiiicccssssssssnnnnseseccssssssssssssssssssssssssssssssssssssssss 18
2.9  Metro Ethernet ServicCes ...ccccccuneeeeiiiccccsssssssnnnssecccsssssssssssssssssssssssssssssssssssssssssssses 20
2.9.1 Ethernet Service Model .........c.oov e 20

2.9.2 EtNErnet SEIVICE TYPES .ooiveiiiieiiie ettt siee ettt be et 21

2.9.3 Ethernet Service Attributes and Parameters...........ccocvvvieneneneiesieenesenns 23
2.9.3.1 Ethernet Physical Interface Attribute ..........cccccooevveieiiececcecceeee 23

2.9.3.2 Traffic PArameters ........ccooviieiieie s 23

2.9.3.3 Performance Parameters .........cccviveieeiieieeieeneesee e 24

2.9.3.4 Class of Service Parameters .........ccoveereniniennesieie e 25

2.9.3.5 Service Frame Delivery Atribute ..o 26



2.10 Metro Ethernet ApPliCAtiONS.....ccocvveriecssrsnnricssssnsrecssssssresssssssssssssssssssssssssssssssssass 26

L@ 1 F21 111 P 28
Metro Ethernet Challenges and their SOIUtiONS ........cccoveeicireicsisnrenssnnicssnresssnnesssanscsnns 28
3.1 Ethernet in the Aggregation Network .........ceeeveecseecsenssnensseecsnccseecsaeessnennne 28
3.2  Limitations of using Ethernet in a Metro Network.........ceeeeiseecseecseccsnennne 29
3.3  Possible Solutions to Ethernet Limitations in Metro Networks........cccceeeeeeecennne 31
34 MUILICASTING..ccciceicnnrricssssnricssssnreessssnssesssssssssesssssssssssssssssssssssssssssssssssssssssssssssssssasss 33
3.4.1 IPVA MUILICAST AUAIESSES ....eevvevieeieiesieeiie ettt ans 36

3.4.2 Mapping IPv4 Multicast Addresses to MAC Multicast Addresses.................. 37

3.5 Multicast Traffic Management .........cccceveeecssanecssanrcssssssssssssssssssessssssssssssssssssssssssssonss 40
3.5.1 Internet Group Management Protocol (IGMP) .........ccccoveieiieiiciicceceee 41

A L1\ | T s o o] o] 1o TP 46

3.6  The Proposed SOIULIONS......ccccvurierreicssrnresssanicsssnrcsssssssssssssssssssssssssssssssssssssssssnsssssnss 50
3.6.1 Solution using the Ethertype Field ..........cccoov i 50

3.6.2 Solution using the Source Address Field..........c.ccoovveieiciiccicceeceececee 55

L@ 1 T2 111 57
The Simulation MOAEl .......cccooinneiiicniirnniicsssssnniccssssansscsssssssesssssssssesssssasssssssssssssssssssssssssssasss 57
4.1  The OPNET MOEIEr ....cuuuerievuriiscnicnssnnisssnnicsssnncsssssssssssnssssssesssssssssssssssssssssssssssnss 57
4.2  The Simulation Network TOPOIOZY .......cccvcveerruricssnicsssnnicssnrcsssnsesssasissssssssssssssssnns 59
4.3 Building the Network Model Methodology.........ececceccrnriccsssnnreccsssnnsnccsssnssecsens 61
4.3.1 The PacKet FOIMALS........ccoiiiieieie e 62

4.3.2 The LINK MOEL.......ooiiiieieee e s 63
4.3.3TNE SEIVEI NOUE .....oovveiieiiece ettt sre e b nes 63
4.3.3.1 Creating the Server NOUE.........ccceeveeieeie e 63

4.3.3.2 Setting the Server’s Transmitter and Receiver Attributes.................... 65

4.3.3.3 Setting the Server’s src Module Attributes ...........cccoccvvveiieiieiieieee, 65

4.3.3.4 The Server simple_source Process Model ............ccccovvveiieiiniiesnene 66

4.3.3.5 Setting the Server’s IP Module Attributes.........c.ccocovveviievieeiieieeceee, 67

4.3.3.6 Creating the Server’s IP Module Process Model ............ccccevveinnennnen. 67

4.3.3.7 Setting the Server’s Mac Module Attributes .........c.ccccvvevieiieiiecinenne. 69

4.3.3.8 Creating the Server’s Mac Module Process Model............ccccccvenenee. 70

4.3.4The SWITCh NOGE ......ocueiiiiiecee s 72
4.3.4.1 Creating the Switch Node Model ..., 73

4.3.4.2 Setting the Switch’s Transmitter and Receiver Attributes ................... 73

4.3.4.3 Setting the Switch’s MAC Module Attributes..........c.cccovvvveiieiieninenne. 74

4.3.4.4 Setting the Switch’s IP Module Attributes ..........ccccovveveieniniieceee 74

4.3.4.5 Creating the Switch’s MAC Module L3 Process Model....................... 74

4.3.4.6 Creating the Switch’s IP Module L3 Process Model............cccccueuene. 77

4.3.4.7 Creating the Switch’s MAC Module L2 Process Model ...................... 79

4.3.4.8 Creating the Switch’s MAC Module Ethertype Process Model........... 81

4.3.4.9 Creating the Switch’s IP Module Ethertype Process Model ............... 88
[



4.3.4.10 Creating the Switch’s MAC Module SA Process Model..................... 90

4.3.4.11 Creating the Switch’s IP Module SA Process Model..............c.......... 96

4.3.5THe CHENt NOUE ......coiiiiieiieiee e ns 98
4.3.5.1 Creating the CHent NOGE ..o 98

4.3.5.2 Setting the Client’s Transmitter and the Receiver Attributes............... 99

4.3.5.3 Setting the Client’s MAC Module Attributes ..........ccccvvvvieiiiininne. 99

4.3.5.4 Creating the Client’s MAC Module Process Model .........c.ccccoeverurenee. 99

4.3.6 Building the Network Model..........c.coveiieiiiiece e 101

L@ 1 F21 111 R 102
Simulation RESULLS .....ccceieriviicninicnisnninssnicsssnnesssnnicssssnesssssssssssssssssssssssesssassssssssssssssssssnss 102
5.1  Selecting ReESUILS ...uueeeneeiieeiieiiiieciennsnnisnnnsnensssenssanessseessescssesssssssssessssssssssessacess 102
5.2 Configuring Simulation RUDS........ccuuiieiviiinieiinssnicsssnncsssnnesssnsicsssssessssssssssssssnns 103
5.3  Analyzing ReSUILS ......cccvvvurieivniinisniinssnnicssnnicssnnissssnssssssnesssssssssssssssassssssssssssssssssnss 103
5.3 LETE DEIAY ..ottt 103
5.3.1.1 ETE Delay in L3 SCENAIIO ......ccecvveiieiieie e 104

5.3.1.2 ETE Delay in L2 SCENAIIO ......ccviiiiiiieiieieeie e 104

5.3.1.3 ETE Delay in Ethertype SCENArio .........ccccoceriririene i 105

5.3.1.4 ETE Delay in SA SCENAIIO ......ccecvvveiieie e eie e 106

5.3.1.5 Comparison of the ETE Delays for the Four Scenarios.................... 106

5.3.2 LINK ULHHZATION ......coiiiiiiieiie ettt 107
5.3.2.1 Case 1: Server is Sourcing to MG1 Members .........ccccccevvververeeninnn, 107

5.3.2.2 Case 2: Server is Sourcing to MG2 Members .........cccccvevvevvereernnnn, 111

5.3.2.3 Case 3: Server is Sourcing to MG1 & MG2 Members........c.c.ccu.... 115

CRAPLEL 6 ..cueeerinnnricnniiiinniinitticsnticssnsiessstessssssesssssssssssssssssssssssassssssssssssesssssessssssssssssssssnss 122
Conclusion and Suggestions for Future WorkK...........ciicceicnivnicssneicssnicsssnnccssnnncsnns 122
0.1  CONCIUSION .cuueriernniiicnninsnnicssnniessniesssnnesssssssssssssssssssssssssosssssesssssssssassssssssssssssssssnss 122
6.2 FUture WOrkK ...ceiiiiiinnniiicnssnnnicnssssnsncssssssssecssssssssssssssssssssssssssssssssssssssssssssssssssss 123
PUDLICALIONS c.ceeiennniiinnniiiinriiisnniensniisssnnicssnsnesssnsisssssnssssssssssssssssssssssssessssssssssssssssssssssssssses 125
RETEIEINCES.c.ccovunrriirirnnrinsisrnnricssssanrissssssssnesssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssasssssssse 126
APPECIAIXoaeiiiiniiiiirrinssnrisssnicssssncssssnesssssssssssresssssssssssssssssssssssssssssssssssssssssssesssssssssssssssssassses 132



List of Acronyms

Acronym Name
APS Automatic Protection Switching
ATM Asynchronous Transmission Mode
BER Bit Error Rate
BPDU Bridge Protocol Data Unit
CAM Content Addressable Memory
CE Customer Equipment
CIR Committed Information Rate
CoS Class of Service
CPE Customer Premises Equipment
CPU Central Processing Unit
CRC Cyclic Redundancy Check
DVMRP Distance Vector Multicast Routing Protocol
EFM Ethernet in the First Mile
ELS Ethernet Line Service
EVC Ethernet Virtual Connection
FCS Frame Check Sequence
TANA Internet Assigned Numbers Authority
IEEE Institute of Electrical and Electronic Engineering
IGP Interior Gateway Protocol
IGMP Internet Group Management Protocol
IGRP Internet Gateway Routing Protocol
1P Internet Protocol
IS-IS Intermediate System - Intermediate System
LAN Local Area Network
LLC Logical Link Control
LLDP Link Layer Discovery Protocol
LSP Label Switched Path
MAC Media Access Control
MAN Metropolitan Area Network
MBS Maximum Burst Size
MEF Metro Ethernet Forum
MEN Metro Ethernet Network
MP2MP Multi-Point to Multi-Point
MPLS Multi Protocol Label Switching
NIC Network Interface Card

v



OAM
OSI
OSPF
OUl
P2P
P2MP
PDU
PIM
PIR
PVC
QoS
RIP
RSTP
SFD
SLA
STP
TE
TDM
UNI
UTP
VLAN
VolP
VoD
VPN
WAN

Operation Administration and Maintenance
Open System Interconnect
Open Shortest Path First
Organizational Unit Identifier
Point to Point

Point to Multi-Point

Protocol Data Unit

Protocol Independent Multicast
Peak Information Rate
Permanent Virtual Circuit
Quality of Service

Routing Information Protocol
Rapid Spanning Tree Protocol
Start Frame Delimiter

Service Level Agreement
Spanning Tree Protocol
Traffic Engineering

Time Division Multiplexing
User Network Interface
Unshielded Twisted Pair
Virtual Local Area Network
Voice over Internet Protocol
Video on Demand

Virtual Private Network

Wide Area Network




List of Figures

Figure 2.1 Ethernet MAC Address StrUCIULE. ........ccviiiiieiienie ettt eee 7
Figure 2.2 IEEE 802.3 Ethernet Frame...........cccoociiiiiiiiiiiiiiceiee e 8
Figure 2.3 Forwarding based on MAC address table ..........cccoeevvieriiiiiieniieniieiiecie e 11
Figure 2.4 MAC address 1earning Operation..........cc.eeeereeriereenieenienieneeieseesieete e eanes 12
Figure 2.5 Frame FIOOQING .......c.coociiiiiiiiiiiiieiieiiecee ettt ettt s eteesiaeesbeessaeesaessnaens 13
Figure 2.6 Selective FOrwarding.........coccoeeviiiiniininiinieecececestesee ettt 14
Figure 2.7 IEEE 802.1Q T .. .uiiiiiiieiiieeiee ettt ettt e stteesitee et e eaveeetaeeensaeesnnneesnseeesnneeenns 15
Figure 2.8 Ethernet in the MAN ...ttt 18
Figure 2.9 Metro Ethernet NetWOrK..........cccveiiieiieiiiiiiiecii ettt eraeseae e 19
Figure 2.10 Ethernet Carrier NetWOTK ........cccociiiiiiiiiiiniiieiiceecetee et 20
Figure 2.11 Ethernet Service MOde] ........ccoiiiiiiiiiiiiiiiecii ettt ens 21
Figure 2.12 Point to POInt EVC ......ccoiiiiiiiiiic e 21
Figure 2.13 Multipoint to Multipoint EVC.........c.ccociiiiiiiiiiiiiiiicteceeeece et 22
Figure 2.14 Point to Multipoint EVC .....c..ccociiiiiiiiiiecte e 23
Figure 3.1 Layer 2 Metro Ethernet NetWork ...........ccooovieiiiiiiiiiiiieiieciceieeeee e 29
Figure 3.2 Unicast FOrwarding ...........cocoiieiiiiinieiiiicniecectese ettt 34
Figure 3.3 Multicast FOrwarding ...........cccoooveeviieriieiiiiiiiecie ettt eve e e ssaeesee s e 35
Figure 3.4 Mapping IPv4 multicast addresses to MAC multicast addresses........c..ccoceevvereennennee. 38
Figure 3.5 Mapping of the Multicast IPv4 Address 239.1.1.10 to the MAC Address ................. 39
Figure 3.6 Mapping of the Multicast IPv4 Address 226.129.1.10 to the MAC Address ............. 39
Figure 3.7 IGMPv1 query and report Message StrUCTUIE .........cveervieriierieeeieeriee e eieeeveeieesaeens 42
Figure 3.8 IGIMPV2 MESSALE ......eevueeuiiriiiieiieeitetteteeit et sttt sttt ettt ettt et st 43
Figure 3.9 IGMP Membership RePOTt........coeiuiiieiiiiiiiieiie e 44
Figure 3.10 IGMP Fast-Leave ........ccceeiiriiiiniiiieieeitcse ettt 45
Figure 3.11 Flooding of the Multicast JOIn MeSSaZE........c..ccveevieriieriiieriienieenieeeieeieeeveeeeeeaeens 47
Figure 3.12 CPU process IGMP Message and Populate the CAM Table ........cccccoceeverienicnnennee. 48
Figure 3.13 IGMP Join Message Constrained to Group Members Only...........cccceevuvercvienirennnnns 49
Figure 3.14 Adding Host 4 to Group Members ............coceeviiriiniiiiiiniinieienieieeteeeese e 49
Figure 3.15 New Multicast MAC Address Mapping........cccccveeeveereeeiieenieenieeneenieenieesveesseesneens 52
Figure 3.16 Network Topology for Multicast SCeNnario...........ccccecuereererienieneenieneeneeeneeeee 53
Figure 4.1 Simulation MethodOLOZY .........ccvieiieriiiiiiiiiecii ettt ens 58
Figure 4.2 Simulation NetWork TOPOLOZY .....cc.coouieiiriiriiiiiiirieeeetcrieete e 60
Figure 4.3 Building the Network Model Methodology ...........cccvveviiiiiieiieniieiieeiecieeeieeiee e 61
Figure 4.4 Ethernet FTame .........cooouooiiiiiiiiiee ettt st et 62
FIgUIE 4.5 TP PACKET......icuiieiiieiiecie ettt ettt ettt st e s b e etaeesaeesseessseensaesssaens 63
FIgure 4.6 Server NOGE ........couiiiiiiiiieieieee ettt ettt s 64
Figure 4.7 The Server Transmitter and Receiver Attributes.........cccveevvieriierieenieeieeiieeie e 65
Figure 4.8 s1C NOAE AIITDULES.....c..eietieiieiiieeiie ettt ettt ettt site et esaaeebeesaaeens 66
Figure 4.9 simple source Process Model ..........ccoeoiiiiiiiiiiiieiiieiiece et 66
Figure 4.10 Server Node IP Module Process Model ...........cccccoeeviniininiiniinicinicecceceeen 68
Figure 4.11 Server Node Mac Module Process Model............ccoveviiiiieniieniienieeieeeecieeieeens 70
Figure 4.12 Switch Node MOdel.........coiiiiiiiiiiiiiiiiieceece e 73
Figure 4.13 Switch Node MAC Module L3 Process Model..........ccccocveviieriienieniieiienieeieeeens 75
Figure 4.14 Switch Node IP Module L3 Process Model ..........ccccvieeiiieiiiieiiiecieeceeeceeeeee e 78

Vi



Figure 4.15 Switch Node MAC Module L2 Process Model...........cocevervieniinienienienenienieeenne. 80

Figure 4.16 Switch Node MAC Module Ethertype Process Model ..........ccccceeveiieniiieniiiennien, 83
Figure 4.17 Switch Node IP Module Ethertype Process Model............cccoevvieiiiiiieniieniiciieeiee 88
Figure 4.18 Switch Node MAC Module SA Process Model..........ccccuveeviiieiieeeiiieeieecieeeieeee 92
Figure 4.19 Switch Node IP module SA Process Model...........ccoooverviieiieniienieniieiecieeieeeine 97
Figure 4.20 CHEnt NOGC.......ccciiiiiieeiie ettt e e ste e e st e e estaeeeaaeeessaeeessaeesssaeessseeessseeenns 99
Figure 4.21 Client Node MAC Module Process Model ...........cccoeouieniiiiiiniiiiieiecieeeeeeeeen 100
Figure 5.1 Selecting StatiSTICS....cccuuiiiiiieeiiieeiieeeiieeeieeeeieeesteeesteeeseaeeesaeeesaeesaaeesssaeesnsaeesaseens 102
FIigure 5.2 L3 ETE ..ottt ettt ettt e et e enbeenseesnseenseas 104
FIigure 5.3 L2 ETE ..ottt ettt ettt et et ae et eeneenseenseeneans 105
Figure 5.4 Ethertype ETE ......ooouiiiiiee ettt ettt e 105
FIigure 5.5 SA ETE ...ttt ettt ettt et e bt e e e naesseeseeneens 106
Figure 5.6 ETE fOr FOUT SCENATIOS ......ccueiiiiiiieeiieiie ettt ettt st et 107
Figure 5.7 Case 1 Server to in_switch Link Utilization ............cccceevviiiiiienniieecieeeieeeee e 108
Figure 5.8 Case 1 MG1 Path Link UtiliZation ...........cccceevuiieiiieiiiiiieieeieete e 109
Figure 5.9 Case 1 MG2 Path Link Utilization ...........ccceeovuieeiiiieeriie e 111
Figure 5.10 Case 2 Server to in_switch Link Utilization ............ccccoevieeiieniiiiiienieeiieeeeieee. 112
Figure 5.11 Case 2 MG2 Path Link UtilZation .........ccccevieeiiiieeiiieeciee e 113
Figure 5.12 Case 2 MG1 Path Link UtiliZation ...........cccoeeueeiieniiiiiieniiecieeie e 115
Figure 5.13 Case 3 Server to in_switch Link Utilization ...........cccceeeevvieiiieeniieeiieeciee e 116
Figure 5.14 Case 3 MG1 Path Link UtiliZation ...........cccoovuiriieniiiiiienieeieeie e 118
Figure 5.15 Case 3 MG2 Path Link UtilZation .........ccccceciieiiieeiiieeiee e 119
Figure 5.16 Case 3 MG1 & MG2 Path Link Utilization ............ccccceeviieiiienieiiieniecieeeeeeeeee. 121
Figure 6.1 Multicast [IPv6 Mapping to Destination MAC Address.........ccceevveeecieencieencveeennnenn. 124

VI



List of Tables

Table 3.1 Ethertype values related to its protoColS.........c.oovviiiiiiiiii e 51
Table 5.1 Case 1 MG1 Path Link Utilization StatiStiCS........cc..eeeeviuvieeeiiiveeeeeireeeeeeeveeeeeeveeee e 108
Table 5.2 Case 1 MG2 Path Link Utilization StatiStiCS........c.eeeeeeiuvireeiieeeeeeiieeeeeeeieeeeeereeee e 110
Table 5.3 Case 2 MG2 Path Link Utilization StatiStiC.........covvuiiiiiiiiiiiiiieiiiiiiieeeeenn, 112
Table 5.4 Case 2 MG1 Path Link Utilization StatiStiCS........c.eeeeeviuvirieiiiieeeeiieeeeeeeeeeeeeeieeee e 114
Table 5.5 Case 3 MG1 Path Link Utilization StatiStiCS........cceiivviiiiiiiriieeeiiiiiiiiieeeeee e eeenvaeeeees 116
Table 5.6 Case 3 MG2 Path Link Utilization StatiStiCS.......ccc.eeeeeviuvireiiireeeeeiieeeeeeeeeeeeeereeeeeenns 118
Table 5.7 Case 3 MG1 & MG2 Path Link Utilization StatiStiCs .......evvvvviiivviiiiiiieieeeeeeeiineeeees. 120

Vil



Chapter 1

Introduction

Internet Protocol (IP) and Ethernet are becoming ubiquitous, I[P packets
make up the majority of traffic carried over the world’s communication
networks and more often this traffic is presented to the network in Ethernet
frames. In short, Ethernet is increasingly becoming the bearer technology
of converging networks. In the last three decades, it has become the most
widely used Local Area Networks (LAN) technology because of its speed,
low cost, and relative ease of installation. This i1s combined with wide
computer-market acceptance and the ability to support the majority of
network protocols. Throughout its thirty-year history, Ethernet has shown
an extraordinary capacity to adapt and grow.

On the other hand public networks are evolving into what is termed Full
Service Broadband, which carries a steadily widening range of rich
multimedia services to fixed and mobile devices over a common network
with carrier-class characteristics, such as scalability, robustness, and
resilience.

Current developments of Ethernet as a public network transport
technology include the definition of standardized services to be provided
by an Ethernet-based public network; flexibility, to enable scaling a
network to a global size while supporting many concurrent service
networks; comprehensive  Operation, Administration and Maintenance
(OAM) mechanisms for monitoring service quality and Service Level
Agreements (SLA), and for detecting and locating faults and
misconfigurations and the creation of a highly scalable transport control
plane solution that facilitates rapid restoration of service and supports
automated provisioning.

Despite this, Ethernet deployment still has weaknesses in the context of
large-scale public networks. Standard Ethernet lacks key public network
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features, in particular for operation, administration and maintenance,
isolating customers, scalability and dealing with multicast traffic [1].

Overcoming the above challenges enables the deployment of Ethernet in
public networks and over large scale allowing for a wide range of services
to be carried over the same infrastructure.

1.1 Problem Statement

Metro Ethernet Networks (MEN) are rapidly becoming the networks of
choice for aggregation of user traffic toward the core as service providers
attempt to reduce operational and capital expenditures and increase
revenues derived from their network infrastructures. Metro Ethernet
Networks allow a wide variety of services to be carried over its
infrastructure such as Voice over IP (VoIP) which requires minimum
bandwidth but has strict limits on delay and jitter, video conferencing
which needs high bandwidth, and very low delay and jitter, live video
broadcast that needs high bandwidth and low delay and jitter, Video on
Demand (VoD) which requires high bandwidth and less stringent delay
and jitter requirements as video streams can be buffered, Interactive
gaming which consumes low bandwidth but has strict bounds on delay and
high-speed data services that requires just bandwidth guarantees and less
stringent delay requirements [2].

Most of the above mentioned services need large bandwidth and low
delay. Also these services rely on multicasting for efficient delivery of this
kind of traffic. ~ Ethernet switches firstly treated broadcast and multicast
addresses as unknown destinations and flooded these frames over all ports
of the switch within the network segment consuming its bandwidth [3].

An enhancement to this operation was introduced by snooping on the
requests for multicasting to prevent the flooding of the multicast frames.
But for this technique to be effective, a one to one mapping between the
destination multicast [P address and the destination multicast Media
Access Control (MAC) address should be available. A case that is not
present as the mapping between these two addresses is not unique but in



fact there is thirty two multicast IPv4 addresses that map to the same MAC
address [4]. This overlapping issue prevents the correct delivery of
multicast frames to the intended Ethernet segments through the Ethernet
switches. This problem needs to find a solution.

1.2 Related Work

IPv4 addresses are thirty two bits addresses which are classified into five
different classes A, B, C, D and E. IPv4 multicasting uses class D
addresses which is in the range of 224.0.0.0 to 239.255.255.255.

Most suggestions for the address overlapping problems rely on selecting
multicast addresses so that different applications don’t map their multicast
streams into the same layer 2 MAC address as stated in section two in [5].

The first scheme depends on using globally unique low order 16 bits from
the 32 bits of the class D IP address. By assuring that the last 16 bits of
any class D address are unique, each class D address must map to a unique
MAC address. In this scheme, addresses should be used from a pool based
on the last 16 bits. That pool should exclude all addresses ending with the
range 0.0 through 16.255 as many of those addresses are reserved for
specific networks. That provides tens of thousands of possible address
groups for use. In this scheme, the high order 16 bits can be any value
from 224.0 through 239.255 as long as no two complete class D addresses
share the same last two digits. So this scheme allows the use of any first
two digits in the class D addresses as long as no two addresses share the
same last two digits.

The drawback of this scheme is that the addresses may be difficult to track
as the available ones cover a wide range of complete addresses.

The second scheme suggests the use of the 239.128.X.X through
239.255.X.X class D IP range. Once the range is decided, IP class D
addresses should be assigned sequentially so that no two complete
addresses within the range are the same. By following this process over 8
million unique class D multicast addresses will be available with each
address mapping to a globally unique MAC layer multicast address.
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