LIST OF FIGURES

List of Figures

2.1 B-ISDN architecture . . . . . .. .. .. .. .. 7
2.2 B-ISDN reference configuration . . . .. .. ... ... ... .. ... ... .. 8
2.3 Examples of physical configurations . . . ... ... .. ... . .. 0, 9
2.4 Examples of multiple interface arrangements . . . . . .. .. .. ... ... ... 10
2.5 DB-ISDN user-network interface . . . . . . ... ... .. ... .. . ... 11
26 STMoprinciple . . . . . . e e e 12
2.7 ATM principle and cell format . . . . . . .. . ... ... ... L. 13
2.8 Multimedia communication over ATM . . . .. ... ... ... ... . ..... 14
2.9 Processing delay versus cellsize . . . . ... ... ... ... ... . ... ... . 14
2.10 B-ISDN protocol referencemodel . . . . .. .. .. L L. 15
211 Service access Point . . . . . . .. . e e e 19
2.12 SONET system hierarchy . . . . . . . . . . .. .. it 22
2.13 SONET/SDH frame formats . . . . . . ... ... ... ... ... ... .. 23
2.14 SONET STS-1 overhead octets . . . ... ... .. ... ....... R 25
2.15 Example of demultiplex and remultiplex . .. ... ... . ... .. ....... 25
2.16 Representative location of SPEin STS-I1 Frame .. . .. . . .. ... . ... .. 26
2.17 STS-1 pointer adjustment: negative pointer adjustment . . . . . .. ... .. .. 27
2.18 STS-1 pointer adjustment: positive poiuter adjustment . . . . . . .. .. . ... 27
2.19 Thecell based interface . . . . .. .. .. ... ... .. L e 28
2.20 The frame structure at 34.368 Mbit/s . . . . .. .. ... .. oL 30
221 The DS3PLCP frame . . . .. . .. . . . . . e 31




LIST OF FIGURES

222
2.23
2.24

2.25

3.1
3.2

3.3

3.5

Cell tate decoupling . . . .. .. ... ... ... ... .. ....
HEC receiver actions . . .. .. ... ... ... ... ...,
Impact of random bit errors on HEC performance . . . . . . ..
Cell delineation state diagram . . . . ... ... ..., . . ....
Impact of o on performance of cell delineation . . . ... .. ..
Impact of § on performance of cell delineation . . . ... ...,
ATM connection relationships . . .. ... ... . ... .....
ATM transport hierarchy . . . . . .. ... . ... ........
Virtual path switching . . . . .. .. ... . ... .. ......
Virtual channel/virtual path switching . . . .. ... ... ...
ATM cell format . . . ... ... . ... .. ... ... ....
Generic AAL protocol sublayer model . . . . . . . ... ... ..
SAR structure for AAL type 1. . . . ... ... .. .......
Examples of different AAL 1 data transfer mode . . . . . . . ..
AALtype 2 .« . o e e
Message mode service . . . . . . . . . ... e
Streaming mode service . . ... .. ...
SAR structure for AAL3/4 ... . ... ... ..
CPCS-PDU format for AALtype 3/4 . .. . .. ... . ... ..
Multiplexing example using AAL 3/d . . . ... . ... .....
CPCS-PDU format for AAL type5 . . ... .. ... ... ...

Multiplexing example using AAL 5 . . .

TCP/IP over ATM architectwre . .. .. ....... ... ..,

T'CP window behavior of slow start and congestion avoidance

Behavior of fast retransmission and recovery . . .. .. ... ..
Credit-based flow control . . . . . .. ... .. ... ... ...

Simple introduction of a close-loop control of ABR . . . .. ..

vi



LIST OF FIGURES

3.6
3.7
3.8
3.9
3.10
3.11

4.2
4.3
4.4

4.5

4.6

4.7

4.8

4.9

4.10

411

4.12

4.13

414

4,15

Enforcement of the EFCL. . . . . .. ... ... .. ... . .. ... ... ..., 76
Resource management cellfields . . . .. . ... .. ... ... .. .. ...... 77
TCP packet fragmentationover ATM . . . .. .. . ... ... .. . ....... 86
Partial packet discard scheme . . ., . . . .. .. ... ... . ... ... ... 37
Early packet discard scheme . . . ... .. ... . .. ... .. .. ... .. ... 38
Buffer threshold . . . . . .. ... .. .. .. .. L 89
Introduction of preliminary PDPD scheme. . . . . . . . . e e 91
Simulation model of preliminary PDPD. . . . .. . ... .. ... ... ..... 92
Total throughput of TCP sources: RP size of two packets. . . . . ... ... .. a3
Normalized throughput of TCP sources: RP size of two packets. . . . . ... .. a3
Snapshots of buffer occupation in the switch when the buffer size is 1000 cells

and the RP size is two packets. . ... .. ... ... .. ... ... ... ..., 95
Snapshots of buffer occupation in the switch when the buffer size is 2000 cells
and the RP size is two packets. . . . . . . . . . .. .. . ... e 96

Snapshots of buffer cccupation in the switch when the buffer size is 3000 cells

and the RP size is two packets. . . . . .. .. . ... . . ... ... .. ... .. 97
Total throughput of TCP sources: RP size of three packets. . .. ... ... .. 98
Normalized throughput of TCP sources: RP size of three packets. . . .. .. .. 99

Snapshots of buffer occupation in the switch when the buffer size is 1000 cells
and the RP size is three packets. . . . . . . .. .. .. ... ... ... ... .. 100
Snapshots of buffer occupation in the switch when the buffer size is 2000 cells
and the RP size is three packets. . . . .. .. .. ... . ... ... ... ... 101

Snapshots of buffer occupation in the switch when the buffer size is 2000 cells

and the RP size is three packets. . . . .. .. ... ... ... .. . ... ..., 102
Retransmission ratio. . . . . . . . .. . e 143
Generalization of packet discard schemes. . . . ... ... ... . ... ...... 104
Probabilistic Delayed Packat Discard scheme. . . . . . . .. . .. ... ... .. 105

vii



LIST OF FIGURES

4.16 Simulation model of Probabilistic Delayed Packet Discard scheme. . . . . . . .. 106
4.17 Total throughput of TCP sources when RP size is two packets. . . . . .. .. .. 107
4.18 Normalized throughput when RP size is two packets. . . . . . . ... ... ... 108

4.19 Snapshots of buffer occupation in the switch when the probability p is 0 (i.e., PPD).109

4.20 Snapshots of buffer occupation in the switch when the probability p is 0.25. . . . 110
4.21 Snapshots of buffer occupation in the switch when the probability p is 0.5. . . . 111
4.22 Snapshots of buffer occupation in the switch when the probability p is 0.75. . . . 112

4.23 Snapshots of buffer occupation in the switch when the probability p is 1.0 (i.e.,

EPD). . 113
4.24 Retransmission ratio when RP istwo packets. . . . . . . . . .. ... ... ... 114
4,25 Total throughput of TCP sources when RP size is three packets. . . . . . .. .. 115
4,26 Normalized throughput when RP size is three packets. . . . . . ... . ... .. 116

4.27 Snapshots of buffer occupation in switch when the probability p is 0 (e, PPD). 117

4.28 Snapshots of buffer occupation in the switch when the probability pis 0.25. . . . 118
4.29 Snapshots of buffer occupation in the switch when the probability p is 0.5, . . . 119
4.30 Snapshots of buffer occupation in the switch when the probability p is 0.75. . . . 120

4.31 Snapshots of buffer occupation in the switch when the probability p is 1.0 (i.e.,

EPD). o« e e 121
4.32 Retransmission ratio when RP is three packets. . . . . . ... ... ... . ... 122
433 Sixﬁulation model of multistage switches, . . . . . . ... .. oo oo 123
4.34 Throughput and normalized throughput with PDPD when n is five. . . . . . .. 124
4.35 Throughput and normalized throughput with PDPD when nisten. . . . .. .. 125

4.36 Throughput and normalized throughput with PDPD when n is five and the dis-
tance ISIONE. . . . . e 127
4,37 Throughput and normalized throughput with PDPD when n is ten and the dis-

tanceislong, . . ... L. 128

viii



LIST OF TABLES

List of Tables

2.1 Principles of B-ISDN . . . . . . . o o e 5
2.2 The functions of B-ISDN in relation to the B-ISDN protocol reference model . . 17
2.3 SONET/SDH signal hierarchy . . . . .. . .. ... .. ... ... ... ..... 21
24 STS-loverhead bits. . . ... .. . . .. o o 24
2.5 Pre-assigned values of the cell header at the physical layer . . ... ... . ... 28
2.6 Header pattern for unassigned cell and idle cell identification . . . . . ... . .. 32
2.7 Payload type indicator (PTI) field coding. . . . . . .. ... ... ... ..... 45
2.8 Pre-assigned cell header values at the UNT . . . ., . ... ... ... ...... 47
2.9 Pre-assigned values of the cell header at the ATM layer by the ATM Forum . .. 48
2.10 Summary of service categories and their features . . . . . . .. ... ... 50
2.11 Service classification for AAL .. .. ... . .. ... L0 52
2.12 Relation of applications and the QoS parameters. . . . . . . .. .. ... . ... 67
3.1 Parameter descriptions . . . . . . . . .. L 80
4,1 The comparison of average queue lengths when RP size is two packets. . . . . . 108
4.2 The percentile average queue lengths when RP size is three packets. . . . . . . . 116

ix



