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IPv6 standard, 63—64

_ rules, 63-64
Flowspec

RSVP, 513
Fluttering

Internet routing, 423
Forward

explicit congestion, 26™
Forward DCT

sequential DCT-based mode,
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470476
approach, 472-473
components, 474475
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Integrated services digital
network (ISDN), 9-10
analysis
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Interarea multicast forwarders,
459461
Interarea multicasting,
459461
Inter-AS multicast forwarders,
461
Inter-AS multicasting, 461

Inter-domain routing protocol

(IDRP), 450
Interfaces, 40
Interior gateway protocol
(IGP), 426
Interior routing protocols
appi'ation, 425-426
Intermedtate hubs (IHUB), 128
Intermediate systems, 38, 39
Internal signaling, 20
International Organization for
Standardization (ISO),
36
International Telecommunica-
tion Union (ITU),
635-637
Telecommunication Stan-
dardization Sector, 80,
635-636
AAL, 107
ATM, 92
T recommendations
ATM, 95
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Internet, 39
standards, 631
Intemet Architecture Board
(IAB), 28-29, 38, 631
Internet Control Message
Protocol, 65
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chronology, §
Internet group management
protocol (IGMP),
456459
IPv6, 457458
message format, 456
operation, 457
Internet growth
measures, 8
Internet Header Length
IP field, 51
Internet interconnection points,
7
Internet layer
communication task, 29-30
Internet organizations, 631-633
Internet Protocol (IP), 3-6, 3-7,
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header
information, 53
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module
performs tasks, 53
multicast initiative
Web site, 465
operation, 32-35
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Internet RFC publication
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Internet routing, 22-23
Internet routing principles,
419426
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Internet service provider (ISP),
397
Internet society, 631-635
Internet standards
categories, 634
Internet traffic
ISA, 470477
Internetwork Control level,
58
Internetworking, 3743
Internetworking example,
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Interoperability lab
Web sites, 152
Interpolation
MPEG, 623
Intersection, 160
Interval arithmetic coding,
379-581
Intraframe
MPEQG, 623
Intranets, 38
Inward data collection, 50
IP. See Internet Protocol (IP)
IPng. See [Pv6
IPv4
addresses, 54-55
formats, 55
options, 59
TOS field, 495
type of service field, 51
IPv6, 20, 30-31, 59-68
addresses, 64-65
extension headers, 66
formats, 60
headers, 62-65
order, 60-61
packet extension headers, 61
RFCs, 60
ISA. See Integrated Services
Architecture (ISA)
ISDN. See Integrated services
digital network
(ISDN)
ISO, 36
ISP, 397
ITU. See International Telecom-
munication Union

Jumbo Payload option
IPv6, 65-67

K
Kahn, Bob, 6
Kendalls’ notation, 196

L
Label
MPLS, 524, 530-531
Label distribution
MPLS, 532-533
Label format
MPLS, 528
Label merging
MPLS, 524
Label placement
MPLS, 528
Label stack ]
MPLS, 524, 529-530
Label stacking
MPLS, 526-528
Label swap
MPLS, 524
Label swapping
MPLS, 524
Label switched hop
MPLS, 524
Label switched path (LSP)
MPLS, 524, 530-531
Label switched router (LSR)
MPLS, 524
operation, 523-524
LAN. See Local area network
(LAN)
LAPB (Link Access Protocol-

ethernet, 127

License-free operation

+ WL, 147

' Limited transmit

' window management,

338-340

Line-oriented browser, 7
Link Access Procedure for

?
|
f

Services, 84

Link Access Protocol-Balanced.

See LAPB
Link control mechanisms,

279-288
Link costs

OSPI, 437438
Link-level flow control,
275-299
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300-301
Link-state protocol, 433441
Link-state routing, 433434
LINX, 7
LLC. See Logical link control
(LLC)
Local area network (LAN),
121-122
emulation
AAL, 108
hubs and switches, 130
trends, 13
Logical link control (LLC)
data
ethernet, 127
level, 148
WL, 149-151

Frame Mode Bearer
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627
Lost calls cleared, 210
Lost calls delayed, 210
Lost calls held, 211

LSP
MPLS, 524, 530-531

LSR

MPLS, 523-524
LZ77 algorithm, 582-584
LZ78 algorithms, 584587
LZW algorithms, 584-587
LZW example, 586

M
MAC layer
WL, 149
Macroblocks
MPEQG, 621
Management agent
ISA, 474
Management control plane
ATM, 93
Marker
DS, 497
Marking
DS, 493
Matrix representation

wavelet compression,
602605
MaxCTD
ATM forum, 364-365
Maximize reliability
link cost, 437
Maximize throughput
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basic operation, 74
Long memory process, ]72 ATM forum, 364_'365
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Long term ATM, 363-364
Jitter ATM, 357 ; ATM, 367 MCR, 363-364, 381
ISA, 472 Layered protocol, 27-45 Loop, 402 MDCR
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AAL, 108 communication task, 29
MR ' Network addresses‘, 55
code, 569-572 Network contribution

' ' 9-361
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Network reachability
BGP, 446
Network response
congestion control, 270
Network-to-network
application
VPC, 368
New York’s regional network
NYSERnet, 7
Next-generation IP. See IPv6
Next header
fragment header, 67
hop-by-hop options header,
65
IPv6 header, 62
routing header, 68
Noah effect, 235
Nodes, 402. See also Vertices
FC, 141
Nonblocking socket calls,
665-669
Non-real-time variable bit rate
(nrt-VBR)
ATM, 105
ATM attributes, 361
Normal
link cost, 437 .
Normal distribution, 167-168
Normal probability density, 167
Nrt-VBR
ATM, 105, 361
NSF, 6
NSFNET, 6
Null suppression
data compression, 564-565
Number of nodes
WL, 147

0
OAM (operation and mainte-
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ATM, 360
One-dimensional compression
Haar wavelets, 601
One-dimensional DCT,
592-597
Open shortest path first proto-
col (OSPF), 56,
433440
packet format, 440441
packet header, 440
Web site, 441
Open Systems Interconnection
(OSI)
layers, 37
protocol model, 19, 27, 36-37
Operation and maintenance
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ATM, 360

Options graphs, 404
hop-by-hop options header, [Path lengths
65 ' graphs, 404
IP field, 52 ' Path-vector protocols, 443—450
TQP field, 48 Path-vector routing, 444445
Option type field Payload length
IPv6, 65-67 IPv6 header, 62
Order , Payload type field
graphs, 402 ;  ATM, 99
OSI. See Open Systems Inter- coding, 99
connection (OSI) PCF
OSPF. See Open shortest path WL, 149
first protocol (OSPF) PCR. See Peak cell rate (PCR)
Outcome, 160 PDU, 34-35, 109-111
Output Peak cell rate (PCR), 362
sample netstat, 642 ABR, 381
Outward data dissemination, 50 algorithm
VPC, 372-373
: ALK Peak rate
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ISA, 472 ATM forum, 364-365
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Packet scheduler Pel, 568
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Packet switching, 19 estimation, 22
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(PSN), 73-81 International, 7
advantages, 75 Per-hop behavior (PHB)
application, 209-210 DS, 493, 498-500
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congestion control, 80, 264 self-similar traffic, 243
datagram approach, 76 PHB
digraph, 409 DS, 493, 498-500
failure, 80 Physical
interior routing protocols, OS], 37
| 420 Physical layer
routu?g, 80 communication task, 29
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use, 75 Picture element, 568
virtual circuit approach, 79 PIM, 461464
virtual circuit service, 81 Pixel, 568
X.25, 80-82 Point coordination function
Packet-switching technology (PCF)
and protocols, 5 WL, 149
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ethernet, 127 Poisson counting process, 176
Paddu_lg Poisson distribution, 166-167
IP field, 52 Poisson increment process,
Parallel edges, 402 ) 176-177
Parameter a Policing
flow control, 291-293 GFR mechanpism, 392

Parent vertex, 405 Ports, 641-642
Partial packet discard Positively correlated, 169

TCP vs. ATM, 346-347 Power spectral density, 173
Path, 402 Power spectrum. See Spectral
Path distances density

Power workgroups, 14, 123
Practical performance, 247-259
Preamble
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Prediction
MPEG, 621, 623
Prediction modes
MPEG, 623
Presentation
OS], 37
Privacy
WL, 149
Probability, 159-164
classical definition, 162
common set of axtoms, 160
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Web site, 179
Processor sharing (PS)
ISA, 479480
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JPEG, 608
Progressive DCT-based mode
JPEG, 614
Protocol, 2745
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4445
IP field, 52
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Protocol architecture
need for, 27-28
TCP vs. ATM, 341
Protocol data unit (PDU),
109-111
AAL, 109
TCP/IP architecture, 34-35
Protocol fundamentals, 21-22
Protocol independent multicast
(PIM), 461464
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ISA, 479480
PSINet, 7
PSN. See Packet-switching
network (PSN)
Public network infrastructure,
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Pure arithmetic coding, $76-579
example, 578
Push function flag, 4849

Q
Quality of service (QoS), 13-18,
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ATM attributes, 361
eligibility test mechanism
GFR, 393-395

Internet, 16-18
IP networks, 23
parameters
ATM attributes, 361
ATM forum, 364-365
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support
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Queues
data network, 255
multiserver vs. multiple sin-
gle-server, 194
networks, 206-210
parameters, 190
priorities, 205-206
service, 38
switch or router
input and output, 255
tandem, 208
Queueing
analysis, 156, 183-214
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behavior, 184-188
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to, 215-218
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to, 502-503
ISA, 473
ISA implementation,
477485
models, 189-197
charactenstics, 191-193

Process
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relationships, 194-197
system
structure and parameters,
190
Web site, 215

R
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Random access
JPESG 2000, 617
MPEQG, 621
Random bit errors
HEC performance
impact, 103
Random early detection
(RED)
algorithm, 487491
design goals, 486487
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Rate allocator
JPEG 2000, 619
Rate based
explicit congestion, 262
READ
code, 569-572
Real-time applications, 50
Real-time communication
requirements, 505-506
Real-time traffic, 503-506
characteristics, 503-505
Real-time transport protocol
(RTP), 20, 533-545
concepts, 536
data transfer protocol,
535-536
fixed header, 537-539
protocol architecture,
534-536
Web sites, 545
Real-time transport protocol
(RTP) control proto-
col (RTCP), 539-544
formats, 541
Real-time variable bit rate
(rt-VBR)
ATM, 105
ATM attributes, 361
Real-time workgroups
multicasting, 451
Reassembly
IP, 52-54
Reassociation
WL, 149
Receiver action
TCP/P operation, 43
Receiver-initiated reservation
RSVP, 511-512
Receiver report
RTCP, 543
Recursion
cantor set to five levels, 222
RED. See Random early detec-
tion (RED)
Region of interest (ROI)
JPEG 2000, 617
Regulation
concepts, 630-631
Relative element address desig-
nate (READ)
code, 569-572
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Relative rate marking
ABR, 384
Reliability, 40
Request-response, 50
Res
fragment header, 67
Reservation attribute
RSVP, 517
Reservation protocol
ISA, 474
Reserved
fragment header, 67
TCP field, 48
Resource management (RM)
cell fields
initial values, 386
cell format
ABR, 384-386
cells, 382-383
virtual paths
ATM, 368-369
Resource reservation, 508-521

Resource Reservation Protocol.

See RSVP
Respense times
projected versus actual, 189
Retransmission strategy,
315-316
TCP flow control, 315
Retransmission timer manage-
ment (RTO)
exponential RTO backoft,
328-330
Jacobson's algorithm,
326-329
TCP, 326-330
variance estimation, 326-329
Retransmit policy
TCP, 321
RFC 793, 47, 49
RFC 1122, 47
RFC 1349, 56
RFC 1812, 56, 58
RFC 2205
RSVP, 510
RFC 2460
guidelines, 62
RFC publication, 631-633
RFC types, 634635
RIP, 426-432
RM. See Resource management
(RM)
ROI
JPEG 2000, 617
Round-trip propagation time
ATM, 366 |
Round-trip time (RTT),
334-336
Karn’s algorithm, 330

variance estimation, 326-328

Router, 38, 3940
configuration, 421
Router action
TCP/IP operation, 42
Router Alert option
[Pv6, 65-67
Route recording
IPv4 option, 59
Route selection, 56
ISA, 475
MPLS, 531-532
Routine level
precedence subfield, 57-58
Routing algorithm
ISA, 473
Routing function, 420-424
Routing header, 68
[Pv6 extension header, 60
Routing Information Protocol
(RIP), 426432
limitations, 432
packet format, 431432
Routing metric, 56
Routing philcsophies
comparison, 434
Routing protocol
ISA, 474
Routing tables, 422
Routing type
routing header, 68
R/S plot
self-similar traffic, 242
RSVP (Resource Reservation
Protocol), 20-21,
508-521
filtering, 514-517
goals and characteristics,
510-512
host model, 520
¢peration, 514-519
protocol mechanisms,
520-521
reservation styles, 517
Web sites, 545
working group
Web sites, 545
RTCP, 539-544
RTO. See Retransmission
timer management
(RTO)
RTP. See Real-time transport
protoco! (RTP)
RTT. See Round-trip time
(RTT)
Rt-VBR
ATM, 105, 361
Run-length encoding tech-
niques, 564-567

Run-time program control,
,, 665669

ethernet, 127
Sample space, 160
Sampling, 211-213
Sampling errors, 213-214
SAR
PDU, 108, 111
SATNET, 6
Scheduling
GFR mechanism, 392-393
SCR, 362-363
SCSI
FC, 143
SDES
RTCP, 543
SDH (synchronous digital hier-
archy), 21, 360
Second moment, 165
Second-order statistics, 171
Security
1Pv4 option, 59
Segmentation, 40
Segmentation and reassembly
(SAR)
PDU, 111
sublayer
AAL, 108
Scgments left
routing header, 68 |
Segment type |
type 3/4 SAR FPDU, 115 ‘
Selective cell discard
UPC function, 378 '
Selective drop

rule, 348
Selective-reject ARQ, 295
flow control, 288 |
Self-similar data traffic,
223-231
examples, 232-237
modeling and estimation,
241-244
Self-similarity, 220-223
performance implications,
237-241, 239
Self-similar storage model, 240
Self-similar time series, 221
Self-similar traffic, 219-244
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245
models
applicability, 240-241
Web site, 245

Semantics
protocol, 28

Semipermanent VCC, 97-98
Semipermanent virtual channel
connections, 96
Sender action
TCP/IP operation, 4143
Sender report
RTCP, 542
Sender selection
RSVP, 517
Send policy
TCP, 320
Separate queue
ABR, 388
Sequence number
TCP, 34
TCP field, 48
type 3/4 SAR PDU, 115
Sequential DCT-based
JPEG, 608
Sequential DCT-based mode
JPEG, 609-613

Server program
passively await connectton,

663-665
passively awaiting connec-
tion, 658-661
Service access point, 109
Service area
WL, 147
Service level agreement
DS, 493
Session
OSlI, 37
RSVP, 513
SE style
RSVP, 518
SFD
ethernet, 127
Shaper
DS, 497
Shaping
DS, 493
Shared-explicit (SE) style
RSVP, 518
Shielded twisted pair (STP)
ethernet, 133
Shortest-path distance
BFS algorithm, 408

Shortest path length determina-

tion, 409415

Short memory process, 172

Signaling system number 7

self-similar traffic example,

236

Signaling system number 8, 20

Simple graph, 402

Simple Mail Transfer Protocol
(SMTP). 35

Simple path, 402

Single FIFO queue
ABR, 388
Single-server model
examples, 203
Single-server queue, 189-190.
197-199
formulas, 197
mean number, 198
mean residence time, 198
Single-server queues
priority categories, 205
Size
graphs, 402
Sliding-window ARQ
flow control, 295-296
Sliding-window techniques
flow control, 282-285
Slow start
illustration, 335
window management,
331-332
Small computer system inter-
face (SCSI)
FC, 143
SMTP, 35
Socket, 639-677
address, 644-645
closing, 654-656
connecling, 647-648
creation, 644
descriptors, 641-642
elements, 644-660
sending and receiving mes-
sages, 653-654
versions, 640641
Soft stalg
RSVP, 512
SONET (synchronous optical
~ network), 21
Source address
IP field, 52
IPv6 header, 62
Source address (SA)
ethernet, 127
Source description (SDES)
RTCP, 543
Source port
TCP field, 48
Source routing
IPv4 option, 59
Source traffic descriptor
ATM, 362-364
Spanning tree, 405-406
multicast group, 456
Spectral density, 172-173
self-similar traffic, 230

Spectral selection
progressive DCT-based
compression, 614
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Speed of service, 13-18
Split horizon rule, 431
Spurgeon’s ethernet web site
Web sites, 152
Standard deviation, 165
Standardization process,
632-637
Standards
concepts, 630-631
Start frame delimiter (SFD)
ethernet, 127
Stationary random process, 173
Stationary stochastic processes,
172
Statistical multiplexing
VPC, 369
Statistical parameters, 213
Stochastic process. See Random
ProCess
Stochastic processes,
170-179
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179-181

Stop and wait
flow control, 279-282
Stop-and-wait ARQ
flow control, 288-290
with errors, 290
Storage model, 239
Storage network industry
association
Web sites, 152
Store-and-forward switch
ethernet, 131
STP
ethernet, 133
Stream, 660665
String-matching algorithms,
581-587
Subgraph, 405-406
Subnetwork, 32, 38, 39
ethernet, 132
service, 56

Successive approximation
progressive DCT-based

compression, 614
Sustainable cell rate algorithm
VPC, 376-377
Sustainable celi rate (SCR),
362-363
Switched virtual channel
connections, 96
Switching network, .77
Symbol blocking
Huffman code, 558-559
Synchronous digital hierarchy,
21, 360
Synchronous optical.network,
21
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Syntax
protocol, 28

T
Tagging
GFR mechanism, 392
TCP, 30, 47-51
congestion control, 322-340
context, 325 |
congestion control measures
implementation, 326
credit allocation mechanism
example, 311
exercise problems related to,
69-70
flow

context, 325

implementation policy
options, 320

and IP, 19
operation, 32-35
performance

vs. ATM, 340-351
segment, 34

segment pacing, 324
traffic
self-similar traffic example,
236
traffic control, 309-382
exercise problems related
to, 353-354
user datagram protocol,
30-~-51
window size, 313
TCP/IC concepts, 33
TCP/P, 3
applications, 35-36
architecture
Protocol Data Units, 34
example
configuration, 40
layers, 29
networks, 18-21
operation, 41-43
Protocol Architecture, 28
vs. OS], 38
suite, 27-45
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to, 4445
Technical specification
Internet standards, 634
Teleconferencing
multicasting, 451
TELNET, 5, 35-36
traffic
self-similar traffic example,
236

Terminal equipment, 100
Three-symbol sequence

probability intervals, 576
Throughput, 17

ISA, 472

WL, 147

Throughput characteristics, 155

Time average, 178
Time reassembly
CBR cells, 358
Timestamp, 49-50
IPv4 option, 59
Time to live
IP field, 52
processing
MPLS, 528
Timing
protocol, 28
Token bucket, 379
Tomlinson, Ray, 5
Topologies
physical media and topolo-
gies, 143
TOS. See Type of service
(TOS)
Total length
IP field, 52
Total probability
illustration, 164
Traffic class, 62-63
IPv6 header, 62
Traffic conditioning
DS, 493
Traffic conditioning agreement
(TCA)
DS, 493
Traffic conditioning function
elements, 497
Traffic contro]
ATM, 367-379
Traffic descriptors
ATM attributes, 361
Traffic engineering
MPLS, 522
Traffic management
congestion control, 262-264
Traffic parameters
ATM attributes, 362
VCC, 96
Traffic rate management
congestion control, 266-267

Traffic shaping

CGRA algorithm, 378-379

Traffic streams

partitioning and merging, 207

Transfer delay

delay characteristics, 156

Transition dependencies

Huffman code, 559-560

Translator

RTP, 537

Transmission Control Protocol,

/ See TCP
¢ Transmission media
‘ physical media and
topologies, 143
Transmission robustness and

security
WL, 147

;
; Transport
OS], 37
Transport layer
communication task, 30

Tree-based representation
LZW, 587

Trees
graphs, 404
Tnal, 162
Two-dimensional compression
Haar wavelets, 606
Two-dimensional DCT :
597-598
Two-level star topology
ethernet, 129
Type of service (TOS), 437-439
concept, 437
field, 56
default values, 57
IP, 56-59
IP field, 51
routing, 56-57
Typical premises network
configuration, 133

U

UBR. See Unspecified bit rate
(UBR)
UDP, 16, 30
Uncorrelated, 169
UNL. See User-network
interface (UNI)
Unicast
IPv6 addresses, 65
Uniform resource location
(URL), 7
Union, 160
UNIX-like operating systems,
640
Unshielded twisted pair (UTP)
ethernet, 133
Unspecified bit rate (UBR),
21
ATM, 105-106
A'TM attributes, 361
TCP vs. ATM, 343-346
UPC
VPC, 371-378
Urgent data signaling, 49
Urgent function flag, 48—49
Urgent pointer

TCP field, 48
URL, 7
Usage monitoring, 96
Usage parameter control
(UPC)
actions, 377
VPC, 371-378
USENET newsgroups, 25
User data, 82
User Datagram Protocol
(UDP), 16. 30
User data transfer, 86-88
User-network interface (UNI),
10, 98, 100
ATM, 359, 362
cell arrival, 375
User plane
ATM, 93
User response
congestion control, 270
User-to-network application
VPC, 368
User-to-network signaling
virtual channel, 97
User-to-user application
VPC, 368
User-to-user signaling virtual
channel, 97
UTP
ethernet, 133
UUNET Technologies, 7

Y
Variability
throughput characteristics,
155
Variable-bit-rate (VBR)
video
self-similar traffic example,
237
voice and video
AAL, 108
Variance, 165
Vanance-time plot
self-similar data traffic,
241-242
VBR, 108, 237
VCC, 93, 368-370
VCI. See Virtual channel iden-
tifier (VCI)
Venn diagrams, 161
Version
IP field, 51
IPv6 header, 62
Vertices, 402
distance between, 403
Very-large-scale integration

(VLSI), 636

Video compression algorithm
MPEG, 620-621
Virtual channel
definition, 96
Virtual channel connection
(VCC), 93, 368-370
configuration, 369
Virtual channel identifier (VCI)
ATM, 99
definition, 96
restriction
VPC, 97
Virtual channel link
definition, 96
Virtual circuit, 78, 85
use, 81
Virtual path
advantages, 94
call establishment, 95
definition, 96
Virtual path concept, 93
Virtual path connection (VPC),
368-370
characteristics, 97
configuration, 369
definition, 96
establishment
" customer controlled, 98
network controlled, 98
semipermanent, 98
Virtual path identifier (VPI)
ATM, 99
definition, 96.
Virtual path link
definition, 96
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