INDEX

16-bit cyclic redundancy check (CRC-16), 425

Abacus switch, 336
Accounting management (AM), 16
Acknowledgment (ACK), 429, 580
Active queue management, 164
Address
aggregation, 26
broadcaster (AB), 330, 338, 356
copy, 222-224
interval, 305
lookup, 25
prefix, 25
Admission control, 118
Agere system interface (ASI), 548
Aggregated flow queue (AFQ), 573
Application programming interface (API), 564
Application specific
instruction processor (ASIP), 539
integrated circuit (ASIC), 29, 351, 538
standard product (ASSP), 562
Approximated Longest Queue Drop
(ALQD), 172
APSARA, 251, 252
Arbiter (AR), 589
Area-based quadtree (AQT), 95
Arithmetic logic unit (ALU), 549
Arrayed-waveguide grating (AWG), 477
Arrival reassemble queue (ARQ), 573
Assured forwarding (AF), 127, 572

Asynchronous transfer mode (ATM), 2, 337, 539

ATM

routing and concentration

(ARC), 337, 351

switch chip, 207
ATLANTA Switch, 398
Augmented banyan switches, 186
Availability, 116
Average rate, 116

Backbone routers, 3
Backlogged period for session, 144
Backpressure (BP), 349

scheduler (BPS), 571
Bandwidth, 115
Banyan, 284

switch, 176
Banyan-based switch, 185, 192, 193
Base index, 39
Batcher-

banyan, 288

sorting, 287
BC-16-16, 53
Beginning of packet (BOP), 422
Bernoulli arrival process, 196
Best-effort (BE), 599
Binary

network, 333

search, 47

trie (1-bit trie), 29
Birkhoff-von Neumann switch, 438
Bit selection, 60
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Bitmap
compression, 37
intersection, 92
Bit-vector, 37
Block, 60
Blocking, 179
Border gateway protocol (BGP), 6, 29
Broadcast
and select, 470
banyan network, (BBN), 304
channel number, (BCN), 304
Buffer
management, 163
memory controller (BMC), 602
reserved cell counter (BRC), 423
Buffered multi-stage concentration network
(BMCN), 357
Burst Size, 117
Bursty traffic, 196, 197
Byte-Focal switch, 446, 459

Cable television (CATV), 1
Call detailed records (CDR), 16
Carrier routing system (CRS-1), 11
Cell
copy, 220-222
duplicator (CD), 329
Cell loss
performance, 201-205
probability, 199-201
priority (CLP), 131
Central
module (CM), 382
processing unit (CPU), 8, 543
Channel grouping principle, 323
Checksum, 541
Circuit switching, 176
Class
A,B,C,D,26
Class of service (CoS), 549
queue (CSQ), 415
Classful
addresses, 26
addressing, 25
Classification by packet inspection
(ClassiPI), 564
Classifier, 77
Classless inter-domain routing (CIDR), 26
Clock multiplex unit (CMU), 580
Clos network, 333, 382, 473, 490
switch, 194, 195
Code word, 39
array (CWA), 54
Combined input and output queuing (CIOQ),
190, 579
Command line interface (CLI), 18

INDEX 607

Committed
access rate (CAR), 129
burst size (CBS), 123
information rate (CIR), 123
Common
management information protocol
(CMIP), 16
switch interfaces (CSIX), 583
Complementary metaloxide-semiconductor
(CMOS), 15,353
Complete
cell interleaving (CCI), 418
packet interleaving (CPI), 418
Compressed
next hop array (CNHA), 54
pointer array (CPA), 72
Concentration module (CM), 355
Concentrator, 320
based growable switch architecture, 218
Concurrent
matching algorithm for Clos network
(c-MAC), 392
round-robin dispatching (CRRD), 400
Configuration management (CM), 16
Connection request (CRQ), 580
Content addressable memory (CAM), 8, 57,
213-215, 539
Content inspection engine (CIE), 562
Contention resolution device (CRD), 472
Continue of Packet (COP), 423
CoolCAM, 60
Copy index (CI), 304
Core
language processor (CLP), 544
routers, 13
Credit update (CRT), 422
Critical Cell First (CCF), 276
Crossbar (XB), 589
switch, 183, 184
Crosspoint
buffer (XB, XPB), 191, 370
buffered (CIXB), 368
with one-cell crosspoint buffers
(CIXB-1), 371
queueing, 191
Cross-producting scheme, 91
Cyclic redundancy check (CRC), 541
Cyclic running adder network (CRAN), 312
Clos switches
Three-stage, 187

Data queue (DQ), 561
Data recovery unit (DRU), 580
Data-aligned synchronous link (DASL), 544
Deficit round robin (DRR), 8, 140
Delay, 198

variation, 116
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Densewave division multiplexing (DWDM), 1
Departure
sequence (DS), 160
time (DT), 160
Derandomized algorithm with memory, 250
Destination
address (DA), 285
ID (DID), 568
queue (DQ), 418
Differentiated service (DiffServ), 8, 121
Digital subscriber line (DSL), 1, 539
DIR-24-8-BASIC, 51
Direct memory access (DMA), 565
Disjoint prefix binary trie, 30
DOUBLE, 266-267
DQ flag (DQF), 423
Drop front on full, 164
DS, 121
codepoint (DSCP), 121, 127
Dual round-robin matching (DRRM),
241-245, 400
Exhaustive (EDRRM), 248-249, 392
Dual shuffle-exchange, 297
Dual-level matching algorithm for Clos network
(d-MAC), 383, 395
Double data rate synchronous dynamic random
access memory (DDR SDRAM), 542
Dummy address
encoder (DAE), 303
interval, 304
Dyadic protocol processor unit (DPPU), 544
Dynamic packet interleaving (DPI), 419
Dynamic random access memory (DRAM),
8,539
Rambus (RDRAM), 552

Earliest deadline first (EDF), 450

queue (EDFQ), 589

using a three-dimensional queue

(EDF-3DQ), 450

Early packet discard (EPD), 8
Edge-coloring, 405
Edge routers, 2
Egress

line card (ELC), 391

queuing engine (EQE), 593. See also ingress

queuing engine (IQE)

traffic manager (TME), 414
EGT-PC, 84
Electrical-to-optical, 7
Electro-absorption modulator (EAM), 500
Element management system (EMS), 17
Eligibility test, 157
Embedded processor complex (EPC), 544
Emulation, 190
End of packet (EOP), 422, 576. See also start of

packet (SOP)

End-to-end, 13
Enqueuer/dequeuer/scheduler (EDS), 544
Enterprise networks, 2
Erbium doped fiber amplifier (EDFA), 479
Euler partition algorithm, 388
Exact covering, 264, 265
Excess bandwidth scheduler (EBS), 571
Excess burst size (EBS), 123
Exhaustive Service

iSLIP with Hamiltonian Walk (HE-iSLIP),

255-257

match with Hamiltonian Walk (EMHW), 255
Expedited forwarding (EF), 128, 572
External column memory (XCM), 552

Fabric shelf controller (FSC), 8
Fairness index, 146
Fast pattern processor (FPP), 547
Fault management (FM), 16
Feedback priority (FP), 341
Fiber delay line (FDL), 469, 503
Field
extraction engine (FEE), 565
level trie (FLT), 85
level trie classification (FLTC), 85
programmable gate array (FPGA), 22, 434
Finite state machines, 540
FIRM, 241
First-come-first-serve (FCFS), 446
First-in-first-out (FIFO), 402
Fixed size synchronous frame-based matching,
267
Flow
group ID (FGID), 425
ID (FID), 426
identification number (FIN), 574
queue (FLQ), 573
aware router, 77
Forward congestion indication (FCI), 575
Forwarding
engine(s), 6
table(s), 6, 25
Frame relay, 2, 539
Frame-based
matching, 262
matching algorithm for the Clos network
(f-MAC), 383, 391
maximal weight matching, 268, 269
maximum weight matching, 268
multiple iteration weighted matching,
269, 270
Asynchronous variable-size frame-based
matching, 270-273
Framer, 7
Full frames first (FFF), 446, 451
Full ordered frames first (FOFF), 446, 455
Full-duplex, 7
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Fully interconnected switch, 185
Functional programming language (FPL), 549

Generalized processor sharing (GPS), 141

General-purpose processors (GPP), 538

Generic cell rate algorithm (GCRA), 131

Geom/G/1 queueing model, 198, 199

Gigabit ethernet, 1

Global mask register (GMR), 557

Graphical user interface (GUI), 18

Grid of tries, 83

Group expansion ratio, 325

Guaranteed bandwidth (GBW), 599
scheduler (GBS), 571

Hamiltonian walk, 250

Head-of-flow (HOF), 455

Head-of-line (HOL), 139, 189, 439
blocking, 225, 324

Hewlett-Packard’s openview (HPOV), 16

Hierarchical intelligent cutting (HiCut), 97

High-priority (HP), 584. See also lower-priority

(LP)

High-speed serial links (HSSL), 580

Hot-spot, 417

HyperCuts, 98

ID group, 64
Independent process, 227
Index
reference (IR), 304
SRAM, 61
TCAM, 61
Ingress
line card (ILC), 391
queuing engine (IQE), 593. See also egress
queuing engine (EQE)
traffic manager (TMI), 414
Input
arbitration (IA), 371
buffered (IB), 344
grooming module (IGM), 500
header buffer (IHB), 552
link group (ILG), 602
module (IM), 382
module arbiter (IMA), 393
optical module (IOM), 477
port arbiter, 393
port controller (IPC), 292, 328
segmentation module (ISM), 180, 181
output pair queuing (IOPQ), 599
buffered switch(es), 177, 197
Instruction RAM(IRAM), 552
Instruction-level-parallelism (ILP), 541
Integrated service (IntServ), 20, 117
Intermediate stage controller (ISC), 358
Internal column memory (ICM), 552

INDEX 609

International standard organization
(IS0), 16

Internet
architecture board (IAB), 67
engineering task force (IETF), 26
operating system (IOS), 12
protocol (IP), 1, 539
protocol version 6 (IPv6), 67
service provider (ISP), 2, 77

Interval, 87

IP address, 6
lookup, 538

IP router, 176

IPsec, 539

IPv4
-compatible address, 67
-mapped address, 67

IPv6, 539

ISP peering agreement, 3

Iterative round-robin
matching (iRRM), 233, 234
with SLIP (iSLIP), 234-240, 371

Java Database Connectivity (JDBC), 19
JUNOS, 10

k-bit trie, 34
Knockout-based switch, 316

Last in highest priority (LIHP), 276-278
LAURA, 252
LC-trie, 35
Leaf pushing, 31
Leaky bucket, 131
Least significant bit (LSB), 25
Line card (LC), 7-10
shelf controller (LSC), 8
Line expansion ratio, 324
Line of crosspoint buffers (LXPB), 380
Linked list approach, 208-213
Load-balanced Birkhoff-von Neumann
(LB-BVN), 438
Local area network (LAN), 18
Longest
internal buffer first (LBF), 379
prefix matching (LPM), 6, 47, 545
Longest queue
drop (LQD), 172
first (LQF), 229, 378
first and round-robin (LQF_RR), 378
Look-aside (LA), 554
Lookup
stride, 33
table, 541
Loss rate, 116
Lower-priority (LP), 584. See also
high-priority (HP)
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Lowest output occupancy cell first (LOOFA),
278-281
Lulea Trie, 37

M/D/1 queue, 198
Mailbox switch, 446, 456
Management
controller (MC), 6
information base (MIB), 18, 544
Maptable, 39
Maximal matching, 231
Maximum
burst size (MBS), 577
matching, 229
reserved cells (MRC), 422
size matching (MSM), 230
weight matching (MWM), 229
approximate, 229, 230
Max-min scheduling, 136
Mean waiting time, 201
Media and switch fabric (MSF), 552
Medium access control (MAC), 543
Memory
access cycle, 207
subsystem (MS), 589
/space/memory (MSM), 398
Memoryless multi-stage concentration network
(MMCN), 354
MERGE procedure, 252-254
Micro-electro-mechanical system (MEMS),
1,510
Microengine (ME), 552
Million packets per second (mpps), 29
Million searches per second (MSPS), 560
Minimum switching, 265, 266
m-Matching, 383
Most
critical buffer first (MCBF), 379
significant bit (MSB), 25, 362
urgent cell first algorithm (MUCFA), 274,
275
Multi-bit trie, 33
Multicast, 177
class queue (MCQ), 578
contention resolution unit (MCRU), 342
grouping network (MGN), 330, 336
logical queue, 220
output buffered ATM switch (MOBAS), 327
pattern (MP), 338
pattern masker (MPM), 330, 338
shared-memory switches, 220
translation table (MTT), 328, 337
Multi-
cell FDL assignment (MUFA), 512
database lookup, 558
hit lookup, 558
plane switches, 187

plane switching, 191
protocol label switching (MPLS), 2
rack, 8
Multiple-path switches, 181
Multistage interconnection networks
(MIN), 284

Nesting level, 107

Network
element (NE), 16
instruction set computing (NISC), 546
interfaces, 6
management system (NMS), 16
processing forum (NPF), 539, 554
processing unit (NPU), 554
processor(NP), 7, 538
search engine (NSE), 556

Next hop
array (NHA), 53
IP address (NIP), 70

Non-volatile random access memory

(NVRAM), 12
Number of copies (CN), 304

0C-192, 75
Oft-chip, 541
Offset address, 34
Oldest cell first (OCF), 229
Oldest cell first (OCF_OCF), 376
On-chip, 541
On-off model, 196
Open shortest path forwarding (OSPF), 6
Operation cycles (OC), 566
Operational support system (OSS), 16
Operations, administration, and maintenance
(OAM), 17
Operator/number specification, 79
Optical
burst switching (OBS), 510
cross-connect (OXC), 1, 5
interconnection network (OIN), 475, 477
switch fabrics, 262, 263
switching, 4
transport, 4
Optical-to-electrical, 7
Optimized processing core (TOPcore), 550
Original equipment manufacturers (OEM), 541
Output
arbitration (OA), 367
buffer switch, 316
buffered switch(es), 177, 199
contention, 179
demultiplexing module (ODM), 490
header buffer (OHB), 552
link group (OLG), 603
module (OM), 382
module arbiter (OMA), 393
optical module (OOM), 477
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port contention, 176, 177, 225
port controller (OPC), 294, 328
queue, 575
queueing (0OQ), 188
emulation, 274
reassembly module (ORM), 181
Outstanding packet counter (OPC), 425

Packet

acknowledgment (PACK), 426

classification, 8, 79, 538

delay, 115

fair queuing (PFQ), 142

forwarding engine (PFE), 11

over SONET (POS), 539

processing, 538

scheduler, 118

scheduling, 136, 177

switching, 538

transmit controller (PTC), 564
Parallel

iterative matching (PIM), 232, 233

packet

classification (PZC), 93
switch (PPS), 192

shared-memory switches, 218-220
Parallel-to-serial, 7
Partial packet

discard (PPD), 8, 575

interleaving (PPI), 418
Path ID (PID), 415
Path-compressed trie, 31
Pattern description language (PDL), 564
Pattern-processing engine (PPE), 549
PCB, 434
Peak

burst size (PBS), 123

information rate (PIR), 123

rate (PCR), 116, 577
Per hop behavior (PHB), 126, 572
Performance management (PM), 16
Peripheral component interconnect (PCI), 544
PetaStar, 490
Phase-lock-loop (PLL), 580
Physical

interface card (PIC), 11

layer (PHY), 542
Ping-pong arbitration unit (PAU), 475, 482
Pipeline maximal matching (PMM), 245-247
Pipelined search, 45
Point of presence (POP), 2
Pointer array (PA), 70
Point-to-point, 303
Polling based matching algorithms, 254
Port queue (PQ), 574
Post-order splitting, 62

INDEX 611

Prefix

aggregation, 28

pruning, 58

/length specification, 79
Priority queue (PQ), 589
Processing element (PE), 542
Protocol

data unit (PDU), 19, 549

independent cell (PIC), 574
Push-in

arbitrary out (PIAO), 275, 276

first out (PIFO), 276

QoS control, 188
Quad data rate (QDR), 552
Quality of service (QoS), 8, 114, 293, 539
Queue
loss (QL), 349
manager (QM), 602
outstanding cell count (QOC), 422
reserved cell (QRC), 422
Queuing engine (QE), 589

Random drop on full, 164
Random early detection (RED), 164, 572
fair (FRED), 168
stabilized (SRED), 170
weighted (WRED), 167, 569
Random early packet discard (REPD), 8
weighted, 8
Random traffic, 196
Randomized algorithm with memory, 250
Randomized matching algorithms, 249
Range
mapping, 110
splitting, 91
Re-assembly Queue (RAQ), 391
Recirculation switches, 187
Reconfiguration frequency, 263
Recursive Flow Classification (RFC), 103
Reduced instruction set computer (RISC),
12, 540
Reference maximum threshold (RMT), 574
Re-issue multi-database lookup, 558
Resequencing buffer (RSQB), 359, 424
Residual error rate (RER), 116
Ring
head-end (RHE), 288
reservation, 471
RIO, 167
Round robin (RR), 138, 371, 571
deficit (DRR), 591
modified deficit round robin (MDRR), 591
greedy scheduling (RRGS), 247
priority (PRR), 577
weighted (WRR), 577, 591
modified, 591
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Round robin (RR) (Continued)
smoothed deficit, 571
Round-trip time (RT), 371
Route
controller(RC), 6
lookup, 538
processor interface (RPI), 552
Router, 5
Routing, 177
address (RA), 312
information protocol (RIP), 6
module (RM), 337
protocol, 6
switch processor (RSP), 547
table, 6
RSVP, 117
RTT outstanding counter (ROC), 422
Rule, 77
encoding, 110
Running
adder network (RAN), 303
sum (RS), 303

Scheduling
input module (SIM), 391
output module (SOM), 391
Search key encoding, 110
Security management (SM), 16
Segment, 31
Segmentation and reassembly (SAR), 574
Self routing, 176
Self-clocked fair queueing (SCFQ), 153

Semiconductor optical amplifier (SOA), 477

Sequence number (SN), 428
Sequential FDL assignment (SEFA), 512
SERENA, 254
Serializer/deserializer (SERDES), 15
Serial-to-parallel, 7
Service
access point (SAP), 115
level agreement (SLA), 122
provider, 3
Session busy period, 144
Set pruning trie, 82
Shared-medium switch, 181, 182
Shared-memory
queueing, 188
switch, 181, 182, 183, 207, 316
Shortest internal buffer first (SBF), 379
Shuffle-exchange, 296
Silicon packet processor (SPP), 12
Simple network management protocol
(SNMP), 16
Single cell packet (SCP), 423
Single-path switches, 181
Skip value, 31
Small switch module (SSM), 337

Smallest eligible virtual finish time first
(SEFF), 157
Soft state, 121
Software
development kit (SDK), 564
managed table (SMT), 545
Space-division switching (SDS), 181
Space-time-space approach, 215, 216
Speedup, 179, 190
Spurious IP packet rate, 116
Stable matching, 273
Start of packet (SOP), 575. See also End of
packet (EOP)
Starting
copy number (SCN), 313
indicator (SI), 312
State-of-the-art, 1
Static random access memory (SRAM), 8,
29, 539
Store-process-forward, 541
Stream editor (SED), 572
Strong law of large numbers (SLLN), 268
Structured query language (SQL), 19
Suitable ID, 60
Sunshine switch, 284
Sustained rate (SCR), 577
Switch
core (SW), 589
element (SWE), 288, 321, 330
fabric, 6, 176, 538
priority (SP), 293
Switching, 177
cell-mode, 179
packet-mode, 180, 181
Synchronous
digital hierarchy (SDH), 7
optical network (SONET), 7, 343
static RAM (SSRAM), 552
System
busy period, 144
packet interface (SPI), 552
peripheral interface level 3 (SPI-3), 562
virtual time, 146
System-level architectural model (SLAM), 559

Tail drop, 163
Tandem banyan switching fabric
(TBSF), 294
Ternary content addressable memory
(TCAM), 8. See also CAM
Thread-level parallelism (TLP), 541
Three dimensional queue (3DQ), 450
Throughput, 115, 179, 190
Time
division multiplexing (TDM), 344, 594
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slot, 176
-division switching (TDS), 181
-stamp-based, 424
-to-live (TTL), 6
Token bucket, 133
Traffic
conditioning agreement (TCA), 123
management, 538
manager (TM), 7
model, 196
policing, 134
shaping, 135
Transceiver, 7
Transponder, 7
Tree
bitmap, 42
polling, 470
search engine (TSE), 545
TrueWay switch, 414
Trunk
number (TN), 303
number translator (TNT), 304
Tunable
filters, 480
wavelength converter (TWC), 509
Tuple space, 107
Type of service (TOS), 121

Unicast, 177

IPv6 address, 67
Unshielded twisted path (UTP), 9
Unshuffle-exchange network (USN), 297
Usage parameter control (UPC), 8, 129

Variable bit rate (VBR), 577

Variant randomize matching algorithm, 251

Vertical cavity surface emitting laser
(VCSEL), 10

INDEX 613

Very
high-speed integrated circuit hardware
description language (VHDL), 436
large scale integration (VLSI), 21, 285, 367
long instruction words (VLIW), 543
Virtual
channel identifier (VCI), 328
clock (VC), 8, 150
shaped (SVC), 572
connection (VC), 421
finish time, 146
input queue (VIQ), 429
output
port arbiter (VOPA), 393
queue (VOQ), 8, 368, 391, 402
Eligible (EVOQ), 371, 379
path
capacity allocation (VPCA), 409
queue (VPQ), 415
private network(VPN), 539, 564
time, 146
VoIP, 539

‘Washington university gigabit switch
(WUGS), 217218
Wavelength
converter (WC), 504
multiplexing division (WDM), 468
Weighted fair queuing (WFQ), 8, 146, 571
WE2Q+, 158
Wide-area-network (WAN), 5, 18
Wire-speed, 539
Word frame, 72
Worst-case
fair weighted fair queueing (WF2Q), 155
fairness WFQ (WF2Q+), 8

Zero bus turnaround (ZBT), 560
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