> 93
abstraction 20
accept-state labels 118
Ackermann’s function 106
acknowledgment 70, 87,216
adaptive sequence 194
addressing 89
alternating bit protocol
87,205
American Revolutionary War

41,74,

analog signals 368
analytical power 184
ANSI 13,59
aperiodic signal 372
Argos 109
arithmetic checksum 63
ARPA 17
network 11
ARQ
flow control 81
protocol 217
array 92,259
arrow
ASCII code 13, 33,130
assert statement 114, 254,
266-267, 321
assertion 114, 203
assignment 385
associativity of operators 384
asynchronous
communication 97
transmission 368

AT&T 13

atomic
sequence 96, 106, 389
statement 254,275,279, 288

attenuation 51
automated protocol validation

averaging interval 86

bad cycles 118

bandwidth 51,130, 370, 377
limitation 43
telephone 373
utilization 64

base frequency 373
basket telegraph 3,17
Baud 370

BCH codes 56, 65
behavior definition 112
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Bell Labs 10, 41
Bentley J. 16
biased random walk 219
binary

communication 100

digit 370

symmetric channel 44, 50
Bisync protocol 10, 33, 59
bit 370

datatype 92

error rate  43-44, 50, 129, 378

error rate 44

field 139

state space 238, 297, 305, 311,

315

state space 226
stuffing 33
bit-oriented protocol 32
BITSTATE compiler directive
436
block
acknowledgment
code 47
bool datatype 92
boundedness 37,237
bps 370
breadth-first search 221
break statement 101, 105, 254,
275, 279-280
broadcast 129
bubble sort 108
burst
error  55,58,130, 137-138
rate 86
busy beaver problem 165
byte boundaries 139
byte-count protocol
call
establishment 132
termination 132
Cambridge Ring 41
Cartesian product 175
case
selection 388
selection 100
CCITT 13,17, 30, 41, 200, 354
CCS 14
CD 56
certification centers 200
chan statement 96
channel 96, 387

82,88

34,133
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21,130
84,372

assumptions
bandwidth
capacity 51
declaration 96

error rate  45-47,51
saturation 83,134
size 97

character stuffing 34, 40, 133
character-oriented protocol
33

characterizing sequence 197
check bits 47,52-53
checksum 34, 47,56, 138
placement 134
polynomial 56
residual 57
Chinese postman problem 193
Clayton tunnel 7,16

clustering 45
coaxial
cable 378
cable 43
code

efficiency 60
interleaving 55
mapping 49
overhead 48
rate  47-48
rate 49, 51-52
word 47,52
coin flips 50
combining machines 175
comments SPIN 383
communicating finite state
machine
compact disks 56
completely specified machine
190

completeness 37
assumption 190
complexity 111, 241
bounds =~ 111
management 219, 222,236
composite
signal 372

system state 220
compound statement 273
concurrency 95
condition 91
conditional execution 163
conformance
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testing 174,187

testing algorithm 190
congestion 66

avoidance 83
connection management protocol

constants 384
continuous
ARQ 134
signal 372
control
code 40
code 3-4,6,16,20
field 23,35
flow 100

message 20
controlled partial search 219,
222

convolution code 47
copper wire 367
correctness
criteria 111-112
requirements 220
coupling finite state machine
166

CRC
checksum 48
code 56

lookup table 60, 65
CRC-12 code 58
CRC-16 58
CRC-32 59
CRC-CCITT 58

checksum 138
creating processes 94

credit 76

flow control 70
critical

section 109

section 95, 104
cross-talk 43,130, 376

cumulative acknowledgment
82
cutoff frequency 373
cyclic
code 47,54
redundancy check 48
redundancy check 138
redundancy check 56
data
envelope 27,31
link layer 29
rate 378
rate 86
types 92,386
datagram 76
Datakit 41
DCE interface 30
DDCMP protocol 34
deadlock 22,38,69,111, 117,
182, 203, 209-211, 220, 224,
241, 289, 297, 302, 311, 323,
326

DEC 34

decibel 376
decidability 111, 241
declarations 386

Dekker’s algorithm
deletion error 138
demodulator 368
depth-first search 221
descriptive clarity 184
design

95, 320

by committee 13
flaw 26
problem 7,13
requirement 15
rules 38
determinism 164
device channel 295
Dijkstra semaphore 103, 109
discrete memoryless channel

distinguishing sequence 194,
201

distortion error 138
dividing polynomials 57
DLE control code  33-34
do statement 389
double-error correcting codes

56

DTE interface 30
duplex

channel 368

transmission 68
duplicate message 76
duplication

error 74

errors 46
dynamic flow control 84
echo

distortion 376
edge weights 224
electric telegraph 5
electromagnetic wave 370
end state 164
end-state labels 117
end-to-end 30, 83,129
ENIAC computer 10
entropy 51
equivalence finite state machine

error
characteristics 44, 64
code 47
control 138, 325
control 43
correction 48
correction 53
distribution 49
pattern 58
probabilities 43
state 220
trails 314
error-correcting code 46
error-detecting code 46
error-free interval 45
Estelle 14,17
ETX
control code 40, 133
control code 33
Euclid’s algorithm
Euler tour 191
evaluating expressions 245
executability 91,97, 100, 114
executable 163
execution
cycle 113
finite state machine 170
sequence 113
exhaustive
search 219
search limits 221
validation 297
expansion 236
exponential distribution 72

102,178
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expressions 384
extended finite state machine
176
factorial
program 244,310
program 104
fair progress 224
fault coverage 200, 202
FDDI checksum 59
FDT 14, 18, 366
feedback error control 46
fiber optics 43

Fibonacci
number 108
equence 295
FIFO net 162,181, 183, 186
finite

state machine 210
variable 176
finite state machine 162
fire signal 1
flow
charts 380
control validation 325
format testing 188
forward error control 46, 48
Fourier series 371
framing 29-30
error 369
FTSC 13
full
duplex transmission 204
search memory requirements
22

state space 305, 310, 322

state space search 219
full-duplex 130, 368
functional testing 188

generalization 112,178, 236
generator polynomial 57
global variable 91, 93, 386
go-back-N ARQ 81
goto 388

statement 102, 105
grammar 245

literals 246
terminals 246
token 246
graph augmentation algorithm
1

guard 100, 389
guarded command language
109
guided
search 224
simulation 298, 307-308

guiding expressions 224
Eunpowder 40

alf-duplex 368
Hamming

code 53

distance 51
hardware CRC 65
harmonic frequency 372
hash

conflicts 228

factor 313,315

function 227-228, 305
tables 227,259
hashing 226,299, 305

HDLC protocol 30, 33
header 34, 161
Hertz 371



OF COMPUTER PROTOCOLS

high-speed protocol 83
homing sequence 194, 201
hop-by-hop 30,83
Hz 371
i/ 0 statements 389
IBM 10, 33, 56, 359

survey 65
identifiers 383
if statement 388
IFIP 13, 88, 359
impedance mismatch 376
implementation 158,174
improper termination 38
impulse noise 44-45
include files 390
incremental

composition 236

design 210
induction proof 216
inevitability 112
infinite state space 226
information 370
init

process 282

process 93
initializers 386
input

selection 168

signals 163
insertion error 87
int datatype 92
inter-arrival times 72
inter-modulation 376
interaction finite state machine

interface protocol 31
Internet network 11
interrupts 109

IP protocol 30
IS 13-14, 28, 33, 200, 359
ITU 13
IUT 187
keywords 383
labels 388
len operator 98, 269
lexical
analysis 247,255, 266

conventions 383
Leyden jar 5
light-weight protocol 37, 41,
161

line driver 368

linear code 47

link level protocol 30
livelock 38,118

local variables 386

logical consistency 214
longitudinal redundancy check

look ahead token 248
lookup table 227,257
lost trail error 310
Lotos 14,17

LRC code 49

Lynch’s protocol 22,106
M/M/1 queueing 72
machine state 220
macros 95, 390
makefile 253
Manchester coding 369
manual proof 214
marked graph 182
marking 182

maximum
likelihood decoding 51
progress 224
signaling speed ~ 376-377
signaling speed 52
window size 80
mean round-trip delay 72
mechanical proof 297
megaphone telegraph 3
ME%\/[%NT compiler directive
436
memory requirements supertrace
search 229
message
channel 368
delimiter 133
duplication error 327
duplication error 76
format 134
loss 87,123,327
loss 72
parameter 97
passing 96,268
propagation delay 130
propagation delay 70
queue 167,169
reordering error 76, 88
type 282
type 104
t;ge field 134
min cost max flow problem
193, 202
minimal
design 38
test suite 193
minimization finite state machine
171,173
minimum window size 85
model environment 163

modeling
power 184
retransmission 167
modem 29, 368

modified transition tours 196
modulation 374

modulator 368

modulo-2 sum  47-48

Morse code 9,370

MSP protocol 41

multi-point 129

multiple hashing 230
Murphy’s law 225
name-space 89

NBS 13, 200

nearest neighbor decoding 51
needle telegraph 5,17
negative acknowledgment 5,

network

design 36,41, 89

flow problem 193
NIST 13, 200
noise 43,370

spikes 130, 376
non-linear distortion 43,376
non-periodic signal 371
non-progress cycles 118
nondeterminism 100, 164,

171, 388

defined 164
NP complexity 201
NPL 88
Nyquist rate 378

SUBJECT INDEX 541

offered load 85
one bit sequence number 135
operators 384
oFtical
iber 370,378
telegraph 34,17
optimal data size 135
OSI reference model 28, 30
out-of-sequence messa%e 74
over-specification 7
overrun errors 69
packet 30
padding 139
parallel transmission 368
parity check code 48
parse tree 246
parser 260, 266, 282
parsing expressions 250
partial
order 224
search algorithm 223
search heuristics 223
search objectives 223
searches = 316
state space search 219
partitioning states 195
peek variables 385
peer protocol 31
perfect code 53, 65
periodic signal 371

Petri
net 186
net 162, 181-182
net restrictions 183

phase distortion 375
phase-shift 371

physical layer 29

ic%, 124

Eing—Pong protocol 69, 72,74,
81

pithball telegraph 5

place synchronization 210
point-to-point 129
Poisson distribution 45,72,

polynomial
complexity 193
degree 56
positive acknowledgment
22-23,134

precedence
of operators 384
rules 247
rules 261
preprocessor 390

printf statement 244,267
probabilistic search 224
procedure 04
rules  21,90-91, 107, 203
rules 140

process 91, 387
algebra 14
behavior 162
body 93

deletion 94

instantiation 93

instantiation number 124

parameter 94

type 282
production rules 245
progress-state labels 118
PROMELA 91

simulator 243
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validator 297
proof by construction 203
protocol

conmfpleteness 90

ormance 187

consistency 90

conversion 89

definition 20-21

derivation 203

efficiency 136

elements 21,90

Engines 88

format 21

grammar 40

rammar 21
ierarchy 20, 37
implementation 111, 158

incompleteness 25
interface 203
layering 37

layers 26, 325
modeling 236

phases 132
service 21, 26,203
skeleton 203,210

specification 91
standard 13
syntax 21
synthesis 203
test suite 187

validation 214,297
vocabulary 21,170
vocabulary 21

protocols introduced 12

pseudo-transitions 196

PSP protocol 41

PSPACE complexity 111, 127,

196-197, 231, 241
queue state 220
race condition 99
radio telegraph 9

railway 7
semaphore 7

random
search algorithm 226
simulation 219, 226, 238, 241

range sequence number 80
rate
control 5,135

control 37-38, 85, 89
reachability
analysis 214,218

analysis algorithm 221
reachable state 214,239
reader/writer protocol 211

receive 389
statement 97
recursion 104

reduction techniques 112,
178, 236

redundancy 34,37,46
Reed-Solomon codes 56, 65
regular

expression 210

language 165
relative speeds 167
remote referencing 385
rendezvous 99, 103
reordering errors 46
repetition 101, 389
reset property 190
residual

error rate 56

error rate 47-48, 50, 56
retransmission 76
interval 72
timer 88
robustness 38

roundtrip delay 64

routing 89

RS232 interface 13

run operator 94,124

rural Chinese postman problem
196

SABRE network 11
sampling theorem 376
scalars 259

scatter search 224
scheduler 285

SDL 14,17, 41, 364
SDLC protocol 33

search
coverage 219, 221, 229-230,
315
quality 219,221

reduction methods 236
selective

repeat 217

repeat ARQ 81
self-adapting protocol 37
self-stabilization 41, 369
self-stabilizing protocol 37

semaphore 100, 115
optical 3
semicolon 93
send 389
statement 97
sequence

number field 134

numbers 215

numbers 34,74
serial transmission 368
service

access point 210

access point 31

primitive 210

specification 22,26
session layer validation ~ 337
set property 190
Shannon limit 52
Shannon-Hartley law 377
shared variable 95
shift registers 65
short datatype 92
shortest

distance 193

ath algorithm 202

shutter telegraph 4,17

signal
amplitude 371
attenuation 375,377
distortion 368, 375
elements 370
energy 376
frequency 371
power 376

propagation 370
sampling 376
strobe 368
transmission 368
signal-to-noise ratio 51, 130,
376
signaling speed 370
signed and unsigned data 92
simple I/O sequence 201
simplex
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channel 368
transmission 68
sine curve 370

skip 388
statement 94,102, 105
slidin;

wincigow protocol 74,217
window protocol 87
slow start protocol 85, 89
smoke signal 17
spanning

arborescence 192

treek 192b
speaking tube 3
SE;IN &

evaluator 263,267
macros 292
options 293
overview 244
sample run 244
statements 265
SPIN structure 246
SPIN
transition-matrix 302
validator 298
variables 255,289
spontaneous transition 167
stable state tuple 210
stack order 221
state
invariant 214
labels 113
numbers 333
properties 113
signature 201
space explosion 214
space explosion 222
transition diagram 74, 147,
164
statement 388
separator 93
states 113
static flow control 84
status property 190
stop-and-wait
ARQ 81
protocol 69
strongly connected graph 189
structural testing 189, 201
structured programming 41
structuring method 26,31,34
STX
control code 40, 133
control code 33
supertrace
implementation 311
search 226,322
symbol table 257
symmetric
augmentation 196
graph 191
synchronization 66, 83
finite state machine 166
synchronous
communication 99
coupling 169
transmission 368
system invariant 114-115, 216
systematic code 47,54
tape symbol 165
TCP protocol 88
TCP/IP protocol 30
tele-typewriter 9
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telegraph code 370
telephone 3,9,43,52,55
telescope 3
telex code 9,12-13
Telstar satellite 10
temporal

claims 114,119

logic ~ 126-127
test-and-set problem 95
thermal noise 376
three-way handshake 161
time sequence diagram 25,

timeout 72,75, 87-88, 125,
, 267

statement 105

token 383
attributes 248
torch
code 16

telegraph 2,39
TP4 protocol 63
trailer 34,134

protocol 161
train crash 7,17
transistor 10
transition

diagram 182

matrix 306

probability 224

rule 163,170

table 162

tour 191

tour algorithm 192
transparency 27
Tro 1
TTCN 200

Turing machine 165
turn-around time 72

twisted
pair 367,378
pair 43

types of transmission errors
43

UIo
sequence 194, 201
sequence derivation 195
unique input/output sequence
194-195
unreachable state 220
unreached code 333
unspecified
reception 210
reception 37,117
upper tester 326
URP protocol 41
uucp checksum 62

validation
kernel 299
model 90

model checking 214
validator generator 297, 304,
316

validator-generator 303

value transfer 389

variable 386
declaration 92

verification
Lotos 14
SDL 14

vertical redundancy check 49
virtual channel 27
VRC code 49

Watt 376
well-formed protocol 37
Wheatstone automatic 9

white noise 51,376
window

protocol 70

protocol invariant 217

size

size 76, 83

size calculation 134
X.21 protocol 13,30
X.25 protocol 13, 30, 41
XTP protocol ~ 85-86, 89
Z language 240
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