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absolute stability, 69

acausal equation, 255

accumulation error, 30, 86

accuracy, 214, 326

accuracy domain, 85, 89, 99, 114,
116

accuracy error, 214

accuracy requirement, 13

ACSL, 5, 29, 33

actuator unit, 499

Adams—Bashforth algorithms, 122—
125

Adams—Bashforth—Moulton algo-
rithms, 127-128

Adams—Moulton algorithms, 125—
127

ADOL-C, 51

algebraic differentiation, 47, 115,
266, 311, 316, 394, 512

algebraic loop, 16, 33, 198, 253,
259-262, 324, 431, 582—
588

ALGOL, 47

analog to digital converter, 480

analytical stability, 34

approximation accuracy, 26—31, 48,
84-100, 111

approximation order, 26

artificial damping, 488

ASEPS, 241

asymptotic region, 27, 139

asynchronous simulation, 520

atomic model editor, 535

avalanche breakdown, 467

backinterpolation technique, 76—
84, 93, 112-115

backpropagation, 483

Backward Difference Formulae, 128—
131, 162, 200

backward difference operator, 119

Backward Euler algorithm, 33

backward integration, 31

backward Runge-Kutta method,
76

band-structured matrix, 231

biased difference, 193

blended algorithm, 55

blending, 110

block diagram, 7

block diagram editor, 6

bond graph, 9, 236, 595

bouncing ball, 605

boundary condition, 195

boundary symmetry condition, 195

boundary value condition, 195

boundary value conversion, 249

boundary value problem, 235

bounded Petri net, 454

breakdown voltage, 467

busy waiting, 480

Butcher tableau, 60, 62

causal equation, 255
causality, 320
causalization, 256-259
celestial dynamics, 27, 30
Cell-DEVS, 622

central difference, 193
cervical syndrome, 188
chaos, 298
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chemical process dynamics, 384—
385

chemical processing plant, 107

chemical reactions, 315

circuit diagram, 1

circular shift register, 474

clutch, 443

communication interval, 12, 156,
231

communication point, 156, 231

compiler—compiler, 240

compression wave, 219

computational algebra, 16

computational causality, 15, 427—
429, 431

computational effort, 259, 270

computational overhead, 106

conditional index change, 448

conservation law, 170

conservation principle, 302

conservative algorithm, 13, 105

conservative system, 167, 168

consistency, 214

consistency error, 202, 214, 215

constitutive equation, 3

constraint equation, 281

continuous state matrix, 35

contractivity, 50, 81

control system, 7

control system toolbox, 201

convergence speed, 415

coordinate transformation, 249, 250

cost versus accuracy, 151, 160, 162

Coulomb friction, 424

cubic interpolation, 463

cutset potential, 378

cyclic method, 55, 56

D/A—converter, 499

DAE solver, 319

damping, 90

damping error, 92

damping matrix, 167

damping order star, 96, 97
damping plot, 92, 116, 138, 160

DASSL, 130, 337-341
data template compiler, 240
DC motor control, 610
degree of freedom, 284
delay—differential equation, 472, 474
Denavit—Hartenberg coordinates,
384
dense output, 471, 609
DEVS, 519, 524-535
atomic, 525
coupled, 529-535
definition, 525
legitimacy, 541, 583
simulation, 531-535
tie-breaking function, 569
DEVS—coordinator, 532, 533
DEVS-root—coordinator, 532, 534
DEVS-simulator, 532
DFSM, 449
diagonally implicit Runge-Kutta
method, 69, 394
difference equation, 342, 520, 524
difference equation model, 12
differential algebraic equation solver,
319
differential equation, 342
differentiation operator, 121, 159
differentiator, 282
diffusion equation, 192
digital to analog converter, 480
diode, 433-439
discontinuous hyperbolic PDE, 475
discontinuous system, 497-499, 595
discrete damping, 91, 138
discrete event, 407
discrete event simulation, 519
discrete event system, 524-535
discrete frequency, 91
discrete state matrix, 35
discrete state variable, 423
discrete—time system, 520
discretization, 11, 22
distillation column, 107
distributed M&S environment, 18
distributed parameter system, 236



distributed processing, 501

distributed real-time simulation,
501

DOPRI, 107

dry friction, 424

dry hysteresis, 429, 469

DSS/2, 239

dummy—derivative, 287

Dymola, 2, 7, 15, 130, 237, 266,
271, 297, 303, 305, 307,
308, 337, 341, 367, 376,
381, 383, 426, 430

eigenfrequency, 90

eigenvalue matrix, 53, 561

eigenvector matrix, 561

electric heating, 245-247

electrical circuit, 21, 310, 313, 314

electronic circuit simulation, 377—
381

elliptic PDE, 198, 233-236

ELLPACK, 240-241

embedded Runge-Kutta algorithms,
106

equation of state, 220

error coefficient, 138, 217

Euler integration, 31-33

event calendar, 408

event condition, 411

event graph, 524

event queue, 411

event scheduling, 407

event time, 407, 411

event type, 407

exact solution, 522

experimental code, 211

explicit DAE model, 5

explicit Godunov algorithms, 184

explicit integration, 32, 112, 123,
328

explicit midpoint rule, 60

explicit ODE model, 5

external event, 480

external input connection, 529

external output connection, 529
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external transition function, 526
extrapolation technique, 69-73, 95,
107, 111, 114

F—stability, 74, 76, 77, 218

F-stable algorithm, 488

faithful stability, 74

fault discriminator, 480

fault isolation, 480

Fibonacci series, 414

field equation, 198

finite elements, 236-237

finite state machine, 449

fixed—point iteration, 42

flight simulator, 479, 483

FORSIM-VI, 219, 238-239, 242

FORTRAN, 47

forward difference operator, 118

Forward Euler algorithm, 32, 123

frequency error, 92, 97

frequency order star, 98

frequency plot, 97

frequency ratio, 213

friction, 447-453, 469

frictional resistance, 220

fully-implicit Runge-Kutta algo-
rithm, 332

gas density, 220

gas pressure, 220

gas velocity, 220

Gaussian elimination, 262
GDEVS, 549

Gear algorithms, 130

global accuracy, 27

global error bound, 562

global integration error, 27, 89
global property, 236

Godunov methods, 168-179
golden section, 413, 463
graphical model, 2

graphical user interface, 2, 16, 535
grid width, 193

grid—width control, 230-231, 251

Hamiltonian, 236
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Hamiltonian field, 236

hardware—in—the—loop, 480, 499

heat diffusion, 244, 245

heat equation, 192

helicopter, 516517

Hermite interpolation, 463

Hermite polynomial, 417

Hessian matrix, 45, 79

Heun’s method, 59

heuristic procedure, 270, 316

HIBLIZ, 16

high-level architecture, 499, 502

high—order backward difference for-
mulae, 142-147

higher-index model, 325

higher-index problem, 285

highly oscillatory system, 38, 48

HLA, 502

horizontal sorting, 4, 258, 310, 311

Houbolt integration, 188

hydraulic motor, 508-513

hydraulic system, 311

hyperbolic PDE, 38, 48, 198, 211—
219, 513-515, 518

hysteresis, 464

implicit boundary value condition,
197

implicit DAE model, 4

implicit Godunov algorithms, 185

implicit integration, 33, 112

implicit midpoint rule, 80, 488

implicit Runge-Kutta method, 69,
353-362

induced flow, 509

initial condition, 195, 330, 421-
425

initial value problem, 235

inline integration, 17, 341-354, 391—
393, 443, 492-495, 515

inlining, 394, 396

input port, 529

input vector, 25

instrumentation, 501

integration accuracy, 53

integration error, 13, 149

internal connection, 529

internal transition function, 526

invariant embedding, 233-236

inverse Hermite interpolation, 417,
463

inverse Hessian, 316

inverse Laplacian, 54

iteration error, 149

Jacobian matrix, 45, 58, 68, 69,
79

Kirchhoff’s laws, 3, 378

L—stability, 75, 76, 93, 116, 139
laminar flow, 228

latency, 500

leaky diode, 441

Lie-series integration, 115
limiter, 470

linear conservation law, 177, 211
linear equation system, 316
linear friction, 424

linear system, 313

linear velocity model, 170-171
linearly implicit Euler, 486
linearly implicit method, 486—488
load pressure, 509

Lobatto ITIC, 334

local integration error, 27, 89
local property, 236

loose, 463

LSODE, 157

Lyapunov function, 558

macro-step, 55

mailbox, 499

MAPLE, 16, 62

marginal stability, 40, 48, 53, 73—
75

mass matrix, 167

Mathematica, 16, 62

mathematical model, 8

MATLAB, 3, 16, 40, 426



MATLAB compiler, 157

max—plus algebra, 556

mesh current, 378

mesh equation, 3

method blending, 54

method of characteristics, 459

method of lines, 192-198, 521

Milne algorithms, 114, 131-133,
159

mixed-mode integration, 443-447,
495-497, 513

modal matrix, 53, 561

model, 8

model compiler, 2, 426, 457

model reduction, 518

model reference adaptive control,
479

model validation, 31, 250

Modelica, 2, 18

modeling, 8

modeling and simulation environ-
ments, 14

modeling error, 202

modeling language, 149

modified Euler method, 59

modified Newton iteration, 45, 80,
487

modified nodal analysis, 381

moving grid, 230

multi-rate integration, 489-492, 513

multi-step formulae, 322-331

multi-valued functions, 429-430

multibody systems, 262, 382-384

multidimensional PDEs, 231-233

NASTRAN, 241

netlist, 2

neural network, 483

Newmark integration, 179-182, 515

Newton iteration, 42-46, 78, 112,
147-150, 197, 262, 265,
311, 313, 316, 415

Newton’s law, 425

Newton—Gregory backward poly-
nomial, 119
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Newton—Gregory forward polyno-
mial, 119

Newton—Gregory polynomial, 118—
121, 193

next event, 408

node equation, 3

node incidence matrix, 378

nodeset, 378

noise, 477

non-—essential event condition, 420

nonlinear boundary condition, 197

nonlinear velocity model, 171-172

Nordsieck form, 162

Nordsieck vector, 153, 162, 233

normal Petri net, 454

normal priority Petri net, 454

np—complete problem, 270, 277

NPPN, 454

numerical accuracy, 156

numerical differentiation, 283, 322

numerical stability, 35, 156

Nystrom algorithms, 131-133

Nystrom—Milne predictor—corrector
technique, 159

object—oriented modeling, 14, 15,
236, 425-430

oil drilling, 513-515

Omola, 385

one-leg method, 326

optimistic algorithm, 13, 105

order control, 101-106, 150-154

order star, 94, 96, 97, 115, 377

order star accuracy domain, 99,
116

order star error, 99

orthogonal matrix, 384

output equation, 5

output function, 526

output interpolation, 569

output port, 529

output set assignment, 259

overdetermined DAEs, 368-377, 394

overimplicit numerical differenti-
ation, 328
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overrun, 500-501

Padé approximation method, 81

Pantelides algorithm, 281-297, 299,
301, 315, 317, 374

parabolic PDE, 39, 198-211, 396

parallel processing, 107

Parallel-DEVS, 531

parameterized curve description,
433-439, 450

parametric model error, 31

parametric singularity, 443

partial differential equation, 362—
368

partial fraction expansion, 54

passive state, 527

PDEL, 239, 241

pendulum, 507-508

Penrose-Moore pseudoinverse, 164,
375

per—unit—step integration error, 27

permutation matrix, 311

perturbation index, 285

Petri net, 454-459, 469, 470, 524,
556

Poiseuille flow, 250

polar coordinates, 234

pole placement, 516

polynomial extrapolation, 121-122

potential field, 98

power flow, 236

power plant, 483

PowerDEVS, 534

atomic model, 536

predictor—corrector method, 42, 55

priority Petri net, 454

production code, 208

pseudo viscous pressure, 220

pseudo—derivative, 287

pseudoinverse, 375

PSpice, 2, 33

pulse width modulation, 596

QSS, 543
perturbed representation, 556

static function, 536
QSS method, 542548
convergence, 558
DAE integration, 588-595
definition, 543
discontinuity handling, 595-
609
global error, 559
hysteresis width selection, 563
implicit function, 592
input signals, 564568
loop breaking, 584, 585
oscillations, 557
output interpolation, 569
properties, 558-562
quantization choice, 562-564
real time, 609
stability, 558, 562
startup, 568
stiff systems, 615
QSS vs. QSS2, 579
QSS2 method, 570-582
DAE integration, 588-595
discontinuity handling, 595-
609
input signals, 579
nonlinear function, 576, 627
real time, 609
QSS3 method, 622
quantization, 464
hysteretic, 542
quantization function, 539
first order, 570
quantization level, 542
quantized integrator, 539
hysteretic, 543, 545
second order, 572
quantized state system, 542
quantized systems, 535-542
quantized variables, 540
quantizer, 539
first order, 570
quantum, 542
quasi-linear PDE, 198



Radau, 107

Radau ITA, 332

radiation, 197

ramping, 379

rarefaction wave, 219

readout, 156

real-time clock, 480

real-time infrastructure, 502

real-time simulation, 29, 183, 472,
521, 609-615

red-black algorithm, 232

regression backward difference al-
gorithm, 163

Regula Falsi, 412, 463, 498

relaxation, 314, 316

relaxation algorithm, 271-277

residual equation, 266

reverse engineering, 17

Richardson corrector, 208

Richardson extrapolation, 6973,
206, 207, 332

river bed, 247

robustness, 218

root solver, 411

rotation, 383

roundoff error, 28, 89, 227

RTI, 502

run—time error, 317

Runge-Kutta method, 59-65

Runge-Kutta—Fehlberg algorithm,
104, 107, 111, 463

sample—and-hold, 480, 499

sampled—data system, 409-411

sampling rate, 13

schematic capture, 2

secant method, 585

second—derivative Runge-Kutta al-
gorithm, 189

semi—analytic algorithm, 46-48

semi—implicit method, 486488

semi—implicit trapezoidal rule, 507—
508

semi-step, 55

sensor unit, 499
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sequence of events, 524

shift operator, 120

shiftout, 227

shock tube, 247

shock wave, 219-231

short-living state event, 474, 609

similarity transformation, 53

Simpson’s rule, 114, 132

simulation, 8

accuracy, 10
efficiency, 10

simulation architecture, 499-500

simulation effort, 206

simulation error, 202

simulation model, 2, 5

simulation verification, 31, 56

Simula 67, 15

SIMULINK, 6

simultaneous events, 408, 531

single-step formulae, 332-336

singular value decomposition, 324

sliding motion, 476

soil simulation, 244

solvability, 297-308

sorting, 4

sound velocity, 224

sparse matrix solver, 231

sparse matrix technique, 269, 277

sparse system, 548, 579

sparse tableau equations, 380

spectral algorithm, 48

spectral decomposition, 53, 561

spurious eigenvalue, 139

stability, 48, 214

stability domain, 34-42, 55, 65—
67, 111, 112, 185, 187,
486

stability domain shaping, 55, 56,
82

stabilization, 394

startup, 154-156, 568

state automata, 524

state chart, 524

state derivative, 5

state event, 411-421, 595
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state event detection, 473

state event localization, 470

state transition diagram, 424, 447—
453

state variable, 4

state vector, 25

state—space description, 321

state—space model, 5

static function, 539

nonlinear, 576

static problem, 235

steady—state solution, 235

step—size control, 101-106, 113, 150—
154, 355-362, 393

sticking friction, 423

stiff discontinuous model, 475

stiff stability, 133-142, 163

stiff system, 39, 67-69, 75, 87, 322,
615

stiffness matrix, 167

stiffness ratio, 200

structural model error, 31

structural singularity, 16, 167, 253,
277281, 314, 325, 443

structural singularity elimination,
281-297

structure digraph, 256

structure incidence matrix, 254,
259

Sturm sequence, 473

supercomputer, 231

switch equation, 430—433, 447

switching power converter, 489

symbolic index reduction, 285

symbolic model compilation, 317

symbolic tearing, 16

symbolic toolbox, 17, 150

symmetric integration algorithm,
376

symmetry boundary condition, 221

synchronization, 520

table interpolation, 483
Tarjan algorithm, 256-259
Taylor—Series expansion, 25

tearing, 16, 313, 584
tearing algorithm, 263-271
tearing variable, 266, 316
temporal boundary condition, 196
thyristor, 464, 466
thyristor control, 399-406
tie breaking, 408
tie-breaking function, 531
time advance function, 526
time event, 407-409, 595
time management, 14
time reversal, 23
translation, 383
translation function, 529
trapezoidal rule, 77, 488
tree—structured robot, 382
trivial equation, 305
truncation error, 26
Tunnel diode, 467
turbulent flow, 228

ultimate boundedness, 558
unessential state event, 420-421
upwind discretization, 228-229

validation, 224

Van—der—-Monde matrix, 72, 207

Van—der—Pol oscillator, 23

variable structure model, 439-443

variable structure system, 594

variable—step integration, 101

velocity—free model, 168-170

vertical sorting, 4, 258, 310, 311,
427

viscous friction, 424

watchdog monitor, 480
wave equation, 211, 247
Wilson integration, 189

Zener diode, 467
zero—crossing function, 411
zero—order hold unit, 499
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