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accuracy, 206
activation function, 184
exponential linear unit (ELU)
activation function, 198
hyperbolic tangent function,
196
leaky ReLU activation
function, 197
ReLU activation function, 196
sigmoid activation function, 196
sigmoid function, 184
softmax activation function, 198
adaptive neuro-fuzzy inference
system (ANFIS), 233
anfisedit - MATLAB, 240
ant colony optimization, 160
artificial intelligence, 252
AutoML, 368

batch, 318

batch normalization process, 269,
318

block diagram, 381

Bode plot, 395

central processing unit (CPU), 182
characteristic equation, 376
Cholesky decomposition, 111
Classification Learner app —
MATLAB, 333
condition number, 112
confusion matrix, 205
confusion plot, 204
conjugate gradient method, 125,
136
conjugate directions, 125
control, 8, 13
adaptive control, 8
ANFIS controller, 246
closed-loop feedback system,
392
constant feedback gain, 86
fuzzy logic control, 9
GA FL controller, 166

470

intelligent control, 2
lag compensator, 402
lag—lead controller, 403
lead compensator, 401
optimal control, 9
parallel distributed
compensation, 87
PD controller, 155
PI controller, 155
PID controller, 154, 156, 400
PSO PID controller, 154
state feedback control, 86
convolutional neural network,
182, 256, 258, 290
convolution, 258, 317
cross-correlation, 259
dropout, 317
parameter sharing, 266
pooling, 266, 317
ResNet, 256
SqueezeNet, 256
cross-validation, 335
curse of dimensionality, 255

damping ratio, 376
data
bias, 11
gerrymandering, 11
nominal data, 10
ordinal data, 10
structured data, 11
unstructured data, 11
data augmentation, 270, 317
color augmentation, 278
noise, 279
reflection, 277
rotation, 271
sampling, 279
scale, 275
shearing, 277
translation, 274
datastore - MATLAB, 285
decision trees, 5, 347
information gain, 349

deep learning, 3, 6

deepNetworkDesigner —
MATLAB, 295

Diagnostic Feature Designer app —
MATLAB, 327

domain knowledge, 255

Duhamel’s integral, 379

epoch, 318
error constant, 387
error function
binary cross-entropy (BCE)
function, 194
cross-entropy error function,
194
Huber error function, 194
mean square error (MSE), 193
mean squared logarithmic error
(MSLE), 194

false negative, 204
false positive, 204
false positive rate, 206
feature engineering, 323
F-score, 206
fuzzy inference system
fuzzyLogicDesigner —
MATLAB, 63
partitioning method, 236
fuzzy inference systems
tune fuzzy inference system, 73
fuzzy logic, 13, 16
crisp set, 19
linguistic value, 23, 42
linguistic variable, 42
many-valued logic, 16
fuzzy logic control, 73
Takagi—Sugeno control, 82, 84
fuzzy reasoning, 42
antecedent, 46
consequence, 46
firing strength, 49
fuzzy conjunction, 42
IF-THEN, 46
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fuzzy set, 29
alpha-cut, 29
cardinality, 53
Cartesian product, 38
complement, 31
core, 39
degree of membership, 22
empty fuzzy set, 53
equal fuzzy set, 53
fuzzy relation, 38
included fuzzy set, 9
max—min composition, 40
max-product composition, 40
normal set, 318
null set, 21
singleton, 34
strong alpha-cut, 29
support, 328

gain margin, 399
genetic algorithm, 162
chromosome, 162
cross-over, 163
gene, 163
mating, 163
offspring, 164
weighted cost selection, 163
gradient, 118
gradient descent, 187
gradient descent method, 119, 136
graphics processing unit (GPU), 182

Hessian matrix, 113, 135
humps function, 208
hybrid intelligent system, 225

imageDatastore - MATLAB, 290
intelligent systems, 2

Jacobian, 118
JONSWAP spectrum, 312

kernel, 262, 267

kernel trick, 330

k-means clustering, 5

k-nearest neighbor, 5, 336
Hamming distance, 337
Manhattan distance, 337
Minkowski distance, 337

Laplace transform, 155, 380
leave-one-out validation, 336

Levenberg—Marquardt method,
131, 136
delayed gratification, 133
linear regression, 341
goodness-of-fit value, 342
LASSO regularization, 342
ridge regression, 342
local search, 143
long short-term memory neural
network, 256, 309
loop gain, 393

machine learning, 1, 13
magnetic levitation system, 211
Mamdani fuzzy inference system,
60
aggregation, 62
center of gravity, 167
disjunction, 61
fuzzification, 60
maximum percent overshoot, 385
membership function, 23, 52
Bell membership function, 28,
29
Gaussian membership function,
28, 30
Hedge, 42
interval-valued fuzzy set, 24
sigmoidal membership function,
28, 30
trapezoidal membership
function, 26, 28, 29
triangular membership
function, 28, 30
type 2 fuzzy set, 25
Z-shaped membership function,
28
misclassification rate, 206
mutual information feature
selection method, 327

naive Bayes algorithm, 345
Bayes’ theorem, 345
Laplace estimate, 347
m-estimate, 347
posterior probability, 345

naive Bayes classifier, 5

natural frequency, 376

neural expert systems, 228

neural network, 6, 177
AlphaGo, 177
axon, 217

Index 471

backpropagation, 189
backpropagation algorithm,
190
batch, 7
bias, 198
delta rule, 183
dendrite, 6
dropout, 258
exploding gradient, 257
feed-forward neural network,
180
long short-term memory neural
network, 181
multilayered neural network,
187
neuron, 6
perceptron, 179, 217
radial basis function neural
network, 256
recurrent neural network, 179
single-layered neural network,
182
spiking neural network, 182
synapse, 6
training set, 7
validation set, 7
vanishing gradient, 257
neuro-fuzzy system, 231
neuromorphic processing units
(NPU), 182
Newton’s method, 121, 136
Newton step, 122
nnstart - MATLAB, 199
nonlinear autoregressive (NAR),
211
nonlinear autoregressive
w. exogenous input (NARX),
211
normalization, 324

optimization
Ackley function, 143
Bohachevsky function, 143
Easom function, 143
feasible region, 110
Griewank function, 143
heuristic optimization, 172
hill climbing, 145
necessary condition, 113, 115
nonsingular, 111
objective function, 109, 135
positive definite, 110
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optimization (cont.)
positive semidefinite, 111
Rastrigin function, 143
Rosenbrock function, 123, 143
Schwefel function, 143
sufficient condition, 115

outliers, 325

overfitting, 13, 204, 258, 335, 342

padding, 260

particle swarm optimization, 150

peak time, 385

phase margin, 399

piecewise linear approximations,
83

Pierson—-Moskowitz spectrum, 312

positive definite, 135

precision, 206

prevalence, 206

principal component analysis, 6

Python - MATLAB, 359

Quasi-Newton method, 127, 136
Broyden—Fletcher—Goldvarb—
Shanno, 128
Davidson—Fletcher—Powell, 128

radial basis function, 330

rank, 111

recall, 206

receiver operating characteristic
(ROC), 206

Regression Learner app —
MATLAB, 343

regularization, 195, 316, 342

reinforcement learning, 3, 12, 351
action, 352
actor—critic method, 356
agent, 352
discount factor, 353
environment, 352
Markov decision process, 355
openAl Gym, 359
policy, 352
Q-function, 354
Q-learning algorithm, 356
reward, 352
state, 352
value function, 352
Reinforcement Learning Designer
app — MATLAB, 358
rise time, 386
root locus, 393

sector nonlinearity, 92
sequential forward selection
algorithm, 326
settling time, 385, 386
specificity, 206
stability, 8, 388, 399
asymptotically stable, 390
BIBO stability, 389
global asymptotic stability, 99
globally asymptotically stable,
97,98
Lyapunov, 85
marginal stable, 390
Routh stability criterion, 390
state-space, 85
state-space model, 383

steady-state error, 387
steady-state response, 385
steepest descent method. See
gradient descent method
subtractive clustering, 240
Sugeno fuzzy inference, 68
Sugeno fuzzy inference system, 69
supervised learning, 3, 12, 13
support vector machines, 5

tabu search, 145
cycling, 145
promising list, 146
tabu list, 146
tensor processing unit (TPU), 182
transfer function, 380
transfer learning, 302, 318
inductive transfer learning, 302
transductive transfer learning,
302
transformation matrix, 271
transient response, 385
true negative, 204
true negative rate. See specificity
true positive, 204
true positive rate. See recall
Type I error, 206
Type II error, 206

underdamped system, 377

unit impulse response function,
379

unsupervised learning, 3, 12, 13

Z-domain, 392
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