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[I-equivalent circuit model, 78, 151, 320 differential-algebraic equation (DAE) model,
303
active power, 4, 9, 13, 14, 60, 82, 151, 193, linearization, 303
216, 227 Dirac delta function, 67, 167
additive disturbance, 195 directed graph, 78, 151, 193, 227, 263, 324
algebraic equations, 5 node-to-edge incidence matrix, 78, 151,
attainable failure sequence, 106, 113, 115, 227, 264, 324
117, 120, 121 disjoint sets, 36
availability model, 119, 120, 123, 124 droop coefficient, 152, 194, 264
average frequency error, 154, 195, 264 dynamical systems, 8

continuous-time, 5, 13

bathtub curve, 111 discrete-time, 5, 13

Bayes’ formula, 17 Dynkin’s formula, 184, 187, 189

Bernoulli distribution, 19

Bernoulli process, 30 ellipsoid, 8, 14, 40, 203, 204, 238, 273
moments, 32 center, 40, 203, 204, 239, 259, 275

Binomial distribution, 19 . R
minimum sum of squares of the semi-axis
buck DC-DC power converter, 297 lengths, 268
buck dc-dc power converter
voltage regulation, 300

voltage regulation verification, 300

minimum volume, 268
Minkowski sum, 42
shape matrix, 40, 203, 204, 239, 259, 275
support function, 40, 204, 240, 275
tight, 268
volume, 42
Euler’s gamma function, 42, 246, 282
event, 16
event algebra, 16

Cartesian product, 36

Chapman—Kolmogorov equations, 94

Chapman-Kolmogorov equations, 98,
126-128

characteristic function, 142

Chebyshev’s inequality, 75

closed set, 36 events

common cause failures, 12, 104 independent, 17

component failure sequence, 101, mutually exclusive, 17

102 expectation, 18, 20
conditional expectation, 24 exponential distribution, 21
conditional pdf, 23 extraneous disturbance, 156
conditional probability, 16 extraneous power injection vector, 85, 228,
convex set, 38 233

support function, 239
correlation, 25 failed mode, 11, 101
covariance, 25 failure, 2
covariance matrix, 29, 132, 146 failure coverage, 117
failure rate, 109, 116
deterministic inputs, 58, 68, 137, 179, 220, first moment, 18, 20
258, 289 frequency regulation, 11
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frequency-droop control, 10 linearization, 13, 14, 59, 144, 146, 212, 259,
continuous-time, 194 291
discrete-time, 152, 263 loopy networks, 85, 231, 235
Gaussian distribution, 21 Markov availability model, 119
Gaussian systems, 140, 142, 145, 181 Markov chain, 8, 13, 91, 92
Generator matrix, 99 continuous-time, 94
Geometric distribution, 19 discrete-time, 94
gradient, 41, 206, 316 homogeneous, 95
Green’s first identity, 318 transition matrix, 95
Markov process, 8, 93
Hurwitz matrix, 279 Markov property, 93, 97
hyperplane, 209 Markov reliability model, 112
matrix
i.i.d. random variables, 30 adjugate, 312
i.i.d. random vectors, 138, 141, 150 characteristic polynomial, 313
independence, 16 classical adjoint, 312
inner product, 308 determinant, 312
input, 1 eigenvalue, 313
input uncertainty eigenvector, 313
probabilistic, 7, 8, 12, 13 partition, 309
set-theoretic, 7, 8, 14, 273 positive (semi)definite, 314
input vector, 6, 55, 65, 76, 273 rank, 313
input-to-state mapping, 6, 8, 13, 203 spectrum, 313
input-to-state-mapping, 62 square, 311
integration by parts, 185, 186, 190, 191, 318 trace, 311
integration by substitution, 318 mean, 28
inverse function theorem, 69, 317 mean time to failure (MTTF), 110, 116
1t6’s chain rule, 187 microgrids, 3, 13, 14, 151, 192, 263
It6’s lemma, 183 Minkowski difference, 37
Minkowski sum, 37, 239
Jacobi’s formula, 49, 282 support function, 37, 239
Jacobian matrix, 68, 70, 72, 212, 221, 316 moments
joint pdf, 28 first and second, 7, 12, 131

jointly distributed random variables, 21
network admittance matrix, 216

Kirchhoff’s laws, 3, 54, 298, 320 network topology, 9, 11, 193, 263
Kirchhoff’s voltage law, 66, 215 node-to-edge incidence matrix, 193
Kronecker product, 135, 177, 196, 279, 310 nominal mode, 11, 101
non-repairable component, 109
Lagrange multiplier, 41, 206 non-repairable system, 11, 109, 116
law of total probability, 17, 94, 95 nonlinear dynamical systems
Leibniz’s integral differentiation rule, 51 continuous-time, 187, 290
linear combination, 138, 219, 308 discrete-time, 144, 259
linear dependence, 308
linear dynamical systems, 16, 46, 130 open set, 36
asymptotic stability, 48, 52 ordinary differential equations (ODEs), 5
continuous-time, 46, 166, 168, 273 outage, 2
discrete-time, 46, 131, 237, 238 outer-bounding ellipsoid, 278
equilibrium point, 48, 52 minimum sum of squares of the semi-axis
input, 46, 49 lengths, 251, 278, 284
Lyapunov stability, 48, 52 minimum volume, 246, 278, 281, 282
state, 46, 49 tight, 254, 285, 286
state-transition matrix, 46, 49
time-invariant, 47, 135, 177, 243, 244 per-unit normalization, 61, 326
trajectory, 46, 49 base quantities, 326
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performance characterization, 74, 100 second moment, 19
performance requirements, 55, 225, 238, 261, standard deviation, 19
274, 293 variance, 19, 20
performance requirements verification, 225, random variables
261, 293 independent, 23
phasor joint cdf, 21
magnitude, 78, 151, 193, 216, 263 joint pdf, 21
phase angle, 151, 193, 216, 263 marginal pdf, 22
Poisson distribution, 19 marginal pmf, 27
polytope, 64 uncorrelated, 25
power, 1 random vector, 55, 92
power electronics, 3, 151 characteristic function, 142
power flow analysis, 77, 226 continuous, 27
power flow model, 78, 216, 227, 301, 321 correlation matrix, 29, 56, 58, 59
active power balance equations, 323 covariance matrix, 29, 56, 58, 59
reactive power balance equations, 323 cumulative distribution function (cdf), 27
power flow problem, 9 discrete, 27
power injection uncertainty expectation, 28
probabilistic, 151 first and second moments, 55
set-theoretic, 263 Gaussian, 142, 182
power injections, 9, 79 mean, 56, 58, 59
power system random vectors, 27
bulk, 3, 15 conditional pmf, 28
buses, 9, 78, 151, 320 independent, 28
electric, 1 joint cdf, 28-30
electromechanical phenomena, 297 joint pdf, 55
generator bus, 79, 324 joint pmf, 28
load bus, 79, 324 marginal pmf, 28
network, 9 uncorrelated, 157, 172
network admittance matrix, 321 reachable set, 238, 273-275
network topology, 78, 82 approximate characterization, 257, 288
transmission lines, 9, 78, 151, 320 exact characterization, 257, 288
probabilistic power flow, 90 outer-bounding ellipsoid, 243
probability, 16 reactive power, 60, 216
probability density function (pdf), 7, 20 reduced-order Markov models, 124
conditional, 23 aggregation, 126
joint, 21 truncation, 124
marginal, 22 reliability function, 110, 115
probability mass function (pmf), 18 reliability model, 119, 123
conditional, 28 repair rate, 119, 123
joint, 28, 30 repairable system, 118
marginal, 27
probability measure, 16 sample space, 16
probability space, 16 second moment, 19
probability theory, 12 set, 35
boundary, 36
random variable, 17 cardinality, 35
continuous, 20 closure, 36
cumulative distribution function (cdf), 18, difference, 36
20 interior, 36
discrete, 18 interior point, 36
expectation, 18 intersection, 36
Gaussian, 140, 182 singleton, 35, 229
probability density function (pdf), 20 union, 36
probability mass function (pmf), 18 set theory, 16, 35, 273
realization, 17 single machine infinite bus system, 295
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singleton, 35, 229
spectrum, 135, 177, 243, 279
standard deviation, 19
standard Wiener vector process, 181, 187
state, 5
state vector, 6, 55, 65, 76, 273
state-space model, 13, 14, 46
continuous-time, 166, 273
discrete-time, 130, 237
static systems, 5, 14
linear, 56, 62, 65, 202, 204, 219
nonlinear, 58, 221
performance characterization, 74
performance requirements verification, 225
reliability analysis, 11, 92, 101
stationarity, 32
stochastic process, 8, 12, 16, 29, 130, 131
continuous-time, 30
correlation function, 31, 131, 135, 138,
144, 146, 176
covariance function, 8, 31, 131, 132, 138,
144-146, 157, 166, 173
discrete time, 29
first and second moments, 145, 171
independent increments, 168, 182
mean function, 8, 30, 131, 132, 138,
144-146, 157, 166, 172
sample paths, 33, 182
strict sense stationary, 32
wide sense stationary, 32
zero mean, 168
subset, 35
support function, 37, 205
supporting hyperplane, 39
supporting hyperplane theorem, 38
synchronous generator, 295, 300
electrical angular position, 301
electrical frequency, 295
electrical power output, 302
friction coefficient, 302
governor constant, 302
inertia constant, 295, 302
internal voltage, 295
mechanical power, 295, 302
power command, 302
speed-droop characteristic slope, 302
system
behavior, 1
model parameters, 3
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nominal response, 1
response, 1
structure, 1
variables, 3
system performance, 54
system status, 104
nonoperational, 12, 105
operational, 12, 105

Taylor series expansion, 59, 85, 217, 221, 317
three-bus power system, 300

three-phase voltage source inverter, 152, 193
tree network, 80, 228, 234

uncertainty

input, 7

structural, 7
uncertainty models, 1

probabilistic, 7

set-theoretic, 7
unconstrained optimization problem,

41, 206

maximizer, 207
uncorrelated, 133
uniform distribution, 20
union bound, 74
unitary ball, 38

variance, 19

vector norm, 308
1-norm, 308
oco-norm, 308
Euclidean norm, 308

Weibull distribution, 111

white noise process, 8, 14, 167, 168
Gaussian, 14

Wiener process, 33, 182
continuous sample paths, 33, 182
correlation function, 34
covariance function, 34
standard, 34

zonotope, 8, 14, 43, 219
center, 43, 203, 219
generators, 43, 203, 219
Minkowski sum, 43
support function, 43, 219
volume, 44
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