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ε-Nash equilibrium, 9
H∞-optimal control, 23, 130

as linear-quadratic differential
game, 94

σ -algebra, 261

absorbing game, 103
additive games, 57
advection equation, 122

in demand side management,
159

in synchronization of power
generators, 170

agreement, see consensus
allocation policy, 4, 56, 196

and approachability, 120
in supply chain, 222
robust, 59, 224

applications, 3, 100
bargaining, 195
cyber-physical systems, 241
demand side management, 155
multi-agent consensus, 143
opinion dynamics, 181
pedestrian flow, 205
population of producers, 231
supply chain, 219
synchronization of power

generators, 165
approachable set, 108
aspiration learning, 85
asymptotic stability, see stability
attainability

in opinion dynamics, 186
in pedestrian flow, 211

attainable set, 114
automata, 156

balanced game, 63
in supply chain, 221

balanced map, 62
in supply chain, 222

bargaining
mechanism, 196, 197

bid
in bargaining, 195

Big Match, 102
Blackwell’s Approachability

Principle, 109
in opinion dynamics, 186

Bondareva and Shapley theorem,
62

bounded confidence, 181

Chicken game, see Hawk and
Dove game

closed-loop strategy, 90
coalitional games, 51

in bargaining, 195
in supply chain, 220

common power angle, 166
communication graph, 183
concurrency, 241
consensus, 143, 145, 165

in bargaining, 199
in opinion dynamics, 181, 187,

192
in pedestrian flow, 207
in smart grids, 175

conservative strategy, 20
computation, 28

consistency
demand side management, 155
in cyber-physical systems, 242

contractivity
in opinion dynamics, 189

convex games, 65
cooperative differential games,

57
cooperative games, see

coalitional games
Coordination game, 15

Stackelberg equilibrium, 49

coordination in mean-field
games, 128

core, 61, 195
nonempty, 62

Cournot duopoly, 13
cyber-attacks, 241
cyber-physical systems, 241

de Finetti–Hewitt–Savage
theorem, 133, 271

differential game, 87, 90
discounted evaluation, 99
dominance, 12
doubly stochastic matrix, 253
dynamic programming, 89

efficiency, see Pareto optimality
empirical frequency, 84
emulation, 127, 184
equal payoff property, 22
equilibrium point theorem, 10
Eulerian model, 181
evolutionarily stable strategy

definition, 73
monomorphic, 76
polymorphic, 77

excesses, 66
exchangeability, see

indistinguishability
expected value, 263
externality, 128

farsighted, see patient
fictitious play, 83

geometric Brownian motion, 232
Gloves game, 63

nucleolus, 66
graph, 195

Laplacian, 183
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Hamilton–Jacobi–Bellman
(HJB) equation, 89, 123,
135

Hamilton–Jacobi–Isaacs (HJI)
equation, 93, 137

for the synchronization of
power generators, 171

in robust mean-field game, 137
Hamilton-Jacobi-Isaacs equation

for a population of producers,
234

in cyber-physical systems, 244
Hawk and Dove game, 15

as evolutionary game, 76
monomorphic evolutionarily

stable strategy in the , 76
Nash equilibrium, 15

herd behavior, 129, 192
heterogeneous players, 165

in opinion dynamics, 182
Hoffman bound, 198
homogeneous players, 122

imputation
dynamically stable, 58
set, 56
time consistent, 58

incumbents, 69
Indifference Principle, 11, 17, 35,

36, 77, 78, 103
indistinguishability, 133, 232,

243, 271
individual rationality, 56
inessential games, see additive

games
infinitesimal generator, 235,

267–270
interchangebility property, 22
invariance

in opinion dynamics, 189
iterated dominance algorithm,

13

Kakutani’s theorem, 10
Kolmogorov ODE, 207
Kolmogorov–Fokker–Planck

(KFP) equation, 125, 137
for a population of producers,

235
in cyber-physical systems, 245

Kuramoto oscillator, 165
in opinion dynamics, 183

Lanchester model, 91
Langevin equation, see geometric

Brownian motion
Laplacian

matrix, 175, 176, 183, 191, 217
operator, 125

learning in games, 82
Lebesgue measure, 263
Lemke–Howson algorithm, 105
lexicographic minimizer, 66
limsup evaluation, 99
linear complementarity, 257

to compute Nash equilibrium
solutions, 38

linear programming, 257
to compute saddle-points, 34

linear-quadratic differential
games, 93

local interactions
in opinion dynamics, 182, 191,

193
in smart grids, 165

log-linear learning, 85
Lyapunov stability, 259

macroscopic dynamics, 132, 166,
171, 172, 205

for a population of producers,
231

mains frequency, 165
Markovian strategy, 90
matrix games, see zero-sum

games
max-flow game, 55
maximin strategy, see

conservative strategy
mean-field equilibrium, 124

approximation, 209
computation, 209
existence and uniqueness, 126
in demand side management,

159
mean-field game

discrete, 206
first-order, 123
second-order, 125
with common cost functional,

208
mechanism design, 143, 147
microscopic dynamics, 166

for a population of producers,
231, 235

mimicry, 127, 184
minimax games, see zero-sum

games

minimax strategy, see
conservative strategy

minimax theorem, 23
minimum spanning tree game,

53
mixed strategy, 10

in stochastic games, 98
Model Predictive Control, see

receding horizon
multi-objective optimization, 3
multi-population, see

heterogeneous players
mutants, 69
myopic

play, 83, 99

Nash equilibrium, 8
and consensus, 147
and dominant strategies, 12
and evolutionarily stable

strategies, 72
and iterated dominance

algorithm, 13
and mean-field equilibrium,

124
and saddle-point, 19
asymptotic stability, 81
closed-loop strategy, 92
computation, 11, 27, 35
dynamic programming, 43
equilibrium point theorem, 10
existence, 10
in continuous infinite game, 11
in Coordination game, 15
in Cournot duopoly, 13
in evolutionary game, 69
in extensive game, 9
in Hawk and Dove game, 15
in mixed strategy, 36
in Prisoner’s dilemma, 8
in Stag-Hunt game, 16
in the Battle of the Sexes, 14
open-loop strategy, 91
original paper, 17
payoff dominant, 41
refinement, 41
risk dominant, 42
stationary solution, 81
strategy in differential game,

87
subgame perfect, 43
worst-case disturbance

feedback, 133, 137
neighbor graph, see graph
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network flow
and attainability, 112
control problem, 111

network frequency, see mains
frequency

networks, 17
communication, 4, 100, 105
in opinion dynamics, 191
social, 4

nonanticipative strategy, 114
nonexpansive projection, 197
nucleolus, 66

computation, 67

open-loop strategy, 90
operations research games, 53
optimal control, 87
optimal planning problem, see

planning problem
optimization, 3

mathematical, 256
of functionals, 255

Pareto optimality, 47
curve computation, 59
curve in differential games, 59
in coalitional TU games, 56
in the Coordination game, 49
in the Hawk and Dove game,

49
patient

play, 99
payoff dominance, 41
permutation game, 54
persuaders, see stubborn players
planning problem, 205
plurality, 181, 187, 192
polarization, 181, 187, 192
Pontryagin Maximum Principle

(PMP), 88, 149
population

of thermostatically controlled
loads, 158

Principle of Optimality, 89
Prisoner’s dilemma, 6

as evolutionary game, 70
dominant strategy in the, 12
historical notes, 17
in coalitional form, 51
Nash equilibrium, 8
Pareto optimal solutions in

the, 48
repeated game and tree

representation, 7

Stackelberg equilibrium in the,
45

probability density, 263
probability distribution, 262
probability measure, 261

Borel, 262
probability space, 261

Borel, 262
probability theory, 261
projected game, 115

in opinion dynamics, 186
in pedestrian flow, 210

pure strategy, 10, 20
in stochastic games, 98

quadratic programming, 257

random variable, 262
receding horizon, 143, 147, 148

in opinion dynamics, 185
regret learning, 111
reinforcement learning, 85
replicator dynamics, 79
Riccati differential equation, 94
risk dominance, 41
robust mean-field game, 130
Rock-Paper-Scissors game, 77
row-stochastic matrix, 253

saddle-point, 19
existence of, 21
graphical resolution, 27

scalability
demand side management, 155
in cyber-physical systems, 242

Shapley value, 63
in supply chain, 226

shortsighted, see myopic
social optimality, 41

in multi-inventory systems, 59
stability

for a population of producers,
235

in cyber-physical systems, 242,
247

in demand side management,
162

in opinion dynamics, 189
in pedestrian flow, 212

stabilizing control policy, 224
Stackelberg equilibrium

in the Coordination game, 49
Stag-Hunt game, 15

learning in the, 83
Nash equilibrium, 16

payoff dominant solutions in
the, 42

risk dominant solutions in the,
42

state space extension, 209, 225,
245

stochastic matrix, 197, 200, 253
in bargaining, 197, 199
in opinion dynamics, 186

stochastic stability, 236, 247, 265
strategic behavior

demand side management, 155
in opinion dynamics, 182
in smart grids, 165

stubborn players, 181, 193
subadditive games, 57
subgame perfectness, 41
superadditive games, 57
supply chain, 219
swing equation, 165, 167
synchronization of power

generators, 169
system frequency, see mains

frequency

TCLs, see thermostatically
controlled loads

team theory, 3
thermostatically controlled

loads, 155
transferable utility, see

coalitional games
transient stability, 166
transport equation, see advection

equation
TU games, see coalitional games
two-point boundary value

problem, 89
Typewriter game, see

Coordination game

UAVs, see unmanned aerial
vehicles

uncoupled dynamics, 83
uniform equilibrium, 104
unknown but bounded, 112,

219, 220, 230
unmanned aerial vehicles, 151

value, 101
of projected game, 115

value function, 89, 123

Wardrop equilibrium, 207
weakly acyclic games, 85
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worst-case disturbance feedback
mean-field equilibrium,
136

for the synchronization of
power generators, 172

in cyber-physical systems, 245

zero-sum games, 19
zero-sum stochastic games, 101


