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affine formation control algorithm, 219
affine formation control problem, 211
anchor agent, 186, 236
aperiodic, 19
arbitrary dimensional localization algorithm, 246
arbitrary dimensional localization problem, 238
averaging problem, 54

backward reachable, 18
balanced, 17

Cartesian product, 15
closed-loop system, 150, 153
column-stochastic matrix, 34, 56
condition number, 77
configuration, 186, 236
consensus algorithm, 112
consensus problem, 109
consensus value, 110
consensus vector, 117
continuous time, 109
continuously differentiable, 76
control input, 109
control input vector, 127, 148
controllable, 129, 149
convergence factor, 66, 92, 117
convex, 103
coordinate frame, 165

degree, 17
degree matrix, 35

detectable, 128, 152
digraph, 15, 25

simple, 15
subdigraph, 17

discrete time, 53
distributed algorithm, 54, 109
double integrator, 141
doubly-stochastic matrix, 34

economic dispatching problem, 99
edge, 15

edge set, 15
loop, 15
multiple, 15

Erdos-Reyni random digraph, 72

fixed point, 192, 196, 244
formation shape, 158, 208
free agent, 186, 236

generator, 131
generic, 164
Gershgorin disc, 113
gradient, 76
gradient descent, 79

harmonic oscillator, 128
Hessian, 76

inverted pendulum, 142
irreducible matrix, 27

Jordan block, 114
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Jordan canonical form, 65, 114

k-reachable, 23
k-root subset, 23
kernel, 36
Kronecker product, 130, 210

Lagrange function, 93
Lagrange multiplier, 94
Laplacian matrix, 35

complex, 35
out-degree Laplacian matrix, 36
signed, 35
standard, 35

leading principal submatrix, 171
Lebesgue measure, 42, 165
linear time-invariant system, 127, 148
Lipschitz-continuous gradient, 76

matrix exponential, 113, 117, 137, 178
maximal strongly connected, 20
minor, 42

neighbor, 17
neighbor set, 17

nilpotent matrix, 115
node, 15

end-node, 15
head, 15
node set, 15
tail, 15

nonnegative matrix, 26, 27, 30
null space, 36

observable, 129, 152
observation output vector, 127, 148
observer, 131, 152
optimal matching distance, 66
optimal solution, 76

optimal value, 76
optimization problem, 77
orthogonal matrix, 27
out-degree, 17
out-degree matrix, 36
out-neighbor, 17
out-neighbor set, 17
output feedback control, 153

path, 18
cycle, 18
length, 18

periodic, 19
permutation matrix, 27
Perron-Frobenius Theorem, 34
pole assignment, 152
positive matrix, 26
primitive matrix, 30
principal minor, 169, 194, 220, 247

reachable, 18
reducible matrix, 27
relative bearing angle, 191
relative distance, 191
relative position, 158, 191, 208, 242
resource allocation problem, 93
root, 19
rotation matrix, 242
row-stochastic matrix, 34, 56

similar configuration, 158
similar formation control algorithm, 167
similar formation control problem, 160
single integrator, 109
singular value decomposition, 208
smooth, 76, 104
spanning k-tree, 23
spanning tree, 19
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stabilizable, 128, 149
state feedback control, 149
state vector, 127, 148
strictly convex, 103
strong component, 20

closed, 21
strong duality, 95
strongly connected, 18
strongly convex, 76, 103
subdigraph, 17

induced subdigraph, 17
spanning subdigraph, 17

surplus, 56
surplus-based averaging algorithm, 57
surplus-based optimization algorithm, 81
surplus-based resource allocation algorithm, 95
synchronization algorithm, 131
synchronization problem, 128

target configuration, 158, 208
two-dimensional localization algorithm, 193
two-dimensional localization problem, 188

undirected graph, 16
unitary matrix, 85, 208

weight, 25
weight-balanced, 35
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weighted degree, 35
weighted digraph, 26
weighted out-degree, 35
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