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additive rule, 19
ansatz method, 205
automata rule with memory, 20
automata rule without memory, 20
automata rule, additive, 19
automata rule, legal, 20
automata rule, peripheral, 20
automata rule, symmetric, 20
automata rule, totalistic, 20

BBGKY, 139
BGK approximation, 144, 145, 165,

195, 205
binary digit, 153
bit, 153
bit-function, 44
bit-operator, 44
bit-state, 57
bitwise, 44
blood flow, 243
Boltzmann approximation, 138
Boltzmann distribution, 141
bottom friction, 230
bounce-back rule, 80
boundary condition, complete

bounceback, 189
boundary condition, half-way

bounceback, 190
boundary conditions, 79
boundary: link boundary, 189
boundary: node boundary, 189
breaking of Galilean invariance, 73
Burgers equation, 138, 243
Burnett equations, 146

C (programming language), 44
cell, 264
cellular automata, 9, 15
cellular automata, elementary, 19
chaining, 47
Chapman-Enskog expansion, 71

Chapman-Kolmogorov equation, 64
chessboard, 40
chessboard instability, 40
chiral, 53
coarse graining, 10
collision, 37, 40, 57
collision cross section, 140
collision frequency, 144
collision integral, 140
collision invariants, 140
collision parameter, 182
color, 137
complementation, 248
configuration, 18
configuration, global, 16
configuration, local, 16
conservation laws, 21
continuity equation, 7
Coriolis parameter, 220
crystal growth, 244
curvilinear coordinates, 243

D1Q4, 136
D2Q129, 134
D2Q13-FHP, 101, 205
D2Q13-WB, 97
D2Q21, 98, 134
D2Q25, 134
D2Q4, 92
D2Q57, 134
D2Q7, 94
D2Q9, 96, 131, 133, 168
D3Q15, 98, 197
D3Q19, 101, 129
D4Q24, 95
detailed balance, 58
diagonal pair interaction, 124
diffusion equation, 21, 136, 236
diffusion equation, nonlinear, 240, 242
divergence of transport coefficients in

2D, 137
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DkQb, 92
droplets, 244
dual solids, 105
duality, 249
dynamic similarity, 9
dynamical geometry, 137, 243

eddy viscosity coefficient, 220
edge, 264
Ekman number, 229
electrodynamics, 17, 244
elementary cellular automata, 19, 23
energy conservation, 128–130
energy equation, 205
ensemble, 64, 65
entropy, 22
entropy, maximum entropy principle,

156
entropy, relative, 171
entropy, Renyi, 158
entropy, Shannon, 22, 156
Euler equation, 74, 121, 177
evolution operator, 40, 55
exclusion principle, 40, 53, 113

face, 112, 264
FCHC, 10, 66, 68, 95, 109, 113, 118,

129, 134, 265
Fermi-Dirac, 40, 53, 66, 74, 115
fermions, 40
FHP, 94, 115, 129, 242
FHP-I, 54
FHP-II, 54
FHP-III, 54
finite differences, 10, 232, 245
finite elements, 10
finite volumes, 10
flow in dynamical geometry, 137, 243
FORTRAN, 44
fractal obstacles, 243
friction coefficient, 220
functional derivative, 157

g-factor, 73, 78
Galilean invariance, 90, 169
Galilei transformation, 73, 78
Garden of Eden, 22
generalized lattice tensors, 95, 128
Gibbs, 121
Gibbs’ ensemble, 64
glacier flow, 243
global configuration, 16
Greek indices, 49, 57
grid Reynolds number, 227

H-theorem, 244
Hénon constraints, 113, 115
Hénon’s random rule for FCHC, 134
head-on collision, 40, 43
HPP, 17, 39, 66, 68, 92, 115, 242
hypercube, 108

identity operator, 40
integer lattice gases, 138
internal energy, 205
intersection, 248
invariants, non-local, 57
invariants, spurious, 54
invariants, staggered, 54
invariants, Zanetti, 54, 57
irreversible, 22
Ising model, 37
isometric collision rules, 113, 115
isometric group, 57, 113
isotropic tensors, 90, 104
isotropy, 10

Jacobi operator, 220

Karman vortex street, 70, 85, 123
Kepler, 108
Knudsen layer, 80
Knudsen number, 71, 146, 148, 161
Korteweg-de Vries equation, 244

label, 148, 149
lack of information, 156
Lagrange multiplier, 68, 134, 156, 250
Laplacian friction, 220
Laplacian principle of the insufficient

reason, 155
large eddy simulation, 243
Latin indices, 49, 57
lattice gases, 37
lattice symmetry, 10
lattice tensors, 40, 90, 91, 128
lattice tensors, generalized, 95
lattice vectors, 39, 53
lattice velocities, 39, 53
LBGK, 160
legal rule, 20, 24
Levy-Civita symbol, 90
Life, 17, 31, 35
Liouville equation, 64, 139
Liouville’s theorem, 22
local configuration, 16
local Maxwellian, 144
local rule, 16
look-up table, 51, 114, 115, 134
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Mach number, 68, 180
magnetohydrodynamics, 137, 243
Markov process, 16
mass fraction parameter, 208
maximally discretized molecular

dynamics, 12
Maxwell distribution, 141, 143
Maxwell’s equations, 244
Maxwell-Boltzmann distribution, 141
memory, see automata rule with

memory, 20
message, 153
model equations, 144
molecular chaos, 140
molecular dynamics, 11
momentum advection tensor, 72
Moore neighborhood, 29
multi-scale analysis, 70, 174
multi-speed FHP, 101, 205
multi-speed LGCA, 128
multi-speed models, 95, 128, 195
multi-spin coding, 44
multiphase flows, 137, 243
Munk scale, 221

Navier-Stokes equation, 7, 74, 145, 152,
174, 177

neighborhood, Moore, 29
neighborhood, von Neumann, 29
node, 39
nodes: boundary nodes, 189
nodes: dry, wall nodes, 190
nodes: wet, interior, fluid nodes, 190
noise, 163
nondeterministic rules, 54
normal distribution, 154
normalization, 57
normalized momenta, 114
numerical distribution functions, 134
numerical instability, 11

observable, 65
occupation number, 48
one-dimensional cellular automata, 18

pair interaction (PI), 118, 129, 130
Paradise, see Garden of Eden, 22
partial differential equation, 21
Pauli principle, 40
Penrose lattice, 15
phase space, 64
PI, 115, 118, 129, 130
Platonic solids, 105
Poiseuille flow, 190

Poisson equation, 137
polyeder theorem, 112
polygon, 264
polyhedron, 264
polytope, 264
polytope, regular, 264
porous media, 137, 243
pressure depends explicitly on velocity,

128, 159
pressure-corrected LBM, 204
principle of duality, 249
propagation, 37, 40, 57
pseudo-random choice, 54

quantum cellular automata, 36
quantum mechanics, 138, 244
quiescent configuration, 20

random generator, 39, 50
random rule, 115
Rayleigh-Bénard convection, 244
Rayleigh-Taylor instability, 244
reaction-diffusion equations, 138, 242
reduced densities, 139
reference system, 90
relativistic flows, 138
relaxation toward equilibrium, 50, 69,

83
Renyi entropy, 158
rescaling of time, 74
residue class, 18
rest mass parameters, 214
reversible, 22, 37, 121
Reynolds coefficient, 75, 117
Reynolds number, 8, 85, 229
Reynolds number, grid, 227
Rossby number, 227
rule number, 19
rule, local, 16
rule, see automata rule, 18

Schlafli symbol, 109, 264
Schlafli’s criterion, 265
self-dual, 105
semi-detailed balance, 58, 67, 87, 113,

115, 138
Shannon entropy, see: entropy, 22
sharp distribution, 154
similarity, law of dynamic, 9
simplex, 108
site, 39
sound speed, 73
sound waves, 83
spectral methods, 10
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specular reflection, 80
spurious invariants, 10, 36, 41, 54, 135
staggered invariants, 54, 135
statistical mechanics, 36
stream function, 220
streaming, 37, 40, 57
Stueckelberg condition, 58
sub-lattice, 40, 118
supersonic flows, 134
symmetric rule, 20
symmetry, 245
symmetry group, 90, 91, 105

thermal LBM, 205
thermal LGCA, 128
totalistic rule, 20, 22–26
trace, 157
traffic flow, 36
transition matrix, 58
transition probability, 57
transsonic flows, 134
turbulence, 145, 183, 243
Turing machine, 16, 30

union, 248
universality theorem, 54
universe as a cellular automata, 17
update rule, see automata rule, 18

von Karman vortex street, 70, 85, 123
von Neumann neighborhood, 29
vorticity, 76, 87
vorticity equation, 183, 220, 230

wave propagation, 244

Zanetti invariants, 54, 57, 135
Zuse, 17
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Université de Nice, 1988.

397. Rivet, J.-P. Brisure spontanée de symétrie dans le sillage tri-dimensionnel
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406. Rujàn, P. Cellular automata and statistical mechanical models. J. Stat. Phys.,
49:139–222, 1987.



300 References

407. Sahimi, M. Flow phenomena in rocks: from continuum models to fractals,
percolation, cellular automata, and simulated annealing. Rev. Mod. Phys.,
65(4):1393–1534, 1993.

408. Salmon, R. The lattice Boltzmann method as a basis for ocean circulation
modeling. J. Mar. Res., 57:503–535, 1999.

409. Schadschneider, A. and M. Schreckenberg. Garden of Eden states in traffic
models. Journal of Physics A, 31(11):L225–L231, 1998.

410. Schelkle, M., M. Rieber und A. Frohn. Numerische Simulation von Tropfenkol-
lisionen. Spektrum der Wissenschaft, 1:72–79, 1999.

411. Schrandt, R. and S. Ulam. On recursively defined geometrical objects and
patterns of growth. In Burks, A. W., editor, Essays on Cellular Automata,
pages 232–243. University of Illinois Press, Urbana, 1970.

412. Schreckenberg, M., A. Schadschneider, K. Nagel, and N. Ito. Discrete stochas-
tic models for traffic flow. Physical Review E, 51(4):2939–49, 1995.

413. Sehgal, B.R., R.R. Nourgaliev, and T.N. Dinh. Numerical simulation of
droplet deformation and break-up by lattice-Boltzmann method. Progress in
Nuclear Energy, 34(4):471–488, 1999.

414. Semtner, A.J. Introduction to “A numerical method for the study of the
circulation of the world ocean”. J. Comput. Phys., 135:149–153, 1997.

415. Shan, X. and G. Doolen. Diffusion in a multi-component lattice Boltzmann
equation model. Physical Review E, 54(4A):3614–20, 1996.

416. Shan, X. and H. Chen. Lattice Boltzmann model for simulating flows with
multiple phases and components. Physical Review E, 47(3):1815–9, 1993.

417. Shan, X. and H. Chen. Simulation of nonideal gases and liquid-gas phase
transitions by the lattice Boltzmann equation. Physical Review E, 49(4):2941–
8, 1994.

418. Shannon, C.E. A mathematical theory of communications. Bell System Tech.
J., 27:379,623, 1948.

419. Shannon, C.E. and W. Weaver. The Mathematical Theory of Communication.
University of Illinois Press, Urbana, 1949.

420. Shimomura, T., G. Doolen, B. Hasslacher, and C. Fu. Calculations using
lattice gas techniques. Los Alamos Science, 15:201–210, 1988.

421. Sigmund, K. Games of Life: Explorations in Ecology, Evolution, and Behavior.
Oxford University Press, 1993.

422. Signorini, J. Complex computing with cellular automata. In Manneville,
P., N. Boccara, G. Y. Vichniac and R. Bidaux, editor, Cellular Automata and
Modeling of Complex Physical Systems, pages 57–72. Springer, Berlin, 1989.

423. Simons, N.R.S., G.E. Bridges, and M. Cuhaci. A lattice gas automaton ca-
pable of modeling three-dimensional electromagnetic fields. J. Comput. Phys.,
151(2):816–835, 1999.



References 301

424. Siregar, P., J.P. Sinteff, M. Chahine and P. Lebeux. A cellular automata
model of the heart and its coupling with a qualitative model. Computers and
Biomedical Research, 29(3):222–46, 1996.

425. Siregar, P., J.P. Sinteff, N. Julen and P. Le Beux. An interactive 3D anisotropic
cellular automata model of the heart. Computers and Biomedical Research,
31(5):323–347, 1998.

426. Skordos, P. A. Initial and boundary conditions for the lattice Boltzmann
method. Phy. Rev. E, 48(6):4823–4842, 1993.

427. Slone, D.M. and G.H. Rodrigue. Efficient biased random bit generation for
parallel lattice gas simulations. Parallel Computing, 22(12):1597–1620, 1997.

428. Sofonea, V. Lattice Boltzmann approach to collective-particle interactions in
magnetic fluids. Europhys. Lett., 25(5):385–390, 1994.

429. Sofonea, V. Two-phase fluid subjected to terrestrial or space conditions: a
lattice Boltzmann study. International Journal of Modern Physics C, 7(5):695–
704, 1996.

430. Somers, J. A. and P. C. Rem. The construction of efficient collision tables for
fluid flow. In Manneville, P., N. Boccara, G. Y. Vichniac and R. Bidaux, editor,
Cellular Automata and Modeling of Complex Physical Systems, pages 161–177.
Springer, Berlin, 1989.

431. Spaid, M.A.A. and F.R. Phelan, Jr. Lattice Boltzmann methods for modeling
microscale flow in fibrous porous media. Physics of Fluids, 9(9):2468–2474,
1997.

432. Spaid, M.A.A. and F.R. Phelan, Jr. Modeling void formation dynamics in
fibrous porous media with the lattice Boltzmann method. Composites Part A
(Applied Science and Manufacturing), 29A(7):749–755, 1998.

433. Spall, M.A. and W.R. Holland. A nested primitive equation model for oceanic
applications. J. Phys. Oceanogr., 21:205–220, 1991.

434. Stauffer, D. Classification of square lattice cellular automata. Physica A,
157:645–655, 1989.

435. Sterling, J.D. and S. Chen. Stability analysis of lattice Boltzmann methods.
J. Computational Physics, 123:196–206, 1996.

436. Stevens, D.P. The open boundary conditions in the United Kingdom Fine-
Resolution Antarctic Model. J. Phys. Oceanogr., 21:1494–1499, 1991.

437. Stockman, H.W., C. Li and J.L. Wilson. A lattice-gas and lattice Boltzmann
study of mixing at continuous fracture junctions: importance of boundary con-
ditions. Geophysical Research Letters, 24(12):1515–1518, 1997.

438. Stockman, H.W., C.T. Stockman, and C.R. Carrigan. Modeling viscous seg-
regation in immiscible fluids using lattice-gas automata. Nature, 34:523ff, 1990.

439. Stockman, H.W., R.J. Glass, C. Cooper, and H. Rajaram. Accuracy and com-
putational efficiency in 3D dispersion via lattice-Boltzmann: models for disper-
sion in rough fractures and double-diffusive fingering. International Journal of
Modern Physics C, 9(8):1545–1557, 1998.



302 References

440. Stokes, G.C. On the effect of the internal friction of fluids on the motion of
pendulums. Trans. Camb. Phil. Soc., 9 (II):8–14, 1851.

441. Stommel, H. The westward intensification of wind-driven currents. Trans.
Am. Geophys. Union, 29:202–206, 1948.
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