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hy em

ulate physics?

•
C

om
p m

ust adapt to
m

icroscopic physics

•
C

om
p m

odels m
ay help

us understand nature

•
R

ich dynam
ics

•
Start w

ith locality:
C

ellular A
utom

ata
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C
onw

ay’s “G
am

e of L
ife”

If total = 2: center unchanged

If total = 3: center becom
es 1

E
lse: center becom

es 0

In each 3x3 neighborhood,
count the ones, not including
the center:

256x256 region of a larger grid.
G

lider gun inserted near m
iddle.
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C
onw

ay’s “G
am

e of L
ife”

•
C

aptures physical locality and
finite-state

B
ut,

•
N

ot reversible (doesn’t m
ap

w
ell onto m

icroscopic physics)

•
N

o conservation law
s (nothing

like m
om

entum
 or energy)

•
N

o interesting large-scale
behavior

256x256 region of a larger grid.
A

bout 1500 steps later.
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R
eversibility &

 other conservations

•
R

eversibility is conservation of inform
ation

•
W

hy does exact conservation seem
 hard?

T
he sam

e inform
ation is visible

at m
ultiple positions

For rev, one n
th of the neighbor

info m
ust be left at the center
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•
W

ith traditional C
A

’s, conservations are a
non-local property of the dynam

ics.

•
Sim

plest solution: redefine C
A

’s so that
conservation is a m

anifestly local property
•

 C
A

 ≡ regular com
putation in space &

 tim
e

»
R

egular in space: repeated structure

»
R

egular in tim
e: repeated sequence of steps

A
dding conservations



C
B

SSS  6/24/02

D
iffusion rule

a
b

c
d

c
a

d
b

a
b

c
d

b
d

a
c

E
ven steps:       rotate cw

  or    ccw

O
dd steps:        rotate cw

  or    ccw

or
b

d

a
c

or
c

a

d
b

W
e “random

ly” choose to rotate blocks
90-degrees cw

 or ccw
 (w

e actually use a
fixed sequence of choices for each spot).

U
se 2x2 blockings.  U

se solid
blocks on even tim

e steps, use
dotted blocks on odd  steps.
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T
M

 G
as rule

a
b

c
d

c
a

d
b

a
b

c
d

b
d

a
c

E
ven steps:       rotate cw

O
dd steps:        rotate ccw

E
xcept: 2 ones on diag, nc

U
se 2x2 blockings.  U

se solid
blocks on even tim

e steps, use
dotted blocks on odd  steps.
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E
xcept: 2 ones on diag, nc

E
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•
H

alf the tim
e: H

PP gas
rule everyw

here:

•
H

alf the tim
e: H

PP gas
rule outside of blue region,
ID

 rule inside (no change).

L
attice gas refraction

a
b

c
d

d
c

b
a

E
xcept: tw

o ones on diag flip

E
ven &

 odd: sw
ap along diags
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L
attice gas hydrodynam

ics

Six direction LG
A

 flow
 past a half-cylinder, w

ith vortex shedding.  System
 is 2K

x1K
.
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D
ynam

ical Ising rule
E

ven steps:  update gold sublattice

O
dd steps:  update silver sublattice

G
old/silver checkerboard

A
 spin is flipped if exactly 2 of its 4

neighbors are parallel to it.  A
fter the

flip, exactly 2 neighbors are still parallel.

W
e divide the space into tw

o
sublattices, updating the gold
on even steps, silver on odd.
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D
ynam

ical Ising rule
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A
 spin is flipped if exactly 2 of its 4

neighbors are parallel to it.  A
fter the
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B
ennett’s 1D

 rule
E

ven steps:  update gold sublattice

O
dd steps:  update silver sublattice

G
old/silver 1D

 lattice

A
 spin is flipped if exactly 2 of its 4

neighbors are parallel to it.  A
fter the

flip, exactly 2 neighbors are still parallel.

A
t each site in a 1D

 space, w
e put

2 bits of state.  W
e’ll call one the

“gold” bit and one the “silver” bit.
W

e update the gold bits on even
steps, and the silver on odd steps.
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B
ennett’s 1D

 rule
E

ven steps:  update gold sublattice

O
dd steps:  update silver sublattice

A
 spin is flipped if exactly 2 of its 4

neighbors are parallel to it.  A
fter the

flip, exactly 2 neighbors are still parallel.
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ith heat bath

If the heat bath is initially m
uch cooler than the

spin system
, then dom

ains grow
 as the spins cool.
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2D
 “Sam

e” rule
E

ven steps:  update gold sublattice

O
dd steps:  update silver sublattice

A
 spin is flipped if all 4 of its neighbors

are the sam
e.  O

therw
ise it is left

unchanged.

G
old/silver checkerboard

W
e divide the space into tw

o
sublattices, updating the gold
on even steps, silver on odd.
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2D
 “Sam

e” rule
E

ven steps:  update gold sublattice

O
dd steps:  update silver sublattice

A
 spin is flipped if all 4 of its neighbors

are the sam
e.  O

therw
ise it is left

unchanged.
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3D
 “Sam

e” rule
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x
x

R
eversible aggregation rulexh

x
xh

x
g

E
ven steps:  update gold sublattice

O
dd steps:  update silver sublattice

W
hen a gas particle diffuses next to exactly

one crystal particle, it crystallizes and em
its

a heat particle.  The reverse also happens.

W
e update the gold sublattice,

then let gas and heat diffuse,
then update silver and diffuse.

g

for m
ore info, see cond-m

at/9810258

G
old/silver checkerboard
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R
eversible aggregation rule

for m
ore info, see cond-m

at/9810258

x
x

xh

x
xh

x
g

E
ven steps:  update gold sublattice

O
dd steps:  update silver sublattice

W
hen a gas particle diffuses next to exactly

one crystal particle, it crystallizes and em
its

a heat particle.  The reverse also happens.

g
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A
dding forces irreversibly

3D
 m

om
entum

 conserving crystallization.

becom
es:

P
articles six sites apart along

the lattice attract each other.
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A
dding forces irreversibly

C
rystallization using irreversible forces   (Jeff Yepez, A

F
O

SR
)
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onservations sum

m
ary

1.
the data are rearranged w

ithout
any interaction, or

2.
the data are partitioned into
disjoint groups of bits that change
as a unit.  D

ata that affect m
ore

than one such group don’t change.

T
o m

ake conservations m
anifest, w

e em
ploy a sequence of

steps, in each of w
hich either

C
onservations allow

 com
putations to m

ap efficiently onto
m

icroscopic physics, and also allow
 them

 to have interesting
m

acroscopic behavior.

b
c

d
a

c
d

a
b

x
x

xh
g
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