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Andrew Adamatzky, "Voronoi-like partition of lattice in cellular automata”,
Mathematical and Computer Modelling, 02/1996; 23(4):51-66. DOI:
10.1016/0895-7177(96)00003-9.




N

Reaction-Diffusion Computing

R IR ERET R
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SEEGZRNIB(ZRASNIS
m diffusion = noise filtering
m reaction = contrast enhancement

®/I\NTA—FZIELT.RDIEIUTZEEHT 5:
» restore broken contours
m detect edges
= iImprove contrast
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Voronoi Diagrams
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Voronoi Diagrams® F| F ;%

# Collision-free path planning
# Determination of service areas for

power substations
# Nearest-neighbor pattern classification
# Determination of largest empty figure
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Voronoi Diagrams{ER D7 JLT1) X L

e ok
#Computational Geometry
IAVAOPCE: I A

Vorono1 diagrams have linear
complexity {[v] |e| = O(n)}
Claim: For n =3, v = 2n—5Sand|e| =3n—06
Proof: (General Case)
« For Voronoi graphs, f=n—=> (v +1)—le| + n=2

To apply Euler’s Formula, we
“planarize™ the Voronoi diagram
by connecting half lines to
an extra vertex.
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Andrew Adamatzky, "Voronoi-like partition of lattice in cellular automata”,
Mathematical and Computer Modelling, 02/1996; 23(4):51-66. DOI:
10.1016/0895-7177(96)00003-9.
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#0(n)-Algorithm
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Andrew Adamatzky, "Voronoi-like partition of lattice in cellular automata”,
Mathematical and Computer Modelling, 02/1996; 23(4):51-66. DOI:
10.1016/0895-7177(96)00003-9.
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Andrew Adamatzky, "Voronoi-like partition of lattice in cellular automata”,

Mathematical and Computer Modelling, 02/1996; 23(4):51-66. DOI:
10.1016/0895-7177(96)00003-9.
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I3 BXCAIZ & B Voronoi Diagram{ERL
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"#®0(n)-AlgorithmIREES n + 3 {E

F— [I(z)f| =0V I(z)" = {+]}
*e— o I(:I:)t = {0}

e —+  Iz) ={+}

o — # [I(z)*] > 2

+—#  |I{z)] =2

Andrew Adamatzky, "Voronoi-like partition of lattice in cellular automata”,
Mathematical and Computer Modelling, 02/1996; 23(4):51-66. DOI:
10.1016/0895-7177(96)00003-9.
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2 IR EXCAIZ & % Voronoi Diagram{ERk

"#0(1)-Algorithm: ik EE# 4{E

+ — — S(z)t =0
® — 0 S(m)tmo

o — + (S(x)t > 1) A (S, (z) < 2) A(Sh(z)t < 2)
e —#  (Su(x) =2)V(Su(z) =2)
+ — # S(z)* > 1.

Andrew Adamatzky, "Voronoi-like partition of lattice in cellular automata”,
Mathematical and Computer Modelling, 02/1996; 23(4):51-66. DOI:
10.1016/0895-7177(96)00003-9.
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"#0(1)-Algorithm: ik EE# 4{E

+ — — S(z)t < 4

® — ©® S(.’L‘)t =0

e — (4> S(x)* > 1) A (=P(x)")
e—#  (S(x) 24)A(P(z)")

+ — # S(x)t > 4.

Andrew Adamatzky, "Voronoi-like partition of lattice in cellular automata”,
Mathematical and Computer Modelling, 02/1996; 23(4):51-66. DOI:
10.1016/0895-7177(96)00003-9.
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Swarm demonstration

Observerswarm
B dizplayFrequency
wirldSizex
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DLA (Diffusion-Limited Aggregation)
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Stochastic Laplacian Growth:

T. Witten & L. M. Sander, Phys. Rev. Lett. (1981).
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ModelSwarm b1

world<Size | 500
worldSize
foodDensity 1.1
cellDivision
eatFate

diffusivity [0.4
moveSpeed

7k

ObserverSwarm -1
displayFrequency |10

zoomFactor |1

Bacteria
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Swarm demonstration

New spores
& shed

Wind
Shed spore
blows / e 8o

Sporangia
appear

Spore lands
and germinates

3 74
Rhizoids root

¥ black mold - 1 L " - . ObserverSwarm -1
L Ty . ~ displayFrequency |1

& — O s

b odelSwarm :ﬁ:| : ;. ey .'

: . . Ty | - Mold Propagation Transition
world<S1ze | B0 : ] . M 5.
worldy"S1ze | B0

nitritionF ate

&

ModelSwarm
world=5ize |80
worldv'Size |80

hutritionF ate:

Mold Percentage

temperature
Furnidit

temperature | 20

ity |80
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The important thing is not
to stop questioning.
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Swarm demonstration
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£ A D R & :Mesoscopic lattice map
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@LL XIZHHEILOFZIEIZETAHIREEILLL
TDO4DNDETE RN S.

0 3(X): BZIt [CELTX I2HDILHHEERD—ER
THNIEL, T5TLEMFIL0

Plate with Dendrite Ends

» H{x): boundary mass (;&{ED /T A—4)

m C{X): crystal mass (

=]

KDINTGA—A)

n d{x): diffusive mass (UKD /35 A—%)

Janko Gravner and David Griffeath, Modeling snow crystal growth II: A
mesoscopic lattice map with plausible dynamics, Physica D: Nonlinear
Phenomena, vol. 237, no. 3, pp. 385-404, 2008.
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£ F O F &K :Mesoscopic lattice map

& P HAE
FIDD—RDH TDD =
ag(x) =1 ap(x) =0
bo(z) =0 bo(z) =0
co(x) =1 co(r) =10
do(z) =0 do(x) = p
faEac/ED TS

Janko Gravner and David Griffeath, Modeling snow crystal growth II: A
mesoscopic lattice map with plausible dynamics, Physica D: Nonlinear
Phenomena, vol. 237, no. 3, pp. 385-404, 2008.
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= | O & :Mesoscopic lattice map

Plate with Dendrite Ends

L

.4

BEFR Al

 Diffusion: F7/=/3@EL TOVEE/LDA(X) Z, 5
Et/LDd(x) ZHTEZT S

n Freezing: byx); c(x); dyx) /LA TE#H T 3.

n Attachment: byx); d(x) B #E1EL T\ BEEE
I DHIZIC T/ EHamIET S,

n Melting: byx); c(x); dyx) &t /LN TEZH T 3.

Janko Gravner and David Griffeath, Modeling snow crystal growth II: A
mesoscopic lattice map with plausible dynamics, Physica D: Nonlinear
Phenomena, vol. 237, no. 3, pp. 385-404, 2008.
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Stellar Crystal with Plate

E A D R & :Mesoscopic lattice map

N

*\

B R Al : Diffusion

r € ASIZDWT, di(x) ZROD KL HICHHT 5,

Y A; @%%I‘: l}'i, dt{y) f"}’f"ib i:]' Wz dﬁ(.ﬂ:l %Fﬁhf"%.

Ny ={z} U {y'yiimﬁ}%%-{z}b}
Ar={z:a(z) =1} At ICBWTHEMER>TWL S VDOES
0A; = ¢ Ay @ as(y) = Horsomey € Ny fFdncE L To 2IE S VOES
Af ={z: as(x) =0} A DBREG

ni(x) =#{y e Ny ta(y) = 1} x DBEER VTR L B> TWw 5 L ODEEK

Janko Gravner and David Griffeath, Modeling snow crystal growth II: A
mesoscopic lattice map with plausible dynamics, Physica D: Nonlinear
Phenomena, vol. 237, no. 3, pp. 385-404, 2008.
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Stellar Crystal with Plate

E A D R & :Mesoscopic lattice map

N

*\

B H R Al : Freezing

r € 0A IZD2WT, by(x),ee(x),de(x) ZRD X HIWZHFHTT 5,

be(x) +— be(x) + (1 — K)de(x)
ci(x) +— ci(x) + kdy(x)
dy(x) +— di(x)

Ny ={z} U {y'yiimﬁ}%%-{z}b}
Ar={z:a(z) =1} At ICBWTHEMER>TWL S VDOES
0A; = ¢ Ay @ as(y) = Horsomey € Ny fFdncE L To 2IE S VOES
Af ={z: as(x) =0} A DBREG

ni(x) =#{y e Ny ta(y) = 1} x DBEER VTR L B> TWw 5 L ODEEK

Janko Gravner and David Griffeath, Modeling snow crystal growth II: A
mesoscopic lattice map with plausible dynamics, Physica D: Nonlinear
Phenomena, vol. 237, no. 3, pp. 385-404, 2008.
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Stellar Crystal with Plate

~:Mesoscopic lattice map

B E7R B : Attachment

T < 3At oy WT ﬂtl: ) %ﬂk@i ? I:E%T-g 5

If ny(x) =1 or 2, and by(x) > 3, then a;(x) +— 1

yeN,

Ifﬂt( )}—1 thE‘Hﬂ.;( ){—1

ZLT L a(z) 2 1 BRAINSES, KOKT b(z),ce(x) ZHFT 3,

bi(x) +— b(z)
ci(x) +— by(x) + c¢(x)

Plate with Dendrite Ends

If ny(x) = 3, and either by (x) > 1 or ( Z di(y) < @ and by(x) > cx) , then a;(x) + 1

Janko Gravner and David Griffeath, Modeling snow crystal growth II: A

mesoscopic lattice map with plausible dynamics, Physica D: Nonlinear

Phenomena, vol. 237, no. 3, pp. 385-404, 2008.



2R

Stellar Crystal with Plate

E A D R & :Mesoscopic lattice map

N

*\

B HTRR Al : Melting

r € 0A; IZ2WT, by(x),ce(x), de(x) ZRD X HIZHFTT S,

b () «— (1 — p)bu(x)
ct(x) «— (1 =7)ei(x)
() = di(z) + pbe(x) + veu ()

Ny ={z} U {y'yiimﬁ}%%-{z}b}
Ar={z:a(z) =1} At ICBWTHEMER>TWL S VDOES
0A; = ¢ Ay @ as(y) = Horsomey € Ny fFdncE L To 2IE S VOES
Af ={z: as(x) =0} A DBREG

ni(x) =#{y e Ny ta(y) = 1} x DBEER VTR L B> TWw 5 L ODEEK

Janko Gravner and David Griffeath, Modeling snow crystal growth II: A
mesoscopic lattice map with plausible dynamics, Physica D: Nonlinear
Phenomena, vol. 237, no. 3, pp. 385-404, 2008.
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Swarm demonstration

JI-
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1

p J5; x f K I ¥ a

0.65 | 1.75 | 0.2 0.026 0.15 0.015 | 0.0001 | O

(a) t = 1000 (b) t = 2000 (c) t = 3000 (d) t = 4000 (e) t = 5000 . : S — _
0.36 | 1.09 | 0.01 | 0.0745 | 0.0001 | 0.14 | 0.00001 | O

0.38 | 1.06 | 0,35 | 0.112 | 0.001 | 0.14 | 0.0006 | O

y

(i) t = 9000

#

(j) t = 10000

HEEEG

A

(h) t = 8000

A

(g) t = 7000

(f) t = 6000

1000 (b) £ = 2000

7000

) t = 6000

(c) t = 3000 ) t =4000 ) t = 5000
(h) t = 8000 ) t = 9000 ) t = 10000
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