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Abstract

Earlier models of kinetic artificial creatures typically describe ontogenetic mechanisms
and motion control mechanisms separately. The latter are often assumed free from mor-
phological constraints, reducing the biological and physical plausibility of these crea-
tures. To go over these limitations, here we propose “Wriggraph”, a kinetic graph model
that describes both ontogeny and motility of graph-based artificial creatures in a uni-
fied framework. The utility of this model is demonstrated by constructing an artificial
creature tetrad, which can spontaneously develop into a stable tetrahedral shape, move
using differentiated nodes, home toward a predefined goal, and self-repair in events of
node removal. All of these capabilities are achieved collectively by functionally identical
nodes and their local interaction only. We expect a number of future extensions of this
research project, including the automated acquisition of more complex morphologies
and behaviors using evolutionary computation, and the revision of model assumptions
to make node division mechanisms more realitsic.
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DYNFRIC ( dc )
DIFFRIC ( sc )

)
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0(x)00 (¢)DO0OD0OO000DODO0O00OD0O0O0O0O0DODO0UOODO0ODODOODOOOODOO
Uoobobobobobobobo0onnd s = 0.60de = 1.00sc = 2.0001 = 5.00
02 = 5.00ql = 0.90q92 = 0.90r1 = 0.10r2 = 0.1000000000000O00O0O0
gboobogsetdbboonoboobooobboobooonon
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PROG3 (
< ogooa >
PROG2 (
< pgooa >
PROG3 (
IFT ( LT ( GETP ( j ) t1 )
ADDPAR ( i x1 )
)
SUBPAR ( i GETP ( j ) )
GDIVIDE ( i )
)
< gogd >
PR0OG3 (

< 0oooooooooooo >
SETD ( j dj )
< 0ooooooooooog >
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18
19
20
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23
24
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26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57

)

ADDPAR ( SUBPAR ( j yi ) GETP ( u ) )
LT ( GETP ( u ) t2 )

IFT (

<gooboogo >

PROG2 (

<pogooo >

PROG3 (
IFT (
)
IFT (
)
PROG3 (
)
)
< gpoo >
PROG2 (
ADDPAR (
)
ADDPAR (

40

TDIVIDE ( j )

NOT ( GETP ( u ) )
ADDPAR ( u u0 )

NOT ( GETP ( v ) )
ADDPAR ( v vO )

< D0ooooooooooo >
SETD ( u du )

SETD ( v dv )

< Doooooooag >

IFT (

u
SUB (

A%

AND ( GROUND
AND ( GETP ( dc )
LT ( GETP ( dc ) t4 )

)
ADDPAR ( u GETP ( dc ) )

MUL ( a GETP ( u ) )
MUL ( b GETP ( v ) )
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74
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76
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86
87
88
89
90
91
92
93
94
95
96
97

)

SUB (

MUL ( ¢ GETP ( u ) )
MUL ( 4 GETP ( v ) )

< gooooooobooobooogoog >

< OooOog >
PROG2 (
<goo >
PROG3 (
ELENGTH (
ADDPAR (

)

e

GETP ( u )

< ODobooobobooooboooboboobooon

LT ( GETP ( u ) t3 )

1)

< poobooobobooboobooboobooo >

IFTE (
SETP ( e
PROG2 (
)

)

IMPULSE (
e
0

)
<goooa >
PROG2 (

SETP ( dc ol )
SETP ( sc 02 )

< bobobobodoboobboobooboboobooboboon >

IFT (
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AND (

GROUND
AND (

GT ( GETP ( u ) t5 )
LT ( GETP ( v ) t6 )



98 )

99 )

100 PROG2 (

101 IFTE ( LT ( GETP ( s ) SMELL )
102 < goooooooogooa >

103 PROG2 (

104 SETP ( dc ql1 )
105 SETP ( sc g2 )
106 )

107 < gdgooooooooa >

108 PROG2 (

109 SETP ( dc rl )
110 SETP ( sc r2 )
111 )

112 )

113 PROG2 (

114 SETP ( s SMELL )

115 SETD ( s ds )

116 )

117 )

118 )

119 PROG2 (

120 DYNFRIC ( dc )

121 DIFFRIC ( sc )

122 )

123 )

124 )

125 )

s.6lbbooboooboobboobboobobooobooboboobobooobn
gboooooobobobobobobooooobobobobobbgsebOonbO
uboooboobooboobobooboobooboboooobooobouooboooo
oboobooobooooosgoobo4doooooobobobobobobobobo
OOobO0PrPldcl]0 00000000 DOODOOOO0 t4000D0O0UODOODOOOD
uboooooboogoo
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ubooobobogobooboboobooobooboobobooboooboooooo
gbobobooooboboobobobooobobobobooooboboobon
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(a)

5.8 UJUULUooogn

Wriggraph 0 0 0000000000000 0O0O000OOO0O0O00O0OO0O 900000
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ob00 512 00000000000000000D0

PROG3 (
PROG2 (
ELENGTH ( 0.2 )
PROG3 (
DIFFRIC ( 0.6 )
DYNFRIC ( 0.6 )
SETP ( 0.6 0.5 )
)
)
PROG3 (
GDIVIDE ( 0 )
IFT (
NOT GETP ( 0 )
ADDDIF ( 0 1 )
)
IFT (
LT ( GETD ( 0 ) 0.04 )
ADDPAR ( 0 1 )
)
)
PROG3 (
IFTE (

LT ( GETP ( 0.4 ) SMELL )

SUBPAR ( 0.2 1 )

IFT ( LT ( GETP ( 0.2 ) 2 )
ADDPAR ( 0.2 1 )

)

SETD ( 0.4 1 )
SETP ( 0.4 SMELL )
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059 00000000

(b)

0 sl10: 0000000ooooooooon
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)

ob0d s513: 0000000000000000000

PROG3 (
TDIVIDE (
ADDPAR (
0
0.9
)
)
ADDPAR (
0.2
MUL (
1
GETP ( 0 )
)
)
SUBPAR (
0
MUL (
0.4
GETP ( 0.2 )
)
)
PROG3 (
ADDDIF (
0.2
0.001

)
ELENGTH ( 0.2 )
SETCOLP ( 0 0.9 0.2 )
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o000 s514: 0 0000000000000 00000

PROG3 (
TDIVIDE (
ADDPAR (
0
0.9
)
)
ADDPAR (
0.2
MUL (
0.7
GETP ( 0 )
)
)
SUBPAR (
0
MUL (
0.4
GETP ( 0.2 )
)
)
PROG3 (
ADDDIF (
0.2
0.001

)
ELENGTH ( 0.2 )
SETCOLP ( 0 0.9 0.2 )
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