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3 3 1.000 3
d 4 3 1.262 4

5 3 1.465 5
6 3 1.631 6

g 7 3 1.771 7
h 8 3 1.893 8

9 3 2.000 9 non
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1 3 0.000 0.000
b 2 3 0.631 0.693 0.91

3 3 1.000 1.099 0.91
d 4 3 1.262 1.386 0.91

5 3 1.465 1.609 0.91
6 3 1.631 1.792 0.91

g 7 3 1.771 1.946 0.91
h 8 3 1.893 2.079 0.91

9 3 2.000 2.197 0.91

5 Spatial information entropy and fractal dimension of 9 growing patterns

0 1 2 3 4 5 6 7 1

0 0.000 0.000 0.000 0.000 0.000 0.000 0.000 1 0.000
b 0 0.693 1.386 2.079 2.773 3.466 4.159 4.852 1 0.631

0 1.099 2.197 3.296 4.394 5.493 6.592 7.690 1 1.000
d 0 1.386 2.773 4.159 5.545 6.931 8.318 9.704 1 1.262

0 1.609 3.219 4.828 6.438 8.047 9.657 11.266 1 1.465
0 1.792 3.584 5.375 7.167 8.959 10.751 12.542 1 1.631

g 0 1.946 3.892 5.838 7.784 9.730 11.675 13.621 1 1.771
h 0 2.079 4.159 6.238 8.318 10.397 12.477 14.556 1 1.893

0 2.197 4.394 6.592 8.789 10.986 13.183 15.381 1 2.000

.
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Type
imension1 2 3 4 5 6 7 1

a 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.315 0.315 0.315 0.315 0.315 0.315 0.315 0.315
0.500 0.500 0.500 0.500 0.500 0.500 0.500 0.500
0.631 0.631 0.631 0.631 0.631 0.631 0.631 0.631
0.732 0.732 0.732 0.732 0.732 0.732 0.732 0.732
0.815 0.815 0.815 0.815 0.815 0.815 0.815 0.815

g 0.886 0.886 0.886 0.886 0.886 0.886 0.886 0.886
0.946 0.946 0.946 0.946 0.946 0.946 0.946 0.946
1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

3.2
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’ …,10

q ε 1 q

1 2 3 4 5 6 7 8 9 0 9

q 0 1988 1.000 1.000 1.000 0.999 0.992 0.977 0.951 0.932 0.922 0.925

1992 1.000 1.000 1.000 0.999 0.994 0.978 0.956 0.936 0.924 0.929

1999 1.000 1.000 1.000 0.999 0.996 0.987 0.970 0.955 0.945 0.950

2006 1.000 1.000 1.000 0.999 0.997 0.992 0.980 0.969 0.960 0.965

2009 1.000 1.000 1.000 0.999 0.997 0.994 0.989 0.982 0.976 0.979

q 1988 0.984 0.894 0.900 0.908 0.913 0.913 0.908 0.906 0.906 0.905

1992 0.989 0.867 0.878 0.891 0.901 0.905 0.905 0.905 0.907 0.907

1999 0.983 0.921 0.927 0.933 0.936 0.936 0.933 0.931 0.930 0.930
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2006 0.998 0.958 0.957 0.960 0.961 0.959 0.955 0.951 0.949 0.949

2009 0.997 0.981 0.980 0.979 0.979 0.976 0.972 0.969 0.967 0.967

q 1988 0.968 0.819 0.836 0.859 0.876 0.887 0.892 0.896 0.901 0.902

1992 0.978 0.784 0.814 0.845 0.866 0.880 0.889 0.896 0.901 0.904

1999 0.964 0.867 0.883 0.898 0.910 0.916 0.920 0.922 0.925 0.926

2006 0.996 0.924 0.930 0.938 0.944 0.945 0.945 0.945 0.946 0.945

2009 0.994 0.965 0.966 0.968 0.969 0.968 0.965 0.964 0.963 0.963
ε 1 9

q → * q .

8 ’

ε

* ) /D *

1988 1992 1999 2006 2009 1988 1992 1999 2006 2009

1 2 0.033 0.022 0.035 0.004 0.006 0.016 0.011 0.017 0.002 0.003 

2 4 0.423 0.531 0.315 0.169 0.077 0.106 0.133 0.079 0.042 0.019 

3 6 0.601 0.734 0.439 0.257 0.122 0.100 0.122 0.073 0.043 0.020 

4 8 0.735 0.870 0.539 0.322 0.166 0.092 0.109 0.067 0.040 0.021 

5 10 0.874 0.992 0.641 0.389 0.210 0.087 0.099 0.064 0.039 0.021 

6 12 1.050 1.138 0.770 0.488 0.284 0.087 0.095 0.064 0.041 0.024 

7 14 1.285 1.328 0.941 0.632 0.389 0.092 0.095 0.067 0.045 0.028 

8 16 1.510 1.514 1.109 0.781 0.503 0.094 0.095 0.069 0.049 0.031 

9 18 1.693 1.677 1.258 0.912 0.601 0.094 0.093 0.070 0.051 0.033 

0 9 2 0.190 0.187 0.140 0.101 0.067 0.095 0.093 0.070 0.051 0.033

. 0 0 b. 1 1

0 1.0045 0
0.9985

0.92

0.93

0.94

0.95

0.96

0.97

0.98

0.99

0.9 0.9 0.9 1.0 1.0

0

1 0.9997 1
0.9997

0.90

0.91

0.92

0.93

0.94

0.95

0.96

0.97

0.9 0.9 0.9 1.0 1.0

1
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9 The entropy values entropy 

n

d q q q

*

q

3 2 1 0.693 0.631 1.099 1 0.631 0.631

3 3 1 1.099 1.000 1.099 1 1.000 1.000

3 4 2 1.386 1.262 2.197 2 0.631 0.631

3 5 2 1.609 1.465 2.197 2 0.732 0.732

3 6 2 1.792 1.631 2.197 2 0.815 0.815

3 8 2 2.079 1.893 2.197 2 0.946 0.946

3 9 2 2.197 2.000 2.197 2 1.000 1.000

2 3 2 1.099 1.585 1.386 2 0.792 0.792

g 2 4 2 1.386 2.000 1.386 2 1.000 1.000

’
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