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Summary

In this paper, we propose an estimation of distribution algorithm (EDA) for �nding a good individual in getetic
network programming (GNP). Our EDA is an extension of Li et al.(2009)'s probabilistic model building genetic net-
work programming (PMBGNP). Each individual in GNP has a directed graph structure composed of a start node,
judgment nodes, processing nodes and arcs between nodes. While Li et al.'s PMBGNP builds probabilistic distribu-
tions of terminal points of arcs, our PMBGNP also builds probabilistic distributions of function assignments to nodes
as well as distributions of terminal points of arcs. Our PMBGNP searchs over the space of possible combinations
of function assignments to nodes and terminal points of arcs, and so dispenses with any breakdown of the number
of nodes. Two maze problems and the 11-multiplexer problem are used to evaluate the performance of the proposed
search method. The experimental results show that our PMBGNP �nds the optimum solutions of the tested problems
in some moderate probability.
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I 1 rateelite,rategood ) $ � @8N - JF! (cnode=cconnect=1 $ � D � � 3 300 2C:<9 � �7� ; L� �B 1 � � 4000
�BL�;� - 2 � -�B � � 10000�BL - @8N � �	 ; L� �B 1 � � 1.000� � L� �B 2 � � 0.8 0> -

?
 � �
11 wxyz {|} �B � � 0.4

0> - ?
 � � � � 	
; 
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3
� - �B � � � - � � � � � � +� � 	

)

rategood

W X rateelite 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
0.00 0.337 0.360 0.373 0.363 0.377 0.347 0.347 0.367 0.360
0.05 1.000 1.000 1.000 1.000 1.000 0.997 0.963 0.913 0.840

�O W X 1 0.10 1.000 1.000 1.000 1.000 1.000 0.997 0.987 0.950 0.880
(4000

• ‚ m ) 0.15 1.000 1.000 1.000 0.963 0.963 0.913 0.830 0.803 0.767
0.20 1.000 0.900 0.840 0.720 0.633 0.580 0.613 0.520 0.523
0.25 1.000 0.760 0.440 0.453 0.477 0.413 0.380 0.367 0.380
0.00 0.000 0.007 0.007 0.007 0.007 0.003 0.000 0.000 0.007
0.05 0.707 0.800 0.863 0.697 0.493 0.197 0.067 0.017 0.010

�O W X 2 0.10 0.677 0.757 0.853 0.870 0.843 0.803 0.700 0.520 0.310
(10000• ‚ m ) 0.15 0.710 0.607 0.823 0.857 0.870 0.827 0.850 0.780 0.733

0.20 0.670 0.793 0.757 0.877 0.880 0.883 0.857 0.820 0.823
0.25 0.647 0.750 0.787 0.810 0.833 0.890 0.877 0.840 0.847
0.00 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

11 % � ” � • 0.05 0.440 0.607 0.543 0.000 0.000 0.000 0.000 0.000 0.000
– —

�� 0.10 0.363 0.543 0.620 0.493 0.003 0.000 0.000 0.000 0.000
(10000

• ‚
� ) 0.15 0.363 0.503 0.480 0.520 0.297 0.010 0.000 0.000 0.000

0.20 0.373 0.397 0.443 0.453 0.310 0.100 0.000 0.003 0.010
0.25 0.363 0.417 0.487 0.450 0.273 0.117 0.003 0.033 0.007
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I 2 cnode,cconnect � � � @ 8 � � J � � (rateelite=0.1,rategood=0.3 � � D  " # 300 2 & ' ( )  

*+, ; LO-. 1 /1 4000 456;=? � 2 A � -. /1 10000 456 �@8� GHK ;
L O - .

1
/ 1

1.000
G ;L O - .

2
/ 1

0.8 P Q � R S G ;
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0.4 PQ �RS G[\HK ; ] � 3 A � -. /^_ � `a bc def " HK )

cconnect

g �
cnode 0.0 0.5 1.0 1.5 2.0 2.5 3.0
0.0 0.933 0.977 0.987 0.990 0.983 1.000 1.000

±² g � 1 0.5 1.000 1.000 1.000 1.000 1.000 1.000 1.000
(4000‚ƒ� ) 1.0 1.000 1.000 1.000 1.000 1.000 1.000 1.000

1.5 1.000 1.000 1.000 1.000 1.000 0.993 0.977
2.0 1.000 1.000 0.997 0.997 0.990 0.987 0.937
0.0 0.007 0.160 0.190 0.213 0.223 0.237 0.277

±² g � 2 0.5 0.023 0.607 0.790 0.900 0.940 0.970 0.967
(10000‚ ƒ� ) 1.0 0.030 0.647 0.853 0.917 0.913 0.953 0.863

1.5 0.027 0.663 0.800 0.850 0.847 0.750 0.597
2.0 0.017 0.643 0.710 0.730 0.687 0.513 0.207
0.0 0.000 0.023 0.070 0.090 0.100 0.117 0.067

11 hi Q j R 0.5 0.433 0.437 0.480 0.433 0.397 0.320 0.103
ST g � 1.0 0.653 0.573 0.620 0.463 0.320 0.100 0.023

(10000‚ ƒ� ) 1.5 0.660 0.577 0.530 0.333 0.100 0.003 0.000
2.0 0.573 0.497 0.260 0.083 0.000 0.000 0.000

k
]

# Num nodesE
Ð

V& l WD4-,Ehi& mn (

. =) � ( . / o ¨ p � l D Popsize=1000, rateelite=0.1,
rategood=0.3, cnode=cconnect=1.0 )UVWMXAD±² g

� 1
�ZW[l Num nodes=7,9,11,20,50,100E 6 qr D±²

g
�

2 �ZW[l Num nodes=8,10,12,20,50,100E 6 q

r D 11 hi Q j
RST g

�
�ZW[l Num nodes=16,18,

20,30,50,100E 6 qr &*+./ 4W[D
\]

E
Ð

VE
a

A
bc

PMBGNPE��& 300
de

Yf
…

D ‚ƒ) s �o

pq )
t Ñu _ Ï (300 d

� � E
t u ) w z{ v w

(.
~

& xy WM/ 4Ehi& z 9� z 14 �k(/ =-,E z &

†
. {r �

¸…
[lD±² g

�
1 Al Num nodes=9� 20

w
D±² g

� 2 Al Num nodes=12� 20 w
D 11 hi Q j

R ST g
�

A l Num nodes=50� 100
w Ñ

Ö #
º

£
»

Á

Ð
V ) | P,- ./

º
£

»
Á & } G#

t
~ m �

Ð
V (.

n r €©
•

E
€•

& ­M
`

[
Ð

VWM Ø
w

D
‚ …

‚ƒA

E � � op �
Ò w

. ƒ „
w

… |
„

- . / † � 11
h i Q

j
R ST g

�
A l

º
£

»
Á

w
© ‘-

Ã
©

…
‡

z ‚ …
‚ ƒ

A
v

� �� op �
ˆ

.)
… {

hi� #g [
…

.
w

D=-

l D
º

£
»

Á
w

© ‘-
Ã

©
… Î

GNP § ¨ & g
�

�
u

•

WM ‰ � Š o
„

-.
º

£
»

‹
w

Œ � • ²
w

Å Ž � •• #

r D 11 hi Q j
RST g

�
A¯

• „
-[

…
.

‘’“ w
Å

Ž ”• #.M P)* +,- ./

5�6 ™̃š
³́µ

• •–—˜™š› œ œ• • žŸ ¡¢

š£¤¥ ¦§ ©̈ • ª«

4
·

A k W M PMBGNP l ¬ E ­ ® ¯ • ‘A # •
º

£

»
E¼½¾s¿€

°
�(.EAD

z
E¼½¾s¿E

º
£

»

& ± §• ² (K "
~

� Y
…

[E ³́ µ¶ & W̄ #
…

/=

E · &
†

M• ‘A €D
º

£
»

E¼ ½¾s¿ & UVW [
°

�( . Ž
_

n r € ¸ • A • . /W
~

W D
º

£
»

E¼ ½¾

s¿€
°

�(.ª�(.)D (¹ P
º

£
»

E¼½¾s¿E

Ð
V &

º
+ [ ) U V ( . Ž

_
) m K [

°
�

» ¼ w ½
• #

r
°

� ¾ Ë ¿”
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