
�
93 ����������	�
 2007 � 06 ��
 �������������������������

���! #"%$'&�(!)'*�+%,'-#.'/%021!3
46587:9

1 ;=<?>=@ACBEDGFEHEIEJEKELEMENEOENEPEQERGSUTWVEXEYEDGZ\[
]_^E`

(Voronoi diagram) aGbEcUd_eEf YEXhgWiEZh[ ]^E`Uj DGkEAElEmEn dWoUpWqUr NEsEtUuWvEwGxUyUz{DG|} KEDG~CKED��C�EKEDG�E�EKEVU� fE�E� K dW�UrE�W� g�E�U��� KERESExE�C�U�W�EYU� q iG�E�ENE�C�Ex j D C�G�Ex
Win32 API � ~ d �GXEYGDGZU[ ]_^E` N GUI �� dW���{� [E�E E¡ dW¢E£�¤¥q iG¦ q DG§E¨ElENE©EªE«¬G­ d �GXEYGD Rastrigin � ~G®GxEkG¯ oG°G±Ud_�h²Wq .

2 ³�´¶µ6·6¸
2.1 ¹Gº
ZU[ ]_^G`Uj D¼»G½GNE¾G¿hTWÀG¿h�_� qGÁ ~EÂGNGlÄÃ ¨lEÅhT�Æ ¤ YEDhÇ�NE¨ElhTWAEXEÈUTE� ² YEÉEÊERUËE�W�
q ` NUÌ � xUyUz{DG§El j ME�UÍ_Î dWÏEÐ ÉEÊ � ÆEÑ �g

1)
i

Fig.1
T � � � � TWDE§G¨El jWÒGÓ ÉEÊ d © ² YV�z{D

1
ªCNEÉEÊUT j

1
¨Cl ¤ ÈEÔEÕ ¤ � XEiG¦ q DhygWÉEÊUÖETW»E½UTWÀE¿h�W� q lEÈ�×{ØEYEDGMENEÉEÊ d ©ªG¨El ahÙE²G�EÙ_ÚGÛEa AEX � X �¥ÜEÝGa yEg_iEªG¦Þz{D¨El

a dEÙ ªEÉCÊ A
ÖCTWDG»C½ENEl

b a ÀE¿\�W� qEßà D
b
j ÉEÊ

A
ÖETGyEgWNGxED

b
ÈÞ× j ¨El

a a k Ù AX � X � Ì � T � g_iá ®GNh� � � ÜGÝhd ©GªEZh[ ]W^G` NGÑG�EâGã j_ä p DåEæ NEçUèWKEéENEéUêWëEìED�íCtEîEtENUïWðGFEñEDGòCó
ôGõ NGk Ù AEXGöE÷EøGNEùGìEDúñGûEsGtUu_NEüGý � ÇGT�G�U�_�GYEXhg_i

Fig.1
ZU[ ]W^G` Ãþï_ÿ��{Í ¢ Å

2.2
���

����� R�	 à
P = {p1, p2, ..., pn}

Vh� f D ÚGÛU� ~ dTWÆ ¤ YGD i 6= j
N�
ED

V (pi) =
⋂
{p | d(p, pi) < d(p, pj)}xCv £ ���UgWÉCÊ V (pi) d ¨El pi

NCZU[ ]�^ ÉEÊ � X
� iG¦ q D {V (p1), V (p2), ..., V (pn)} d Zh[ ]W^G` D¼Zh[]�^ ÉEÊEN���� d ZU[ ]W^�
 DG§ � NEZU[ ]W^ ���EN��l d ZU[ ]_^ l � X � 4)

iUÌ_�Þ× d Fig.2
T � � i

Fig.2
ZU[ ]_^E` NGv £ Ãþï_ÿ���� ����� 4)

�Uz��G�EÅ

2.3 �����������Zh[ ]_^G`�� ñGN����� �!�"U¡ d á�# N 1 $ 8
T � � i

1.
yEg

2
¨El

i,j % N�&�'�(�)GR�* d � p i
2. i,j

á�+ N�,E¨Gl d.-�/ k �U¤ D i,k % N�&�'�(�)GR* d0-�/ �GXGYEX p i
3. i,j % N�&�'�(�)ER�* � i,k % N�&�'�(�)ER�*GN��El
d.1hr DGÀ�2 t[]

T03�4 ¤ D x
« ¬ NEçh�WX - T�5Wt6 � g_i

4.
�ElGN

t[0] � t[1] d07�8 *GRGNUè_l m d.1hr gWi
5.
èWl

m
ÈÞ×

i
¦ q j j

¦ExGN ÚEÛhd.9 g_i
6.
è�l

m
È2×

i,j
á�+ N�,CYENE¨El � N ÚEÛUd.9 z DèWl

m � i,j
N ÚEÛGahÙG²E�GÙ çh�WXGD¼ªG¦Þz i,j a

m
ÈÞ×{k Ù AEXG¨ElGxUyGg � ×{D��El t[0] � t[1] d

7�8 *GR d � p i
7. 4 $ 6 d Ã t[1] � t[2]

Å
.......

Ã
t[n − 1] � t[n]

ÅGNh� �TWD OGN
2
�GlGN�:��hT_Æ ¤ Y�;Þz=< � i q�>Þ¤ D@?A �0B A N�:�� j ��C � p Yh�_XEi

8.
á ®

1 $ 7 d D�,GYENG¨GlUT_ªGXEY�;Þz=< ¤¥� XGDGZ[ ]_^G` d � p i

1



3 ³�´¶µ6·6¸������������
3.1 	�

���
�G¹Gº ��
�G¡ET���z�� r ×{� q ¨ElhTWÆ � gWZU[ ]W^E` d� ñ � g
�Wí
�U¡ d v
� ¤{q i����Wí
�U¡Wx j Dh ��
�¡GT��Þz�� r ×¥� q ¨ElhT_Æ � g Rastrigin � ~

f (x1, x2) = 20 + ((x1)
2 − 10cos(2πx1)) + ((x2)

2 −

10cos(2πx2))
N ­ d01hr DGkE¯ o TWk Ù AGXEl d��
� x

� � ¤ YEX\gWi Fig.3
T��Wí
�\¡WN
� � ñ
� d � � iG¦

q D ( /�� N Rastrigin � ~ j Fig.4
T � � � � T_D�« ¬

(0, 0)
TWVGXGYEkG¯ oUd ©! WD�ÈGªGD x1 " � x2 " d ©Gª

qUr D Fig.3
N�� � ñ
�E®UTWVEXEYED$# " d x1

D�% " d
x2 �h¤ D ��� N�&�*Gx � � i

Fig.3
�_í��U¡_N
� � ñ
� Ã ïWÿ��¥Í ¢ Å

Fig.4 Rastrigin � ~ Ãþï_ÿ���� ����� 6) �hz��E�GÅ

3.2 '�(
���Wí
�U¡ j DG¨ElE~
)
*ED � ñ
+
,EDGZ\[ ]W^E`��
ñED !.-!/ 6 N
0
1 d ©EªEiG§
0
1UTWªEXEYEN
2
3 d á# T � � i

•
¨ElG~�)
*

1 $ 5
lED

10
lGD

15
lED

20
lGD

25
lED

30
lGD

50lED
100
lGNhèWÈÞ×{¨ElG~ d )
* � gGÌ �_a xh�Eg_i4
5 ëGì j

1
l � � ² YGXhgWi

•
� ñ�+�,
� ñGN
+
,ENEëEì dW��� iG~ ­ a
6 � p � g
7EÇ� ñ d�8E²Ep z � Ø
9UgEÌ �Wa xU�EgWi 4
5 ëEì j

500ms
i

•
ZU[ ]_^E`�� ñ
)
*h�W� q ¨ElE~ER > ËWDGl d  
�
�E¡ET�:E�U�9CD�)
*U�W� q � ñ
+
,ExEZU[ ]W^E` N � ñ d�;E�
� g_i

•
!<-!/ 6
� ñh�W� q ` d�=
>�¤ D!?C  ^ �@� 6 ÉEÊ d 4
5A � gWihÌWN
BE� aE�
C �UgW¦ExED�D q � ZU[ ]W^` d � ñ � gGÌ � j xU� � XGi

4 E�F¶>�E�ENE�C�Ex j D!?C  ^ �@� 6 ÉCÊUT
Rastrigin � ~

d ¯G� ¤¥q ZU[ ]_^E` N � ñ!�Wí��h¡ d v�� ¤¥q i�
G j D��@�Wí
�U¡ET oE°E± N
0
1 d�H
I�¤ D °E± N��J d ��K@LWt@�@M��WNU� � T�N
O
A � g�0
1 d�H
IE�gWihÌWN�0�1hTE�hz¥D
SA
N °G±
P�Qhd N�O�A � gGÌ �_ax\�WDhÇWNEÉEÊ a 	Uè�RUT °E± �W�EYEXUgWNEÈ d_� � �gCÌ �Wa xU�CgWiG¦ q ��G j DGÆ
SCmEn d Rastrigin �~ á�+ N Ù NUT Ù ¯E� ¤ D o N °E±
P
QUd N
O
A ¤ YEX

p i

TVU�W�X

1) Y K�Z .
FEHGIGJEK�[!\

. ]�^ ï�_ . 2001

2) ��`
a�b . Windows c th¡ � [E�G @d��E� .
5
e 6gf

��?�?�!ih ^ �!j�k
. 2004

3) l�m�n
o . p x Ù�C Èhg Windows � [G�E !d��E� .
5

e 6qf ��?�?�!ih ^ �!j�k
. 2004

4) Û �GZU[ ]_^E` ��r ��s����� �!�"h¡
http://www.ics.kagoshima-u.ac.jp/~fuchida/

edu/algorithm/voronoi-diagram/index.html

5) 6!t�u NGZh[ ]_^E` N�:Et!v
http://www.nirarebakun.com/voro/voro.html

6) Genetic Algorithms Research Group

http://mikilab.doshisha.ac.jp/dia/

research/pdga/index.html

7) Simulated Annealing Group

http://mikilab.doshisha.ac.jp/dia/

research/SA/index.html

2


