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1. ��"�    

� ŻÛȊu~U/ù�ƅƄÜ:+1y~a?ǳǤğá.-

GĲ� Dř
.ciR~Vv|VX_r�ïÛ DȋŸ

/, ĿćŽŬ1â+2.�Ȋǃ¨.-+�łƄ/ǆEDâ

ħ/��*ȊciR~Vv|VX_r2Ȋ,*>ǯǀ+�

DȋĖŐ2, ǚǞÕ,�*1ciR~Vv|VX_r��

ŭ/Ǳƃ�E*�D�ȊXq~akL|Gì=, DĴą

Ƙŋ1ŃÄ/ACȊ�Ġ1âħ?ŹŨ+Ĩǝ/ğáGėB

EDciR~Vv|VX_r1Ǳƃ�ň:E*�Dȋ(:

CȊǚƓ½1;.B!ĕš+1ǃ¨?ĢE.�ÚÜGǆE

%ł/Ŭž DciR~Vv|VX_r�ęǀ+�Dȋ�

��.�BȊciR~Vv|VX_r2Ȋ��:+ƣƀÜ

>��2ƅƄÜ:+1ƣǘGƽƏ D1;+�Dȋ#1%

=ȊƣƀÜ>��2ƅƄÜGu~UƵǙ�Ǉô�.�E3

.B.�ȋ(:CȊu~UƵǙ�Ȋƿķ1ƅƄÜ¢ƾGį

�Ȋ#EBGÆĭĪ��.�BXQWt~yGƯ�.�E

3.B.�ȋ#�+ȊƓ½ļũGƯģ�%Ƶ½XQWt~

yĨũ1Ǳƃ�ň:E*�Dȋ 

� �ƷƄ/ǃ¨ DâÌ2ƿķ1ƅƄÜGāÖ D�,

�æ�ȋ���.�BȊǃ¨Xp^a/A'*2ýå.-

ǽèł/ǆED/2ǩ�.�âħ�ïÛ Dȋ#1%=,

è¢/A'*ǃ¨XQWt~y1äŅG"�DGė.�

�,��Dȋ:%Ȋu~U1Ɠ½Ĩţ1ǪĪ>è¢1ä¾

/ĒȀ�EDȋńE1âÌ+�E3ĕš?ƵǛǚ+Ƽ�â

ħ+�'*>Ȋǽ1âÌ2gX.-1«¬�ǡŜǳG��

�,�Ư�BEDȋ�1A�/Ȋǃ¨/��*è¢1ä¾

2u~U1XQWt~y/ù DĒȀ�ç��%=Ȋu~

U1ǃ¨/��DŰǕċGȆ� D%=/2Ȋǯǀ.ų,

.C�Dȋ�B/Ȋu~U�ǯǁ D12è¢&�+2.

�ȋè¢�Ğ�*>ƅƄÜGāÖ D�,Gǯǁ D�,

?ȊACæ�1ǃ¨Xp^aGāÖ D�,Gǯǁ Du

                                                                    
 1 êƸëíçð 
   Nara Woman’s University�  
 

~U>�DâÌ��Dȋ(:CȊu~U/ACǯǁ D�

,.-Ȋǀŧ2ř
+�D. 

� #�+Ȋè¢1ä¾GƯģ�%�+ȊĽƼư�ř
.ǿ

+ACȆ�ŰǕċGėBEDA�.XQWt~x|PG

Ƶ½Žĥ Dļũ�Ǳƃ�E*�D[1]ȋ�1Ĩũ+2ȊX

QWt~yŊG�ĥ�*�Dȋ#1%=ȊƅƄÜ1ķ�ã

�E3ã�D8-ȊįƞŊ�Ů�.Dȋ@�/ȊŻõƄ.

łǲ/ŇǩǄGŧ=D�,2×Ǽ,.Dȋ#�+ȊŌƋƕ

+2ȊèťGƯģ�%ǃ¨XQWt~yƭ1įƞIyTx

YrGĶƸ Dȋ®�Ƅ/2Ȋǫ�ƄIyTxYrGǩž

 D�,/A'*ȊŻõƄ.ǅƚłǲ+űŇǩǄGŧ=Dȋ 

ŌƔ1Řĥ2��1ǡC+�Dȋ2Ɨ+2èťGƯģ�
%XQWt~x|P/ǳ DľïƋƕGơ� Dȋ3Ɨ+
2ǫ�ƄIyTxYr1ǩž/(�*Ǡ7Ȋ4Ɨ+õȅƤ
Œ,Ư÷/(�*Ǡ7Dȋ5Ɨ+2:,=GǠ7Dȋ 

2. 5@42#e9��g1(%'+.-d
�:EA-&I)G  

� ľïƋƕ[1]+2�¹/©Ĩ�%èť�áğá/à)�Ȋ

èť/ě�*²ÿ DƅƄÜ1´�B.DXQWt~yŊ

,Ñ3EDŊŘǣGŧ=*�Dȋ:%Ȋ�Dèť/��D

#1ǃ¨Xp^a1ǯǀċ,#1ł1āÖƍźGǇô�Ȋ

XQWt~y�,1ŰǕċ1ŉē£Gǅƚ�*�DȋŰǕ

ċ,2ȊÏ:EDƅƄÜ1ǯǀċȊǃ¨ƣǘ1Ɗ�ȊĆƇ

łǲȁñ/ǳ D ş£1Ò+ƽ�EDȋľïƋƕ[1]+2Ȋ

�1ŰǕċGž�*ėBE%ŉē£�Ňç,.D�,Gƅ

Ƅ,�*�Dȋ 
� `~\m~X/2ȊǧǘÜÙÄ4ƅƄÜ1`~\Ȋèť

�á`~\��ī�E*�Dȋu~U¤1©»,�*ȊŲ

ÛĿķ?±ƃ}ĆƇłǲȊǃ¨Xp^a1ǯǀċȊǃ¨X

p^a/��Dłǲ·ƝG��DA�/�*�Dȋǯǀċ

2u~U�#1Xp^aGǆE%�Ąňċ1ċÌ�GƏ 

£+�CȊāÖ Dǃ¨Xp^a1ǯǀċ1ç��ƣǘ�

ň:��ƣǘ,�*�Dȋ#�*èť/AC#1£�ä¾

g1(%'+.-:EA-&I)G �i/aA-&I)G

�hC  
 

ÒſƆí 1� ȆſǹƬ 1�  
 

?fȌŌƋƕ+2ȊƵ½Ƅ/ǃ¨XQWt~yG�ĥ D%=/Ǳƃ�E%įƞIyTxYr/ǫ�ƄIyTxYr

Gǩž Dȋǃ¨ Du~U2Ȋř
.ǀŧGī'*�CȊ#EBGŰ% �,2×Ǽ+�Dȋ#1%=/Ǳƃ�E
%įƞIyTxYr+�D�ȊǪĪƱ�æÿ/F%D%=ȊŻõƄ.łǲ+ŇǩǄGŧ=D�,�+�.�ȋ#�+Ȋ

ǫ�ƄIyTxYrGǩž�ȊűŇǩǄGŧ=Dȋ�1ǸȊǩžċ,�*ȊľïƋƕ+ôƮ�E*�Dŉē£Gž�

Dȋõȅ1ƤŒȊǫ�ƄIyTxYr1��Gǥ=D/(E*Ȋ¥Ƹ¡���ĥ�ED�,�ƍǌ�E*�Dȋ 
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 D%=Ȋ 7*1èť/ù�*#1£���BED�,

/.Dȋ:%Ȋu~U©»,�*ŰǕċ1ǅƚ/�FED

%=1�ķGǇô D�,�+�Dȋ#EB1�ķ2ƅƄ

Ü1ǯǀċȊǃ¨ƣǘ1Ɗ�Ȋ(:CŴȄ.ƣǘ1û.�Ȋ

ĆƇłǲȁñG#E$E-E&�ǯǁ D�GƏ�*�Dȋ 

� ľïƋƕ[1]+Ĳŕ�EDIyTxYr2	��1 3(1

ǭ²�B.Dȋ 

	 ŞďCũ 


 ĆƇXQWt~yŽĥ 

� üħįƞũ 

� :!Ȋ©»/ŞďCũGǩž�Ȋµŉ1XQWt~yŊ

GŽĥ DȋĆƇł¸GƯģ"!ȊóªŊGŽĥ DȋX

QWt~yŊ1Ëf~b�B1èť1²ÿ§1f~b#E

$E/ù�ȊŇ>ŰǕċ�Ȇ�,�ů�EDƅƄÜGºC

Đ*Dȋ 

� ŝ/ȊŞďCũ+Žĥ�%ĆƇł¸GƯģ�.�XQW

t~yŊ�BȊĆƇł¸:+/ĆƇÜų/ĆDXQWt~

yŊGŽĥ Dȋ 

� ŇĔ/ȊĆƇXQWt~yGƯģ�E%XQWt~yŊ

/üħįƞGǩž�ĶÔ Dȋ�1Ĩũ+2Ȋ:!XQW

t~yŊ¯1w|]r/Ǫ3E% 2(1ƛų/ºCĐ*B

E%ƅƄÜG�ĳ Dȋ�1�ĳGƿķÖƼ'%Ĕ1XQ

Wt~yƭ1ŉē£Gǅƚ�ȊĶÔ�E*�E3#EGĮ

žȊĞ¾�*�E3ƌŖ Dȋ 

3. i/aA-&I)G�hC  

� ľïƋƕ[1]+2èť/ě�*²ÿ DƅƄÜ1´�B

.DŊ/��DŰǕċ1ŉē£1ƦÒGŇç¾ DA�.

Ŕ(� TsGŧ=D�,GƅƄ,�*�Dȋ�1�,�BƢ

;ÌF"Ňǩ¾ÓȂ,Ư�D�,�+�D%=ȊāÖZ~

yXq|ÓȂ,�*Ĭ�D�,�+�DȋA'*Ňǩ¾ 

D%=/ǫ�ƄIyTxYrGǩž�"Dȋ 

3.1 ?f  
� ǫ�ƄIyTxYr[2][3][4],2ȊŽŷ1ǥ¾1sNd

YrG:0*`~\ŘǣGäđȊÌĥȊǪĪG Dǥ¾ǐ

Ƅ�ƽƄ.>1+�CȊhws~\1Ňǩ¾GƅƄ, Dȋ

ǫ�ƄIyTxYr2çßƄ/¥E%Ĩũ+�CȊǉ�£

ǅƚ1Ǹ�´¾+�ȊƅƄǳķ1Ę²Gęǀ,�.�%=

ĉƜØ.ÓȂǩž D�,�+�Dȋ 
� āÖZ~yXq|ÓȂ[5],2ȊZ~yXq|�ª*1Ǯ

ăGǆÓ D/2-1A�.ȁǘ+ÖD1�ŇƊƣǘ+�

D�Ȋ,��ÓȂ+�Dȋ 

� Ĩȁ2��1ǡC+�Dȋ 

1. µŉ¡�1Žĥ 

2. Ë¡�1ŉē£1ǅƚ 

3. Kx~a¡�1ğáG e¡²�ï 

4. �Ã 

5. ƖŵäƂ 

6. Žĥ�E%Ë¡�1ŉē£1ǅƚ 

7. Ĩȁ 2/ĦD 

� Ĩȁ 1+2Ȋµŉ¡�GŽĥ DȋŽĥ D¡�ķ2Ȋ

N ¡+�Dȋ¡�1ǫ�íğá/2ȊāÖ Dǃ¨ÜƁÊ

G��DȋŌƔ+ĩ�ÓȂ2ȊāÖZ~yXq|ÓȂ,�

*Ĭ�D�,�+�Dȋ#1%=ȊÍ�ƁÊ�Ƃ.Dǫ�

íČ/ºCĐ*BED�,2.�ȋ 

� Ĩȁ 2+2ȊË¡�1ŉē£Gǅƚ Dȋ.�ȊǅƚĎ

/ǳ�*2ȊľïƋƕ[1],Í�>1Gž�DȋǊƠ2Ȋ3.2

ƛ+ơ� Dȋ 

� ŉē£�Ȇ�¡�1ǫ�íğáG�ï D%=/ȊĨȁ

3 +2ȊKx~aǪĪ,�*Ȋe ¡�²1ğáG�ī Dȋ

�E/ACȊ¥ƒ.¡�Gŝ��/Ţ �,�+�Dȋ 

� Ĩȁ 4+2Ȋǂ��1 N¡1¡�ƭ�Bw|]r/ 2¡

�GǪ4�ÃGƼ�ȋ�Ãļũ,�*2Ȋpartially matched 

crossoverȈPMCȉ[6]Gž�DȋÙ 12ȊPMC1®��+�

Dȋ:!Ȋǂ���B¡�G 2(ǪĪ Dȋŝ/ȊÙ 11

Ƨ,Ǔ+ƽ�E%ķî1A�/ȊǪĪ�E%¡�1�Ãų

Gw|]r/Ǫ5ȋǪ3E%¿ǲ1ǫ�íG�ĳ Dȋ#

1ǸȊƟƹ+ƽ�E%ķî/ùě Dǫ�íGƈÁ/Ė'

*äŅ D�,/A'*Ȋí��1¡�� 2(ėBEDȋ

(:CȊPMC2Ȋǫ�í1�D�ô1�4ȁG�ī�.�

B�Ã D�,�+�Dļũ+�Dȋ#1%=Ȋǩ³.ā

ÖǘğáGé��,.��Ã�"D�,�ŉē�EDȋ.

�Ȋ�Ã/A'*Žĥ D¡�ķ2ȊN-e¡, Dȋ 

� Ĩȁ 5+2ȊƖŵäƂGƼ��,/A'*ȊüħǄ/Ƕ

D�,GÖǬ Dȋ%&�ȊƖŵäƂźGç���%âÌȊ

¥Ƹ.ğáGé�ÈƳĝ�Ȇ�%=Ȋ+�D&�ú�.£

, Dȋ 

� Ĩȁ 6+2ȊĨȁ 4�A4 51�Ã,ƖŵäƂ+ėBE

%Ļ%.¡�1ŉē£Gǅƚ Dȋ 

� Ĩȁ 7+2ȊĨȁ 6+ėBE% N-e¡�,Ĩȁ 3+Ţ�

% e¡�Gí��,�ȊĨȁ 2/ĦDȋ 

� ��1ĨȁG MÖƫCǟ �,/A'*ȊĻ����6

ǂ 1: 1   0   5   6   3   8   2   9   4   7  

ǂ 2:  7   2   4   1   6   5   8   0   3   9  

� 

 1   0   4   1   6   8   2   9   4   7  

  7   2   5   6   3   5   8   0   3   9  

� 

1�3,	4�5	

�	

í 1: 3   0   4   1   6   8   2   9   5   7  

í 2:  7   2   5   6   3   4   8   0   1   9  

Ù 1� Partially	Matched	Crossover	
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,ǥ¾�"Dȋ 

3.2 =80  

� ľïƋƕ[1]1ƅƄ2ŉē£GŇç¾ DA�.Ŕ(�

TsGŧ=D�,+�Dȋŉē£Gŧ=DĎ2ľïƋƕ[1]/

��*��1A�/��BE*�Dȋ 

!"# !! = !"# ! ∙ !"## !
!∈!!

 

� Ls2XQWt~yŊ Ts1ƺf~b1ǺÌ+�Dȋ 

!"# ! =
1                                                                          if  ! = root
!"# !"# ! ∙ !" ! !! ,!"# !"# !     otherwise  

� root2XQWt~yŊ Ts1Ŕf~bȊpro(i)2XQWt~

yŊ Ts/��Df~b i 61¶ǨƍźGǟ ǳķȋ:%Ȋ

!"# ! 2 i1ǂf~bGǟ ǳķȊ!" !′! ,!"# !"# ! 2

ƅƄÜ�ł¸!"# !"# ! /��*èť!′!+�DƍźGǟ
 ǳķ+�Dȋ 

� !"# ! 2f~b i 1±ƃłǲGǟ ǳķ+�CȊ��1

A�/��BEDȋ 

!"# !

= !"!                                                                                          if  ! = root
!"# !"# ! + !"#′! + !"#$ !′! ,!′!"# ! ∕ !"##$    otherwise 

� !"!2±ƃłǲGȊ!"#$ !′! ,!′!"# ! 2!′!,!′!"! ! 1ǲ1
ǖǻGȊspeed2u~U1Ɠ½ǢċGƽ ȋ!"#′!2ƅƄÜ!′!
1ŲÛłǲ/ù D·Ɲ+�Dȋ 

� !"## ! 2XQWt~yŊ Ts/��*Ŕf~b root�Bƺ

f~b j /¶Ǩ DXQWt~y Sj1ŰǕċG��Dǳķ

+�CȊ��1A�/��BEDȋ 

!"## ! = ! ∙ !"#$ !! + ! ∙ !"#$ !! + ! ∙ !"#$ !!  

� �Ȋ	Ȋ�2ƅƄÜ1ǯǀċȊǃ¨ƣǘ1ǰ�ȊĆƇł

ǲ1-EGǯǁ D�GǏĸ Dǯ;�ķ+�Dȋ 

� !"#$ !! 2ȊXQWt~y Sj/��*·Ɲŏ�GŰ% 

ƅƄÜ/��Dǯǀċ1Ìǅ£Gǟ ǳķ+�CȊ��1

A�/��BEDȋ 

!"#$ !! = !"#$ !
!∈!"# !!

 

!"#$ ! =   !"# !!! ,!′! , !"#$ !        if  !"#$ ! ≤ !"#!
0                                            otherwise  

� nod(Sj)2XQWt~y Sj¯1f~b�BŔf~b rootG

ǵ�%f~bǺÌǟ ǳķ+�Dȋ!′! ∈ !2f~b i /�

�DƅƄÜȊ!′! ∈ !2f~b i /��Dè¢+�Dȋ

!"# !′! ,!′! , !"#$ ! 2ƅƄÜ!!!/��*èť!′!1âÌ/Ȋ
ł¸!"#$ ! /¶Ƈ�%Ǹ1ǯǀċGƽ ȋ!"#!2ƅƄÜ!′!
1¶Ƈł¸/ù D·Ɲ+�Dȋ 

� !"#$ ! 2!"#$ !′! ,!′!"# ! ∕ !"##$  XQWt~y Ts /�

�*f~b i 1ƅƄÜ/¶Ƈ DłǲGǟ ǳķ+�CȊ

��1A�/��BEDȋ 

 

 

ƽ 1 ǃ¨Xp^axXa 

 

ƅƄÜƁ

Ê 

ǃ¨Xp

^a 

àŌǯ

ǀċ 

ŲÛłǲ

Ȉhȉ 

þĝ 

1 őçøç

�Ť 

91 2 #1� 

2 ĈÞ�Ǘ 78 1.5 ýåÝ 

3 ŁĿçƐ 74 1.5 ýåÝ 

4 ȃȇø 50 1 #1� 

5 ƶƑø 79 1.5 ö¯Ý 

6 ũǷø 100 2 ö¯Ý 

 

 

ƽ 2 ƅƄÜþĝ/ADǯǀċ�ķ 

 

èť ýåÝ ö¯Ý #1� 

ń 1 0.4 0.8 

ǽ 0.2 1 0.8 

 

 

ƽ 3 ËÜų1ğá 

 

ÜųÎ Ʃċ ƣċ 

êƸo_y 34.679855 135.834031 

őçøç�Ť 34.6888126 135.8399158 

ĈÞ�Ǘ 34.6910562 135.7953815 

ŁĿçƐ 34.6812433 135.8482926 

ȃȇø 34.4787657 135.8202946 

ƶƑø 34.6829464 135.8310724 

ũǷø 34.6015645 135.7388892 

 

 

!"#$ !

= !"!                                                                             !"  ! = !""#
!"# !"# ! + !"#$ !′! ,!′!"# ! ∕ !"##$      !"ℎ!"#$%!  

!"#$ !! 2ȊXQWt~y Sj 1ƣǘǰ�/ADncy_J

£Ȉǒ1£ȉGǟ ǳķ+�CȊ��1A�/��BEDȋ

!"#$ !! = !"#$ !, !"# !!∈!"# !!  

� !"#$ !! 2ȊXQWt~y Sj/��*ĆƇłǲGǔǦ�

%ł1ncy_J£Ȉǒ1£ȉGǟ ǳķ+�CȊ��1

A�/��BEDȋ 

!"#$ !! = 0                                    if  ! = !""#
!"#$ ! − !"!            otherwise  

ptg2ĆƇł¸Gƽ ȋ 
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4. SM  

4.1 SM<A  
� èť1`~\,�*�Dłǲ/��DȊńȊǽ#E$E

1èť1ƍźGȊǃ¨Xp^a1`~\,�*ǃ¨Xp^

a1Ʃċ,ƣċȊËÜų/��Dèť�,1ǯǀċȊŲÛ

łǲGǇô�.�E3.B.�ȋËÜų/��Dèť�,

1ǯǀċ1ŧ=ļ2Ȋƽ 11àŌǯǀċ/ȊÍ��ƽ 11

þĝG¦/ƽ 21ǯǀċ�ķG��D�,+ŧ=BEDȋ

ƽ 1,ƽ 21`~\2ľïƋƕ[1]G�ž�*�Dȋõȅ+

2±ƃÜųGêƸo_y,�Ȋ±ƃł¸G 9łȊŇĔ1ƅ

ƄÜ61¶Ƈł¸1ƅòG 14ł, Dȋ:%ȊŌõȅ+2

9ł�18ł/��D 3łǲ�,1ǴŦƍźGȊËłǲą 20% 

,�*�Dȋ±ƃÜųGÏ=%ËÜų1`~\/ǳ�*2

ƽ 3/Ə ȋ 

� õȅ+2ȊƅƄÜ 6Üų�B 4ÜųGāÖ Dȋ%&�Ȋ

Ë¡�1ǫ�íǰ2ȊƅƄÜ,Í� 6, Dȋ(:CȊā

Ö�.�Üų>¡�ğá/¼�D�,/A'*Ȋ����

1Ǹ/ȊāÖǘ,.DÈƳĝGŢ ȋƅƄÜ1ķ� 6+�

D%=Ȋ3.1ƛACȊN=20Ȋe=2ȊM=10,�*ȊŽĥ�%

āÖǘG�Ã�"*��ȋ:%ȊË¡��ī(ǫ�íǰ�

6 ,Ɗ�ȋ#1%=ȊƖŵäƂ�Ä9 ĒȀ�Ǿć/ç�

�>1,.DÈƳĝ�Ȇ�ȋ@�/Ȋ3.1 ƛ+Ǎŀ�%Ĩ

ȁ 51ƖŵäƂ2ǩž�.�>1, Dȋ 

4.2 SMc>  
� Ù 22Ȋª¡�1ŉē£GPwk¾�%>1+�DȋŚ

ǜ2��Ȋƪǜ2ŉē£Gƽ ȋƓ½ǖǻ�ǰ�âÌȊŉ

ē£�ǒ/.DâÌ��DȋÍ�ŉē£Gī(¡�2 1(

1lz^a,�*ƽ�*�Dȋ#1%=ȊË��1lz^

aķ2ȊNAC>û.�ȋ  

� Ù 2+2Ȋŉē£1Ňç£,Ňú£1Ă�ç��ȊŇƸ

¡�1ŉē£1İƓGƍǌ D�,�×Ǽ+�Dȋ#�+Ȋ

Ù 2,�*ȊË��1Ň>ç�.ŉē£Gī(¡�1;G

lz^a�%PwkGı�ȋÙ 22ȊÙ 1ÍřȊŚǜ2�

�Ȋƪǜ2ŉē£Gƽ ȋ 

� ƽ 42ȊŇ>ç�.ŉē£Gī(¡�1ķGƽ ȋ  

4.3 eT  
� Ù 2ACȊŉē£� 50��1¡�1ķ�Ȋƙ 1��1ļ

�ƙ 10��AC>æ��,�F�DȋŸ/Ȋƙ 10��+

2Ȋŉē£� 50��1��� 1¡�1;,.'*�Dȋ�
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