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l A �Ï"Ñ¤�� 75, l S � E l B k�
��Ï"Ñ¤�, XJUDÚ�á´»�{¦),

Äké���`f´»´l B ã, ,
ù^lãé
ul S � D �´»¥%Ø´�`�. Ï�²l A

�� D �Ï"Ñ¤� 135, 
²l B �� D �Ï
"Ñ¤� 140. ²;��á´»�{´Äu Bell-

man ^� [4], =3�^�`´»¥, lå©:�¥
m!:�´»�´��d!:��`´», =z^
�á´»�f´»�´�á´», ù´²;�á´
»�{�nØÄ:. �Ä��Å�ä�DÚ�·�
�ä�', u)
��Cz, lþ¡�~f�±w
Ñ Bellman �`^�®Ø·^ulÚ!:Ñ¤ä
kÄ�5Ú�Å5��ä.

Erdös Ú Rényi[7] u 1960 c1�gJÑ
�Å
�ä�Vg. Frank[8] é�Å�ä�á´»¯K?
1
mM5ó�, ïÄ
3�Å�ä¥XÛ(½�
á´»�Ý�VÇ©Ù¯K, d�Å�äb½´ã
1§�m´�ÅCþ�Ø´Ä��. Hall[9] Äkï
Ä
31§�m´�Å�m�6��Ï$Ñ�ä
¥¦)�á´»�¯K, =3�ä¥�l�­´�
ÅCþ!©Ù¼ê��mCz��¹, y²
²
;�á´»�{ØU3�Å�m�6�ä¥é�
1§�á�mÏ"´». Hall JÑ
��ÄuÄ
�5y��á´»�{, ¿Þ~`²d�{·Ü
�5��Ï�ä. Fu Ú Rilett[10] ò�
 Hall �ó
�, �ÄlÑ¤´�mëY�ÅL§��¹, JÑ

1§�mÏ"�Ú���Cq�O�., d�.
r1§�mÏ"�Ú�����m�¼ê5?n.

Miller-Hooks Ú Mahmassani[11,12] 0�Ú'�
3
lÑ�Å�m�6�á´»¯K¥O���Ï"
¤�´»��{, ¿JÑ
��#��{.

Sigal � [13] Ú Kamburowski[14] ¦^�á´»
�VÇ��`z�I, JÑ
©Ûúª5µ�ù�
���I, Ù¥�9õ­È©�O��IqÞ¤k
´». Wellman[15] &¢
Äu���Å`³��`
5½Â, ¿½Â
�Å`³, JÑ
�«Äu�Å
`³5K�Ä�5y�{5¦)�`´», =|^
�Å`³íØØäk`³�´», *Ðäk�Å`
³�´», �â�^¼êû½��ÑÑ��á´».

©z [16,17] ïÄ
3����ã¥�k��(:
�f8�±^5O��á´»��¹eXÛ¦)

!: s Ú8�!: d �m��á´».

®²kNõ¦^�U�{5)û´»5y¯
K�}Á, XÂU�� [18] r ²�ä$^u¦ü

�á´», Alberto � [19] $^¬+�{5¦)
ð��´»¯K. �©Ì�?Ø¢D�{3�á
´»¯K¥�A^ [20−25]. Thangiah � [20] �O

�«��mI��á´»¢D�{; Inagaki � [21]

¦^
�«½�/ÚN�¢D�{¦)�á´»,

Chang Ú Ramakrishna[22] éd?1
U?,¦^

���C�Ý/ÚN¢D�{, &?
¢D�{
^u�á´»¤I��«+êþ��, ¿®��

�~Ð��J; Nanayakkara � [23] JÑ
�«
�5��´»5y¢D�{. �þã��{Ñ´
�é·��ä��á´»�{, vk�Ä�ä�Ä
�5, Ø·u3Ä��ä¥¦)�á´». Davies

Ú Lingras[24] JÑ
Ä�´»¢D�{, Ù¥lÑ
¤�©Ù´�m�¼ê. Yang � [25] ïÄ
¢D�
{3£ÄÏ&�ä¥�Ä��á´»¯K¥�A
^. 3ù
Ä��á´»�{¥�,�Ä
�ä�
Ä�5, �v�Ä�älÚ!:��'5. yk�
á´»¢D�{�ö��fé�ä�äNA:Ñ
�ÄØv, 3$�¥k�U�)�{�N.

¦)�á´»´��²;��ä`z¯K, k
X2��A^, äk�©­��y¢¿Â. DÚ�
�á´»�{þ´Äu Bellman �`^�, ØU)
û��5´»Ñ¤��á´»¯K, =�älÚ!
:Ñ¤äkd3��Å�'5!Ä�5¯K. lþ
¡�©Û¥�wÑ, �,3(½5�á´»¯K�
ïÄþkNõ¤J, �3�(½5�á´»¯Kþ
�I?�ÚïÄ.

�©�3?�ÚïÄÄ��Å�ä�á´»
¯K, &¢XÛ3lÚ!:Ñ¤äkÄ��Å59
�p'é��ä¥é��á´»�¯K, ¿JÑ�
�Äu¢D�{�Ä��Å�á´»�{. Ø©�
Ù{Ü©SüXe: 31 2 Ü©¥, �Ñ
�ä�
L«ÎÒ±9�ä�`zêÆ�., ©Û
�äl
Ú!:��'5, �Ñ
VÇ�á´»�½Â; 3
1 3 Ü©¥, &¢
)ûÄ��Å�á´»¯K�
¢D�{,�O
�é�äÿÀ'XA:�¢D�
f; 31 4 Ü©¥, ±H®½¢½�Ï�ä��¢
�é�, �y
©¥JÑ��á´»�{; 1 5 Ü
©é©¥�ïÄSN�
?�Ú�o(?Ø, é�
5�A^?1
&?.
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2 Ä��Å�á´»�.

��ä d G = {V,E,W} L« (X ã 2 ¤
«), dãdnÜ©|¤, Ù¥ V ���!:8
Ü, ^ i L«!:, V = {1, 2, · · · , n}; Ev×v �l
8Ü (|E| = m); W ´Ñ¤ (�) ¼ê8Ü, éã¥
�z�!:ÑDk��Ñ¤� Wi, éã¥�z^
l eij = (i, j) ∈ E Dk��Ñ¤� Wij , Ñ¤��
�K. b�ã G Ø#NkÌ�Úõ­l�3.� � �� � � � � � � � � 	


�� � 

ã 2 �äã«~

½ Â 1 ´ »�k � ! : ! l � � O S
�, l 
 ! : s � 8 � ! : d � ´ » L«
� r (s = i, eij , j, ejk, k, · · · , n = d), ´»Ø#Nk
��3.

^ r1 (s, d), r2 (s, d), · · · , rk (s, d) L«l
!
: s �8�!: d � k ^´», 8Ü R (s, d) L«
l
!: s �8�!: d �¤k´»�8Ü. ´
» r (s, d) �oÑ¤´´»¤²L��lÚ�!:
�Ñ¤�oÚ, ± lr L«, lr =

∑
(i,j)∈r

wij +
∑

wi +∑
wj , � W ´�ÅCþ�, lr �´��ÅCþ; ±

8Ü L (Rs,d) L« R (s, d) ¥¤k´»�Ñ¤�8
Ü, �á´»¯KÒ´3 L (Rs,d) ¥é��^Ñ¤
���´». ù´�|Ü`z¯K, �^±eêÆ
�.5£ã:

lmin = min
(∑

wijxij +
∑

wixij +
∑

wjxij

)
,

(1)∑
i,j∈B

xij 6 |B| ,

2 6 |B| 6 n − 2,

B ⊂ {1, 2, · · · , n},

(2)

xi,j =

0 (i, j) /∈ r

1 (i, j) ∈ r
(i, j = 1, 2, · · · , n, i 6= j),

(3)

3�.¥, (1) ª�8I¼ê, (2) Ú (3) ª��å
¼ê; xi,j L«8I´»´Ä²Ll (i, j); 8I¼
ê (1)ª�¦8I´»�Ñ¤����; (2)ª�±
;�8I´»Ñy£´, Ù¥8Ü B´�^´»¥
¤k!:¤|¤�8Ü�f8, |B| L«8Ü B ¥
����ê; (3)ª¥�ûüCþ xi,j = 1 L«8I
´»²Llã (i, j), xi,j = 0 L«8I´»Ø²L
lã (i, j). 8I� lmin �âµd�I�ØÓ�±
´´»Ñ¤�ýé���!½ö´´»Ñ¤�Ï
"���!½ö´´»Ñ¤±���VÇ�uÙ
¦´».

DÚ��á´»¯K, b½lÚ:�Ñ¤´(
½�. ,
lÚ!:�G�  ´¯k¿Ø���
ùo�½. 3�ä G ¥, l��
!: s, BL�ä,

��8�!: d, ¤²L�lÚ!:�G�  �
�mu)Cz, ¿Ø´�¤ØC�. lÚ!:Ñk
�U±�½VÇu)×l, Ñkü«�U�G�,

×l½�Ï.¢Sþ, �ä¥�lÚ�!:´�'
é�, �^l (½!:) ×l�U¿�X�¬ÚåÙ
¦l (!:) �×l. 3d«�¹e,¦^VÇ�.
¬�T�.

½Â 2 ��ä G = {V,E,We(t),Wi (t)}, Ù
¥ V ����!:8Ü, E �l8Ü, We(t)�l
Ñ¤¼ê8Ü, lÑ¤���ÅL§, Wi (t)�!:
�Ñ¤¼ê8Ü, !:Ñ¤���m�6�lÑ�
ÅCþ, K¡ G�Ä��Å�ä.

3Ä��Å�ä¥, lÑ¤�ï����ë
Y��ÅL§, P� {We (t) , t ∈ T}, We(t) L«3
�m t ?\lã e 3 e þ�Ñ¤, T ´��ëY
��mëê8. t b½3 t ∈ [t0, tm] ��S��,

[t0, tm]´a,���m4«m, t0 ´�ä¥(:�
@�Ñu�m, tm´«m�à:, b�We (t) = ∞,

t > tm. éuz�g¢~ t, We(t) ´��ëY�
�ÅCþ, ÙVÇ�Ý¼êL«� fwe (we, t). �
l�6þ���½§Ý�, !:¬k��×l�V
Ç Pi, dVÇ´�m�6�, �!:×l�, Wi (t)

����, �!:�Ï�, Wi (t) ��� 0.

�l�6þ�6����, ²L!:�6þ�
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��, !:u)×l�VÇ���; �Ù¥�!:
×l�, �l�6þòu)­#©�, �d!:�
ë�lòØÏ, �d!:���l�Ñ¤�òu
)Cz, ddw��ä¥lÚ!:´�p'é�.

d�ä¥�lÚ!:|¤���Å�þ (Cþ):

V = {We1 (t) , · · · ,Wem (t) ,W1 (t) , · · · ,Wn (t)},

d � þ � é Ü V Ç � Ý ¼ ê � L «
� f {we1 (t) , · · · , wem (t) , w1 (t) , · · · , wn (t)}.

3lÚ!:�G�äkÄ�5Ú�Å5�Ä
��Å�ä¥O��á´»9Ù©Ù, �©¡��
Ä��Å�á´»¯K. Ä��Å�á´»¯K�
²;��á´»¯K�Ì�«O3u: Ä��Å�
ä¥´»�Ñ¤�¿Ø(½, ���§��ÚO�
9VÇ©Ù, lr ´��ÅCþ, Ä��Å�á´»
¯KÒ´�3l s � d �¤k´»¥¦)���
Ý lmin = min {L (Rs,d)} 9Ù©Ù.

�k3,���l
!: s �8�!: d

�´» r (s = i, eij , j, ejk, k, · · · , n = d), |¤d´
» � l ã Ú ! : � é Ü V Ç � Ý ¼ê� fr =∫
· · ·

∫
f (we1 , · · ·wem , w1, · · · , wn) dweq · · · dwv,

eq � Ø 3 d ^ ´ » ¥ � l, v � d ´ »
Ø ² L � ! :. b�l s � d k u ^ ´
», ´ » ri � Ñ ¤ � u Ù ¦ ´ » � V Ç
� pi (li 6 l1, · · · , li 6 lk, · · · , li 6 lu), k 6= i, u
´·�k±e½Â.

½ Â 3 ÷ v ^ � pr = max
i=1,2,··· ,u

pi(li 6
l1, · · · , li 6 lk, · · · , li 6 lu), k 6= i �´» r ¡�
Ä��Å�á´».

d´»�VÇ�á´», éÙ¦´»äkVÇ
`³, d´»Ï"Ñ¤��, ×lÇ�$. Ù¥

pi =
∫

G(li6l1,··· ,li6lu)

· · ·
∫

f (l1, · · · , lu) dL,

f (l1, · · · , lu)�´» r1, · · · , ru �éÜVÇ�Ý¼
ê.

du�5��ä�E,5, O� pr LuE,,

O�þã�, äkö�þ�Ø�15. �âVÇØ
�£·�k±e5� [26].

5 � 1 é u ü � Å C þ X , Y , X �
Ï"� E (X) � u Y � Ï"� E (Y ) � d
u P (X 6 Y ) > 0.5, = E (X) 6 E (Y ) ⇔
P (X 6 Y ) > 0.5.

y ² b � � E (X) 6 E (Y ) �,

k P (X 6 Y ) 6 0.5, ,
ù´Ø�U�, Xb�
küÕá��ÅCþ X Ú Y , §��VÇ�Ý©
O�

fX (x) =

1/2, 6 < x < 8

0, Ù¦
,

fY (y) =

1/8, 4 < y < 12

0, Ù¦
,

K (X,Y ) �éÜVÇ�Ý�

f (x, y) =fX (x) fY (y)

=

1/16, 6 < x < 8, 4 < y < 12

0, Ù¦
,

E(X) = 7 < E(Y ) = 8, 
 P (X 6 Y ) =∫∫
Ω

f (x, y) dxdy = 0.625 > 0.5 (Ù¥ Ω ´ 6 <

x < 8, 4 < y < 12, x 6 y ¤�¤ � « �),

� P (X 6 Y ) 6 0.5 g ñ. Ï d k E (X) 6
E (Y ) ⇒ P (X 6 Y ) > 0.5, Ónk P (X 6 Y ) >
0.5 ⇒ E (X) 6 E (Y ), ¤± E (X) 6 E (Y ) ⇔
P (X 6 Y ) > 0.5.

d5�L«�´» X �Ñ¤Ï"� E (X) �
u´» Y �Ñ¤Ï"� E (Y ) �, ´» X é´
» Y äkVÇ`³, Ïd·��±ÏL'��´»
�Ï"�5¦�äk��VÇ`³�´». 3�5
��ä¥, �é�VÇ`³´»´(J�, I�ã
��O�þ. lÚóÜ©��, ²;��á´»�
{ØU3Ä��Å�ä¥é��á´», Ä��Å
�á´»¯K´�� NP-hard¯K (éu¯K��
�), ØU3õ�ª�mS�yù�)´Ä��(
�¯K¡� NP-hard¯K), 3,«¿Âþvkõ�
ª�m�{, I�JÑ#�k��{5¦)�`´
». ¢D�{·Ü��m�|¢, U3�Ç�°Ý
�m��ûÐ�ò¥, ®kïÄ<
A^¢D�{
u�á´»¯K¥, ��
éÐ��J, w«Ñ¢
D�{3da¯K¥�`�5. e¡·�JÑ�«
�á´»¢D�{±¦)Ä��Å�á´»¯K.

3 �á´»¢D�{

¢D�{äk)ûE,¯K�Uå, ®¤õ/
A^3�«¢SA^¥ [22]. ¢D�{ (genetic algo-

rithm) ´{I Michigan �Æ� Holand[27] u 1975
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cÄkJÑ. ¢D�{òO�Å�Æ�¢DÆ�n
�(Ü, �â`�����K, ¦¤�)û�¯K
lm©)Åì%C�`)½O�`). ���«�
#��Å`z�|¢�{, ¢D�{äkûÐ�¿
15!�Û`z5!­è5!ér�Ï^5!û
Ð��ö�5Ú{ü5�wÍA:, ééõ`z¯
KU
�N´/�Ñ-<÷¿�), ®3�ÆïÄ
Úó§�`z+�¥ÐyÑÕA�å, 3L�A�
c¥¢D�{��
ûÐ�uÐ. ¢D�{�$�
L§Xã 3 ¤«.

ã 3 ¢D�{Ä�6§ã

·�)ûÄ��Å�á´»¯KATïá�
«p�|¢Eâ±~�|¢��á´»��mÑ
¤, Jp�Ç, 
Ø´�Ì�Þ¤k�U´»�g
´. �©JÑ��á´»�{�´Äu¢D�{`
��5U, �éd3��á´», 
Ø´qÞ¤k
´».

3.1 ///ÚÚÚNNN???èèè555KKK

/ÚN?èk�?�?èÚ¢ê?èü«/
ª. 3�ä¥!:�ü�^S�Ð|¤�^´»,

æ�kS�¢ê?è�ª��Ün, /ÚNdL«
´»!:���êS�|¤, /ÚN�ÄÏ�´�
!:, z�ÄÏ ��L��!:3´»¥�^S.

/ÚN1��ÄÏ´
!:, ����ÄÏ 
�´8�!:. /ÚN��Ý3 2 Ú N �m, N

´�ä¥�!:oê. duØ#NÑy�, Ïd�

^´»�!:êØ¬õu N . /ÚN��Ý´�
C�, �§ØAT�L���Ý, ùp´�ä¥�
!:oê. du�^´»¤�²L�!:ÑØ�
�, ¤±æ^Ø���C/ÚN�¢ê?è/ª,

ù«?è/ªé·Ü�Óå:Úª:�m�ØÓ
ëÏ´»äkØÓ!:ê��¹. Xæ^½�/Ú
N?è, ò�)ã��|¢�m, �{��Çò´
Ã{�y�. ã 4 ¥l!: 1 �!: 5 �k�´
» 1→2→7→10→4→5 (�©±k��ä�~, �{
�±éN´£��Ã��ä¥), ã 5�Ù/ÚN?
è. � � � �� � � ��� � � �� 	

ã 4 �ä«¿ã (k��ä)� � � � �� �� � � � �� �
ã 5 /ÚN?è«~

3.2 «««+++���ÐÐÐ©©©zzz

¢D�{äkér�°�5, ù´ïá3Ð©
«+õ�5�Ä:�þ�. 3¢D�{¥Ð©«+
�Ð�ò��K��{�Âñ�ÝÚÂñ(J.

du���!:�ë�lãÏ~kõ^ (!:
ÑÝ�u 2), éu!:¤Zþ���5��ä, é
��^l
!:�8�!:��U´»´�~(
J�. XJl
!:m©, �ÅÀ�����!:
��e��!:, ±Ydö�, ��8�!:, ù«
�{I�s¤é���m5é��^´», �Ç�
$, Ä�þØ�1. �d,·��O
e¡�éuª
�{5?1«+�Ð©z, d�{äk�p��Ç,

��±;�£´Úk:, ÙÚ½{�£ãXe:

Ú½ 1 �âk��£, �z�lãD��k
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���;

Ú½ 2 ±å:��/ÚN�1��ÄÏ, 3
�±d!:��!:�lã¥, üØÞ!:�ÑÝ
� 1 �lã, ,�À������lã�Þ!:�
��d´»�e��!: (1��ÄÏ), ¿IPT
!:;

Ú½ 3 ±1��!:�å:UÚ½ 2 �ö
�¦1n�(: (vIP�!:) ��1n�ÄÏ,

Ud�{���8�!:, =¦���Ð©/ÚN;

Ú½ 4 XJ«+êþ®��¤I��êþ,

Kª�; ÄK­EÚ½ 2 ÚÚ½ 3 ¦e��/ÚN.

3.3 ÀÀÀJJJ���fff

ÀJö��±4p¬�/ÚNE��e��
k�õ�Å¬, ±Jp��«+�þ [28]. ÀJö�
¦��{8¥3kF"�)�m¥?1|¢. Ï~
�ÀJÅ�kÓ�ÙÀJ!(µ + λ) ÀJ!¿�À
J�.

·A�¼ê�^5µdd3��`). d?·
A�$�)´Ð�). ½Â·A�¼ê�l
!
: s �8�!: d ¤²L�lãÚ!:�Ñ¤Ï
"��Ú, 1 k �/ÚN�·A�¼ê�L«�

f(k) =
∑

E (Wi (t)) +
∑

E (We (t)). (4)

3dæ^ Holland JÑ�Ó�ÙÀJ�ª?1
�N�ÀJ, ÙÄ��n´�âz�/ÚN·A�
�'~5(½T�N�ÀJVÇ.

3.4 ���������fff

��ö�´¢D�{¥,���~­��Ü
©, §Ì�K��{�|¢�Ç. ´»��ö�´
��ü�/ÚN¥�f´». «+Ð©zö�¦�
/ÚNÑPk�Ó�
!:Ú8�!:. �ÀJ�
?1��ö��/ÚN¬kü«�¹, �´ü�I
/ÚNk�Ó�!: (Ø
!:Ú8�!:	); �
´ü�I/ÚNvk�Ó�!:.

é1�«�¹æ�3�Ó!:?1��ö�,

Xkõ��Ó!:, K3ùA�!:¥�ÅÀJ�
�!:���� �. ±ã 4 ¤«�ä�~, da
��ö�Xã 6(a) ¤«.

duy¢�ä  ´Ø���ä, é1�«
� ¹, duk � U 3 � � ö � ¥ �)� { � �

N, � � é � { � N ? 1 ? �. ± ã 4 «¿ �
�ä�~, b�±!: 1 �
!:Ú!: 5 �
8�!:, ÀJ�ü^k�´» 1→8→10→9→5

Ú 1→2→3→7→4→6→5 ��V � / Ú N. X
ã 6(b) ¤«, �ÅÀJ�ÄÏ �{10, 3}?1�
�ö�, ��ö���)�f� 2´ØÜ{�´»,

!: 3 Ú!: 9 �mvklã�ë�, I?1?�.

�dUì 5.2 ¥0��éuª�ªé��^l!
: 3 �!: 9 �k�´»,¦f� 2 /ÚN�Ü{
´». � � ��� � � � �� � �� �� � �� � �� � ��� �� ��� �� � 	 
� � �� �� � � � ��� � � �� � � � �� ��� �� � �� � � ��� 
 


ã 6 ��ö�«¿ã

3.5 CCCÉÉÉ���fff

´»CÉö�$�´l�/ÚN�),�/
ÚN. �Ä�Ø���äÿÀ'X��å, CÉ�
f�$�¬�)�{�N, ��éCÉ�f?1U
?. 3dæ�±e�CÉ�ª, ©üÚ?1:

1) ±�½VÇ�ÅÀJCÉ�ÄÏ �;

2) dÄÏë�c�üÄÏ|¤�^f´», ^
,�^f´»O�df´».

�
 ` ² ± þ Ú ½, E ± ã 4 «¿ �
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�ä�~, b�þã� � ö � ¤ �)� f
� 1→8→10→7→4→6→5 ¥�!: 4 �ÀJ��
CÉ�ÄÏ, �K!: 4, ,�23!: 7 Ú!: 6

�mé��^÷v�å^��Ü{´», Xã 7 ¤
«. � � � � � � � �� � � � � � � �

ã 7 CÉö�«¿ã

3.6 ���{{{ÚÚÚ½½½

±e´�á´»¢D�{�/ªz£ã:

1) (½!:{|¼ê Wi (t) Ú�äl{|¼
êWe (t);

2) «+�Ð©z;

3) O�«+�/ÚN�·A� eval(k);

4) ?1ÀJö�;

5) ?1��ö�;

6) ?1CÉö�;

7) ÷v�{ª�^�, �{ª�, ÄK= 3).

4 ¢ �

�Ä��dk�:8Úl8|¤�k�ãL
«��Ï�ä, d�Ï�ä¥�z^lÚz��Ñ
ÝØ�"�!:Ñk����'é�2Â¤�, ù
�U´1§�m½¤��ål�nÜ½´du×
lÚå�òØ�. Ø���5, �©ò¦^´ã�
1§�mÚ!:�òØ5L�ù�2Â¤�. b
�d�Ï�äþ´ã�1§�m´��ÅL§, ´
ã1§�m�VÇ©Ù�6uÛ���d´ãå
:��m; ÑÝØ�"�!:�òØ�Ñl�½�
VÇ©Ù, dVÇ©Ù�6uÛ���T!:. !
:�òØÑllÑ©Ù, ´ã1§�mÑl��©
Ù [29]. X3�m 7:30—8:30 �m, �®À´��
²�´���´��×lÇ� 0.1, Úå�mòØ
� 10 min, ÙÏ"òØ� 1 min; ´ãÊuU, —

xêú	�1§�mÑl��©Ù N(5, 32).

¢� 3 H ®½� � Ï�ä þ ? 1, d�ä
d 2668 ^´ãÚ 1677 �!:|¤ (Xã 8 ¤«).

þÌp¸Ï (þÌ 6:30— þÌ 8:30) �À½�ïÄ
�m«�. du"y¢���ÏG¹ÚOêâ, �
UMï��{z�Ä��Å�ä, ©�ãL«�´
ã�1§�m±9!:�òØ, ±z 12 min��m
m�L«Ä��Å1§�m�ª, ïÄ�m«��
©� 10 ��ã.

� � � � � �
� � �� � �� � � � � �� 	 	 � � � � � 
� � � � � 	� � � � 	 �� � �� � �� � �� � �� 
 � � 
 � � � 
� � � � � �� � 
 � � 	 � � �� � � � � � � � � � 
 � � � � � � �� � �� � �� � � � � � � 
 
 � � � � 	� � � � 	 


ã 8 H®½�Ï�äã (a) �á´»«~ (o��H®>b��eÙ~��á´»); (b) �Ï�äÛÜ��ã (ã
¥êi�!:?Ò)
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�{´3 GIS ^�²� ArcGIS10 �|±e,

3 VS. NET mu�¸¥^muóä C# ?§�ý
¢y. ^�²� ArcGIS10 äkûÐ�¥þ/ã?
nUå, �±�B/)¤���Ï�äã (�ã 8).

3d�Ï�ä¥�â´ã�ål9�ÏG¹�Ï
��z^´ã�ØÓ��ØÓ�ãD±ØÓ�Ñ
¤©Ù¼ê, ±¦�Ï"Ñ¤� We(t); �z�!
:3ØÓ�ãD±��×lVÇ p (p > 0), ±9�
�ò´�, ±¦�!:Ï"Ñ¤� Wi (t). |^ VS.

NET mu�¸¥� ArrayList a�;/ÚN?è,

±?1��¢Dö�. À�¢D�{ëê�: «+
êþ pop size = 50, ��VÇ pc = 0.85, CÉV
Ç pm = 0.02, ��?z�ê Maxgen = 200. 3�
Ï�ä¥�ÅÀ�
 9 é
 - 8�!:, zé
 -

8�!:À�ØÓ�Ð©«+O�
 3 g,Á�(
JXL 1 ¤«. Á�O�(JÑUÂñ, `²d�
{kûÐ�Âñ5. lL 1 �Á�(J¥�±w�
�{O���`´»�²þO��m�u 3 s, `
²�{kép��Ç.

L 1 Á�(J

S 
 - 8�!:é Âñ ²þO

Ò 
!: 8�!: �/min ��m/s

1 H��	 läìB 35 2.5

2 H®>b� eÙ~ 51 3.6

3 "OÆ� �ê~ 37 2.1

4 ,�~ Ü|� 42 3.6

5 H®»�Õ kf�2| 30 2.2

6 H®ÜÕ nó�Æ 36 2.8

7 �Uû �z#~ 34 1.9

8 ���Æ ;äØ 25 1.3

9 Ü[� ¿9ìú	 68 4.2

5 ( Ø

�©ïÄ
Ä��Å�á´»¯K, ©Û
�
ä�Ä�5Ú�Å5, r�älÚ!:Ñ¤ï��
�ÅL§, ©Û
�älÚ!:��'5, 3dÄ
:þJÑ
VÇ�á´»�½Â. &?
¢D�{

A^u�á´»¯K�Ä��{ÚüÑ, JÑ
�
«�á´»¢D�{±)ûÄ��Å�á´»¯
K. �Ñ±eA�(Ø.

1) DÚ(½5�{vk�Ä�ä�Ä�5½
�Å5, y¢�ä�õäkÄ�5Ú�Å5, �ä
lãÚ!:�Ñ¤´Ä��´�Å�, X�Ï�
ä!�ÏG¹��Ñu)UC. ²;�á´»�{
b½´»�Ñ¤´�½�, Bellman JÑ�´»�
`z�n�±^5)û(½5�á´»¯K, ,

d�nØUéÐ/)ûÄ��Å�á´»¯K, ²
;�{ØU3Ä��Å�ä¥é��á´».

2)�ä¥lÚ!:�G�  ´�p'é�,

± �á´»�{õvk�ÄlÚ!:��'
5 [16], �DÚ�ä�.�', �ÄlÚ!:�'5
�VÇ�á´»�äkÊH¿Â. du�5��ä
�E,5, ��¦)VÇ�á´O�þã�, äk
Ø�15, �âÏ"��VÇ�á´»�'X,·
��±ÏL'�Ï"�5é�äkVÇ`³�V
Ç�á´».

3) ¢D�{äk��m|¢Uå, é·Ü^5
¦)�5��ä�|Ü`z¯K, ® �á´»¢
D�{é�ä�äNA��ÄØv [24,25], I�â
�ä�ÿÀ'XA:U?¢D�f. ¢�y²�©
¤JÑ��{äkûÐ�Âñ5Ú$1�J, Uk
�/)ûÄ��Å�á´»¯K, `²¢D�{´
)ûda¯K�k�óä.

4) �©JÑ�Ä��Å�á´»�.Ú�{
�±A^�Ï&�ä!�Ï�ä�+���ä6
`z¥, X�±^3�U�ÏXÚ¥é�ý?1´
»�Ä�p�,¦Ñ1öU¯�B$/��8�/,

±~��ý3�Ï�äþ�Ê3�m, éÜnÚ�
�Ï69�)P@��Ïäk�½�È4¿Â.

d	AT�Ñ, �©�ïÄ´Äub��äl
ã9!:Ñ¤´�ýÿ�, Ùäk�½�VÇ©Ù
/ª, éuØ�ýÿ��¹e¦)�á´»ò�(
J, ù
¯KI�?�Ú�\ïÄ±�Ñ���5
�(Ø.
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Dynamic stochastic shortest path algorithm∗
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Abstract

The static shortest path problem has been solved well. However, in reality, more networks are dynamic and stochastic. The states

and costs of network arcs and nodes are not only uncertain but also correlated with each other, and the costs of the arcs and nodes are

subject to a certain probability distribution. Therefore, it is more general to model the shortest path problem as a dynamic and stochastic

optimization problem. In this paper, the dynamic and stochastic characteristics of network nodes and arcs and the correlation between

the nodes and arcs are analyzed. The dynamic stochastic shortest path is determined. The dynamic stochastic optimization model of

shortest path is provided, and a shortest path genetic algorithm is proposed to solve dynamic and stochastic shortest path problem. The

effective and reasonable genetic operators are designed according to the topological characteristics of the network. The experimental

results show that this algorithm can be used to effectively solve the dynamic stochastic shortest path problem. The proposed model and

algorithm can be applied to the network flow optimization problem in transportation , communication networks, etc.

Keywords: shortest path problem, genetic algorithm, dynamic and stochastic network
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