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    z�{|�}&~k�������������������>�����������S�������k��������������~k� �
z�{�|} ~¡����¢�£�¤��/¥¦���§��/¨�©�ª«�¬�z�{ ~k��&�¡®�¯��Sz�{�°�±�²³´µ
ª���¶¸·�´� ¹Fº��»�F��z�{²³»¼/½�¾���z�{²³�¿�ÀÁ�Â�Ã�³ [2] �¡®�¯��Sz�{²³�ÄÅ ��Æ�ÇÈ�²�³��/É�Ê�Ë Å�Ì¡Í ¢�Ã��>ÎÏ�ÐÑ�¥�¦��ÒÓ���~k������Ô��»Õ�Ö�×�~k��ØÙ�Ú�Û�Ü ª�Ý��/¢�Ã��Þß&�>¶¸à�á�Ô��´Ø Ù z�{|�}&~k���Fâ�ã�ÈÓÔ»��äSå�æSç�èé�ê {�z�{ë²³»�/��ì®Ã�³»¼Fí�î�ï�ð�¼ Ùñ�òó ¿�ôõö÷�øSù�z�{�Ã�³ú��  

    Hopfield û�ü¸ÉÊ�ö÷�øSùÔ���æ TSP ~k� [4] �ýÎ�Ï�þ¸ÿ�æFö÷�øSù�z�{��Ã�ë��������� �Fö�÷ øFù��	��
/è>¦�Ë�����������ü���������F´Ø Ù�� Í���� øSù»� ê ���� ö÷���¯������F²Â�±�å� "!�#%$�'&�(�) Í � ��* Ê,+ [13] � ö÷�øSù��-
)´�.��FË�¦/ ��Ë��10 ö�÷��-2��43�¥�Ç�5�� ��� Ï��»�FÊ&�¡������ é�ê768 / �����»�F¥�¦�´ØÙ�9�: È�;�<���¯»��=�>�?´�.��Fö÷�� � Í / �Ë���� �å�@A��'�Ã�ã�Þ��      

    ¥�B�z�{�ö�÷ øFù��¯�Cº�ºEDF¦�F�)�G�Ç"H�I Å �ý±���¯ ê .%J Ü ��K�L�M�N Å &
á&�F��O�P�ö�÷ øFù�;�<��¯��QG�ÇR�SUT�V�W�¶>à%X ê .%J Ü 0ZY�[�\^]`_aJ Ü 2���M
N Å �7b��¯�Î¥¦�c�d Å þ�d��Q��¢�;�e�fÑ���g�Ö�$7h��"i�j ê .%J Ü�k N��F²-lnm
;��ý��o�����¯���H�I ÅQp�prq�ê .sJ Ü ��M�N Å �ýÎ�Ï�t�u]`_aJ Ü �F¥�¦�M�N Å �
��¯�vrlnG�w���Õ�Ö/���"���Ã»Õ�Ö�Qx����ö÷�øSù�z�{��Ã��S¨�©�y�� [25] �  
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����� � ��� ��� ��� ��� � � � � � � 	� � � � � 	� � � � � 	� � � � � 	 ����

¥�B�z�{&~¡��z���{�¶¸Ñ�º�|�}�Y�~|�}ED����������/Æ�Ç�z�{���.��'���Q���¦�]
_aJ Ü 0ZY�©aJ Ü 2n����M´���Y�M�NU� ��
k¬�M´{aJ Ü�������� �aX>¬�M�N�{�� ������������ z�{ ~k� Ü ¤ Ù�� ¥�B&��M�N�{^]`_aJ Ü�� Â���ä � ���������

     min{ ( ) | ( ) , ( ) , , }f x C X g X h X i m j pT
i j= ≥ = ≤ ≤ ≤ ≤0 0 1 1             (1) 

�E$�� X x x x Rn
T n= ∈( , , , )1 2 � ��X f g hi j, , ��¶7��. �/� : ÈaJ Ü Õ �Z¡ ¶ : È�z�{ ~

���/��O f g hi j, , $�¢�£�º¥�¦���¤�M� : ÈaJ Ü Õ �"¡ ¶ 9�: È�z�{ ~k� �
�
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1 °²±²³n´Uµ¬¶¸·�¹»º½¼¯¾²¿¯À (No.69684005) Á4¶¸· 863 Â²Ã CIMS Ä²Å (No.863-511-9609-003) Æ4Ç`È¬É  
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��� �����FÊ���� ��� �>���	��Ç�º�
)¦�õ����/Ó÷�?���	�����õ , ¥�¦�õ��Ñ�¥��	�
��ª�����õ ¡ ¶�¥�f �sõ��-+��ýõ�� � ���õ�� : + q õ����	�õõ���?���������Ç��¡Ê
����õ����-+�������������ª�õ�� ��õ�����!���� �Q�U�|�}���Ó�������~k������Æ�Ç�"
����� ����õ�����������"�¦�õ�� ����º�õ����$#�d��õ�Õ�Ö���kz�{��¦�È ê Û _»�/�
��N�%�&�Õ�Ö¼/�´�' (�Õ�Ö¼/��£�' ( Ü ú [24] �  

X�"¦�õ�� )�º���*�Ä �	�õ�� : Õ��O«�¬ *�+�, Ö 0 Job-Shop 21|�}&~k�.-¯XQ��ºõ
���	�õ�� : )�¥�/»Õ��/Ó�Æ�Ç�õ����	�õ������/«�¬�%�& , Ö 0 Flow-Shop 2¡|�}&~k�.-
XQ��ºõ�� )�0�º Û Ç»�	�õ�� : Õ��M«�¬�þ21 , Ö 0 Open-Shop 2O|�}&~k�.-�X43�º¥��
���»Õ��+«�¬�Ë�� , Ö 0 Single Machine Shop 2O|�}&~k�.- ��5 �76�º���8�9� �4�U�|�}
~k� [2] �  : ª���{��7�U�|�}&~k��z�Ê Conway úô�;�ä�F²³���Ë�<���� [3] �>=�²³�Ê@?¡¦A Ü

n/m/A/B �����´�è Ü |�}&~k��¹ n ���õ�� Ü - m ������� Ü - A ��� , ÖS � �
B

A ¶�gDC/�	���Ë���|�}&~k�.- B ���^]`_aJ Ü �/� C Fmax ,
− ú��$E��»�	FHGJIKGHLHG Cmax �

��Ê 2 �	�����õ 4 ¦�õ����Q���M�õ�Õ�Ö¸¶¸��N�� *�+�, Ö/|�}&~k� �  
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    Ê��Ô���¥�Bz�{ ~k���Fö÷�øSùÒÓº�N�9� � [6]:  

�� Hopfield  � �Fö÷�øSù»�/«�¬ 9PO ��� � 0 Non Self-Organizing 2¡ö÷�øSù ;  

�� Kohonen  � �Fö÷�øSù»�/«�¬ O ��� � (Self-Organizing) ö÷�øSù��  QSRUTVRUTQSRUTVRUTQSRUTVRUTQSRUTVRUT
Hopfield WYX.Z>[ \D]�^ _�` acbed�fhg�iWYX.Z>[ \D]�^ _�` acbed�fhg�iWYX.Z>[ \D]�^ _�` acbed�fhg�iWYX.Z>[ \D]�^ _�` acbed�fhg�i ¹

Hopfield øSù���¥�¦���� ���cj2k Â�øSù»�/º�l�m � ¿ ��n � N�9� � [4,5] � Hopfield

l�m � øFùE$/ö�÷�����oQ��p�q�Ë��»�/ö÷�� �>×���r�s²Âct7��u�w.- Hopfield
��n �

øFùE$/ö�÷�������Ñ [0,1] ª�����	s�¼ � n ¿�Æ�Ç��/²�ÂhtU��u�w �øSù�� ê .%J Ü ���
����¹  
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≠
� + � Vi ����� (3) Â��

��-�&�¬ ��n � øSù , ;�w�²���� Vi ����� (4) Â���� , g Ui i( ) >�®� sigmoid
����� J Ü �  
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    Hopfield �c���	���.�����������@���.�	�������h�D���H�U�
1> �������� �¡.��¢�£@����¤�¥�¦�§�����¨���©.ª�«.���.����¬��®�¯ ; 

2> °�±h²4³�´>µ�¦�§�¶�· ¸2¹�®�¯ º.���.�	·���� ;  

3> »�²4³�´>µ ¼Yª�½�¾�¿�¹�À�©�Á�Â�Ã ; 

4> Ä�Å�����¨�©�Á�Æ�Ç�¹�¦	È É�Ê�Ë�Ì�Í�Î�Ï�Ð@Ñ  Ò
Hopfield Ó�Ô�Õ�Ö�×�Ø@Ù�Ú�Û�Ü>Ý�Þ�ß�à.á$â�ã�ä�ã�å�æ ç�è4é�ê>ë�ì�Ü>í�î�ï4è

é�ê>ë�ð�ãcñ :  
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E A i Bi
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= +� (" " ) (" " )����� � �                  (5) 

� ì�Ü���ë Ai , B>0 Ü����
	�����
����Ý�Þ�ß�à�ï�×�Ø
�
	����������$ê>ë�Ü�� �!�!"�#$ %!& ' ï4è4é�ê>ë!( � )+*-,
. Ai / B 0�1  243657398243657398243657398243657398
  Hopfield :-;�<!=:-;�<!=:-;�<!=:-;�<!= TSP >@?>@?>@?>@? [4]:  
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F
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M F
G!H�Ü
� E ì@u�  �cña���@c+d ì�¡�z N F!m
|cñ 1 Ü
� E ì@u
¢
�cña���N\ ]!� �
t ��� Ø�Ü
� E ì@u�£@��Öcç ��� 1  

    (6) ã ¤
¢!��¥i¦�Ø
M §.ï TSP Ù�Ú�Ü©¨
ª!\ ]!z!} «�Ü©u�£@�!¬
 ®�ï TSP Ù�Ú!¯!°�1  2436573±22436573±22436573±22436573±2
  <!=i²�³�´!µk¶�·!²�³�´!µ�>@?<!=i²�³�´!µk¶�·!²�³�´!µ�>@?<!=i²�³�´!µk¶�·!²�³�´!µ�>@?<!=i²�³�´!µk¶�·!²�³�´!µ�>@?  

    1984 ¸�Ü Hopfield / Tank
$ %

Hopfield Ó�Ô
� g 30 G!H�ï TSP Ù�Ú�Ü�¹aº�»Nl
S ¼½ ïN¾ ¿
] [4] 1�ÀL�JÁ
e�ï�ÂiÃ ÄiÅJE Hopfield Ó�Ô�ï@Æ
Ç!È�å
BkÉaÊ /
Ë
Ì x % çaÍL�
ï2×�Ø Ù>Ú ï��ig�� Kennydy and Chua Î�î [14] Ü Rodriquez-Vazquez et al. Î�î [16] Ü
Stanislaw et al. Î î [17], ShengWei Zhang ïNÏ Ð�Ñ�ÒÔÓ Õ [18] Ü YouShen Xia ï@v!Ö
Ó Õ
Î
î [15] ×�1  

A ØØ ØØ Kennydy and Chua ÙkÚÙkÚÙkÚÙkÚ [14]: �
� g.ïNÛ
«
Ó Õ�¬
Ü Û
«
Ó ÕDÙ�Ú
Î î Ý!Þ�Øcña�
p
ïN� ß�ð�ã��  

            { }min ( ) | ( )f X C X g X AX bT= = − ≥ 0                      (7) 

Kennydy and Chua à�K
»Ná �
â % Ü Û
«
Ó Õäã�\�Ü � ì g Xi ( ) Ü CT =[ , , , ]c c cn1 2 � Ü  

and X � å
�æ� 7 �7ã �!o�Ü C C Cn1 2, , ,�  l
S
m
ç
m�ï�ã�è 0�ÜéU
F!ç
m�ì�ã�ê i j � å
ñk� i g Xj j j= φ ( ( )) Üiã�\�ï@¼ ½ è4é�ê>ë / á ��ä ë!�
ìcñk�  
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B íí íí Rodriquez-Vazquez et al. îkïîkïîkïîkï [16] �@v�� (7) ã �!o�ï Ù�Ú�Ü Rodriquez-Vazquez ×
Ä àK�ïNl
S.Ó�Ô Î î�ì@ð!zñ�ò¹ °��2ê>ë u X( ) Ü Ó�Ô�ï4è4é�ê>ë / á ��ä ë!�
ìcñk�  

E C X
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j

j

P

= + −
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.

( ) ( ( )) ( ) ( )= − − − ∇1  

� ì�Ü u X g X j elsej( ) { , ( ) ; , }= ≥ ∀1 0 0 Ü v X g X elsej j( ) { , ( ) ; , }= ≥1 0 0  

    Ekó
Îhî.ïfá!�iT!ëDì�Ü-E+ôaõ { | ( ) , , , }X g X j Pj ≥ =0 1� ì�Üfö
÷�ø
� - ù ä �éú
á�Üfû
E �!ü ôaõ�Üfö
÷�ø
� ß à�ï>Ý�Þ!�iýJþ
� / Ýcèhï����Yê>ë�ïJýJþ
��ä � ï-ÿ��
ä �éú á�1�����Ü����
	!M
F�Ý
B�õDá��.ï [ K�YÜ Ó�Ô
ö ÷��
t��
á ç�Ý B!õ�Ü-R
M��
Öcç�Ý B!õ�Ü-ö ÷��!ø �!P � Ø����Yê>ë�ï	ä ��� á�1   



 � 4�  

C �� �� Stanislaw et al. ������������ [17] ���4æ	��
��é���� ×�ã�Ý�Þ	�!�
×�ã�Ý�Þ�Ü � Ù�Ú
Î î ñk�       

{ }min ( ) | ( ) ,f X C X g X AX b XT= = − = ≥0 0  

������, � � 	 
 � � p  � � � 	 � � � � � � �� � � � � �  

E C X AX b xT
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= + − + −
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 /  X E C AX b x
p i

i
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= −∇ = − − ∇ − − −
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� ì�Ü ρ γ> > ≤ ≤ ∞0 0 1, , p Ü x x x xi i i i
− = − > ≤{ , ; , }0 0 0  

D �� ��  ������������������������������������������������������������ [18] � Ù�Ú�ë���Î î.á�p�ã
��K
� min{ ( )| ( ) }f x h x = 0  

�4æ
Ï Ð�Ñ�Ò�ê>ë��   L x f x h xT( , ) ( ) ( )λ λ= +  

~ �hè4é�ê>ë��       E x L x h xx( , ) ( , ) ( )λ λ= ∇ +
1

2

1

2

2 2
 

� å	��é!l
S
m��     
dx

dt
L x f x h xx

T= −∇ = − ∇ + ∇( , ) ( ( ) ( ))λ λ  

� å
Ï Ð�Ñ�ÒÔl
S
m�� d

dt
L x h x

λ
λλ= ∇ =( , ) ( )  

Ï Ð�Ñ�ÒÔl
S
m	�!á �!ö ÷!Ï � Ý B!õ (h(x) = 0), û	��é!l
S
m�� � f(x) ïNP � [ 1  �! #"$ &%�! #"$ &%�! #"$ &%�! #"$ &%
  Kohonen ')(+*-,�.�/10�2�3�46587:9')(+*-,�.�/10�2�3�46587:9')(+*-,�.�/10�2�3�46587:9')(+*-,�.�/10�2�3�46587:9  

    1984 ¸ , Kohonen à�K�;�ÿ	<�¥i¦6=-> (Self-Organizing Feature Map) Ó�Ô , ?!�@; )
x
l S ÓYÔ Ü �BA 0 Ý å�BDCFE�GB�@H Ü�ó ÓhÔ tBI�Á x % ç TSP Ù Ú ïL� g È
[8,19,20,21,22] Ü±Æ!	�Ja��+�  %+K1L [ çaG!H [ ïNM�Oa¨
r)=-> , P % “ Q�R ” ��H1S�T , 

$
P�UWV��
\ ]!È [ ïN�	X�Y�Z!¬�G!H [ ïN�	X!M	[�1�á@ �\!hkj-È N F
G!H C C Ci xi yi( , ) Ü
i N= 1, ,� ï TSP Ù�Úhñ^] , 

� Ó�Ô
z�_ F
n�æ
l
S
m , N F
n�KNl
S
m , n�KNl
S
m@á@¬
_ F
n�æ
l
S
m�ï:`�a A 0hñ�b
� , E
G!H	c�d
È�ï�=-> [ W W Wi xi yi( , ) Ü i N= 1, ,� ~
�
M FeV��	f�1  

E!� g TSP Ù�Ú�Û�ÜgI	h�i�Ø A 0 , j1S
#
,!M F
G!H , à�k!� n�æ
l
S
m , n�KNl
S
m â!T “ Q�R ” I�ç ¬l!P	m.ï �nQ	o��@l
S
m i, p i � v
x��Nó�G!H , Q�R	S�Thñ : 

{ }W C W Ci k
j

j k− = −min  
q Á , vkó�r [s ��t õ N i d( , ) uvr [ ï A 0 å�B6wLÉ , 

$!��x m � v�x�GiH , w A)y ã
ñ : 

{ }W W C W j N i d i j N i j dj
new

j
old

k j
old= + − ∈ − + − − − ≤α( ) ( , ), min ,1 1  z ,!��z
G�Hhñ�M
F�{�f , S!T�|�}kW{�f�~��!Á , ��z!¯ t r [ D)=^>iX	a�m�¯ t G�H , 

r [ f!D z�� ���
� x m
�!z G!H ,  � û�� ç TSP ïNM F
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Solving optimization and scheduling problems with neural network methods 

Yang Shengxiang                Wang Dingwei 

Abstract: This paper briefly reviewed the applications of neural networks in optimization and scheduling 

problems. The background of combining neural networks with optimization and scheduling problems is first 

introduced, and the common problem of optimization and scheduling are described briefly. Following that, this 

paper gives out various neural network models for optimization and scheduling problems and their comparisons, 

and shows the main models. Finally the conclusion and future research in this field are proposed briefly. 
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