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��ºf/Ë�Â´·Y��¶WZ�»�¶u�ÉY�]�Ê/°Ìf¿��ÉZ/ÅNp-Hard ��ÊuY��Neural Network�ZÅ�, �Nonlinear Dynamic 

System�,�Strategy PlanningÁ������|//¿Á��Ê//»��Z//¯�Ä//]���É�Ã{Z¨f//�Y�{�YÂ//»�¾Ë�//f¼Æ»��YGA¶//u��{��¶WZ//�»������������������������������������
Hard�NP-��½M�µZ/¼�Y���Ä·Z/�»��/]JSP�|�Z]�Ê»��JSP�(JOB SHOP SCHEDULING)�½Z»��¶WZ�»�É����Y�

������������Ä¯�Y�q�{�Y{�É�ZÌ�]�{�]�Z¯�d À���{�Ä¯�|�Z]�Ê»�É|À]JSP�¹Zn¿Y�ÉZÅ�¾Ì�Z»�¾Ì]�ZÅ��Z¯��Ë�Âe�É�ÃÂv¿�Ê���]�Ä]�
������{�Y{�a�Ê»�ZÅ�½M�É�Ã|À/Å{,|¿Â��¹Zn¿Y�¾°¼»�½Z»��¾Ë�f¼¯��{�ZÅ�Z¯�¾ËY�Ä¯�É�Â��Ä]����Ê§����Y�Ä·Z�»�Ê���]JSP�

»�½YÂÀ��Ä]�|¿YÂe�Ê»�¶WZ�»��ËZ��¶u�ÉY�]�Ê·|Np-Hard�¶Ì^«��Y�TSP{Â��Ã{Z¨f�Y����
��

É|Ì¸¯�cZ¼¸¯��GA�,�initial population�,�fitness function�,�representation ,offspring
d·Zu�ÉZ�§���
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���É�Ä·Z�»�¶u�ÉY�]�É�ZÌ�]�ÉZÆ/�Á��½ÂÀ/¯ZeJSP¿Z»�ÊËZÆ�Á��Ã|��ÄWY�Y��|Àbranch and bound [calier ��]�,�
shifiting bottleneck[adams ��]�,�simulated annealing[van larrhoven ��]�,�������Z/n¿M��Y�/¯��¾/ËY�Ä

������Zv»�½Z»��Ä]��ZÌ¿�ZÅ|f/»^�������ÉY�]�Ê°Ìf¿��ÉZÅ�ºfË�Â´·Y��Y�Ã{Z¨f�Y�|¿�Y{�ÉY�Ã|ÌrÌa�Ê�ZË��cZ^�Zv»�ZËÁ�ÄmÂe�¶]Z«�ÊeZ
�É�Ä·Z//�»�¶//uJSP{�Ê//���{���//�Âe�Äf//�~³�É�Ä//Å{�Á[Davis ��]�,�[Leipins ��]�,�[Cleveland ��]�,�
[Nakano ��]�,�[Yamada ��]�,�[Davidor ��]�]{�Y{�Ä»Y{Y��Ì¿�½ÂÀ¯�Ze�Á�|Ë{�³��Z£M�É�Ì»M�dÌ¬§Â»�c�Â��Ä

[�]�����Ä·Z¬»�¾ËY��{��Ä]�É�Ä·Z�»�¶u�ÉY�]�Ã|��µZ¼�Y�Ê°Ìf¿��ÉZÅ�ºfË�Â´·Y�É|À]�Äf�{JSP]��b�Á�ÄfyY{�a��Á�s���Ä
ºË�Y{�a�Ê»�ZÅ�ºfË�Â´·Y�¾ËY�µZ¼�Y��Y�¶�Zu�lËZf¿�¾Ë�fÆ]�É�Ä�ËZ¬»���

���Genetic Algorithm 
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Genetic Algorithm�]��Ê¸»Z°e�ÄË��¿��Y�Äf§�³�Darwin ��|�Z]�Ê»��]�|¿Á��®Ë���Âe�¶WZ�»�ÄË��¿�¾ËY��Z�Y��
^�Zv»�d�Y�¾°¼»�[YÂm�¾Ë�fÆ]�Ä]�½|Ì���½M�ÄnÌf¿�Ä¯�|¿Â��Ê»�¶u�Ê¸»Z°eZ�ÄÅ{��{�Ê¸»Z°e�c�������Âe�

Rosenberg�|��Ê§� »�����Âe�|À¼�¿Y{�¾ËY�ÄË��¿�ZÅ�| ]���Ä°ÀËY�Ze�d§ZË�Ä �Âe�½Z¬¬v»��ËZ��   Jon Holland��

�µZ���{����   Genetic Algorithm |¿Z�ZÀ��º¸��º·Z��Ä]�Y���[�]����
�{�Y|¿Zf�Y�¶uY�»GA��

���representation ����½{�¯�|¯m�¯�®Ë��{�Ä¸X�»�[YÂ�|À¿Z»�¹�Â»Árepresentation �{�Y|¿Zf�Y�ÉZÅ�Binary�,��
 Tree , Value  , Permutation 

���initial population����¶»Z��ÄÌ·ÁY�d·Zu�ÉZ�§�|Ì·ÂeN|¿Y�Ã|��[Zzf¿Y�Ê§{Z�e�c�Â��Ä]�Ä¯�¦¸fz»�¹�Â»Á�¯����

���Fitness Function����µZ¼�Y��Ê ]Ze]�{�{ÂmÂ»�ÉZÅ�¹�Â»Á�¯�dÌ]Â¸�»�Ä^�Zv»�ÉY�d·Zu�ÉZ�§���

���new generation����¶»Z��|Ë|m�¶�¿�|Ì·Âe�|�Z]�Ê»��Ë��É�Ä¸u�»����
������selection ���§��Y�¹�Â»Á�¯�Á{�[Zzf¿Y��½YÂÀ��Ä]�d·Zu�ÉZ�parent�[Zzf¿Y�ÉZÆ�Á�|À¿Z»��Elitism�, �Rank 

Roulette Wheel      �,������
������crossover����ÉÁ���]�Ä¯�d�Y�É�´¸¼�parent¿Y�ÉZÅ��{ZnËY�Ä]��nÀ»�Ã|��µZ¼�Y�Ã|��[Zzfoffspring�Ê»�

{Â���|À¿Z»�ÉZÅ��Á�{�Y|¿Zf�Y� ,Single point��-Point�,�Uniform���
�����mutation����½{Y{��ÌÌ¤eoffspringÁ�Ã|��{ZnËY�|Ì·Âe|Ë|m�¹�Â»Á�¯�®Ë���

���test��µZ¼�Yfitness function�½M�dÌ]Â¸�»�½Y�Ì»��nÀ��dÆm�|Ë|m�¹�Â»Á�¯�ÉÁ���]�
Ä¯�Êe�Â���{��¹�Â»Á�¯�
�¯�¾ËY�c�Â��¾ËY��Ì£��{�Á�{Â��Ê»�¦«Âf»�ºfË�Â´·Y�ÉY�mY�{Â]�[Â¸�»�|Ë|m��Ã|��Ã{Á�§Y�d·Zu�ÉZ�§�Ä]�¹�Â»Á

�É�Ä¸u�»��Y�ºfË�Â´·Y�ÉY�mY�|]ZË�Ê»�Ä»Y{Y����

���ÊËZÆ¿�ÄnÌf¿��{�Ä¯�Ê¼Æ»�ÉZÅ��Âf¯Z§GA�|¿�iÂ»���

���®Ë�[Zzf¿Y�ºÆ»��Âf¯Z§�¾Ì·ÁYrepresentation�À»��Ä]�|�Z]�Ê»�Ä·Z�»�ÉY�]�\�Z��{�Y��Z�y�¾Ë�f¼¯�Ä°Ë�Â�cY�ÌÌ¤e
�|À°¿�|Ì·Âe�Ä·Z�»�ÉY�]�ÊeZÌu�ÉZÅZ�y�Á�|�Z]�Äf�Y{�Ê§{Z�e���

���tÌv��¦Ë� e�ºÆ»��Âf¯Z§�¾Ì»Á{fitness function �d�Y�Y��[YÂm�¾Ë�fÆ]�[Zzf¿Y�ÉY�]�ªÌ«{�É�ZÌ »�Ä°Ë�Â��Ä]�
�{Â�¿�¦Ë� e�d��{��]Ze�¾ËY��³Y�|ËZ¼¿�ÄWY�Y�d�Y�¾°¼»{Â�¿�Ä·Z�»�ÉY�]�tÌv��[YÂm�¾f§ZË�Ä]�ª§Â»�ºfË�Â´·Y� 

��{�É| ]�ºÆ»��Âf¯Z§��GA �É�Ã�Y|¿Y�[Zzf¿Y�initial population�,�ÉZÅ��´¸¼���Y�Ã{Z¨f�Y�w�¿�mutation�Á�
crossover�c�|«Á��Â¿�¾ÌÀr¼Å�|�Z]�Ê»�selection��³Y�d�Y��iÂ»��fÆ]�ÉZÅ�¹�Â»Á�¯�[Zzf¿Y��{��Ì¿�initial 

population�d�Y�¾°¼»�|�Z]�Ã|��[Zzf¿Y�®qÂ¯�ÉZÅ�[YÂm�Á�{�Ì´¿��]��{�Y��Ä¸X�»��Y�É{ZË���±��]�c�Â���{
�É�Ã�Y|¿Y�½{�¯�[Zzf¿Yinitial population���cZÌ¸¼��c�|«selection�d§ZË�|ÅYÂy��ÅZ¯����

��{�Ì³��Y�«���¿�|»�|ËZ]�Ä¯�Ê¼Æ»�ÉZÅ�Âf¯Z§��Y��´Ë{�Ê°Ë��´¼Å�½|»M�{ÂmÁ�Ä]��Y�É�Ì³Â¸m�Ä¯�Y�q�d�Y����{Á��ÊËY
{Â��Ê»�Ê^�¿�[YÂm�®Ë�Ä]�½|Ì���\^�����{Á��ÊËY�´¼Å���¹�Â»Á�¯�Ä¯�|ËM�Ê»�{ÂmÁ�Ä]�Ê¿Z»�����{Á��ÊËY�´¼Å

�½YÂÀ��Ä]�Ê]Zzf¿Yparent�¶¼���{�Ä¯�ÊËZÅ�¹�Â»Á�¯�Ä]�d^�¿�É�eÓZ]�dÌ]Â¸�»�crossover�|À°Ì»�d¯���ZÅ�½M�Z]�
|�Z]�Äf�Y{����
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���É|À]�Äf�{GA��

GA �̄ �ÉZ/Å����Â¿�¾ËY�|¿{�¯�Ê»�Ã{Z¨f�Y�Ä¸X�»�¶u�ÃY��½{�¯�½ZÌ]�ÉY�]�É�ÀËZ]�ÉY�Äf����Y�®Ì/�Ôrepresentation�
���¶Ì^«��Y�Ê¸WZ/�»�ÉY�/]TSP �Á�JSP{Â^¿�\�ZÀ»��Y�Ä]��Ä¯�d¸��¾Ë®Ë�d�Z´¿�ÉY�]��iÂ»�Á�ºÌ¬f�»�¶u�ÃY��[YÂm�ÉZÅ�

{�Y|¿�{ÂmÁ�É�ÀËZ]�É�Äf���®Ë�c�Â��Ä]�¾°¼»Y~·�representation ÉZÅ��É�Äf�{�Á{�Ä]�{Ây�Ä¯�|¿|��ÄWY�Y�É|Ë|m�
direct �Á� indirect ��Á���{�|¿Â��Ê»�ºÌ�¬e�indirect �¹�Â»Á�¯�½YÂÀ��dve�Ê^Ìe�e��ZfyZ��®Ë��{�Ä¸X�»�[YÂm��

��Êe�Â��Ä/]Â��Ê»�|¯�¹Zn¿Y�\Ìe�e�É�Ã|ÀÅ{�½Z�¿�Ä¯�{oprestion|�Z]�Ê¼¿�¾Ì�Z»���Âe�ZÅ���Á���{�Ê·Á�direct ��
��Ê^Ìe�e��ZfyZ/�(representation)�¹Zn¿Y�\Ìe�e�É�Ã|ÀÅ{�½Z�¿�ZÀÌ��Ã|��ÄW�Y�operation ��{ÂmÂ»�¾Ì�Z»���Âe�ZÅ�

d�Y[�]���

����¶WZ�»�É|À]�Äf�{JSP 

��¶WZ/�»JSP��|¿Â��Ê»�ºÌ�¬e�Ã|¼��É�Äf�{�Á{�Ä/]������Classical JSP ����¶WZ�»�Ä¿Â´ÀËY��{m�¾Ì�Z»�½Z�°Ë��Á�n��
��Z¯(job)��ÊÅY��µZ^¿{�Ä]�|ËZ]�Á�ºË�Y{�|Å{�ÄnÌf¿�Y��ZÅ�¾Ì�Z»�¾Ì]�ZÅ�Z¯��Ë�Âe��Y�d·Zu�¾Ë�e�ÄÀÌÆ]�Ä¯�ºÌ�Z]����

���Flexible JSP ���n���Z/¯�(job)����Å�Ä¯�ºË�Y{�º/Å��Y�¶¬f/�»�job���Y�ÉY�Ä·Z^¿{�operation ��d�ZÅ���m ��¾Ì�Z»�
���¹Zn¿Y�ÉY�]��/Ì¿�¦¸f/z»operation �¾Ì�Z»��Å�Ä¯�{�Y{�{ÂmÁ�ZÅ�operation �Ã|��Ã{Y{�d^�¿�ÉZÅ��Ê°Ë�Y��{Ây�Ä]

���Å�¹Zn¿Y�ÉY�]�|Å{�Ê»�¹Zn¿Y�ÉY�Ä¨«Á�pÌÅ�½Á|]�É�´Ë{��Y��/aoperation �®Ë�½M�Ã|ÀÅ{�¹Zn¿Y�¾Ì�Z»�Ä]�ÄmÂe�Z]��
��{Â��Ê»�Ã{�ÁM�Ê¿Z»��µÁ|m��{�Ä¯�{�Y{�{ÂmÁ�Y�mY�ÉY�]��Z/y�½Z/»���FJSP�É�Äf�{�Á{�Ä]�{Ây�Total �Á�Partial�

����{Â/��Ê/»�ºÌ/�¬e��¶WZ�»��{T-Fjsp )��Total Fjsp (��¹Z¼e�¹Zn¿Y�½YÂe�¾Ì�Z»��Å�operation ��{�Ê·Á�{�Y{�Y��ZÅ�
��¶WZ/�»Partial Fjsp ( P-Fjsp )���/Å�operation���{ÂmÂ»�É�ZÅ�¾Ì�Z»��Y�ÊÆe��Ì£�Ä�Â¼n»��Ë����Âe�|¿YÂ/e�Ê/»�

{Â��¹Zn¿Y[��]���

���|f»�{�]�Z¯GT�Ä·Z�»�¶u��{�JSP���
�d�Y�¾°¼»�Ä¯Zn¿Y��Yoffspring����Âe�Ã|��|Ì·Âe�ÉZÅ�crossover�¸�»�Z^¿�[ÂÀ�ÉZÅ�ºfË�Â´·Y�Ä�Â¼n»�|GT �

�|ÀËZ¼¿�sÔ�Y�Y��ZÅ�½M�Ze�Ã|��µZ¼�Y�ZÅ�½M�ÉÁ�,É�Ã|ËY�Ä]�ÄmÂe�Z]�¾ËY��|f»� ��´¸¼���Â¿�Á{�crossover�Ã|��ÄWY�Y�
��´¸¼��¾Ì·ÁY�d�Ysxx���Âe�Ä¯�{�Y{�¹Z¿�Kobayashi�µZ���{�����|��Ê§� »��sxx��Á{��{¹�Â»Á�¯���Ä�Â¼n»��Ë

�ÊË�ZÅ��Yjob�¶»Z��Ä¯�|Àf�Å��ËÂ e�¶]Z«�ZÅ�¼n»�Ä�Âjob�|À�Z]�½Z�°Ë�ÉZÅ�sxx�Y���ËÂ e�¶]Z«�Ä�Â¼n»��Ë��¾ËY�
�Á{�¾Ì]¹�Â»Á�¯�Á{�Ze�|À¯�Ê»��Â��offspring|ËM{ÂmÁ�Ä]�|Ë|m����ÉÁ�É{ZÆÀ�Ìa�ºfË�Â´·Y�GA/GT{�Y{�¹Z¿�[�]�����

��

��

Job sequence of child˺�� Job sequabce of child˻��

Sequence Exchange Crossover 

GT 

Active schedule��

Job sequence of parent˺��

Active schedule 

GT 
ME 

Job sequence of parent � 
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�ºfË�Â´·Y�|¿Á�GA/GT����initial population�¶»Z��ºfË�Â´·Y�¾ËY��{�Ã|��{ZnËY�Active job sequence��ÊËZÅ�
�|f»���Âe�Ä¯�|�Z]�Ê»GT�|¿Y�Ã|»M�{ÂmÁ�Ä]������e�¹�Â»Á�¯�Á{Z�½YÂÀ��Ä]�Ê§{parent ��b��Á�|¿Â��Ê»�[Zzf¿Y�

��´¸¼�sxx�½|»M�{ÂmÁ�Ä]�½M�É�ÄnÌf¿�Ä¯�{Â��Ê»�µZ¼�Y�ZÆ¿M�ÉÁ���]�offspring Z]�Ê»�|Ë|m��|������c�Â���{
��ZÌ¿offspring�|f»���Âe�|Ë|m�ÉZÅ�GT|¿Â��Ê»�sÔ�Y�����Á�¯�Á{�½Y|¿��§�Á�¾Ë|·YÁ�É�Ä�Â¼n»��Y»�Ä¯�Ê»�Â

�¾Ë�f�Ì]fitness��½YÂÀ��Ä]�Á�Ã|��[Zzf¿Y�|¿�Y{�Y��parent|¿�Ì³�Ê»��Y�«���¿�|»�|Ë|m����
��´¸¼��¾Ì»Á{THX���Âe�Ä¯�{�Y{�¹Z¿�Chang lin�µZ���{�������Ê§� »�´¸¼��¾ËY�|���{�¥{Z�e�Ä]�Y��ÉY�Ä�¬¿�

�¹�Â»Á�¯�Á{��Y�®Ë��Åparent �¥Ôy��]�Ê·Á�|À¯�Ê»�[Zzf¿Y�crossover�Ã|��[Zzf¿Y�ÉZÅ�d¼�«��Ë{Z¬»�{�Y|¿Zf�Y�
�ºfË�Â´·Y�|À¿Z»�Ä°¸]�|ËZ¼¿�Ê¼¿��ËÂ e�ZÀÌ��Y�GT��Ê»�Ã{Z¬f�Y�ZÆ¿M��Ë{Z¬»��ÌÌ¤e�ÉY�]�Ã|��[Zzf¿Y�ÉZÅ�d¼�§��Y�

|ËZ¼¿[�]���

���T-FJSP��

Mesghuni��µZ���{������representation�½YÂÀ��dve��ÉY�parallel machine�¶WZ�»��Y�Äf�{�¾ËY�¶u�ÉY�]�
{Y{�ÄWY�Y[�]�
�µZ���{�ª¬v»�¾Ì¼Å������{Â^Æ]�ÉY�]�GA�ÉÁ���]�Ã|��µZ¼�Y�T-FJSP�®Ë�representation�

�½YÂÀ��dve�|Ë|mparallel job®Ë��Å�Ê���]�Ä]�Ä»Y{Y��{�Ä¯�{�¯�Ê§� »�ºË�Y{�a�Ê»��[�]���
Parallel Machine Representation(�-�����¾ËY��{representation�ÊËZÅ�¾Ì�Z»�Ä�Â¼n»��´¿ZÌ]�¹�Â»Á�¯�

��Y�ÉY�Ä�Â¼n»�{Ây�¾Ì�Z»��Å�Ä¯�|ÀÀ¯�Ê»��Z¯�ºÅ�Z]�É�YÂ»�c�Â��Ä]�Ä¯�d�Yoperation�Ä]�Ã|��Ã{Y{�d^�¿�ÉZÅ�
d�Y�½M���Á��¾ËY��{crossover»�¹Zn¿Y�c�Â��¾ËY�Ä]��Ä¯�{Â��Ê���Á{parent��{p�,p�}�¾Ì�Z»�®Ë�Á�{M�}��

�Ä]�Ê»�[Zzf¿Y�Ê§{Z�e�c�ÂºÌÀ¯��operation�Ä]��Â]�»�ÉZÅ�M���Y�p��{�Y��M���Y�offspring�Å{�Ê»��Y�«�ºÌ�
���ÉY�]�\Ìe�e�¾Ì¼Å�Ä]p��Á�offespring�����b�operation �ÉZÅ�¾Ì�Z»��ËZ��É�Y�°e��Ì£�ÉZÅ�p���{�Y��

offespring��Ê»�Êb¯�ºÌÀ¯��ÉZÅ�¾Ì�Z»��ËZ��\Ìe�e�¾Ì¼Å�Ä]p�Z]�offespring�����

��
��

��

��ÉY�/]parallel machine ��´¸¼��®Ë�Mutation�¹Z¿�Ä]�assigned mutation��Ã{�¯�[Zzf¿Y��¾ËY�Ä]���´¸¼��¾ËY�
��|À°Ì»�¶/¼��\Ìe�/e�®Ë�Ä¯�operationÁ�|À°Ì»�[Zzf¿Y�Ê§{Z�e�c�Â��Ä]�¹�Â»Á�¯�®ËÁ�operation �Ã|��[Zzf¿Y�

Y�Ë{�¾Ì�Z»�®Ë�Ä]�½Z°»Y�c�Â���{´�¿�½Âf��½Z¼Å��{��^|Å{�Ê»�d��) Fitness function�dÆm�¶¯�½Z»��Ä^�Zv»
����Ä¼Å�ÉY�/mYjob���ZÅ�¾Ì�Z»���Âe�ZÅ��Ä]����������¾Ë�yM���Á���½Z»��Ä¯�{Â�Ì»�Ä^�Zv»�\Ìe�e�¾ËY�operation�Á�¾Ì�Z»��Å�

�������|¿Â�Ì»��¼m�ºÅ�Z]�½M�ÉY�mY�dÆm�¹�Ó�½Z»��Ã|»M�d�|]�½Z»��º¼Ë�¯Z»,�Ä¼Å�¹Z¼eY�ÉY�]�¹�Ó�¶¯�½Z»��Ã|ÀÅ{�½Z�¿�
operation|�Z^Ì»�ZÅ����

�ÊeZ^�Zv»�lËZf¿��Ã{�Ä¯�Êf·Zu��{job�ºË�Y{�ZÅ�Z¯�¹Zn¿Y�ÉY�]�cÁZ¨f»�¾Ì�Z»�Ã{�Á�Parallel machine�d·Zu�Ä���{�
¿��Y�¦¸fz»����¶Ì°�einitial populationd�Y��Ã|���ËZ»�M������

�µÁY�d//·Zu��|f//»��//�ÂeConstraint Logic Programming���¶Ì°//�e�ÉY�//]�cÁZ¨f//»�¹�Â»Á�//¯�initial 

population|ÀËZÌ»�{ÂmÁ�Ä]�����Á��¾ËY��{�Ã|»M�d�|]�¶¯�½Z»��¾Ë�fÆ]��µZ¼�Y��Y��aGA��Y�| ]�����]Y�]�¶�¿����
��d�Y�Ã{Â]�Ê/¿Z»��|/uYÁ������¹Á{�d·Zu��initial population|f»���Âe�temporal decomposition ��{ÂmÁ�Ä] 

�Ê/»�M�|/Ë������������Á�{Â�Ì»�|Ì·Âe�|f»�¾ËY���Âe�¹�Â»Á�¯�®Ë�Ä¯�\Ìe�e�¾ËY�Ä/]��´¸¼���Y�Ã{Z¨f�Y�Z]��b�mutation�ÉZ�§��

M��� (�,�,�) �� (�,�,�) �� ��
M��� (�,�,�) �� (�,�,�) �� (�,�,��) ��
M��� (�,�,�) �� (�,�,��)�� (�,�,��) ��
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