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ü÷�¢¤Àì ø ÂØÈ�
ÝÜä ¤�þ¥ �� �¤ ö�Æ÷� ¢��ø ø ¢�õÂê ´þ��ä ÛÖã� ø ÂØÔ� �¤Àì ö�Æ÷� �� �î üþ�µØþ ¤�ð¤øÂ� §�³¨´êÂãõ ø ÝÜä ¤�÷ �� �¤ ö�Æ÷� ñ¢ å�Â� �� ø ¢¤�¡ À�ð�¨ ÝÜì �� �î üÞ�Ø� .´¨�¤��� ´êÂãõ ø�� ø üúó� ý��±÷� ü�ãþ Ý�Üã� ø ��î�� ö�ÞÜãõ ,ÂÈ� üúó� ö���Âõ Â� ö�þ�� ü� ¢ø¤¢ .¢�Þ÷ ßªø¤.À÷¢�Þ÷ üþ�Þ�û�¤ �¤ ùÀ�� ù�øÂ� ßþ� ��¹÷� ¤¢ �î ý¤ÀÖ÷�Âð À���¨� ¥� ö�ø�Âê ÂØÈ�üÞÜä ´Ü�Ìê ø ¤À¬ ø �ã¨ �� �î �ÞØ� ýÂúõ ¢��� Âµî¢ ý�ì� ,¢�¡ �þ�Þ÷�Âð ø �÷�¥ Âê À���¨� ¥�,À�µ¡�¨ À�õùÂú� Çþ�¡ üÞÜä �¤�¹� ø À�Þª¥¤� ý�ûüþ�Þ�û�¤ ¥� �Âõ ù¤��Þû ö�È�ì�¡� ø°÷�¹�þ� ¥� ÇûøÄ� ßþ� ÓÜµ¿õ Û��Âõ ¤¢ �¤ Çþ�¡ ÓÎó ´þ�ú÷ �î ýÂ¿ê¤�³�Üä Ó¨�þ ý�ì�¥� ßþ� Â� ùø�ä .�¤�ÁÚ¨�³¨ ,À÷¢�Þ÷ Û±Ö� �¤ �õ�÷ ö�þ� � ßþ� ù¤ø�Èõ ´Þ�¥ ø À÷¢�õÂÔ÷ æþ¤¢´ìø éÂ¬ ø ´ìa¢ ´þ�ú÷ �� �¤ �õ�÷ö�þ�� ßþ� ý¤ø�¢ �î ù¢���Üä ¥øÂú� Âµî¢ ý�ì� �Âµ½õ ¢�µ¨�.Ýþ�Þ÷üõ ÂØÈ� ,À÷¢�¢ ��¹÷� ö�ªÀ�Þª¥¤�ö�þ�� ¤¢ ø �¤�¢ �¤ ÂØÈ� ñ�Þî ,À÷¢�� ßõ ë�Èõ ø üõ�� Û�Ê½� Û��Âõ ��Þ� ¤¢ �î ù¢��÷�¡ ¥�.Ý÷�û��¡ ñ�ãµõ À÷ø�À¡ ¥� �¤ ö��þ�ä ßþ� �Þû üµõ�¨ ø Õ�ê�� ýø¥¤�üìÂª ñ�¨¤1390 ´Èú±þ¢¤�ö�Âþ� ,�þÂ±�
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ý�±þ¥ üÖ�¨�õ �� �¤ üðÀ÷¥ �÷�Â� �î ü÷�¤��ð¤��.À�µ¡�õ� ßõ �� ´±½õ
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�õÀÖõ
�� ¢Âð ù¤ø¢ ùÀ�ªøÂê �ÜÿÆõ ¥� üä�÷ ,(1DMPTW) ü÷�õ¥ ý�ûù¥�� �� ùÀ��î �®Âä ¢Âõ �ÜÿÆõý�ûö�Øõ ø ¤�±÷� ß�� ÂÔ¨ ö�õ¥ �Àõ á�Þ¹õ ßþÂµÞî Ûõ�ª �î ´¨� (2TSPTW) ü÷�õ¥ ù¥��Â �Æõ ß� � ã � Ûõ�ª ,ü ÷� õ¥ ý�ûù¥� � � � ùÀ � � î �®Âä ¢Âõ � Ü ÿÆõ .´¨� �ûýÂ µÈõ ¥� ü¡Â �ø ù¢�� ¤�Àµú� ø Ûõ�î ö
 ¤�Öµõ�÷ é�Âð G = (N [ f0g; A) ö� ¤¢ �î ´¨� G é�Âð ¤¢ ü÷�µÜ�õ�ûùÂð ¥� Â�Æõ áøÂª .´¨� ¤�±÷� ùÂð 0 ø ùÀ��î �®Âä ý�ûùÂð �ä�Þ¹õ (N � 4)N = f1; :::; ng.´¨� ü÷�õ¥ ý�ûù¥�� �� ´±Æ÷ i 2 N �ûùÂð �Þû �� ÂÔ¨ ö�õ¥ �Àõ ßþÂµÞî ý�¤�¢ ø ´¨�¤�±÷�ý�ûù¥�� �� ùÀ��î �®Âä ¢Âõ �ÜÿÆõ ý�Â� �¤ �µ¿�õ� ¼�½¬ üÎ¡ ý�þ¤�õ�÷Â� ý�ûýÀ��ñÀõ.Ý��îüõ ���¤� ü÷�õ¥���È�� ø ü��õÀÖõ Óþ¤�ã� ,ñøa� ÛÊê ¤¢ .´¨� ùÀª Û�ØÈ� ÛÊê ¤�ú� ¥� �õ�÷ö�þ�� ßþ�ø¢ ,�ø¢ ÛÊê ¤¢ .´¨� ùÀª ���¤� ,À�µÆû ¥��÷ ¢¤�õ ýÀã� ý�ûÛÊê ý�ãó�Îõ ý�Â� �î ÇûøÄ�ýÀ��ñÀõ �Àµ�� ,Ý��îüõ ���¤� ü÷�õ¥ ù¥�� �� ¢Âð ù¤ø¢ ùÀ�ªøÂê �ÜÿÆõ ¥� üä�÷ ý�Â� ýÀ��ñÀõ á�÷¸þ�µ÷ ø ¼�½¬ ý�û�ó¢�ãõ�÷ ø Ý��îüõ ���¤� �¤ üó��µõ É�Ê¿� ýÀ��ñÀõ Å³¨ ø ×�¨�îý�ûÝµþ¤�Úó� ,��¨ ÛÊê ¤¢ .Ý��îüõ ���¤� üó��µõ É�Ê¿� ýÀ��ñÀõ ý�Â� �¤ �ûüú�øÀ��Delivery Man Problem with Time Windows1Travelling Salesman Problem with Time Windows24



5 ñø�À� ´Æ�ó���¤� �¤ ¸þ� µ ÷ ø ü�� ±¨�½õ ý�ûÇþ�õ¥� ,�¤�ú� ÛÊê ¤¢ .Ý� �îüõ ���¤� �¤ Õ�ì¢ ø ý¤�Øµ ��.Ý��îüõ



1 ÛÊê
ÇûøÄ� ���È�� ø ü��õÀÖõ Óþ¤�ã�

�ãó�Îõ ý�Â� �ú÷� ßµÆ÷�¢ �î À÷�ªüõ ���¤� ÇûøÄ� ���È�� ø ü��õÀÖõ Óþ¤�ã� ü¡Â� ÛÊê ßþ� ¤¢.Àª��üõ À�Ôõ ü�� ý�ûÛÊêü��õÀÖõ Óþ¤�ã� 1.1�� V(G) üú��÷ �b ä�Þ¹õ ¥� ÛØa Èµõ ,(V (G); E(G);  G) °�aÂõ üþ�� �¨ ×þ G é�Âð :é�Âðâ��� ø ´¨� (V (G)¥� ��¹õ) �ûñ�þ �ä�Þ¹õ ö���ä �� E(G) �b ä�Þ¹õ ,�û§�b¤ �ä�Þ¹õ ö���äù�ÂÞû �¤ G ý�û§�b¤ ¥� (��¹õ �fõø�ó �÷) °�aÂõ�÷ ´Ô� ×þ ,G ñ�þ Âû �� �î Àª��üõ  G á�ìøÀ�þ�ðüõ ù�ðö� , G(e) = uv �Øþ¤�Î� À�ª�� V (G) ¥� üþ�û§�b¤ v ø u ø ñ�þ ×þ e Âð� .À�îüõ.À�õ�÷üõ e ñ�þ ý�úµ÷� ø¢ �¤ v ø u ý�û§�b¤ .À�îüõ Û¬ø v �� �¤ u§�b¤ e.E(H) � E(G) ,V (H) � V (G) Âð� �ú�� ø Âð� ´¨� G é�ÂðÂþ¥ H é�Âð :é�Âð Âþ¥�û§�b¤ �f�ø��µõ ö� ý�û�ÜÞ� �î ´¨� W = v0e1v1e2 : : : ekvk �b ó�±÷¢ G ¤¢ ´Èð :´ÈðW �¤�¬ ßþ� ¤¢ .À�µÆû vi; vi�1 ,ei ý�úµ÷� ø¢ ,1 � i � k ý�Â� �î üÞÆì �� À�µÆû �ûñ�þ ø6



7 ÇûøÄ� ���È�� ø ü��õÀÖõ Óþ¤�ã� 1 ÛÊê.Ý�û¢üõ ö�È÷ (v0; vk) �¤�¬ ��ø ´¨� vk �� v0 ¥� üµÈð.À�õ�÷üõ ¤Áð �¤ W ,À�ª�� ��¹õ ,W ´Èð ¤¢ e1; e2; : : : ; ek ý�ûñ�þ Âð� :¤ÁðÂ�Æõ �¤ W ,À�ª�� ��¹õ v0; v1; : : : ; vk ý�û§�b¤ ,�ûñ�þ Â� ùø�ä ý¤Áð ¤¢ Âð� :Â�Æõ.À�õ�÷üõG ¥� ü÷�µÜ �õ�û Â�Æõ ,Àª�� G ý�û§�b¤ ��Þ� Ûõ�ª �î �¤ ýÂ�Æõ :ü÷�µÜ �õ�û Â�Æõ.À�õ�÷üõý�û§�b¤ ß�� ýÂ�Æõ Âð� À�÷��¡ À�±Þû �¤ G é�Âð ¥� v ø u À�÷�õ §�b¤ ø¢ :À�±Þû §�b¤ ø¢.Àª�� ¢���õ G é�Âð ¤¢ v ø u.´¨� V ý�û§�b¤ �ä�Þ¹õ ¤¢ ý¥¤�Ýû �b Î��¤ ×þ ,ýÀ�±Þû :é�Âð ×þ ý�û�Ô ó�b õ§�b¤ ø¢ �î ý¤�Ï �� ¢¤�¢ ¢��ø V1; V2; : : : ; V! üú��÷ ý�û�ä�Þ¹õ Âþ¥ �� V ¥� ý¥�Âê� ßþ�Â����ý�ûé�ÂðÂ þ¥ .À�ª� � Vi �b ä�Þ¹õ ×þ �� ÕÜãµõ ø¢ Âû v ø u Âð� �ú� � ø Âð� À�Î± �Âõ v ø u.À�õ�÷üõ G ý�û�Ôó�bõ �¤ G[V1℄; G[V2℄; : : : ; G[V!℄¤¢ ;´¨� À�±Þû G À�þ�ð ù�Ú÷� ,Àª�� �Ôó�b õ ×þ �fÖ�ì¢ ý�¤�¢ G é�Âð Âð� :À�±Þû é�ÂðÂÚþ¢ §�b¤ Âû �� ö� §�b¤ Âû ¥� �î üê�Âð ,Â�ù¢�¨ �¤�±ä �� .´¨� À�±Þû�÷ G �¤�Ê�þ� Â�è.À�þ�ð À�±Þû é�Âð Ùþ ,Àª�� �µª�¢ ¢��ø ýÂ�Æõ ×þ Ûì�À�Âð� Ý � þ� ð x1; : : : ; xm 2 Rn ý�û¤�¢Â � üÎ¡ °�îÂ � �¤ y 2 Rn ¤�¢Â � :üÎ¡ °�îÂ �.y = mXi=1 aixi �î ý¤�Ï �� À�ª�� �µª�¢ ¢��ø a1; : : : ; am 2 Rü�ã þ)Àª� � x1; : : : ; xm 2 Rn ý�û¤�¢Â � ¥� üÎ¡ °�îÂ � y ¤�¢Â � Â ð� :�À½õ °�îÂ �ßþ� ¤¢ ,À��î ëÀ¬ (i = 1; : : : ; m)ai � 0 ø mXi=1 ai = 1 �ó¢�ãõ ¤¢ a1; : : : ; amø (y = mXi=1 aixi.Ý�õ�÷üõ x1; : : : ; xm 2 Rn ý�û¤�¢Â� �À½õ °�îÂ� �¤ y �¤�¬



8 ÇûøÄ� ���È�� ø ü��õÀÖõ Óþ¤�ã� 1 ÛÊêS �À½õ �µ¨�� �¤ S À�÷�õ �ä�Þ¹õ ×þ ý�Ìä� �À½õ ý�û°�îÂ� ��Þ� :�À½õ �µ¨��ÂÚþ¢ �¤�±ä �� .À�þ�ð
onv(S) = fy 2 Rnj9m 2 N; a1; : : : ; am 2 R; x1; : : : ; xm 2 S; y = mXi=1 aixi;mXi=1 ai = 1; ai � 0 i = 1; : : : ; mg�¤ S ý�ä�Þ¹õ .Àª� � Rn ¥� üú�� ÷ �ä�Þ¹õ Â þ¥ ×þ S À��î ­Âê :ü�� ê� ÛÖµÆõø kXi=1 aixi = 0 ý�û�ó¢�ãõ ¥� ,fx1; : : : ; xkg � S �ä�Þ¹õ Âþ¥ Âû ý�Â� Âð� À�þ�ð ü��ê� ÛÖµÆõ.ai = 0(i = 1; : : : ; k) ¢�ª �¹�µ÷ kXi=1 ai = 0ñ�¨ ¤¢ Ù�þ¤�� ßó� Í¨�� �î ´¨� ýÂÑ÷ ü��±¨�½õ ß�ª�õ ×þ :1Ù�þ¤�� ß�ª�õùÀª á�Â µ¡� ü®� þ¤ �� ±¨�½õ ´ú� ñ�ùÀ þ� ñÀõ ×þ ö�� � ä � � ´õÀ¡ � ��¤� ý�Â � 1937�Ü� ø °Öä �� À÷���üõ �î ´¨� ¤��÷ �� ÷ � � �û�÷�¡ ¥� Í¡ ×þ Ûõ�ª ß�ª�õ ßþ� ℄35[.´¨�´ó�� ��÷ �� ü�ðÄþø ý�¤�¢ ¢�ªüõ �µ¡��ª (head)Àû ��÷ �� �î ñ�ãa ê Ç¿� ×þ .À�î ´îÂ�¥� �ä�Þ¹õ ×þ ø ¢�¢ Â � � ç � ö� ü� � þ� � ñ� ãa ê � ÷�¡ Ù÷¤ � � �¤ üðÄ þø ß þ� ö�� �üõ � î ´¨�.À�î ´îÂ� ¤��÷ �÷�Ú� ø À�î ¼�½Ê� �¤ �û�÷�¡ Àþ�� �÷�Ú� Àû �Ø�þ� ß��ã� ý�Â� ,�ûÛÞãó�¤�µ¨¢¤��÷ Å³¨ ø Àû¢ Â��ç� �¤ Àû ´ó�� ,À�î ¼�½Ê� �¤ ñ�ãaê �÷�¡ Ù÷¤ ß�ª�õ ´¨� ßØÞõ ��ð Âû ¤¢.: : : ø Àû¢ ´îÂ� ´¨�¤ �þ ²� �� À��ø ×þ �¤ù¢�¢ É�Ê¿� ( üãÎì Â�è ý��ÜÞ� À�� ö�õ¥)(2NP) �µ¨¢ �� �ÜÿÆõ ×þ :NP �ÜÿÆõ.Àª�� Û� Û��ì Ù�þ¤�� ß�ª�õ Í¨�� üãÎì Â�è ý��ÜÞ� À�� ö�õ¥ ×þ ¤¢ ù�ð Âû ¢�ªüõ�î ´¨� ßþ� ¥� Â�´¿¨ ü��£ �¤�¬ �� �î Ý�ÞÊ� Û��Æõ üðÀ�»�� �µ¨¢ :´¿¨ -NPTouring ma
hine1Nondeterministi
 Polynomial time2



9 ÇûøÄ� ���È�� ø ü��õÀÖõ Óþ¤�ã� 1 ÛÊê.¢Âî Û� üãÎì Â�è ý��ÜÞ� À�� ö�õ¥ ¤¢ Ù�þ¤�� ß�ª�õ Í¨�� ö��µ�Û��Æõ 18 ùÀ¨ ¤¢ �Àµ�� �î ´¨� ¤�úÈõ ý��ÜÿÆõ :(3TSP)¢Âð ù¤ø¢ ùÀ�ªøÂê �ÜÿÆõÛØª 1930 �b û¢ ¤¢ Å³¨ ø Àª �ÂÎõ ßÞîÂî §�õ�� ø ö�µÜ�õ�û ���Üþø Í¨�� ö� �� ¯��Âõù�ÚÈ÷�¢ ¥� ü�µþø ÂÜ¨�û ø ¢¤�ø ¤�û ù�ÚÈ÷�¢ ¥� ÂÚ�õ ñ¤�î Û·õ ü÷�÷�À�®�þ¤ �Ü�¨ø �� ö� üõ�Þä��þ�û ø Ýþ¤�¢ Âúª ý¢�Àã� :´¨� ÛØª ßþÀ� �ÜÿÆõ �Âª .´êÂð ¤�Âì �ãó�Îõ ¢¤�õ ö�µÆ�þÂ�Âúª ×þ ¥� �î ýÂ�Æõ ßþÂ���þ�û Ýî ´¨� ��ÜÎõ .Ý�÷�¢üõ �¤ ýÂÚþ¢ �� üØþ ¥� Ý�ÖµÆõ ßµê¤ùÀ�ªøÂê �ÜÿÆõ .¢¢Âð ¥�� áøÂª Âúª �� ø À�î ¤�±ä ¤�� ×þ �fÖ�ì¢ �ûÂúª üõ�Þ� ¥� ø ¢�ª áøÂª.℄26[ ´¨� ´¿¨ NP Û��Æõ Ǒ�� ¢Âð ù¤ø¢¥� Ý�ÖµÆõ ßµê¤ ö�õ¥ ø Ýþ¤�¢ Âúª ý¢�Àã� :ü÷�õ¥ ý�ûù¥�� �� ¢Âð ù¤ø¢ ùÀ�ªøÂê �ÜÿÆõ¥� ø ¢�ª áøÂª Âúª ×þ ¥� �î ýÂ�Æõ ö�õ¥ ßþÂµÞî ´¨� ��ÜÎõ .Ý�÷�¢üõ �¤ ýÂÚþ¢ �� üØþ.¢¢Âð ¥�� áøÂª Âúª �� ø À�î ¤�±ä ¤�� ×þ �fÖ�ì¢ ,ùÀª ù¢�¢ ü÷�õ¥ ý�ûù¥�� ¤¢ �ûÂúª üõ�Þ�.℄18[ ´¨� ´¿¨ NP Û��Æõ Ǒ�� ��÷ ü÷�õ¥ ý�ûù¥�� �� ¢Âð ù¤ø¢ ùÀ�ªøÂê �ÜÿÆõ:¥�À��¤�±ä üÜ��Æõ ß��� �� ����õ ñ�Þãõ ý�ûù�¤Û��Æõ ý�Â� ÍÖê �ú÷� ¥� ù¢�Ôµ¨� �î Õ�ì¢ ý�û���� ö¢Âî �À�� ý�Â� üþ�ûÝµþ¤�Úó� ü��ÂÏ (1.¢Â�ðüõ �¤�¬ ×��î ý�ûù¥�À÷� ��.À�ª�� ´¨¤¢ �f �Þµ�� �î À�û¢üõ ´¨¢ �� üþ�û���� �î ý¤�Øµ�� ý�ûÝµþ¤�Úó� ¥� ù¢�Ôµ¨� (2ö��µ� �� ,ÂµØ��î ý�û�ÜÿÆõ �� �ÜÿÆõ Ý�ÆÖ� ü�ãþ ,�ÜÿÆõ ¥� üþ�û�ÜÿÆõÂþ¥ ö¢Âî �À�� (3.¢Âî ���¤� ýÂ�Õ�ì¢ ø Âµú� ý¤�Øµ�� ý�ûÝµþ¤�Úó�Travelling Salesman Problem3



10 ÇûøÄ� ���È�� ø ü��õÀÖõ Óþ¤�ã� 1 ÛÊêÇûøÄ� ���È�� 2.1ý�ûù¥� � � � ¢Â ð ù¤ø¢ ùÀ �ªøÂ ê � Ü ÿÆõ ¥� üä� ÷ ,ü ÷� õ¥ ý�ûù¥� � � � ùÀ � � î �®Âä ¢Âõ � Ü ÿÆõø ù¢��¤�Àµú� Ûõ�î ,ö¤�Öµõ�÷ é�Âð G = (N [ f0g; A) À��î­Âê .´¨� (TSPTW) ü÷�õ¥ÂÔ¨ ö�õ¥ 
ij ø Àª�� ¤� ± ÷� ùÂð 0 ø ùÀ��î �®Âä ý�ûùÂð �ä�Þ¹õ (N � 4)N = f1; :::; ng�¤ ü÷�õ¥ ý�ûù¥�� G ý�ûùÂð ¥� ÅþøÂ¨ áøÂª ý�Â� .Àª�� (i; j) 2 A ñ�þ �� �µê�þ «�Êµ¡�i 2 N [ f0g Âû ý�Â � liø ei ý�ûÂµõ�¤� � � � �¤ �ûö�õ¥ ßþÂ �Â þ¢ ø ßþÂ �¢ø¥ ø Ý� � îüõ ñ�Þä�ÅþøÂ¨ áøÂª ý�Â� öÀ÷�õ ÂÑµ�õ ö�õ¥ Ý�¨Â� ei ö�õ¥ ¥� Â�¢ø¥ i ùÂð �� Âð� .Ý��îüõ Ó�¬��i ùÂð ¤¢ ÅþøÂ¨ áøÂª ß�� ö�õ¥ é�µ¡� ,i ùÂð ¤¢ ÂÔ¨ ö�õ¥ �Àõ ø Àû¢üõ  ¤ ùÂð ßþ� ¤¢¤¢ ü÷�µÜ�õ�û Â�Æõ ß��ã� Ûõ�ª (DMPTW) .Ý��îüõ ÓþÂã� ¤�± ÷� ùÂð ¤¢ ÅþøÂ¨ áøÂª øi 2 N ý�ûùÂð �Þû ÂÔ¨ ö�õ¥ �Àõ ßþÂµÞî � � (0 ùÂð) ¤�± ÷� ùÂð ¥� Â�Æõ áøÂª � � G é�ÂðÀ�õ¢�¨ ý�û��î ¤¢ üþ�û¢Â�¤�î (DMPTW) üãÞ¹� éÀû â��� .´¨� ü÷�õ¥ ý�ûù¥�� �� ´±Æ÷,ùø�ä �� .¢¤�¢ üµÆ� âþ¥�� ø ÛÖ÷ ø ÛÞ� ,�¨¤Àõ §����� ü��þ Â�Æõ ø ýÀ�±÷�õ¥ ,ü÷ÀªÀ¨�êö�õ¥ �Àõ �� ÍÖê �õ ´¨� ü�ãõ ßþ� �� ´Æ�÷ éÀû â��� Ûõ�ª ¤�±÷� �� ßµÈðÂ� ¥��÷ ý�ûö�õ¥Û��Æõ �� ù¤�ª� ¤�±÷� �� ßµÈðÂ� öøÀ� .Ý��îüõ ���� ü÷Àª À¨�ê À�õ¢�¨ ý�û��î �þ Âê�Æõ ÂÔ¨.(À��î �ãó�Îõ �¤ ℄32[�þ ℄21[ ,℄22[ â��Âõ �÷�Þ÷ ý�Â� ) ´¨� ¥�� ��ÜÖ÷ �Ü�¨ø ü��þÂ�Æõ¤¢.Àû¢üõ ö�È÷ (DMPTW) Û��Æõ ýø¤ �¤ ý¢øÀ½õ ý�úþ¤�Áð �þ�õÂ¨ üÖ�Ö½� ����¢�.¢¢Âðüõ � ��¤� (4DMP) ùÀ� � î �®Âä ¢Âõ � Ü ÿÆõ ý�Â � ¼�½¬ üÎ¡ Â�è ýÀ� �ñÀõ ℄23[ùÂð 30 ¢øÀ� �� �¤ �ûñ�·õ .¢Â�ðüõ �¹�µ÷ ýÄ÷�Âð� ý¥�¨�û¤ �� �¤ ß�þ�� ý�ûö�Âî ùÀ�Æþ�÷Delivery Man Problem 4



11 ÇûøÄ� ���È�� ø ü��õÀÖõ Óþ¤�ã� 1 ÛÊêý�ûýÀ��ñÀõ ℄25[ ø ℄36[ ,℄12[.À�îüõ Û� üª¤�Þª Ýµþ¤�Úó� ¥� ù¢�Ôµ¨� �� ø �µêÂð ÂÑ÷ ¤¢�ûñ�·õ ø À��îüõ ���¤� (DMP) ý�Â� �¤ üµ¨¤¢ ý�û�ó¢�ãõ�÷ ø �µ¿�õ� ¼�½¬ üÎ¡ ý�þ¤�õ�÷Â�.´¨� 60 �� 15 ß�� �ûùÂð ¢�Àã� ö� ¤¢ �î À��îüõ Û� �¤�Ø±ª �þ�� Â� �µ¿�õ� ¼�½¬ üÎ¡ ýÀ��ñÀõ ℄20[ .´¨� â�¨ø üÜ�¡ (DMPTW) �ãó�Îõý�®�Ö� ýÀ��ñÀõ �õa� .À�îüõ Û� �¤ ùÂð 60 ¢øÀ� �� ý�ûñ�·õ ø À�îüõ ���¤� ��î ø¢ ©¢Âð���¤� (TSPTW) ý�Â� ü½�½¬ ý�û�ó¢�ãõ�÷ ℄2[ ¤¢ .´Æ�÷ üãÞ¹� éÀû â��� Ûõ�ª ü��¡ýÀ��ñÀõ �¨ (TSPTW) ý�Â� ℄3[ .¢¢Âðüõ Ýû�Âê �¤ �ûüú�ø À�� ¸þ�µ÷ ¥� ü¡Â� ø ¢�ªüõßþÂµú� ý�Â� �¤ ��ãÈ÷� ø ©Â� Ýµþ¤�Úó� .À�îüõ �Æþ�Öõ �¤ �µ¿�õ� ¼�½¬ üÎ¡ ý�þ¤�õ�÷Â�.Àû¢üõ �ã¨�� ,Àª��üõ �¤�¢ �¤ ùÂð 70 ¢øÀ� �� ý�ûñ�·õ Û� üþ�÷��� �î ýÀ��ñÀõ



2 ÛÊê
ù¥�� �� ùÀ��î �®Âä ¢Âõ �ÜÿÆõ ý�ûýÀ��ñÀõü÷�õ¥
�Àµ�� ,Ý��îüõ ���¤� ü÷�õ¥ ù¥�� �� ùÀ��î �®Âä ¢Âõ �ÜÿÆõ ý�Â� ýÀ��ñÀõ á�÷ ø¢ ÛÊê ßþ� ¤¢©¥¤� �� ý�û�ó¢�ãõ�÷ ø Ý��îüõ ���¤� �¤ üó��µõ É�Ê¿� ýÀ��ñÀõ Å³¨ ø ×�¨�î ýÀ��ñÀõ.Ý��îüõ ���¤� üó��µõ É�Ê¿� ýÀ��ñÀõ ý�Â� �¤ üú�øÀ�� ¸þ�µ÷ ø×�¨�î üó�þ ö�þÂ� ýÀ��ñÀõ 1.2,i; j 2 N [ f0g(i 6= j) À � � î ­Âê .´¨� ℄17[¤¢ ùÀª � ��¤� ýÀ � �ñÀõ Õ ±ÏÂ � ýÀ � �ñÀõý�¥� � ø vij ,i; j 2 N(i 6= j) ý�¥� � ø ù¢� � ü ó� þ ö� þÂ � ý� ûÂ � ç µ õ ùÀ � û¢ ö� È ÷ xijÓþÂã � Û þ£ �¤�Ê� ø ù¢� � ß �È � � ý�ûÂ � ç µ õ ÂÚ ÷� � � fkij ,i; k 2 N; j 2 N [ f0g(i 6= j):Ý��îüõvij = ( 1 Àª�� j ùÂð ¥� Û±ì i ùÂð ü÷�µÜ�õ�û Â�Æõ ¤¢ Âð�0 �¤�¬ ßþ� Â�è ¤¢ (1.2)
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13 ü÷�õ¥ ù¥�� �� ùÀ��î �®Âä ¢Âõ �ÜÿÆõ ý�ûýÀ��ñÀõ 2 ÛÊê
fkij = ( 1 ¢�ª Âû�Ò ü÷�µÜ�õ�û Â�Æõ ¤¢ k ùÂð ¥� Å� (i; j) ñ�þ Âð�0 �¤�¬ ßþ� Â�è ¤¢ (2.2)�� .Àû¢ ö�È÷ �¤ �ûùÂð ¤¢ ÅþøÂ¨ áøÂª ö�õ¥ ti ,(i 2 N [ f0g) ý�ûÂ�çµõ À��î ­Âê ,ùÂ¡���:Ý��îüõ ýÀ��ñÀõ Ûþ£ �¤�¬ �� �¤ DMPTW �ÜÆb õ �û¢�Þ÷ ßþ�

(AF-DMP) min nXi=1(ti � t0) (3.2)subje
t to: ti + 
ij � tj +Mij(1� xij) i 2 N [ f0g;j 2 N(i 6= j) (4.2)t0 � tj j 2 N (5.2)ej � tj � lj j 2 N (6.2)e0 � t0 � l0 (7.2)Xi2N[f0g;i6=j xij = 1 j 2 N [ f0g (8.2)Xj2N[f0g;i6=j xij = 1 i 2 N [ f0g (9.2)Xi2N[f0g;i6=j fkji � Xi2N;i6=j fkij = 0 j; k 2 N(j 6= k) (10.2)Xi2N[f0g;i6=j f jji = 1 j 2 N (11.2)fkij � xij i; j; k 2 N(i 6= j) (12.2)Xj2N[f0g;i6=j fkij = vki i; k 2 N(i 6= k) (13.2)



14 ü÷�õ¥ ù¥�� �� ùÀ��î �®Âä ¢Âõ �ÜÿÆõ ý�ûýÀ��ñÀõ 2 ÛÊêXp;q2S xpq + vki � vkj �j S j �1 i; j; k 2 N(i 6= j 6= k);S � N; j S j� 2 : i; j 2 S; k 62 S (14.2)fkij � 0 i; k 2 N; j 2 N [ f0g(i 6= j) (15.2)xij 2 f0;1g i; j 2 N [ f0g(i 6= j) (16.2).´¨� üð¤�� ù��¿ó¢ ´��� Mij : i 2 N [ f0g; j 2 N(i 6= j) �¹�þ� ¤¢ñ� þ ¥� Â ð� ,À � µÆû ýÀ� �ö�õ¥ ý¤�ð¥�¨ ý�û� ó¢� ã õ� ÷ (5.2) ø (4.2) ý�û´þ¢øÀ½õi ùÂð ¤¢ ÅþøÂ¨ ö�õ¥ ßþÂµÞî �� Â��Â� Ûì�Àa � j ùÂð ¤¢ ÅþøÂ¨ ö�õ¥ Àª�� ùÀª ù¢�Ôµ¨� (i; j)ùÂð �î À�îüõ ß�ÞÌ� (5.2) ´þ¢øÀ½õ ß��»Þû ø .´¨� j �� i ¥� ÂÔ¨ ö�õ¥ �Àõ �ê�®� ��ý�ûù¥�� ý�û�ó¢�ãõ�÷ (7.2)ø (6.2) ý�û´þ¢øÀ½õ .¢�ªüõ ��ì�õ N ¥� ùÂð Âû ¥� Û±ì 0ñ�þ ö�þÂ� ý�û�ó¢�ãõ�÷ (9.2) ø (8.2) ý�û´þ¢øÀ½õ .À�µÆû N [ f0g ý�ûùÂð ý�Â� ü÷�õ¥ùÀ��î ß�ÞÌ� ø ù¢�� ö�þÂ� ´þ�óø� ý�û�ó¢�ãõ�÷ (11.2) ø (10.2) ý�û´þ¢øÀ½õ .À�µÆûý�ûÂ�çµõ ß�� ¯�±�¤� (13.2) ø (12.2) ý�û´þ¢øÀ½õ .À�µÆû f ý�ûÂ�çµõ ö�þÂ� �Ô�üõ�Þä ý�ûÂ�ÆõÂþ¥ éÁ� ý�û�ó¢�ãõ�÷ ,(14.2) ý�û´þ¢øÀ½õ ùÂ¡��� .À�µÆû v ø f , xi ùÂð ¥� Ç�� k ùÂð Âð� .´¨� v ý�ûÂ�çµõ ´þ�óø� �� �ú÷� ¯�±�¤� ø G ¤¢ �ûÂ�ÆõÂþ¥ â÷�õ ø ù¢��´ª�¢ Ý�û��¡ ø ¢¤�À ÷ ¢��ø j ø i ý�ûùÂð ß� � ýÂ�Æõ �¤�¬ ßþ� ¤¢ Àª� � j ùÂð ¥� Àã � øÀ�ª� � k ùÂð¥� Û± ì j ø i ý�ûùÂð � þ j ø i ý�ûùÂð ¥� Û± ì k ùÂð Âð� ø Pp;q2S xpq � jSj � 2.Pp;q2S xpq � jSj � 1´ª�¢ Ý�û��¡�¹�µ ÷ ¤¢ ø ´¨� ï¤��-M ´�� � Ûõ�ª (4.2) ýÀ� �ö�õ¥ ¤�ð¥�¨ � ó¢�ãõ� ÷ ,� ÷�Ô¨�b µ õ¥� üÞúõ ´ÞÆì �û´þ¢øÀ½õ ßþ� .´Æ�÷ �Â�� Û��ì ×�¨�î ñÀõ ý�Â� üú�ø À�� ü¨¤Â�


