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2 ���¤À�õ ´¨Âúê

�õÀÖõ

�� (VRP) ü��õÀ¡ ��ÜÖ÷ Ûþ�¨ø ü��þÂ�Æõ ý���õ¥ ¤¢ üÜÞä ý�û¢Â�¤�î ø ýÂÑ÷ ��Ö�Ö½�

ý�Â� ���ú� ý�ûÂ�Æõ ö¢Âî �À�� ý�Â� 2ÂÆõ�¤ ø1×þÃµ÷�¢ Í¨�� ö��õ�î ñ�¨¤� ý�ó�Æõ öÀª �ÂÎõ

ÛÞ� �ûßþÃ�� ²Þ� �� âþ¥�� ý�÷�þ�� ×þ ¥� �¤ ßþÃ�� �î ´¡�¨ ÛÞ� ý�ûö��õ�î ¥� ü÷�ðø�÷

,´ª�¢ ¤�Âì üÎ¡ ýÃþ¤�õ�÷Â� ý��±õ Â� �î ©ø¤ ×þ ¥� ù¢�Ôµ¨� �� �ûö� .Àþ¢Âð ¥�è� ,À÷¢Âîüõ

.À÷¢¤ø� ´¨¢ �� ßþÃ�� ²Þ� 12 ø ö��õ�î 4 �� �ó�Æõ ×þ ý�Â� ���ú� �� ×þ¢Ã÷ ���� ×þ

�� VRP ý���õ¥ ¤¢ ¤�î ,´¨� �µªÁð ÂÆõ�¤ ø ×þÃµ÷�¢ ý�ó�Öõ ¤�Èµ÷� ¥� �î üó�¨ 50 �±þÂÖ� ¤¢

ßþÂµð¤Ã� ��ÜÖ÷ Ûþ�¨ø ü��þÂ�Æõ �î ´Ôð ö��µ� Àþ�ª ÛÞä ¤¢ .´¨� �µê�þ ©ÂµÆð ýÂ�ÚÞÈ� ¤�Ï

�ú�� ¥ø¤ Âû ,ñ�·õ ö���ä �� .´¨� ù¢�¢ «�Êµ¡� ¢�¡ �� ���ÜÞä ¤¢ Õ�Ö½� ý���õ¥ ¤¢ �¤ ´�Öê�õ

VRP ý�û×��Ø� ¥� ù¢�Ôµ¨� �� Â���³õ�î Í¨�� �î üþ�ûÂ�Æõ ¤¢ ùÀ�÷�¤ ö�¤�Ãû ùÀ½µõ ���þ� ¤¢

.À��îüõ ü÷�¨¤ ��õÀ¡ �¤ ýÂµÈõ �ûö��Ü�õ ø ù¢Âî ´îÂ� ,À÷�ùÀª ü��ÂÏ

ý�ûÇó�� ,´¨� ùÀª Û¬�� VRP ý���õ¥ ¤¢ �î üÞúõ ý�û´êÂÈ� � üõ�Þ � ¢��ø � �

üØþ¦�ó��Ø� ý�ûý¤ø��÷ ¥� üª�÷ �ûö� ¥� üÈ¿� �î ´¨� ùÀª Âû�Ò Â�¡� ý�ûñ�¨ ¤¢ ýÀþÀ�

VRP ���õ¥ ¤¢ �µªÁð ¤¢ �î üþ�û¤�î Â·î� .´¨� ü÷�ú� ü��þÂ�Æõ ý�ûÝµÆ�¨ ö�»Þû ÀþÀ�

¤¢ ��ä�Ï� üõ�Þ� ö� ¤¢ �î À÷¤�¢ ���� ü��þÂ�Æõ üãÎì ø ×���µ¨� ¢¤��õ Â� ´¨� �µêÂð �¤�¬

Â��ç� öøÀ� ¤�î ö�þ�� �� ,À÷Àª ü��ÂÏ �ûÂ�Æõ �î ¤�� ×þ ø ´¨� ô�Üãõ �ûÂ�Æõ ýÃþ¤ �ÂÏ ö�õ¥

ý¥�¨���ú� Û��Æõ ,Û��Æõ ¥� ý¤��Æ� âì�ø ö�ú� ý¢Â�¤�î Ûþ�Æõ ¤¢ ,ñ�� ßþ� �� .À�÷�õüõ üì��

¥øÂ� °±¨ �û ´îÂª öøÃê� ¥ø¤ ´��ì¤ ø ÀþÀ� üÏ�±�¤� ý�ûý¦�ó��Ø� ¤�úÒ Ã�÷ ø À�µÆû �þ��

üõ�Þ� ×���µ¨� Û��Æõ é�¡Â� ,Û��Æõ ¥� �÷�ð ßþ� ¤¢ .À÷¤�¢ �þ�� üµ�û�õ �î ´¨� ùÀª üÜ��Æõ

�� �ØÜ� ,¢�ªüÞ÷ Âû�Ò ù¤�±Øþ �� �õ�Þ� À÷�ª ü÷�¨¤ ��õÀ¡ Àþ�� �î ü÷�þÂµÈõ ¢¤�õ ¤¢ ��ä�Ï�

�û´îÂª ý�Â� �¤ ö�Øõ� ßþ� ÀþÀ� ý�ûý¤ø�ßê ù¥øÂõ� .¢�ªüõ ¤�Øª� ö�õ¥ üÏ ¤¢ �þ�� ¤�Ï

Dantzig1

Ramser2



3 ���¤À�õ ´¨Âúê

ýÂµÈõ �î ü�¤�¬ ¤¢ ø À��î �À�� á�Ï� ��ÜÖ÷ Ûþ�¨ø ´�ãì�õ ¥� ü÷�õ¥ Âû ¤¢ �î ´¨� ù¢¤ø� Ýû�Âê

�¤ ýÂµÈõ ö� ,Àª�� ��ÜÎõ ø ßØÞõ ýÂµÈõ ö� üû¢ÅþøÂ¨ ø À�î ÅþøÂ¨ ´¨��¡¤¢ ýÀþÀ�

¥� Â�Â��õ ýÂ�ðùÂú� ý�Â� ýÂ�ðÝ�ÞÊ� ý�û×��Ø� �µ±ó� .Àû¢ Â��ç� �¤ �ûÂ�Æõ ø ù¢Âî Â�Æõ ¢¤�ø

´�ó�ÔÏ ö�¤ø¢ ¥��û À÷�ù¢¤ø� Ýû�Âê �þ�� ü��þÂ�Æõ ý���õ¥ ¤¢ �ûý¤ø�ßê ßþ� �î üþ�û´¬Âê

¤�î ,×���µ¨� ü��þÂ�Æõ ý���õ¥ ¤¢ �µêÂð �¤�¬ ¤��Æ� ý�û¤�î �� �Æþ�Öõ ¤¢ .À÷�¤Áð üõ �¤ ¢�¡

.´¨� �µêÂð �¤�¬ �þ�� ü��þ Â�Æõ ý���õ¥ ¤¢ üîÀ÷� �µ±Æ÷

.´¨� (DMPVRP)3�þ�� ý�ù¤ø¢ À�� ü��þÂ�Æõ �ó�Æõ Û� ø ýÀ�±óÀõ �õ�÷ ö�þ�� ßþ� ¥� éÀû

ù¤ø¢ ßþÀ�� ¥� ÛØÈµõ ýÃþ¤�õ�÷Â� Õê� ×þ ¤¢ �þ�� ¤�Ï �� �¤ ��ª¤�Ô¨ ö�þÂµÈõ DMPVRP ¤¢

ö�Øõ ×þ ,�±ó�Îõ ¢¤�õ ý��î¥� ö�Ã�õ ×þ ýùÀ��î É¿Èõ ´¨��¡¤¢ Âû .À�û¢ üõ ���¤� (¥ø¤)

.¢Â�ð �¤�¬ ö�¤¢ À÷���üõ Ûþ�½� ���ÜÞä �î ´¨� üó��µõ ý�ûù¤ø¢ ¥� ý��ä�Þ¹õ ø Ûþ�½�

ý��þÃû �î À�î ýÃþ¤�ÂÏ ö��� ýÃþ¤�õ�÷Â� Õê� ý�Â� �¤ ¢�¡ Ûþ�½� ý�ûÂ�Æõ Àþ�� ùÀ��î âþ¥��

ýÃþ¤�õ�÷Â� Õê� ý�Â� �¤ �÷�¥ø ¤ ý¤�î ¤�� ø À�î ÝÞ�÷üõ �¤ ö�þÂµÈõ ¤�Ñµ÷� ö�õ¥ ø �ûÂ�Æõ Ûî

ý¥ø¤ Âû ¤¢ ö�þÂµÈõ ��ª¤�Ô¨ �î ´¨� ´ú� ßþ� ¥� �ó�Æõ ßþ� üþ�þ�� ý �±�� .¢¥�¨ ñ¢�ãµõ

ùÀ�þ� ý�û´¨��¡¤¢ ¥� üû�ð� öøÀ� ¥ø¤ Âû ý�ûÂ�Æõ ¢¤�õ ¤¢ ýÂ�ðÝ�ÞÊ� ø À¨Â� À÷���üõ

.¢Â�ð üõ �¤�¬

¥� ù¢�Ôµ¨� �� �µ¿�õ� ¼�½¬ üÎ¡ �ó�Æõ ×þ �¤�¬ �� �¤ DMPVRP �õ�÷ ö�þ�� ßþ� ¤¢

�ã¨�� ö� ���� ý�Â� ý��Ü�Âõ �¨ ý¤�Øµ�� ©ø¤ ×þ Å³¨ .Ý��î üõ ýÀ�±ó�õÂê Âó�Ø¨� ×��Ø�

´�Ô�î �� üþ�û���� üÖÎ�õ ý�Â�� ö�õ¥ ×þ ¤¢ À÷���üõ �õ ¢ÂØþø¤ �î Ý�û¢üõ ö�È÷ ø Ý�û¢ üõ

.Àû¢ �¹�µ÷ °¨��õ

���È�� ¥� ý¤øÂõ ù�ÂÞû �� ýÀã� ý�ûÛÊê ¤¢ ¥��÷ ¢¤�õ ý��óø� Ý�û�Ôõ ø Óþ¤�ã� ñø� ÛÊê ¤¢

.´¨� ùÀª ���¤� ,�µêÂð �¤�¬ Í±�Âõ ý�û¤�î ø

Dynamic Multi-Period Vehicle Routing Problem3



4 ���¤À�õ ´¨Âúê

ø Û� ©ø¤ .´¨� ùÀþ¢Âð ���¤� ö� ü®�þ¤ ñÀõ ø ùÀª ù¢�¢ �Âª DMPVRP ôø¢ ÛÊê ¤¢

.´¨� ùÀþ¢Âð ���¤� ÛÊê ßþ� ¤¢ �ó�Æõ ßþ� Û� ý�Â� �µê¤ ¤�î �� ý�û×��Ø�

.´¨� ùÀª ���¤� �¨ ÛÊê ¤¢ ýÂ�ð�¹�µ÷ ø ý¢Àä ¸þ�µ÷



1 ÛÊê

ÇûøÄ� ý���È�� ø ��óø� Ý�û�Ôõ

:é�Âð 1-1

ö���ä �� V (G) üú��÷ ý�ä�Þ¹õ ¥� ÛØÈµõ ,(V (G), E(G), ψG) °�Âõ üþ�� �¨ ×þ G é�Âð

ñ�þ Âû �� �î ´¨� ψG á�ìø â��� ø ,V (G) ¥� �Ã¹õ ý�ûñ�þ ý E(G) ý�ä�Þ¹õ ,�û§�¤ �ä�Þ¹õ

v ø u ø ñ�þ ×þ e Âð� .À�îüõ ù�ÂÞû �¤ G ý�û §�¤ ¥� (�Ã¹õ �õøÃó �÷) °�Âõ�÷ ´Ô� ×þ ,G

,À�îüõ Û¬ø v �� �¤ u ,e À�þ�ðüõ ù�ðö� ,ψG(e) = uv �î üÞÆì �� ,À�ª�� V (G) ¥� üþ�û§�¤

.À�õ�÷üõ e ý�úµ÷� ø¢ �¤ v ø u ý�û §�¤

.E(H) ⊆ E(G) ,V (H) ⊆ V (G) Âð� �ú�� ø Âð� ´¨� G é�ÂðÂþ¥ H é�Âð :é�Âð Âþ¥

.Ý�þ�ð ´¡¤¢ ×þ �¤ ¤ø¢ ü� À�±Þû é�Âð :´¡¤¢

.¢�ªüõ ¢�¹þ� ¤�Àõ ×þ Ý��î �ê�®� ñ�þ ×þ ,´¡¤¢ ×þ ¥� ù��¿ó¢ §�¤ ø¢ ß�� Âð� :¤�Àõ

w(G) ¥� ¤�Ñ�õ ø w(G− e) > w(G) :�î ý¤�Ï �� ´¨� e ñ�þ ,G üªÂ� ñ�þ ×þ :üªÂ� ñ�þ

.Àª��üõ G ý�û �Ôó�õ ¢�Àã�

5



6 ÇûøÄ� ý���È�� ø ��óø� Ý�û�Ôõ 1 ÛÊê

ø s ¤¢ �ûö� ý�úµ÷� ×þ �î �¤ üþ�ûñ�þ ý�ä�Þ¹õ ,V ¥� s′ ø s ý�û�ä�Þ¹õ Âþ¥ ý�Â� :[s, s′]

.Ý�û¢üõ ö�È÷ [s, s′] �� �¤ ´¨� s′ ¤¢ ö�ªÂÚþ¢ ý�úµ÷�

s ö� ¤¢ � î ´ ¨� [s, s̄] �¤� ¬ � � E ¥� ý�� ä� Þ ¹ õÂ þ¥ ,G ü ó� þ ©Â � :ü ó� þ ©Â �

.À�ª��üõ s̄ = V \s ø V ¥� üú��÷ ýùÂ¨ ý�ä�Þ¹õ Âþ¥

ø �û§�¤ ��ø��µõ ö� ý�û�ÜÞ� �î ´¨� W = v0e1v1e2 · · · ekvk ý�ó�±÷¢ G ¤¢ ´Èð :´Èð

W �¤�¬ ßþ� ¤¢ .À�µÆû vi, vi−1 ,ei ý�úµ÷� ø¢ ,1 ≤ i ≤ k ý�Â� �î üÞÆì �� À�µÆû �ûñ�þ

.Ý�û¢üõ ö�È÷ (v0, vk) �¤�¬ ��ø ´¨� vk �� v0 ¥� üµÈð

.À�õ�÷üõ ¤Áð �¤ W ,À�ª�� �Ã¹õ ,W ´Èð e1, e2, · · · , ek ý�ûñ�þ Âð� :¤Áð

Â �Æ õ �¤ W ,À � ª� � �Ã¹ õ v0, v1, · · · , vk ý�û§�¤ ,� ûñ� þ Â � ùø�ä ý¤Áð ¤¢ Â ð� :Â �Æ õ

.À�õ�÷üõ

,ù�¤ ×þ ÂÚþ¢ �¤�±ä �� .¢�ªüõ �µÔð ,ù�¤ ,n + 1 �� 0§�¤ ¥� ý�ûÂ�Æõ �� :(routs)�ûù�¤

.´¨� ù�ÚµÆþ� �� ´ÈðÂ� ø ö�þÂµÈõ ¥� �ó�±÷¢ ×þ �� ù�ÚµÆþ� ¥� ù���î ÂÔ¨ ×þ

.Àª�� ¢���õ G ¤¢ (u, v)Â�Æõ Âð� À�÷��¡ À�±Þû �¤ G é�Âð ý v ø u§�¤ ø¢ :À�±Þû §�¤ ø¢

.´¨� V ý� û§�¤ � ä� Þ¹ õ ¤¢ ý¥¤�Ý û �Î ��¤ × þ ,ýÀ � ± Þ û :é�Â ð × þ ý� û� Ô ó� õ

§�¤ ø¢ �î ý¤�Ï �� ¢¤�¢ ¢��ø V1, V2, · · · , Vω üú��÷ ý�û�ä�Þ¹õ Âþ¥ �� V ¥� ý¥�Âê� ßþ�Â����

ý�ûé�ÂðÂ þ¥ .À�ª� � Vi �ä�Þ¹õ ×þ �� ÕÜã µõ ø¢ Âû v ø u Âð� �ú � � ø Âð� À ÷À� ±Þû v ø u

.À�õ�÷ üõ G ý�û�Ôó�õ �¤ G[V1], G[V2], · · · , G[Vω]

G �¤�Ê�þ� Â�è ¤¢ ;´¨� À�±Þû G ,Àª�� �Ôó�õ ×þ �Ö�ì¢ ý�¤�¢ G é�Âð Âð� :À�±Þû é�Âð

�µª�¢ ¢��ø ýÂ�Æõ ÂÚþ¢ §�¤ Âû �� ö� §�¤ Âû ¥� �î üê�Âð ,Â�ù¢�¨ �¤�±ä �� .´¨� À�±Þû�÷

.Àª��

¢��ø ¤�¢ ´ú� Â�Æõ ×þ ÂÚþ¢ §�¤ Âû �� ö� §�¤ Âû ¥� �î �¤ üê�Âð :À�±Þû �þ�ì é�Âð

.Ý�þ�ð À�±Þû �þ�ì é�Âð ;Àª�� �µª�¢
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�� ñ�þ ×þ ý�Ü�¨ø �� Ãþ�Þµõ ý�û§�¤ ¥� ´Ô�Âû ö� ¤¢ �î �¤ ý�ù¢�¨ é�Âð : Ûõ�î é�Âð

.À�û¢ üõ ö�È÷ Kn �� �¤ §�¤ n �� Ûõ�î é�Âð ×þ .À�õ�÷ üõ Ûõ�î é�Âð ,À�ª�� ÛÊµõ Ýû

1937 ñ�¨ ¤¢ Ù�þ¤�� ßó� Í¨�� �î ´¨� ýÂÑ÷ ü��±¨�½õ ß�ª�õ ×þ :Ù�þ¤�� ß�ª�õ

]31[.´¨� ùÀª á�Âµ¡� ü®�þ¤ ��±¨�½õ ´ú� ñ�ùÀþ� ñÀõ ×þ ö���ä �� ´õÀ¡ ���¤� ý�Â�

.À�î ´îÂ� �Ü� ø °Öä �� À÷���üõ �î ´¨� ¤��÷ ô�÷ �� �û�÷�¡ ¥� Í¡ ×þ Ûõ�ª Ù�þ¤�� ß�ª�õ

ßþ� ö���üõ �î ´¨� ´ó�� ô�÷ �� ü�ðÄþø ý�¤�¢ ¢�ªüõ �µ¡��ª Àû ô�÷ �� �î ñ�ãê Ç¿� ×þ

ß��ã� ý�Â� ,�ûÛÞãó�¤�µ¨¢ ¥� �ä�Þ¹õ ×þ ø ¢�¢ Â��ç� ö� ü��þ�� ñ�ãê �÷�¡ Ù÷¤ �� �¤ üðÄþø

´¨� ßØÞõ ô�ð Âû ¤¢ .À�î ´îÂ� ¤��÷ �÷�Ú� ø À�î ¼�½Ê� �¤ �û�÷�¡ Àþ�� �÷�Ú� Àû �Ø�þ�

�þ ²� �� À��ø ×þ �¤ ¤��÷ Å³¨ ø Àû¢ Â��ç� �¤ Àû ´ó�� ,À�î ¼�½Ê� �¤ ñ�ãê �÷�¡ Ù÷¤ ß�ª�õ

... ø Àû¢ ´îÂ� ´¨�¤

ù¢�¢ É�Ê¿� ( üãÎì Â�è ý��ÜÞ� À�� ö�õ¥)(1NP) �µ¨¢ �� �ó�Æõ ×þ :NP �ó�Æõ

.Àª�� Û� Û��ì Ù�þ¤�� ß�ª�õ Í¨�� üãÎì Â�è ý��ÜÞ� À�� ö�õ¥ ×þ ¤¢ ù�ð Âû ¢�ªüõ

ö��µ� �î ´¨� ßþ� ¥� Â�´¿¨ ü��£ �¤�¬ �� �î Ý�ÞÊ� Û��Æõ üðÀ�»�� �µ¨¢ :´¿¨ NP

.¢Âî Û� üãÎì Â�è ý��ÜÞ� À�� ö�õ¥ ¤¢ Ù�þ¤�� ß�ª�õ Í¨��

��ÜÖ÷ Ûþ�¨ø ü��þÂ�Æõ �ó�Æõ 2-1

ý�ó�Æõ ,´¨� �µêÂð ¤�Âì �ãó�Îõ ¢¤�õ ü��¡ �� �î ü��þÂ�Æõ �ó�Æõ ßþÂ� ý¢���� ×ª öøÀ�

�Âê�Æõ �ûÂúª ¥� ý��ä�Þ¹õ �� Àþ�� ùÀ�ªøÂê ×þ ö� ¤¢ �î ,´¨� (TSP) 2¢Âðù¤ø¢ ýùÀ�ªøÂê

Í¨�� ùÀª ù¢�Þ�� ´ê�Æõ ö¢Âî ÝÞ�÷ üõ TSP ý�ó�Æõ ¥� éÀû .¢¢Âð ¥�� ñø� Âúª �� ø ù¢Âî

ø Àª �ÂÎõ ßÞîÂî §�õ�� ø ö�µÜ�Þû ô��Üþø Í¨�� 18 ùÀ¨ ¤¢ �Àµ�� �ó�Æõ ßþ� .´¨� ùÀ�ªøÂê

Nondeterministic Polynomail time1

Traveling Salesman Problem2
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ù�ÚÈ÷�¢ ¥� ÂÚ�õ ñ¤�î ö�� ü÷�÷�À�®�þ¤ ý�Ü�¨ø �� ö� üõ�Þä ÛØª 1930 ý�û¢ ¤¢ Å³¨

]24[.´êÂð ¤�Âì �ãó�Îõ ¢¤�õ ö�µÆ�þÂ� ù�ÚÈ÷�¢ ¥� ü�µþø ÂÜ¨�û ø ¢¤�ø ¤�û

Â�Æõ ß��ã� ¥� ´¨� �¤�±ä ø ´¨� TSP ¥� üã�¨�� (VRP) 3��ÜÖ÷ Ûþ�¨ø ü��þÂ�Æõ ý�ó�Æõ

ö�þÂµÈõ ¥� ý��ä�Þ¹õ Âþ¥ ,¢�ª üõ áøÂª ¤�±÷� ¥� Â�Æõ ×þ �Ø÷��� ,��ÜÖ÷ ý�Ü�¨ø m ý�Â�

¤�±Øþ �Ö�ì¢ Àþ�� ö�þÂµÈõ üõ�Þ� .¢¢Âðüõ ¥�� ¤�±÷� �� ø À�îüõ ��ì�õ É¿Èõ ü±��Â� �� �¤

VRP ü®�þ¤ ö��¥ �� .Àª�� ÂµÈ�� ß�ª�õ ´�êÂÒ ¥� Àþ�±÷ Â�Æõ ×þ ý�®�Ö� Ûî ø À÷�ª ��ì�õ

ø �û§�¤ ý�ä�Þ¹õ V={v0, v1, . . . , vn} ö� ¤¢ �î ¢�ªüõ ÓþÂã � ,G=(A,V) é�Âð ×þ Â �

ö� ¤¢ �î Àû¢üõ ö�È÷ �¤ ¤�±÷� v0 §�¤ .´¨� �ûñ�þ ý�ä�Þ¹õ A={(vi, vj) : vi, vj ∈ V, i ̸= j}

Âúª ×þ �� ´¨� ÂÒ��µõ V \v0 ¥� §�¤ Âû .À÷¤�¢ ¤�Âì Q1, . . . , Qn ý�û´�êÂÒ �� ��ÜÖ÷ ý�Ü�¨ø m

¢��ø C = (cij) Çþ�Þ�� ö�õ¥ ÅþÂ��õ ×þ A ý�Â� .¢¤�¢ qi üÔ�õ�÷ ý�®�Ö� ×þ ø ýÂµÈõ �þ

Âû (i) �î ý¤�Ï �� G ýø¤ Â� ��ÜÖ÷ ý�Ü�¨ø m ý�ûÂ�Æõ ü��ÂÏ ¥� ´¨� �¤�±ä VRP .¢¤�¢

(iii) ,¢¤�¢ ÕÜã� Â�Æõ ×þ �� �Ö�ì¢ ýÂµÈõ Âû (ii) ,À��þ �Þ��¡ ö� ¤¢ ø ùÀª áøÂª ¤�±÷� ¥� Â�Æõ

¥� Â�Æõ ö� Çþ�Þ�� ö�õ¥ �Àõ ø ¢øÂ÷ Â��Âê Qk ¥� k ß�ª�õ �� ùÀª ù¢¤ø�Â� ý�û�®�Ö� á�Þ¹õ

Ûî âþ¥�� ý�û��þÃû ý¥�¨ ÝÞ�÷ üõ VRP éÀû .¢øÂ÷ Â��Âê Dk ýùÀª ß��ã� Ç�� ¥� ¤�ÀÖõ ×þ

´¿¨ ü���±�îÂ� ý�ó�Æõ ×þ VRP .´¨� ��ÜÖ÷ Ûþ�¨ø Í¨�� ùÀª ù¢�Þ�� ý�û´ê�Æõ �� Õ��Îõ

ý¤�Øµ�� ý�û©ø¤ ¥� ù¢�Ôµ¨� �� ��Þãõ ø ´¨� �µêÂð ¤�Âì ý¢�þ¥ ���� ¢¤�õ ��Ö�Ö½� ¤¢ �î ´¨�

´¨� Â�ð¤¢ ü±�� ý�ûÀ�ì ü¡Â� �� âþ¥�� ý�ó�Æõ âì�ø ö�ú� âþ¥�� Û��Æõ Â·î� ¤¢ .¢�ª üõ Û�

ý�Â� ö�õ¥ ý�ûÀ�ì ,ñ�·õ ö���ä �� À�÷���üõ ü±�� ý�ûÀ�ì ßþ� .¢¥�¨üõ Â�ùÀ�»�� �¤ �ó�Æõ �î

ý�ó�Æõ .Àª�� ,¢�ª áøÂª Àþ�� ÅþøÂ¨ ö� üÏ ¤¢ �î ü÷�õ¥ ý�ûùÂ¹�� ø Â�Æõ Çþ�Þ�� Ûî ö�õ¥

Âð� ùø�ã� .¢�ªüõ �µ¡��ª (VRPTW) ü÷�õ¥ ý�ûùÂ¹�� �� ��ÜÖ÷ Ûþ�¨ø ü��þÂ�Æõ ô�÷ �� Â¡�

.¢�ªüõ Â�ùÀ�»�� �ó�Æõ ,Ý�ª�� �µª�¢ ¤�îøÂ¨ �÷�ðÀ�� ý�û¤�±÷� ö�� üþ�û�±�� �� Ý�ª�� ¤�±¹õ

Vehicle Routig Problem3
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ý¤�Øµ�� ý�û©ø¤ �õ� ,Àª��üõ ü®�þ¤ ýÃþ¤�õ�÷Â� ö�»Þû Õ�ì¢ ý�û©ø¤ Ûõ�ª Û� ý�û©ø¤

ù¢�Ôµ¨� ¢¤�õ VRP ý�Â� Ã�÷ Â�çµõ üÚþ�ÆÞû ý�¹µÆ� ø �ä��Þõ ý�¹µÆ� ö�»Þû ý¤�Øµ���Âê ø

.´¨� �µêÂð ¤�Âì

ý�ù¤ø¢ ý��ÜÖ÷ Ûþ�¨ø ü��þÂ�Æõ ý�ó�Æõ 3-1

ý�ûÂ�Æõ ö� ¤¢ �î ´¨� VRP ¥� üã�¨�� (PVRP)4 ý�ù¤ø¢ ý��ÜÖ÷ Ûþ�¨ø ü��þÂ�Æõ ý�ó�Æõ

ö�þÂµÈõ ø ¢�ª ¢�¹þ� (¥ø¤)ù¤ø¢ ßþÀ�� ¥� ÛØÈµõ ýÃþ¤�õ�÷Â� Õê� ×þ ý�Â� Àþ�� ��ÜÖ÷ Ûþ�¨ø

ý��ÜÖ÷ Ûþ�¨ø ¥� ü÷�ðø�÷ ,ù¤ø¢ Âû üÏ¤¢ .À÷�ª ��ì�õ Õê� ßþ� üÏ ¤¢ ¤�� ×þ ¥� Ç�� À�÷���üõ

ßþ� ¤¢ .À��î üõ ´îÂ� ,À���þüõ ö�þ�� ö� ¤¢ ø ùÀª áøÂª ¤�±÷� ¥� �î üþ�ûÂ�Æõ öø¤¢ ¤�¢´�êÂÒ

ÅþøÂ¨ ü÷�ø�Âê ö�þÂµÈõ PVRP ¤¢ .´¨� ô�Üãõ ýÃþ¤�õ�÷Â� Õê� ¥�è� ¤¢ ��ä�Ï� üõ�Þ� �ó�Æõ

ý�Â� .À��îüõ É¿Èõ �¤ üû¢ÅþøÂ¨ ý�Â� ¥�¹õ ý�û¥ø¤ ý�û°�îÂ� ö���ä �� üþ�û�ä�Þ¹õ ø

¤¢ ýÂµÈõ ù�ð ö� ,À�î É¿Èõ �¤ {2ø4} ø {1ø3}��±�îÂ� ø 2 ü÷�ø�Âê ýÂµÈõ ×þ Âð� ñ�·õ

��¿µ ÷� ¥� ´¨� �¤�±ä � ó�Æõ .¢�ª ´þÃ þø 4ø2 ý�û¥ø¤ � þ 3ø1 ý�û¥ø¤ ¤¢ ¤� � ø¢ ¢¤�¢ ÂÑ÷

ýÃþ¤�õ�÷Â� Õê� ¥� ¥ø ¤ Âû ý�Â� �ûÂ�Æõ ¢�¹þ� ø ýÂµÈõ Âû ý�Â� ÅþøÂ¨ °�îÂ� ×þ ö�õÃÞû

Ûî ý�Â� �ûß�ª�õ Í¨�� ùÀª ù¢�Þ�� ´ê�Æõ �� ¯��Âõ ý�û��þÃû �Ø÷��� VRP ß�÷��ì �� Õ��Îõ

ý¤ø� âÞ� ,���ª�÷ âþ��¬ ,¤��ø ¤��¡ âþ¥�� ¤¢ ñ�·õ ö���ä �� �ó�Æõ ¥� á�÷ ßþ� .¢¢Âð ÝÞ�÷üõ Õê�

.¢�ªüõ Âû�Ò ÂÚþ¢ ý¢¤��õ ø ��ãþ�®

Periodic Vehicle Routing Problem4
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�þ�� ý�ù¤ø¢ ý��ÜÖ÷ Ûþ�¨ø ü��þÂ�Æõ ý�ó�Æõ 4-1

×þ ¤¢ �þ�� ¤�Ï �� �¤ ��ª¤�Ô¨ ö�þÂµÈõ (DMPVRP) �þ�� ý�ù¤ø¢ À�� ü��þÂ�Æõ ý�ó�Æõ ¤¢

ýùÀ��î É¿Èõ ´¨��¡¤¢ Âû .À�û¢üõ ���¤� (¥ø¤) ù¤ø¢ ßþÀ�� ¥� ÛØÈµõ ýÃþ¤�õ�÷Â� Õê�

�î ´¨� üó��µõ ý�ûù¤ø¢ ¥� ý��ä�Þ¹õ ø Ûþ�½� ö�Øõ ×þ ,�±ó�Îõ ¢¤�õ ý��î ¥� ö�Ã�õ ×þ

Õê� ý�Â� �¤ ¢�¡ Ûþ�½� ý�ûÂ�Æõ Àþ�� ùÀ��î âþ¥�� .¢Â�ð �¤�¬ ö�¤¢ À÷���üõ Ûþ�½� ���ÜÞä

ø À�î ÝÞ�÷üõ �¤ ö�þÂµÈõ ¤�Ñµ÷� ö�õ¥ ø �ûÂ�Æõ Ûî ý��þÃû �î À�î ýÃþ¤�ÂÏ ö��� ýÃþ¤ �õ�÷Â�

���¤� ö�õ¥ üÏ ¤¢ �¤ ��ª¤�Ô¨ ö�þÂµÈõ .¢¥�¨ ñ¢�ãµõ ýÃþ¤�õ�÷Â� Õê� ý�Â� �¤ �÷�¥ø ¤ ý¤�î ¤��

Û�ØÈ� ¥ø¤ ö� ¥�è� ¤¢ ,ý¤�� �Ü�¨ø ßþÀ�� ý�Â� É¿Èõ ¥ø¤ ×þ âþ¥�� ñøÀ� ø À�û¢üõ

â±Îó� � ø ´¨� ùÀÈ÷ Û�ÞØ� ��ª¤�Ô¨ ¥� ý¢�Àã� � � üû¢ÅþøÂ¨ Ûõ�ª ñøÀ� ßþ� .¢�ªüõ

�� ¢Â�ð �¤�¬ Àþ�� ý�ì �µ±Æ÷ ý�ûüÈþÀ÷�¤ø¢ .¢¤�Áðüõ üì�� ýÀã� ý�û¥ø¤ ý�Â� Ýû �¤ ý¢�Àã�

¥� Å� ùÀÈ÷ Û�ÞØ� ��ª¤�Ô¨ .¢�È÷ ¢�¹þ� ü÷ÀÈ÷ ý�û´�ã®ø ,Â�Æõ ¢�¹þ� ô�Ú�û ¤¢ ùÀ�þ� ¤¢

¤¢ Àã� ¥ø¤ ýÀ�±óøÀ� ý�Â� ¥ø¤ ñ�Ï ¤¢ ùÀª �µª�±÷� ÀþÀ� ��ª¤�Ô¨ ø À÷�ªüõÉ¿Èõ ñøÀ�

ü÷�õ¥ ùÂ¹�� º�û ,À÷¤�À÷ Ûõ�ã� ¤�� Ûþ�½� ö�õ¥ ¤¢ ö�ðÀ�÷�¤ �Ø÷� Û�ó¢ �� .À÷�ªüõ �µêÂð ÂÑ÷

.¢�ª �µêÂð ÂÑ÷ ¤¢ ´Æ�÷ ô¥�

Ý�÷�¢üõ �î üþ�¹÷� �� .´¨� íÀ÷� �µ±Æ÷ DMPVRP ý���õ¥ ¤¢ ùÀª �µª�÷ ���Öõ ¢�Àã�

´ó�� ×þ ö�Ôó�õ ]2[ ¤¢ .´¨� �µêÂð �¤�¬ ]3[ ø ]2[ ö�¤�ØÞû ø üÜÜ¹÷� Í¨�� ¤�î ßþÂ�×þ¢Ã÷

üó�� µõ ¥ø¤ ø¢ ,´ê� þ¤¢ ¥� Å� ©¤�Ô¨ Âû ö� ¤¢ �î À÷��µ êÂð ÂÑ÷ ¤¢ �¤ DMPVRP ¥� «�¡

¢���õ ��ª¤�Ô¨ ô�¹÷� ý�Â� ��ÜÖ÷ ý �Ü�¨ø ×þ �ú�� ¥ø¤ Âû ¤¢ ø ¢¤�¢ üðÀ�¨¤ ý�Â� ´¬Âê

§Âµ¨¢ ¤¢ ��ÜÖ÷ Ûþ�¨ø ¥� ´��� ö�ðø�÷ ×þ ö� ¤¢ �î ´¨� �µê�þ �ã¨�� ]3[ ¤¢ �ó�Æõ ßþ� .´¨�

�µêÂð ÂÑ÷ ¤¢ ¥ø¤ ñ�Ï ¤¢ �ûÂ�Æõ �ÂÏ ýù¤��ø¢ ý¥�¨ ���ú� �� ßþ�÷� ý�û´¨��¡¤¢ ø ´¨�

¤¢ ��ÜÖ÷ Ûþ�¨ø �î üõ�Ú�û ¥ø¤ ñ�Ï ¤¢ �Ø��¤�¬ ¤¢ À�þ�ðüõ ßþ�÷� �¤ ´¨��¡¤¢ ×þ .¢�ªüõ

Àã� �� ö���üõ Ýû �¤ ßþ�÷� ´¨��¡¤¢ ×þ .¢�ª ´ê�þ¤¢ À�µÆû ´îÂ� ñ�� ¤¢ âþ¥�� ý�ÖÎ�õ
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ùÀª Âê �¹�þ� ¤¢ .À÷�¨¤ ô�¹÷� �� ¢�ªüõ ´ê�þ¤¢ �î ý¥ø¤ ö�Þû ¤¢ ö���üõ Ýû ø ¢Âî ñ�î�õ

�ú�� ,���� ö¢�� ü÷Àª ß�ÞÌ� ¤�Ñ�õ �� À�µÆû Õþ�ã� Û��ì Â�è �î üþ�û´¨��¡¤¢ �î ´¨�

.À÷�ª ´ê�þ¤¢ ´��� ö�õ¥ ×þ ¥� Û±ì À�÷���üõ

üõ�Þ� ö� ¤¢ �î (PVRP) ü��õÀ¡ ��ÜÖ÷ Ûþ�¨ø ý�ù¤ø¢ ü��þÂ�Æõ �ó�Æõ �� DMPVRP

ý�ûü÷�ø�Âê DMPVRP ¤¢ .´¨� Í±�Âõ ×þ¢Ã÷ ¥� ,´¨� ¢���õ ýÃþ¤�õ�÷Â� Õê� ¥�è� ¤¢ ��ä�Ï�

üó��µõ ý�û¥ø¤ ¥� ÅþøÂ¨ ý�û¥ø¤ ��±�îÂ� ø ´¨� ×þ �� ýø�Æõ ýÂµÈõ Âû ý�Â� ÅþøÂ¨

�µ¡��ª ý�ûÝµþ¤�Úó� ßþÂµú� .¢�ª üõ Û� ý¤�Øµ�� ý�û©ø¤ �� ��Þãõ PVRP .¢�ªüõ Û�ØÈ�

Å�Æ÷�Âê .]15[ ö�¤�ØÞû ø Âþ�ÞÜÞû ø ]6[ ö�¤�ØÞû ø ��¢¤�î �� À�µÆû ÕÜãµõ �ó�Æõ ßþ� ý�Â� ùÀª

ýÂ�ð Ý�ÞÊ� Â�çµõ ×þ ÅþøÂ¨ ü÷�ø�Âê ö� ¤¢ �î À÷�ù¢Âî Û� �¤ PVRP ¥� üä�÷ ]8[ö�¤�ØÞû ø

�ûÂ�Æõ ý��þÃû ý¥�¨ ÝÞ�÷üõ Ûõ�ª �î À÷�ù¢Âî Û� �¤ ýÂÚþ¢ á�÷ ]22[×�¤À÷ø ø �þ�ð¤�õ .´¨�

.´¨� �÷�¥ø ¤ ý¤�î ¤�� ý¥�¨ ñ¢�ãµõ ø

Âû�Ò �þ�� Ûþ�½� ø ßµª�¢Â� Û��Æõ ý���õ¥ ¤¢ °Üè� �þ�� ý�Ôó�õ ×þ �� ü��þÂ�Æõ Û��Æõ Âþ�¨

�µêÂð ÂÑ÷ ¤¢ ý�ù¤ø¢ À�� Õê� ×þ ���Öõ ßþ� ¤¢ �õ� .]26[ ø ]21[ ,]5[ ,]16[ ,]27[ À÷�ª üõ

���Öõ ¥� ýÂÚþ¢ ý�µ¨¢ .À���±� �¤ ]4[ ø ]19[ Â�¡� ���Öõ Â� ý¤øÂõ ßµª�¢ ý�Â� .´¨� ùÀÈ÷

üþ�û�÷�Þ÷ �î ´¨� 5üêÀû À�� ü��þÂ�Æõ ý���õ¥ ¤¢ ùÀª �µª�÷ ���Öõ ,�õ �ó�Æõ �� Í±�Âõ

ÛÞ� ø ]18[ �ó��¥ ý¤ø�âÞ� ,]23[ ø ]1[ ¤¢ �¨¤Àõ §����� ü��þ Â�Æõ ¥� ´¨� �¤�±ä ö� ¥�

¥� À��¤�±ä üêÀû À�� Û��Æõ ý�Â� Û� üÜ¬� ýÄ��Âµ¨� ø¢ .]7[ ø ]32[ ,]30[ Ã�õ�ùÂÏ�¿õ ¢��õ

©ø¤ ø ´¨� éÀû â���� ¥� ¤�¢ö¥ø üÎ¡ °�îÂ� ×þ ý¥�¨ ÝÞ�÷ üõ Ûõ�ª �î Âó�Ø¨� ×��Ø�

¥� ý� �¬�¡ ýùÀû�Èõ ý�Â� .À�îüõ ß��ã� �¤ 7 °ó�è Â�è ý�û ���� ¥� ý��ä�Þ¹õ �î 6��¤��

.À��î �ã��Âõ ]17[ �� �û©ø¤ ßþ�

Multi-Objective Vehicle Routing5

Pareto6

Non-dominated7
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ü��þÂ�Æõ ÓÜµ¿õ Û��Æõ Û� ý�Â� �µê¤ ¤�î �� ý¤�Øµ�� ý�û©ø¤ ¥� ü¡Â� üêÂãõ �� ñ��

.Ýþ¥�¢Â�üõ

Â�çµõ üÚþ�ÆÞû ý�¹µÆ� 5-1

Û� ý�Â� ���ÜÞä ¤¢ Õ�Ö½� ¥�è� ö�Þû ¥� ý¤�Øµ�� ý�û ©ø¤ ÕþÂÏ ¥� ü±þÂÖ� Û� ý�û×��Ø�

70 ý�û¢ ¤¢ üðÀ�»�� ý¤�ÿ� ý �ã¨�� �� .À÷��µêÂð ¤�Âì ù¢�Ôµ¨� ¢¤�õ ÛØÈõ ü���±�îÂ� Û��Æõ

ý�Â� üÞî À�õ� �Áó ,À�µÆû ´¿¨ -NP Û��Æõ ßþ� ¥� ý¤��Æ� �î üþ�¹÷� ¥� �î Àþ¢Âð ¤�Øª�

Û��Æõ Û� ý�Â� ý¤�Øµ�� ý�û©ø¤ ÇÖ÷ Â� ´Ö�Ö� ßþ� .¢¤�¢ ¢��ø �ûö� ý�Â� Õ�ì¢ ©ø¤ ßµê�þ

À�î�� ,À÷Àªüõ Û� Àþ�� �÷ �þ À÷¢�� ´¿¨ -NP ù��¡ ø ùÀª ¤�ÀþÀ� ùÂõ¥ø¤ Û��Æõ ¤¢ �î ü���±�îÂ�

Â� �ûö� ßþÂ���±½õ �õ� ,À÷��µêÂð ¤�Âì Çþ�õ¥� ¢¤�õ ø ùÀª ���¤� ý¢Àãµõ ý�û©ø¤ .¢Âîüõ

�� �¬�¡ ¤�Ï �� ö��� üõ �¤ LS .À�ª��üõ (LS)8 üã®�õ ý�¹µÆ� Â� ü�µ±õ ý�û×��Ø� ý��±õ

ö� ùÀ÷ø¤ Ç�� ¤�Ï �� ø ù¢Âî áøÂª ��óø� ���� ×þ ¥� �î ý¤�ÂØ� ý�¹µÆ� ý�þø¤ ×þ ö���ä

Âû ¤¢ .¢Âî üêÂãõ ,Àû¢üõ ¢�±ú� (´îÂ� �þ) üã®�õ ý�û ��¬� ¥� ýÂ¨ ×þ ýÂ�ð ¤�î �� �� �¤

.¢¤�¢ �ø�Ô� üÞî ÍÖê üÜãê ���� �� �î ,À�îüõ ´îÂ� Âµú� ü÷Àª ���� ×þ �� �¹µÆ� ,¤�ÂØ�

¤�Âì ���� ¢¤�õ �î ü��þÀ±� �� ´±Æ÷ üã®�õ ý ���ú� ×þ �� �î À��þüõ �Þ��¡ ü÷�õ¥ �¹µÆ�

üã®�õ ý���ú� ���� ßþ� ,Àª�� Å÷�ª ©�¡ üÜ�¡ ¢Âê �î ü�¤�¬ ¤¢ ÂÚõ .¢�ª øÂ�ø ¤ Àû¢üõ

À� �� ��Þãõ ,�±¨�½õ ý�ûö�õ¥ ø ùÀõ� ´¨¢ �� ���� ´�Ô�î ,LS ¤¢ .´¨� Í¨�µõ ���� ×þ

¤�Âì ���� ¢¤�õ ý¤�Øµ�� ©ø¤ ¤�ÂØ� Âû ¤¢ �î (�úµîÂ�) üþ�ûÛþÀ±� ý�ä�Þ¹õ ý��è Â� üþ���

.´¨� �µÆ��ø ¢Â�ðüõ

Ç�� ¥� üÚþ�ÆÞû ý�û¤�µ¡�¨ ¥� üû��µõ ý��ä�Þ¹õ Nk, (k = 1, . . . , kmax) À��î Âê
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