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1 ÛÊê
ü���÷�Øõ

1



2 ü���÷�Øõ�õÀÖõ 1-1ö���ä �� .´¨� ¯�±�¤� ¤¢ Ǒ��ª� ¤�ÂÖµ¨� Ûa ½õ ß��ã� ø ü���÷�Øõ Û��Æõ ¥� ý¤��Æ� �� �õ ýùÂaõ¥ø ¤ üðÀ÷¥ý�Â� üþ�ûö�Øõ ßµê�þ �þ ,��õ ×þ ýø¤ ¢�Àõ ×þ ö¢�¢ ¤�Âì ý�Â� ü¨Âµ¨¢ Û��ì ü÷�Øõ ö¢Âî �À�� ñ�·õ´Ö�Ö� ¤¢ .À÷��ÜÞ� ö� ¥� ý��÷�þ�¤ ý�ª�Â��þ¤ ×þ ýø¤ ¤�µÆþ�÷�Â� 100000 ¥� Ç�� ö¢�¢ ¤�Âì�¹î �¤ ùÀ�û¢ÅþøÂ¨ ��÷�� ü���ª� �þ üb �ª �î ´¨� ñ��b¨ ßþ� ���� ¤¢ ü���÷�Øõ Û��ÆõÇþ�À�� ý�ÔÆÜê.Ý�õ�÷üõ 1¢���õ ý�ûùÀ�û¢ÅþøÂ¨ �¤ À÷�ùÀª É¿a Èõ �ûö� ßµêÂð ¤�Âì Ûa ½õ �î ü���ª� .Ý�û¢ ¤�Âì,¢���õ ý�ûùÀ�û¢ÅþøÂ¨ø ¢�ª ß��ã� ö� Û½õ ´¨� ¤�Âì �î ý�ùÀ�û¢ÅþøÂ¨ ß�� �Ü¬�ê ¥� üÔþÂã�¤¢ .¢�ªüõ éÀû â��� ×þ ýÂ�ðÛØª ø ¢�¹þ� �� Â¹�õ �î ´¨� ü®�þ¤ ��úÔõ �� ù¥�À÷� ×þ ¥� üÈþ�Þ÷ùÀ�û¢ÅþøÂ¨ À�� �þ ×þ ý�Â� ö�Øõ ��¿µ÷� :¢Âî ÓþÂã� �÷�ðßþ� ö���üõ �¤ �î�Âõ ü���÷�Øõ ,üÜaî ´ó��.¢¢Âð ���ú� ý�ùÄþø éÀû �î ý��÷�ð �� ,¢���õ ý�û´þa¢øÀ½õ ø �ûùÀ�û¢ÅþøÂ¨ Âþ�¨ ßµêÂð ÂÑ÷ ¤¢ ��¤�¥�� ¥� ýÂµÈ�� Ýú¨ ö¢¤ø� ´¨¢�� ,ö�þÂµÈõ �� �÷�ó¢�ä ��õÀ¡ ���¤� ,ÛÖ÷ ø ÛÞ� ��þ�û À÷���üõ éÀû�ÂÏ �� Â¹�õ ü���÷�Øõ Û��Æõ Ûa � ¤¢ ùÀª ��¹÷� ý�û©�� ÝûÀÔû öÂì Ûþ�ø� ¤¢ .Àª�� ùÂ�è ø ©øÂêý�ÎÖ÷ Ý�û��¡üõ .Ýþ¤�¢ �½Ô¬ ¤¢ �ÎÖ÷ �¨ À��îÂê �î �¤�¬ ßþ� �� .Àª 2�õÂê Í¨�� �ó�bÆõ×þÛ±ì 3üÜ»þ¤�� .¢�ª ���Þî ùÀª ù¢�¢ ý�ÎÖ÷ �¨ �� ö� ý�û�Ü¬�ê á�Þ¹õ �î Ý����� ý��÷�ð�� �¤ �¤�ú�âÜ® Âû ¥� ùÀõ� ¢���� á �®��ýø�Æµõ ý�û¶Ü·õ Â� �î üþ�ûùÂþ�¢ í�Âµª� ¢Âî ùÀû�Èõ 1640 ñ�¨ ¥�ý�ÎÖ÷ Û�ó¢ ß�Þû �� .´¨� ���ú� ý�ÎÖ÷ ,À�ª�� ¯�½õ ,ùÀª ù¢�¢ ý�ÎÖ÷ �¨ ¥� ùÀª ¢�¹þ� ¶ Ü·õ¢�¢ ö�È÷ 1834 ñ�¨ ¤¢ 4ß��û .(À��î ùÀû�Èõ �¤ (1-1) ÛØª)À�õ�÷üõ üÜ»þ¤�� ý�ÎÖ÷ �¤ ���ú�Existing faility1Fermat2Torrielli3Heinen4



3 ü���÷�Øõ

üÜ»þ¤�� ý���ú� ý�ÎÖ÷ :1-1 ÛØªÛõ�ª ¶Ü·õ ×þ ý�û�ª�ð ýø¤ �ÎÖ÷ �¨ �îüõ�Ú�û .´Æ�÷ ¤�ÂìÂ� üÜaî ´ó�� ¤¢ üÜ»þ¤�� ´�a¬�¡.´¨� ÝÞ���õ ý�ÎÖ÷ �þø�¥ ßþ� §�b¤ ,À�ª�� �µª�¢ ¤�Âì ��¤¢ 120 ýø�Æõ �þ Âµð¤�� üÜ¡�¢ ý�þø�¥ ×þùÀª ù¢�¢ ý�ÎÖ÷ �¨ �� ü÷¥ø ý�Ü¬�ê ö¢Âî ÝÞ���õ �� �¤ �ó�bÆõ ßþ� ¢�¡ ���Öõ ¥� üØþ ¤¢ 5ö�ÆÞ�¨.¢�¢ Ý�Þã��ó�bÆõ ÓþÂã� ß�óøa� ø ¢Âî °�îÂ� ´ã�¬ ¤¢ ü���÷�Øõ ý¤�ÿ� �� �¤ �ó�bÆõ ßþ� 1909 ñ�¨ ¤¢ 6Â�øü���÷�Øõ ý�ó�bÆõ �î ¢�� ü÷�Æî �ÜÞ� ¥� (1931)7üÜþ¤ .¢�¢ ���¤� ö¤Àõ ø ý¢Â�¤�î �¤�Ê� �¤ ü���÷�Øõý�ó�bÆõ ý�ã¨�� ø Ý�Þã� 1960 Ûþ�ø� ¤¢ .¢Âî °�îÂ� üµã�¬ ý�ûÀ��ø ø ��Æ�¨�b� Ûa ½õ ß��ã� �� �¤.Àª ü���÷�Øõ ý¤�ÿ� ¤¢ éøÂãõ ý�ó�bÆõ Çþ�À�� �� Â¹�õ �®�Ö� ý�ÎÖ÷ ýÂµÈ�� ¢�Àã� �� Â�øý�Ü¬�ê ß�Ú÷��õ �îý¤�Ï�� ´¨� ùÀ�û¢ÅþøÂ¨ pý�Â� üþ�ûö�Øõ ßµê�þ ¢¤�À÷�µ¨� �÷��õ-péÀû�¤ ýÀ� ��ãó�Îõ (1964)℄14[8üÞ�Ø� .¢�ª ÝÞ���õ ö� �� ùÀ�û¢ÅþøÂ¨ ßþÂ�×þ¢�÷ �� ü®�Öµõ ÂûSimpson5Weber6Reilly7Hakimi8



4 ü���÷�Øõ10Åî�Þ���õ ø 9á�Þ¹õ ßþÂµÞî �¤�¬ �� �¤ Û��Æõ ßþ� éÀû â��� ø ¢�¢ ��¹÷� ü���÷�Øõ ý�ó�bÆõ ýø¤ Â�.¢Âî ü¨¤Â� ��÷ �û�Ø±ª ýø¤ Â� �¤ ü���÷�Øõ Û��Æõ ß��»Þû ø� .¢Âî �ÂÎõß��»Þû .℄16[Àª ���¤� 12ü÷�À��Â�õ ø 11ÂóÀ�û Í¨�� ü���÷�Øõ ÓÜµ¿õ ý�ûñÀõ ýÀ�� �Ö±Ï ß�óø�,℄17[ ö�¤�ØÞû ø 15ßÆ÷�û ,℄27[14ö¥øÂ� ø 13�ø¤�Âî Í¨�� ���õ¥ ßþ� ¤¢ ýÂÚþ¢ ý�û ýÀ�� �Ö±Ïø 19�¤���Ø¨� ,℄31[ 18ß�Ø¨¢ ø 17öø�e ,℄12[ ö�¤�ØÞû ø Å�Æ÷�Âê ,℄28[ 16Å�Æ÷�Âê ø ü÷�À��Â�õ.´¨� ùÀª ��¹÷� ℄8[22Â¡�õ�û ø 21Â÷¥ ¤¢ ,℄36[ 20���Ø¨�
ü���÷�Øõ Û��Æõ ýÀ�� �Ö±Ï 2-1ýÀ���µ¨¢ ý�û�Ê¿Èõ ¥� üØþ .¢Âî ýÀ�� �µ¨¢ ü�ø�Ôµõ ý�û©ø¤ �� ö���üõ �¤ ü���÷�Øõý�ûñÀõü���÷�Øõ ý�ó�bÆõ ×þ éÀû .À�îüõ ñ�±÷¢ �¤ö� «�¡ ü���÷�Øõ �ó�bÆõ ×þ �î üêÀû ¥� ´¨� �¤�±ä´ó�� ¤¢ .℄11[Àª�� ö��®�Öµõ ø ýÂ�ðÝ�ÞÊ� â��� ,¢���õ ý�ûùÀ�û¢ÅþøÂ¨ ¢�Àã� �� °¨��µõ À÷���üõMinisum9Minimax10Handler11Mirhandani12Krarup13Pruzan14Hansen15Franis16Owen17Daskin18Saparra19Sutella20Drezner21Hamaher22



5 ü���÷�Øõ:¥� À��¤�±ä ü���÷�Øõ ñÀõ ×þ Â¬��ä ø �û�Ôó�bõ ßþÂµÞúõ üÜî.¢�ªüõ ÓþÂã� ö� ýø¤ �ó�bÆõ �î üþ�Ìê �.Ý��î ß��ã� �¤ �ûö� ßµêÂð ¤�Âì Û½õ ´¨� �¥� �î ÀþÀ� ý�ûùÀ�û¢ÅþøÂ¨ ¢�Àã� �.¢���õ ý�ûùÀ�û¢ÅþøÂ¨ ¢�Àã� �.23ýÂ�ðÝ�ÞÊ� â��� �.ö��®�Öµõ �´¨� üþ�Ìê �û�Ê¿Èõ ßþ� ¥� üØþ .À÷ÂþÁ�üõ �¤�¬ ü÷�ð�÷�ð ý�û�Ê¿Èõ §�¨� Â� �ûýÀ���Ö±Ï:¢¤�¢ ¢��ø ü���÷�Øõ ý�ó�bÆõ á�÷ �¨ ,§�¨� ßþ� Â� .¢�ªüõ ÓþÂã� ö� ýø¤ �ó�bÆõ �îÇ�� ¥� �ûùÀ�û¢ÅþøÂ¨ ö�Øõ �ûö� ¤¢ �î üþ�ûñÀõ ü�ãþ ,�µÆÆð ���úÆ� ü���÷�Øõ �ó�bÆõ (1.À÷Â�Ú� ¤�Âì ùÀª ß��ã�ý�Ìê ¤¢ �ûùÀ�û¢ÅþøÂ¨ ö�Øõ �ûö� ¤¢ �î üþ�ûñÀõ ü�ãþ ,�µ¨��� ���úÆ� ü���÷�Øõ �ó�bÆõ (2.¢¤�¢ ¤�Âì d Àã� Âû �� Rd.�Ø±ª ýø¤ ���úÆ� ü���÷�Øõ �ó�bÆõ (3:℄28[¢¤�¢ ¢��ø �µÆÆð ü���÷�Øõ ý¤�ÿ� ¤¢ ü��õÀÖõ ý�ó�bÆõ ¤�ú�24�÷��õ-p ý�ó�bÆõ �The deision maker's objetive23�÷��õ-p24



6 ü���÷�Øõ25�îÂõ-p ý�ó�bÆõ �(UFLP)26¢øÀ½õ�÷ ´�êÂÒ �� ü���÷�Øõ ý�ó�bÆõ �(QAP)27 ø¢ ��¤¢ É�Ê¿� ý�ó�bÆõ �ö� �� ¯�Ö÷ É�Ê¿� ø ùÀ�û¢ ÅþøÂ¨ (À��) ×þ ý�Â� (üþ�ûö�Øõ)ü÷�Øõ ñ�±÷¢ �� Û��Æõ ßþ� ¤¢.Ý�õ�÷üõ É�Ê¿� ø ü���÷�Øõ Û��Æõ �¤ �ûö� °Üè� Û�ó¢ ß�Þû �� .Ý�µÆû (�ûö�)ø ü���÷�Øõ Û��Æõ ��÷ �� Û��Æõ ¥� ýÂ�â�¨ø ýù¢¤ ý�û�¡�ª Âþ¥ ¥� üØþ �÷��õ-p ü���÷�Øõ ý�ó�bÆõý�ó�bÆõ ýù¢�¨ ý�ûñÀõ ¥� üØþ ¢øÀ½õ�÷ ´�êÂÒ �� ü���÷�Øõ ñÀõ .´¨� 28á�Þ¹õ ßþÂµÞîÉ�Ê¿�ü�ø�Ô� �ú�� .´¨� �÷��õ-p ñÀõ ���Èõ ,Û� ©ø¤ ø éÀû â��� ÂÑ÷ ¥� �î ´¨� �½Ô¬ ýø¤ ü���÷�Øõ×þ ýø¤ ùÀ�û¢ÅþøÂ¨ ×þ ö�Øõ ß��ã� ý�Â� ´��� ý��þ�û ¤¢ �f ø� À÷¤�¢ ÂÚþÀØþ �� �ó�bÆõ ø¢ ßþ� �îø¢ ��¤¢É�Ê¿� ý�ó�bÆõ .´¨�ûùÀ�û¢ÅþøÂ¨ ¢�Àã� ý���È�� ý�Â� ´þa¢øÀ½õ ¤¢ �f�÷�� �Ø±ª ¤¢ ùÂð-p ý�ó�bÆõ ¥� Â�¤��ª¢ üÞî ,ý¤�ÿ� ÂÑ÷ ¥� ö� Ûa � �õ� ,¢�ªüõ ù¢�Ôµ¨� É�Ê¿� ø ü���÷�Øõ ý�Â� ��÷.´¨� �÷��õßþ� .Ý����� ÀþÀ� ý�ûùÀ�û¢ÅþøÂ¨ ý�Â� Àþ�� �î ´¨� üþ�ûö�Øõ ¢�Àã� §�¨� Â� ÂÚþ¢ ýÀ���µ¨¢:´¨� ùøÂð ø¢ Ûõ�ª ýÀ���µ¨¢29ý��Ü�¨ø ×� ü���÷�Øõ �p-Center problem25Unapaitated faility loation problem26Quadrati assignment problem27Minisum loation-alloation models28Single faility loation29



7 ü���÷�Øõ30ý��Ü�¨ø À�� ü���÷�Øõ �:À÷�ªüõ Ý�ÆÖ� �µ¨¢ ø¢ �� ¢���õ ý�ûùÀ�û¢ÅþøÂ¨ ¢�Àã� ÂÑ÷ ¥� ü���÷�Øõ ý�ûñÀõ,À÷�ª ß��ã� Ý�ÞÊ� â��� Í¨�� Àþ�� �î ýÀþÀ� ý�ûùÀ�û¢ÅþøÂ¨ ¢�Àã� �ûö� ¤¢ �î üþ�ûñÀõ �.´¨� üµ��� ¢Àä¤�î�� Â�çµõ ×þ ö���ä �� Ý�ÞÊ� â��� ¤¢ ÀþÀ� ý�ûùÀ�û¢ÅþøÂ¨ ¢�Àã� �ûö� ¤¢ �î üþ�ûñÀõ �.´¨� �µê¤��ÜÎõ üÚÞû ¢�ªüõ ß��ã� �ûö� Û½õ �î ýÀþÀ� ý�ûùÀ�û¢ÅþøÂ¨ �þ ùÀ�û¢ÅþøÂ¨ �îßþ�Âê ��:´¨� Âþ¥ �¤�Ê� ýÂ�ðÝ�ÞÊ� â��� ÂÑ÷ ¥� ü���÷�Øõ Û��Æõ ýÀ���µ¨¢ ,À�ª�±÷ ¤��ö�þ¥ ��Àîº�û ø À�ª���Ü¬�ê ¥� üã��� ý¥�¨���Þî ��Ü¬�ê ¥� üã��� ý¥�¨���È�� ��Ü¬�ê ¥� üã��� ý¥�¨ñ¢�ãµõ ��¤�Ê� ýÀ�� �µ¨¢ ßþ� ,�ûùÀ�û¢ÅþøÂ¨ ö¢�� ¤��ö�þ¥ �þ ´���ÜÎõ ßµêÂð ÂÑ÷ ¤¢ öøÀ� À�ª�� �µª�¢ ����:´¨� Âþ¥ ÛØª �� ýÂ�ù¢ÂµÆð¢¤�¢ ÀÊì ��ÂÏ ö� ¤¢ �î ´¨� üÜ��Æõ Ûõ�ª �Ö±Ï ßþ� :31�Á� ø üÈÈî éÀû â��� �� üÜ��Æõ �À�÷�õ ü���÷�Øõ Û��Æõ ßþÂ�üÞþÀì .À���� �ûùÀ�û¢ÅþøÂ¨ ý�Â� �¤ ö��®�Öµõ �� ×þ¢�÷ ü÷�Øõ.À÷��µ¨¢ ßþ� ¥� üÈª�� ü���÷�Øõ ø �îÂõ ü���÷�Øõ ,�÷��õ ü���÷�Øõ ,Â�ø ý�ó�bÆõMultifaility loation30Pull objetive31



8 ü���÷�Øõý�ûùÀ�û¢ÅþøÂ¨ ý�¤�¢ �î ´¨� üÜ��Æõ Ûõ�ª �µ¨¢ ßþ� :32¢ÂÏd ø ý¤�Èê éÀû â��� �� üÜ��Æõ �.À�µÆû À�þ�ª�¡�÷ ø ��ÜÎõ�÷.´¨� ñ¢�ã� ý¤�ÂìÂ� Û��Æõ �÷�ðßþ� éÀû :33�Ü¬�ê ¥� üã��� ý¥�¨ ñ¢�ãµõ éÀû �� üÜ��Æõ �üúþÀ� é�Àû� ¥� üØþ ,À�ª�� üÎ¡ ��þ�û â���� �îüÏÂª ��34 ¤�¢ö¥ø ý�û�Ü¬�ê á�Þ¹õ ý¥�¨ ���Þî�½Ô¬ ýø¤ á�Þ¹õ ßþÂµÞî éÀû â��� �� ý��Ü�¨ø ×� ü���÷�Øõ Û��Æõ .´¨� ü���÷�Øõ Û��Æõ �ÂÏÂþÁ�ÕµÈõ ���Þû �f±þÂÖ� ø �À½õ ,�ó�bÆõ éÀû â��� .¢¤�¢ ù¤�ª� Â�ø-Â�þ�µª� ý�ó�bÆõ �þ ø Â�ø ý�ó�bÆõ ��ö��� ö¢Âî ßþ�Úþ�� �� .Àª Û� ý¤�ÂØ� ©ø¤ ×þ �� 35ÀÜ�ê�þø Í¨�� ¤�� ß�óø� �ó�bÆõ ßþ� .´¨��îÂõ �� ñ¢�ãõ ���ú� ý�ÎÖ÷ ´ó�� ßþ� ¤¢ .Àª �¹�µ÷ ���� ¥� �µÆ� ÛØª ×þ ,ü¨À�Üì� ý�Ü¬�ê �ø¢.´¨� 36üÈ÷�Âð�µ¨¢ ø¢ Ûõ�ª ¢�¡ �î À�õ�÷üõ 37Â�ø üµ�ã®ø À�� ý�ó�bÆõ �f �Þãõ �¤ �ó�bÆõ ßþ� ý�Â� p > 1 ´ó��:´¨�.À�µÆû ß�ãõ ø É¿Èõ ùÀ�û¢ÅþøÂ¨ Âû «�Ê¿õ ö��®�Öµõ ø �ûùÀ�û¢ ÅþøÂ¨ �ö�Øõ �îßþ�ÂÚõ ,À�îüõ ��¿µ÷� �¤ «�¡ ýùÀ�û¢ÅþøÂ¨ ×þ ü®�Öµõ ��Àî ´Æ�÷ É¿Èõ �.¢�ª É¿Èõ �fÖ�ì¢ �ûùÀ�û¢ÅþøÂ¨Push objetive32Balanig objetive33Minisum objetives34Weiszfeld35Center of gravity36Multi-Weber problem37



9 ü���÷�ØõÉ�Ê¿� ø �ûùÀ�û¢ÅþøÂ¨ ü���÷�Øõ Ýúõ ¤��Æ� á�®�õ ø¢ ý�ã¨�� ø Àª¤ �� ��� ýÀ���µ¨¢ ¤¢ �ø¢ ´ó���î ´¨� ý¤�Øµ�� ©ø¤ ×þ ,Û��Æõ �÷�ðßþ� Û� ý�Â� 38Â��î ý¤�ÂØ� ©ø¤ .Àª Â¹�õ ö��®�Öµõ:´¨� Âþ¥ �¤�¬�� ÂÊµ¿õ ¤�Ï��;À��î ��¿µ÷� üê¢�Ê� ¤�Ï�� ùÀ�û¢ÅþøÂ¨ p ý�Â� ö�Øõ p ,áøÂª ý�ÎÖ÷ ö���ä�� (1;À�û¢ «�Êµ¡� ö� �� ùÀ�û¢ÅþøÂ¨ ßþÂ�×þ¢�÷ �� �¤ ü®�Öµõ Âû (2�¤ À÷�ùÀªù¢�¢ «�Êµ¡� ö� �� ö��®�Öµõ �î ý�ùÀ�û¢ÅþøÂ¨ Âû ö�Øõ ,ý¥�¨ ���ú� éÀû �� (3;À��î ß��ã� ù¤��ø¢.À�û¢ �õ�¢� üþ�ÂÚÞû ö�õ¥ �� �¤ ©ø¤ ßþ� ø Àþ¢ÂðÂ� ×þ ý�Ü�Âõ �� (4ÂãÖõ �÷ ø �À½õ �÷ ö� éÀû â��� �î ´¨� ßþ� Â�ø üµ�ã®ø À�� ý�ó�bÆõ �� ¯��Âõ ��ØÈõ ¥� üØþý�®�Ö� �îüó�� ¤¢ ,é�Âð ýø¤ Û��Æõ �÷�ðßþ� ý�Â� á�Þ¹õ ßþÂµÞî éÀû â��� ¢�¢ ö�È÷ üÞ�Ø� .´¨�¤�ÀÖõ ßþ�Â���� ø ´¨� ÂãaÖõ üã��� ,´¨� ùÀª �µêÂð ÂÑ÷¤¢ �®�Ö� ¯�Ö÷ ö���ä�� �ûùÂð ýø¤ ö�þÂµÈõ"39üÞ�Ø� ´�¬�¡' �� üðÄþø ßþ� .À�îüõ ¤��µ¡� (é�Âð ¥� ü¨�b¤) �û¥Âõ ýø¤ �¤ ¢�¡ ÝÞ���õ¤�ÂìÂ� á�Þ¹õ ßþÂµÞî ý�ó�bÆõ ¤¢ ��÷ (p > 1) ùÀ�û¢ÅþøÂ¨-p ý�Â� üÞ�Ø� ´�¬�¡ .´¨� éøÂãõý�Â� ¢�¡ ý�¹µÆ� �� Àû¢üõ �¤ üþ�÷��� ßþ� Â�¤�î �� �î ´¨� À�Ôõ ¤��Æ� ÂÑ÷ ö� ¥� üðÄþø ßþ� .´¨�Û� ©ø¤ ×þ �� Â¹�õ �÷��õ-1 ý�ó�bÆõ ý�Â� üðÄþø ßþ� .À�î ¢øÀ½õ �û§�b¤ ýø¤ �¤ ���ú� ¯�Ö÷.À�µÆû 40´¿¨-NP á�÷ ¥� p > 1 �� �÷��õ-p Û��Æõ .Àª O(n2) ý�±�Âõ ¥� ù¢�¨Cooper38Hakimi property39NP-hard40



10 ü���÷�Øõ©�� ¤¢ �î ¢¤�¢ üÜ��Æõ �� ù¤�ª� �î ´¨� 41���È�� ßþÂµÞî Û��Æõ ,�ø¢ ´ó�� ¥� ÂÚþ¢ Ýúõ ¤��Æ� á�÷ßØÞõ ¤�ÀÖõ ßþÂµÞî �� �¤ ©ÂÑ÷ ¢¤�õ ýùÀ�û¢ÅþøÂ¨ �� ü®�Öµõ ×þ ý�Ü¬�ê ßþÂµÈ�� �� À�µÆû¤¢ �î À�µÆû ¢���õ Û��Æõ �µ¨¢ ßþ� ¥� ü�ø�Ôµõ á��÷� .´¨� �÷�ðßþ� ¥� �îÂõ-p ý�ó�bÆõ .À�÷�¨Â�.´Æ�÷ ¶½� á�®�õ ��ßþ�
üµ��ì¤ ü���÷�Øõ ñÀõ ¤¢ ü®�Öµõ ×þ ý�û��¿µ÷� 3-1,©øÂê ¤�¥�� ×þ ¤¢ ù�ÚªøÂê À�� ö¢�¢ ¤�Âì �� À�÷���üõ �û´îÂª ,ÀþÀª ý�û´��ì¤ �� ý¥øÂõ� ý��÷¢ ¤¢ý�ûñÀõ ¥� �¡�ªÂþ¥×þ �µÆÆð ý�Ìê ¤¢ üµ��ì¤ ü���÷�Øõ á�®�õ .À��î �À�� ´¨¢ À�Þ�¤Àì ¤�¥�� ×þ ���¤ À��îüõ ´��ì¤ ö��®�Öµõ ý�Â� �î üþ�ûùÀ�û¢ÅþøÂ¨ ö�Øõ ,ö� ¤¢ �î ´¨� É�Ê¿� ø ü���÷�Øõ.Àû¢üõ «�Êµ¡� �ûùÀ�û¢ÅþøÂ¨ �� ,ùÀª ü���Ç�� ý�Úó� §�¨� Â� �¤ ö��®�Öµõ ø À�îüõ ß��ã�Â� �û´îÂª ÂØþ¢ �� ´��ì¤ ý�Â� ´îÂª ×þ ¥� Ç�� ö� ¤¢ �î ´¨� ý��÷�ð�� üµ��ì¤ ü���÷�Øõ ñÀõ ×þ�ØÜ� ,¤�¥�� ¥� ùÀõ� ´¨¢�� Ýú¨ ýø¤ �ú���÷ ´îÂª ×þ ÂÑ÷ ¢¤�õ ö�Øõ .¢¤�¢ ¢��ø ©øÂê ¤�¥�� Â¨á�®�õ .℄35[¢¤�Áðüõ Â���b� ,Àþ�üõ ´¨¢�� °�ì¤ ý�û´îÂª ÂÚþ¢ Í¨�� �î ¤�¥�� ¥� üÞú¨ ýø¤ý�ûÂ�çµõ ¢¤�õ ¤¢ ø ´¨� ¢�Êµì� ÝÜä ¤¢ Ýúõ ��ä�®�õ ¥� üØþ 42ö��®�Öµõ Í¨�� ù�ÚªøÂê ��¿µ÷��þÂÑ÷ ßþ� ¤¢ .¢Â�ðüõ ÂÑ÷ ¤¢«�¡ ù�ÚªøÂê×þ ¥� ÀþÂ¡ ��Ú�û ü®�Öµõ×þ �î À�îüõ ¶½� üþÀ�ÜîÛõ��ä �ØÜ� ,´¨� Â�×þ¢�÷ �ûö� �� ù�ÚªøÂê ��Àî �î À��îüÞ÷ ���� �µØ÷ ßþ� �� �f �Þãõ ö��®�Öµõ.À÷Â�ðüõ ÂÑ÷ ¤¢ ù�ÚªøÂê ×þ ¥� ÀþÂ¡ ý�Â� ýÂ�ðÝ�ÞÊ� ¤¢ �¤ ýÂÚþ¢¤�µê¤ ü÷�÷�ì ø üÜ¬� Âê §�¨� Â� üþ�ûñÀõ Ûõ�ª ñø� ùøÂð :¢�ªüõ Ý�ÆÖ� ùøÂð �¨ �� á�®�õ ßþ�Minimax41Store-hoie literature42



11 ü���÷�ØõÂê üû�ð �î)�îÂõ ßþÂ�×þ¢�÷ Âê ý�þ�� Â� ,á�÷ ßþ� ¥� ñÀõ ßþÂ�ù¢�¨ .´¨� ö��®�Öµõ ü��¿µ÷��¤ �ûö� �����µ�� �î üû�ÚªøÂê ßþÂ�×þ¢�÷ ¥� ö��®�Öµõ ü�ãþ .´¨� (¢�ªüõ ùÀ�õ�÷ ��÷ �¤ø�¹õßþÂµú� ö��®�Öµõ �î �Â� .¢�±÷ Àõ�¤�î ü�Â¹� à�½ó ¥� �þÂÑ÷ ßþ� �õ� .À����üõ ÅþøÂ¨ ,À�î ù¢¤ø�Â��¹�µ÷ ßþ� �� �î ¢�� üÊ¿ª ß�óø� üÜþ¤ .À÷¢Âî ��¿µ÷� ö� �� üþ������ ý��þ�û �� ´±Æ÷ �¤ ù�ÚªøÂê¢�¢ ö�È÷ ,¢�� ß���÷ Ç÷�Âð ö�÷�ì §�¨� Â� �î ,�ûù�ÚªøÂê Ç÷�Âð ö�÷�ì ��÷ �� ý��ó�Öõ ¤¢ ø� .À�¨¤ÅØä ´±Æ÷ ø ö� �Á� �¤Àì �� Ý�ÖµÆõ ´±Æ÷ ,À�î ÀþÂ¡ ù�ÚªøÂê ×þ ¥� ýÂµÈõ ×þ �îßþ� ñ�Þµ����ØÈõ ý�¤�¢ ,Àª ���¤� ��Ö�Ö½� ßþ� ß�� ¥� �î üÈ÷�Âð ý�ûñÀõ .¢¤�¢ ù�ÚªøÂê ö� �� �Ü¬�ê ¥� ü÷��� ��.´¨� ùÀª ù¤�ª� �ûö� ¥� �÷�Þ÷ À�� �� Âþ¥ ¤¢ �î ´¨� üþ�û´þ¢øÀ½õ ø.À÷ø ¤üõ ¤�î�� �ûüªøÂêùÀÞä À�÷�õ í¤�� ý�ûù�ÚªøÂê ý�Â� �ú�� �ûñÀõ ßþ� �.À÷�ªüõ ù¢�Ôµ¨� ñ�ÞãõÂ�è ý�û��î ÀþÂ¡ ý�Â� �.À÷¢Âîüõ ù�ÚªøÂê ×þ ��¿µ÷� �� ¢øÀ½õ �¤ ü®�Öµõ �í¤¢ ý�Â� ö��®�Öµõ ý�µªÁð ¤�µê¤ ¥� ùÀõ� ´¨¢�� ��ä�Ï� ¥� �î ´¨� üþ�ûñÀõ Ûõ�ª �ø¢ ùøÂðùÂú� À��îüõ ��¿µ÷� �¤ ¢�¡ ÂÑ÷ ¢¤�õ ý�ûù�ÚªøÂê ö��®�Öµõ ¤�Î� �îßþ� ø ,´��ì¤ üþ�þ�� ������¢¤�õ ×��î ý�ûù�ÚªøÂê ý�ãó�Îõ ý�Â� �¤ ñÀõ ßþ� �î ¢�� üÆî ß�óø� ℄20[℄21[43é�û .À÷Â�ðüõ¤�ØÞû ø °�ì¤ ý�ûùÀ�û¢ÅþøÂ¨ Í¨�� �î ¤�¥�� ¥� üÞú¨ ü���Ç�� ý�Â� ©ø¤×þ ø� .¢�¢ ¤�Âì ù¢�Ôµ¨��µÆÆð ��¿µ÷� ¤¢ 44 §�ó üúþÀ� Û¬� ß��»Þû ø� .¢�¢ ���¤� üÈ÷�Âð ñÀõ §�¨� Â� ,Àþ�üõ ´¨¢��Hu�43ñ�Þµ�� ´ó�� ßþ� ¤¢ .À÷Â�Ú� ÂÑ÷ ¤¢ ÀþÂ¡ ý�Â� �¤ ù�ÚªøÂê ×þ ¥� Ç�� ö��®�Öµõ ´¨� ßØÞõ Û¬� ßþ� Õ±Ï Â� ,Lue44��Þ� ¥� ÀþÂ¡ ¥� ùÀõ� ´¨¢�� ¢�¨ á�Þ¹õ �� ù�ÚªøÂê ö� ¥� ÀþÂ¡ ¥� Û¬�� ¢�¨ ´±Æ÷ �� ´¨� Â��Â� ù�ÚªøÂê ×þ ¥� ÀþÂ¡.ü®�Öµõ ÂÑ÷ ¢¤�õ ý�ûù�ÚªøÂê



12 ü���÷�Øõ¢�±ú� �¤ é�û ñÀõ MCI °þÂ® üêÂãõ �� ℄29[45Â��î ø üÈ�÷�î�÷ .¢Âî üêÂãõ üÈ÷�Âð ñÀõ ý�Â� �¤é�û ñÀõ ¤¢ ´ã¨ø Ûõ�ä ßþ�Úþ�� ,´¨� Âþ¥ ¤¢ ùÀª ù¢�¢ ö�È÷ �¤�Ê� �î °þÂ® ßþ� .À÷À�È¿�.Àª�ij = �sk=1A�kkij=Xj2J �sk=1A�kkij: (1-1)¥� ý��ä�Þ¹õ J ø ÅþÀ÷� j 2 J ,´¨� ö��®�Öµõ ùøÂð ¥� ý��ä�Þ¹õ I ø ÅþÀ÷� i 2 I ö� ¤¢ �î,À��î ÀþÂ¡ j ù�ÚªøÂê ¥� ,i ö�Øõ ¤¢ âì�ø ö��®�Öµõ �îßþ� ñ�Þµ�� �� ´¨� Â��Â� �ij ,´¨� �ûù�ÚªøÂê. k = 1; :::; s ; j ù�ÚªøÂê �� ¯��Âõ i ö�Øõ ¤¢ ö��®�Öµõ �Á� ý�Ê¿Èõ ß�õ�e k �� ´¨� Â��Â� Akij. À�ª��üõ �Ü¬�ê Â�¡�b� â��� ¥� ý��Ê¿Èõ ø ù�ÚªøÂê ×þ ¥� ÀþÂ¡ ý�Â� ü®�Öµõ ×þ Ûþ�Þ� �kýùÀû�Èõ ý���� �û©ø¤ ßþ� .À��îüõ ù¢�Ôµ¨� ¢�¨ ¥� �fÞ�ÖµÆõ �î ´¨� üþ�ûñÀõ Ûõ�ª ��¨ ùøÂðö¢Âî üó�¬� ý�Â� ö��®�Öµõ Í¨�� �ûù�ÚªøÂê ý�ûüðÄþø ýø¤ ý¤�Áð©¥¤� ¥� ,�µªÁð ý�û��¿µ÷�.À��îüõ ù¢�Ôµ¨� ¢�¨ â���
É�Ê¿� ø ü���÷�Øõ ý�ûñÀõ 4-1Â���b� ý��õ�¢ ø Û�Ü½� �¤ É�Ê¿� Ýû ø ü���÷�Øõ Ýû À�÷���üõ ö�� É�Ê¿� ø ü���÷�Øõ ý�ûñÀõö�Øõ ý�þ¤�õ�÷Â� ø �ÂÏ ý�Â� ü±¨��õ ¤���� ,À��î ü¨¤Â� «�¡ ý�ûù�ÚªøÂê Û½õ ý�Â� �¤ ÝµÆ�¨�¤ üþ�ûö�Øõ ø ù¢�¢ ���¤� �ûù�ÚªøÂê ö�Øõ ü��þ¥ ¤� ý�Â� �¤ üþ�û©ø¤ �ûñÀõ ßþ� .À�µÆû �ûù�ÚªøÂê.À��îüõ �¹µÆ� ,¢¥�¨üõ ���È�� �¤ ¢�¨ �þ ¤�¥�� ¥� ùÀõ� ´¨¢�� Ýú¨ À�÷�õ üîÂµÈõ é�Àû� �îýø¤ ��Ö�Ö½� ,üãì�ø ý��÷¢ ¤¢ �ûñÀõ ßþ� ¢Â�¤�î ¥� üû�ð� ø �±¨�½õ ý�û©ø¤ âþÂ¨ ´êÂÈ�� ��Nakanishi and Cooper45



13 ü���÷�Øõ¸�� �� É�Ê¿� ø ü���÷�Øõ ý¢Â�¤�î ý�ûñÀõ .´ê�þ Çþ��ê� ´äÂ¨��É�Ê¿� ø ü���÷�Øõ ý�ûñÀõ:À÷�ªüõ ýÀ���Ö±Ï ùøÂð�÷��õ-p ñÀõ �46üÈª�� ñÀõ �47��¿µ÷�-p ñÀõ �48ü®�Öµõ ¼��Â� §�¨� Â� üþ�ûñÀõ �49��¿µ÷� Õ� �þ ´�ê�ãõ ñÀõ ��÷��õ-p ñÀõ 1-4-1ý�ä�Þ¹õ E ø �û§�b¤ ý�ä�Þ¹õ V �î ÀþÂ�Ú� ÂÑ÷ ¤¢ �¤ G = (V;E)´ú� öøÀ� ø ¤�¢ö¥ø Ûõ�î é�Âð�� ´¨� Â��Â� ù¢�¨ ´ó�� ¤¢ �î ¢�ªüõ ù¢�¢ ´±Æ÷ ñ�þ ö� ö¥ø ö���ä�� ý¢Àä ñ�þ Âû �� .´¨�ûñ�þ§�b¤ Âû �� ¤�Ïß�Þû .À�µÆû ñ�þ Â¨ ø¢ �î vj ø vi ý�û§�b¤ ß�� ý�Ü¬�ê ßþÂ�ù���î ü�ãþ d(vi; vj)℄14[üÞ�Ø� .¢�ªüõ ÓþÂã� �Ø±ª ýø¤ °Üè� �÷��õ-p ý�ó�bÆõ .Ý�û¢üõ ´±Æ÷ wi ö¥ø ×þ ��÷Âþ¥ ý�Î��¤ G ýø¤ vj §�b¤ Âû ý�Â� Âð� ¢Âî ÓþÂã� G é�Âð 50 ÕÜÎõ ý�÷��õ ý�ÎÖ÷ �¤ m ý�ÎÖ÷Covering Model46p-Choie Models47Consumer Preferene Based Models48Franhise Models49Absolute Median50



14 ü���÷�Øõ:Àª�� ¤�ÂìÂ�Pni=1wid(vi;m) �Pni=1wid(vi; vj) : (2-1)ý��ä�Þ¹õ Vp À��î Âê .Àª ù¢�¢ Ý�Þã� ý¥øÂõ� ý�÷��õ-péøÂãõ ý�ó�bÆõ ý�Â� ��úÔõ ßþ� �ûÀã�Â�Æõ ßþÂµû���î �� Â��Â� °��Â� �� d(vi; V �i ) ø d(vi; Vp) À��î Âê ß��»Þû .Àª�� G ýø¤ §�b¤ p ¥�.À�ª�� V �p ø Vp ¤¢ �Ìä ßþÂ�×þ¢�÷ �� vi §�b¤ ¥�:´¨� Âþ¥ �¤�Ê� �÷��õ-p ¥� üÔþÂã�Ý�ª�� �µª�¢ G ¤¢ Vp Âû ý�Â� Âð� Ý�þ�ð �÷��õ-p �¤ V �p ¯�Ö÷ ¥� ý��ä�Þ¹õ
Pni=1wid(vi; V �p ) �Pni=1wid(vi; Vp) : (3-1)�÷��õ-p ý�û§�b¤ ,Vp ý�ä�Þ¹õ .¢¤�¢ ù¤�ª� Vp À�÷�õ �û§�b¤ ¥� ý��ä�Þ¹õ �� �÷��õ-p ýù��ø,�÷��õ-p ¥� mj §�b¤ Âû ý�Â� �î �Â� ;À�îüõ ¥�Âê� �¤ é�Âð ×þ ü��£ ¤�Ï�� �÷��õ-p .À÷�ªüõ ùÀ�õ�÷.´¨� Â�×þ¢�÷ mj �� ,ýÂÚþ¢ §�b¤ Âû �� ´±Æ÷ �îý¤�Ï�� ´¨� ¢���õ �û§�b¤ ¥� ý��ä�Þ¹õý�Ø±ª .´¨� Âþ¥ ¤¢ ùÀª �µÔð �¤�Ê� ,�Ø±ª ýø¤ �÷��õ-p ý�ó�bÆõ ¢Â�¤�îÂ� ø ý¥øÂõ� ÓþÂã�ý��ä�Þ¹õ �¤�¬�� �û�®�Ö� À��î Âê .ÀþÂ�Ú� ÂÑ÷ ¤¢ ´¨� ùÀª ÓþÂã� ��� ¤¢ �î �¤ N = (V;E)ý�ó�bÆõ ¤¢ .À÷�ª ù¢�¢ ´±Æ÷ (ùÂð) �ÎÖ÷ Âû �� ö¥ø ×þ �¤�¬�� (�Ø±ª ¤¢ üþ�ûùÂð)�®�Ö� ¯�Ö÷ ¥�ùÀ�û¢ ÅþøÂ¨ p ö�Øõ Ûõ�ª X = fx1; x2; :::; xpg �ä�Þ¹õ ö¢Âî �À�� éÀû �û�Ø±ª ýø¤ �÷��õ-pü÷¥ø ý�û�Ü¬�ê á�Þ¹õ ,Àª�� wi ö¥ø ý�¤�¢ vi §�b¤ Âû Âð� �î ý¤�Î� ´¨� N = (V;E) �Ø±ª ýø¤ö¢Âî ���Þî éÀû ´ó�� ßþ� ¤¢ ,ü�¤�±ä �� .¢�ª ÝÞ���õ N ý�Ø±ª ýø¤ §��¤ ��Þ� �� �ä�Þ¹õ ßþ� ¥�



15 ü���÷�Øõü�ãþ .¢�� Àû��¡ �û�Ü¬�ê ü÷¥ø á�Þ¹õmin f(x) = Xvi2N wid(X; vi).¢�ªüõ ÓþÂã� X ¤¢ �Ü�¨ø ßþÂ�×þ¢�÷ �� v �Ü¬�ê �¤�Ê� X ý�ä�Þ¹õ ¥� v 2 V §�b¤ Âû �Ü¬�ê:ü�ãþd(X; v) = minxi2X fd(xi; v)g.Àª��üõ �Ø±ª ýø¤ vj ø vi §�b¤ ø¢ ß�� Â�Æõ ßþÂµû���î �Ü¬�ê d(vi; vj) ø52´¿¨-NP üÜî ´ó�� ¤¢ �÷��õ-p �î À÷¢Âî ´��� 1979 ñ�¨ ¤¢ ℄24[ üÞ�Ø� ø 51�þÂî¢¤�¢ ¢��ø §�b¤ p ¥� ý��ä�Þ¹õ ù¤��Þû ,À�ª�� üÔ�õ�÷ �ûö¥ø �îüµó�� ¤¢ ¢�¢ ö�È÷ üÞ�Ø� .´¨�ö¢Âî ¢øÀ½õ �� �¤ �µ¨��� ý�ó�bÆõ ×þ ¥� �µÆÆð üÈþ�Þ÷ ø� .À�îüõ ���Þî �¤ �÷��õ-p éÀû â��� �î" ü¨�b¤ üÚ��ú� ´�¬�¡' �þ "üÞ�Ø� ´�¬�¡' �� �¹�µ÷ ßþ� .¢�¢ ���¤� ,�û§�b¤ �� �¹µÆ� ý�Ìê���ú� ���� ´¨� üê�î ���ú� ���� ö¢¤ø� ´¨À� ý�Â� ,üÞ�Ø� ��aÌì �� ���� �� Å� .´¨� éøÂãõýø¤ ü���÷�Øõ Û��Æõ Û� ¤¢ üÞ�Ø� ��aÌì �î üØÞî .Ý��î �¹µÆ� �Ø±ª ý�ú¨�b¤ �ä�Þ¹õ ýø¤ �¤��aÌì ßþ� ×Þî �� ü�¤�±ä �� .´¨� üÎ¡ ý�þ¤�õ�÷Â� Û��Æõ ¤¢53Ùþ�µ÷�¢ ¤�î ��±ª ¢�¢ ��¹÷� �û�Ø±ª.À�îüõ �À�� Çû�î üû��µõ ý�ä�Þ¹õ ×þ �� üû��µõ�÷ ý�ä�Þ¹õ ×þ ¥� ,���ú� ý�û ���� �ä�Þ¹õ�� �¤ �÷��õ-p �ó�bÆõ ýÀ�±ó�õÂê ß�óø� 1970 ñ�¨ ¤¢ ℄33[54ßþ��¨ ø ñ�þ¤ �¹�µ÷ ßþ� ¥� ù¢�Ôµ¨� ���÷��õ-p �ó�bÆõ ý�Â� ×þ ø ÂÔ¬ üÎ¡ ý�þ¤�õ�÷Â� ñÀõ ×þ .À÷¢�¢ ���¤� ×þ ø ÂÔ¬ üÎ¡ ý�þ¤�õ�÷Â�Kariv51NP-hard52Dantzig53ReVelle & Swain54



16 ü���÷�Øõ:´¨� Âþ¥ �¤�Ê�min z = Pni=1Pnj=1widijxijs:t: Pnj=1 xij = 1 i = 1; :::; n (a)xij � yj i = 1; :::; n j = 1; :::; n (b)Pnj=1 yj = p ()xij = 0 _ 1 i = 1; :::; n j = 1; :::; n (d)yj = 0 _ 1 j = 1; :::; n (e)
(4-1)

:À÷�ªüõ ÓþÂã� Âþ¥ �¤�Ê� yj ø xij ý�ûÂ�çµõ ë�ê ñ�õÂê ¤¢xij = 8><>: 1 ¢�ª ù¢�¢ «�Êµ¡� j ùÀ�û¢ ÅþøÂ¨ �� i §�¤ Âð�0 �¤�Ê�þ� Â�è ¤¢
yj = 8><>: 1 ¢�ª ��¿µ÷� ùÀ�û¢ ÅþøÂ¨ ö�Øõ ö���ã� j §�¤ Âð�0 �¤�Ê�þ� Â�è ¤¢ùÀ�û¢ÅþøÂ¨ Âû �î �¤ üþ�®�Ö� ¯�Ö÷ �ä�Þ¹õ ü�ãþ .À�îüõ �Â�� �¤ É�Ê¿� ÇÖ÷ xij âì�ø ¤¢�� ùÀ�û¢ÅþøÂ¨ ßþÂ�×þ¢�÷ j ýùÀ�û¢ÅþøÂ¨ �îüõ�Ú�û .À�îüõ É¿Èõ �¤ À�îüõ üû¢ÅþøÂ¨�ú�� ßþ�Â���� .À�îüõ ¤��µ¡� �¤ ÂÔ¬ ¤�ÀÖõ �¤�¬ßþ� Â�è ¤¢ ø ,×þ ¤�ÀÖõ xij ,Àª�� i ý�®�Ö� �ÎÖ÷.´¨� ùÀ�û¢ÅþøÂ¨ ßþÂ�×þ¢�÷ �� ü®�Öµõ Âû ý�Ü¬�ê ,´¨� ���� ¢¤�õ éÀû â��� ¤¢ �î üÜõ�äÅþøÂ¨×þ �� �ú�� Àþ�� §�b¤ Âû �î À�µÆû �ó�bÆõ ßþ� ÂÚ÷��� (a) ý�ûÀ�ì �ä�Þ¹õ (4-1) ñÀõ ¤¢üþ�û§�b¤ �� ö���üõ �ú�� �¤ �û§�b¤ �î À�û¢üõ ö�È÷ (b) ý�ûÀ�ì �ä�Þ¹õ .À��þ «�Êµ¡� ùÀ�û¢§�b¤ ö� ý�¥� �� ü�ãþ ,Àª�� ùÀª �µêÂð ÂÑ÷ ¤¢ ùÀ�û¢ ÅþøÂ¨ ×þ ö�Øõ ö���ä �� �î ¢�¢ «�Êµ¡�×þ M �î ¢Âî ßþ�Úþ�� Pni=1 xij �Myj ý�ûÀ�ì �� ö��� üõ �¤ (b) ý�ûÀ�ì �ä�Þ¹õ .Àª�� yj = 1ùÀ�û¢ ÅþøÂ¨ p �î ´¨� °ÜÎõ ßþ� ùÀ�û¢ ö�È÷ () ´þ¢øÀ½õ ø .´¨� n � p + 1 ¥� Âµð¤�� ¢Àä



17 ü���÷�Øõ. ´¨� ¥��÷ ¢¤�õ¢�¡ �� ùÀ�û¢ÅþøÂ¨ ßþÂ�×þ¢�÷ ,ü®�Öµõ Âû �î ´¨� ßþ� Â� Âê �È�Þû �÷��õ-p ý�ó�bÆõ ¤¢ßþÂ�×þ¢�÷ ´Þ¨ �� ý¤�±�� Âõ� �þ ø ÝØ� ×þ �� öÀ�È¿� ÕÖa½� ¤¢ ö��®�Öµõ Âð� .À�îüõ ��¿µ÷� �¤ùÀ�û¢ÅþøÂ¨ ,�Ü¬�ê ¢¤�õ ¤¢ ö�È��ä�Ï� ö¢Âî Ûõ�î ¥� Å� �îü÷�õ¥ �þ ,À÷�ª ´þ�Àû ùÀ�û¢ÅþøÂ¨´¨� ùÀª Âê ßþ�Â�ùø�ä .Àª�� ´¨¤¢ Âê ßþ� ´¨� ßØÞõ ,À��î ��¿µ÷� ü±Æ÷ ´ó�� ×þ ¤¢ �¤��Þ� ý�Â� �¤À÷ �� ´ó�� ßþ� ´�ãì�ø ¤¢ .À�µÆû ü÷�ÆØþ �Á� �¤Àì ý�¤�¢ �ûùÀ�û¢ÅþøÂ¨ �î������ ,´¨� Â�üãì�ø �î ýÂÚþ¢ Âê �� �¤ �¤ø�¹õ Âê ℄3[Â÷¥ ¤¢ ø Â÷¥ ¤¢ .´¨� ¤�ÂìÂ� ö��®�Öµõ¼�®�� ö� �� â��¤ ÛÊÔõ ¤�Ï�� �ø¢ ÛÊê ¤¢ .À÷¢Â� ¤�î�� �÷��õ-pý�Â� �¤ üÈ÷�Âð ö�÷�ì �ú÷� .À÷¢Âî.´¨� ùÀª ù¢�¢üÈª�� ñÀõ 2-4-1éÀû .´¨� üÈª�� ñÀõ �ûù�ÚªøÂê ý�Â� ´�Þû� ø ¢Â�¤�î à�½ó ¥� ü���÷�Øõ ý�ûñÀõ ¥� ÂÚþ¢ á�÷üÏ ¥� Å� À�÷��µ� ö�ðÀ��î ù¢�Ôµ¨� �îý��÷�ð�� ´¨� üû¢ÅþøÂ¨ ý�Â� ü÷�Øõ ß��ã� üÈª�� ý�ûñÀõ�îüþ�û´ó�� ¤¢ ñÀõ ßþ� .À���þ ´¨¢ �ûö�Øõ ßþ� �� ,É¿Èõ ©¢Âð ö�õ¥ ×þ éÂ¬ �þ �Ü¬�ê ×þùÀªù¢�¢ Ûþ�½� ý�û¤�î ´�Ô�î �þ �ûùÀ�û¢ÅþøÂ¨ ¥� ù¢�Ôµ¨� ö���õ ¤¢ �¤ ýÂ��bõ ø ýÀ�Üî ÇÖ÷ ,ü¨Âµ¨¢.´¨� ���� ¢¤�õ ¤��Æ� ,À�îüõ �Ôþ�LSCP �þ 55�ä�Þ¹õ Çª�� ü���÷�Øõ ý�ó�bÆõ �� ¯��Âõ ,ùÀª ���¤� üÈª�� ý�ûñÀõ ß�óø� ¥� üØþ¥� üµ��� ÂÔ¨ ö�õ¥ �þ ���È�� ý�Ü¬�ê ¤�ÀÖõ �î ü÷��®�Öµõ �î ´¨� ßþ� Â� Âê ñÀõ ßþ� ¤¢ .´¨��� ßþ�Â���� ø À÷�ªüÞ÷ üû¢ÅþøÂ¨ °¨��õ ¤�Ï�� ùÀ�û¢ÅþøÂ¨ ö� Í¨�� ,À÷¤�¢ ùÀ�û¢ÅþøÂ¨ ×þLoation Set Covering Problem55



18 ü���÷�Øõý�ûùÀ�û¢ÅþøÂ¨ ö�Øõ ø ¢�Àã� ßþÂµÞî ßµê�þ ñÀõ ßþ� éÀû .¢Âî À�û��¿÷ �ã��Âõ ùÀ�û¢ÅþøÂ¨ ßþ�.´¨� ß�ãõ ø É¿Èõ üþ������ ö�õ¥ �þ �Ü¬�ê ×þ �� ö��®�Öµõ ��Þ� üû¢ÅþøÂ¨ ý�Â� ¥��÷ ¢¤�õü���÷�Øõ ý��þ�û ßµêÂð ÂÑ÷ ¤¢ �� ��Üõ ,ùÀ�û¢ÅþøÂ¨ ý¢�þ¥ ¢�Àã� ýÂ�ð¤�î�� ý��þ�û �îüþ��ö� ¥�Ýû�Âê ´¨� ßØÞõ ßþ�Â���� ,Àª��üõ üê�®� Çª�� ¥� ùÀª À�ó�� ¢�¨ ÕþÂÏ ¥� üê�®� ý�ûùÀ�û¢ÅþøÂ¨,Â�ð�Âê Çª�� ×þ ý���� ��ÂÏ ´¨� ßØÞõ Å� .Àª�±÷ ÂþÁ�ö�Øõ� Â�ð�Âê ø üõ�Þä ÅþøÂ¨×þ ö¢Âî�¤ ùÀ�û¢ÅþøÂ¨ üµ��� ¢�Àã� Í¨�� ùÀª ù¢�¢ Çª�� ý�®�Ö� ¯�Ö÷ ¢�Àã� �î Àª�� éÀû ßþ� ü� ¤¢�Â� Í¨�� �î ´¨� éøÂãõ (MCLP) �þø 56���È�� Çª�� ü���÷�Øõ ý�ó�bÆõ �� �ó�bÆõ ßþ� .À�î ���È��:´¨� øÂ�ø ¤ �¤�¬��MCLP ñÀõ .Àª ���¤� 57ñ�þ¤ ømax z = Pni=1wiyis:t: Pj2J xj = p (a)Pj2Ni xj � yi (b) (5-1)
��¿µ÷�-p ñÀõ 3-4-1ñÀõ .À�îüõ ý¥�¨��±ª �¤ ö��®�Öµõ ÀþÂ¡ ý�Úó� ,É�Ê¿� ø ü���÷�Øõ ý�ûñÀõ ¤¢É�Ê¿� À�þ�Âê©¢�¡ �� ´±Æ÷ ùÀ�û¢ÅþøÂ¨ ßþÂ�×þ¢�÷ �� �®�Ö� ý�ÎÖ÷ Âû �î ´¨� ¤��µ¨� Âê ßþ� Â� �÷��õ-p�� ´¨� Â��Â� ù�ÚªøÂê ×þ Í¨�� ùÀõ� ´¨¢�� ¤�¥�� Ýú¨ Å� .¢�ªüõ ù¢�¢ «�Êµ¡�

ù�ÚªøÂê ý�Â� ¤�¥�� ¥� üµÞÆì ý�®�Ö�¤�¥�� Ûî ý�®�Ö� : (6-1)Maximal Covering Loation Problem56Churh and ReVelle(1974)57



19 ü���÷�Øõý�ùÀ�û¢ÅþøÂ¨ ´Þ¨�� �ú�� ö��®�Öµõ �î üê�®� À�ì ßþ� �� üÈª�� ý�ûñÀõ ¤¢ ��÷ �¤ø�¹õÂêßþ� �¤ø�¹õ Û¬� ý�Â� �¥� ¯Âª .¢�ªüõ �µêÂð ÂÑ÷ ¤¢ ,Àª�� ¤�ÂìÂ� ö� ý�Â� �Ü¬�ê ¯Âª �î À÷ø ¤üõ�ú�� �ûùÀ�û¢ÅþøÂ¨ Å� .À�ª�� ¼Î¨ ×þ ¤¢ ,��õÀ¡ ý���¤� ÂÑ÷ ¥� �ûùÀ�û¢ÅþøÂ¨ ��Þ� �î ´¨�ñ�Ê½õ ¥� ý����Èõ á�÷ �î ý�ùÀ�û¢ÅþøÂ¨ ø¢ ñ�� ßþ� �� .À÷�ªüõ üþ�¨��ª ö�Èþ�ûö�Øõ ÕþÂÏ ¥�Û�ó¢ ßþ� ø À��îüõ �÷�ø ¤ ¤�¥�� �� ü�ø�Ôµõ ´Þ�ì ø ´�Ô�î �� �¤ ���Ê½õ ,ÛÞä ¤¢ ,À��îüõ À�ó�� �¤��÷ ¤ø�¹õ ý�ûùÀ�û¢ÅþøÂ¨ �� ,ùÀ�û¢ÅþøÂ¨ ßþÂ�×þ¢�÷ ¥� Â�è ö��®�Öµõ �îßþ� ý�Â� ´¨� ýÂÚþ¢ý�ûñÀõ å�Â¨ �� �� ¢Âî ¤�¢�ø �¤ ö�ÖÖ½õ ,�¤ø�¹õ ý��®Âê ¥� ü÷�±�µÈ� ø ´þ�Þ� �Àä .À��îüõ �ã��Âõ´ã¨ø ø ù¥�À÷� ø ��õÀ¡ ´�Ô�î ��±ª ù�ÚªøÂê ý�ûüðÄþø Â� ùø�ä �î üþ�ûñÀõ ü�ãþ .À÷ø ¤ üê¢�Ê��ÜÞ� ¥� é�û ,Àª ùÀþ¢ Ýû �f ±ì �î ¤�Î÷�Þû .À÷¢�� �µêÂð ÂÑ÷ ¤¢ ��÷ �¤ ù�ÚªøÂê �� �Ü¬�ê ,ù�ÚªøÂêüêÂãõ �ûñÀõ ¥� üÈ÷�Âð «�¡ á�÷ ö¢Âî À�Þ÷�÷�ì ý�Â� �¤ ü±¨��õ ø ß�ãõ ©ø¤ �î ¢�� ü÷�Æî ß�óø�:´ª�÷ Âþ¥ �¤�¬�� ö���üõ �¤ üê¢�Ê� ý�ûñÀõ ßþ� .¢Âî�ij = f(Aij)g(dij)Pk2Kj f(Aij)g(dij) (7-1)ý�Â� ùÀª üÏ ö�õ¥ �þ �Ü¬�ê dij ,i ü®�Öµõ ý�Â� j ýùÀ�û¢ÅþøÂ¨ �Á� ýù¥�À÷� Aij ö� ¤¢ �î.´¨� ��i ü®�Öµõ ý�Â� ü��¿µ÷� ý�ä�Þ¹õ kj ø j ýùÀ�û¢ÅþøÂ¨ �� i ü®�Öµõö�Øõ �� ¯��Âõ ý�û´�¬�Ê¡ ��Þ� Ûõ�ª Àþ�� ,Aij ,ù�ÚªøÂê ý�ûüðÄþø ø �û�Ê¿Èõ ý�ä�Þ¹õø ß�� ñ�·õ ö���ä �� .Àû¢ ¤�Âì Â���b� ´½� �¤ ö��®�Öµõ ��¿µ÷� �� Àª�� ù�ÚªøÂê ¢�¡ ø ßµêÂð ¤�ÂìÀ�÷�õ üþ�ûÛõ�ä ¥� ,�Ü¬�ê Â� ùø�ä üþ�Áè ¢��õ ý�ûù�ÚªøÂê �� â��¤ ö�È��Ö�Ö½� ¤¢ ℄22[58ö���û�õý�Â� ùÂ�è ø ñ�� Á¡� ý�ûëøÀ�¬ ¢�Àã� ,ý¤�±µä� �¤�î ù�Úµ¨¢ ö¢�� §Âµ¨¢ ¤¢ ,ù�ÚªøÂê ´ã¨øJain and Mahajan58



20 ü���÷�Øõ.À÷¢Âî ù¢�Ôµ¨� «�¡ ù�ÚªøÂê ×þ Í¨�� ¤�¥�� ¥� ùÀõ� ´¨¢�� Ýú¨ Ó�¬��ýùÂð ¤¢ ¢���õ ýùÀ�û¢ÅþøÂ¨ ,i ýùÂð ¤¢ âì�ø ü®�Öµõ �îßþ� ñ�Þµ�� �� ´¨� Â��Â� �ij À��î Âê:¢�� Àû��¡ Âþ¥ �¤�¬ �� ��¿µ÷�-p ñÀõ �¤�¬ ßþ� ¤¢ .À�î ��¿µ÷� �¤ jmax z = Pi2IPj2J wipijxjs:t: Pj2J pij = 1 8i 2 I : (8-1)
�Â� .´¨� �÷��õ-p ñÀõ ¥� ¯Âª ø À�ì ü� Ý�Þã� ×þ ,��¿µ÷�-p ñÀõ �î Àþ¢ ö���üõ (8-1) ¥�´¨� ùÀª �µêÂð ÂÑ÷ ¤¢ ¢�¥� À�ì ×þ ö���ä �� ��ßþ� ¤¢ �÷��õ-p ý�ó�bÆõ ¥� 59"º�û �þ �Þû' À�ì �îø ��¿µ÷�-p Û��Æõ À��Âû .¢�ªüõ ��¹÷� üó�Þµ�� ��¿µ÷� Û¬� ×þ §�¨� Â� ö��®�Öµõ ��¿µ÷� ø.À÷¤�¢ ü�ø�Ôµõ ý�û���� �fõ�Þä �õ� ,À÷ÂÚþÀØþ ��±ª üÜ�¡ ¤�µ¡�¨ ¤¢ �÷��õ-pü®�Öµõ ¼��Â� §�¨� Â� üþ�ûñÀõ 4-4-1́ ¨��¡ ø ¼��Â� �� �fÞ�ÖµÆõ �î ´¨� üþ�ûñÀõ Ûõ�ª É�Ê¿� ø ü���÷�Øõ ý�ûñÀõ ¥� �¤�ú� ùøÂðü®�Öµõ ����Â¹� ýø¤ ý¤�Áð©¥¤� ý�þ�� Â� ÂµÈ�� �ûñÀõ ßþ� ¤¢ É�Ê¿� .À÷¤�¢ ¤�î ø Â¨ ü®�Öµõ.´¨�û��¿µ÷� ýùÀû�Èõ �� ´±Æ÷ �µªÁð ý�û��¿µ÷� ¤¢.À�û¢ ¥��µõ� �ø�Ôµõ ø ¢Àãµõ ý�û��¿µ÷� ýÂ¨×þ �� �î ¢�ªüõ �µ¨��¡ ö��®�Öµõ ¥� �Î��¤ ßþ� ¤¢üØþ Â� �ûñÀõ ßþ� .¢�ªüõ ù¢�Ôµ¨� É�Ê¿� üÚ÷�Ú� ø ü���Ç�� ý�Â� ý¤�Áð©¥¤� ßþ� ¥� Å³¨,¢Âî ¢�þ "üÚµÆ��ø ��úÔõ' ö���ä �� ö� ¥� ö���üõ ù¢�¨ ¤�Ï�� �î ,��¿µ÷�-p ñÀõ ï¤�� ��ØÈõ ¥�ýÀ��´þ�óø� ø ý¤�Áð©¥¤� ��úÔõ ¥� ,üÜ±ì ý�ûñÀõ ü¨¤Â� ø Û�Ü½� ý�� �� �ûñÀõ ßþ� .À�îüõ �±ÜèAll or Nothing59



21 ü���÷�Øõ.À÷Â�ðüõ ùÂú� éÀû â��� Ý�Ñ�� ø ö¢Âî À�Þ÷�÷�ì ¤¢ ö��®�Öµõ ÂÑ÷ñÀõ ßþ� ¤¢ �ûö� .℄32[Àª ¢�ú�È�� 60ö�¨����þÂ¨ ø Âî¤�� Í¨�� �ûñÀõ ßþ� ßþÂ�üÞþÀì ¥� üØþý��óø� ý�û�èÀè¢ ¥� ü�ø�Ôµõ ý�ûüðÄþø ü®�Öµõ×þ ¤�Ï�� �îßþ� ß��ã� ý�Â� "61À÷���Ýû Û�Ü½�'¥�.À÷¢Âî ù¢�Ôµ¨� ,À�îüõ ýÀ��´þ�óø� �¤ ùÀ�û¢ÅþøÂ¨ ×þ¥��µõ� ��¿µ÷� Õ� ñÀõ 5-4-1Ý¨� ¥� ù¢�Ôµ¨� Õ�' �þ ��¿µ÷� Õ� ¥��µõ� ý�¤�¢ ý�û´îÂª «�Ê¿õ �µêÂÈ�� ý�ûñÀõ ¥� üûøÂðý¤�¢Â�ùÂú� ý�÷�øÂ� ×þ ¢�¡ üÊ¿ª ��¥��µõ� �� (ùÀ�û¢ ¥��µõ�)¤¢�õ ´îÂª �îý��÷�ð �� ´¨� "ý¤�¹��� �¤ ¢�¡ ý¤�¹� ´õ�ä ,�Þ��ó�Õ� ßµêÂð ý���� ,��õÀ¡ ø ��î ý�ó¢�±õ �� �� Àû¢üõ «�Êµ¡�âì��õ ¥� ý¤��Æ� ¤¢ ¥��µõ� ��¿µ÷� Õ� ý�¤�¢ ý�û´îÂª ¢ÂØÜÞä À��Âû .À�î �¤¢ ��î ýø¤ Ý¨� ù�ÂÞû�µêÂð ÂÑ÷ ¤¢ �ûù�ÚªøÂê ßþ� ü���÷�Øõ ¤¢«�¡ ��®øÂÔõ ¥� ý¢�Àã� �õ� ´¨�û´îÂª ÂÚþ¢ ���Èõ ¤��Æ�(ü®�Öµõ)ùÀ÷Â�ð ¥��µõ� ø (ùÀ�û¢ ÅþøÂ¨)ùÀ�û¢ ¥��µõ� ýø¢ Âû é�Àû� Àþ�� ñ�·õ ö���ä �� .¢�ªüõ.¢�ª �µêÂð ÂÑ÷ ¤¢ ö�õ�Þû
üµ��ì¤ ý�ûùÀ�û¢ÅþøÂ¨ ü���÷�Øõ ý�ûñÀõ 5-1ø üµã�¬ ý�ûÀ��ø ,ö¥�¿õ ,�û¤�±÷� ü���÷�Øõ �� ¯��Âõ É�Ê¿� ø ü���÷�Øõ ý�ûñÀõ ¥� ùøÂðÂþ¥ ×þÂû �î ¤�¥�� ¥� üÞú¨ �� À�µÆû ©�� ¤¢ �ûñÀõ ßþ� .À÷¥�¢Â�üõ ´��ì¤ �� ¤�¥�� ×þ ¤¢ �î ´¨� ý¤�¹�ý�Â� ö�Øõ ßþÂµú� .À��î ü���Ç�� �¤ À�îüõ �Á� Ç÷�Øõ ö¢Âî ���ú� éÀû �� °�ì¤ ýùÀ�û¢ÅþøÂ¨Parker and Srinivasan60Conjoint analysis61



22 ü���÷�Øõ.Àª�� ���È�� ��ö� ¤¢ ¤�¥�� Ýú¨ �î ´¨� ü÷�Øõ ÀþÀ� ýùÀ�û¢ÅþøÂ¨ ö�Øõý�ûùÀ�û¢ÅþøÂ¨ ü���÷�Øõ' ��÷�� ü���÷�Øõ ý�û�¡�ª ¥� üØþ ý���õ¥ ¤¢ �ó�Öõ ß�óøa� 62Ù��Üµûö�Øõ ø� .℄19[Àª ý¥�¨ ù¢��� �Ø±ª ýø¤ üÞ�Ø� Í ä �� �ûÀã� �ó�bÆõ ßþ� �î ¢�¢ ���¤� �¤ "63üµ��ì¤âþ¥�� ßµêÂð ÂÑ÷ ¤¢ �� ß��»Þû .¢�¢ ¤�Âì ���� ¢¤�õ �¤ íÂµÈõ ¤�¥�� ×þ ¤¢ °�ì¤ ýùÀ�û¢ÅþøÂ¨ ø¢��¿µ÷� �¤ ùÀ�û¢ÅþøÂ¨ ßþÂ�×þ¢�÷ ö��®�Öµõ �î ¢�ú÷ ßþ� Â� �¤ Âê ´¡���Øþ �¤�Ê� ÀþÂ¡ �¤Àì¤�¥�� ¤¢ üµ��ì¤ º�û ,Àª�� ¢���õ ùÀ�û¢ÅþøÂ¨ ×þ �ú�� �îüõ�Ú�û ¢Âî ùÀû�Èõ ß��»Þû ø� .À��îüõ�õa� ;Àª À�û��¡ ùÀ�û¢ÅþøÂ¨ ßþ� ý ÂµÈõ ,ö��®�Öµõ ��Þ� ø ¢¤�À÷ ¢��ø ùÀ�û¢ÅþøÂ¨ ��¿µ÷� ý�Â�¢�Þä ́ ¨�¤ ý�Þ�÷ ¤¢ �î ü÷��®�Öµõ ,¢Â�ð ¤�Âì ýÂÚþ¢ ý�ÎÖ÷ ¤¢ °�ì¤ ýùÀ�û¢ÅþøÂ¨ ×þ �îü÷�õ¥�îü÷��®�Öµõ ÂÚþ¢ ø ´¨�¤ ´Þ¨ ýùÀ�û¢ÅþøÂ¨ ,À÷¤�¢ ¤�Âì ùÀ�û¢ÅþøÂ¨ ø¢ ß�� Û¬�ê Ía ¡ ÓÊa �õÂê ©ø¤ ßþ� ¤¢ .À��þ�ðüõÂ� �¤ ÂÚþ¢ ýùÀ�û¢ÅþøÂ¨ ,À÷¤�¢ ¤�Âì ÓÊa �õ ¢�Þä ²� ý�Þ�÷ ¤¢�Á� �¤ ¢�¡ �� ×þ¢�÷ ü®�Öµõ ß��»Þû ø À÷¤�¢ ü÷�ÆØþ �Á� �¤Àì �ûùÀ�û¢ÅþøÂ¨ �î ´¨� ùÀª.À��îüõ´¨¢�� Ýú¨ ,´��ì¤ ¤�¥�� ¤¢ ÀþÀ� ýùÀ�û¢ÅþøÂ¨ ý�Â� ö�Øõ ßþÂµú� ß��ã� ý�Â� ñ�Þãõ ¤��ãõ ×þ¥� ùÀõ� ´¨¢�� Ýú¨ ü���Ç�� ý�Â� ý¢Àãµõ ý�û©ø¤ .´¨� ùÀ�û¢ÅþøÂ¨ ö� ö�Øõ ¤¢¤�¥�� ¥� ùÀõ�Ûõ�ä ¤�ú� ß�� ¢���õ ý�Î��¤ §�¨� Â� ÀþÀ� ýùÀ�û¢ÅþøÂ¨ ö�Øõ ��¿µ÷� ,ö� ý�¹�µ÷ ¤¢ ø ¤�¥��:¢¤�¢ ¢��ø Í�½õ ×þ ¤¢ Âþ¥.°�ì¤ ý�ûùÀ�û¢ÅþøÂ¨ Í¨�� ¤�¥�� ¥� ùÀõ� ´¨¢�� Ýú¨ (1.ÀþÂ¡ �¤Àì (2Hotelling62Competitive Faility Loation63



23 ü���÷�Øõ.�ûùÀ�û¢ÅþøÂ¨ ø ö��®�Öµõ ß�� ý�Ü¬�ê (3.�ûùÀ�û¢ÅþøÂ¨ ÇÈî ø �Á� �¤Àì (4üa Ï ö�ÖÖ½õ .´¨� ÂÚþ¢ Ûõ�ä �¨ �� �µÆ��ø ýÂ�çµõ ö���ä�� ¤�¥�� ¥� ùÀõ� ´¨¢�� Ýú¨ ü�ãþ ñø� Ûõ�äßµ¡�¨ Ûõ�î ý�Â� .À÷�ù¢�¢ ��¹÷� �Î��¤ ßþ� ö¢¤ø� ´¨¢�� ý�Â� ý¢�þ¥ ��Ö�Ö½� ý¢�Þµõ ý�ûñ�¨�ûö�µ¨Âúª ø �ûÇ¿� ,�ûÂúª ��±ª �µ¨��� ý�ûá�Þµ�� �� ¤�¥�� ý�Ìê ,üµ��ì¤ ý�ûùÀ�û¢ÅþøÂ¨ ñÀõ¥� ��Àî Âû ¥� Â��bõ Àõ�¤¢ á�Þ¹õ�� Â��Â� �ûñÀõ ßþ� ¤¢ ùÀª ù¢Â� ¤�î�� ÀþÂ¡ �¤Àì .¢�ªüõ Ý�ÆÖ�ß�� (üÈ÷�Âð ö�÷�ì ñ�·õ ý�Â�)ß�÷��ì ü¡Â� §�¨� Â� á�Þµ�� Âû ¤¢ ÀþÂ¡ �¤Àì .´¨� ��ä�Þµ��.¢�ªüõ Ý�ÆÖ� �ûùÀ�û¢ÅþøÂ¨�¤Àì ´±Æ÷ bi ,i = 1; :::; n ý�Â� i á�Þµ�� ¤¢ ÀþÂ¡ �¤Àì Bi ,��ä�Þµ�� ¢�Àã� n À��î Âê´��ì¤ ý�ûùÀ�û¢ÅþøÂ¨ ¢�Àã� k ,��ä�Þµ�� ��Þ� ý�Â� ÀþÂ¡ �¤Àì Ûî �� (Bi) i á�Þµ�� ¤¢ ÀþÂ¡üã��� F (d) ,j = 1; :::; k ø i = 1; :::; n �î j ýùÀ�û¢ÅþøÂ¨ ø i á�Þµ�� ß�� ý�Ü¬�ê dij ,ùÀ��î°Æ� Â� j ýùÀ�û¢ÅþøÂ¨ ©øÂê Ûî Mj ,j á�Þµ�� ¥� ß�ãõ�÷ ÇÈî Xj ,�Ü¬�ê °Æ� Â� üóø�÷,üÈ÷�Âð ñÀõ §�¨� Â� �¤�¬ ßþ� ¤¢ .´¨� j ýùÀ�û¢ÅþøÂ¨ ý�Â� ©øÂê Ûî ¥� üµ±Æ÷ mj ,¤�¢:´¨� ¢���õ 5-1 ¤¢ ùÀª �µÔð Ûõ�ä ¤�ú� ß�� �Î��¤ ×þpij = Xj=F (dij)Pkj=1Xj=F (dij) (9-1)ýùÀ�û¢ÅþøÂ¨ Í¨�� ¤�¥�� ¥� ùÀõ� ´¨¢�� Ýú¨ üêÂÏ ¥� .Pkj=1 pij = 1 �î ´¨� ¼®�ø ÓþÂã� ¥��� ´¨� Â��Â� ,mj ,jmj = Pni=1BipijPkj=1Pni=1Bipij 8j = 1; :::; k (10-1)



24 ü���÷�Øõ�î ��ö� ¥�kXj=1 nXi=1Bipij = nXi=1Bi kXj=1 pij = nXi=1Bi (a) (11-1)mj = 1Pni=1Bi nXi=1Bipij = nXi=1 bipij 8j = 1; :::; k (b) (12-1)(13-1):Ýþ¤�¢ (b) ¤¢ 9-1 ý¤��Úþ�� ��mj = nXi=1 bi Xj=F (dij)Pkj=1Xj=F (dij) 8j = 1; :::; k (14-1)�¤Àì ýÂ�ðù¥�À÷� ý�Â� �û�Ü¬�ê ø ÀþÂ¡ �¤Àì ,(¤�¥�� Ýú¨ �¹�µ÷ ¤¢ ø) Ûî ©øÂê ¥� �Î��¤ ßþ� ¤¢Âþ¢�Öõ ¥� �� k ¢�Àã� .À�µÆû �±¨�½õ Û��ì üµ��¤�� �î ´¨� ùÀª ù¢�Ôµ¨� �ûùÀ�û¢ÅþøÂ¨ ÇÈî ø �Á��� üÎ¡ Â�è ý�ó¢�ãõ k ¥� ö¤�Öµõ ý�ä�Þ¹õ ×þ 14-1 ý�ó¢�ãõ ßþ�Â���� .´¨� ��Üãõ�÷ Xj �Á�.´¨� ñ�ú¹õ k:À÷�ªüõ Ý�ÆÖ� �µ¨¢ ø¢ �� éÀû â��� Çþ�Þ÷ ÂÑ÷ ¥� üµ��ì¤ ü���÷�Øõ ý�ûñÀõ.´¨� �½Ô¬ ýø¤ üþ�� Âû �ûùÀ�û¢ÅþøÂ¨ ö�Øõ �î üµ��ì¤ ü���÷�Øõ ý�µ¨��� ý�ûñÀõ �üû��µõ ý�ä�Þ¹õ×þ ýø¤ À�÷���üõ �ú�� �ûùÀ�û¢ÅþøÂ¨ �î üµ��ì¤ ü���÷�Øõ �µÆÆð ý�ûñÀõ �.À÷�ª ù¢�¢ ¤�Âì �Ø±ª ×þ ýø¤ ü÷Àª ý�ûö�Øõ ¥��µ¨��� ý�Ìê ×þ ¤¢ Ù��Üµû ©ø¤ ¥� �µê�þ �ã¨�� Ý�Þã� ×þ âì�ø ¤¢ �µ¨��� üµ��ì¤ ü���÷�Øõ ý�ûñÀõÛ��Öõ ¤¢ ï¤�� ø üõ�Þä ý�ûö�õ¥�¨ ÛÞãó�ÅØä ü¨¤Â� ø Û�Ü½� ,��óø� ý�û©ø¤ ¥� üØþ .´¨��¤ø�¹õÂê ¥� ù¢�Ôµ¨� �� �ûùÀ�û¢ÅþøÂ¨ �� ö��®�ÖµõÉ�Ê¿� ,�ûñÀõ ßþ�¤¢ .´¨�ûùÀ�û¢ÅþøÂ¨´¨¢�� Ýú¨ �Àµ�� .À�îüõ �Á� �¤ ¢�¡ �� ×þ¢�÷ ü®�Öµõ ,ùÀ�û¢ÅþøÂ¨ Âû ü�ãþ .¢�ªüõ ��¹÷�



25 ü���÷�Øõý�ûùÀ�û¢ÅþøÂ¨ ý�Â� �¤ ö�Øõ ßþÂµú� Å³¨ ¢�ªüõ �±¨�½õ ùÀ�û¢ÅþøÂ¨ Âû Í¨�� ¤�¥�� ¥� ùÀõ�MSM �þ ¤�¥�� Ýú¨ É�Ê¿� ø ü���÷�Øõ ñÀõ ,�ûñÀõ ßþ� ¥� üó�ä ý�÷�Þ÷ ×þ .Ý��îüõ �À�� ÀþÀ�.℄13[Àª ���¤� 64ÀÜþ��¢�ð Í¨�� �î ´¨�ü®�Öµõ ��¿µ÷� ýÀã� À�� ý�ûñÀõ ¥� ù¢�Ôµ¨� �� �î ´¨� 65¢�¨ ñÀõ ýÂ�ð¤�î �� ,�ø¢ ©ø¤,À÷�ªüÞ÷ �Æþ�Öõ ÂÚþÀØþ �� �fõø�ó ���Èõ á�÷ ×þ ¥� ý�ûùÀ�û¢ÅþøÂ¨ �î Âê ßþ� ¥� ß��»Þû øö��®�Öµõ �Á� øÇÈî Ûî ¥� ü±�îÂ� �î ´�¬�Ê¡ À�� �þ ×þ ¤¢ �ûùÀ�û¢ÅþøÂ¨ .À÷�ùÀª ü���Ç��ý�û�Ö�Ü¨ �� ö��®�Öµõ Í¨�� �ûÂ�çµõ ßþ� �� ¯��Âõ ýÀ�� ´þa�óø� ,ßþ� Â� ùø�ä .À÷¤�¢ �ø�Ô� ´¨�ö��®�Öµõ ��¿µ÷� ñÀõ ßþ� ¤¢ À��Âû .¢¤�Áðüõ Â���b� �ûö� ¥� ��Àî Âû ü��¿µ÷� ý�ä�Þ¹õ ¤¢ ,�ø�Ôµõ¢�¨ â��� ö�Þû ¥� ý�îÂõ ý�®�Ö� �ÎÖ÷ ¤¢ âì�ø ö��®�Öµõ �õ� ,´Æ�÷ �¤ø�¹õ Âê §�¨� Â� ÂÚþ¢À��îüõ ��¿µ÷� �¤ ùÀ�û¢ÅþøÂ¨×þ ,�®�Ö� ý�ÎÖ÷×þ ¤¢ âì�ø ö��®�Öµõ ý�ÞûÅ� .À��îüõ ù¢�Ôµ¨�ý�Ìê ¤¢ üµ��ì¤ ü���÷�Øõ ý�Â� ¢�¨ üãÎì ñÀõ .À�Ø�õ ��¹þ� �¤ "º�û �þ �Þû ' üðÄþø âì�ø ¤¢ ßþ� ø.Àª üêÂãõ ,Ù��Üµû ñÀõ ¤¢ �¤ø�¹õ Âê ßµª�Áð ¢�¥� �� ,℄5[Â÷¥ ¤¢ Í¨�� �µ¨���üÈ÷�Âð ©ø¤ ¥� �î ´¨� üªø¤ ,À�îüõ ýøÂ�� ùÀ�û¢ÅþøÂ¨ ��¿µ÷� ý¤�ÿ� ¥� �î ��¨ ©ø¤Âû �î Âê ßþ� �� ,¢�¨ üãÎì ñÀõ .À�îüõ ù¢�Ôµ¨� üµ��ì¤ É�Ê¿� ø ü���÷�Øõ ý�µ¨��� ñÀõ ¤¢�Þû' üðÄþø Âê ßþ� .Àª ù¢�¢ Ý�Þã� ,¢Â�ðüõ üê¢�Ê� âþ¥�� �� ¢�¨ â��� ×þ¥� �¤ ¢�¡ ¢�¨ ü®�ÖµõÀ÷���üõ ¢�ª ùÀ�û¢ÅþøÂ¨ ×þ ýÂµÈõ ü®�Öµõ ×þ �îßþ� ñ�Þµ�� �î �Â� ¢Â�ðüõ ùÀþ¢�÷ �¤ "º�û �þ�î ´¨� ý�îÂõ ö�Øõ ý¤�ÿ� ,ÂÚþ¢ ©ø¤ ,Â¡� ¤¢ .Àª�� À¬¤¢ À¬ �� À¬¤¢ ÂÔ¬ ß�� ´��� ¢Àä ×þ.À�îüõ Ýû�Âê ÂÚþÀØþ �� �ûùÀ�û¢ÅþøÂ¨ ý�Ü¬�ê ø ´ã¨ø ü¨¤Â� ø Û�Ü½� ý�Â� ü���¤�ú�Goodhild64Utility model65



26 ü���÷�Øõ�µÆÆð ý�Ìê ¤¢ üµ��ì¤ ý�ûùÀ�û¢ÅþøÂ¨ ß�� Û��Öµõ ��Â�� �� â��¤ ���®Âê ,¢�µÔû ý�û¢ Â¡�ø� ¥�¤¢ À÷¢Âî �ÂÎõ ö�ÖÖ½õ ÂµÈ�� �î üþ�ûÇ¨Â� ß�óø� ¥� üØþ .Àª ù¢�¢ �ã¨�� ý¢Àãµõ ý�û©ø¤ ��ñ¢�ã� ' �Ø�þ� ¯Âª �� ´¨� �Ø±ª ×þ ý�û§�b¤ ýø¤ �ûö�Øõ �ä�Þ¹õ ×þ ¢��ø �Àä �þ ¢��ø ¢¤�õ������ ý�Â� ý�ù��Ú÷� ��ö� ¤¢ üµîÂª º�û �î ¯Âª ßþ� �� ö�Øõ ×þ ü�ãþ .Àª�� ¤�ÂìÂ� ö� ¤¢ "66Ç÷dÛ�Ü½� ¢¤�õ ù¢ÂµÆð ¤�Ï�� �û§�b¤ ýø¤ �¤ üµ��ì¤ ü���÷�Øõ �ó�bÆõ (1986)üÞ�Ø� .Àª�� �µª�À÷ öÀª¥� ý��ä�Þ¹õ ,��þ�û â��� ÂãÖ� ��±ª ,ü®�þ¤ ß�ãõ Íþ�Âª ü¡Â� ´½� ¢Âî ´��� ø ¢�¢ ¤�Âì ü¨¤Â� ø.´¨� ¢���õ �Ø±ª ý�û§�b¤ ýø¤ ���ú� ý�û����ý�ûùøÂð �� ¢�¡ ý���÷ �� ��÷ �ûö� ¥� ��Àî Âû �î ´¨� ü÷�ø�Âê ý�û�¡�ª Âþ¥ ý�¤�¢ üµ��ì¤ ü���÷�ØõÀ�÷���üõ ���õ¥ ßþ� ¤¢ ÂµÈ�� ý�ãó�Îõ ý�Â� .´Æ�÷ ¶½� á�®�õ ��ßþ� ¤¢ �î À÷�ªüõ Ý�ÆÖ� ü÷�ð�÷�ð.À��î �ã��Âõ ℄11[ ���½Ô¬ ¤¢ üµ��ì¤ ü���÷�Øõ ý�Â� ¢�¨ üãÎì ñÀõ 1-5-1üþ�ûùÀ�û¢ÅþøÂ¨ .℄5[¢Âî üêÂãõ �¤ üµ��ì¤ ý�ûùÀ�û¢ÅþøÂ¨ ü���÷�Øõ ý�Â� ¢�¨ üãÎì ñÀõ Â÷¥ ¤¢ø �ãó�Îõ ¢¤�õ "�Ìê ¤¢ ö��®�Öµõ ü��¿µ÷� ¤�µê¤' ��úÔõ �� üä�®�õ ¤¢ Â��Â��÷ �Á� ø ÇÈî �¤Àì ��ý�û�Ôó�bõ ß��»Þû ø ö��®�Öµõ ��¿µ÷� ¤¢ ýÀ�� ´þ�óø� ý�Â� ý¢Àãµõ ý�ûñÀõ .´êÂð ¤�Âì ü¨¤Â��þ ¢�¨ ýÂ�ðù¥�À÷� ¤�Ñ�õ �� â��� ×þ ¥� ���õ¥ ßþ� ¤¢ ö�ÖÖ½õ .´¨� ùÀª �µêÂð ¤�î�� �ûö� ÂÑ÷ ¢¤�õ×þ �¤�Ê� ùÀ�û¢ÅþøÂ¨ ´���ÜÎõ ��¤¢ ,¢�¨ â��� ßþ� .À÷¢Âî ù¢�Ôµ¨� ùÀ�û¢ÅþøÂ¨ �Á� �¤Àì:´¨� Âþ¥ �¤�Ê� �î Àû¢üõ Çþ�Þ÷ ùÀ�û¢ÅþøÂ¨ ý�ûüðÄþø ¥� â���U = F (x1; x2; x3; :::; xm): Nash equilibrium66



27 ü���÷�ØõÂ¹�õ Âþ¥ â��� �� ´þ�ú÷ ¤¢ �î ´¨� ÛÖµÆõ Â�çµõ À�� á�Þ¹õ F â��� ¢�ªüõ Âê �ûñÀõ ÂµÈ�� ¤¢¢�ªüõU = mXp=1wpfp(xp):ßþÂµú� .À÷Â�ðüõ ÂÑ÷ ¤¢ �¤ ¢�¨ ßþÂµÈ�� �� ý�ùÀ�û¢ÅþøÂ¨ ,ö��®�Öµõ ¢�ªüõ Âê �ûñÀõ ßþ� ¤¢ø ¢���õ ý�ûùÀ�û¢ÅþøÂÆ¨ ý�Â� ¢�¨ Âþ¢�Öõ á�Þ¹õ §�¨� Â� ÀþÀ� ýùÀ�û¢ÅþøÂ¨ ý�Â� ö�Øõý�Ü¬�ê ��úÔõ ¥� ù¢�Ôµ¨� �� ���ú� ö�Øõ ßþ� .¢�ªüõ ´ê�þ ÀþÀ� ýùÀ�û¢ÅþøÂ¨ ý�Â� ¢�¨ â��� ¤�ÀÖõýùÀ�û¢ÅþøÂ¨ ¢�¨ �� ¢���õ ý�ûùÀ�û¢ÅþøÂ¨ ¢�¨ ,ÓÎä ý�Ü¬�ê ¤¢ .Àþ�üõ ´¨¢�� ÓÎä.´¨� Â��Â� ÀþÀ�ü�ãþ ùÀ�û¢ÅþøÂ¨ ö� ¢�¨ ,�¹�µ÷ ¤¢ ø (dj �Ü¬�ê Ûõ�ª) j ¢���õ ýùÀ�û¢ÅþøÂ¨ ý�ûüðÄþøý�ûÂ�çµõ ��Þ� ,U ,ÀþÀ� ýùÀ�û¢ÅþøÂ¨ ¢�¨ â��� ý�±¨�½õ ý�Â� ß��»Þû .´¨� ß�ãõ øÉ¿Èõ Ujß�óø� ö���ä�� �î i ý�®�Ö� �ÎÖ÷ ¥� d ý�Ü¬�ê ¥� Â�ç� À�µÆûÉ¿Èõ ø ß�ãõ â��� ý�Î��® ¤¢ ÛÖµÆõ¥� ´¨� �¤�±ä ÀþÀ� ýùÀ�û¢ÅþøÂ¨ ý�Â� U ¢�¨ â��� �¹�µ÷ ¤¢ .´¨� ùÀª �µêÂð ÂÑ÷ ¤¢ x1 üðÄþøU = F (d; x2; x3; :::; xm):�� �Ü¬�ê ¥� üã��� �¤�¬�� �ú�� U Å� ,À�µÆû ß�ãõ ø É¿Èõ x2; :::; xm ý�ûüðÄþø ��Þ� ö��ýùÀ�û¢ÅþøÂ¨ ,ü®�Öµõ ×þ .¢�¢ Çþ�Þ÷ U(d)�¤�¬�� �¤ö� ö���üõ ø ´¨� ÀþÀ� ýùÀ�û¢ÅþøÂ¨,ü®�Öµõ ×þ �îßþ� �� �Ü¬�ê Â·î�À� .U(d) > Uj Âð� Àû¢üõ ¼��Â� j ýùÀ�û¢ÅþøÂ¨ �� �¤ ÀþÀ�Û� ¥� �î Ý�õ�÷üõ ÓÎä ý�Ü¬�ê �¤ Àû¢ ¼��Â� ¢���õ ýùÀ�û¢ÅþøÂ¨ �� �¤ ÀþÀ� ýùÀ�û¢ÅþøÂ¨�ó¢�ãõ ,´¨� �Ü¬�ê �� ´±Æ÷ üóø�÷ â��� ×þ U(d) �î ��ö� ¥� .Àþ�üõ ´¨¢�� U(d) = Uj ý�ó¢�ãõù�Úþ�� ¥� i ü®�Öµõ �îý��Ü¬�ê ßþÂµÈ�� �� ´¨� Â��Â� ø ¢�ªüõ ù¢�¢ ö�È÷ �ij �� �î ¢¤�¢ �µØþ ����



28 ü���÷�Øõ.¢�ª üû¢ÅþøÂ¨ ÀþÀ� ýùÀ�û¢ÅþøÂ¨ ¥� ,¢���õ ýùÀ�û¢ÅþøÂ¨ ý�� �� �� À�îüõ üÏ ©¢�¡ÅþøÂ¨ ÓÎä ý�Ü¬�ê ßþÂµØ��î �� Â��Â� ,Di ,¢���õ ý�ûùÀ�û¢ÅþøÂ¨ Ûî ý�Â� ÓÎä ý�Ü¬�êü�ãþ .´¨� �ûùÀ�û¢Di = min1�j�k�ij:,Àª�� Di ÓÎä ý�Ü¬�ê ¥� ÂµÞî ÀþÀ� ýùÀ�û¢ÅþøÂ¨ �� i ý�®�Ö� �ÎÖ÷ ¥� �Ü¬�ê �îü�¤�¬ ¤¢Ý�þ�Ú� �î ´¨� ßþ� Û·õ .À�îüõ ��¿µ÷� �¤ ÀþÀ� ýùÀ�û¢ÅþøÂ¨ ,i ý�®�Ö� �ÎÖ÷ ¤¢ âì�ø ü®�Öµõ�ÎÖ÷ ù�ðö� ,Àª�� Di á�ãª �� ø i ý�®�Ö� �ÎÖ÷ �îÂõ �� ùÂþ�¢ ×þ Û¡�¢ ÀþÀ� ýùÀ�û¢ÅþøÂ¨ Âð�ýùÀ�û¢ÅþøÂ¨ �� i ý�®�Ö� �ÎÖ÷ ý�Ü¬�ê Âð� .À�îüõ ��¿µ÷� �¤ ÀþÀ� ýùÀ�û¢ÅþøÂ¨ i ý�®�Ö�ýùÀ�û¢ÅþøÂ¨ Í¨�� �î ¤�¥�� ¥� üÞú¨ ù�ðö� ,Ý�û¢ Çþ�Þ÷ di(X) �� �¤ X ý�ÎÖ÷ ¤¢ âì�ø ÀþÀ��� ´¨� Â��Â� ¢�ªüõ �Á� X ö�Øõ ¤¢ ÀþÀ�M(X) = Xdi(X)<DiBi (15-1)�¤Àì ù�ðö� di(X) = Di Âð� À�ª�� �µª�¢ ���� .i ý�®�Ö� �ÎÖ÷ ¤¢ ÀþÂ¡ �¤Àì �� ´¨� Â��Â� Bi �î.¢�ªüõ Ý�ÆÖ� �ûùÀ�û¢ÅþøÂ¨ ��Þ� ß�� ,���È�� ¢�¨ ö�Þû �� ø ýø�Æõ ¤�Ï�� iý�®�Ö� �ÎÖ÷ ¤¢ ÀþÂ¡.´¨� X ýùÀª ��¿µ÷� ý�ä�Þ¹õ ßþÂµú� ý�Â� M(X) ö¢Âî ���È�� ,éÀû ��ßþ� ¤¢:¢�¨ üê¢�Ê� ñÀõ 2-5-1.À�îüõ ù¢�Ôµ¨� �ûùÀ�û¢ÅþøÂ¨ �� ö��®�ÖµõÉ�Ê¿� ý�Â� ��ÀØ»�û �þ �Þû ©ø¤ ¥� ,¢�¨ üãÎì ñÀõñÀõ ßþ� ¤¢ .´¨� ùÀª ù¢�¢ Ý�Þã� üê¢�Ê� ñÀõ �� üãÎì ñÀõ ,¢�¨ â���� ýø¤ ��Â��ç� ü¨¤Â� ý�Â�.À�îüõ Â��ç� ,À÷¤�¢ ¤�Âì �®�Ö� ý�ÎÖ÷ ×þ ¤¢ �î ü÷��®�Öµõ ß�� ¤¢ ,¢�¨ â��� �î ´¨� ßþ� Â� Âê



29 ü���÷�Øõ:´¨� ùÀª �µêÂð ÂÑ÷ ¤¢ Âþ¥ �¤�¬ �� ¢�¨ â���U(Q; d) = MXi=1wiQi � d°�Âõ ý�ûö¥ø ¥� ¤�¢Â� ×þ w .´¨� ùÀ�û¢ÅþøÂ¨ �� ü®�Öµõ ß�� ý�Ü¬�ê d ø ,´�Ô�î ¤�¢Â� Q �î1 � i � �î wi ý�ûö¥ø ,1 � i � M �î Qi üÔ�î Âþ¢�Öõ À�÷�õ �ûÂ�çµõ ��Þ� ñÀõ ßþ� ¤¢ .´¨� ùÀª¢�¨ â��� ö�� .À�ª�� ùÀª �µêÂðÉ¿ÈõÅ÷�þ¤�ø ø ß�Ú÷��õ �� üó�Þµ�� âþ¥�� ×þ ¥� ,d ý�Ü¬�ê øMU(Q; d) ,ï¤�� üê�î ýù¥�À÷� �� M ý�Â� ý�îÂõ À� ý��Ìì ¥� ù¢�Ôµ¨� �� ,´¨�ûâþ¥�� ¥� üä�Þ¹õ.´¨� ñ�õÂ÷ âþ¥�� ý�¤�¢ �f±þÂÖ�f(d) = f(0):e�di(�+�di) ÛØª �� üþ�Þ÷ Â�¡�b� â��� ×þ Í¨�� ö���üõ �¤ ¤�¥�� ¥� ùÀõ� ´¨¢ �� Ýú¨ö¢¤ø� ´¨¢ �� �� ñ¢�ãõ ö�Øõ ßþÂµú� ßµê�þ ßþ�Â���� .À�µÆû üµ±·õ ø ´��� ¢�Àä� � ø � �î ¢¥ °þÂÖ�´¨� Âþ¥ â��� ý���È��f(x; y) = nXi=1wie�di(�+�di)67ÀÜ�ê�þø üµÈð¥�� Ýµþ¤�Úó� ý�Ü�¨ø�� �ó�bÆõ ßþ� .´¨� (x; y) ö�Øõ ø iý�®�Ö� �ÎÖ÷ ß�� �Ü¬�ê di �î.℄7[´¨� ùÀª Û�üÈ÷�Âð ý�ûñÀõ 3-5-1ý�ùÀ�û¢ÅþøÂ¨ ,ü®�Öµõ ×þ �îßþ� ñ�Þµ�� ' �î ´¨� ¤��µ¨� Âê ßþ� Â� üÈ÷�Âð ý�ûñÀõ §�¨�ö� �� �Ü¬�ê ¥� ü÷��� �� ÅØä ´±Æ÷ ø ùÀ�û¢ÅþøÂ¨ ÇÈî �¤Àì �� Ý�ÖµÆõ ´±Æ÷ À�î ��¿µ÷� �¤Weiszfeld67



30 ü���÷�Øõù�ÚªøÂê ´ã¨ø ¥� ´¨� �¤�±ä ùÀ�û¢ÅþøÂ¨ �Á� ø ÇÈî á��÷� ¥� üþ�û�÷�Þ÷ ".¢¤�¢ ùÀ�û¢ÅþøÂ¨À��î Âê .Â��î ø üÈ�÷�î�÷ Í¨�� ùÀª ���¤� ñÀõ ¤¢ MCI °þÂ® ø é�û ñÀõ ¤¢(.´¨� Çê�ÂÏ� ×��î ý�Ìê ×þ ¥� üÈþ�Þ÷ �®�Ö� ý�ÎÖ÷ Âû) �®�Ö� ¯�Ö÷ ¢�Àã� ni = 1; : : : ; n ,i ý�®�Ö� �ÎÖ÷ ��Êµ¿õ (ai; bi)i = 1; : : : ; n ,i ý�®�Ö� �ÎÖ÷ ¤¢ ö��®�Öµõ ÀþÂ¡ �¤Àì Ûî Bi¢���õ ý�ûùÀ�û¢ÅþøÂ¨ ¢�Àã� k0 �  � k ùÀ�û¢ÅþøÂ¨ k ¥� ùÀ�û¢ÅþøÂ¨  ß�óø� ÀþÀ� ý�ûùÀ�û¢ÅþøÂ¨ ¢�Àã� pm = 1; : : : ; p m ÀþÀ� ýùÀ�û¢ÅþøÂ¨ ��Êµ¿õ (xm; ym)j = 1; : : : ; k i = 1; : : : ; n j ¢���õ ýùÀ�û¢ÅþøÂ¨ ø i ý�®�Ö� �ÎÖ÷ ß�� ý�Ü¬�ê dijm ÀþÀ� ýùÀ�û¢ÅþøÂ¨ ø i ý�®�Ö� �ÎÖ÷ ß�� ý�Ü¬�ê di(xm; ym)di(xm; ym) = q(xm � ai)2 + (ym � bi)2 j = 1; : : : ; k i = 1; : : : ; nj = 1; : : : ; k j ¢���õ ýùÀ�û¢ÅþøÂ¨ �Á� �þ ÇÈî ýù¥�À÷� Ejm = 1; : : : ; p m ÀþÀ� ýùÀ�û¢ÅþøÂ¨ �Á� �þ ÇÈî ýù¥�À÷� Am�Ü¬�ê ý�Â� ü÷��� ��Á� �þ ÇÈî ýù¥�À÷� �îüó�� ¤¢ �î �¤ ÀþÀ� ýùÀ�û¢ÅþøÂ¨ ý�Â� ö�Øõ ßþÂµú� üÈ÷�Âð ñÀõÝú¨ Ûî ù�ðö� ,¢�ª ß��ã� ¤�¥�� ×þ ¤¢ ÀþÀ� ýùÀ�û¢ÅþøÂ¨ p ö�Øõ Âð� .À��þüõ ,´¨�É¿Èõ ö�



31 ü���÷�Øõ�� ´¨� Â��Â� ,T ,¤�¥�� ¥� ùÀõ� ´¨¢ ��T = nXi=1BiPpm=1 Amd�i (xm;ym) +Pj=1 Ejd�ijPpm=1 Amd�i (xm;ym) +Pkj=1 Ejd�ij : (16-1)16-1 Í¨�� ¤�¥�� ¥� ùÀõ� ´¨¢�� Ýú¨ Ûî �îý¤�Ï�� ´¨� �½Ô¬ ¤¢ ö�Øõ ßþÂµú� ö¢Âî �À�� éÀû¥� üØþ �î ¢�ªüõ ýÂ�ù¢�¨ ý¥�¨���ú� Û��Æõ �� Â¹�õ ýÂ±� ý�ûý¥�¨ù¢�¨ ýÂ¨ ×þ .¢�ª ���È��Àª�� ùÀÈ÷ �Á� �Ø±ª ×þ Í¨�� �î ´¨� ýÀþÂ¡ �¤Àì Ûî ö¢Âî ���Þî �ûö�F = nXi=1Bi Pkj=+1 Ejd�ijPpm=1 Amd�i (xm;ym) +Pkj=1 Ejd�ij : (17-1).À�µÆû ü÷�ÆØþ Âþ¢�Öõ ý�¤�¢ á�Þ¹õ ø¢ Âû ,¢���õ ý�ûùÀ�û¢ÅþøÂ¨ ý�Â�:Ýþ¤�¢ �¤ Âþ¥ �¤�±ä �fµþ�ú÷ �¤�¬ßþ� ¤¢ Hi =Pkj=1 Ejd�ij ø Gi = BiPkj=+1 Ejd�ij À��î Âêminimize : 8<:F = nXi=1Bi GiHi +Ppm=1 Amd�ij 9=; : (18-1)
F â��� ý¥�¨ ÝÞ���õý�ÎÖ÷ ×þ ÂãÖõ â���� .´¨� Ýúõ ¤��Æ� �ûö� ý���ú� ���� ö¢Âî �À�� ¤¢ â���� �À½� ø ÂãÖ� ��úÔõý�ÎÖ÷ ßµê�þ ý�Â� �¹µÆ� .À÷¤�¢ �µØþ ÝÞ���õ ý�ÎÖ÷ ×þ �À½õ â���� �Ø�ó�� ¤¢ À÷¤�¢ �µØþ ÝÞþ�î�õ"68�³� ¥� ßµê¤ ��� ' ©ø¤ ¥� Âð� .¢Âî áøÂª ù��¿ó¢ ý�ÎÖ÷ ×þ ¥� ö���üõ �¤ ÂãÖõ â��� ×þ ñ�Þþ�î�õÝÞþ�î�õ À�� ´¨� ßØÞõ À�µÆ�÷ ÂãÖõ �î üã���� .Àþ�üõ ´¨¢ �� â��� ý���ú� ö�Øõ ,Ý��î ù¢�Ôµ¨�ù�ðö� ,ÝþÂ±� ¤�î�� ÂãÖõ â��� ÝÞþ�î�õ ý�¹µÆ� ý�Â� �¤ �³� ¥� ýø¤ ��� À�þ�Âê Âð� .À�ª�� �µª�¢ üÜ½õClimbs up the hill68



32 ü���÷�Øõ,ß�ú� ý�ÎÖ÷ �� Âµú� ü���µ¨¢ ý�Â� ©ø¤ ×þ .Àª�� ���ú� ö�Øõ ,ùÀõ� ´¨¢ �� ý�ÎÖ÷ ´¨� ßØÞõ�ûö� ßþÂµú� ,ùÀõ� ´¨¢�� ¯�Ö÷ ß�� ¥� Å³¨ .´¨� �ÎÖ÷ ×þ ý���� üþ�Àµ�� ý�ÎÖ÷ À�� ¥� �¹µÆ��� ýÂ¨�Â¨ ÝÞþ�î�õ ù�ðö� ,Ý�û¢ �õ�¢� üê�î ö�õ¥ �Àõ ×þ ¤¢ �¤ ©ø¤ ßþ� Âð� .Ý��îüõ ��¿µ÷� �¤.Àþ�üõ ´¨¢ �� ¢�þ¥ üÜ�¡ ñ�Þµ��.Àª�� �µª�¢ üÜ½õ ÝÞ���õ ×þ ¥� Ç�� ´¨� ßØÞõ ßþ�Â���� ´Æ�÷ �À½õ üã��� 18-1 ¤¢ F â���ùÀª ¢�ú�È�� ý��Ü�¨ø ×� ü���÷�Øõ ý�ó�bÆõ Û� ý�Â� ÀÜ�ê�þø Ýµþ¤�Úó� ý�þ�� Â� ©ø¤ ×þ ℄9[ ¤¢©ø¤ ×þ ,ùÂ�çµõ ×þ ý�¹µÆ� .¢ø¤ ¤�î�� ùÂ�çµõ ×þ ý�¹µÆ� ý�Â� À÷���üõ Ýµþ¤�Úó� ßþ� .´¨�¤¢ ¢�±ú� �îßþ� Ë½õ �� .¢�ªüõ ���ú� ,À�µÆû ´��� ��Ö� �îüó�� ¤¢ Â�çµõ Âû ö� ¤¢ �î ´¨� ý¤�Øµ��,¢�ª ÂµÞîÉ¿Èõ ¤�ÀÖõ ×þ ¥� ,�ûÂ�çµõ üõ�Þ� ý�Â� ý¥�¨���ú� ýù¤ø¢ ×þ ñ�Ï ¤¢ éÀû â��� ¤�ÀÖõýùÀ�û¢ÅþøÂ¨ ý�Â� ö�Øõ ßþÂµú� ßµê�þ ü�ãõ �� �õ ÂÑ÷ ¢¤�õ ý�ó�bÆõ ý�Â� ßþ� .À��þüõ �Þ��¡ Ýµþ¤�Úó�,À�þ�Âê ßþ� ý�Â�� ß�óø� ¤¢ .À÷�ùÀª �µª�¢ �Ú÷ ´��� ¢���õ ý�ûùÀ�û¢ÅþøÂ¨ �îüó�� ¤¢ ´¨� ÀþÀ�.¢�ªüõ ���ú� ÂÚþ¢ ýùÀ�û¢ÅþøÂ¨ ö�Øõ ø ¢�ªüõ ´��� ¢�¡ ý���ú� ö�Øõ ¤¢ ÀþÀ� ýùÀ�û¢ÅþøÂ¨©ø¤ ø¢ ℄10[ ¤¢ .À��þüõ �Þ��¡ Ýµþ¤�Úó� ,Àª�� ����÷ ÀþÀ� ý�ûùÀ�û¢ÅþøÂ¨ ö�Øõ ¤¢ Â��ç� �îü÷�õ¥À�îüõ À�ó�� ýÂµú� ý�û���� �î ø¢ ö� ¥� üØþ .´¨� ùÀª ���¤� ùÂ�çµõ ×� ý�¹µÆ� ¥� ù¢�Ôµ¨� ��:´¨� Âþ¥ �¤�¬��.À��î ��¿µ÷� ùÀ�û¢ÅþøÂ¨ p ý�Â� üê¢�Ê� ¤�Ï �� ö�Øõ p (1.À��î �Â�� �ûùÀ�û¢ÅþøÂ¨ ¥� ×þ Âû ý�Â� �¤ ÀÜ�ê�þø Ýµþ¤�Úó� ¥� ¤�ÂØ� ×þ (2ÂÑ÷ ¤¢ �¤ ��Â��ç� ,Àþ¢Âî ß��ã� Û±ì ý�Ü�Âõ ¤¢ üØþ üØþ �¤ ùÀ�û¢ÅþøÂ¨ p ö�Øõ �îßþ� ¥� Àã� (3.À��þüõ �Þ��¡ Ýµþ¤�Úó� ,¢�� ÂµÞî � ¥� ��Â��ç� ö���õ ,ß�ãõ �×þ ý�¥� �� Âð� .ÀþÂ�Ú�



33 ü���÷�Øõß�ú� ý�û���� .´¨� ùÀª ¢�ú�È�� 18-1 ý�ó�bÆõ Û� ý�Â� 70ÛÆ î�ø 69ü�.ñ�.��.ý� ©ø¤ ø¢üÞ�Ñä Ýú¨ ÀþÀ� ýùÀ�û¢ÅþøÂ¨ �îý¤�Ï�� À�ª�� ¢���õ ýùÀ�û¢ÅþøÂ¨×þ×þ¢�÷ �� À÷¤�¢ Ûþ�Þ�.À�îüõ �Á� �¤ ¢���õ ýùÀ�û¢ÅþøÂ¨ ö� ¤�¥�� ¥�18-1 ��±ª üÜ��Æõ Û� ý�Â� üÎ¡ Â�è ý�þ¤�õ�÷Â� ¥� ü�.ñ�.��.ý� ©ø¤ ¤¢ : ü�.ñ�.��.ý� ©ø¤ý�ÎÖ÷ À���� Ýµþ¤�Úó� ´¨� �¥� ,´¨� �À½õ éÀû â��� Û��Æõ ßþ� ¤¢ ö�� .´¨� ùÀª ù¢�Ôµ¨�ù¢ÂÈê ,ù���î ,ù¢�¨ ¤��Æ� ü�.ñ�.��.ý� ñÀõ üÆþ�÷�õ�÷Â� .¢�ª ��¿µ÷� ���� ßþÂµú� ø ¢�ª �Â�� ßþ¥�è�.´¨� ù¢�¨ �õ�÷Â� Â�Æõ ö¢Âî ñ�±÷¢ ý�Â� øßþ� ÛÆ î� ¤¢ .¢ø¤üõ ¤�î�� 18-1 Û� ý�Â� À÷���üõ ÛÆ î� ¤��ê��Â÷ ¤¢ solver ý��þ�ð : ÛÆ î� ©ø¤¥� ùÀõ� ´¨¢�� Ýú¨ ù�ÂÞû �� �¤ ß�ú� ���� solver ýùÀ��î Û� .¢�ªüõ ´ê�þ formula Âþ¥ ��þ�ðüê¢�Ê� ��óø� ö�Øõ À�� ¥� ù¢�Ôµ¨� �� À�þ�Âê ,´Æ�÷ �À½õ â��� ö�� .À�îüõ Ýû�Âê �ÎÖ÷ ö� ¤¢ ¤�¥��.¢�ªüõ ��¿µ÷� üþ�ú÷ ý�Â�� ý�Â� ���� ßþÂµú� ø ¢�ªüõ ¤�ÂØ�:´¨� ùÀª ù¢�Ôµ¨� �÷�Þ÷ ý�ó�bÆõ ×þ ¥� ,ÓÜµ¿õ ý�ûñÀõ ü¨¤Â� ý�Â� 1.1 ñ�·õÀª�� À¬ �� Â��Â� �®�Ö� ¯�Ö÷ ¢�Àã� ,n ø ´Ôû �� Â��Â� ¢���õ ý�ûùÀ�û¢ÅþøÂ¨ ¢�Àã� ,k À��î ÂêÀþÂ¡ �¤Àì ×þ �®�Ö� ý�ÎÖ÷ Âû �� .À÷�ùÀª âþ¥�� ù¢ � ù¢ â�Âõ ×þ ýø¤ ´¡���Øþ ¤�Ï�� �î(2-1 ÛØª) ´¨� ùÀª ù¢�¢ ´±Æ÷ ,À¬ �� ÂÔ¬ ¥� �ÎÖ÷ ö� ��Êµ¿õ �ÂÌÜ¬�� �� ´¨� Â��Â� �îý¢Àãµõ ý�û©ø¤ ¥� ù¢�Ôµ¨� �� ,(ÀþÀ� ýùÀ�û¢ÅþøÂ¨) ùÀ�û¢ÅþøÂ¨ ß�ÞµÈû ý�Â� ö�Øõ ßþÂµú�.´¨� ùÀª ´ê�þAMLP69Exel70



34 ü���÷�Øõ
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35 ü���÷�Øõ�ûùÀ�û¢ÅþøÂ¨ ý�Â� üÔ�î ý�ûù¥�À÷� ß�Ú÷��õ :1.1 ñøÀ�Quality measure 1 2 3 4 5 6 7 New1 6.8 7.8 7.6 8.0 8.1 6.1 6.1 7.82 7.2 6.4 7.2 7.2 6.5 5.8 6.7 6.43 6.9 8.9 7.1 6.1 7.6 8.4 7.4 7.14 8.1 7.2 6.0 6.7 8.4 8.0 6.5 8.05 8.7 6.3 7.2 7.3 7.1 7.6 7.9 6.9ßþÂ�×þ¢�÷ �®�Ö� ý�ÎÖ÷ Âû ,¢�¨ üãÎì ñÀõ ý�Â� �ûùÀ�û¢ÅþøÂ¨ ¤¢ ö�ÆØþ ÇÈîÂê �� ö�ÆØþ ÇÈî�îüó�� ¤¢ y = 2=25 ø x = 3 ¥� ´¨� �¤�±ä ���ú� ���� .À�îüõ ��¿µ÷� �¤ ùÀ�û¢ÅþøÂ¨.15=00 �� ´¨� Â��Â� ¤�¥�� ¥� ùÀõ� ´¨¢�� Ýú¨¥� ´¨� �¤�±ä ¢�¨ â��� ,¢�¨ üãÎì ñÀõ ý�Â� Â��Â��÷ ¢�¨ Âê �� üãÎì ¢�¨U = 0=8Q1 + 0=73Q2 + 0=72Q3 + 0=68Q4 + 0=66Q51=5 � d (19-1)x = 7=56 ¥� ´¨� �¤�±ä ÂÑ÷ ¢¤�õ ý�ÎÖ÷ ,´¨� ùÀª ù¢¤ø� 1.1 ñøÀ� ¤¢ �î üÔ�î Âþ¢�Öõ ��.22=00 �� ´¨� Â��Â� ��ö� ¤¢ ¤�¥�� Ýú¨ �î y = 7=66 øñøÀ� ¤¢ ù¢�¢ ß�õ�Q ß�Ú÷��õ �� 19-1 ¢�¨ â��� ,¢�¨ üê¢�Ê� ñÀõ ßµêÂð ÂÑ÷ ¤¢ �� üê¢�Ê� ¢�¨�Ü¬�ê ¢¤�À÷�µ¨� é�Â½÷� ø 1 Â��Â� ù¢�¢ ß�õ�Q ¢¤�À÷�µ¨� é�Â½÷� ,´¨� ùÀª �µêÂð ¤�î�� 1.1ýùÀõ� ´¨¢�� Ýú¨ �� 7=06 ø x = 7=22 ¥� ´¨� �¤�±ä ���ú� ö�Øõ .´¨� ùÀª 0=5 Â��Â�.15=09¢�ªüõ ���È�� üÈ÷�Âð ñÀõ Í¨�� ��ö� ¤¢ ¤�¥�� ¥� ùÀõ� ´¨¢�� Ýú¨ �î ý����ú� ö�Øõ üÈ÷�Âð ñÀõ´¨� üó�� ¤¢ ßþ� .12=93´¨� ùÀõ� ´¨¢�� Ýú¨ �� y = 5=54 ø x = 5=59 ¥� ´¨� �¤�±ä



36 ü���÷�ØõÓÜµ¿õ ý�û©ø¤ Í¨�� ¤�¥�� ¥� ùÀõ� ´¨¢�� Ýú¨ ø ���ú� ý�ûö�Øõ :2.1 ñøÀ����ú� ö�Øõ �ûñÀõ ¥� ù¢�Ôµ¨��� ¤�¥�� ¥� ùÀõ� ´¨¢�� Ýú¨�ûÀõ Proxi� deter: Random Gravityx y mity Utility Utility ModelProximity 3.00 2.25 15.00 16.00 12.67 12.26Determ:Utility 7.56 7.66 11.00 22.00 14.71 11.08RandomUtility 7.22 7.06 10.00 16.00 15.09 12.31GravityModel 5.59 5.54 9.00 11.00 12.67 12.93ÂÑ÷ ¤¢ ü÷�ÆØþ ÇÈî ,ÀþÀ� ý�ûùÀ�û¢ÅþøÂ¨ ß��»Þû ø ¢���õ ý�ûùÀ�û¢ÅþøÂ¨ ý�Â� �î.´¨� ùÀª �µêÂðñøÀ� ¤¢ ¥� ù¢�Ôµ¨� �� ¤�¥�� ¥� ùÀõ� ´¨¢�� Ýú¨ ß��»Þû ø ÀþÀ� ýùÀ�û¢ÅþøÂ¨ ý�Â� ß�ú� ö�Øõé�ÂÏ� ß�ú� ý�ûö�Øõ ��Þ� À¨¤üõ ÂÑ÷ �� .´¨� ùÀª ù¢�¢ Çþ�Þ÷ ��÷ 2-1 ÛØª ¤¢ ø ©¤��ð 2´±Æ÷ ö¤�Öµõ ý�ó�bÆõ ×þ �� ��±ª üÜ�¡ �ó�bÆõ �î ´¨� Û�ó¢ ßþ��� ý�ù¥�À÷� �� ßþ� ø À�µÆû â�Âõ ÂÎì×þ ¥� ¤ø¢ �î ´¨� ü÷��®�Öµõ Ûõ�ª �î À�µÆû "�ûùÂÔ�' ¤¢ üþ�ûö�Øõ ß��� �f �Þãõ .´¨� ÂÎì ��À�ª�� ¢���õ ýùÀ�û¢ÅþøÂ¨×þ �� ×þ¢�÷�� À÷¤�¢ Ûþ�Þ� ß�ú� ý�û���� .À÷¢���õ ýùÀ�û¢ÅþøÂ¨�� .À�îüõ �Á� �¤ ¢���õ ýùÀ�û¢ÅþøÂ¨ ¤�¥�� ¥� üÞ�Ñä Ýú¨ ÀþÀ� ýùÀ�û¢ÅþøÂ¨ �îý¤�Ï ���� ö�Øõ ßþÂµú� ,�¤�¬ Âû ¤¢ .¢�ªüõ ¤�¥�� Ýú¨ ßþÂµÈ�� °Æî �� Â¹�õ ¢�¨ üãÎì ñÀõ À¨¤üõ ÂÑ÷.Àþ�üõ ´¨¢�� "ü®�Öµõ üãì�ø ¤�µê¤ �� ÂµÈ�� ´û�±ª' Âê ¥� ù¢�Ôµ¨�



2 ÛÊê
üÈ÷�Âð �÷��õ-p ñÀõ
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38 üÈ÷�Âð �÷��õ-p ñÀõ�»¿þ¤�� ø �õÀÖõ 1-2ù¤�� ßþ� ¤¢ ÂµÈ�� ý�ãó�Îõ ý�Â� .´¨� ü���÷�Øõ ñÀõ ßþÂ�¢Â�¤�î Â� Àþ�ª �÷��õ-p ü���÷�Øõ ý�ÜÿÆõüþ�ûùÂð)�®�Ö� ¯�Ö÷ ¥� ý��ä�Þ¹õ �¤�Ê� ö�Øõ Âû ¤¢ �®�Ö� .À��î �ã��Âõ ℄2[ ø ℄28[ �� À�÷���üõùÀ�û¢ÅþøÂ¨ pý�Â� ö�Øõ p Ý�û��¡üõ .´¨� ùÀª �µêÂð ÂÑ÷ ¤¢ ùÂð ö� ö ¥ø ö���ã� ø (�Ø±ª×þ ýø¤ö�õ¥ Ûî éÀû â��� .À�îüõ ��¿µ÷� �¤ ©¢�¡ �� ´±Æ÷ ùÀ�û¢ÅþøÂ¨ ßþÂ�×þ¢�÷ ü®�Öµõ Âû .Ý�����ý�Ø±ª ýø¤ (1965 ø 1964)1üÞ�Ø� ´�a¬�¡ .À�îüõ ���Þî �¤ ö��®�Öµõ ��Þ� Î ä �� ùÀª üÏ,À÷Â�Ú� ¤�Âì �Ø±ª ýø¤ üþ�� Âû À�÷��µ� �ûùÀ�û¢ÅþøÂ¨ Âð� ´�a¬�¡ ßþ� Õ±Ï Â� .´¨� ¤�ÂìÂ� ÂÑ÷ ¢¤�õ�î ´¨� ßþ� �÷��õ-p ý�ÜÿÆõ ¤¢ üãÎì ý�ûÂê ¥� üØþ .À�ª�� �ûùÂð ýø¤ Àþ�� ���ú� ý�ûö�Øõ�Á� �¤Àì �îü÷�õ¥ �õa� .À�îüõ ��¿µ÷� �¤ ©¢�¡ �� ´±Æ÷ ùÀ�û¢ÅþøÂ¨ ßþÂ�×þ¢�÷ ,ü®�Öµõ ÂûÙ��Üµû ©ø¤ .¢�� Àû��¿÷ ¤�ÂìÂ� ÂÚþ¢ 2 "�¤ø�¹õ'  Âê ,Àª�� �ø�Ôµõ ÂÚþÀØþ �� �ûùÀ�û¢ÅþøÂ¨���¤� ü���÷�Øõ ý�Â� �¤ üÈ÷�Âð ö�÷�ì üÜþ¤ 1931 ñ�¨ ¤¢ .Àª ù¢�¢ Ý�Þã� �¤ø�¹õ À�ì ßµª�Áð ¢�¥� ���¤ üþ�ûñÀõ "�ûüªøÂêù¢Â¡ Ç÷�Âð ö�÷�ì' ö���ä �� 3ö����÷ Ç÷�Âð ö�÷�ì §�¨� Â� ýÂ�� ¤¢ ø� .¢�¢�ûÀã� ö�÷�ì ßþ� .¢�¢ ���¤� ,ùÀÞä �¤�Ê� ��î ©øÂê �î�Âõ ��±ª ï¤�� ý�ûù�ÚªøÂê ü���÷�Øõ ý�Â�.Àª �µêÂð ¤�î�� ö�ªÀþÂ¡ Ûa ½õ ù�ÚªøÂê ��¿µ÷� ¤¢ ö�þÂµÈõ ¤�µê¤ ¥� ßµêÂð �Úó� ý�Â� é�û Í ä ��ý ÂµÈõ ø� �îßþ� ñ�Þµ�� .¢¤�¢ ´õ�ì� ï¤�� Âúª ø¢ ß���õ ×��î ýÂúª ¤¢ ü®�Öµõ ×þ À��î ÂêÂúª ö� �� �Ü¬�ê â�Âõ �� ÅØä ´±Æ÷ ø Âúª ö� ´ã¨ø �� Ý�ÖµÆõ ´±Æ÷ ¢�ª ï¤�� ý�ûÂúª ¥� üØþHakimi Property1Hotelling's Proximity Assumption2Newton's Low of Gravitation(1686)3�� Ý�ÖµÆõ ´±Æ÷ ÝÆ� ø¢ ß�� ýøÂ�÷ �î À�îüõ ö��� ø ´¨� ��¤��a¨ ø ö�ð¤�µ¨ ß�� ýøÂ�÷ ¢¤�õ ¤¢ ö����÷ Ç÷�Âð ö�÷�ì.¢¤�¢ ø¢ ö� ß�� �Ü¬�ê â�Âõ �� ÅØä ´±Æ÷ ø �ûö� �Â� �ÂÌÜ¬��



39 üÈ÷�Âð �÷��õ-p ñÀõâ�Âõ ¥� �¤ �Ü¬�ê 4 ñ�ø¥ â��� ø ¢�¢ ¢�ú�È�� �ó�bÆõ ßþ� ý�Â� �¤ �Ü¬�ê ¥� ü�ø�Ôµõ ý�ûö��� ø� .¢¤�¢ßþÂ�×þ¢�÷ ü®�Öµõ ,¢�ª ù¢�¢ Û�õ ´þ�ú��� �� ö��� �îüõ�Ú�û .¢�¢ Ý�Þã� ÂÚþ¢ ý�ûö��� �� �Ü¬�ê.´¨� �¤ø�¹õ Âê ¥� üÞ�Þã� é�û ö�÷�ì ßþ�Â���� .À�îüõ ��¿µ÷� ×þ ñ�Þµ�� �� �¤ ùÀ�û¢ÅþøÂ¨×þ é�û .¢Âî üêÂaãõ üÈ÷�Âð ñÀõ ý�Â� �¤ 5 §�ó ý�µÆÆð ��¿µ÷� Û¬�' �î ¢�� üÆî ß�óøa� é�ûß��»Þû ø ÀþÂ¡ �îÂõ �� ü®�Öµõ Âû (ýùÀª üÏ ö�õ¥ �þ) ý�Ü¬�ê ö� ¤¢ ø ¢�¢ ���¤� üó�Þµ�� ý�Î��¤é�û ý¢�ú�È�� ñÀõ �� �î ý�ùÀÞä ¢�Öµ÷� .´êÂð ÂÑ÷ ¤¢ ö� ý¢ø¤ø ö���ä �� �¤ ù�ÚªøÂê ´ã¨ø Â�açµõý�Â� "´ã¨ø' ø "�Ü¬�ê' Â�açµõ ø¢ ¥� �ú�� ñÀõ ßþ� ¤¢ ø� .¢�� ö� Àa � ¥� Ç�� üð¢�¨ ¢¤�õ ¤¢ Àª ¢¤�øÂ��î ø üÈ�÷�î�÷ .¢�� ù¢Âî ù¢�Ôµ¨� ö�ªÂÑ÷ ¢¤�õ ýùÀ�û¢ÅþøÂ¨ ��¿µ÷� ¤¢ ö��®�Öµõ ¤�µê¤ Ó�¬��,ùÀ�û¢ÅþøÂ¨ ×þ Í¨�� ü®�Öµõ �Á� ø üðÀ�Èî �¤Àì ¥� üª�÷ ý�û´�¬�Ê¡ ßµêÂð ÂÑ÷ ¤¢ ��ÂÑ÷ ¤¢ ù�ÚªøÂê ¥� ü®�Öµõ �î ´¨� ý¤�aÊ� �û´�¬�Ê¡ ßþ� ¥� üØþ .À÷À�È¿� ¢�±ú� �¤ é�û ñÀõ�� �î ý�Ü¬�ê ö�»Þû ýÂÚþ¢ Ûõ��ä ß��»Þû ø üû¢ÅþøÂ¨ ö���õ ,ù�ÚªøÂê Âû�Ò À�÷�õ ¢¤�¢ ¢�¡ý�ûÇ�îÝûÂ�'�� �¤ ö��®�Öµõ �Á� ý�Â� ´ã¨ø Ûõ�ä �� À÷¢�¢ ¢�ú�È�� �ûö� .¢�ªüõ üÏ ù�ÚªøÂê¥� ý¤��Æ� ý�Â� ö�÷�ì ßþ� ý¢�þ¥ ý�ûñ�¨ ñ�Ï ¤¢ .À��î ßþ�Úþ�� 6(MCI) "ù¤�Ñ�õÀ�� üµ��ì¤.Àª �µêÂð ¤�î�� ÓÜµ¿õ ý�û¢Â�¤�î ý�Â� ü÷�ð�÷�ð ñ�ø¥ â���� ø ´êÂð ¤�Âì ù¢�Ôµ¨� ¢¤�õ ö�ðÀ�ªøÂê�ûüªøÂê ¤��¤��¡ ý�Â� ö�÷�ì ßþ� ¥� (1998) 7ö�ÂÚþ¢ ø Û� ø (1979) ö���û�õ ø ß�� ñ�·õ ö���ä ��.℄1, 22[À÷¢Âî ù¢�Ôµ¨�Deay funtion4Lue axiom of disrete hoie model5´±Æ÷ ,��¿µ÷� ßþ� ¥� Û¬�� ¢�¨ â��� ×þ �¤�Ê� ,ö��®�Öµõ Í¨�� ���ú� ö�Øõ ��¿µ÷� �î À�îüõ ö��� Û¬� ßþ� ��ßþ� ¤¢.´¨�ûö�Øõ ÂÚþ¢ ��¿µ÷� ¥� ùÀõ� ´¨¢�� ¢�¨ ��Multipliative Competitive Interation6Bell et al.7



40 üÈ÷�Âð �÷��õ-p ñÀõßþ� Â÷¥ ¤¢ ø Â÷¥ ¤¢ ñ�·õ ö���ä�� ;¢�ª �µêÂð ¤�î�� �÷��Þ�pÓÜµ¿õ ý�ûñÀõ ý�Â� À÷���üõ ö�÷�ì ßþ�-p ñÀõ ý�Â� ��÷ 2006 ñ�¨ ¤¢ ý��ó�Öõ üa Ï ø ,8ü÷�÷�î ø üÈ¡Â� ü���÷�Øõ ý�ûñÀõ ý�Â� �¤ ö�÷�ì�Àµ���ûö� .℄3[℄4[À÷¢Âî ý¤�ÁÚõ�÷ "üÈ÷�Âð �÷��õ-p ñÀõ' �¤ Â�¡� ñÀõ ø À÷¢�¢ ¤�Âì ù¢�Ôµ¨� ¢¤�õ �÷��õ×þ ø ù¢�¢ ¤�Âì Û�Ü½� ø �þ�¹� ¢¤�õ �Ø±ª ýø¤ Å³¨ ù¢Âî ýÀ��ñ�õÂê �¤ üÈ÷�Âð ý�÷��õ-p ñÀõý�ÜÿÆõ 40 ýø¤ ñÀõ ßþ� Çþ�õ¥� ¥� Û¬�� ý¢Àä ¸þ�µ÷ .À÷¢�¢ ���¤� ö� Ûa � ý�Â� ý¤�Øµ�� ©ø¤.´¨� ¢���õ �ó�Öõ ö�Þû ¤¢ �ø�Ôµõ
üÈ÷�Âð ý�÷��õ-p ý�ÜÿÆõ 2-2üÈ÷�Âð ý�÷��õ-1 ý�ÜÿÆõ 1-2-2:¢�ªüõ �ÂÎõ Âþ¥ �¤�¬�� üÜî ´ó�� ¤¢ �÷��õ-1 ý�ÜÿÆõý�Ü�¨ø ×þ .À÷�ùÀª ù¢�¢ ¤�Âì P1; P2; : : : ; Pm ý��¹õ ø ß�ãõ ¯�Ö÷ ¤¢ �Ü�¨ø m À��î Âê°¨��õ ø ß�ãõ ý�Ü¬�ê×þ �� Ý�ÖµÆõ ´±Æ÷ ÛÖ÷ ø ÛÞ� ý�û��þ�û .¢�ªüõ â®ø X ý�ÎÖ÷ ¤¢ ÀþÀ�¯�Ö÷ ß�� ý�Ü¬�ê ,d(X;Pi) À��î Âê .¢¤�¢ i ¢���õ ýùÀ�û¢ ÅþøÂ¨ ø ÀþÀ� ýùÀ�û¢ÅþøÂ¨ ß��¢���õ ýùÀ�û¢ÅþøÂ¨ ø ÀþÀ� ýùÀ�û¢ÅþøÂ¨ ß�� üþ������ ý��þ�û wi À��î Âê .Àª�� Pi ø Xý�ûùÀ�û¢ÅþøÂ¨ ��Þ� ø ÀþÀ� ýùÀ�û¢ÅþøÂ¨ ß�� üþ������ ñ�Ï ¤¢ �÷��ó�¨ ý��þ�û Ûî .Àª�� i:¥� ´¨� �¤�±ä ¢���õf(X) = mXi=1wid(X;Pi) Hub and Spoke8



41 üÈ÷�Âð �÷��õ-p ñÀõ,�Øþ¤�Ï�� ´¨� X? ÀþÀ� ýùÀ�û¢ÅþøÂ¨ ×þ ö�Øõ ß��ã� ý�ó�bÆõ ,ý��Ü�¨ø ×� ü���÷�Øõ ý�ó�bÆõ,�÷��õ-p ü���÷�Øõ ý�ó�bÆõ ,���Èõ �¤�¬�� .À�î ���Þî �¤ ,ÛÖ÷ ø ÛÞ� �÷��ó�¨ ý��þ�û Ûî ,f(X).¢�ª Ûì�À� ��þ�û Ûî �îý¤�Ï�� ´¨� ùÀ�û¢ÅþøÂ¨-p ö�Øõ ß��ã� ý�ó�bÆõü�ãõ �� �� °¨��õ ø ß�ãõ ý�Ü¬�ê ' �î ´¨� ßþ� ,¢�ª �ÂÎõ ��ßþ� ¤¢ ´¨� ßØÞõ �î üó��b¨ �õ�ü¨À�Üì� ý�Ü¬�ê �þ (üÜ�ÎµÆõ)Í¿ó� Ý�ÖµÆõ ý�Ü¬�ê ,À÷�ªüõ ÀþÀ÷�î �f¤�ê �î üþ�û�Ü¬�ê ."?´¨�(ai; bi) ø (x; y) °��Â� �� i ¢���õ ýùÀ�û¢ÅþøÂ¨ ø ÀþÀ� ýùÀ�û¢ÅþøÂ¨ ��Êµ¿õ Âð� .´¨�:¢�ªüõ ÓþÂã� Âþ¥ �¤�¬ �� Pi ø X ß�� ü¨À�Üì� �Ü¬�ê ù�ðö� ,(Pi = (ai; bi) ø X = (x; y))Àª��
d(X;Pi) = h(x� ai)2 + (y � bi)2i1=2 :.¢ø ¤üõ ¤�î�� �ûùÀ�û¢ ñ�Öµ÷� ø üþ��û ¯�Î¡ ,�Ø±ª ü���÷�Øõ Û��Æõ ü¡Â� ý�Â� ü¨À�Üì� �Ü¬�ê,üÜ�ÎµÆõ �ÂÏ ×þ ¤¢ �ûù�ð¤Áð ø �ûøÂû�¤ ¥� �ä�Þ¹õ ×þ ¢�Àµõ� ¤¢ ´îÂ� ,ü���÷�Øõ Û��Æõ ÂµÈ�� ¤¢üÜ�ÎµÆõ ý�Ü¬�ê ,°¨��õ ý�Ü¬�ê ,üµ�ã®ø ß��� ¤¢ .¢Â�ðüõ �¤�¬ ö�Þµ¡�¨×þ ý�û¤��þ¢ ý¥��õ:¢�ªüõ ÓþÂã� Âþ¥ �¤�¬ �� Pi ø X ß�� Í¿ó� Ý�ÖµÆõ ý�Ü¬�ê .´¨�d(X;Pi) = jx� aij+ jy � bij:¢�Àµõ� ¤¢ ´îÂ� �î ý¢�úª ü��þö�Øõ ý�ûÛ�Ü½� üÌã� ¤¢ (üÜ�ÎµÆõ)Í¿ó� Ý�ÖµÆõ ý�Ü¬�ê.´¨� °¨��õ ,¢Â�ðüõ �¤�¬ �ûö����¡ ¥� Àõ�ãµõ ý��ä�Þ¹õý��þ�û ¢ø¤üõ ¤�Ñµ÷� ,ñ�·õ ö���ä�� .´Æ�÷ �Ü¬�ê ¥� üÎ¡ â��� ×þ ,��þ�û ,Û��Æõ ¥� ü¡Â� ¤¢.Àª�� üÎ¡ Â�è â��� ×þ ,�Ü¬�ê �� ´±Æ÷ ,ÕþÂ� Â��Â� ¤¢ ü÷�È÷Ç�� ß�ª�õ ×þ Ç�î�ø �� ¯��Âõý�÷�Þ÷ ×þ .Àª�� ü�ø�Ôµõ ý�ûýÀ��ñ�õÂê ý�¤�¢ À÷���üõ éÀû â��� ,ü���÷�Øõ ý�ó�bÆõ á�÷ �� �µÆ��ø



42 üÈ÷�Âð �÷��õ-p ñÀõÀ��î Âê .´¨� üÈ÷�Âð ý�ÜÿÆõ ,´êÂð Àû��¡ ¤�Âì ü¨¤Â� ¢¤�õ ��ßþ� ¤¢ �î f(x) ¥� üÎ¡ Â�è�÷��õ-1 ý�ó�bÆõ ý�Â� 1-2 ßþ�Â���� .Pi ø X ß�� ü¨À�Üì� ý�Ü¬�ê �ø¢ ö��� �� ´¨� °¨��µõ ,��þ�ûÀª Àû��¡ Âþ¥ �¤�¬ ��f(X) = mXi=1wi h(x� ai)2 + (y � bi)2i : (1-2)�¤�¬ �� üÈ÷�Âð ý�ÜÿÆõ ×þ .Ý�õ�÷üõ üÈ÷�Âð Û��Æõ �¤ ��� éÀû â��� �� ¯��Âõ ü���÷�Øõ Û��Æõ¢�ªüõ ýÀ��ñ�õÂê Âþ¥f(x; y) = mXi=1wi h(x� ai)2 + (y � bi)2i : (2-2):À�î ëÀ¬ Âþ¥ ¯Âª ¤¢ Àþ�� ,À�îüõ ÝÞ���õ �¤ 2-2 â��� �î (x?; y?) ý�ÎÖ÷ Âû��f (x?; y?)�x? ; �f (x?; y?)�y? � = (0;0): (3-2)�� Âþ¥ ý�µØþ ���� ,�ûö� ö¢�¢ ¤�Âì ÂÔ¬ Â��Â� ø y ø x �� ´±Æ÷ 2-2 ü��� ��ÖµÈõ ý�±¨�½õ ��:Àþ�üõ ´¨¢x? = Pmi=1wiaiPmi=1wi (4-2)y? = Pmi=1wibiPmi=1wi : (5-2)¤¢ y ø x ��Êµ¿õ ü÷¥ø ß�Ú÷��õ ö���ä�� ´¨� ßØÞõ ÀþÀ� ýùÀ�û¢ÅþøÂ¨ ¥� y? ø x? ��Êµ¿õüû�ð �î ¢¤�¢ �µØþ ø ù¢�¨ ���� ,ý��Ü�¨ø ×� üÈ÷�Âð ý�ó�bÆõ Å� .Àª�� ¢���õ ý�ûùÀ�û¢ÅþøÂ¨.¢�ªüõ �µ¡��ªÇ÷�Âð �îÂõ ö���ä ��ý�ûö¥ø �� °��Â��� (13;2) ø (11;8) ,(8;5) ,(4;2)ý�û��Êµ¿õ �� ùÀ�û¢ÅþøÂ¨ ¤�ú� 1.2 ñ�·õÀþÀ� ýùÀ�û¢ÅþøÂ¨ ¥� üþ������ ý��þ�û À��î Âê ß��»Þû .ÀþÂ�Ú� ÂÑ÷ ¤¢ �¤ 16 ø 13 ,13 ,16



43 üÈ÷�Âð �÷��õ-p ñÀõß�� ü¨À�Üì� ý�Ü¬�ê â�Âõ ¤¢ ö¥ø �Â®Û¬�� �� ´¨� Â��Â� ¢���õ ý�ûùÀ�û¢ÅþøÂ¨ ¥� ×þ Âû ��Ýþ¤�¢ °��Â� �� 5-2 ø 4-2 ¥� ßþ�Â���� .¢���õ ý�ûùÀ�û¢ÅþøÂ¨ ø ÀþÀ� ýùÀ�û¢ÅþøÂ¨x? = 16(4) + 13(8) + 13(11) + 16(13)1=0 = 9=167y? = 16(2) + 13(5) + 13(8) + 16(2)1=0 = 5.Àõ� Àû��¡ ´¨¢ �� ���� ß�Þû Ýû ¥�� ,Ý��î Û� üÜ�ÎµÆõ ý�Ü¬�ê �� �¤ �ÜÿÆõ ß�Þû Âð�üµ��¤�� �f õ�î �î À÷Â�ðüõ ¤�Âì ���� ¢¤�õ ��÷ üÈ÷�Âð ý�ó�bÆõ ý�Â� ¥�Â� ý�ûü�½�õ ,âì��õ ü¡Â�ö�È÷ �¤�¬ �� ,üÈ÷�Âð ý�ó�bÆõ ýù¢�¨ ´ó�� ø¢ ý�Â� ¥�Â� ü�½�õ À��î Âê .À�þ�üõ ´¨¢ ��´ó�� ¤¢ .´¨� ¢���õ �µØþ ýùÀ�û¢ÅþøÂ¨ ×þ ,ñø� ´ó�� ¤¢ .Àª�� 1-2-2 ÛØª ¤¢ ùÀª ù¢�¢¢���õ ýùÀ�û¢ÅþøÂ¨ ø¢ ¥� ×þ Âû ø ÀþÀ� ýùÀ�û¢ÅþøÂ¨ ß�� ö�ÆØþ üþ������ ´�ã®ø×þ ,�ø¢�ûö� �îÂõ �î À�µÆû ý�îÂÞó�À½µõ Âþ�ø¢ ´ó�� ßþ� ¤¢ ¥�Â� ý�ûü�½�õ �îßþ� ö¢�¢ ö�È÷ .´¨� ¤�ÂìÂ��õ Âð� �î ´¨� ßþ� ¢�ª �ÂÎõ ´¨� ßØÞõ ��ßþ� ¤¢ �î üó��b¨ .´¨� ù¢�¨ ¤��Æ�,´¨� ß�ú� ý�ÎÖ÷¥�Â� ü�½�õ ù�ðö� ,Ý�ª�� �µª�¢ ö�ÆØþ Â�è üþ������ Íþ�Âª �� ¢���õ ý�ûùÀ�û¢ÅþøÂ¨ ¥� ¢�Àã� Âûö�Øõ ´þ�îÂõ �� �îÂÞó�À½µõ Âþ�ø¢ ,¥�Â� ý�ûü�½�õ ��÷ ´ó�� ßþ� ¤¢ �îßþ� ��±�� ?´¨� ÛØª �� ��´¨� Âþ¥ �¤�¬ �� ø �Ñ��õ Û��ì ,Àª À�û��¡ ���ú�
�î Ý��î ß��ã� ý��÷�ð �� �¤ y ø x ¯�Ö÷ ¥� ý��ä�Þ¹õ 2-2 ¥� ù¢�Ôµ¨� �� Ý�û��¡üõk = mXi=1wi h(x� ai)2 + (y � bi)2i (6-2)



44 üÈ÷�Âð �÷��õ-p ñÀõ

¥�Â� ý�ûü�½�õ :1-2 ÛØªÝþ¤�¢ �ø¢ ö��� ��Þ� ÍÆ� �� .´¨� ´��� ¢Àä ×þ k �îk = x2 mXi=1wi � 2x mXi=1wiai + mXi=1wia2i + y2 mXi=1wi � 2y mXi=1wibi + mXi=1wib2iý�ó¢�ãõ ,ý¥�¨ù¢�¨ üÞî ø 5-2 ø 4-2ýÂ�ð¤�î�� ,W Â� 1-2-2 Ý�ÆÖ��� ,W =Pi=1mwi Âð�Àþ�üõ ´¨¢�� Âþ¥ ýùÂþ�¢r2 = (x� x?)2 + (y � y?)2�� ´¨� Â��Â� ö� á�ãª ø (x?; y?) ö� �îÂõ �îr = 24 k=w + (x?)2 + (y?)2 � mXi=1 wi �a2i + b2i �W 351=2ÀþÀ� ýùÀ�û¢ÅþøÂ¨ ö�Øõ ß��ã� �� ¤¢�ì Âð� ,ßþ�Â���� .´¨� ý¢�úª Â�è ø °ó�� ý�¹�µ÷ ×þ ßþ�À����� �¤ ý��ÎÖ÷ ´¨� �¥� ,À��î ý¤�Áð©¥¤� �¤ ÂÚþ¢ ý�ûö�Øõ À�ª�� ¤�±¹õ ø À�ª�±÷ ß�ú� ý�ÎÖ÷ ¤¢.Àª�� �µª�¢ �¤ (x?; y?) ý�ÎÖ÷ �� Í¿ó�Ý�ÖµÆõ ý�Ü¬�ê ßþÂµÞî �î



45 üÈ÷�Âð �÷��õ-p ñÀõüÈ÷�Âð ý�÷��õ-p ñÀõ 2-2-2üõ�Þä ñ�ø¥ â��� ×þ ¥� ù¢�Ôµ¨� �� ñÀõ .Ý��îüõ ý¥�¨ù¢��� �Ø±ª ýø¤ �¤ �ÜÿÆõ ,ý¥�¨ ù¢�¨ ý�Â�.Àª�� �ûùÂð ��Þ� ý�ä�Þ¹õ ,n ýù¥�À÷� ¥� N ý�ä�Þ¹õ À��î Âê .´¨� ùÀª ù¢�¢ ©ÂµÆð �Ü¬�ê.Ý��îüõ ÓþÂã� i ýùÂð ¤¢ ü®�Öµõ ×þ ý�Â� j ýùÂð ¤¢ âì�ø ýùÀ�û¢ÅþøÂ¨ ¢�¨ �¤�¬ �� �¤ uij,¢�ª üû¢ÅþøÂ¨ j ýùÂð ¤¢ âì�ø ýùÀ�û¢ÅþøÂ¨ ¥� i ýùÂð ¤¢ ¢���õ ü®�Öµõ �îßþ� ñ�Þµ�� ü�ãþ¤¢ âì�ø ýùÀ�û¢ÅþøÂ¨ �Á� �¤Àì ø j ùÂð �� i ùÂð ý�Ü¬�ê �� ¢�¨ ù¥�À÷� ßþ� .´¨� uij �� °¨��µõÂÑ÷ �� ø ,À÷¤�¢ ü�ø�Ôµõ �Á� ø üðÀ�Èî �¤Àì ,ÓÜµ¿õ ý�ûö�Øõ �î ��ö� ¥� .¢¤�¢ üÚµÆ� j ýùÂðö�Øõ� ßþ� ßþ�Â���� ,Àª�� �ø�Ôµõ i �� j ýùÂð ý�Ü¬�ê �� ´¨� ßØÞõ j �� iýùÂð ý�Ü¬�ê �îßþ� ßµêÂð�ûùÀ�û¢ÅþøÂ¨ �î Àª�� üþ�ûùÂð �ä�Þ¹õ ,p ýù¥�À÷� ¥� P À��î Âê .uij 6= uji �î ¢¤�¢ ¢��øk 2 P ýùÀ�û¢ÅþøÂ¨ Í¨�� i ýùÂð ¤¢ ü®�Öµõ ×þ �îßþ� ñ�Þµ�� .À÷�ªüõ ù¢�¢ ¤�Âì ��ö� ¤¢�� ´¨� Â��Â� ¢�ª üû¢ÅþøÂ¨uikPj2P uij :�� ´¨� Â��Â� ,¢�ªüõ ��¹÷� k ýùÀ�û¢ÅþøÂ¨ Í¨�� �î wi ü�ãþ ,i ýùÂð ¤¢ �®�Ö� Ý�ÆÖ� Å�wi uikPj2P uij :ý�Â� ,ö�ªÂÑ÷ ¢¤�õ ýùÀ�û¢ÅþøÂ¨ �� ö��®�Öµõ ��Þ� Í¨�� ùÀª üÏ ý�Ü¬�ê Ûî ,f(P ) éÀû â����� ´¨� Â��Â� ,P ýùÀ�û¢ÅþøÂ¨ �ä�Þ¹õ ×þf(P ) =Pi2NPk2P widik uikPj2P uij =Pi2N � wiPj2P uij Pk2P uikdik�=Pi2N �wiPk2P uikdikPk2P uik � :



46 üÈ÷�Âð �÷��õ-p ñÀõ¥� ´¨� �¤�±ä üÈ÷�Âð ý�÷��õ-p ñÀõminP ( f(P ) = Xi2N "wiPk2P uikdikPk2P uik #) (7-2)
üÈ÷�Âð ý�÷��õ-p ñÀõ ý�ûüðÄþø 3-2¢�ª ÓþÂã� Âþ¥ �¤�¬ �� ,fmin(P ) ,¢¤�À÷�µ¨� ý�÷��õ-p éÀû â��� À��î Âêfmin(P ) = Xi2N wimink fdikg:.´¨� ùÀõ� Âþ¥ ý��Ìì °ó�ì ¤¢ üÈ÷�Âð ñÀõ ý�ûüðÄþø ¥� üØþ �¤�¬ßþ� ¤¢ý�÷��õ-pý�ÜÿÆõ ý�Â� éÀû â��� ¤�ÀÖõ ¥� ÂµÈ���÷ ¢¤�À÷�µ¨� ý�÷��õ-péÀû â��� ¤�ÀÖõ 1.2 ��aÌìfmin(P ) � f(P ): ü�ãþ .´¨� üÈ÷�Âð.��±��f(P ) = Xi2N  wiPk2P uikdikPk2P uik ! � Xi2N  wiPk2P uikmink2PfdikgPk2P uik != Xi2N wimink2P fdikg = fmin(P )

2 .´¨� ¼®�ø Âþ¥ Ýó ��±��.´¨� ¢¤�À÷�µ¨� ý�÷��õ-1 ý�ÜÿÆõ ñ¢�ãõ ,üÈ÷�Âð ý�÷��õ-1 ý�ÜÿÆõ 1.2 Ýó
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JJJJJJJJJJJJJv v
v

node2w = 1 w = 1node3
node1w = 5

1 1
1üÞ�Ø� ´�¬�¡ ý�Â� ËÖ÷ ñ�·õ ×þ :2-2 ÛØªüÈ÷�Âð ý�÷��õ-p ñÀõ ¤¢ üÞ�Ø� ´�¬�¡ 1-3-2℄14[ üÞ�Ø� ´�¬�¡ .À÷�ª ù¢�¢ ¤�Âì �Ø±ª ý�ûùÂð ýø¤ �ûùÀ�û¢ÅþøÂ¨ ¢�ªüõ Âê ��ßþ� ¤¢ý�Â� ,Àª�� �Ø±ª ¤¢ ý�ùÂð ýø¤ Àþ�� ÀþÀ� ý�ûùÀ�û¢ÅþøÂ¨ ý���ú� ö�Øõ ö� Õ±Ï Â� �î ℄15[ ø.´¨� ¤�ÂìÂ� 1.2 Ýó Õ±Ï üÞ�Ø� ´�¬�¡ ,p = 1 ý�Â� .´Æ�÷ ¤�ÂìÂ� üÈ÷�Âð ý�÷��õ-p ý�ÜÿÆõËÖ÷ ñ�·õ ×þ ´¨� üê�î ,´Æ�÷ �¤�¢ �¤ üðÄþø ßþ� üÈ÷�Âð ý�÷��õ-pý�ÜÿÆõ �îßþ� ��±�� ý�Â� Å�.À��î �À�� p = 2 �� �¤ Âþ¥ ñ�·õ À�µÆ÷��� ¤��Æ� ý�û©�� ¥� Å� ℄3[Â÷¥ ¤¢ ø Â÷¥ ¤¢ .¢�ª �À�� p > 1 ��

.ÀþÂ�Ú� ÂÑ÷ ¤¢ �¤ 2-2 ÛØª ¤¢ ùÀª ù¢�¢ Çþ�Þ÷ �¤�¬�� �®�Ö� ý�ÎÖ÷ �¨ �� Âþ¥ ý�ó�bÆõ 2.2 ñ�·õýùÂð ¤¢ ùÀ�û¢ÅþøÂ¨ ø¢ ¥� üØþ �î ´¨� ¼®�ø .uik = e�2dik �� ´¨� Â��Â� ¢�¨ â��� À��î Âê�îü÷�õ¥ �¤ üÈ÷�Âð ý�÷��õ-2 ñ�·õ ý�Â� �Ü¬�ê Ûî , 2 ÛØª ¤�¢�Þ÷ ¤¢ .Àª Àû��¡ ù¢�¢ ¤�Âì 1Çþ�Þ÷ ,Àª Û½õ ß��ã� 1ýùÂð ¥� (1:5) ßØÞõ ÝÞþ�î�õ ø ÂÔ¬ ß�� ý�Ü¬�ê ¤¢ �ø¢ ýùÀ�û¢ÅþøÂ¨.´¨� ¶Ü·õ ü��þ�� âÜ® Í¨ø ¤¢ ü�ãþ ,ñø� ýùÀ�û¢ÅþøÂ¨ ¥� 1:5 ý�Ü¬�ê ¤¢ ���ú� ö�Øõ .Àû¢üõ.À�µÆû üÜa½õ ý�ûÝÞ���õ 3 ø 2 ý�ûùÂð �î À��î ´ì¢



48 üÈ÷�Âð �÷��õ-p ñÀõö��®�Öµõ ��Þ� ý�Â� ö�ÆØþ ñ�ø¥ â��� ×þ ýÂ�ð¤�î�� 2-3-2â��� ×þ �� üÈ÷�Âð ý�÷��õ-p ý�ó�bÆõ éÀû â��� .℄3[ ´¨� �Ü¬�ê ¥� ý¢�ã¬Â�è â��� ×þ ¢�¨ â����� ´¨� Â��Â� ,f(P; u) ,k ýùÂð ¤¢ �k �Á� �¤Àì ø u(d) øÂÔõ ñ�ø¥f(P; u) = Xi2N "wiPk2P �ku(dik)dikPk2P �ku(dik) # (8-2)
¥� ö���üõ .´¨� ùÀª ù¢�Ôµ¨� �ûùÀ�û¢ÅþøÂ¨ ��Þ� ý�Â� ö�ÆØþ ñ�ø¥ â��� ×þ ¥� ��ßþ� ¤¢ 1.2 ÂîÁ��fõø�ó â���� ßþ� �î À��î ���� .¢Âî ù¢�Ôµ¨� ��÷ u(d) = e��d ø u(d) = d�� À�÷�õ ýÂÚþ¢ ñ�ø¥ â����.À�µÆû ý¢�ã¬ Â�è ,�Ü¬�ê �� ´±Æ÷�� üÈ÷�Âð ý�÷��õ-p ñÀõ .À÷¤�À÷ ü�ø�Ô� ÂÚþÀØþ �� �ûùÀ�û¢ÅþøÂ¨ ¢¤�À÷�µ¨� ý�÷��õ-p ý�ó�bÆõ ¤¢ö���üõ .´¨� ùÀª ù¢�¢ ©ÂµÆð ,�ø�Ôµõ ý�ûö�Øõ ý�Â� �ø�Ôµõ ý�ûù¥�À÷� �� üþ�ûÇÈî É�Ê¿�.�k = 1 8k ¢�¢ ¤�Âì ù¤��ÞûÝ�ÖµÆõ ´±Æ÷ ¢�ª ùÀ�û¢ÅþøÂ¨ ×þ ýÂµÈõ ,ü®�Öµõ ×þ �îßþ� ñ�Þµ�� ,üÈ÷�Âð ñÀõ §�¨� Â�ñ�ø¥ â��� �� ,�Ü¬�ê¥� â��� ßþ� .¢¤�¢ �Ü¬�ê �� ´±Æ÷ â���� ü¡Â� �� ÅØä ´±Æ÷ ø �Á� �¤Àì ��,� Âþ¢�Öõ ü¡Â� ý�Â� ,℄29[Â��î ø üÈ�÷�î�÷ ø ℄21, 20[é�û ñÀõ Õ±Ï .´¨� éøÂãõ F (d) ,�Ü¬�ê�µêÂÚ÷ �¤�¬ ÀþÂ¡ �î�Âõ ý�Â� �Ü¬�ê ñ�ø¥ â��� ¢¤�õ ¤¢ üÖ�Ö½� ø �ãó�Îõ �÷�ðº�û .´¨� F (d) = d�ùÀª �µêÂð ÂÑ÷ ¤¢ ÓÜµ¿õ ý�ûù�ÚªøÂê ý�Â� �Ü¬�ê ¥� ü�ø�Ôµõ ý�ûö��� ���Öõ ü¡Â� ¤¢ �õ� .´¨��îÂõ ×þ ý�Â� ,2=732 Â��Â� üªøÂê§�¨� ×þ ý�Â� �Ü¬�ê ñ�ø¥ â��� ý�Â� ö��� ñ�·õ ö���ä�� .´¨�ö�õ¥ ö��®�Öµõ Âð� .´¨� ùÀª �µêÂð ÂÎ÷ ¤¢ 3 Â��Â� ´î¤�õ Â��¨ ×þ ý�Â� ø 3=191 Â��Â� §�±ó ÀþÂ¡´ê¤ ö�õ¥ ¢ø¤üõ ¤�Ñµ÷� ö�� ñ�·õ ý�Â� .Àª Àû��¡ ýÂµØ��î ¢Àä ö��� ,À��î ÀþÂ¡ éÂ¬ �¤ ýÂµÈ��
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ËÖ÷ ñ�·õ ý�Â� éÀû â��� ¤�¢�Þ÷ :3-2 ÛØªâ��� ö��� ßþ�Â���� ,Àª�� ´î¤�õ Â��¨ ×þ �� ´ÈðÂ� ø ´ê¤ ö�õ¥ ¥� ÂµÈ�� ÀþÂ¡ �îÂõ ×þ �� ´ÈðÂ� øF (d) = ´î¤�õ Â��¨ ×þ ý�Â� �î ´¨� ùÀª ´��� ß��»Þû .´¨� 2=5 ø 2 ß�� ý¢Àä ��÷ ö� ñ�ø¥.´¨� ! = 0=0409 ø ' = 1=705 �î e'd!ñø�÷ v �� ´±Æ÷ ýÂµÈ�� ´äÂ¨ �� u À��î Âê .ÀþÂ�Ú� ÂÑ÷ ¤¢ �¤ v(d) ø u(d) ñ�ø¥ â��� ø¢Ýþ¤�¢ ù�ðö� d2 � d1 Âð� ü�ãþ .À�îüõu(d2)u(d1) � v(d2)v(d1) : (9-2).¢�ªüõ ù¢�¢ Çþ�Þ÷ v � u �þ u � v �� �î ´¨� °ó�è v Â� u â��� Ý�þ�ðüõ ,Àª�� ¤�ÂìÂ� 9-2 ¯Âª Âð�Ýþ¤�¢ � > 0 ßµêÂð ÂÑ÷ ¤¢ �� ø 9-2 �� ���� ��u(d+ �)� u(d)u(d) � v(d+ �)� v(d)v(d) :´¨� Âþ¥ ñ¢�ãõ v ø u ÂþÁ³ÖµÈõ ñ�ø¥ â���� ý�Â� �Î��¤ ßþ� �îdddln(u(d)) � dddln(v(d)): (10-2)



50 üÈ÷�Âð �÷��õ-p ñÀõö�È÷ .À�ª�� r(d) ø u(d) ñ�ø¥ â��� �� °��Â� �� 7-2 éÀû â��� Âþ¢�Öõ f(P; v) ø f(P; u) À��î ÂêÂû ý�Â� �Ü¬�ê ß�Ú÷��õ Ý�û¢üõ ö�È÷ ,��±�� ý�Â� .f(P; u) � f(P; v) ù�ðö� u � v ù�ðÂû Ý�û¢üõü�ãþ .´¨� ÂµÞî u(d) ý�Ü¬�ê ñ�ø¥ â��� ý�Â� 8-2 ý�ó¢�ãõ ¤¢ ùÂðPk2P �ku(dik)dikPk2P �ku(dik) � Pk2P �kv(dik)dikPk2P �kv(dik) : (11-2)Àª�� ý¢�ã¬ �¤�¬ �� ùÀª °�Âõ ý�û�Ü¬�ê ¥� ý��ä�Þ¹õ ,P ýù¥�À÷� ¥� f dik; k 2 Pg À��î Âê:Àû¢üõ �¹�µ÷ �¤ Âþ¥ ý�ó�±÷¢ �îD1 � D2 � D3 � � � � � DP :ý�Â� À÷���üõ À�õ�ì�ä .¢�ªüÞ÷ ù¢�¢ ¤�Âì ¶½� ¢¤�õ �¹�µ÷¤¢ ø ´¨� ü÷��Ï ¤��Æ� Âþ¥ ý��Ìì ��±��.À�î �ã��Âõ ℄3[ �� ��±�� ýùÀû�Èõ.f(P; u) � f(P; v) ù�ðö� u � v Âð� 2.2 ��aÌì.´¨� ¢���õ u1 � u2 � � � � ñ�ø¥ â���� ¥� üû��µõ�÷ ý�ó�±÷¢ ×þ ý�Â� limi!1 f(P; ui) ¤�ÀÖõ 2.2 Ýó.´¨� ¤�¢ö�Âî 0 �� ß�þ�� ¥� ø üóø�÷ ���Øþ ¤�Ï�� f(P; ui) ý�ó�±÷¢ ,2.2 ý��Ìì Â���� .��±��2 .´¨� ¢���õ À� ¤�ÀÖõ ßþ�Â����f d;�g �øÂÔõ ¢Àä ø¢ ý�Â� �îý¤�Ï �� ÀþÂ�Ú� ÂÑ÷ ¤¢ �¤ u1(d); u2(d); � � � ý�ó�±÷¢ 3.2 ��aÌì���� ,uk(d) ýø¤ üÈ÷�Âð ý�÷��õ-p ý�ó�bÆõ ���� À� ù�ðö� . limi!1 uj(d;�)uj(d) = 0 Ý�ª�� �µª�¢ 0.´¨� ¢¤�À÷�µ¨� ý�÷��õ-p ý�ó�bÆõ



51 üÈ÷�Âð �÷��õ-p ñÀõ:Ý��îüõ ÓþÂã� Âþ¥ �¤�¬ �� �¤ f(P; uj) ,8-2 ¥� ù¢�Ôµ¨� �� .��±��f(P; uj) = Xi2N "wiPk2P �kuj(dik)dikPk2P �kuj(dik) # (12-2):ÀþÂ�Ú� ÂÑ÷ ¤¢ Âþ¥ �¤�¬ �� øÂÔõ j ×þ ý�Â� �¤ ÆjÆj = Pk2P �kuj(dik)dikPk2P �kuj(dik)�� Â��Â�  � 1 ýù¥�À÷� ¥� C ,k 2 P ��Þ� �� i ýùÂð ý�Â� �Ü¬�ê ÝÞ���õ �� Â��Â� dmin À��î Âê¥� Â�ï¤�� ý�Ü¬�ê ßþÂµÞî �� Â��Â� dmin+� ø dmin �� Â��Â� �Ü¬�ê �îßþ� ý�Â� k 2 P ��Þ� ý�ä�Þ¹õ�¤�¬ßþ� ¤¢ .Àª�� dminÆj = Pk2C �kuj(dmin)dmin +Pk2P�C �kuj(dik)dikPk2C �kuj(dmin) +Pk2P�C �kuj(dik) :Ýþ¤�¢ uj(dmin) Â� �Â¿õ ø �¤�¬ Ý�ÆÖ� ��Æj = dminPk2C �k +Pk2P�C �kdik uj(dik)uj(dmin)Pk2C �k +Pk2P�C �k uj(dik)uj(dmin) :ßþ�Â���� . limj!1 uj(dikuj(dmin) = 0 Ýþ¤�¢ ��ÌìÂê ¥� ß��»Þû .dik � dmin+� Ýþ¤�¢ k 2 P �C ý�Â�2 .¢�ªüõ Ûõ�î ��±�� ø limj!1 Æj = dmin�ûñ�·õ 3-3-2
ý��Ìì ø 10-2 ¥� ù�ðö� �1 < �2 Âð� .ÀþÂ�Ú� ÂÑ÷ ¤¢ �¤ u(d) = e��d üþ�Þ÷ ñ�ø¥ â��� (1� = ý�ó�±÷¢ ý�Â� éÀû â��� âì�ø ¤¢ .´¨� ÂµÞî �2 ý�¥� �� éÀû â��� �î ¢�ªüõ �¹�µ÷ 2.2



52 üÈ÷�Âð �÷��õ-p ñÀõ��±�� .´¨� ¢���õ éÀû â��� ¤�ÀÖõ À� 2.2 ý��Ìì �� ���� �� ø À��þüõ Çû�î f1;2;3; � � �gý�Â� éÀû â��� ¤�ÀÖõ �� À� ¤�ÀÖõ Å� .´¨� ù¢�¨ ¤��Æ� À÷¤�ÂìÂ� 3.2 ý��Ìì Íþ�Âª �îßþ�.´¨� Â��Â� ¢¤�À÷�µ¨� ý�÷��õ-p ý�ó�bÆõ�� ø 10-2 ¯Âª ¥� ù¢�Ôµ¨� �� .´¨� ùÀÈ÷ ÓþÂã� d = 0 ý�ÎÖ÷ ¤¢ u(d) = d�� ñ�ø¥ â��� (2.´¨� ÂµÞî �2 ý�¥� �� éÀû â��� ù�ðö� d � 1 Âð� �¤�¬ßþ� ¤¢ ,�1 < �2 �îßþ� ßµêÂð ÂÑ÷¤¢h dmind i� â��� �¤�¬ ßþ� ¤¢ .Àª�� �ø�Ôµõ ýùÂð ø¢ ß�� ý�Ü¬�ê ÝÞ���õ �� Â��Â� dmin À��îÂê.(.´¨� ùÀª �µêÂð ÂÑ÷ ¤¢ ×þ Â��Â� ÂÆî ¤�ÀÖõ d = 0 ý�Â�) ´¨� ùÀª ÓþÂã� ¯�Ö÷ ��Þ� ý�Â�â��� ¤�ÀÖõ À� 2.2 Ýó �� ���� �� ø À��þüõ Çû�î � = 1;2;3; � � � ý�ó�±÷¢ ý�Â� éÀû â���,ö� ý�¹�µ÷ ¤¢ ø ´¨� ¤�ÂìÂ� d > 0 ý�Â� 3.2 ý��Ìì ¯Âª �îßþ� ��±�� .´¨� ¢���õ éÀû.´¨� ý�ù¢�¨ ¤�î ,´¨� ¢¤�À÷�µ¨� ý�÷��õ-p ý�ó�bÆõ ý�Â� éÀû â��� ¤�ÀÖõ �� Â��Â� À� ¤�ÀÖõu(d) = 1= osh(�d2) = ¥� ´¨� �¤�±ä ´¨� ùÀª ¢�ú�È�� Â÷¥ ¤¢ Í¨�� �î ýÂÚþ¢ ñ�ø¥ â��� (3.´¨� 00S00 ��±ª ö� ¤�¢�Þ÷ �õ� ´¨� ý¢�ã¬ ���Øþ ¤�Ï�� �Ü¬�ê �� ´±Æ÷ �î 2=e�d2 + e��d2.´¨�ÂÚÞû ÂÔ¬ �� °÷�¹õ ¤�Ï �� ï¤�� ý�ûdý�Â� ø À�îüõ ñø�÷ üõ�¤� �� ×��î ý�ûdý�Â�.À�îüÞ÷ ��Üçõ ��÷ �¤ ÂÚþ¢ â���� ø ´Æ�÷ ��Üçõ üã��� ,â��� ßþ�üþ�Þ÷ ñ�ø¥ â��� ,� ¤�ÀÖõ ×þ ý�Â� �þ� �î ´¨� ßþ� À¨Â� ÂÑ÷ �� ��ßþ� ´¨� ßØÞõ �î üó��b¨ (4.¢¤�¢ �Ü¬�ê �� üÚµÆ� ñ��b¨ ßþ� ���� .¢¤�¢ ü÷��� ñ�ø¥ â��� �� ´±Æ÷ ýÂ�âþÂ¨ ´ê�e ,�Ü¬�êâ��� ´ê�e ßþ�Â���� .d � e = 2=7 Àû¢üõ �¹�µ÷ �î ,�� ln(d) � �� Ýþ¤�¢ 10-2 ¯Âª Â����.´¨� Â�âþÂ¨ ,ï¤�� ý�ûd ý�Â� üþ�Þ÷



53 üÈ÷�Âð �÷��õ-p ñÀõüÈ÷�Âð ý�÷��õ-p ý�ó�bÆõ Û� 4-2¤¢ Â÷¥ ¤¢ ø Â÷¥ ¤¢ Í¨�� �î üÈ÷�Âð ý�÷��õ-p ý�ó�bÆõ Û� ý�Â� 9ý¤�Øµ�� Ýµþ¤�Úó� ø¢ Ç¿� ßþ� ¤¢ýÂÚþ¢ ý�û©ø¤ .11���� ý�¹µÆ� ø 10Çû�î ßþÂ�À�� ©ø¤ :Ý�û¢üõ ���¤� ´¨� ùÀª ù¢¤ø� ℄3[�µêÂð ¤�î�� �ó�bÆõ ßþ� Û� ý�Â� À�÷���üõ ��÷ 13×�µ÷� Ýµþ¤�Úó� �þ ø 12ýÀþÂ±� ý¥�¨ ��±ª ©ø¤ À�÷�õý¢�ú�È�� ý¤�Øµ�� ý�ûÝµþ¤�Úó� Çþ�õ¥� ý�Â� �¤ �ó�bÆõ 40 Ûõ�ª ý��ä�Þ¹õ ℄3[Â÷¥ ¤¢ ø Â÷¥ ¤¢ .À÷�ª.À�µêÂð ¤�î��Çû�î ßþÂ�À�� ©ø¤ 1-4-2ý�÷��õ-p ý�ó�bÆõ ý�Â� ℄37[ 14�¤�� ø �µ�� Í¨�� ý¢�ú�È�� ©ø¤ �� �¤ Çû�î ßþÂ�À�� Ýµþ¤�Úó�:´¨� ùÀª ¢�¹þ� Âþ¥ �¤�¬ �� ¢¤�À÷�µ¨�.ÀþÂ�Ú� ÂÑ÷ ¤¢ p ýù¥�À÷� ¥�,�ûùÀ�û¢ÅþøÂ¨ ý�Â� üê¢�Ê� ö�Øõ p ¥� ý��ä�Þ¹õ (1ý�ùÀ�û¢ÅþøÂ¨ �� �¤ P ý�ä�Þ¹õ ýùÀ�û¢ÅþøÂ¨×þ üþ������ ¥� ßØÞõ ´ó�� p(n�p) ��Þ� (2.À��î ü¨¤Â� ,´Æ�÷ ¢���õ P ¤¢ �î�� ø À��î ü÷�¨¤¥ø ¤�� �¤ P ý�ä�Þ¹õ ù�ðö� Àª éÀû â��� ¢�±ú� ¶ä�� üþ������ ×þ Âð� (3.ÀþøÂ� 2 ý�Ü�ÂõHeuristi algorithm9Steepest desent10Tabu searh11Simulated annealing12Geneti algorithm13Teitz and Bart14



54 üÈ÷�Âð �÷��õ-p ñÀõ���� ö���ä�� P ßþÂ¡� ¤¢ ,À÷ÀÈ÷ éÀû â��� ¤�ÀÖõ ¤¢ ¢�±ú� ¶ä�� p ¤¢ �ûüþ������ ��Þ� Âð� (4.À��î Óì��üÚ÷�Ú� ,Àã� ´ÞÆì ¤¢ .¢Âî ù¢�Ôµ¨� ��÷ üÈ÷�Âð ý�÷��õ-p ý�ó�bÆõ ý�Â� ö���üõ ©ø¤ ß�Þû ¥�.´¨� ùÀª ù¢�¢ ö�È÷ P ý�ä�Þ¹õ ¤¢ Â��ç� ×þ ý�¥� �� éÀû â��� ¤�ÀÖõ ¤¢ Â��ç� ý�±¨�½õÂÚþ¢ ýùÂð �� ùÀ�û¢ÅþøÂ¨ ×þ ´îÂ�ý�±¨�½õ ý�Â� ö���üõ Âþ¥ ý¥�¨ù¢�¨ ¥� .´¨� O(np) ü÷�õ¥ ý�±�Âõ ý�¤�¢ f(P ) ¤�ÀÖõ ý�±¨�½õù¢�Ôµ¨� ¢�ªüõ ù¢�¢ ´îÂ� ÂÚþ¢ ýùÂð �� ùÀ�û¢ÅþøÂ¨ ×þ �îü÷�õ¥ ,éÀû â��� ¤�ÀÖõ ß�� �ø�Ô�ý�ä�Þ¹õ ÓþÂã� �� s =2 P ýùÂð �� r 2 P ýùÂð ¥� ùÀ�û¢ÅþøÂ¨ ×þ ö�Øõ Â��ç� À��î Âê .¢Âî�÷�ð�À� ý��Ñê�� ¤¢ Âþ¥ �¤�¬�� �¤ �i(P ) ø �i(P ) ¤�ÀÖõ ø¢ ,i ¤�ÀÖõ Âû ý�Â� .Àª�� ù�ÂÞû P 0 ÀþÀ�:À��î ùÂ�¡£�i(P ) = Xj2P uij :�i(P ) = Xj2P uijdij;�� ´¨� Â��Â� éÀû â��� ¤�ÀÖõ �¤�¬ßþ� ¤¢f(P ) = Xi2N wi�i(P )�i(P ) (13-2)Ý��îüõ ÓþÂã� ñ���i(P 0) = �i(P ) + uis � uir



55 üÈ÷�Âð �÷��õ-p ñÀõß��»Þû�i(P 0) = �i(P ) + uisdis � uirdir.¢Âî �±¨�½õ O(n) ü÷�õ¥ ý�±�Âõ �� 13-2 ¥� ù¢�Ôµ¨� �� ö���üõ �¤ P 0 ý�Â� éÀû â��� ÀþÀ� ¤�ÀÖõ ø���� ý�¹µÆ� 2-4-2ý�û���� ö¢¤ø� ´¨¢ �� ý�Â� ���� ý�¹µÆ� ø Çû�î ßþÂ�À�� ý�ûÝµþ¤�Úó� °�îÂ� ¥� �ó�bÆõ ßþ� ¤¢ý�û´îÂ� ø Çû�î ßþÂ�À�� Ýµþ¤�Úó� üþ�ú÷ ���� ¥� áøÂª �� ���� ý�¹µÆ� .´¨� ùÀª ù¢�Ôµ¨� Âµú�.À�îüõ �¹µÆ� �¤ Âµú� üÜ½õ ÝÞ���õ ¤¢ ����×þ ,ÅØäÂ� ß��»Þû ø Âµú� ý�û���� ´Þ¨ �� üó��µõÂÑ÷ ¤¢ �¤ �³a� ý¢�þ¥ ¢�Àã� �� ùÂÑ�õ ×þ .¢Âî Ó�¬�� Âþ¥ �¤�¬ �� ö���üõ �¤ ���� ý�¹µÆ� ,Ûî ¤¢ÝÞ���õ ×þ Çû�î ßþÂ�À�� Ýµþ¤�Úó� üþ�ú÷ ���� .À�û¢üõ Çþ�Þ÷ �¤ üÜa½õ ý�ûÝÞ���õ �î ÀþÂ�Ú�ý�õ�¢� ý�Â� �õa� .Ý�µÆû �³a� ø¢ ß�� �ó�� ×þ öø¤¢ ,���� ý�¹µÆ� ý�Àµ�� ¤¢ ßþ�Â���� .´¨� üÜa½õüþ�û¤ ý�Â� À�ª�� �µª�¢ ´ì¢ .Ý��î ´îÂ� ��� ´Þ¨ �� Àþ�� Â�Õ�Þä ý�ó�� ´Þ¨ �� ´îÂ� ø �¹µÆ�´Þ¨ �� ´îÂ� ýù¥��� ,ßþ¥�è� ý�û´îÂ� ¥� (T )15øÂÔõ ¢�Àã� ×þ ñ�Ï ¤¢ Ûì�Àa � ,ùÂÔ�×þ ¥�Å� ."¢¤�¡üÞ÷ Â ë ' Ýþ¤�¢ ¤�Âì ö� ¤¢ �î ý�ùÂÔ� ´Þ¨ �� �¹µÆ� ßþ�Â���� .16Àª Àû��¿÷ ù¢�¢ °Öä¤¢ .Àª Àû��¡ ù¢�¢ °Öä ´Þ¨ �� ´îÂ� ýù¥��� ù¤��ø¢ ,Àª �Â�� ¤��×þ T ý�û´îÂ� Ûî �îßþ� ¥�.¢¤�À÷ ¢��ø �¹µÆ� ¤¢ üµþa¢øÀ½õ ´Ö�Ö�ý�ä�Þ¹õ ¥� �ûùÂð ��Þ� Ûõ�ª ���� ´Æ�ó ,´¨� ùÀª �ó�bÆõ ßþ� ¤¢ ���� ¢Â�¤�î ¥� �î ý�ù¢�Ôµ¨� ¤¢T ÂÚþ¢ ý�û¤�ÂØ� ý�Â� �¤ �ûö� ù¤��ø¢ ö���üÞ÷ ßþ�Â���� .´¨� Â�¡� ý�û¤�ÂØ� ñ�Ï ¤¢ °¿µ�õ ýùÂð pthe tabu tenure15Constituiting the tabu list ���� ´Æ�ó Û�ØÈ�16



56 üÈ÷�Âð �÷��õ-p ñÀõ.¢Âî ��¿µ÷����� ý�¹µÆ� Ýµþ¤�Úó� 3-4-2
ý�¹µÆ� Ýµþ¤�Úó� ý�Â� ßþ¥�è� ���� ×þ ö���ä�� �¤ üÈû�î Ýµþ¤�Úó� ¥� ùÀõ� ´¨¢ �� ���� (1.À��î üó�¡ �¤ ���� ´Æ�ó .ÀþÂ�Ú� ÂÑ÷ ¤¢ ,ö��î�� ùÀª �À�� ���� ßþÂµú� ö���ä�� ß��»Þû ø ������¿µ÷� ý�ûùÂð) ý�û°�Âõ �ø¥ ��Þ� .À��î ��¿µ÷� [tmin; tmax℄ýù¥�� ¥� �¤ ,T ,���� ýùÀ÷¤�ÀúÚ÷ (2´îÂ� ý�¥� �� �¤ éÀû â��� ¤¢ Â��ç� ø �¹µÆ� ,üê¢�Ê� °��Â� �� �¤ (ùÀÈ÷ ��¿µ÷� ý�ûùÂð ; ùÀª.À��î ü¨¤Â� ùÀÈ÷ ��¿µ÷� ýùÂð ×þ ´Þ¨ �� ùÀª ��¿µ÷� ýùÂð ×þ ¥� ùÀ�û¢ÅþøÂ¨ ×þùÀ�û¢ÅþøÂ¨ ö�Øõ ,´¨� ùÀª �À�� ���� ¥� Âµú� ü���� �� Â¹�õ (ö�Øõ Â��ç�) ´îÂ� ×þ Âð� (3�� ø À��î üó�¡ �¤ ���� ´Æ�ó ø ��Ú�ú� �¤ ùÀª �À�� ���� ßþÂµú� .À�û¢ Â��ç� ´ú� ßþ� ¤¢ �¤.ÀþøÂ� 2 ý�Ü�Âõù�ðö� ´ª�À÷ ù�ÂÞû �� �¤ ýÂµú� ���� ,�ûüþ������ ¥� ��Àîº�û Âð� (4´¨� ùÀª (ÅØäÂ� �� ø ùÀ�û¢ ¢�±ú� ��) éÀû â��� ¤�ÀÖõ ßþÂµú� �� Â¹�õ �î �¤ üµîÂ� �(À�Ø÷ ¥ø�¹� T ¥� ,À÷¢���õ ���� ´Æ�ó ¤¢ �î ü��¿µ÷� ý�ûùÂð ý�Â� ùÀ÷¤�ÀúÚ÷ �îü÷�õ¥ �� ).À��î ��¿µ÷�.À��î �ê�®� ���� ´Æ�ó �� �¤ ùÀª ��¿µ÷� ýùÂð �



57 üÈ÷�Âð �÷��õ-p ñÀõ�µª�¢�Ú÷ ´Æ�ó ¤¢ ¤�ÂØ� ßþÂµÈ�� ¤¢ �î ý�ùÂð ,À�îüõ ¥ø�¹� tmax ¥� ���� ´Æ�ó ñ�Ï Âð� �.À��î �¤�¡ ´Æ�ó ¥� �¤ ´¨� ùÀª.ÀþøÂ� 2 ý�Ü�Âõ �� ,´¨� ùÀÈ÷ Û¬�� ùÀª ß��ã� Ç�� ¥� ý�û¤�ÂØ� ¢�Àã� Âð� (5�û¤�ÂØ� ¢�Àã� .tmax = 0:2�n ø tmin = 0:1�n ¥� À÷��¤�±ä ��ßþ� ¤¢ ùÀª �µêÂð ÂÑ÷ ¤¢ ý�ûÂµõ�¤��.´¨� 5n Â��Â� ��÷
ý¢Àä ý�ûñ�·õ 5-2¤¢ .´¨� ùÀª Çþ�õ¥� ¢¤�À÷�µ¨� ý�÷��õ-p ñÀõ �� ¯��Âõ ý�ó�bÆõ 40 ýø¤ ,ùÀª Âî£ ý¤�Øµ�� ©ø¤ùÀª �µêÂð ÂÑ÷ ¤¢ 200 �� 5 ß�� �ûùÀ�û¢ÅþøÂ¨ ¢�Àã� ø 900 �� 100 ß�� �ûùÂð ¢�Àã� Û��Æõ ßþ�u1(d) = 11+d2 â���� ,Çþ�õ¥� ¢¤�õ ñ�ø¥ â��� ø¢ .´¨� �k = 1 �ûk ��Þ� ý�Â� À��î Âê .´¨�¶ä�� ,u1(d) , ñ�ø¥ â��� ß�óøa� ÂÆî �Â¿õ ¤¢ 1 ¢Àä �î ´¨� ���� Û��ì .À�µÆû u2(d) = e�d ø´¨� ü�ãõ ßþ� �� �Â¿õ ¤¢ 1 ¢Àä ¢��ø ßþ� Â� ùø�ä .Àþ��÷ ¢��ø �� ÂÔ¬ Â� Ý�ÆÖ� ´ó�� �� ¢�ªüõ�¤�¬ �� �¤ á�®�õ ßþ� .´¨� 10=24 �� ´¨� Â��Â� �f±þÂÖ� ùÂð Âû Í ä �� ùÀª ù¢�¢ Çþ�Þ÷ ý�Ìê �î��Þ� �î ´Æ�÷ ��ãõ ßþ� �� ßþ� ø À�µÆû �Ìê ¤¢ üÏ�Ö÷ �ûùÂð �î ¢�¢ �Âª �÷�ðßþ� ö���üõ ü®�þ¤ö���ä �� ø ℄6[ ¤¢ ü¨¤Â� ßþ� ¥� Û¬�� ¸þ�µ÷ ø ��Ø�� .À÷¤�¢ ¤�Âì ü÷�Øõ ö�ÆØþ ´�ãì�õ ¤¢ ö��®�Öµõ,ùÂð ×þ Í¨�� ùÀª ù¢�¢ Çþ�Þ÷ ý�Ìê ¥� 24% �� Â��Â� �f±þÂÖ� �î ´¨� ùÀª ���¤� "¼�½¬ ý�Ü¬�ê '.´¨� ùÀ�û¢ÅþøÂ¨ ø ùÂð ×þ ¤¢ ¢���õ ö��®�Öµõ ß�� ö�ð�÷�ð Û¬��ê ý�±¨�½õ ý�Â�ö�õ¥ .´¨� ùÀª ù¢�¢ ©¤��ð u1(d) = 1=(1 + d2) ýÂ�ð¤�î �� �� ��±¨�½õ ¸þ�µ÷ ,1.2 ñøÀ� ¤¢



58 üÈ÷�Âð �÷��õ-p ñÀõn p best known desent tabu serh(BK) perent over (BK) times(BK) total time perent over (BK) times(BK) total timeMin Ave. Max found (seond) Min Ave. Max found (seond)100 5 8012.115 0 0 0 1000 2.76 0 0 0 10 3.30100 10 6850.371 0 0.007 0.023 573 6.61 0 0 0 10 5.97100 10 7071.600 0 0 0 1000 6.92 0 0 0 10 6.00100 20 6437.958 0 0 0 1000 14.36 0 0 0 10 10.33100 33 3447.913 0 0 0 1000 22.88 0 0 0 10 14.06200 5 10120.714 0 0 0 1000 12.54 0 0 0 10 29.77200 10 8902.829 0 0.025 0.058 560 31.49 0 0 0 10 56.76200 20 8699.655 0 0 0 1000 75.31 0 0 0 10 103.79200 40 6778.697 0 0 0 1000 167.13 0 0 0 10 176.02200 67 4268.302 0 0.016 0.193 917 275.56 0 0 0 10 229.03300 5 9834.830 0 0 0 1000 26.14 0 0 0 10 99.47300 10 10279.790 0 0 0 1000 76.20 0 0 0 10 192.26300 30 9059.974 0 0 0 1000 310.75 0 0 0 10 509.22300 60 8301.225 0 0.005 0.039 109 682.83 0 0 0 10 865.08300 100 6271.200 0 0.035 0.269 432 1082.02 0 0 0 10 1150.81400 5 10404.405 0 0 0 1000 51.64 0 0 0 10 233.72400 10 10516.011 0 0.010 0.197 949 128.61 0 0 0 10 453.92400 40 10644.121 0 0.012 0.091 180 798.42 0 0.001 0.006 8 1583.54400 80 8794.938 0 0.001 0.034 845 1822.82 0 0 0 10 2690.43400 133 7531.657 0 0.027 0.159 199 3214.36 0 0.038 0.095 6 3556.92500 5 11691.122 0 0 0 1000 82.00 0 0 0 10 452.48500 10 12640.371 0 0 0 1000 197.87 0 0 0 10 885.12500 50 11008.560 0 0.002 0.015 830 1730.19 0 0 0 10 3821.60500 100 9780.748 0 0.006 0.027 488 4087.87 0 0 0 10 6427.55500 167 8291.135 0 0.008 0.135 83 6471.37 0 0 0.002 9 8575.79600 5 12444.871 0 0 0 1000 108.37 0 0 0 10 777.60600 10 11973.176 0 0 0 1000 285.23 0 0 0 10 1528.36600 60 11057.149 0 0.001 0.006 782 3093.34 0 0 0 10 7841.56600 120 10482.444 0 0.004 0.026 558 7474.39 0 0 0 10 13183.18600 200 9975.692 0 0.026 0.117 104 11669.39 0 0.005 0.041 4 17573.14700 5 12909.707 0 0.065 0.223 710 143.89 0 0 0 10 1229.96700 10 13550.981 0 0 0 1000 389.32 0 0 0 10 2414.69700 70 12347.303 0 0.010 0.086 304 5388.19 0 0 0 10 14346.50700 140 11206.771 0 0.002 0.063 927 12877.12 0 0 0 10 24291.64800 5 13060.535 0 0 0 1000 202.01 0 0 0 10 1841.36800 10 14360.506 0 0.027 0.053 494 516.82 0 0 0 10 3624.90800 80 13810.450 0 0.003 0.035 863 8838.19 0 0 0 10 24540.69900 5 13990.942 0 0.054 0.150 641 263.51 0 0 0 10 2562.56900 10 13551.330 0 0 0 1000 638.07 0 0 0 10 5051.74900 90 14359.427 0 0.002 0.009 176 12347.26 0 0 0.001 7 38185.27average 0 0.009 0.05 743.1 2140.34 0 0.001 0.004 9.6 4778.15u(d) = 1=(d2 + 1) ý�Â� ��±¨�½õ ¸þ�µ÷ :1.2 ñøÀ�



59 üÈ÷�Âð �÷��õ-p ñÀõ.À�î Û� �ó�bÆõ Âû ý�Â� �¤ �û¤�ÂØ� ��Þ� �� ¢¤�¢ ¥��÷ �÷�þ�¤ �î ´¨� ü÷�õ¥ �� Â��Â� ,��÷�� °Æ� Â� 17Ûîø Çû�î ßþÂ�À�� Ýµþ¤�Úó� �� ¯��Âõ �û¤�ÂØ� Ûî ¥� 74=31% ¤¢ (BK) ùÀª �µ¡��ª ���� ßþÂµú�1000 ¥� ¤�ÂØ� 83 Ûì�Àa � ¤¢ ���� ßþÂµú� .´¨� ���� ý�¹µÆ� �� ¯��Âõ �û¤�ÂØ� Ûî ¥� 96%.´¨� ùÀõ� ´¨¢ �� ���� ý�¹µÆ� �� ¯��Âõ 10 ¤¢ ¤�ÂØ� 4 Ûì�Àa � ø üÈû�î Ýµþ¤�Úó� �� ¯��Âõ ,¤�ÂØ�¥� �ó�bÆõ 35 ¤¢ ø üÈû�î Ýµþ¤�Úó� �� ¯��Âõ ,¤�ÂØ� 1000 �� �ó�bÆõ 40 ¥� �ó�bÆõ 18 ¤¢ ���� ßþÂµú�¥� ÂµÈ�� 0=009% ,���� ß�Ú÷��õ .´¨� ùÀª ©¤��ð ���� ý�¹µÆ� �� ¯��Âõ ,¤�ÂØ� 10 �� �ó�bÆõ 40¥� ùÀõ� ´¨¢ �� ß�Ú÷��õ ¥� ÂµÈ�� 0=001% �ú�� ø ,üÈû�î Ýµþ¤�Úó� ¥� ùÀõ� ´¨¢ �� ���� ß�Ú÷��õ¥� ÂµÈ�� ,ß�Ú÷��õ ¤�Ï �� ,���� ý�¹µÆ� Ýµþ¤�Úó� ý�Â�� ö�õ¥ .´¨� ùÀª ©¤��ð ���� ý�¹µÆ� ©ø¤.´¨� üÈû�î ©ø¤ ý�Â�� ö�õ¥ Â��Â� ø¢��÷ ��ßþ� ¤¢ .´¨� ùÀª ù¢�¢ ©¤��ð u2(d) = e�d ýÂ�ð¤�î �� �� ��±¨�½õ ¸þ�µ÷ ,2.2 ñøÀ� ¤¢¸þ�µ÷ .´¨�ùÀª �Â�� �ó�bÆõ Âû ¤¢ ¤�ÂØ� 10 ý�Â� ���� ý�¹µÆ� ø ¤�ÂØ� 1000 ý�Â� üÈû�î Ýµþ¤�Úó�ßþÂµú� ,ß�Ú÷��õ ¤�Ï �� .´Æ�÷ 1.2 ñøÀ� ¤¢ u1 ý�Â� ¸þ�µ÷ ü��¡ �� 2.2 ñøÀ� ¤¢ ùÀª ÂÈµ�õ�¹�µ÷ ���� ý�¹µÆ� �¥ �û¤�ÂØ� ¥� 75=8% ¤¢ ø üÈû�î Ýµþ¤�Úó� ¥� �¤ �û¤�ÂØ� ¥� 41=2% ¤¢ �ú�� ,�������� ßþÂµú� �� ,�ó�bÆõ 40 ¥� üØþ ¤¢ üÈû�î Ýµþ¤�Úó� �î ´¨� ßþ� ���� Û��ì ý�¹�µ÷ .´¨� ùÀª0=171% ,���� ß�Ú÷��õ .´¨� 10 ¥� 4 °��Â� �� ���� ý�¹µÆ� ý�Â� ��ì¤� ßþ� �îüó�� ¤¢ ,À�¨Â÷´¨¢ �� ß�Ú÷��õ ¥� ÂµÈ�� 0=029% �ú�� ø ,üÈû�î Ýµþ¤�Úó� ¥� ùÀõ� ´¨¢ �� ���� ß�Ú÷��õ ¥� ÂµÈ��,ß�Ú÷��õ ¤�Ï �� ,���� ý�¹µÆ� Ýµþ¤�Úó� ý�Â�� ö�õ¥ Ûî .´¨� ùÀª ©¤��ð ���� ý�¹µÆ�©ø¤ ¥� ùÀõ��î ´¨� ýÂþ¢�Öõ ö�Þû �� Â��Â� �f±þÂÖ� �Â�� ý�ûö�õ¥ .´¨� üÈû�î ©ø¤ ý�Â�� ö�õ¥ Â��Â� ø¢ ¥� ÂµÈ��.´¨� ùÀª ©¤��ð 1.2 ñøÀ� ¤¢Total time17



60 üÈ÷�Âð �÷��õ-p ñÀõn p best known desent tabu serh(BK) perent over (BK) times(BK) total time perent over (BK) times(BK) total timeMin Ave. Max found (seond) Min Ave. Max found (seond)100 5 5821.041 0 0 0 1000 2.97 0 0 0 10 3.38100 10 4093.296 0 0.273 1.319 358 7.02 0 0 0 10 6.01100 10 4250.305 0 0.105 0.883 785 7.59 0 0 0 10 6.10100 20 3034.318 0 0.390 3.074 294 14.73 0 0 0 10 10.45100 33 1355.405 0 0.379 1.823 258 22.20 0 0.020 0.204 9 14.37200 5 7831.242 0 0 0 1000 12.86 0 0 0 10 30.04200 10 5634.103 0 0.092 0.242 386 32.92 0 0 0 10 57.68200 20 4447.969 0 0.190 1.176 466 74.71 0 0 0 10 107.07200 40 2735.869 0 0.456 1.446 108 168.54 0 0.0310 0.711 4 181.04200 67 1257.575 0 0.333 1.990 40 261.13 0 0.059 0.587 9 239.58300 5 7712.666 0 0.023 0.334 930 26.31 0 0 0 10 99.95300 10 6647.564 0 0. 0 1000 76.08 0 0 0 10 194.58300 30 4386.998 0 0.108 1.201 632 286.38 0 0 0 10 523.33300 60 2974.343 0 0.165 1.257 84 680.40 0 0.022 0.044 5 882.97300 100 1736.324 0 0.383 1.181 5 1076.80 0 0.092 0.441 5 1186.62400 5 8199.870 0 0 0 1000 61.77 0 0 0 10 234.47400 10 7030.920 0 0.065 0.863 432 144.86 0 0 0 10 457.90400 40 4827.690 0 0.147 1.008 30 811.33 0 0.007 0.019 6 1598.92400 80 2860.011 0 0.287 0.867 5 1679.52 0 0.013 0.065 7 2722.89400 133 1801.309 0 0.350 1.474 3 2736.44 0.016 0.096 0.415 0 3604.96500 5 9190.862 0 0 0 1000 79.37 0 0 0 10 454.31500 10 8622.385 0 0.144 1.370 834 223.69 0 0 0 10 891.22500 50 4653.901 0 0.112 0.670 157 1629.37 0 0.010 0.051 8 3836.78500 100 2987.836 0 0.287 0.918 5 3653.68 0 0.087 0.337 4 6532.92500 167 1853.879 0 0.490 1.304 1 5662.90 0.016 0.194 0.456 0 8675.45600 5 9987.089 0 0.042 0.226 814 115.39 0 0 0 10 779.04600 10 8377.945 0 0.026 1.279 610 310.92 0 0 0 10 1527.70600 60 4559.104 0 0.188 0.711 75 3166.25 0 0 0 10 7901.86600 120 3080.869 0 0.234 0.831 1 7223.19 0.016 0.068 0.138 0 13259.83600 200 2023.689 0.002 0.477 1.219 0 10432.09 0 0.127 0.293 1 17713.54700 5 10164.176 0 0.023 0.087 735 149.35 0 0 0 10 1230.94700 10 9401.786 0 0.017 0.030 435 427.39 0 0 0 10 2419.75700 70 4774.797 0 0.191 1.011 15 5104.81 0 0.004 0.041 9 14477.39700 140 3082.594 0 0.297 1.227 4 11739.05 0.014 0.062 0.163 0 24320.75800 5 10542.875 0 0.011 1.113 990 204.38 0 0 0 10 1841.47800 10 10070.785 0 0.107 0.654 542 573.29 0 0 0 10 3632.62800 80 5156.108 0 0.120 0.522 10 8156.04 0 0.001 0.005 8 24588.04900 5 11226.922 0 0.147 0.641 481 246.17 0 0 0 10 2551.56900 10 9624.791 0 0.017 0.397 958 674.12 0 0 0 10 5026.66900 90 5262.915 0 0.161 0.715 2 13037.73 0 0.002 0.016 9 38334.37average 0 0.171 0877 412.125 2024.84 0.001 0.029 0.100 7.85 4803.96u(d) = e�d ý�Â� ��±¨�½õ ¸þ�µ÷ :2.2 ñøÀ�
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63 ý¥�ê ý�ûö¥ø �� üÈ÷�Âð ý�÷��õ-p ñÀõ�õÀÖõ 1-3ø Û�Ü½� ¢¤�õ À�µÆû ý¥�ê ý¢�Àä� ö� ¤¢�ûö¥ø �îüó�� ¤¢ ,üÈ÷�Âð ý�÷��õ-p ñÀõ ÛÊê ßþ� ¤¢��¿µ÷� �¤ ý�ùÀ�û¢ ÅþøÂ¨ ,ü®�Öµõ Âû ,üÈ÷�Âð ý�÷��õ-pý�ó�bÆõ ¤¢ .´¨� ùÀª �µêÂð ¤�Âì ü¨¤Â�ö��®�Öµõ �î ´¨� ùÀª Âê �ó�bÆõ ßþ� ¤¢ .´Æ�÷ ö� �� ùÀ�û¢ÅþøÂ¨ ßþÂ�×þ¢�÷ �fõø�ó �î À�îüõø ùÀ�û¢ÅþøÂ¨ �Á� ø ÇÈî �� °¨��µõ üó�Þµ�� �� �ûùÀ�û¢ÅþøÂ¨ ß�� �¤ ¢�¡ ü÷�±�µÈ� ø ´þ�Þ�ø �ûù¢�¢ ,Û��Æõ �÷�ðßþ� Â·î� ¤¢ .À��îüõ Ý�ÆÖ� ,ùÀ�û¢ÅþøÂ¨ �� �Ü¬�ê éÀû â��� Çû�î ß��»Þû¯�Ö÷ ý�ûö¥ø 2.2 ñ�·õ ¤¢ ,�÷�Þ÷ ö���ä �� .´Æ�÷ É¿Èõ ø Õ�ì¢ �ó�bÆõ Íþ�Âª ¢¤�õ ¤¢ �õ ��ä�Ï�´¨� ßØÞõ ñ�·õ ý�Â� .´¨� ý¥�ê �ûö¥ø ßþ� ´�û�õ ÛÞä ¤¢ üóø À�µÆû üãÎì ý¢�Àä� �È�Þû�®�Ö��Ü�Âõ ß�óø� ¤¢ .Àª�±÷ É¿Èõ âÎì ¤�Ï �� ,i ý�®�Ö� �ÎÖ÷ ý�Â� ùÀª ù¢�¢ ö¥ø ,wi ñÀõ ßþ� ¤¢°ó�è ý�ä�Þ¹õ öø¤¢ �î ,À�µÆû ü÷Àª ý�û���� �Ø±ª ¯�Ö÷ ý�Þû ,ü���÷�Øõ ý�ó�bÆõ ×þ Û� ¥�.À÷¤�¢ ¤�Âì ,ü÷Àª ���� ×þ Ûì�À� Ûõ�ª üû��µõ ý��ä�Þ¹õ ü�ãþ ,üû��µõ.¢�ª �µêÂð ¤�Âì Û�Ü½� ¢¤�õ ý¥�ê é�Âð ��úÔõ �Àµ�� ´¨� �¥� ,ý¥�ê ü���÷�Øõ Û��Æõ ü¨¤Â� ý�Â�ý�û§�b¤ �� �Ø±ª ñ�·õ ö���ä �� .´¨� ùÀª ù¢¤ø� ℄39[ ¤¢ ý¥�ê ü���÷�Øõ Û��Æõ ¥� ý¢Àãµõ ý�ûñÀõýÂÚþ¢ �� ×þÂû ´¨� ßØÞõ �î ,À÷��ÜÞ� ö� ¥� ý¥�ê ý�ûñ�Ï �� �Ø±ª ,ý¥�ê ý�ûñ�þ �� �Ø±ª ,ý¥�ê¢���õ ��ä��Ï� ´ó�� ßþ� ¤¢ .´¨� ¶½� á�®�õ ý¥�ê ý�ûö¥ø �� �Ø±ª ��ßþ� ¤¢ .¢�ª °�îÂ� ��÷ý�Â� .Ý��î ß��ã� �¤ À�µÆû �û§�b¤ ´�Þû� ýùÀ�û¢ ö�È÷ �î üþ�ûö¥ø üãÎì ©¥¤� �î À�û¢üÞ÷ ù¥���,w(v) ,v §�b¤ ö¥ø Àû¢üõ ö�È÷ �î ,ÝþÂ�üõ ¤�î �� �¤ "´¨� w ¢øÀ� ¤¢ v §�b¤ ö¥ø ' �¤�±ä ñ�·õý¥�ê ¤�ÀÖõ ×þ ,éÀû â��� ,ý¥�ê ý�ûñ�Ï ø �ûö¥ø �� ü���÷�Øõ ý�ó�bÆõ Âû ¤¢ .´¨� ý¥�ê ¢Àä ×þÂþ¢�Öõ ý�Þû ýø¤ ßµêÂð ÝÞ���õ ø ¢�Àä� ßþ� ý�Æþ�Öõ �� Å³¨ .À�îüõ üêÂãõ ü÷Àª ���� ý�Â� �¤



64 ý¥�ê ý�ûö¥ø �� üÈ÷�Âð ý�÷��õ-p ñÀõ.Àþ�üõ ´¨¢ �� ���ú� ���� ,üÎa ¡ ýÀ���±�¤ â���� ¥� ù¢�Ôµ¨� �� ø éÀû â���¤�Âì ü¨¤Â� ø Û�Ü½� ¢¤�õ ý¥�ê ý�û�Ø±ª ¤¢ �¤ üÈ÷�Âð ý�÷��õ-p ý�ó�bÆõ �Àµ�� ÛÊê ßþ� ¤¢.(℄23[ ,℄30[,℄38[)Ý�û¢üõ �Âª ý¥�ê ý�ûö¥ø �� �¤ �ó�bÆõ ßþ� ñÀõ üó�·õ Âî£ �� Å³¨ ,ù¢�¢
ý¥�ê ý�û�ä�Þ¹õ ø ý¥�ê ÕÎ�õ 2-3ý¥�ê ÕÎ�õ 1-2-3ý�û�ä�Þ¹õ' ���� ý� �ó�Öõ¤¢1ù¢�¥ üÔÎó ¤�ÆêÂ� ¤�� ß�óø� �¤ ý¥�ê ÕÎ�õ ø ý¥�ê ý�û�ä�Þ¹õ ý¤�ÿ�üóÀõ �ã¨�� ,ö�õ¥ ö� ¤¢ ø� ��óø� éÀû .¢�Þ÷ üêÂãõ 1965 ñ�¨ ¤¢ ℄38["ñÂµ�î ø ��ä�Ï� ,ý¥�êý�û�ä�Þ¹õ ö�»Þû ü��ä�Ï� ø Ý�û�Ôõ ø� .¢�� üã�±Ï ý�ûö��¥ ©¥�¢Â� À�þ�Âê Ó�¬�� ý�Â� Â�Àõ�¤�î.¢�Þ÷ ü¨À�úõ ø ���®�þ¤ ��Üä ¢¤�ø �¤ ý¥�¨ ý¥�ê ø ý¥�ê ¢�Àä� ,ý¥�ê ý�û¢�Àþø ¤ ,ý¥�ê.À�îüõ ´ó�¢ ,ü±Æ÷ üµ¨¤¢ ��úÔõ Â� �î ´¨� ü�ø¢ø¢ ÕÎ�õ ¥� �ä�Þ¹õ �Âê ×þ ý¥�ê ���®�þ¤ù��¨ ,1 �þ 0 ,ÍÜè �þ ´¨¤¢)Àû¢üõ ö�È÷ üþ��ø¢ ÝµÆ�¨ ×þ §�¨� Â� �¤ ý��� Âû ×�¨�î ÕÎ�õö�È÷ ´¨� ×þ ø ÂÔ¬ ß�� ö� ¤�ÀÖõ �î ¢Àä ×þ �� �¤ ý��� Âû üµ¨¤¢ ý¥�ê ÕÎ�õ üóø (À�Ô¨ �þýÂµÆî�¡ Ù÷¤ ù�Ú÷� ,Ý�û¢ ö�È÷ ×þ ¢Àä �� �¤ À�Ô¨ Ù÷¤ ø ÂÔ¬ ¢Àä �¤ ù��¨ Ù÷¤ Âð� �f ·õ .Àû¢üõé�¡ Â� .´¨� ÝÜä ´�û�õ ¤¢ ��ú�� �î ´¨� ÀÖµãõ ý¥�ê ÕÎ�õ .¢�� Àû��¡ ×þ ø ÂÔ¬ ß�� ý¢ÀäÀÖµãõ ù¢�¥ üÔÎó Âµî¢ ,À��þ Çþ��ê� ý¤øùÂú� �� ¢Âî Â�Õ�ì¢ �¤ �û°þÂÖ� Àþ�� �î À÷¢�� ÀÖµãõ �î ö�ÂÚþ¢ÕÎ�õ ¤¢ .À�î ñÀõ ÝµÆ�¨ ¥� üÈ¿� ö���ä �� �¤ ��ú�� �î ¢�� üþ�ûñÀõ ßµ¡�¨ ñ�±÷¢ �� Àþ�� �î ¢��ý�Â� .À�µÆû ´¨¤¢�÷ �þ ´¨¤¢ �ûù¤��ð ��Þ� .¢¤�¢ ¢��ø ´¨¤¢�÷ ø ´¨¤¢ ýÀ�� �µ¨¢ ×þ ,üþ�Î¨¤�Lot� zadeh1



65 ý¥�ê ý�ûö¥ø �� üÈ÷�Âð ý�÷��õ-p ñÀõý�Â� ö¢�� ¢Â¨ ¤�ÀÖõ �î �Â� ,Àª��üÞ÷ ù¤��ð ×þ �f¨�¨� üþ�Î¨¤� ÕÎ�õ ¤¢ "´¨� ¢Â¨ ��û '�ÜÞ� ñ�·õ.´Æ�÷ ´¨¤¢�÷ �È�Þû �þ ´¨¤¢ �È�Þû �f¨�¨� �ÜÞ� ßþ� ø ´¨� �ø�Ôµõ ÓÜµ¿õ ¢�Âê�´¨¤¢ �È�Þû üû�ð .´¨� ¢�þ¥ üû�ðø Ýî üû�ð ö� üµ¨¤¢ �î À�µÆû ü��Þ� ý¥�ê ÕÎ�õ ¤¢ý�Â� ü÷���� �þ¤�þ�� À÷��� üõ ý¥�ê ÕÎ�õ .´¨� ´¨¤¢ ý¢øÀ� �� üû�ðø ´¨¤¢�÷ �È�Þû üû�ð ø.´¨� �µª�¢ ü÷�ø�Âê ý�û¢¤ø� ´¨¢ Ýû ö��î �� �î Àª�� ýÀþÀ� ý¤ø�ßê
ý¥�ê ý�û�ä�Þ¹õ 2-2-3×�¨�î �þÂÑ÷¥� üÞ�Þã� �þÂÑ÷ ßþ� .´¨� ¤��µ¨� ý¥�ê ý�û�ä�Þ¹õ �þÂÑ÷ ù¢�ó�ª Â� ý¥�ê ÕÎ�õ ¢����´Æû �ä�Þ¹õ �Ìä �þ ÂÊ�ä ×þ ,�û�ä�Þ¹õ ×�¨�î ý¤�ÿ� ¤¢ .´¨� ü®�þ¤ ��Üä ¤¢ �û�ä�Þ¹õý¤�ÿ� �õ� .À�îüõ ´�ã±� (ü�ø¢ø¢) ×þ ø ÂÔ¬ ý�Úó� ×þ ¥� Â¬��ä ´þ�Ìä ´Ö�Ö� ¤¢ ´Æ�÷ �þßþ� �� .À�î üõ �ÂÎõ �¤ ùÀª ýÀ�� ��¤¢ ´þ�Ìä ø Àû¢üõ ÍÆ� �¤ ��úÔõ ßþ� ý¥�ê ý�û�ä�Þ¹õ.Àª�� �ä�Þ¹õ ×þ �Ìä �f õ�î �÷ ø ü���¤¢ �� À÷���üõ ÂÊ�ä ×þ °��Â�Çþ�Þ÷ Âþ¥ �¤�¬ �� �¤ X ¤¢ ~A ý¥�ê �ä�Þ¹õ ù�Ú÷� Àª�� â�Âõ �ä�Þ¹õ ×þ X Âð� 1.3 ÓþÂã�.Ý�û¢üõ~A = f(x; � ~A(x)) j x 2 Xg.¢�ªüõ ÓþÂã� Âþ¥ �¤�¬ �� ø À�õ�÷ üõ 2ý¤�ð¥�¨ â��� �þ ´þ�Ìä â��� �¤ � ~A(x) �î� ~A(x) : X ! [0;1℄ Member funtion2



66 ý¥�ê ý�ûö¥ø �� üÈ÷�Âð ý�÷��õ-p ñÀõǑüª Ûõ�î ´þ�Ìä ý��ãõ �� ×þ ø ´Æ�÷ �ä�Þ¹õ �Ìä ÂÑ÷ ¢¤�õ Ǒüª �î ´¨� ��ãõ ßþ� �� ÂÔ¬ �î.´¨� �ä�Þ¹õ �� ´±Æ÷:¢�ªüõ ÓþÂã� Âþ¥ �¤�Ê� ø Ý�û¢üõ ö�È÷ S( ~A) �� �¤ ~A ý¥�ê �ä�Þ¹õ 3ö�±�µÈ� 2.3 ÓþÂã�S( ~A) = f x 2 X j � ~A(x) > 0g�¤ Àª�� � Ûì� À� �ú÷� ´þ�Ìä ��¤¢ ~A �ä�Þ¹õ ö��õ ¤¢ �î ýÂ¬��ä �Þû �ä�Þ¹õ 3.3 ÓþÂã�:Ý�û¢üõ Çþ�Þ÷ Âþ¥ �¤�Ê� ø Ý�õ�÷üõ Ó�ã® ©Â�-� �ä�Þ¹õA� = fx 2 X j � ~A(x) � �g. Ý�õ�÷ üõ ý�ì ©Â�-� �¤ �A� = fx 2 X j � ~A(x) > �g �ä�Þ¹õ øý¥�ê ¢�Àä� 3-2-3�� À�÷���üõ ,ÂµÈ�� ý�ãó�Îõ ø ¤øÂõ ´ú� .Ý��îüõ �Ôµî� ý¢���� ø Ýúõ ý�ûÓþÂã� �� �ú�� ��ßþ� ¤¢.À��î �ã��Âõ ℄23[ ø ℄30[,℄38[ëÀ¬ Âþ¥ Íþ�Âª ¤¢ ,üÖ�Ö� ¢�Àä� ¥� R â�Âõ �ä�Þ¹õ ýø¤ Â� A ý¥�ê �ä�Þ¹õ Âð� 4.3 ÓþÂã�.Ý�õ�÷üõ ý¥�ê ¢Àä �¤ ö� Àþ�Þ÷.Àª�� �À½õ ý¥�ê �ä�Þ¹õ ×þ A (Óó��A(x0) = 1 ö� ý�¥� �� �î Àª�� ¢���õ x0 ×þ (�.Àª�� �µ¨��� �A (�Support3



67 ý¥�ê ý�ûö¥ø �� üÈ÷�Âð ý�÷��õ-p ñÀõý��Ü¬�ê ¢�Àä�5 ¢øÀ� ¤¢ �Ü¬�ê ñ�·õ ý�Â� .Ýþ¤�¢ ¤�îøÂ¨ " ... ø �f±þÂÖ� ,¢øÀ� ¤¢' ö�»Þû ü��ÞÜî �� âì��õ ÂµÈ�� ¤¢üÜî ´ó�� ¤¢ ßþ�Â���� ø Ý�û¢üõ Çþ�Þ÷ Û�±ì ßþ� ¥� ü��ûù¥�� ø [4=6;5=5℄ , [4=5;5=5℄ �� �¤ Âµõ�Ü�îÝ��îüõ ÓþÂã� Âþ¥ �¤�Ê� �¤ ý��Ü¬�ê ¢Àä ×þA = [aL; aR℄ = fa : aL � a � arg :A �Ü¬�ê ´¨�¤ ü��úµ÷� �ÎÖ÷ ø ²� ü��úµ÷� �ÎÖ÷ °��Â� �� ø À�µÆû üÖ�Ö� ý¢�Àä� aR ø aL �îø m(A) �î Ý�û¢üõ Çþ�Þ÷ ��÷ A = hm(A); w(A)i �¤�Ê� �¤ A ý��Ü¬�ê ¢Àä .À÷�ªüõ ùÀ�õ�÷´¨� Âþ¥ �¤�Ê� w(A)m(A) = aL + aR2 ; w(A) = aR � aL2 :
ü·Ü·õ ý¥�ê ¢�Àä����Èõ ¤�Î� .Ýþ¢Âî ü¨¤Â� [4=5;5=5℄ ù¥�� ¤¢ �¤ " Âµõ�Ü�î 5 ¢øÀ�¤¢' �Ü¬�ê �õ üÜ±ì ´ÞÆì ¤¢�Ü¬�ê �Øþ¤�Î� ,¢�¢ ¤�Âì ü¨¤Â� ¢¤�õ ü·Ü·õ ý¥�ê ¢�Àä� �� �¤ " Âµõ�Ü�î 5 ¢øÀ�¤¢' �Ü¬�ê ö���üõø 0 ß�� ´þ�Ìä ��¤¢ Âµõ�Ü�î 5�5=5 ø Âµõ�Ü�î 4=5�5 ß�� �Ü¬�ê ø 1 ´þ�Ìä ��¤¢ Âµõ�Ü�î 5.¢Â�ðüõ �¤ 1



68 ý¥�ê ý�ûö¥ø �� üÈ÷�Âð ý�÷��õ-p ñÀõ.Ý�û¢üõ Çþ�Þ÷ Âþ¥ ´þ�Ìä ��¤¢ �� ø ~A = hm;�; �i ü����¨ �� �¤ ü·Ü·õ ý¥�ê ¢Àä ×þ üÜî ¤�Î�
�(x) = 8>>>>>>>>>>>><>>>>>>>>>>>>:

0 for x � m� �1� m�x� for m� � < x < m1 for x = m1� x�m� for m < x < m+ �0 for x � m+ � (1-3)
.´¨� � = �a� a ø � = a� a� �î À�û¢üõ Çþ�Þ÷ ��÷ ~A = (a�; a; �a) �� �¤ ü·Ü·õ ý¥�ê ¢�Àä�ý¥�ê ý�ûé�Âð 4-2-3üóø .Àª ���¤� ù¢�¥ üÔÎó Âµî¢ ý¥�ê ý�û�Î��¤ ýø¤ ¥� ℄26[4ßÞê�î Í¨�� ý¥�ê é�Âð ÓþÂã� ß�óø�.Àþ¢Âð ���¤� ℄34[5ÀÜÔ÷¥ ¤ Í¨�� ý¥�ê ý�ûé�Âð ÓþÂã� ßþÂ�ü¨�¨�.Àª��üõ G = (V;E; �; �) ¤�µ¡�¨ ý�¤�¢ (é�Âð-f) ý¥�ê é�Âð ×þ 5.3 ÓþÂã��û§�b¤ �ä�Þ¹õ ùÀ�û¢ ö�È÷ V�ûñ�þ �ä�Þ¹õ ùÀ�û¢ ö�È÷ E( v 2 V Âû ý�Â� �(v) > 0)�û§�b¤ �ä�Þ¹õ ´þ�Ìä â��� ùÀ�û¢ ö�È÷ � : V �! [0;1℄�µª�¢ Àþ�� u; v 2 V Âû ý�Â� ø ,Àª��üõ �ûñ�þ �ä�Þ¹õ ´þ�Ìä â��� ùÀ�û¢ ö�È÷ � : E �! [0;1℄:Ý�ª���(u; v) � �(u) ^ �(v).´¨� Â��Â� Â·î�À� �þ ø ÂµÞî ñ�þ ö� ý�û§�b¤ ´þ�Ìä ��¤¢ ¥� ñ�þ Âû ´þ�Ìä ��¤¢ ü�¤�±ä ��Kaufmann4Rosenfeld5



69 ý¥�ê ý�ûö¥ø �� üÈ÷�Âð ý�÷��õ-p ñÀõý¥�ê ¼�½¬ ¢Àä üÎ¡ ý�þ¤ �õ�÷Â� 3-3,üä��Êõ ©�û)ÓÜµ¿õ ý�û�µª¤ ¤¢ ý¢�þ¥ ý�û¢Â�¤�î (FILP ) 6ý¥�ê ¼�½¬ ¢Àä üÎ¡ ý�þ¤ �õ�÷Â��û�Ø±ª ýø¤ ý¥�ê ü���÷�Øõ Û��Æõ ü®�þ¤ ý�þ¤ �õ�÷Â� ñÀõ ö�� ø ¢¤�¢ (... ø ���ÜÞä ¤¢ Õ�Ö½�ù¢�Ôµ¨���÷ ý¥�ê ü���÷�Øõ ñ�bÆõ Û� ý�Â� ñÀõ ßþ�¥� ,´¨� ý¥�ê ¼�½¬ ¢Àä üÎ¡ ý�þ¤ �õ�÷Â� �¤�Ê�:À÷�ªüõ Ý�ÆÖ� �µ¨¢ 3 �� üÜî ´ó�� ¤¢ ý¥�ê ¼�½¬ ¢Àä üÎ¡ ý�þ¤ �õ�÷Â� Û��Æõ .¢�ª üõý¥�ê ý�ûÀ�ì �� FILP �ó�bÆõ �éÀû â��� ¤¢ ý¥�ê °��Â® �� FILP �ó�bÆõ �°��Â® ÅþÂ��õ ¤¢ ý¥�ê ¢�Àä� �� FILP �ó�bÆõ �°��Â® �� FILP �ó�bÆõ ü�ãþ �ø¢ ý��þ�ð ¢¤�õ ¤¢ ÂÊµ¿õ ¤�Ï �� ø ¥��÷ °Æ� Â� Ç¿� ßþ� ¤¢.Ý��îüõ ´±½¬ éÀû â��� ¤¢ ý¥�êéÀû â��� ¤¢ ý¥�ê °��Â® �� FILP �ó�bÆõ 1-3-3℄18[:Àª�� Âþ¥ �¤�Ê� ¼�½¬ ¢Àä ý�þ¤ �õ�÷Â� üãÎì ñÀõ À��î Âêmax z =Pj jxjs : t Pj aijxj � bi i 2M = f1; � � � ;mgxj � 0xj 2 Z (2-3)
:´¨� Âþ¥ �¤�Ê� �ó�bÆõ ý¥�ê ñÀõ �¤�¬ ßþ� ¤¢Fuzzy integer linear programming6
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max z =Pj ~jxjs : t Pj aijxj � bi i 2M = f1; � � � ;mgxj � 0xj 2 Z (3-3)

ë�ê ü÷Àª ���� Âû ý�Â� .´¨� üÖ�Ö� ý¥�ê ¢�Àä� �ä�Þ¹õ F (R) �î ~j 2 F (R) ø aij; bi 2 R.Àþ�üõ ´¨À� ý¥�ê éÀû â��� ¥� �î ¢¤�¢ ¢��ø ý¥�ê ¤�ÀÖõ ×þø 7Çþ�Þ÷ ��aÌì Â� ü�µ±õ ´¨� üªø¤ ñø� ©ø¤ ,¢¤�¢ ¢��ø FILP ñÀõ ßþ� ý�Â� Û� ©ø¤ ø¢ý¥�ê ¢�Àä� ýÀ���±�¤ ý�úªø¤ �õ ´ÞÆì ßþ� ¤¢ �î .´¨� 8ý¥�ê ¢�Àä� ýÀ�� �±�¤ ý�úªø¤ �ø¢ ©ø¤.℄18[Ý��îüõ ü¨¤Â� �¤ý¥�ê ¢�Àä� ýÀ���±�¤ ©ø¤ ¥� ù¢�Ôµ¨�ý�û���� �ä�Þ¹õ ¥� ´ª�Ú÷ ×þ g ø Àª�� 3-3 �ó�bÆõ ü÷Àª ý�û���� �ä�Þ¹õ X À��î Âê:�î ý¤�Î� Àª�� ý¥�ê ¢�Àä� �ä�Þ¹õ �� ü÷Àªg : X �! F (R) ; g(x) = ~x =X ~jxj ; ~j 2 F (R):Ýþ¤�¢ ý¥�ê ý�û�ä�Þ¹õ ¤¢ 9â�¨�� Û¬� �� ������X ~jxj 2 F (R).Ý��î ü¨¤Â� ���ú� ���� ö¢¤ø� ´¨À� ý�Â� �¤ Âþ¥ ý¥�ê ¢�Àä� �ä�Þ¹õ ´¨� üê�î ßþ�Â����A = fg(x) j x 2 Xg Representation theorem7Fuzzy number ranking methods8Extension Priniple9



71 ý¥�ê ý�ûö¥ø �� üÈ÷�Âð ý�÷��õ-p ñÀõA ý¥�ê �ä�Þ¹õ ¤¢ ¢Àä ßþÂµð¤�� g(x�) ý¥�ê ¢Àä Âð� ´¨� ���ú� ���� ×þ X� 2 X ßþ�Â����©ø¤ ¥� ù¢�Ôµ¨� �� ñ�� .Àª��üõ A ý¥�ê �ä�Þ¹õ ¤¢ ¢Àä ßþÂµð¤�� ö¢Âî �À�� �õ éÀû Å� ,Àª��.Ýþ¤ø�üõ ´¨À� �¤ ���ú� ���� (FNRM) ý¥�ê ¢�Àä� ýÀ���±�¤��ßþ� ¤¢ �õ .¢¤�¢ ¢��ø A �ä�Þ¹õ ý¥�ê ¢Àä ßþÂµð¤�� ö¢¤ø� ´¨À� ý�Â� ý¢�þ¥ ýÀ���±�¤ ý�úªø¤�î üþ�û©ø¤ �f¬�Ê¿õ ,À÷�ªüõ ÓþÂã� ýÀ���±�¤ â��� ×þ �¤�Ê� �î Ý��îüõ ü¨¤Â� �¤ üþ�û©ø¤.´¨� (LRF ) 10üÎ¡ �ú÷� ýÀ���±�¤ â���
Âð� ´¨� üÎ¡ ýÀ���±�¤ â��� f â��� 6.3 ÓþÂã�8A;B 2 F (R) ;8r 2 R ; r > 0 f(A+B) = f(A) + f(B) and f(rA) = rf(A)

~j = (rj ; j ; Rj) �¤�Ê� �¤ ü·Ü·õ ý¥�ê ¢Àä Âû ,Ý��îüõ ù¢�Ôµ¨� ü·Ü·õ ý¥�ê ¢�Àä� ¥� À��î Âê:Ý��îüõ ÓþÂã� Âþ¥ ÛØª �� �¤ �ú÷� ´þ�Ìä â��� ø Ý�û¢ üõ Çþ�Þ÷
8u 2 R; j 2 N; �j (u) = 8>>>>><>>>>>: (u� rj)=(j � rj) rj � u � j(Rj � u)=(Rj � j) j � u � Rj0 otherwise (4-3)

xj � 0 j 2 N Âû ý�Â� ø ü·Ü·õ ý¥�ê ¢�Àä� �û ~j �î ý¤�Î� ,Àª�� ~y = P ~jxj Ý��îüõ Âê ñ��:¢�ªüõÉ¿Èõ Âþ¥ �¤�Ê� ~y ý¥�ê ¢�Àä� ´þ�Ìä â��� ù�Ú÷� ,Àª��Linear ranking funtion10



72 ý¥�ê ý�ûö¥ø �� üÈ÷�Âð ý�÷��õ-p ñÀõ
�(z) = 8>>>>><>>>>>: hj(z) = (z � rx)=(x � rx) if x > 0; rx � z � xgj(z) = (Rx� z)=(Rx� x) if x > 0; x � z � Rx0 otherwise (5-3)

d0 =  � r ø d = R �  Âð�. r = (r1; :::; rn);  = (1; :::; n); R = (R1; :::; Rn) �î ý¤�Î�¥� �¤ ýÀ���±�¤ ´ª�Ú÷ ×þ ñ�� .À�û¢üõ ö�È÷ �¤ ~x ý¥�ê ¢Àä ²� ø ´¨�¤ é�µ¡� d0xø dx ù�Ú÷�.ÝþÂ�ðüõ ÂÑ÷ ¤¢ üÖ�Ö� ¢�Àä� �ä�Þ¹õ �� ý¥�ê �ä�Þ¹õ Âûf : A �! R:Àþ�üõ ´¨À� Âþ¥ �ó�bÆõ Û� �� 3-3 ���ú� ���� ×þ ßþ�Â����max f(~x)s : t Ax � bxj � 0xj 2 Z (6-3)
ÛþÀ±� Âþ¥ (ILP ) �ó�bÆõ �� (19.3) üØÞî �ó�bÆõ (LRF ) üÎ¡ ýÀ���±�¤ â��� ¥� ù¢�Ôµ¨� �� ßþ�Â����:¢�ªüõmaxnX f( ~j)xj j j 2 N ; x 2 Xo (7-3):¥� À��¤�±ä üØÞî ý�ûñÀõ ßþ� ¥� üÌã�:Àþ�üõ ´¨À� Âþ¥ �ó�bÆõ 11Ù÷�� ÅþÀ÷� ¥� ù¢�Ôµ¨� �� (Óó�max((dx+ d0x)(3x+ dx� d0x)6 j Ax � b ; xj 2 Z) (8-3)Chang11



73 ý¥�ê ý�ûö¥ø �� üÈ÷�Âð ý�÷��õ-p ñÀõ:Àþ�üõ ´¨À� Âþ¥ ý�úªø¤ °��Â� �� 12Âð�þ ��¨ ø �ø¢ ,ñø� ÅþÀ÷� ¥� ù¢�Ôµ¨��� (�max� (+ d� d03 )x j Ax � b ; xj � 0 ; xj 2 Z� (9-3)max� (x+ dx)dx+ 1 j Ax � b ; xj � 0 ; xj 2 Z� (10-3)max�(+ d� d04 )x j Ax � b ; xj � 0 ; xj 2 Z� (11-3)
ý¥�ê ý�ûö¥ø �� üÈ÷�Âð ý�÷��õ-p ñÀõ 4-3�ä�Þ¹õ �� �Ø±ª×þ �î ¢�ªüõ ù¢�¢ Çþ�Þ÷ N = (V;E;fW;L)�¤�¬ �� ý¥�ê ý�ûö¥ø �� �Ø±ª×þÂ��Â� ei ñ�þ Âû ñ�Ï .´¨� E = fe1; e2; � � � ; ngý�ûñ�þ �ä�Þ¹õ ø V = fv1; v2; � � � ; vngý�û§�b¤üÈ÷�Âð ý�÷��õ-p ý�ó�bÆõ ñÀõ éÀû â��� �¤�¬ßþ� ¤¢ .´¨� ewi �� Â��Â� i §�b¤ Âû ö¥ø ø l(ei) ��¥� ´¨� �¤�±ämin ~z = nXi=1 " ewiPnj=1 uijdijxijPnj=1 uijxij # (12-3).Ý�µÆû øÂ�ø ¤ üÎa ¡ Â�è ý�þ¤�õ�÷Â� ñÀõ �� ,¤�À÷�µ¨� ý�÷��õ-p ý�ó�bÆõ é�¡Â� ´ó�� ßþ� ¤¢À��î Âê .ÀþÂ�Ú� ÂÑ÷ ¤¢ �¤ 2.2 ñ�·õ ¤¢ §�b¤ �¨ �� ùÀª ù¢�¢ ö�È÷ ý�Ø±ª ñ�·õ ý�Â� 1.3 ñ�·õ.Ýþ¤ø� ´¨¢ �� �Ø±ª ßþ� ý�Â� �¤ üÈ÷�Âð ý�÷��õ-2 Ý�û��¡üõü�ãþ ,�Ü¬�ê ñ�ø¥ â��� ß��»Þû .Àª��üõ 1 ø 1=5 ,2 �� Â��Â� °��Â� �� v3 ø v2 ,v1 ý�û§�b¤ ö¥ø´¨� ùÀª �µêÂð ÂÑ÷ ¤¢ u(dij) = e�2dij �¤�¬ �� ´¨� ùÀª ¢�ú�È�� ℄3[ ¤¢ �î �÷�ðö�Þû ,u(dij)Yager12



74 ý¥�ê ý�ûö¥ø �� üÈ÷�Âð ý�÷��õ-p ñÀõuij v1 v2 v3v1 0 e�2 e�2v2 e�2 0 e�2v3 e�2 e�2 0�Ø±ª ý�û§�b¤ ý�Â� uij ÓÜµ¿õ Âþ¢�Öõ üÆþÂ��õ Çþ�Þ÷ :1.3 ñøÀ�
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1 1
1ý¥�ê ý�ûö¥ø ý�Â� ñ�·õ :1-3 ÛØªdij ¤�ÀÖõ ��ßþ� ¤¢ .´¨� i ý�®�Ö� �ÎÖ÷ �� j ýùÀ�û¢ ÅþøÂ¨ ý�Ü¬�ê ýùÀ�û¢ ö�È÷ dij ö� ¤¢ �îÇþ�Þ÷ ÓÜµ¿õ ý�û§�b¤ ý�¥� �� �¤ uij Âþ¢�Öõ 1.3 ñøÀ� .´¨� ùÀª ù¢�¢ ¤�Âì 1 Â��Â� j ø i Âû ý�Â�.Àû¢üõ¢�Àä� �ûwi �îüµó�� ü�ãþ .ÝþÂÚ�� �ó�bÆõ �� �ûö¥ø Â� À�î�b� �� ø ý¥�ê Àþ¢ �� À��î Âê ñ��ßþ�Â���� ,À�µÆû éÀû â��� ¤¢ ü±þ�Â® �ûwi ö�� ,�ó�bÆõ üãÎì ñÀõ �� ���� �� .À�ª�� ü·Ü·õ ý¥�ê´¨� �¤�±ä �ó�bÆõ éÀû Å� .Àþ�üõ ´¨¢ �� üÔÜµ¿õ ý¥�ê Âþ¢�Öõ ,ÓÜµ¿õ ü÷Àª ý�û���� ý�Â�.ý¥�ê Âþ¢�Öõ ßþ� ��Þ� ß�� ¥� ¤�ÀÖõ ßþÂµÞî ö¢Âî �À�� ü�ãþ ,minxff(x)g ¥�



75 ý¥�ê ý�ûö¥ø �� üÈ÷�Âð ý�÷��õ-p ñÀõÛ� ý�û©ø¤ 1-4-3ù¢�Ôµ¨� �û©ø¤ ßþ� ¥� üØþ .℄18[´¨� ùÀª ¢�ú�È�� ý¥�ê ü���÷�Øõ Û��Æõ Û� ý�Â� üÔÜµ¿õ ý�û©ø¤.Àª Àû��¡ �µêÂð ¤�î �� ��ßþ� ¤¢ �î ´¨� üÎa ¡ ýÀ���±�¤ â���� ¥��� Å� ´¨� ý¥�ê ¢�Àä� ¥� �ä�Þ¹õ ×þ ß�� ¥� ý¥�ê ¢Àä ßþÂ�×��î ßµê�þ ¥� �¤�±ä éÀû ö��.Ýþ¤ø�üõ ´¨¢ �� �¤ ���ú� ���� ø ù¢Âî �Æþ�Öõ ÂÚþÀØþ �� �¤ ý¥�ê ¢�Àä� ,ýÀ�� �±�¤ ©ø¤ ¥� ù¢�Ôµ¨�ÓþÂã� f : F (R) ! R À�÷�õ üÎa ¡ â��� ×þ ´¨� üê�î B ø A ý¥�ê ¢Àä ø¢ ý�Æþ�Öõ ý�Â�À�û¢ �¹�µ÷ °��Â� �� ù�ðö� f(A) = f(B) ø f(A) < f(B), f(A) > f(B) Âð� �îý¤�Ï �� Ý��î.Ý�û¢üõ Çþ�Þ÷ ~j = (rj ; j ; Rj) �¤�¬ �� �¤ ü·Ü·õ ý¥�ê ¢Àä Âû .A = B ø A < B ,A > B�ã��Âõ ℄18[ �� À�÷���üõ ´þ�Ìä â��� ø ýÀ���±�¤ â���� ý�ûüðÄþø «�Ê¡ ¤¢ ÂµÈ�� ý�ãó�Îõ ý�Â�.À��î¤¢ Âþ¥ �¤�¬ �� �¤ üÖ�Ö� ¢�Àä� ý�ä�Þ¹õ Âû �� ý¥�ê ý�ä�Þ¹õ Âû ¥� ýÀ���±�¤ ´ª�Ú÷ ×þ:ÀþÂ�Ú� ÂÑ÷f : F (R) ! R:.Ýþ¤�Ú÷üõ üÖ�Ö� ¢�Àä� ¥� �ä�Þ¹õ ×þ �� �¤ ý¥�ê ¢�Àä� ¥� �ä�Þ¹õ Âû ,ë�ê ´ª�Ú÷ ¥� ù¢�Ôµ¨� ��.¢Âî ù¤�ª� 14Âð�þ ��¨ ø �ø¢ ,ñøa� ý�ûÅþÀ÷� ø 13Ù÷�� ÅþÀ÷� �� ö���üõ �û´ª�Ú÷ ßþ� ßþÂµÞúõ ¥��� ë�ê ñ�·õ ý�Â� �¤ ý¥�ê Â�è ø ý¥�ê ý�û���� Âð�þ ��¨ ø ñøa� ý�ûÅþÀ÷� ¥� ù¢�Ôµ¨� �� ��ßþ� ¤¢Chang13Yager14



76 ý¥�ê ý�ûö¥ø �� üÈ÷�Âð ý�÷��õ-p ñÀõüÈ÷�Âð ý�÷��õ-2 ���� W3 W2 W1v1; v2 1=41 1 1=5 2 üãÎì ñÀõ--- --- (0=5;1;2=5) (0;1=5;2) (0=5;2;2=5) ý¥�ê #v1; v2 1=44 1=3 1=1 1=6 ñø� ÅþÀ÷�v2; v2 1=54 1=2 1=2 1=7 ��¨ ÅþÀ÷�üÈ÷�Âð ý�÷��õ-2 üãÎì ø ý¥�ê ý�û���� ý�Æþ�Öõ :2.3 ñøÀ�:À�ª�� Âþ¥ �¤�¬ �� �ûfWi À��î Âê .Ý��îüõ �Æþ�Öõ ÂÚþ¢×þfW1 = (0=5;2;2=5); fW2 = (1;1=5;2); fW3 = (0=5;1;2=5):�� .´¨� ùÀª ù¢�¢ Çþ�Þ÷ 2.3 ñøÀ� ¤¢ Âð�þ ��¨ ø ñø� ý�ûÅþÀ÷� ý�Â� ý¥�ê ý���ú� ý�û����¤¢ ,À�ª�� �µª�¢ ýÂµÈ�� ��Â��ç� ��õ�¢ �õ ý�û�®�Ö� �îü�¤�¬ ¤¢ ¢�ªüõ ùÀû�Èõ 2.3 ñøÀ� �� ����Âþ¢�Öõ ýø¤ ��Â��ç� ý��õ�¢ ßþ� Âð� �îüó�� ¤¢ .´ê�þ Ý�û��¡ ´¨¢ ýÂµú� ���� �� �fµ±Æ÷ �¤�¬ ßþ�.´¨� ¤�¢¤�¡Â� ý¥�ê ´ó�� ¤¢ ö� ñ¢�ãõ �� ´±Æ÷ ýÂµÞî ´�Ô�î ¥� ���ú� ���� ,À÷�ª ñ�Þä� üãÎì



4 ÛÊê
üÈ÷�Âð ý�÷��õ-p ý�Â� ÀþÀ� ñÀõ ×þ
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78 üÈ÷�Âð ý�÷��õ-p ý�Â� ÀþÀ� ñÀõ ×þ�õÀÖõ 1-4×þ �îßþ� ñ�Þµ�� ' �î ´¨� ¤��µ¨� Âê ßþ� Â� üÈ÷�Âð ñÀõ §�¨� ,Àª ù¤�ª� Ýû �f ±ì �î ¤�Ïö�ÞûÅØä ´±Æ÷ ø ùÀ�û¢ÅþøÂ¨ ÇÈî �¤Àì �� Ý�ÖµÆõ ´±Æ÷ À�î ��¿µ÷� �¤ ý�ùÀ�û¢ÅþøÂ¨ ,ü®�Öµõö��®�Öµõ ¥� üä�Þµ�� �®�Ö� ¯�Ö÷ �îüõ�Ú�û ß��»Þû ."¢¤�¢ ùÀ�û¢ÅþøÂ¨ ö� �� �Ü¬�ê ¥� ü÷��� ���ûùÀ�û¢ÅþøÂ¨ ö��õ �û�®�Ö� ,À�î ��¿µ÷� �¤ ¢�¡ ù��¿ó¢ ¢¤�õ ýùÀ�û¢ÅþøÂ¨ ü®�Öµõ Âû ø À�ª��:À÷�ªüõ Ý�ÆÖ� �µ¨¢ À�� �� ýÂ�ð¤�Âì ö�Øõ °Æ� Â� ö��®�Öµõ .À÷�ªüõ Ý�ÆÖ�.À÷¤�À÷ ¤�Âì ö�Øõ ×þ ¤¢ ý�ùÀ�û¢ÅþøÂ¨ º�û �� �î ü÷��®�Öµõ (1.À�µÆû ö�Øõ Ýû ùÀ�û¢ÅþøÂ¨ ×þ �fÖ�ì¢ �� �î ü÷��®�Öµõ (2�� ö��®�Öµõ ý�ä�Þ¹õ ÂÚþ¢ �¤�±ä �� .¢¤�¢ ÕÜã� �ø¢ ý�µ¨¢ �� �þ ø ñø� ý�µ¨¢ �� �þ ü®�Öµõ Âû�ûùÀ�û¢ÅþøÂ¨ ß�� ñø� ùøÂð �� ¯��Âõ ý�®�Ö� ,üÈ÷�Âð ö�÷�ì Â���� .´¨� ùÀª ¥�Âê� ��� ý�µ¨¢ ø¢¤�Âì �ûö� �¤ø�¹õ ¤¢ �fÖ�ì¢ ùÀ�û¢ÅþøÂ¨ ×þ �î ÀþÂ�Ú� ÂÑ÷ ¤¢ �¤ ü÷��®�Öµõ ñ�� .¢�ªüõ Ý�ÆÖ�ö��®�Öµõ ßþ� À��îÂê .´¨� ÂÔ¬ Â��Â� ùÀª Âî£ ýùÀ�û¢ÅþøÂ¨ �� �ûö� ý�Ü¬�ê �î ý��÷�ð �� ¢¤�¢�¤ø�¹õ ¤¢ ´¨¤¢ ùÀ�û¢ÅþøÂ¨ ×þ �îßþ� ¢��ø �� �¤�¬ ßþ� ¤¢ .À��î ýøÂ�� üÈ÷�Âð ö�÷�ì ¥�.À��îüõ �ã��Âõ ��÷ ÂÚþ¢ ý�ûùÀ�û¢ÅþøÂ¨ �� Ýî ¤ÀÖ�Âû üó�Þµ�� �� ö��®�Öµõ �õa� ,¢¤�¢ ¤�Âì �ûö�ÂÑ÷ ¤¢ �ø¢ ý�µ¨¢ ö��®�Öµõ ý�Â� Â�¡� Âê ,üÈ÷�Âð ý�÷��õ-p ý�ó�bÆõ ý�Â� ÀþÀ� ñÀõ ¤¢ü�ãþ .¢Âî À�û��¡ ýøÂ�� �¤ø�¹õ ö�÷�ì ¥� �ø¢ ùøÂð ö��®�Öµõ ÂÚþ¢ �¤�±ä �� .´¨� ùÀÈ÷ �µêÂðßþÂ�×þ¢�÷ ý�Ü¬�ê ö�� üêÂÏ ¥� .Àª À�û��¡ ö�ª¢�¡ �� ùÀ�û¢ÅþøÂ¨ ßþÂ�×þ¢�÷ ü®�Öµõ �ûö�ùÀ�û¢ÅþøÂ¨ ß�Þû ¥� ö��®�Öµõ ��Þ� Å� ´¨� ÂÔ¬ Â��Â� ö��®�Öµõ ¥� �µ¨¢ ßþ� ý�Â� ,ùÀ�û¢ÅþøÂ¨.À÷�ªüõ üû¢ÅþøÂ¨



79 üÈ÷�Âð ý�÷��õ-p ý�Â� ÀþÀ� ñÀõ ×þüÈ÷�Âð ý�÷��õ-p ý�Â� ÀþÀ� ñÀõ ý���¤� 2-4�µêÂð ÂÑ÷ ¤¢ Âê ×þ �ú�� ¥� Â�è �� üÈ÷�Âð ý�÷��õ-p ý�ó�bÆõ ��®øÂÔõ ��Þ� ÀþÀ� ñÀõ ßþ� ¤¢ñÀõ ßþ� �õ .À÷�ªüÞ÷ Ý�ÆÖ� �ûùÀ�û¢ÅþøÂ¨ ÂÚþ¢ ß�� �ûùÀ�û¢ÅþøÂ¨ ö�Øõ ¤¢ �û�®�Ö� .´¨� ùÀª�¤ SSGP ñÀõ Ç¿� ßþ� ¤¢ .Ýþ�ù¢Âî ý¤�Áð��÷ 1 SSGP �þ ý¤ø�þ ¢�¡ üÈ÷�Âð ý�÷��õ-p ñÀõ �¤¤��Æ� ñÀõ ßþ� �îüþ��ö� ¥� .Ý�û¢üõ ¤�Âì ü¨¤Â� ø Û�Ü½� ¢¤�õ �¤ö� «��¡ ø Ý��îüõ ýÀ���ó�õÂêý�Â� �¤ üÜ¬� ý�ó�bÆõ Û� ý�Â� ùÀª �µêÂð ¤�î�� ý¤�Øµ�� ý�û©ø¤ ö�Þû ,´¨� üÜ¬� ñÀõ �� ��±ª.Ý�û¢üõ ¢�ú�È�� ö� Û�Âê .´¨� ùÀª �µêÂð ÂÑ÷ ¤¢ �û�Ü¬�ê ��Þ� ý�Â� ö�ÆØþ ñ�ø¥ â��� ×þ �� ÀþÀ� ñÀõ ßþ� ��ßþ� ¤¢¤¢ âì�ø ýùÀ�û¢ÅþøÂ¨ ¢�¨ �¤�¬ �� �¤ uij .Àª�� �ûùÂð ��Þ� ý�ä�Þ¹õ ,n ýù¥�À÷� ¥� N À��îi ýùÂð ¤¢ ¢���õ ü®�Öµõ �îßþ� ñ�Þµ�� ü�ãþ .Ý��îüõ ÓþÂã� i ýùÂð ¤¢ ü®�Öµõ ×þ ý�Â� j ýùÂðý�Ü¬�ê �� ¢�¨ ù¥�À÷� ßþ� .´¨� uij �� °¨��µõ ,¢�ª üû¢ÅþøÂ¨ j ýùÂð ¤¢ âì�ø ýùÀ�û¢ÅþøÂ¨ ¥�ý�ûö�Øõ �î ��ö� ¥� .¢¤�¢ üÚµÆ� j ýùÂð ¤¢ âì�ø ýùÀ�û¢ÅþøÂ¨ �Á� �¤Àì ø j ýùÂð �� i ýùÂðßØÞõ j �� i ýùÂð ý�Ü¬�ê �îßþ� ßµêÂð ÂÑ÷ �� ø ,À÷¤�¢ ü�ø�Ôµõ �Á� ø üðÀ�Èî �¤Àì ,ÓÜµ¿õÂê .Àª�� uij 6= uji �î ¢¤�¢ ¢��ø ö�Øõ� ßþ� ßþ�Â���� ,Àª�� �ø�Ôµõ i �� j ýùÂð ý�Ü¬�ê �� ´¨�ñ�Þµ�� .À÷�ªüõ ù¢�¢ ¤�Âì ��ö� ¤¢ �ûùÀ�û¢ÅþøÂ¨ �î Àª�� üþ�ûùÂð �ä�Þ¹õ ,p ýù¥�À÷� ¥� P À��î,´¨� ùÀÈ÷ ù¢�¢ ¤�Âì i ýùÂð ¤¢ �î k 2 P ýùÀ�û¢ÅþøÂ¨ Í¨�� i ýùÂð ¤¢ ü®�Öµõ ×þ �îßþ��� ´¨� Â��Â� ¢�ª üû¢ÅþøÂ¨uikPj2P uij : Self-servie gravity p-median problem1



80 üÈ÷�Âð ý�÷��õ-p ý�Â� ÀþÀ� ñÀõ ×þÍ¨�� �î wi ,(´Æ�÷ ¢���õ ��ö� ¤¢ ý�ùÀ�û¢ÅþøÂ¨ º�û �î ) i ýùÂð ¤¢ �®�Ö� Ý�ÆÖ� ßþ�Â������ ´¨� Â��Â� ,¢�ªüõ ��¹÷� k ýùÀ�û¢ÅþøÂ¨wi uikPj2P uij :ýùÀ�û¢ÅþøÂ¨ �� ö��®�Öµõ ��Þ� Í¨�� ùÀª üÏ ý�Ü¬�ê Ûî ,SSGP ñÀõ ý�Â� f(P ) éÀû â����� ´¨� Â��Â� ,P ýùÀ�û¢ÅþøÂ¨ �ä�Þ¹õ ×þ ý�Â� ,ö�ªÂÑ÷ ¢¤�õf(P ) =Pi2N�P Pk2P widik uikPj2P uij =Pi2N�P � wiPj2P uij Pk2P uikdik�=Pi2N�P �wiPk2P uikdikPk2P uik �
¥� ´¨� �¤�±ä SSGP �þ ý¤ø�þ ¢�¡ üÈ÷�Âð ý�÷��õ-p ñÀõ ßþ�Â����minP 8<: f(P ) = Xi2N�P "wiPk2P uikdikPk2P uik #9=; (1-4)

SSGP ñÀõ ý�ûüðÄþø 3-4ø ¢¤�À÷�µ¨� üÈ÷�Âð ý�÷��õ-p ý�ó�bÆõ ø ¢¤�À÷�µ¨� ý�÷��õ-p ý�ó�bÆõ ý�Â� éÀû â���� À��î Âê:À÷�ª ÓþÂã� Âþ¥ �¤�¬ �� °��Â� �� SSGPfmin(P ) = Xi2N wimink fdikg ;



81 üÈ÷�Âð ý�÷��õ-p ý�Â� ÀþÀ� ñÀõ ×þ
minP f(P ) = Xi2N "wiPk2P uikdikPk2P uik # ;SSGP (P ) = Xi2N�P "wiPk2P uikdikPk2P uik # : �¤�¬ ßþ� ¤¢ÀþÀ� ñÀõ ø ¢¤�À÷�µ¨� üÈ÷�Âð ý�÷��õ-p ,¢¤�À÷�µ¨� ý�÷��õ-p Û��Æõ éÀû â���� Âð� 1.4 ��aÌìÇþ�Þ÷ fSSGP (P ) ø f(P ) ,fmin(P ) �� °��Â� �� �¤ �ûùÀ�û¢ÅþøÂ¨ ¥� P ý�ä�Þ¹õ×þ ý�Â� SSGPù�ðö� ,Ý�û¢fmin(P ) � fSSGP (P ) � f(P ) :

ßþ�Â���� ,fSSGP (P ) = 0 Ýþ¤�¢ i 2 P Âû ý�Â� SSGP ñÀõ ¤¢ ö�� .��±��fSSGP (P ) = Pi2N�P �wiPk2P uikdikPk2P uik �= Pi2N �wi uikdikPk2P uik � �Pi2N �wi uikmindikPk2P uik �= Pi2N wiminkfdikg = fmin(P ) : (2-4):Ýþ¤�¢ ñøa� ýø�Æõ�÷ ø 3-2 ¥� ù¢�Ôµ¨� �� �øa¢ ýø�Æõ�÷ ý�Â�fSSGP (P ) = Pi2N�P �wiPk2P uikdikPk2P uik �= Pi2N �wi uikdikPk2P uik � �Pi2N �wiPk2P uikmink2P fdikgPk2P uik �= Pi2N wimink2Pfdikg = fmin(P ) : (3-4)2 .´¨� ù¢�¨ ¤��Æ� Âþ¥ Ýó ��±��



82 üÈ÷�Âð ý�÷��õ-p ý�Â� ÀþÀ� ñÀõ ×þý�÷��õ-1 ý�ó�bÆõ ñ¢�ãõ ,P = 1 ý�Â� SSGP �þ ý¤ø�þ ¢�¡ üÈ÷�Âð ý�÷��õ-p ý�ó�bÆõ 1.4 Ýó.´¨� ¢¤�À÷�µ¨� ý�÷��õ-1 ý�ó�bÆõ ß��»Þû ø ¢¤�À÷�µ¨� üÈ÷�Âð
,Àª�� ¢¤�À÷�µ¨� üÈ÷�Âð ý�÷��õ-P ý�ó�bÆõ ý�Â� ���ú� ���� ×þ P 2 N À��î Âê 2.4 ��aÌì.´¨� SSGP ý�Â� ���ú� ���� ×þ P �¤�¬ ßþ� ¤¢¤¢ ,Àª�� ¢¤�À÷�µ¨� üÈ÷�Âð ý�÷��õ-P ý�ó�bÆõ ý�Â� ���ú� ���� ×þ P 2 N À��î Âê .��±��´ª�¢ Ý�û��¡ �¤�¬ ßþ�f(P ) = minP �f(P ) =Pi2N �wi uikdikPk2P uik ��= minP �f(P ) =Pi2N�P �wi uikdikPk2P uik �+Pi2P �wi uikdikPk2P uik ��= minP �Pi2N�P �wi uikdikPk2P uik ��+minP �Pi2P �wi uikdikPk2P uik ��= minP fSSGP +minP �Pi2P �wi uikdikPk2P uik �� : (4-4)
ý�ä�Þ¹õ ÂÚþ¢ �¤�±ä �� .´¨� ùÀª ���Þî P ü��¿µ÷� ý�ä�Þ¹õ ý�¥� �� SSGP éÀû â��� ,ü�ãþ2 .´Æû ��÷ SSGP ý�Â� ���ú� ���� ×þ ,�Ø±ª ý�ûùÂð Ûõ�ª Pý�ä�Þ¹õ ü�ãþ ´¨� üÞ�Ø� ´�a¬�¡ ý¤�ÂìÂ� 2.4 ý��Ìì ý¤�ÂìÂ� ý�Â� �¥� ¯Âª ¢�ª ´ì¢G = (N;E) ý�Ø±ª ¤¢ N ý�ä�Þ¹õ ¥� ùÂð p Ûõ�ª üÈ÷�Âð ý�÷��õ-p ý�ó�bÆõ ý�Â� ���ú� ����.Àª�±÷ ñ�þ ý�úµ÷� �þ �Àµ�� ¥� Â�è�� �ûñ�þ ýø¤ ý�ùÂð Ûõ�ª ,P ,���� ý�ä�Þ¹õ ÂÚþ¢ �¤�±ä �� .Àª����Ö�Ö½� �� �¤ Âõ� ßþ� ø ¢Âî ÂÑ÷ ¤�úÒ� 2.4ý��Ìì ÅØä ¢¤�õ ¤¢ ö���üÞ÷ Â®�� ñ�� ¤¢ 1.4 ÂîÁ�.Ý��îüõ ñ�î�õ ùÀ�þ�



83 üÈ÷�Âð ý�÷��õ-p ý�Â� ÀþÀ� ñÀõ ×þý¤�Øµ�� ©ø¤ �� SSGP ý�ÜÆb õ Û� 4-4ùÀª Û� ���� ý�¹µÆ� ø Çû�î ßþÂ�âþÂ¨ ý¤�Øµ�� ©ø¤ ø¢ ¥� ù¢�Ôµ¨� �� üÈ÷�Âð ý�÷��õ-p ý�ó�bÆõý�Â� ℄37[�¤�� ø �µ�� Í¨�� �î Çû�î ßþÂµãþÂ¨ Ýµþ¤�Úó� ¥� ñ�·õ ×þ °ó�ì ¤¢ �õ ´ÞÆì ßþ� ¤¢ .´¨�.Ý��îüõ ù¢�Ôµ¨� SSGP ý�ó�bÆõ Û� ¤¢ ,´¨� ùÀª ¢�ú�È�� ¢¤�À÷�µ¨� ý�÷��õ-p �ó�bÆõ Û�.uik = 1=(d2ik + 1) �� ´¨� Â��Â� ¢�¨ â��� À��î Âê .ÀþÂ�Ú� ÂÑ÷ ¤¢ �¤ 2.2 ñ�·õ �f¢Àa¹õ 1.4 ñ�·õ�¤�¬ �� ¢¤�À÷�µ¨� ý�÷��õ-pý�ó�bÆõ ý�Â� Çû�î ßþÂµãþÂ¨ Ýµþ¤�Úó� .�k = 1 À��î Âê ß��»Þû:´¨� Âþ¥.ÀþÂ�Ú� ÂÑ÷ ¤¢ p ýù¥�À÷� ¥�,�ûùÀ�û¢ÅþøÂ¨ ý�Â� üê¢�Ê� ö�Øõ p ¥� ý��ä�Þ¹õ (1ý�ùÀ�û¢ÅþøÂ¨ �� �¤ P ý�ä�Þ¹õ ¤¢ ý�ùÀ�û¢ÅþøÂ¨ üþ������ ¥� ßØÞõ ´ó�� p(n�p) ��Þ� (2.À��î ü¨¤Â� ,´Æ�÷ ¢���õ P ¤¢ �î�� ø À��î ü÷�¨¤¥ø ¤�� �¤ P ý�ä�Þ¹õ ù�ðö� Àª éÀû â��� ¢�±ú� ¶ä�� üþ������ ×þ Âð� (3.ÀþøÂ� 2 ý�Ü�Âõ���� ö���ä�� P ßþÂ¡� ¤¢ ,À÷ÀÈ÷ éÀû â��� ¤�ÀÖõ ¤¢ ¢�±ú� ¶ä�� p ¤¢ �ûüþ������ ��Þ� Âð� (4.À��î Óì��¸þ�µ÷ 4-4 ñøÀ� .Ýþ�ù¢Âî ý¥�¨ ù¢���MATLAB7:1 üÆþ�÷ �õ�÷Â� ö��¥ ¥� ù¢�Ôµ¨� �� �¤ Ýµþ¤�Úó� �õ.Àû¢üõ Çþ�Þ÷ �¤ 2.2 ñ�·õ ý�ûù¢�¢ �� Ýµþ¤�Úó� ßþ� ý�Â�� ¥� Û¬��ñÀõ ý�Â� �¤ ùÀ�û¢ÅþøÂ¨ ø¢ ö�Øõ Ý�û��¡üõ À��î Âê .ÀþÂ�Ú� ÂÑ÷ ¤¢ �¤ 2-4 ÛØª ñ��#1§�b¤ ýø¤ ùÀ�û¢ÅþøÂ¨ ß�óø� �î ´¨� ¼®�ø ���Èõ ¤�Î� .Ý����� ñ�·õ ßþ� ¤¢ SSGP ø üÈ÷�Âð
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node2w = 1 w = 1node3
node1w = 5

1 1
1SSGP ñÀõ �� ùÀª Û� ñ�·õ :1-4 ÛØª

üÞ�Ø� ´�¬�¡ ¢��ø �Àä �þ ¢��ø ü¨¤Â� ý�Â� ñ�·õ :2-4 ÛØª



85 üÈ÷�Âð ý�÷��õ-p ý�Â� ÀþÀ� ñÀõ ×þ¤¢ .Àª�� �µª�¢ ¤�Âì #2§�b¤ ýø¤ ùÀ�û¢ÅþøÂ¨ ß�õø¢ ,üÞ�Ø� ´�¬�¡ Â���� À��î Âê .¢¤�¢ ¤�Âìýø¤ �ø¢ ýùÀ�û¢ÅþøÂ¨ Âð� . 4=277�� ´¨� Â��Â� üÈ÷�Âð ñÀõ ý�Â� éÀû â��� ¤�ÀÖõ �¤�Ê�þ��µêÂð 2.2 ñ�·õ ¥� �î ü¹þ�µ÷ �� .4=66 �� ´¨� Â��Â� éÀû â��� ¤�ÀÖõ ù�ðö� Àª�� �µª�¢ ¤�Âì #3§�b¤ø ��¨ ø �ø¢ ýùÀ�û¢ÅþøÂ¨ ß���õ ,�ø¢ ýùÀ�û¢ÅþøÂ¨ ý���ú� ö�Øõ �î ¢Âî ¯�±�µ¨� ö���üõ Àª¤¢ �f±þÂÖ� üóø ´¨� ÂµÞî 4=66 ø 4=277 Âþ¢�Öõ ýø¢ Âû ¥� éÀû â��� ¤�ÀÖõ ßþ�Â���� .´¨� ñ�þ ýø¤.´¨� Âþ¢�Öõ ß�Þû é�ÂÏ� ý�ù¥��ýùÀ�û¢ÅþøÂ¨ À��îÂê .Ý��îüõ Û� SSGP ñÀõ ý�û´þ¢øÀ½õ ø ��®øÂÔõ �� �¤ �ó�bÆõ ßþ� ñ��´¨� Â��Â� SSGP ñÀõ éÀû â��� ¤�ÀÖõ �¤�¬ßþ� ¤¢ .Àª�� �µª�¢ ¤�Âì #2§�b¤ ýø¤ ñÀõ ßþ� ¤¢ �ø¢ñÀõ éÀû â��� ¤�ÀÖõ ù�ðö� ¢Â�ð ¤�Âì #3§�b¤ ýø¤ �ø¢ ýùÀ�û¢ÅþøÂ¨ Âð� ���Èõ ¤�Ï�� .1=28 ��ù¢�¢ ö�È÷ �f ±ì .À��î ùÀû�Èõ �¤ 4-4 ÛØª ÂÚþ¢ ñ�·õ ×þ ö���ä �� .2=66 �� ´¨� Â��Â� ¤�îÁõSSGP ñÀõ ¤¢ éÀû â��� Âþ¢�Öõ �õ .¢Â�ðüõ ¤�Âì #1§�b¤ ýø¤ ñø� ýùÀ�û¢ÅþøÂ¨ �î ´¨� ùÀª´ì¢ �� .Ýþ�ù¢�¢ Çþ�Þ÷ 4.4 ñøÀ� ¤¢ ø ù¢Âî �±¨�½õ �ø¢ ýùÀ�û¢ÅþøÂ¨ ÓÜµ¿õ ý�ûö�Øõ ý�Â� �¤.Àª�� ¤�ÂìÂ� SSGP ñÀõ ý�Â� üÞ�Ø� ´�¬�¡ ´¨� ßØÞõ �î ¢¥ §À� ö���üõ ��� ý�ûñ�·õ ¤¢Standared p-median Gravity p-median SSGPP(optimal solution) f#1,#2 g or f#1, #3 g f1, midpoint between #2, #3 g f1, #2 or #3 gObjetive funtion 1 1.6246 1�ûùÀ�û¢ÅþøÂ¨ ý�Â� üÔ�î ý�ûù¥�À÷� ß�Ú÷��õ :1.4 ñøÀ�
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node2w = 1 w = 2node3
node1w = 5

1 1
1SSGP ñÀõ �� ùÀª Û� ñ�·õ :3-4 ÛØªùÀ�þ� ý�û¤�î ø ��¢�ú�È�� 5-4�÷��õ-p ý�ó�bÆõ ý�Â� �î ´¨� ü®�þ¤ ü���÷�Øõ ý�ûñÀõ ßþÂ�Ûõ�î ¥� üØþ üÈ÷�Âð ý�÷��õ-p ñÀõÝî ¤ÀÖ�Âû üó�Þµ�� �� �� Àû¢ üõ �¤ ö�Øõ� ßþ� ö��®�Öµõ �� �î ´¨� ùÀª ���¤� ö� ý¢�Êµì� °ó�ì ¤¢.À��î ¤��µ¡� ýÂ�ðÅþøÂ¨ ý�Â� �¤ ¢�¡ ý�ì�ä ¢¤�õ ö�Øõ �õ��¤ ý¥�¨ ÝÞ���õ éÀû â��� �ú�� �÷ �î ¢Âî ¢�¹þ� ñÀõ ¤¢ ü��Â��ç� ö���üõ Íþ�Âª ö¢Âî ¢øÀ½õ ��.À�îüõ À�ó�� ��óø� ñÀõ �� ´±Æ÷ ü�ø�Ôµõ ý�û���� �ä�Þ¹õ �ØÜ� ÀÈ¿�üõ ¢�±ú�éÂ¬ .´¨� ùÀª �µêÂð ¤�Âì ü¨¤Â� ¢¤�õ Û� ©ø¤ à�½ó ¥� Ýû ø éÀû â��� ÂÑ÷ ¥� Ýû �ó�bÆõ ßþ�ö��®�Öµõ ��¿µ÷� ö¢Âî ¢øÀ½õ �� ø Ýþ�ù¢�¢ ¤�Âì ü¨¤Â� ´½� �¤ �ó�bÆõ éÀû â��� �ú�� �õ ,ý¥�ê Àþ¢ ¥� ÂÑ÷

�ø¢ ýùÀ�û¢ÅþøÂ¨ ö�Øõ #3 #2 ��¨ ø �ø¢ ýùÂð ¥� 12 ý�Ü¬�ê �� �ø¢ ýùÂð ¥� 23 ø ��¨ ýùÂð ¥� 13 ý�Ü¬�ê ��SSGP éÀû â��� ¤�ÀÖõ 1 2 2=07 1=37�ûùÀ�û¢ÅþøÂ¨ ÓÜµ¿õ ý�ûö�Øõ ý�Â� SSGP éÀû â��� Âþ¢�Öõ :2.4 ñøÀ�



87 ùÀ�þ� ý�û¤�î ø ��¢�ú�È��Ýµþ¤�Úó� ×þ �� �¤ �ó�bÆõ Û� ©ø¤ ,ùÀ�þ� ��Ö�Ö½� ö���ä �� Ýþ¤�¢ ÀÊì �õ .Ýþ¢�¢ ���¤� ÀþÀ� ñÀõ ×þéÀû â��� ÂãÖ� ø �À½� ¢¤�õ ¤¢ ø Ý�È¿±� ¢�±ú� ö�þ¢�Âð ø üµú� ��ÖµÈõ ¥� ù¢�Ôµ¨� �� �þ ý¤�Øµ��ö�Øõ ý�Â� üÞ�Ø� üðÄþø ßµª�Áð ¢�¥� ß��»Þû ø �µ¨��� ý�Ìê ¤¢ �ó�bÆõ ü¨¤Â� .Ý��î ¶½� ÂµÈ��öÀ÷�¨¤ �¹�µ÷ �� üóøÉ¿Èõ ý¢øÀ� �� �ûö� °ó�ì �î ´¨� üÜ��Æõ ÂÚþ¢ ¥� �ûùÀ�û¢ÅþøÂ¨ ý���ú���Ö�Ö½� ¤¢ �î ´¨� ýÂµÈ�� ö�õ¥ éÂ¬ ø �ãó�Îõ ��ÜµÆõ ö�È��Ö�Ö½� ø ��ãó�Îõ ßµ¡�¨ À�ÞêÀû ø.Ýþ¥�¢Â�üõ ö� �� ýÀã��� �ó�bÆõ Û�Ü½� ø �ãó�Îõ ñ�·õ ý�Â� .´¨� ý¤��Æ� ü��Ö�Ö½� ©¥¤� ý�¤�¢ ��÷ ý¥�ê Àþ¢ ¥� �ó�bÆõ.´¨� ùÀþ�êÂ� ø Ç¿� �¹�µ÷ �õ� ÛØÈõ ý¤�î �fÂû�Ò ý¥�ê ý�ûñ�þ�ø¢ ýùÀ�û¢ÅþøÂ¨ ö�Øõ #2 #1 ñø� ýùÂð ¥� 34 ø �ø¢ ýùÂð ¥� 14 ý�Ü¬�ê ��SSGP éÀû â��� ¤�ÀÖõ 1=28 2=66 1=522� 4 ÛØª ý�ûùÀ�û¢ÅþøÂ¨ ÓÜµ¿õ ý�ûö�Øõ ý�Â� SSGP éÀû â��� Âþ¢�Öõ :3.4 ñøÀ�
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�ø¢ ýùÀ�û¢ÅþøÂ¨ ö�Øõ #3 #2 ��¨ ø �ø¢ ýùÂð ¥� 12 ý�Ü¬�ê �� �ø¢ ýùÂð ¥� 23 ø ��¨ ýùÂð ¥� 13 ý�Ü¬�ê ��SSGP éÀû â��� ¤�ÀÖõ 1 2 2=07 1=37�ûùÀ�û¢ÅþøÂ¨ ÓÜµ¿õ ý�ûö�Øõ ý�Â� SSGP éÀû â��� Âþ¢�Öõ :4.4 ñøÀ�



A´¨���
â��Âõ

89



�õ�÷��µî
[1℄ Bell, D.R., Ho, T.-H., Tang, C.S., 1998. "Determining where to shop:Fixed and variableost of shopping." Journal of Marketing Researh 35, 352-370.[2℄ Current, J., Daskin, M., Shilling, D., 2002. "Disrete Network Loation Models.". In:Drezner, Z., Hamakher, H.W. (Eds), Faility loation: Appliations and Theory, pp.81-118 (Chapter 3).[3℄ Drezner, T., Drezner, Z., 2007. "The gravity p-median model." European Journal ofOperational researh 179, 1239-1251.[4℄ Drezner, T., Drezner, Z., 2001. "A note on applying the gravity rule to the airline hubproblem." Journal of Regional Siene 41, 67-73.[5℄ Drezner, T. 1994. "Loating a single new faility among existing unequally attrativefailities". Journal of Regional Siene, vol. 34, pp.237-252.[6℄ Drezner, T., Drezner, Z., 1997 "Replaing diseret demand with ontinuous demand ina ompetitive faility loation problem." Naval Researh Logistis 44, 81-9590



91 â��Âõ[7℄ Drezner, T., Drezner, Z., 1996 "Competitive Failities: Market Share and Loation WithRandom Utility". Journal of Regional Siene, Vol 36, No 1 pp.1-15.[8℄ Drezner Z., H. Hamaher,. 1995 "Faility loation: A Survey of Appliation and Meth-ods", Springer-Verlage, Berlin.[9℄ Drezner, T. 1994. "Optimal Continuous Loation of a Retail Faility, Faility Attrative-ness, and Market Share: an Interative Model", Journal of Retailing, 70, 49-64.[10℄ Drezner, T., Drezner, Z. 1998 "Loation of Multiple Retail Failities in a ContinuousSpae", Journal of Retailing and Consumer Servies, Vol 5(3), 173-189.[11℄ Eiselt, H. A., G. Laporte., 1995. "Objetives in Loation Problems" In: Drezner, Z.(Ed.), Faility loation: "A Survey of Appliations and Methods." Springer, New York.[12℄ Franis, R. L., L. F. MGinnis, Jr., and J. A. White. (1992) "Faility Layout andLoation: An Analytial Approah", 2nd ed.," Prentie Hall.[13℄ Goodhild, M.F. "ILACS: Loation Alloation Model for Retail Site Seletion".Journal of Retailing, 60, 1984, pp. 84-100.[14℄ Hakimi,S.L., 1964. "Optimal loation of swithing enter and the absolute en-ters and the absolute medians of a graph". Operations Researh 12, 450-459.



92 â��Âõ[15℄ Hakimi,S.L., 1965."Optimal distibrution of swithing enters in a ommuni-ation network and some related theoreti graph theoreti problems".OperationResearh13, 462-475.[16℄ Handler, G.Y., Mirhandani, P.B., 1979. " Loation on Networks: Theory andAlgorithms" M.I.T. Press, Cambridge, MA.[17℄ Hansen, P., M. Labbe, D. Peeters, and J. F. Thisse. 1987 "Single faility loationon networks." Annals of Disrete Math 31, 113-146.[18℄ Herrera, F., Verdegey, J.L. 1995. "Three models of fuzzy integer programming". European J. Oper. Res. 83. 581-593.[19℄ Hotelling, H. 1929. "Stability in Competition", Eonomi Journal, Vol. 39, pp41-57.[20℄ Hu�, D. L., 1964. "De�ning and Estimating a Trade Area." Journal of Market-ing 28 34-38.[21℄ Hu�, D. L., 1966. "A Programmed solution for approximating an optimum retailloation." Land Eonomis 42 293-303.[22℄ Jane, A.K. and Mahajan, V. 1979 "Evaluating the Competitive Environment inRetailing using multipliative omprtitive interative Model". Researh in Mar-keting, v2, pp. 217-235.



93 â��Âõ[23℄ Jose A. Moreno Perez, J. Maros Moreno Vega, Jose L. Verdegay., 2004. "Fuzzyloation problems on networks",Fuzzy sets and Systems 142. 393-405.[24℄ Karive, O., Hakimi, S.L., 1979."An algorithmi approah to network loationproblems. Part I: The p-enters." SIAM Journal of Applied Mathematis 37, 513-538.[25℄ Karive, O., Hakimi, S.L., 1979."An algorithmi approah to network loationproblems. Part II: The p-median." SIAM Journal of Applied Mathematis 37,539-560.[26℄ Kaufman, A., 1973 "Introdution a la theorie des Sous-emsembles". Flous,Vol.I,Masson et Cie.[27℄ Krarup, J. and P. M. Pruzan, (1983) "The simple plant loation problem: Sur-vey and synthesis." European Journal of Operational Researh 12, 36-81.[28℄ Mirhandani, P. B. and R. Franis. 1990. Disrete Loation Theory. J.Wiley.
[29℄ Nakanishi, M., Cooper, L.G., 1974. "Parameter estimate for multipliative in-terative hoie model: Least square approah." Journal of Marketing Researh11, 303-311.



94 â��Âõ[30℄ Nayeem, S.M.A., Pal, M., 2008. "The p-enter problem on fuzzy networks andredution of ost." Iranian Journal of fuzzy systems Vol. 5,No. 1,pp. 1-26.[31℄ Owen, S. H. and M. S. Daskin, 1998. "Strategi faility loation: A review."European Journal of Operational Researh 111, 423-447.[32℄ Parker, B.R. and Srinivasan, V. 1976. "A Consumer Preferene Approah tothe Planning of Rural Primary health-Care Failities",operation Researh, 24, pp.991-1029.[33℄ ReVelle, C.S, Swain, R.W., 1970 . "Centeral failities loation,"GeographialAnalysis 2, 30-42. Submitted for Publiation.[34℄ Rosenfeld, A., 1975. "Fuzzy graph in: L.A Zadeh, K.S Fu, K.Tanaka andM.shimura(eds)",Fuzzy Sets and Their Appliations to Cognitive and DeisionProesses, Aademi Press, New York., pp. 77-97.[35℄ Serra, D., ReVella, C., 1996. "Competitive Loation in Networks." in: Drezner,Z. (eD.), Faility Loation: "A Survey of Appliations and Methods.", Springer",New York.[36℄ Saparra, M. P., and M. G. Sutella. 2001. "Failities, loations, ustomers:Building bloks of loation models: A survey." Thehnial Report: tr-0118, Uni-versity of Piza, Italy.



95 â��Âõ[37℄ Teitz, M.B., Bart, P., 1968. "Heuristi methods for estimating the generalizedvertex median of a weighted graph." Operations Researh 16. 955-961.[38℄ Zadeh, L.A., 1965. "Fuzzy set" , Information and ontorol, 8 338-353.üµã�¬ ù�ÚÈ÷�¢ ,Àª¤� ü¨��ª¤�î �õ�÷ ö�þ�� ,"ý¥�ê ü���÷�Øõ',(1387) ,.� , ý¤À�� ℄39[.¢øÂû�ª



B´¨���
�õ�÷ ù��ø

96



97 �õ�÷ ù��ø
üÆ�ÜÚ÷� �� ü¨¤�ê ý�õ�÷ ù��ø�� ut : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ©Â� �Ôó�Assessment : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ü��þ¥ ¤�Heuristi : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ý¤�Øµ��Fuzzy numbers : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ý¥�ê ¢�Àä�F lat fuzzy numbers : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ¼ÎÆõ ý¥�ê ¢�Àä�Interval numbers : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ý��Ü¬�ê ¢�Àä�Possibility : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ö�Øõ�Linear Programing : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : üÎ¡ ý�þ¤�õ�÷Â�Prodution Funtion : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : À�ó�� â���Ranking funtion: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ýÀ�� �±�¤ â���Conave funtion: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ÂãÖõ â���Objetive funtion : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : éÀû â���Alloation : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : É�Ê¿�Optimal solution : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ���ú� ����Feasible solution : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ü÷Àª ����V ertex: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : §�b¤Faility : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ùÀ�û¢ÅþøÂ¨



98 �õ�÷ ù��øNetwork : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : �Ø±ªRandom Fators : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : üê¢�Ê� Ûõ��äFuzzy : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ý¥�êCrisp : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : üãÎìMinisum: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : á�Þ¹õ ßþÂµÞîGraph : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : é�ÂðNode : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ùÂðConvex : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : �À½õConstraint : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ´þ¢øÀ½õSet : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : �ä�Þ¹õFuzzy set : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ý¥�ê �ä�Þ¹õModeling : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ýÀ��ñÀõConave : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ÂãÖõLoation : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ü���÷�ØõSingle faility loation : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ý��Ü�¨ø ×� ü���÷�ØõGravityloation : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : üµ��ì¤ ü���÷�ØõMaximal overing loation : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ���È�� Çª�� ü���÷�Øõp�Median loation : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : �÷��õ-p ü���÷�ØõFuzzy loation : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ý¥�ê ü���÷�ØõLoation � alloation: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : É�Ê¿� ø ü���÷�Øõ



99 �õ�÷ ù��øFuzzy logi: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ý¥�ê ÕÎ�õCase study : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ý¢¤�õ ý�ãó�ÎõMinimax : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : Åî�Þ���õDemand Point: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : �®�Ö� ý�ÎÖ÷Edge : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ñ�þ



C´¨���
ü��±Ôó� ´¨Âúê

100



Abstrat
Faility loation models deal mainly with the loation of plants, warehouses and otherindustrial failities. One branh of loation theory deals with the loation of retail andother ommerial failities whih operate in a ompetitive environment. The failities om-pete for ustomes and market share, with a pro�t maximization objetive. Therefore itsinteresting to reognize e�etive key variabales in a ustomer hoie of seleted failities.The ustomary objetive funtion to be maximized is the market share aptured by thefailities. All opetitive loation models attempt to estimate the market share apturedby eah ompeting faility in orther to optimize its loation. The best loation for a newfaility is at the point at whih its market share is maximized. Initial models rely on some"normative assumption" regarding onsumer travel behaviour. The simplest model isbased on the "nearest-enter" (in some literature "approximity assumption") hy-pothesis; i.e.,onsumer patronise the nearest outlet that provides the required good orservie. One of these models is the standard p-median model. A ruial assumption inthe standard p-median problem is that every ustomer selets the faility losest to him.It is also impliitly assumed that all failities are equally attrative. This may be a validassumption if ustomers are direted by a entral ommand to the losest faility, or when



ustomers have omplete information about distanes and selet the faility in a rationalmanner. In reality this is seldom the ase for all ustomers. When the failities are notequally attrative, the proximity assumption for alloation is not longer valid. In this aseustomers base their hoie of a faility on faility attrativeness whih is represented bya utility funtion. This utility funtion is omposite of faility attributes and the distaneto the faility. It is asserted that the probability that a ustomer patronizes a store (or ashopping mall) is proportional to the store's oor area and inversly proportional to somepower of the distane to the store. It is usually assumed that ustomers not only aresabout whih shop is losest but also onsider other variables in making their deision topatronize a partiular establishment. Rather than being attrated to the losest faility,ustomers are attrated to the faility with the highest utility. In fat the proximity as-sumption is replaed with another: a more realisti one. The �rst model that allowedustomers to trade of the ost of travel with the attrativeness of alternating shoppingopportunities is in "Low of Retail Gravitation" based on Newton's Low of Gravitation.Reently the Low of Retail Gravity is used for p-median problem and is re�ered as thegravity p-median problem. In this thesis we want to analyse the models based on thegravitation and the gravity p-median problems speially.



Keywords: p-Median; Competitive Faility Loation; Gravity; Hu�; Loation-lloation



Shahrood University of TehnologyFaulty of Mathematis
subjet

The gravity p-median model
Student: Massoud Karami

Supervisors:Dr. Ahmad Nezakati Reza ZadehDr. Jafar Fathali



August or September 2009


