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2 ü���÷�Øõù�Ú÷� .Ý��îüõ üêÂãõ �¤ ö� ý�û¢Â�¤�î ø ü���÷�Øõ Û��Æõ ü¿þ¤�� �b ��õ¥ ø ���¤�� �Àµ�� ÛÊê ßþ� ¤¢.Ýþ¥�¢Â�üõ (�îÂõ �ó�bÆõ ø �÷��õ �ó�bÆõ) ü���÷�Øõ Ýúõ �ó�bÆõ ø¢ üêÂãõ ���õÀÖõ 1.1ø ,¢¤�¢ ÓÜµ¿õ ��Üä ø �û�µª¤ ¤¢ ý¢�þ¥ ¢Â�¤�î ù¥øÂõ� �î ´¨� üÞúõ Û��Æõ �ÜÞ� ¥� ü���÷�Øõ Û��ÆõöÂì �� �¤ ü���÷�Øõ �ó�bÆõ Çþ�À�� .´¨� ùÀ�¨¤ ��� �� ���õ¥ ßþ� ¤¢ ü÷�ø�Âê ���Öõ Â�¡� ý�û�û¢ ¤¢:¢Âî �ÂÎõ �¤ Âþ¥ �ó�bÆõ 1�õÂê �î ü÷�õ¥ ,À�û¢üõ ´±Æ÷ ý¢��õ ÝûÀÔû�¨ �� �û�Ü¬�ê á�Þ¹õ �î À����� ý��÷�Ú� �¤ �¤�ú� �ÎÖ÷ ,´¨� ùÀª ù¢�¢ �½Ô¬ ¤¢ �ÎÖ÷ �¨ À��î Âêß�Þû �� ,Àª Û� 2üÜ»þ¤�� Í¨�� ��ó�µþ� ¤¢ 1640 ñ�¨ ¤¢ �ó�bÆõ ßþ� .¢�ª ÝÞ���õ ùÀª ù¢�¢ �ÎÖ÷Í¨�� 1909 ñ�¨ ¤¢ ö¤Àõ ü���÷�Øõ ÝÜä ¤¢ ��ãó�Îõ .À�õ�÷üõ üÜ»þ¤�� �ÎÖ÷ �¤ �ÎÖ÷ ßþ� Û�ó¢�� ö� �Ü¬�ê á�Þ¹õ �î �¤ ùÀ�û¢ ÅþøÂ¨ ×þ ö�Øõ ö¢Âî �À�� �ó�bÆõ ø� .℄96[Àª ý�þ¤ �þ�� 3Â�øÂ� ýÀ� ��Ö�Ö½� .¢�¢ ¤�Âì ü¨¤Â� ¢¤�õ ø ù¢�Þ÷ üêÂãõ �¤ Àª�� ßØÞõ ¤�ÀÖõ ßþÂµÞî ýÂµÈõ À��ýø¤ �ãó�Îõ Àã� �� ö�õ¥ ö� ¥� ø ,Àª áøÂª ℄39[ üÞ�Ø� Í¨�� 1964 ñ�¨ ¤¢ ü���÷�Øõ Û��Æõ ýø¤ö�Øõ ßµê�þ ¤�Ñ�õ �� �¤ �Ø±ª ýø¤ Â� ü���÷�Øõ �ó�bÆõ üÞ�Ø� .Àª ýÀþÀ� �Ü�Âõ ¢¤�ø Û��Æõ ßþ�,éÀû �� öÀ�¨¤ ý�Â� ø� .¢�¢ ¤�Âì ù¢�Ôµ¨� ¢¤�õ ýÂúª ÕÏ��õ ø �úû�Âð¤�� ¤¢ Å�Ü� ý�û´Èð ���ú�¥� ÂµÈ�� �ûùÀ�û¢ ÅþøÂ¨ ¢�Àã� Âð� �î ¢Âî Âê ø� ,¢Âî �ÂÎõ Â�üÜî ´ó�� ¤¢ �¤ ü���÷�Øõ �ó�bÆõø� �� �¤ �Ü¬�ê ßþÂµÞî �î À��îüõ ��¿µ÷� �¤ üÆî �ûùÀ�û¢ÅþøÂ¨ ß�� ¥� �ûýÂµÈõ ßþ�Â���� Àª�� üØþýÀ���Ö±Ï ß�óø� ,À÷�ù¢Âî ýÀ�� �Ö±Ï �¤ ü���÷�Øõ Û��Æõ ÓÜµ¿õ ý�ûñÀõ ¢�Âê� ¥� üÌã� .À�ª���µª�¢ýÂÚþ¢ ý�ûýÀ���Ö±Ï ß��»Þû .Àª ���¤� ℄37[5ü÷�À��Â�õ ø 4ÂóÀ�û Í¨�� ü���÷�Øõ ÓÜµ¿õ ý�ûñÀõFermat1Torrielli2Weber3Handler4Mirhandani5



3 ü���÷�Øõ,℄63[ 9Å�Æ÷�Âê ø ü÷�À��Â�õ .℄41[ö�¤�ØÞû ø 8Å÷�û ,℄59[7 ö¥øÂ� ø 6 �ø¤�Âî Í¨�� ���õ¥ ßþ� ¤¢15Â¡�õ�û ø 14Â÷¥ ¤¢ ø ℄86[ 13���Ø¨� ø 12�¤���Ø¨� ,℄72[ 11ß�Ø¨¢ ø 10öø�e ,℄27[ ö�¤�ØÞû ø Å�Æ÷�Âê×þ ¤¢ �¤ ü���÷�Øõ Û��Æõ ¢¤�õ ¤¢ ÓÜµ¿õ ý�û�ó�Öõ ¥� üµÆ�ó ℄36[ 16ñ�û .´¨� ùÀª ��¹÷� ℄20[.´¨� ù¢Âî ý¤ø� âÞ� üµ÷Âµ�þ� ´þ�¨üÊ¿Èõ ý�ú÷�Øõ ß��ã� ý�Â� ¯�Ö÷ ¥� �ä�Þ¹õ×þ ��¿µ÷� üÚ÷�Ú� �� �û�Ø±ª ýø¤ ü���÷�Øõ Û��Æõ¥� ù¢�Ôµ¨� �� ø ÓÜµ¿õ ý�û¤��ãõ ö¢¥ ß�Þ¿� �� Û��Æõ ßþ� ¤¢ �õ ´Ö�Ö� ¤¢ .À÷¥�¢Â�üõ �Ø±ª ¤¢ü���÷�Øõ Û��Æõ ¤¢ ßþ�Â���� .Ý��îüõ ù¢¤ø�Â� �¤ �ûýÂµÈõ ý�û¥��÷ ���ú� ¤�Î� ,�ûÀ�ì ¥� üÊ¿Èõ �ä�Þ¹õý�ûùÀ��î ù¢�Ôµ¨� �î À�µÆû üÏ�Ö÷ ùÀ�û¢ ö�È÷ �Ø±ª ý�û§�b¤ ,À÷�ªüõ ñÀõ é�Âð �þ �Ø±ª ýø¤ �îü��û ù¢�� ñ�·õ ý�Â�)À�µÆû �û§�b¤ ß�� ¯�±�¤� ¢��ø ùÀ�û¢ ö�È÷ �úó�þ ø À�µÆû ý��Ü�¨ø ü®�Öµõ ö�ü÷�ÆØþ ´�aû�õ ý�¤�¢ ü���÷�Øõ Û��Æõ Â·î� �î ´Ôð ö���üõ �� Âð� .(À��î üõ Û¬ø Ýû �� �¤ �ûÂúª �îÅþÂ��õ ×þ ø �ûñ�þ ¥� �ä�Þ¹õ×þ ,�ûùÂð ¥� �ä�Þ¹õ×þ °Üè� À÷�ª üõ ÓþÂã� �î ýÂ¬��ä)À�µÆûù¥�� ü�¤�±ä �� .´¨� �ø�Ôµõ Ýû �� ¢�ªüõ ��¹÷� �ú÷� ýø¤ �î ü��ûü¨¤Â� üóø ,(À�µÆû �¤ø�¹õ´ó�� ¤¢ üóø À÷�ªüõ âì�ø Û��Æõ ßþ� ¤¢ �f õ�î �î ¢¤�¢ ¢��ø üãì�ø Íþ�Âª ø �û´�ã®ø ¥� üã�¨øÛØª �� ���� �� �î üÔÜµ¿õ ��õ�ú�� �õ ÂµÖ�ì¢ �¤�±ä �� .À÷Â�ðüÞ÷ ¤�Âì �ãó�Îõ ø ü¨¤Â� ¢¤�õ üó�ÞãõüÜ¬� ��Ê¿Èõ ¤��î ¤¢ Àþ�� ßþ�Â���� .Ý��îüÞ÷ à�½ó üãÎì ´ó�� ¤¢ �¤ À�û¢  ¤ À�÷��� üõ �ó�bÆõý�Â� .Ý��î ÓþÂã� ��÷ �¤ À÷�ªüõ ¯��Âõ é�ÂÏ� Í�½õ �� �î ÀþÀ� ���¬�Ê¡ ýÂ¨ ×þ ,�ó�bÆõKrarup6Pruzan7Hansen8Franis9Owen10Daskin11Saparra12Sutella13Drezner14Hamaher15Hale16



4 ü���÷�Øõý�ûù¢�� ø �Ø±ª ý�û§�b¤ ö� ýø¤ ý�ûÂúª �î Ýþ¤�¢ ¤��µ¡� ¤¢ ý��ÈÖ÷ À��îÂê °ÜÎõ ßþ� ¼�®��¯�Ö÷ �Þû ��®�� .Ý��îüõ ù¢�Ôµ¨� Â�Æõ ß��ã� ý�Â� ö� ¥� �õ ø ,À÷¤�¢ �¤ �Ø±ª ý�ûñ�þ ÇÖ÷ �ûÂúª ß��.À�µÆ�÷ ¤�¢¤�¡Â� ü÷�ÆØþ ´�aÞû� ¥� ,ÝþÂ�ðüõ ÂÑ÷ ¤¢ �î üþ�ûí�õ Âþ�¨ ø �ì�ä �� ���� �� �ÈÖ÷ ýø¤ø ���¬�Ê¡ �ú÷� �Þû üóø À�µÆû �ûÂúª ùÀ�û¢ ö�È÷ �ÈÖ÷ ýø¤ ý�ú¨�b¤ �Þû À�� Âû ñ�·õ ý�Â��ÈÖ÷ ýø¤ ¯�Ö÷ �Þû ÂÑ÷ ßþ� ¥� ßþ�Â���� .À÷¤�À÷ �¤ ï¤�� ý�ûö�µ¨Âúª ø �ûö�µ¨� �î�Âõ ý�ûüðÄþø.Àª�� �µª�¢ ¢��ø �ûÂúª öÀª ü¨¤Â� ý�Â� üÔÜµ¿õ Ûþ�¢ ´¨� ßØÞõ �Âþ¥ À÷�ªüÞ÷ ü¨¤Â��¤ É¿Èõ ¤��ãõ ×þ �î (�ûÂúª ) ü��ûùÂð �Þû ø Ýþ¥�Æ� ��þ�û Â� ù�¤ ×þ ÝþÀ�õ�ì�ä �î À��î Âêßþ� �î ü��ûÂúª ��Ö� ø (ÂÔ÷ 1000 ¥� ÂµÈ�� ¢�Âê� ¢�Àã� ñ�·õ ý�Â�) Ý��îüõÉ¿Èõ �ÈÖ÷ ýø¤ À÷¤�¢ý�þ¤�þ�� ý¥�ê ý�û�Ø±ª ø ý¥�ê ý�û�ä�Þ¹õ ��úÔõ �¹�þ� ¤¢ .Ý��î üõ éÁ� �ÈÖ÷ ¥� À÷¤�À÷ �¤ ¤��ãõÀ÷�ªüõ ü¨¤Â� ý¤�Ï �û§�b¤ ý¥�ê �ä�Þ¹õ ßþ�Â���� .À÷�ªüõ �µ¡�¨ ��úÔõ ßþ� �� �ûé�Âð ø À÷�ªüõ���Èõ .À�µÆûÉ¿Èõ ´þ�Ìä ��¤¢×þ �� ý�ùÀªÂê ´�¬�¡ ùÀ�û¢ ö�È÷ �ä�Þ¹õ ý�û§�b¤ �î�¤ ý¥�ê �ä�Þ¹õ Ý�÷���üõ �õ ñ�·õ ¤�Î� .¢�ª �µêÂð ¤�Ø� é�Âð ý�ûñ�þ ¢¤�õ ¤¢ À÷���üõ ¶½� ßþ��¤ ö¢�� ù¢�� ´�¬�¡ ø¢ Âû üÜÚ�� Â�Æõ ×þ ø ù�Âð¤�� ×þ ßþ�Â���� .Ý��î ÓþÂã� �ûù¢�� ´�aÔ�î ýø¤ø ü���÷�Øõ Û��Æõ Ýúõ Ý�û�Ôõ ùÀ�þ� ý�û Ç¿� ¤¢ .´¨� �ø�Ôµõ Ýû �� �ú÷� ´þ�Ìä ��¤¢ üóø À÷¤�¢.Ý�û¢üõ �Âª �¤ ý¥�ê ý�ûé�Âð ýø¤ ü���÷�Øõ Ýúõ ý�ûñÀõ�û�Ø±ª ýø¤ ü���÷�Øõ Û��Æõ 2.1�À�� éÀû �ó�bÆõ ø¢ Âû ¤¢ .À�µÆû �îÂõ ø �÷��õ ý�û�ó�bÆõ ,�û�Ø±ª ýø¤ ü���÷�Øõ Û��Æõ ¥� �÷�Þ÷ ø¢(�ûýÂµÈõ)�®�Ö� ¯�Ö÷ �� (�ûùÀ�û¢ ÅþøÂ¨) ¯�Ö÷ ßþ� ü÷¥ø �Ü¬�ê �Øþ¤�Î� ´¨� N�bØ±ª ¥� üÏ�Ö÷ ö¢Âî.¢�ª ���ú�



5 ü���÷�Øõ�÷��õ-p �ó�bÆõ 1.2.1ý�û���õ¥ ¤¢ ý¢�þ¥ ý�û¢Â�¤�î ø ´¨� ü���÷�Øõ ý¤�ÿ� ¤¢ Û��Æõ ßþÂµÞúõ ¥� üØþ �÷��õ-p �ó�bÆõÛõ�ª X = fx1; x2; :::; xpg �ä�Þ¹õ ö¢Âî �À�� éÀû �û�Ø±ª ýø¤ �÷��õ-p �ó�bÆõ ¤¢ .¢¤�¢ ÓÜµ¿õ,Àª�� wi ö¥ø ý�¤�¢ vi §�b¤ Âû Âð� �î ý¤�Î� ´¨� N = (V;E) �Ø±ª ýø¤ ùÀ�û¢ ÅþøÂ¨ p ö�Øõßþ� ¤¢ ü�¤�±ä �� .¢�ª ÝÞ���õ N �Ø±ª ýø¤ §��¤ ��Þ� �� �ä�Þ¹õ ßþ� ¥� ü÷¥ø ý�û�Ü¬�ê á�Þ¹õ:ü�ãþ .¢�� Àû��¡ �û�Ü¬�ê ü÷¥ø á�Þ¹õ ö¢Âî ���Þî éÀû ´ó��min f(x) = Xvi2N wid(X; vi).¢�ªüõ ÓþÂã� X ¤¢ �Ü�¨ø ßþÂµØþ¢�÷ �� v �Ü¬�ê �¤�Ê� X �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) øÛ��Æõ ßþ� �� üóø ,Àª ÂÈµ�õ 1950 �û¢ ¤¢ �û�Ø±ª ýø¤ ü���÷�Øõ ���õ¥ ¤¢ üîÀ÷� ý�û�ó�Öõ À��Âû1964-65 ý�úó�¨ ¤¢ ℄39, 40[17üÞ�Ø� .Àª �µ¡�¢Â� ýÀ� ¤�Î� Àã� �� 1960 �û¢ Í¨�ø� ¥�,¢¤ø� ´¨À� �®�Ö� �ÎÖ÷ n ¥� �Ø±ª ýø¤ �Ü�¨ø p ´�ãì�õ ü÷¥ø �Ü¬�ê ÝÞ���õ ù¤��¤¢ ü��õÀÖõ ¸þ�µ÷ÛØÈµõ �ä�Þ¹õ ×þ Ûì�À� �î ¢Âî ´��� üóø Àû¢ ���¤� Û��Æõ ßþ� ý�Â� üÜ� ©ø¤ ´Æ÷��µ÷ ø� ��Âð���aÌì' �� �¹�µ÷ ßþ� .´¨� �÷��õ-p �ó�bÆõ ý�Â� ���ú� ���� ×þ �î ¢¤�¢ ¢��ø §�b¤ N ¥� §�b¤ p ¥�ü���÷�Øõ Û��Æõ Û� ¤¢ üÞ�Ø� ��aÌì �î üØÞî .´¨� éøÂãõ " ü¨�b¤ üÚ��ú� ´�¬�¡' �þ "üÞ�Ø�ßþ� ×Þî �� ü�¤�±ä �� ´¨� üÎ¡ ý�þ¤�õ�÷Â� Û��Æõ ¤¢18Ùþ�µ÷�¢ ¤�î ��±ª ¢�¢ ��¹÷� �û�Ø±ª ýø¤.À�îüõ �À�� Çû�î üû��µõ �ä�Þ¹õ×þ �� üû��µõ�÷ �ä�Þ¹õ ×þ ¥� ,���ú� ý�û ���� �ä�Þ¹õ ��aÌìüª¤�Þª ©ø¤ ¥� ù¢�Ôµ¨� �� �û�Ø±ª ýø¤ �÷��õ-1 �ó�Æõ �î ¢�¢ ö�È÷ 1971 ñ�¨ ¤¢ ℄33[19ßõÀÜðHakimi17Dantzig18Goldman19



6 ü���÷�Øõ�®�Ö� ý�û§�b¤ ¥� üØþ ö¥ø �î üõ�Ú�û ¢�¢ ö�È÷ ø� ß��»Þû .Àª��üõ O(n3) ü÷�õ¥ üðÀ�»�� ý�¤�¢´�¬�¡)��aÌì ßþ� ¥� ù¢�Ôµ¨� �� .´¨� ùÂð ö�Þû �÷��õ-1 ���ú� ���� Àª�� ÂµÈ�� ÝµÆ�¨ Ûî ö¥ø ÓÊ÷ ¥�Íþ�Âª ���Èõ �¹�µ÷ ßþ� .´¨� O(n) ü÷�õ¥ üðÀ�»�� ý�¤�¢ ´¡¤¢ ýø¤ �÷��õ-1 (ü÷¥ø ´þÂ·î�.´¨� l1 �Â÷ �� ýÀã� ø¢ ý�Ìê ¤¢ �÷��õ ý�Â� üÚ��ú�ý�Â� ���ú� ���� ×þ ù�Ú÷� ,Àª�� �¤�¢ �¤ Âþ¥ ´�a¬�¡ T1 ´¡¤¢Âþ¥ ø Àª�� ´¡¤¢ ×þ T Âð� :��aÌì.¢¤�¢ ¢��ø T1 ¤¢ �ó�bÆõW (T1) � 12W (T )À÷�ªüõ ÓþÂã� Âþ¥ �¤�Ê� W (T1) ø W (T ) �îW (T ) = Xfi:vi2Tgwi ; W (T1) = Xfi:vi2T1gwi:: ü÷¥ø ´þaÂ·î� Ýµþ¤�Úó�.´¨� ���ú� ���� §�b¤ ö�Þû ,À��î Óì�� ´¨� §�b¤ ×þ �ú�� Ûõ�ª T Âð� - 1ßþ� Â�è ¤¢ .´¨� �ó�bÆõ ���� v ù�Ú÷� W (v) � W (T )2 Âð� ,v À�÷�õ ü��úµ÷� §�b¤ Âû ý�¥� �� - 2.ÀþøÂ� 3 ��ð �� �¤�¬À��î éÁ� �¤ (u; v) ö�Þî ø v §�b¤ ø ù¢Âî �ê�®� u �� �¤ v ö¥ø ,Àª�� v ¤ø�¹õ §�b¤ u À��î Âê - 3.ÀþøÂ� 1 ��ð �� ø�� .´¨� 21´¿¨-NP üÜî ´ó�� ¤¢ �÷��õ-p �î À÷¢Âî ´��� 1979 ñ�¨ ¤¢ ℄53[ üÞ�Ø� ø 20�þÂîý�ú¨�b¤ �ä�Þ¹õ ýø¤ ´¨� üê�î ���ú� ���� ö¢¤ø� ´¨À� ý�Â� ,üÞ�Ø� ��aÌì �� ���� �� ñ�� ßþ��ó�Æõ ýÀ�±ó�õÂê ß�óø� 1970 ñ�¨ ¤¢ ℄75[22ßþ�¨� ø ñ�þ¤ �¹�µ÷ ßþ� ¥� ù¢�Ôµ¨� �� .Ý��î Õ�Ö½� �Ø±ªKariv20NP-hard21ReVelle & Swain22



7 ü���÷�Øõý�Â� ×þ ø ÂÔ¬ üÎ¡ ý�þ¤�õ�÷Â� ñÀõ ×þ .À÷¢�¢ ���¤� ×þ ø ÂÔ¬ üÎ¡ ý�þ¤�õ�÷Â� �� �¤ �÷��õ-p:´¨� Âþ¥ �¤�Ê� �÷��õ-p �ó�bÆõmin 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) (1.1)
: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 ¤¢ÅþøÂ¨ ×þ �� �ú�� Àþ�� §�b¤ Âû �î À�µÆû �ó�bÆõ ßþ� ÂÚ÷��� (a) ý�ûÀ�ì �ä�Þ¹õ (1.1) ñÀõ ¤¢«�Êµ¡� ü¨��¤ �� ö���üõ �ú�� �¤ �û§�b¤ �î À�û¢üõ ö�È÷ (b) ý�ûÀ�ì �ä�Þ¹õ .À��þ «�Êµ¡� ùÀ�û¢.Àª�� yj = 1§�b¤ ö� ý�¥� �� ü�ãþ ,Àª�� ùÀª �µêÂð ÂÑ÷ ¤¢ ùÀ�û¢ ÅþøÂ¨×þ ö�Øõ ö���ä �� �î ¢�¢¥� Âµð¤�� ¢Àä ×þ M �î ¢Âî ßþ�Úþ�� Pni=1 xij �Myj ý�ûÀ�ì �� ö��� üõ �¤ (b) ý�ûÀ�ì �ä�Þ¹õ. ´¨� ¥��÷ ¢¤�õ ùÀ�û¢ ÅþøÂ¨ p �î ´¨� °ÜÎõ ßþ� ùÀ�û¢ ö�È÷ () ´þ¢øÀ½õ ø .´¨� n� p+ 1ù¢�Ôµ¨� �� ℄29[23��ó�ð ©ø¤ �� ö���üõ �÷��õ-p �ó�bÆõ ýø¤ Â� ùÀª ñ�Þä� Õ�ì¢ ý�ûÝµþ¤�Úó� �ÜÞ� ¥�ß��»Þû .¢Âî ù¤�ª� ßþ�¨� ø ñ�þ¤ üÎ¡ ý�þ¤�õ�÷Â� ø 1993 ñ�¨ ¤¢ 24Ä÷�Âð� üÈû�î ©ø¤ ¥�Galvao23Lagrangean Relaxatin24



8 ü���÷�Øõý�Â� üÞµþ¤�Úó�(DUALOC ©ø¤) ö�ðø¢ üÈû�î ×��Ø� ¥� ù¢�Ôµ¨� �� 1978 ñ�¨ ¤¢ ℄22[25Â��Ø�ó¤�ý¤�Øµ�� ý�úªø¤ .À��î �ã��Âõ ℄16[ ¤¢ ß�Ø¨¢ �� á�®�õ Âµú� í¤¢ ý�Â� .¢�¢ ���¤� �÷��õ-p �ó�bÆõß�ÞÌ� �úªø¤ ßþ� .À�µÆû �Î¡ ø ö�õ¥� �þ�� Â� ü��úªø¤ ,¢�ª üõ �µêÂð ¤�Ø� �÷��õ-p �ó�bÆõ ý�Â� �î�� ×þ¢�÷ ,���� ×þ �î À÷ø ¤üõ ¤�Ø� ü÷�õ¥ ø Àª�� ���ú� ���� ×þ ùÀõ� ´¨À� ���� �î À��îüÞ÷ý�û©ø¤ ø 26×�¨�î ý¤�Øµ�� ý�û©ø¤ ùøÂð ø¢ �� �úªø¤ ßþ� .Ý�ª�� �µª�¢ ¤��µ¡� ¤¢ ���ú� ����ø 29üÜ½õ ý�¹µÆ� ,28ü®�þ¤ ý�þ¤ �õ�÷Â� ,ùøÂð �¨ �� ñø� ùøÂð �î ¢�ªüõ Ý�ÆÖ� 27 ý¤�Øµ���Âê.¢�ªüõ Ý�ÆÖ� 30ùÀ÷¥�¨ ý¤�Øµ�� ý�û©ø¤ý�û©ø¤ Â� ü�µ±õ üÞµþ¤�Úó� ¤¢ ℄58[31Âð¤�±õ�û ø ßû�î �¤ �÷��õ-p �ó�Æõ ý�Â� ý¤�Øµ�� ý�û©ø¤ ß�óø�℄61[34�÷��÷�¤�õ 33 üÚþ�ÆÞû ý�¹µÆ� ö���üõ ��óø� ý�û©ø¤ ÂÚþ¢ ¥� .À÷¢�¢ ���¤� ùÀ�È¿� ¢�±ú� ø 32À�õ¥�Ý�ÆÖ� .¢Âî ù¤�ª� 1968 ñ�¨ ¤¢ ℄94[36�¤�� ø �µ�� Í¨�� 35 �û§�b¤ ü��È÷�� ©ø¤ ø 1964 ñ�¨ ¤¢ö�ðÀ�Æþ�÷ ��÷ ø ñ�¨ �� ���� �� ñøÀ� °ó�Îõ üõ�Þ�) .´¨� ùÀõ� 1.1 ñøÀ� ¤¢ �û©ø¤ ßþ� ýÀ��(.´¨� ùÀª Âî£ â��Âõ ¤¢�î ´¨� ùÀª ���¤� ´¡¤¢ ýø¤ �÷��õ-p �ó�Æõ Û� ý�Â� é�Âð ý¤�ÿ� Â� ü�µ±õ ýÂÚþ¢ ý�û©ø¤℄53[üÞ�Ø� ø �þÂî Í¨�� ´¡¤¢ ýø¤ �÷��õ-pý�Â� O(p2n2) ü÷�õ¥ üðÀ�»�� �� Õ�ì¢ Ýµþ¤�Úó� �� ö���üõ.À�È¿� ¢�±ú� O(pn2) ü÷�õ¥ üðÀ�»�� �� üÞµþ¤�Úó� �� �Â÷� ℄90[37Â�Þ� �î ¢Âî ù¤�ª�Erlenkotter25Classial heuristis 26Metaheuristis(MH)27Mathematial programing(MP)28Loal searh(LS) 29Construtive heuristis(CH)30Kuhen & Hamburger31Greedy32Neighborhood searh33Maranzana34Vertex substitution35Teitz & Bart36Tamir37



9 ü���÷�Øõ�÷��õ-p �ó�bÆõ ý�Â� ý¤�Øµ���Âê ø ý¤�Øµ�� ý�û©ø¤ :1.1 ñøÀ�Type Heuristi ReferenesGreedy Kuhen and Hamburger (1963) , Whitaker (1983)Feldman et al.(1966),Moreno-perez et al(1991)StingyCH Salhi and Atkinson (1995)Dual asent Galvao (1980,1993) , Erlenkotter (1978) ,Captivo (1991)Composite Pizzolato (1994) , Salhi (1997)Alternate Maranzana (1964)Titz and Bart(1968),Dansham and Rushton(1992)LS Interhange Hansen and Mladenovi (1997), Resende and Wernek (2003)Kohetov et al (2005)Hribar and Daskin (1997)Dynami programing Cornuejols et al(1977),Mulvey and Crowder(1979) ,Galvao (1980)Beasley (1993), Daskin (1995), Senne and Lorena(2000)Lagrangian relaxation Barahona and Anbil(2000), Beltran et al (2004)MP Hillsman and Rhoda (1978) , Goodhild (1979)Current and Shilling (1987), Hodgson and Neuman (1993)Aggregation Erkut and Bozkaya (1999),Hodgson and Salhi (1998)Bowerman et al(1999),Franis et al(2000,2003)Mladenovi et al (1995, 1996) , Voss (1996) ,Rolland et al (1996)Tabu searh Salhi (2002) ,Kohetov (2001),Gonharov and Kohetov (2002)Hansen and Mladenovi(1997), hansen et al(2001)V ariable neighborhood searh Garia-Lopez et al(2002), Craini et al(2004)Hosage and Goodhild (1986), Dibbi and Densham (1993)Geneti searh Moreno-Perez et al(1994), Estivill-Castro (1999) , Alp et al (2003)MH Chaudhry et al (2003), Correa et al (2004)Murray and Churh (1996) , Chiyoshi and Galvao (2000)Simulated annealing Levanova and Loresh (2004)Heuristi onentration Rosing et al (1998) , Rosing and Revelle (1997) , Rosing et al (1999)Satter searh Garia-Lopez et al (2003)Ant olony Levanova and Loresh (2004)Deomposition Dai and heung (1997) , Taillard (2003)Hybrids Resende and Wernek (2004)



10 ü���÷�Øõ�îÂõ-p �ó�bÆõ 2.2.1Âû �Ü¬�ê ÝÞþ�î�õ �î ý¤�Î� ,¢¥�¢Â�üõ �Ø±ª ýø¤ (�û�îÂõ)�Ü�¨ø p ö�Øõ ß��ã� �� �îÂõ-p �ó�bÆõü÷�À��Â�õ ø 38ÂóÀ�û ,℄54[ üÞ�Ø� ø �þÂî )¢�ª ÝÞ���õ �Ü�¨ø ßþÂµØþ¢�÷ �� (�®�Ö� ¯�Ö÷)ýÂµÈõö�Øõ Ûõ�ª �ä�Þ¹õ ×þ Xp = fx1; x2; :::; xpg À��î Âê .( ℄16[ ß�Ø¨�¢ ,℄38[ ÂóÀ�û ,℄37[�ä�Þ¹õ ø �Ø±ª §�b¤ Âû ß�� �Ü¬�ê .Àª�� (�ûñ�þ ýø¤ �þ �û§�b¤ ýø¤) G �Ø±ª ¥� ùÀ�û¢ ÅþøÂ¨ p.Ý��îüõ ÓþÂã� Âþ¥ �¤�Ê� �¤ Xpd(v;Xp) = min1� i� p fd(v; xi)g (2.1)À��î Âê .Àª��üõ �Ø±ª ýø¤ xi ø v �ÎÖ÷ ø¢ ß�� Â�Æõ ßþÂµû���î �Ü¬�ê d(v; xi)F (Xp) = maxv 2 V fw(v) : d(v;Xp)g (3.1)�î Àª�� ý��÷�Ú� X�p À��î Âê ñ��F (X�p ) = minXp 2 G fF (Xp)g (4.1)Gý�Â� 40ÕÜÎõ á�ãª-p×þ F (X�p ) ø Gý�Â� 39ÕÜÎõ �îÂõ-p ×þ X�p (4.1) �� ������ ßþ�Â����ý�û§�b¤ Ûõ�ª ÍÖê (2.1) ¤¢ Xp �ä�Þ¹õ Âð� .¢�ªüõ ù¢�¢ ö�È÷ rp(G) �� �f �Þãõ ø ,¢�ªüõ ùÀ�õ�÷ùÀ�õ�÷ G ý�Â� 42ü¨�b¤ á�ãª-p ×þ F (X�p ) ø G ý�Â� 41ü¨�b¤ �îÂõ-p ×þ X�p ù�Ú÷� Àª�� G.¢�ªüõ = 1 �î ¢ÂîÂê ö���üõ �ó�bÆõ ´�aÜî ö¢�¢ ´¨¢ ¥� öøÀ� Àª��  ö¥ø ý�¤�¢ �Ø±ª ý�û§�b¤ �Þû Âð�Â�è ¤¢ �Âþ¥ ,p < n �î ¢Âî Âê Àþ�� ß��»Þû .ÝþÂ�ðüõ ÂÑ÷ ¤¢ ö¥ø öøÀ� �¤ �Ø±ª �¤�¬ ßþ� ¤¢ øHandler38Absolute p-enter39Absolute p-radius40Vertex p-enter41Vertex p-radius42



11 ü���÷�Øõ´¨� ü�ãõ ü� �ó�bÆõ ,Àª�� p > n Âð� ø .rp(G) = 0 ø X�p = V ù�Ú÷� Àª�� p = n Âð� �¤�Ê�þ�ß��ã� �� ö��� üõ ñ�·õ ý�Â� �î ¢¤�¢ ü÷�ø�Âê ý�û¢Â�¤�î �îÂõ-p �ó�bÆõ .℄54[¢¤�À÷ ü®�þ¤ ��úÔõ ø©øÂê �î�Âõ ø §¤�Àõ ,�ûö�µ¨¤�Þ�� ,Å�Ü� ø ü÷�È÷ Ç�� ý�úû�ÚµÆþ� ,�û¤�±÷� ,üµã�¬ ��Æ�¨�� Û½õ.¢Âî ù¤�ª�ýø¤ �ûùÀ�û¢ ÅþøÂ¨ ´�ãì�õ ö¢¤ø� ´¨À� éÀû Âð� �Ø±ª ýø¤ ü���÷�Øõ �ó�bÆõ ¤¢ :1.1 ÓþÂã�ÅþøÂ¨ ´�ãì�õ ö¢¤ø� ´¨À� éÀû Âð� ø À�õ�÷üõ �µÆÆð ü���÷�Øõ �¤ �ó�bÆõ ,Àª�� �Ø±ª ý�û§�b¤.(℄62[ 43�Ø��õ)À�õ�÷üõ �µ¨��� ü���÷�Øõ �¤ �ó�bÆõ Àª�� �û§�b¤ ø �ûñ�þ ¢�Àµõ� ¤¢ �ûùÀ�û¢.´¨� Âþ¥ �¤�Ê� �îÂõ-p �ó�Æõ ×þ ø ÂÔ¬ üÎ¡ ý�þ¤�õ�÷Â� ñÀõmin (maxi;j widijxij)s:t: Pnj=1 xij = 1 i = 1; :::; n (a)Pni=1 xij � nyj j = 1; :::; n (b)Pnj=1 yj = p ()xij ; yj 2 f0;1g i = 1; :::; n j = 1; :::; n (d) (5.1)
«�Êµ¡� ùÀ�û¢ ÅþøÂ¨×þ �� �ú�� Àþ�� §�b¤ Âû �î À�û¢üõ ö�È÷ (a) ý�ûÀ�ì �ä�Þ¹õ (5.1) ñÀõ ¤¢�� �î ¢�¢ «�Êµ¡� ü¨��¤ �� ö���üõ �ú�� �¤ �û§�b¤ �î À�û¢üõ ö�È÷ (b) ý�ûÀ�ì �ä�Þ¹õ .À��þÅþøÂ¨ p �î Àû¢üõ ö�È÷ () ´þ¢øÀ½õ .Àª�� ùÀª �µêÂð ÂÑ÷ ¤¢ ùÀ�û¢ ÅþøÂ¨ ×þ ö�Øõ ö���ä.´¨� ¥��÷ ¢¤�õ ùÀ�û¢℄32[44ßÆ÷�� ø ýÂðüÜî ´ó�� ¤¢ üóø ,´¨� ùÀª ���¤� �îÂõ-p �ó�bÆõ Û� ý�Â� üÔÜµ¿õ ý�ûÝµþ¤�Úó�¤¢ ��÷ ℄54[ üÞ�Ø� ø �þÂî . ´¨� ´¿¨-NP üÜî ´ó�� ¤¢ �û é�Âð ý�Â� �ó�bÆõ ßþ� �î À÷¢�¢ ö�È÷´¨� ´¿¨-NP , 1 < p < n Âû ý�Â� (ü¨�b¤ ø ÕÜÎõ) �îÂõ-p�ó�Æõ �î À÷¢Âî ´��� 1979 ñ�¨�� üÞµþ¤�Úó� ø ¤�¢ö¥ø ý�ûé�Âð ý�Â� O([n2p�1mp=(p�1)!℄ log n) ü÷�õ¥ üðÀ�»�� �� üÞµþ¤�Úó�øMinieka43Garey and Johnson44



12 ü���÷�Øõ. À÷¢�¢ ���¤� ö¥ø öøÀ� ý�ú¨ �b¤ �� ü��ûé�Âð ý�Â� O(n2p�1mp=(p� 1)!) ü÷�õ¥ üðÀ�»���� ü��ûÝµþ¤�Úó� °��Âµ� ö¥ø öøÀ� ø ¤�¢ö¥ø ý�û�Ø±ª ýø¤ �îÂõ-1 ö¢Âî �À�� ý�Â� ß��»Þû �ú÷�üðÀ�»�� �� ü��ûÝµþ¤�Úó�ø ,üÜî ý�ûé�Âð ý�Â� O(mn+ n2 log n) ø O(mn logn) ü÷�õ¥ üðÀ�»��ß��»Þû .℄54[À÷¢�¢ ���¤� ö¥ø öøÀ� ø ¤�¢ö¥ø ý�û´¡¤¢ ý�Â� °��Âµ� O(n)ø O(n log n) ü÷�õ¥�ú÷� .℄54[À÷¢�¢ ���¤� ´¡¤¢ ýø¤ �îÂõ-p ö¢Âî �À�� ý�Â� O(n2 logn) ü÷�õ¥ üðÀ�»�� �� üÞµþ¤�Úó�2 < p < Âû ý�Â� ÕÜÎõ �îÂõ-p ö¢Âî �À�� ý�Â� ø À�û¢ �ã¨�� �¤ ¢�¡ ¸þ�µ÷ À÷Àª Õê�õ ñ�¨ ö�Þû ¤¢ý�Â� O(n logp�2 n) ü÷�õ¥ üðÀ�»�� �� üÞµþ¤�Úó� ø ,O(n logp�2 n) ü÷�õ¥ üðÀ�»�� �� üÞµþ¤�Úó� n´Æ÷��� üÞµþ¤�Úó� ���¤��� ℄91[ ¤¢ Â�Þ� .℄54[À�û¢ ���¤� 1 < p < n Âû ý�Â� ü¨�b¤ �îÂõ-p ö¢Âî �À��O(np�1mp log3 n) ø O(npmp log2 n)ý�ûö�õ¥ ¤¢ °��Â� �� ö¥ø öøÀ� ø ¤�¢ö¥ø ý�ûé�Âð ý�Â� �¤ X�pý�úªø¤ �� ö���üõ �î ùÀª ¢�ú�È�� �îÂõ-p �ó�bÆõ Û� ý�Â� ý¢�þ¥ ý¤�Øµ�� ý�û©ø¤ . ¢¤ø� ´¨À�.¢Âî ù¤�ª� ℄9[ Â�Þ� ø 47öÂî�¨¤À�� ,℄19[ 46Â÷¥ ¤¢ ,℄73[ 45ßþÂÚÜ� Í¨�� ùÀª ¢�ú�È��

Pelegrin45Drezener46Chandrasekaran47
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14 ý¥�ê ý�û�ä�Þ¹õ ø ý¥�ê ÕÎ�õ�î üÔþ¤�ã� ¥� �µ¨¢ ö� ø ý¥�ê ý�û�ä�Þ¹õ (℄52[ ,℄70[,℄98[) üÜî Óþ¤�ã� �Àµ�� �õ ÛÊê ßþ� ¤¢ý�ûé�Âð ø ý¥�ê ¢�Àä� ´þ�ú÷ ¤¢ ø ,ù¢Âî ö��� �¤ ÝþÀ�õ¥��÷ ö� �� �Ø±ª ýø¤ ü���÷�Øõ Û��Æõ Û� ý�Â�.Ý��îüõ ÓþÂã� �¤ ý¥�êý¥�ê ÕÎ�õ 1.2ý�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�¨ ¤¢ ℄98["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�¤�îö�õ¥ ö� ¥� .¢�Þ÷ ü¨À�úõ ø ���®�þ¤ ��Üä ¢¤�ø �¤ ý¥�¨ ý¥�ê ø ý¥�ê ¢�Àä� ,ý¥�ê ý�û¢�Àþø ¤ ,ý¥�ê,���õ¥ ßþ� ¤¢ Çþ�û©�� ø ý¥�ê ÕÎ�õ À�õ¢�¨ ø âþÀ� �þÂÑ÷ üêÂãõ Û�óÀ� ù¢�¥ üÔÎó ¤�ÆêÂ� ,ö��î��.´¨� ùÀª ý¢Àãµõ üÜÜÞó�ß�� �þ��� °Æî �� Õê�õ.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¨¤�ý�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�Lot� zadeh1



15 ý¥�ê ý�û�ä�Þ¹õ ø ý¥�ê ÕÎ�õüû�ð ø ´¨¤¢ �È�Þû üû�ð ,´¨� ¢�þ¥ üû�ðø Ýî üû�ð ö� üµ¨¤¢ �î À�µÆû ü��Þ� ý¥�ê ÕÎ�õ ¤¢ý¤ø�ßê ý�Â� ü÷���� �þ¤�þ�� À÷��� üõ ý¥�ê ÕÎ�õ .´¨� ´¨¤¢ ý¢øÀ� �� üû�ðø ´¨¤¢�÷ �È�Þû.´¨� �µª�¢ ü÷�ø�Âê ý�û¢¤ø� ´¨¢ Ýû ö��î �� �î Àª�� ýÀþÀ�
ý¥�ê ý�û�ä�Þ¹õ 2.2×�¨�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�.Ý�û¢üõÇþ�Þ÷ Âþ¥ �¤�¬ �� �¤ X ¤¢ ~Aý¥�ê �ä�Þ¹õ ù�Ú÷� Àª�� �ä�Þ¹õ×þ X Âð� 1.2 ÓþÂã�~A = f(x; � ~A(x)) j x 2 Xg.¢�ªüõ ÓþÂã� Âþ¥ �¤�¬ �� ø À�õ�÷ üõ ý¤�ð¥�¨ â��� �þ ´þ�Ìä â��� �¤ � ~A(x) �î� ~A(x) : X ! [0;1℄Ǒüª Ûõ�î ´þ�Ìä ý��ãõ �� ×þ ø ´Æ�÷ �ä�Þ¹õ �Ìä ÂÑ÷ ¢¤�õ Ǒüª �î ´¨� ��ãõ ßþ� �� ÂÔ¬ �î.´¨� �ä�Þ¹õ �� ´±Æ÷ë��� ¢�Àã� �� �¤ ©øÂê ý�Â� ùÀª ���¤� ñ¥��õ ö¢�� °¨��õ ø üµ��¤ ö���õ ßØÆõ ù�Ú�� ×þ 1.2 ñ�·õX = �ä�Þ¹õ ý�Ìä� ¥� üØþ ñ¥��õ ý�û ���¡ ë��� ¢�Àã� À��î Âê .À¹�¨üõ ö� ý�û ���¡�¤�¬ �� �¤ "ÂÔ÷ 4 ý�Â� ´��¤ �÷�¡' ý¥�ê �ä�Þ¹õ ö���üõ �¤�¬ ßþ� ¤¢ .Àª�� f1;2;3; :::;10g



16 ý¥�ê ý�û�ä�Þ¹õ ø ý¥�ê ÕÎ�õ.¢�Þ÷ ö��� Âþ¥~A = f (1;0=2) ; (2;0=5) ; (3;0=8) ; (4;1) ; (5;0=7) ; (6;0=3) g��� �ä�Þ¹õ ¤¢ ,À�µÆû ÂÔ¬ ´þ�Ìä ��¤¢ ý�¤�¢ 7;8;9;10 ý�û���¡ ë��� ¢�Àã� �� ñ¥��õ ö��.À÷�ùÀÈ÷ ù¢�¢ ö�È÷:¢�ªüõ ÓþÂã� Âþ¥ �¤�Ê� ø Ý�û¢üõ ö�È÷ S( ~A) �� �¤ ~A ý¥�ê �ä�Þ¹õ 2ö�±�µÈ� 2.2 ÓþÂã�S( ~A) = f x 2 X j � ~A(x) > 0gS( ~A) = f1;2;3;4;5;6g :�� ´¨� Â��Â� A �ä�Þ¹õ ö�±�µÈ� 1.2ñ�·õ ¤¢�¤ Àª�� � Ûì� À� �ú÷� ´þ�Ìä ��¤¢ ~A �ä�Þ¹õ ö��õ ¤¢ �î ýÂ¬��ä �Þû �ä�Þ¹õ 3.2 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 ø.´¨� Âþ¥ �¤�Ê� �û©Â�-� �ä�Þ¹õ 1.2 ñ�·õ ý�Â�
A0=2 = f1;2;3;4;5;6gA0=5 = f2;3;4;5gA0=8 = f3;4gA1 = f4g. �A0=8 = f4g �ä�Þ¹õ �� ´¨� Â��Â� � = 0=8 ý�Â� ý�ì ©Â�-�Support2



17 ý¥�ê ý�û�ä�Þ¹õ ø ý¥�ê ÕÎ�õ´¨� ñ�õÂ÷ A ù�Ú÷� Àª�� X â�Âõ �ä�Þ¹õ ýø¤ Â� ý¥�ê �ä�Þ¹õ ×þ A À��î Âê 4.2 ÓþÂã�Âð�maxx2X �A(x) = 1
�À½õ A ù�Ú÷� Àª�� X � R â�Âõ �ä�Þ¹õ ýø¤ Â� ý¥�ê �ä�Þ¹õ ×þ A À��î Âê 5.2 ÓþÂã�Âð� ´¨�8 x1; x2 2 X;8 � 2 [0;1℄ �A(�x1 + (1� �)x2) � minf�A(x1); �A(x2)g

:�� ´¨� Â��Â� ~C ý¥�ê �ä�Þ¹õ ´þ�Ìä â��� ù�Ú÷� ~C = ~A \ ~BÂð� 6.2 ÓþÂã�� ~C(x) = min f� ~A(x) ; � ~B(x)g ; x 2 X
:�� ´¨� Â��Â� ~C ý¥�ê �ä�Þ¹õ ´þ�Ìä â��� ù�Ú÷� ~C = ~A [ ~BÂð� 7.2 ÓþÂã�� ~C(x) = max f� ~A(x) ; � ~B(x)g ; x 2 X

:�� ´¨� Â��Â� ø Ý�û¢üõ ö�È÷ � ~A(x)�� �¤ ~A ý¥�ê �ä�Þ¹õ ÝÞµõ ´þ�Ìä â��� 8.2 ÓþÂã�� ~A(x) = 1 � � ~A(x) ; x 2 X



18 ý¥�ê ý�û�ä�Þ¹õ ø ý¥�ê ÕÎ�õý¥�ê ¢�Àä� 3.2ù¢�Ôµ¨� ��±¨�½õ ý¥�¨ ù¢�¨ ¤�Ñ�õ �� «�¡ ý�û¢Â±û�¤ �� �î À�µÆû ý¥�ê ý�û�ä�Þ¹õ ý¥�ê ¢�Àä�.℄98[À÷�ªüõëÀ¬ Âþ¥ Íþ�Âª ¤¢ ,üÖ�Ö� ¢�Àä� ¥� R â�Âõ �ä�Þ¹õ ýø¤ Â� A ý¥�ê �ä�Þ¹õ Âð� 9.2 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 (�Ý�õ�÷üõ ¼ÎÆõ ý¥�ê ¢Àä �¤ ö� ,Àª�� �¤�¢ �¤ Âþ¥ ¯Âª A ý¥�ê ¢Àä Âð� 10.2 ÓþÂã�(m1;m2) 2 R;m1 � m2; 8 x 2 [m1;m2℄ �A(x) = 1 :
�ûö� ýø¤ Â� ���ÜÞä ø ý��Ü¬�ê ¢�Àä� 1.3.25 ¢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�÷



19 ý¥�ê ý�û�ä�Þ¹õ ø ý¥�ê ÕÎ�õ´¨� Âþ¥ �¤�Ê� w(A)m(A) = aL + aR2 ; w(A) = aR � aL2 :.´¨� Âþ¥ �¤�Ê� ¢Àä ø¢ ßþ� ýø¤ Â� ���ÜÞä ù�Ú÷� B = [bL; bR℄ ø A = [aL; aR℄Âð�:B ø A ¢Àä ø¢ á�Þ¹õA�B = [aL + bL; aR + bR℄ or A�B = hm1 +m2; w1 +w2i:B ø A ¢Àä ø¢ �Â®A�B = [minfaL:bL; aR:bL; aL:bR; aR:bRg;maxfaL:bL; aR:bL; aL:bR; aR:bRg℄´¨� Âþ¥ �¤�Ê� B ø A �Â®Û¬�� ù�Ú÷� À�ª�� ´±·õ ø¢ Âû B ø A Âð�A�B = [aL:bL; aR:bR℄ : :B ø A ¢Àä ø¢ ÕþÂÔ�Å� Àª��üõ �B = [�aR;�aL℄ �¤�Ê� B = [aL; aR℄ ¢Àä üÔ�õ �Ø�þ� �� ���� ��A	B = [aL � bR; aR � bL℄ :B ø A ¢Àä ø¢ Ý�ÆÖ�A�B = [minfaL=bL; aR=bL; aL=bR; aR=bRg;maxfaL=bL; aR=bL; aL=bR; aR=bRg℄´¨� Âþ¥ �¤�Ê� B ø A Ý�ÆÖ� ù�Ú÷� À�ª�� ´±·õ ø¢ Âû B ø A Âð�A�B = [aL=bL; aR=bR℄ :



20 ý¥�ê ý�û�ä�Þ¹õ ø ý¥�ê ÕÎ�õý��Ü¬�ê ¢�Àä� �Æþ�Öõ 2.3.2¤�¢¤�¡Â� ý�ùÄþø ´�aÞû� ¥� �û�Ø±ª ýø¤ ý¥�ê ü���÷�Øõ Û��Æõ ¤¢ ý¥�ê ¢Àä ø¢ �Æþ�Öõ ý��Ü¬�ê ¢�Àä�.Ýþ¤�¢ ù�Ú÷� B = [bL; bR℄ ø A = [aL; aR℄Âð� .Ýþ¥�¢Â�üõ ö� ¼þÂÈ� �� Ûõ�î ¤�Î� �î ´¨�A < B () aR < bLA � B () aL � bL and aR � bRA �LR B () aL � bL and aR � bRA �MW B () m1 � m2 and w1 � w2A <LR B () A �LR B and A 6= BA <MW B () A �MW B and A 6= BüÚµÆþ�ª É¡�ªÝ��îüõ ÓþÂã� Âþ¥ �¤�¬�� �¤ ( ÅþÀ÷�-A )3üÚµÆþ�ª É¡�ª 11.2 ÓþÂã�A(A � B) = m2 �m1w1 + w2A = ý��Ü¬�ê ¢Àä ø¢ ý�Â� �¤ "5ü��� ÍÜÆ�' ø " 4üÜaî ÍÜÆ�' ,üÚµÆþ�ª É¡�ª �� ���� ��.Ý��îüõ ÓþÂã� Âþ¥ �¤�Ê� B = hm2; w2i ø hm1; w1i¢Àä �� B ¢Àä ø ý¥�¨ ÝÞ���õ ´ó�� ¤¢ B ¢Àä �� A ¢Àä ù�Ú÷� A(A � B) � 1 Âð� 12.2 ÓþÂã�.¢�ªüõ ù¢�¢ ö�È÷ A � B �� ø .¢¤�¢ üÜaî ÍÜÆ� ý¥�¨ ÝÞ�Æî�õ ´ó�� ¤¢ AB ¢Àä ø ý¥�¨ ÝÞ���õ ´ó�� ¤¢ B ¢Àä �� A ¢Àä ù�Ú÷� 0 < A(A � B) < 1 Âð� 13.2 ÓþÂã�.¢�ªüõ ù¢�¢ ö�È÷ A �p B �� ø .¢¤�¢ ü��� ÍÜÆ� ý¥�¨ ÝÞ�Æî�õ ´ó�� ¤¢ A ¢Àä ��¤¢ 13.2 ø 12.2 Óþ¤�ã� ¥� ù¢�Ôµ¨� �� Ý�÷��� üÞ÷ �õ ,m1 = m2 ü�ãþ Àª�� A(A � B) = 0 Âð� �õ�¢Àä ø¢ ßþ� (w1; w2) ù¥�� �îÂõ ¥� ñ�Ï ¥� ù¢�Ôµ¨� �� ßþ�Â���� .Ý��î ýÂ�ð �¹�µ÷ B ø A ¢Àä ø¢ ¢¤�õAeptability index3Total dominane4Partial dominane5



21 ý¥�ê ý�û�ä�Þ¹õ ø ý¥�ê ÕÎ�õ:Ýþ¤�¢Ý�û��¡ üõ üµìø ø ´¨� B ü��úµ÷� �ÎÖ÷ ¥� ÂµØ��î A ¢Àä ²� ü��úµ÷� �ÎÖ÷ ù�Ú÷� Àª�� w1 > w2 Âð�ø¢ ÝÞ���õ éÀû üµìø ßþ�Â���� .¢�ª âì�ø A ¤¢ ÝÞ���õ �ÎÖ÷ �î Ýþ¤�¢ �¤ Å÷�ª ßþ� Ý��î �À�� �¤ ÝÞ���õ¤¢ Âþ¥ �¤�¬ �� �¤ ´ó�� ø¢ �û´�ãì�õ ßþ� ¤¢ .À�û¢üõ ¼��Â� A Â� �¤ B ´ó�� ßþÂ�À� ¤¢ Àª�� ¢Àä.ÝþÂ�ðüõ ÂÑ÷.¢�ªüõ ù¢�¢ ¼��Â� B Â� A´ó�� ßþ� ¤¢ :�÷����©�¡ (1.¢�ªüõ ù¢�¢ ¼��Â� A Â� B ´ó�� ßþ� ¤¢ :�÷����À� (2ù�Ú÷� B = [180;186℄ = h183;3i ø A = [160;170℄ = h165;5i À��î Âê 2.2 ñ�·õ.¢¤�¢ B Â� üÜî ÍÜÆ� A ý¥�¨ ÝÞ���õ ´ó�� ¤¢ ßþ�Â���� .A(A � B) = 183�1655+3 = 2=25 > 1ù�Ú÷� B = [166;180℄ = h173;7i ø A = [160;170℄ = h165;5i À��î Âê 3.2 ñ�·õ��¤¢ �� B Â� ü��� ÍÜÆ� A ý¥�¨ ÝÞ���õ ´ó�� ¤¢ ßþ�Â���� .A(A � B) = 173�1655+7 = 0=67 < 1.¢¤�¢ 0=67 ýÀ�õ ´þ�®¤ù�Ú÷� B = [165;175℄ = h170;5i ø A = [160;180℄ = h170;10i À��î Âê 4.2 ñ�·õù¢�¢ ¼��Â� B Â� A �÷����©�¡ Àþ¢ �� ý¥�¨ ÝÞ���õ ´ó�� ¤¢ ßþ�Â���� .A(A � B) = 170�1705+10 = 0.¢�ªüõ ù¢�¢ ¼��Â� A Â� B �÷����À� Àþ¢ �� ø ¢�ªüõ�ûö� ýø¤ Â� ���ÜÞä ø ü·Ü·õ ý¥�ê ¢�Àä� 3.3.2���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
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m m+ �m� �

�(x)
x~A = hm;�; �i ´þ�Ìä â��� :1.2 ÛØª .¢Â�ðüõ �¤ 1.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+ � (1.2)

Âð� .´¨� � = �a � a ø � = a � a� �î À�û¢üõ Çþ�Þ÷ ��÷ ~A = (a�; a; �a) �� �¤ ü·Ü·õ ý¥�ê ¢�Àä�.´¨� Âþ¥ �¤�Ê� ¢Àä ø¢ ßþ� ýø¤ Â� ���ÜÞä ù�Ú÷� ~N = hn; ; Æi ø ~M = hm;�; �i: ~N ø ~M ¢Àä ø¢ á�Þ¹õ~M � ~N = hm+ n; �+ ; � + Æi : ~N ø ~M ¢Àä ø¢ �Â®~M � ~N = 8>>><>>>: hmn;m + n�;mÆ + n�i when m � 0; n � 0hmn;n��mÆ; n� �mi when m � 0; n � 0hmn;�mÆ � n�;�m � n�i when m � 0; n � 0



23 ý¥�ê ý�û�ä�Þ¹õ ø ý¥�ê ÕÎ�õ: ~N ø ~M ¢Àä ø¢ ÕþÂÔ�~M 	 ~N = hm� n; �� Æ; � � i : ~N ø ~M ¢Àä ø¢ Ý�ÆÖ�~M � ~N = hmn ; mÆ + n�n2 ; m + n�n2 iù�Ú÷� Àª�� K À�÷�õ üãÎì ¢Àä ×þ ~N Âð�~M � ~N = ~M:k = hm:k; �:k; �:ki � > 0 Âû ý�¥� ��~M � ~N = ~M:k = hm:k;��:k;��:ki � < 0 Âû ý�¥� ��ü·Ü·õ ý¥�ê ¢�Àä� �Æþ�Öõ 4.3.2ø �¢�î�e ùÄþø ý�û ´ó�� ý�Â� üóø ´¨� ý��Ü¬�ê ¢�Àä� À�÷�õ üÜî ´ó�� ¤¢ ü·Ü·õ ý¥�ê ¢�Àä� �Æþ�Öõ.À�µ¡�¢Â� ¢�Àä� ßþ� �Æþ�Öõ �� �;�;�h ý�û¢�Þ÷ ¥� ù¢�Ôµ¨� �� ℄70[6Â��¨Ýþ¤�¢ �¤ Âþ¥ Í��ø ¤ ù�Ú÷� ~b = hb; ; Æi ø ~a = ha; �; �i Âð�~a � ~b iff a � b; a� � � b� ; a+ � � b+ Æ~a � ~b iff ~a � ~b; ~a 6= ~b~a �h ~b iff a � b; a� �(1� h) � b� (1� h); a+ �(1� h) � b+ Æ(1� h) :¼Î¨ �� ùÀ÷Â�ð Ý�ÞÊ� ´ó�� ßþ� ¤¢ ü�ãþ .a � b Âð� �ú�� ø Âð� ~a �1 ~b Ýþ¤�¢ h = 1 ý�Â� ßþ�Â����ý�ûýÀ�Þµþ�®¤ ��¤¢ Ý��î ù¢�Ôµ¨� �ûÅþÀ÷�-A ¥� Âð� �õ� .Àû¢üõ ¼��Â� ~b Â� �¤ ~a ,×þ ýÀ�õ´þ�®¤.Àþ�üõ ´¨À� ÓÜµ¿õ ý�ûñ�Ï �� ¢�Àä� ý�Â� üÔÜµ¿õ~b = ø ~a = ha; �; �i ü·Ü·õ ý¥�ê ¢Àä ø¢ ý�Â� �¤ ( ÅþÀ÷�-A )üÚµÆþ�ª É¡�ª 14.2 ÓþÂã�Ý��îüõ ÓþÂã� Âþ¥ �¤�¬�� hb; ; ÆiA(~a � ~b) = b� a� +  : Okada and Soper6



24 ý¥�ê ý�û�ä�Þ¹õ ø ý¥�ê ÕÎ�õ~a = ü·Ü·õ ý¥�ê ¢Àä ø¢ ý�Â� �¤ "ü��� ÍÜÆ�' ø "üÜaî ÍÜÆ�' ,üÚµÆþ�ª É¡�ª �� ���� ��.Ý��îüõ ÓþÂã� Âþ¥ �¤�Ê� ~b = hb; ; Æi ø ha; �; �i~b ¢Àä ø ý¥�¨ ÝÞ���õ ´ó�� ¤¢ ~b ¢Àä �� üÜî ÍÜÆ� ~a¢Àä ù�Ú÷� A(~a � ~b) � 1 Âð� 15.2 ÓþÂã�.¢�ªüõ ù¢�¢ ö�È÷ ~a � ~b �� ø .¢¤�¢ ý¥�¨ ÝÞ�Æî�õ ´ó�� ¤¢ ~a ¢Àä �� üÜî ÍÜÆ�ø ý¥�¨ ÝÞ���õ ´ó�� ¤¢ ~b ¢Àä �� ü��� ÍÜÆ� ~a ¢Àä ù�Ú÷� 0 < A(~a � ~b) < 1 Âð� 16.2 ÓþÂã�.¢�ªüõ ù¢�¢ ö�È÷ ~a �p ~b �� ø .¢¤�¢ ý¥�¨ ÝÞ�Æî�õ ´ó�� ¤¢ ~a ¢Àä �� ü��� ÍÜÆ� ~b ¢Àäßþ� ¤¢ .Ýþ¥�¢Â�üõ a = b �î üµìø ,~b = hb; ; Æi ø ~a = ha; �; �i ü·Ü·õ ý¥�ê ¢Àä ø¢ �Æþ�Öõ �� ñ��.¢¤�¢ ´�aÞû� �õ ý�Â� ¢Àä ø¢ ßþ� ´¨�¤ ø ²� ´ó��ÝÞ���õ ´ó�� ¤¢ ù�Ú÷� � < Æ ø � =  Âð� .~b = ha; ; Æi ø ~a = ha; �; �i À��î Âê 17.2 ÓþÂã�~a �L ~b �� ø .¢¤�¢ ÍÜÆ� ²� ¥� ~a Â� ~b ý¥�¨ ÝÞ�Æî�õ ´ó�� ¤¢ ø ¢¤�¢ ÍÜÆ� ²� ¥� ~b Â� ~a ý¥�¨.Ý�û¢üõ Çþ�Þ÷ÝÞ���õ ´ó�� ¤¢ ù�Ú÷� � = Æ ø � >  Âð� .~b = ha; ; Æi ø ~a = ha; �; �i À��î Âê 18.2 ÓþÂã�~a �L ~b �� ø .¢¤�¢ ÍÜÆ� ´¨�¤ ¥� ~a Â� ~b ý¥�¨ ÝÞ�Æî�õ ´ó�� ¤¢ ø ¢¤�¢ ÍÜÆ� ´¨�¤ ¥� ~b Â� ~a ý¥�¨.Ý�û¢üõ Çþ�Þ÷À�ª�� ü·Ü·õ ý¥�ê ¢Àä ø¢ ~b = (105;107;115) ø ~a = (95;100;102) À��î Âê 5.2 ñ�·õ(2.2 ÛØª) ~a � ~b ßþ�Â���� .A(~a � ~b) = 107�1002+2 = 1=75 > 1 ù�Ú÷�À�ª�� ü·Ü·õ ý¥�ê ¢Àä ø¢ ~b = (97;100;107) ø ~a = (90;95;106) À��î Âê 6.2 ñ�·õÛØª).´¨� 0=36 ýÀ�õ´þ�®¤ ��¤¢ �� ~a �p ~b ßþ�Â���� .A(~a � ~b) = 100�9511+3 = 514 < 1 ù�Ú÷�(3.2
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26 ý¥�ê ý�û�ä�Þ¹õ ø ý¥�ê ÕÎ�õý¥�ê ý�ûé�Âð 4.2üóø .Àª ���¤� ù¢�¥ üÔÎó Âµî¢ ý¥�ê ý�û�Î��¤ ýø¤ ¥� ℄55[7ßÞê�î Í¨�� ý¥�êé�Âð ÓþÂã� ß�óø�.Àþ¢Âð ���¤� ℄79[8ÀÜÔ÷¥ ¤ Í¨�� ý¥�ê ý�ûé�Âð ÓþÂã� ßþÂ�ü¨�¨�.Àª��üõ G = (V;E; �; �) ¤�µ¡�¨ ý�¤�¢ (é�Âð-f) ý¥�ê é�Âð ×þ 19.2 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 ��Âð� ´¨� G ¥� (9é�ÂðÂþ¥-f) ý¥�ê é�ÂðÂþ¥ ×þ H = (V;E; �; �) é�Âð-f 20.2 ÓþÂã��(v) � �(v) Ý�ª�� �µª�¢ v 2 V Âû ý�Â� -1�(u; v) � �(u; v) Ý�ª�� �µª�¢ u; v 2 V Âû ý�Â� -2Ý�ª�� �µª�¢ u; v 2 V §�b¤ ø¢ Âû ý�Â� Âð� ´¨� ö¤�Öµõ G é�Âð-f 21.2 ÓþÂã��(u; v) = �(v; u) :G� = (V �; E�) ×�¨�î é�Âð ,G = (V;E; �; �) é�Âð-f ¥� ,©Â�-� ×þ 22.2 ÓþÂã��î ý¤�Î� Àª��üõ1. V � = fv 2 V j �(v) � �g2. E� = fe 2 E j �(v) � �g Kaufmann7Rosenfeld8f � subgraph9



27 ý¥�ê ý�û�ä�Þ¹õ ø ý¥�ê ÕÎ�õÀ�÷�õ �ó�±÷¢ ×þ ,G = (V;E; �; �) é�Âð-f ×þ ¤¢ u; v ý�ú¨�b¤ ß�� p Â�Æõ ×þ 23.2 ÓþÂã��î ý¤�Î� Àª��üõ e1e2e3:::ekxei(0) = u i = 1xei(1) = xei+1(0) i = 1;2; :::; k � 1xei(1) = v i = k:�� ´¨� Â��Â� ø Ý�û¢üõ Çþ�Þ÷ �(p) �� �¤ G é�Âð-f ×þ ¤¢ p Â�Æõ ×þ ö��� 24.2 ÓþÂã��(p) = minei2p �(ei).Ý�û¢üõ Çþ�Þ÷ p(u; v) �� �¤ v ø u ß�� ý�ûÂ�Æõ �ä�Þ¹õ ,é�Âð ¥� v ø u§�b¤ ø¢ Âû ý�Â�Â��Â� u; v 2 V ß�� ýÀ�±Þû ¼Î¨ ,Àª�� é�Âð-f ×þ G = (V;E; �; �) À��î Âê 25.2 ÓþÂã�:�� ´¨�C(u; v) = maxp2p(u;v)�(p)C(u; v) = 1 ù�Ú÷� Àª�� u = v Âð�ö�È÷ C(G) �� �¤ G ýÀ�±Þû ¼Î¨ , Àª�� é�Âð-f ×þ G = (V;E; �; �) À��î Âê 26.2 ÓþÂã�:�� ´¨� Â��Â� ø Ý�û¢üõC(G) = minu;v2V C(u; v)ñøÀ� ¤¢ v4 ø v1 ý�ú¨�b¤ ß�� ýÀ�±Þû ¼Î¨ ,4.2 ÛØª ¤¢ ùÀª ù¢�¢ ö�È÷ é�Âð-f ¤¢ ñ�·õ ý�Â�üØþ .À÷�ªüõ ÓþÂã� À�±Þû ý�ûé�Âð ýø¤ ,�Ø±ª ýø¤ ü���÷�Øõ ý�û�ó�bÆõ ö�� .´¨� ùÀõ� 1.2¥� �õ ¤�Ñ�õ ßþ� ý�Â� ,´¨� À�±Þû ý�û é�Âð ýø¤ �û ©Â�-� ¥� ù¢�Ôµ¨� ×ª öøÀ� �õ ý�û¥��÷ ¥�.Ý��îüõ ù¢�Ôµ¨� (C(G)) é�Âð ýÀ�±Þû ¼Î¨ ��úÔõ ø �þÂÑ÷
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v
v

v
v

v1
v3 v4

v2
0=4

0=3
0=60=2

0=5G é�Âð-f :4.2 ÛØª[u; v℄ l(u; v) �(u; v) p(u; v) �(pi) C(v1; v4) C(G)e1 = [v1; v2℄ (1=5;2;2=5) 0=3 p1 = fe5g 0=2 0=4 0=4e2 = [v2; v4℄ (1=5;2;3) 0=6 p2 = fe1e2g 0=3e3 = [v1; v3℄ (1;2;3) 0=4 p3 = fe3e4g 0=4e4 = [v3; v4℄ (0=5;1;1=5) 0=5e5 = [v1; v4℄ (3;4;5) 0=2G é�Âð- f ¤¢ v4 ø v1 §�¤ ø¢ ß�� ýÀ�±Þû ¼Î¨ :1.2 ñøÀ�x = xe(�) �ÎÖ÷ ø Àª�� ý¥�ê ý�ûñ�Ï �� �Ø±ª ×þ N = (V;E;w; ~l) À��î Âê 27.2 ÓþÂã��¤�Ê� �î Àþ�üõ ´¨À� ÀþÀ� é�Âð ×þ N �Ø±ª ¤¢ x ö¢Âî ¢¤�ø �� ,Àª�� e = [u; v℄ ñ�þ ýø¤:�Øþ¤�Î� Ý�û¢üõ Çþ�Þ÷ N:x = (V:x; E:x; w:x; ~l:x)V:x = V [ fxgE:x = (E � feg) [ fe1; e2g e1 = [u; x℄ fe2g = [x; v℄8v 2 V w:x(v) = w(v) & w:x(x) = 08e0 2 E \E:x ~l:x(e0) = ~l(e0) & ~l:x(e1) = �~l(e) ; ~l:x(e2) = (1� �)~l(e).¢�ª üõ �¤�¡ Gé�Âð ¥� e ñ�þ ù�Ú÷� ~l:x(e) =1 Âð�¤�Ø� �î ü��û§�b¤ ý�Â� �¤ Ý�û�Ôõ �� Àû¢ üõ ù¥��� �õ �� ý¥�ê ý�ûñ�Ï �� �Ø±ª ¤¢ �û�ÎÖ÷ ö¢Âî Û¡�¢ß�� Â�Æõ ×þ p À��î Âê .À���±� �¤ 2.2 ñøÀ� ø 5.2 ÛØª .Ý�û¢ ©ÂµÆð À÷�ª üõ �µêÂð
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v
v

v
v

vv1
v3 v4

v2xe(�) e = [v1; v4℄ ; � = 0=2
G é�Âð-f ¤¢ x �ÎÖ÷ ö¢Âî ¢¤�ø :5.2 ÛØªE ~l(e) E:x ~l:x(e)e1 = [v1; v2℄ (1=5;2;2=5) e1 = [v1; v2℄ (1=5;2;2=5)e2 = [v2; v4℄ (1=5;2;3) e2 = [v2; v4℄ (1=5;2;3)e3 = [v1; v3℄ (1;2;3) e3 = [v1; v3℄ (1;2;3)e4 = [v3; v4℄ (0=5;1;1=5) e4 = [v3; v4℄ (0=5;1;1=5)e5 = [v1; v4℄ (3;4;5) e6 = [v1; xe(�)℄ (0=6;0=8;1)e7 = [xe(�); v4℄ (2=4;3=2;4)G é�Âð-f ý¥�ê ý�ûñ�Ï :2.2 ñøÀ�:¥� ´¨� �¤�±ä p Â�Æõ ñ�Ï .Àª�� N = (V;E;w; ~l) �Ø±ª ¤¢ v ø u ý�ú¨�b¤~l(p) = Xei2p ~l(ei).Àª�� vj ø vi ß�� ý�û Â�Æõ �Þû �ä�Þ¹õ p(vi; vj) À��î ÂêÂð� �ú�� ø Âð� ´¨� vj ø vi ß�� Â�Æõ ßþÂµû���î p(vi; vj) �� ÕÜãµõ p� Â�Æõ ×þ 28.2 ÓþÂã�~l(p�) = minf~l(p) ; p 2 p(vi; vj)g :.Ý��îüõ ¤�î ´Æû pmin(vi; vj) �¤�Ê� �î vj ø vi ß�� Â�Æõ ßþÂµû���î ýø¤ Àã� �� ßþ� ¥�:Ý��îüõ ÓþÂã� Âþ¥ �¤�Ê� �¤ ( vj ø vi ß�� Â�Æõ ßþÂµû���î ñ�Ï) ~d(vi; vj) �Ü¬�ê 29.2 ÓþÂã�~d(vi; vj) = ~l(p) 8p 2 pminfvi; vjg
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31 ý¥�ê ý¥�¨ ���ú����¤� �¤ ý¥�ê ý�ûÀ�ì ø ý¥�ê éÀû üÜî ��úÔõ ù¢�¥ ø 1ßÞÜ� ¤�� ß�óø� ,ý¥�ê ýÂ�ð Ý�ÞÊ� Û��Æõ ¤¢3ßõÂÞþ¥ .℄92[¢�� ùÀª �µêÂð ö�¤�ØÞû ø 2�î�÷�� ý¥�ê ü®�þ¤ ý�þ¤�õ�÷Â� Û��Æõ ¥� ��úÔõ ßþ� .℄4[À÷¢�¢üÎ¡ ý�þ¤ �õ�÷Â� 4�µþ�Ú÷ ø ℄99[¢�¢ ¢�ú�È�� �¤ �êÀû À�� üÎ¡ ý�þ¤ �õ�÷Â� ¥� ý¥�ê °þÂÖ� ×þ�õ�÷Â� ý�Â� ýÀ�±ó�õÂê ×þ 5ü��¨� ø �î�÷�� .℄71[¢�¢ ¤�Âì Û�Ü½�ø �þ�¹� ¢¤�õ �¤ ý¥�ê °��Â® �� ý¥�ê6Ù�����ª ´þ�ú÷ ¤¢ .℄93[À÷¢�¢ ���¤� ö� ý�Â� üÜ� ©ø¤ ø À÷¢Âî ���¤� ý¥�ê ý�ûÀ�ì �� üÎ¡ ý�þ¤ßþ� ¤¢ .℄88[¢�¢ ���¤� �¤ ý¥�ê éÀû â��� ¥� ü¬�¡ ´ó�� ø ý¥�ê ý�ûÀ�ì �� üÎ¡ ý�þ¤ �õ�÷Â� �ó�bÆõ�õ�÷Â� Û��Æõ ý�Â� �¤ ÓÜµ¿õ ý¥�ê ý�ûñÀõ ø Ý��îüõ ¼þÂÈ� �¤ ý¥�ê üÎ¡ ý�þ¤ �õ�÷Â� ñÀõ �õ ÛÊê.Ý�û¢üõ �Âª �¤ ö� ý�ûÛ� ù�¤ ø üêÂãõ ¼�½¬ ¢Àä ý�þ¤ý¥�ê üÎ¡ ý�þ¤ �õ�÷Â� 1.3üãÎì øÉ¿Èõ ùÀ÷Â�ð Ý�ÞÊ� ý�Â� ,ýÂ�ð Ý�ÞÊ� �ó�bÆõ °��Â® Âþ¢�Öõ ,üãì�ø ý��÷¢ Û��Æõ ÂµÈ�� ¤¢ùÀ÷Â�ð Ý�ÞÊ� üµó�� ß��� ¤¢ .Àª�±÷ üó�Þµ�� á�÷ ¥� ´¨� ßØÞõ ´�ãÎì �Àä ø ��ú�� ßþ� ø ´Æ�÷üÎ¡ ý�þ¤ �õ�÷Â� ñÀõ À��î Âê .Àû¢ ö�È÷ ý¥�ê ý�ûÂµõ�¤�� ��úÔõ ¤¢ �¤ ´�ãÎì �Àä À÷���üõÀª�� Âþ¥ �¤�¬ �� üãÎìmax f(x) = Txs:t: Ax � bx � 0; x 2 Rn ; b 2 Rm ; A 2 Rm�n : (1.3)
Bellman1Tanaka2Zimmermann3Negoita4Asai5Shaoheng6



32 ý¥�ê ý¥�¨ ���ú�ý¥�ê Í�½õ ×þ ¤¢ LP ñÀõ 1.1.3ø ¢¤�¢ üãÎì ø É¿Èõ ��úÔõ ×þ � ø À�µÆû üãÎì ¢�Àä� A; b;  °��Â® �Þû (1.3) ñÀõ ¤¢ý¥�ê Í�½õ ×þ ¤¢ LP ñÀõ À��î Âê ñ�� .Àª��üõ Ë½õ ø À�î� ¤�µ¨¢ ×þ ý¥�¨ ÝÞ�Æî�õÝÞ���õ �þ ÝÞ�Æî�õ �¤ éÀû â��� �î Àû��¿÷ �fãì�ø ùÀ÷Â�ð Ý�ÞÊ� ´¨� ßØÞõ ñ�·õ ö���ä �� .¢�ª �µ¡�¨ý�Â� .´Æ�÷ ßØÞõ üÜãê Óþ¤�ã� �� �î ,À��þ ´¨¢ ø¥¤� ý�û ¼Î¨ üÌã� �� �� Àû��¡üõ ø� �ØÜ� ,À�î."ÀÈ¿� ¢�±ú� ���� Û��ì �½÷ �� �¤ ¢���õ ¢�¨ �þ ��þ�û' �� Àû��¿� ´¨� ßØÞõ ùÀ÷Â�ð Ý�ÞÊ� ñ�·õý�û¥ø�¹� ø ��ÔÜ¿� ý¥�ê Í�½õ ¤¢ üóø ¢¤�¢ üãÎì ø Ë½õ ´ó�� ���®�þ¤ ¤¢ � ´õ�ä Ý�÷�¢üõ§�Æ�� �þ ø¥ ¤� ¼Î¨ ùÀ�û¢ ö�È÷ �ûÀ�ì �î Àû¢üõ  ¤ ü÷�õ¥ ´ó�� ßþ� .´¨� ñ�±ì Û��ì ×��î.´ª�÷ üãÎì À�ì ×þ �Ü�¨�� ö���üÞ÷ �î À�ª��(...ø üð¤�� ø üØ��î ,ù�õ ø ÝãÏ ,Ù÷¤ ,�Ö�Ü¨)¥��÷¥� ßµêÂð ×Þî �� ßþ�Â���� .À�ª�� ý¥�ê ý¢�Àä� À�÷���üõ A ÅþÂ��õ �þ b;  ¤�¢Â� °��Â® ß��»Þûz ¥� (üÚ��ú�)ø¥ ¤� ¼Î¨ ×þ �õ �î Ý��î Âê Àþ�� ý¥�ê LP ö¢¤ø� ´¨À� ý�Â� ��óø� üãÎì ñÀõéÀû â��� Âê ßþ� �� ,(À�î �À�� ´¨¢ ö� �� �� ¢¤�¢ ´¨ø¢ ùÀ÷Â�ð Ý�ÞÊ� �î z ¥� ý¤�ÀÖõ)Ýþ¤�¢Âþ¥ �¤�Ê� (1.3) ñÀõ ý�Â� ý¥�ê LP ø .¢�ªüõ ñÀõ ý¥�ê ý�ûÀ�ì �ä�Þ¹õ ¤¢ À�ì ×þ �¤�Ê�.¢�ªüõ �µª�÷Find xs:t: Tx �� zAx �� bx � 0; x 2 Rn ; b 2 Rm ; A 2 Rm�n (2.3)
ýø�Æõ �þ Âµð¤�� �f�¤øÂ® ø Û¬� ¤¢ ' ü�ãõ �� ø À�îüõ É¿Èõ�¤ � ý¥�ê �¿Æ÷ " �� " ´õ�ä �î.´¨� "��ýø�Æõ �þ ÂµØ��î �f�¤øÂ® ø Û¬� ¤¢ ' ü�ãõ �� ø À�îüõ É¿Èõ�¤ � ý¥�ê �¿Æ÷ " �� " ´õ�ä ø.´¨� "��À�ì ×þ �¤�Ê� �¤ ö� ø �µêÂð ÂÑ÷ ¤¢ ÝÞ���õ éÀû ×þ (1.3) üãÎì ñÀõ ¤¢ éÀû â��� ý�Â� ßþ�Â����



33 ý¥�ê ý¥�¨ ���ú�Çþ�Þ÷Âþ¥ �¤�Ê� (2.3) ñÀõ ´þ�ú÷¤¢ ø Ý��îüõ ü¨¤Â� �¤ z ý�û��� ö�Âî ø Ý�û¢üõ ¤�Âì �ó�bÆõ ¤¢.¢�ªüõ ù¢�¢Find xs:t: Bx �� dx � 0x 2 Rn ; b 2 Rm+1 ; B 2 R(m+1)�n (3.3)
×þ �Ü�¨�� Àþ�� (3.3) ñÀõ ¥� ÂÎ¨(m+1) ¥� ×þ Âû ø d =  �zb ! ø B =  �A ! �î�ä�Þ¹õ ´þ�Ìä â��� .¢�ª ù¢�¢ ö�È÷ ´¨� �i(x) �ú÷� ¥� ×þ Âû ´þ�Ìä â��� �î ,ý¥�ê �ä�Þ¹õ.´¨� Âþ¥ �¤�Ê� ℄4[ ¤¢ ù¢�¥ ø ßÞÜ� ÓþÂã� �� ���� �� (3.3) ñÀõ ý¥�ê

� ~D(x) = min1�i�n �i(x) (4.3)
B ÂÎ¨ ß�õ�i Bi)Àû¢ üõ ö�È÷ �¤ Bix �� diý¥�ê ýÂ��Â��÷ ¤¢ x Âû ö¢�� ü÷Àª ��¤¢ : �i(x).¢�ªüõ ÛþÀ±� Âþ¥ üÎ¡ Â�è ý�þ¤ �õ�÷Â� �ó�bÆõ �� (3.3) �ó�bÆõ ßþ�Â���� .(´¨�

maxx�0 � ~D(x) = maxx�0 mini �i(x) (5.3)
.(1.3 ÛØª)Ý��îüõ ÓþÂã� Âþ¥ �¤�¬ ���¤ �i(x) ´þ�Ìä â����i(x) = 8>>><>>>: 1 if Bix � di2 [0;1℄ if di < Bix � di + pi i = 1; � � � ;m+ 10 if Bix > di + pi (6.3)
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-
6 ������1

di di + pi
�i

Bix��i À�ì ´þ�Ìä â��� :1.3 ÛØª�û�i(x) �î Ý�îüõÂê ,´þ�Ìä â��� ù¢�¨ á�÷ ¥� ù¢�Ôµ¨� �� ¢�È÷ �¤�¡ ö¢�� üÎ¡ ¥� ñÀõ �Ø�þ� ý�Â�:ßþ�Â���� ,À���þ Çû�î "7¥�¹õ �Ü¬�ê ' ýø¤ üÎ¡ ¤�Î��i(x) = 8>>><>>>: 1 if Bix � di1� Bix�dipi if di < Bix � di + pi i = 1; � � � ;m+ 10 if Bix > di + pi (7.3)éÀû â��� ø �û À�ì ñ�±ì Û��ì ý�û ¥ø�¹� ùb¢øÀ½õ ¥� �î ý¤�Ï ,À÷�ª üõ ��¿µ÷� ù��¿ó¢ ¤�Î� �ûpi �î.℄100[¢�È÷ �¤�¡:Ýþ¤�¢ (5.3) �ó�Æõ ¤¢ (7.3) ´þ�Ìä â��� ý¤�ÁÚþ�� ��
maxx�0 mini �1� Bix� dipi � (8.3).Ýþ¤�¢ �¤ Âþ¥ �ó�bÆõ ßþ�Â� ��� ,Ý��îüõ üêÂãõ min �1� Bix�dipi � �¤�Ê� �¤ � ÀþÀ� Â��çµõmax �S : t�pi + Bix � di + pi i = 1; � � � ;m+ 1x � 0 (9.3)[di; di + pi℄ ,Àª�� �µª�¢ ö�¨�÷ À÷���üõ �Ü¬�ê ö� ¤¢ À�ì Âû �î ý� �Ü¬�ê7



35 ý¥�ê ý¥�¨ ���ú��� �¤ ´þ�Ìä â��� Âð� .´¨� (2.3) ñÀõ ���ú� ���� x�0 �î ,Àª��üõ (��; x�0)¤�¢Â� �ó�bÆõ ���ú� ����¢Âî ��¬� ö���üõ �¤ (9.3) ø (8.3) ñÀõ Ý�û¢ Â��ç� Âþ¥ ÛØª
�i(x) = 1� tipi ; 0 � ti � pi i = 1; � � � ;m+ 1 (10.3)

(9.3) ñÀõ �� ¥ ¤� Ýû üãÎì ñÀõ (10.3) �� ���� �� .Ý�õ�÷üõ ��i À�ì ÓÜ¿� ��¤¢ ù¥�À÷� �¤ ti Â�çµõ.´¨� Âþ¥ �¤�Ê�max �S : t�pi + ti � pi i = 1; � � � ;m+ 1Bix � ti � diti � pix � 0 (11.3)
��¹÷� ö�õ¥ ¤¢ üóø À�µÆû üê�®� ti � pi ý�ûÀ�ì �ä�Þ¹õ üµ� ,´¨� Âµð¤�� (9.3) ñÀõ ¥� ñÀõ ßþ�ø Â��¤�î ñÀõ ßþ� À�îüõ ¶½� ý¥�ê Í�½õ ¤¢ ß�ú� ÂÚþ¢ ý�û ���� ýø¤ �î ´�¨�Æ� Û�Ü½� ö¢�¢.℄99[Àª��üõ (9.3) ñÀõ ¥� Âµú�ýÂ�ð Ý�ÞÊ� ¢�¡ ÛÖ÷ø ÛÞ� ö�ðø�÷ ý�ú÷��õ�î ¤�µ¡�¨ ø ù¥�À÷� ýø¤ Àû��¡üõ üµîÂª 1.3 ñ�·õ,Àª��üõ �û��þ�û ö¢Âî ÝÞ���õ �ó�bÆõ éÀû .À÷�ª üõ ý¤�ÀþÂ¡ ÓÜµ¿õ ù¥�À÷� ¤�ú� ¤¢ �ú÷��õ�î .À�î.(À÷¤�¢ ýÀþÀª üÜÊê ý�ûö�¨�÷ �û�®�Ö�) ´¨� ö�þÂµÈõ �Þû ý�®�Ö� ùÀ��î ß�õ�� �ó�bÆõ ý�ûÀ�ì ø¥� üÞî ¢�Àã� ß��»Þû .( üÞî ý�ûÀ�ì)À��îüõ Â��ç� ø À�µÆ�÷ ´��� �û�®�Ö� �î Àû¢üõ ö�È÷ ßþ�Ûì�À� ÓÜµ¿õ Ûþ�¢ �� .(ü��þÂ�Æõ ý�û À�ì) À÷Â�ðüõ §�Þ� ¢�¡ ��ª¤�Ô¨ ý�Â� ¥ø ¤ Âû �ûýÂµÈõ¯��Âõ ý�û��þ�û Àû��¡üõ ´îÂª .´¨� ¥��÷ ÛÖ÷ ø ÛÞ� ö�ðø�÷ ¤¢ ö��õ�î á�÷ ßþÂµØ��î ¥� ¢Àä 6



36 ý¥�ê ý¥�¨ ���ú�Àþ�±÷ �î Àû¢ üõ ö�È÷ �¤ ¤�¢ 4200000 ��þ�û ´îÂª ��¢�� ß��»Þû .¢�ª ÝÞ���õ ÛÖ÷ ø ÛÞ� ��Âþ¥ üÎ¡ ñÀõ ùÀª �µêÂþÁ� ø üÞî ý�û��ó�÷� ¥� ù¢�Ôµ¨� �� ´þÂþÀõ .¢ø¤ Â���� Ýì¤ ßþ� ¥� �õ ý�û��þ�û.℄100[À�îüõ ¢�ú�È�� �¤min 41400x1 + 44300x2 + 48100x3 + 49100x4suh that0=84x1 + 1=4x2 + 2=16x3 + 2=4x4 � 17016x1 + 16x2 + 16x3 + 16x4 � 1300x1 � 6x2; x3; x4 ; � � 0.´¨� Âþ¥ �¤�Ê� �ó�bÆõ üãÎì ´ó�� ����x1 = 6 ; x2 = 16:29 ; x3 = 0 ; x4 = 58:96 ; min ost = 3846795üãÎì ´ó�� ¥� Â�ÂþÁ� é�Îã÷� �ûÀ�ì �� ,Àª�� �µª�¢ �ûÀ�ì ¤¢ �¤ �þÂð ý�û ù�¤ üÌã� Àû��¡üõ ´þÂþÀõÇ�� ö�� ø ´¨� ùÀª ù¢�Ôµ¨� �ûÀ�ì ¤¢ ùÀª ü��� Ç�� ý�û�®�Ö� ö�� �î À�îüõ §�Æ�� ø� .À�ª��Í¨�� Â���� ý�®�Ö� �� �î ¢¤�¢ ¢��ø ÂÎ¡ ßþ� ,À��îüÞ÷ ��±�� �¤ á�®�õ ×þ üµ¨¤¢ �ðÂû �ûü���§�Æ�� ´þÂþÀõ üóø ´¨� Ç¿�´þ�®¤ ñÀõ �û�Ü¬�ê üÌã� ýø¤ �Ø�þ� Ýì¤ üÜä .¢�È÷ ����õ ö�þÂµÈõ.À÷¥üõ ß�Þ¿� �¤ Âþ¥ ý�û Âµõ�¤�� ßþ� Â���� .À�µÆ�÷ âõ�� ø Õ�ì¢ �ûÀ�ì �î À�îüõ:(�Î¡ ñ�±ì Û��ì À�)¥�¹õ �Ü¬�ê ß�þ�� ö�Âîd1 = 3700000 ; d2 = 170 ; d3 = 1300 ; d4 = 6:¥�¹õ �Ü¬�ê ñ�Ïp1 = 500000 ; p2 = 10 ; p3 = 100 ; p4 = 6ö¢Âî ù¢�¨ ¥� Àã� ø ö�ª¢�¡ �� ¯��Âõ ý�û pi Â� �û ÂÎ¨ �Þû Ý�ÆÖ� ¥� Àã� ,(9.3) �ó�bÆõ �� ������:Ýþ¤�¢ �ó�bÆõ



37 ý¥�ê ý¥�¨ ���ú�x1 x2 x3 x4 z �üãÎì 6 16=29 0 58=96 3864975ý¥�ê 17=414 0 0 66=54 3988250 43=3%ý¥�ê Â�è ø ý¥�ê ���� �Æþ�Öõ :1.3 ñøÀ�
ñø� À�ì �ø¢ À�ì ��¨ À�ìüãÎì 170 1300 6ý¥�ê 177=33 1343=328 17=44ý¥�ê Â�è ø ý¥�ê ý�ûÀ�ì �Æþ�Öõ :2.3 ñøÀ�

max �suh that0=083x1 + 0=089x2 + 0=096x3 + 0=098x4 + � � 8=40=084x1 + 0=144x2 + 0=216x3 + 0=24x4 � � � 170=16x1 + 0=16x2 + 0=16x3 + 0=16x4 � � � 130=167x1 � � � 1� � 1x2; x3; x4 ; � � 0
ý¥�ê ´ó�� ¤¢ �ó�bÆõ ���� �� ���� �� .Ýþ¤�¢ 1.3 ñøÀ� ¤¢ �¤ ý¥�ê Â�è ø ý¥�ê ý�û´ó�� ����.´¨� �µê�þ Çþ��ê� üãÎì ´ó�� �� ´±Æ÷ %3=2�õ ��þ�û �î Ý����üõ



38 ý¥�ê ý¥�¨ ���ú�ý¥�ê ¼�½¬ ¢Àä üÎ¡ ý�þ¤ �õ�÷Â� 2.3,üä��Êõ ©�û)ÓÜµ¿õ ý�û�µª¤ ¤¢ ý¢�þ¥ ý�û¢Â�¤�î (FILP ) 8ý¥�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��î .À÷�ªüõ Ý�ÆÖ� �µ¨¢ 3 �� üÜî ´ó�� ¤¢ ý¥�ê ¼�½¬ ¢Àä üÎ¡ ý�þ¤ �õ�÷Â� Û��Æõ .¢�ª üõ¢Àä ý�þ¤ �õ�÷Â� üãÎì ñÀõ À��î Âê .Ý�û¢ üõ ¤�Âì ü��þ¥ ¤� ¢¤�õ ø üêÂãõ �¤ �ú÷� Ç¿� ßþ� ¤¢℄45[:Àª�� Âþ¥ �¤�Ê� ¼�½¬max z =Pj jxjs : t Pj aijxj � bi i 2M = f1; � � � ;mgxj � 0xj 2 Z (12.3)
ý¥�ê ý�ûÀ�ì �� FILP �ó�bÆõ 1.2.3:¢�ª �µª�÷ Âþ¥ �¤�Ê� À÷��� üõ (12.3) �ó�bÆõ ý¥�ê ñÀõmax z =Pj jxjs : t Pj aijxj ��bi i 2M = f1; � � � ;mgxj � 0xj 2 Z (13.3)��¥ø�¹� ø ��ÔÜ¿� üÌã� ¥� ùÀ÷Â�ð Ý�ÞÊ� ü�ãþ �� ´õ�ä ,Àª ö��� (1.1.3)Ç¿� ¤¢ �î ¤�Ï ö�Þû ø:À÷�ªüõ ÓþÂã� Âþ¥ ´þ�Ìä â��� �Ü�¨�� �ó�bÆõ ý¥�ê ý�ûÀ�ì .À�îüõ üª�� ÝÈ� �ûÀ�ì ¤¢ ×��î�i : Rn ! (0;1℄

Fuzzy integer linear programing8



39 ý¥�ê ý¥�¨ ���ú�:¢�ªüõ ÓþÂã� Âþ¥ �¤�Ê� ø Àû¢üõ ö�È÷ ��i À�ì ý�Â� �¤ x 2 Rn Âû ö¢�� ü÷Àª ��¤¢ �i(x)�i(x) = 8>>><>>>: 1 if aix � bi(bi+di)�aixdi if bi < aix � bi + di0 if aix > bi + di (14.3):Ý��îüõ ÓþÂã� Âþ¥ �¤�Ê� �¤ Xi �ä�Þ¹õ ,À�ì Âû ý�Â�Xi = fx 2 Rn j X aijxj ��bi; xj � 0; xj 2 Zg i 2M:¢�ªüõ �µª�÷ Âþ¥ �¤�Ê� (13.3) FILP �ó�bÆõ ù�Ú÷� X = Ti2M Xi Âð�max fz = x j x 2 Xg,X ý�ûÀ�ì �ä�Þ¹õ ¥� ù��¿ó¢ ©Â�-� ×þ � 2 (0;1℄ Âû ý�Â� ,�û©Â�-� ÓþÂã� �� ���� ��:Àª��üõ Âþ¥ ×�¨�î �ä�Þ¹õX(�) = fx 2 Rn j �X(x) � �g:Àª��üõ Âþ¥ �¤�Ê� 6.2 ÓþÂã� Õ±Ï �X(x) �î8 x 2 Rn �X(x) = minf�i(x) ; i 2Mg�¤�Ê� �¤ S(�) �ä�Þ¹õ � 2 (0;1℄ Âû ý�Â� Å³¨ .´¨� À�ì ß�õ�i ©Â�-� ,Xi(�) ´ó�� ßþ� ¤¢:Ý��îüõÉ¿Èõ Âþ¥S(�) = fx 2 Rn j x = max y ; y 2 X(�)g:Ýþ¤�¢ � 2 (0;1℄ Âû ý�Â� .´¨� ý¥�ê ý�ûÀ�ì ´ó�� ¤¢ FILP �ó�bÆõ ý¥�ê ���� S� S(�) �îX(�) = \i2Mfx 2 Rn j aix � ri(�) ; xj � 0; xj 2 Zg ; ri(�) = bi + di(1� �)



40 ý¥�ê ý¥�¨ ���ú�:¢�ªüõ ÛþÀ±� Âþ¥ ILP �ó�bÆõ�� (13.3) FILP �ó�bÆõ ßþ�Â����max z =Pj jxjs : t P aijxj � bi + di(1� �) i 2M = f1; � � � ;mgxj � 0xj 2 Z & � 2 (0;1℄ (15.3)
.Àþ¤ø� ´¨À� �¤ Âþ¥ FILP �ó�bÆõ ý¥�ê ���� 2.3 ñ�·õmax z = 2x1 + 5x2s : t 2x1 � x2 ��92x1 � 8x2 ��31x1; x2 � 0x1; x2 2 Z.À�û¢üõ ö�È÷ �¤ Àª�� �µª�¢ À÷���üõ ùÀ÷Â�ð Ý�ÞÊ� �î ü��ÔÜ¿� Â·î� À� �î d1 = 3; d2 = 4 ��:´¨� Âþ¥ �¤�Ê� ÂÒ��µõ ¼�½¬ ¢Àä üãÎì ý�þ¤ �õ�÷Â� �ó�bÆõ (15.3) �� ���� ��max z = 2x1 + 5x2s : t 2x1 � x2 � 9+ 3(1� �)2x1 � 8x2 � 31+ 4(1� �)x1; x2 � 0x1; x2 2 Z0 < � � 1:´¨� Âþ¥ �¤�Ê� ��� �ó�bÆõ ���� �ó�bÆõ Û� ¥� Àã� �îS(�) = (5;3) z(�) = 25 8� 2 (0;0=25℄S(�) = (4;3) z(�) = 23 8� 2 (0=25;0=75℄S(�) = (3;3) z(�) = 21 8� 2 (0=75;1℄:´¨� Âþ¥ ý¥�ê �ä�Þ¹õ ,�ó�bÆõ ý¥�ê ���� ö�þ�� ¤¢ ø~S = ((5;3)0=25 ; (4;3)0=75 ; (3;3)1 )



41 ý¥�ê ý¥�¨ ���ú�éÀû â��� ¤¢ ý¥�ê °��Â® �� FILP �ó�bÆõ 2.2.3:´¨� Âþ¥ �¤�Ê� �ó�bÆõ ý¥�ê ñÀõmax z =Pj ~jxjs : t Pj aijxj � bi i 2M = f1; � � � ;mgxj � 0xj 2 Z (16.3)
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 ×þ©ø¤ ø 9Çþ�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 .´¨� 10ý¥�ê ¢�Àä� ýÀ�� �±�¤ ý�úªø¤ �ø¢.℄45[Ý��îüõ ü¨¤Â�ý¥�ê ¢�Àä� ýÀ���±�¤ ©ø¤ ¥� ù¢�Ôµ¨�ý�û���� �ä�Þ¹õ ¥� ´ª�Ú÷ ×þ g ø Àª�� (16.3) �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 ¤¢ 11â�¨�� Û¬� �� ������X ~jxj 2 F (R) Representation theorem9Fuzzy number ranking methods10Extension Priniple11



42 ý¥�ê ý¥�¨ ���ú�.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 XgA 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���±�¤üþ�û©ø¤ �õ ,¢¤�¢ ¢��ø A �ä�Þ¹õ ý¥�ê ¢Àä ßþÂµð¤�� ö¢¤ø� ´¨À� ý�Â� ý¢�þ¥ ýÀ���±�¤ ý�úªø¤ýÀ���±�¤ â��� �î üþ�û©ø¤ �f¬�Ê¿õ ,À÷�ªüõ ÓþÂã� ýÀ���±�¤ â��� ×þ �¤�Ê� �î Ý��îüõ ü¨¤Â� �¤.´¨� (LRF ) 12üÎ¡ �ú÷�f : F (R) �! R À�÷�õ üÎ¡ üã��� ´¨� üê�î ¢Àä ø¢ �Æþ�Öõ ý�Â� ù�Ú÷� A;B 2 F (R) À��î ÂêA < B;A = B;A >°��Â� �� ù�Ú÷� f(A) = f(B); f(A) < f(B); f(A) > f(B) Âð� ,Ý��î ÓþÂã�.Àª��üõ BÂð� ´¨� üÎ¡ ýÀ���±�¤ â��� f â��� 1.3 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 (17.3)Linear ranking funtion12



43 ý¥�ê ý¥�¨ ���ú�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��
�(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 (18.3)

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� �� (16.3) ���ú� ���� ×þ ßþ�Â����max f(~x)s : t Ax � bxj � 0xj 2 Z (19.3)
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 (20.3):¥� À��¤�±ä üØÞî ý�ûñÀõ ßþ� ¥� üÌã�:Àþ�üõ ´¨À� Âþ¥ �ó�bÆõ 13Ù÷�� ÅþÀ÷� ¥� ù¢�Ôµ¨� �� (Óó�max((dx+ d0x)(3x+ dx� d0x)6 j Ax � b ; xj 2 Z) (21.3)Chang13



44 ý¥�ê ý¥�¨ ���ú�:Àþ�üõ ´¨À� Âþ¥ ý�úªø¤ °��Â� �� 14Âð�þ ��¨ ø �ø¢ ,ñø� ÅþÀ÷� ¥� ù¢�Ôµ¨��� (�max� (+ d� d03 )x j Ax � b ; xj � 0 ; xj 2 Z� (22.3)max� (x+ dx)dx+ 1 j Ax � b ; xj � 0 ; xj 2 Z� (23.3)max�(+ d� d04 )x j Ax � b ; xj � 0 ; xj 2 Z� (24.3)
:ÀþÂ�Ú� ÂÑ÷ ¤¢ �¤ Âþ¥ FILP �ó�bÆõ 3.3 ñ�·õmax z = ~1x1 + 5x2s : t 2x1 � x2 � 122x1 � 8x2 � 35x1; x2 � 0x1; x2 2 Z :Ýþ¤�¢ ýÀ���±�¤ â���� ¥� ù¢�Ôµ¨� �� .~ = (1;3;5) �î: Ù÷�� ýÀ���±�¤ â��� ¥� ù¢�Ôµ¨� ( Óó�maxn2x21 + 3=33x1x2 j 2x1 � x2 � 12 ; 2x1 � 8x2 � 35 ; xj � 0; j 2 Nox� = (7;2)Â��Â� ���ú� ���� ´ó�� ßþ� ¤¢:Âð�þ ýÀ�� �±�¤ â��� ¥� ù¢�Ôµ¨�( �max f3x1 + 5x2 j 2x1 � x2 � 12 ; 2x1 � 8x2 � 35 ; xj � 0; xj 2 Zgmaxn5x1+5x22x1+1 j 2x1 � x2 � 12 ; 2x1 � 8x2 � 35 ; xj � 0; xj 2 Zomax f3x1 + 5x2 j 2x1 � x2 � 12 ; 2x1 � 8x2 � 35 ; xj � 0; xj 2 Zg Yager14



45 ý¥�ê ý¥�¨ ���ú�:¥� À��¤�±ä °��Âµ� Âð�þ ��¨ ø �ø¢ ,ñø� ý�ûÅþÀ÷� ¥� ù¢�Ôµ¨� �� ���ú� ����x� = (7;2); x� = (0;4); x� = (7;2)¤¢ �î Ýþ¤ø�üõ ´¨À� üÔÜµ¿õ ý�û���� ,Ý��î ù¢�Ôµ¨� üóÀõ �� ¥� �Ø�þ� °Æ� Â� Ý��îüõ ùÀû�Èõ.À�îüõ ��¿µ÷� �¤ �û���� ¥� üØþ ùÀ÷Â�ð Ý�ÞÊ� ´þ�ú÷°��Â® ÅþÂ��õ ¤¢ ý¥�ê ¢�Àä� �� FILP �ó�bÆõ 3.2.3ñÀõ .Ý��îüõ ü¨¤Â� �¤ °��Â® ÅþÂ��õ ¤¢ ùÀª ÓþÂã� ý¥�ê ¢�Àä� �� FILP �ó�bÆõ �õ Ç¿� ßþ� ¤¢.´¨� Âþ¥ �¤�Ê� �ó�bÆõ ßþ�max z =Pj jxjs : t Pj ~aijxj �� ~bi i 2M = f1; � � � ;mgxj � 0xj 2 Z (25.3)Â�ÂþÁ� é�Îã÷� �ûÀ�ì �� Àû¢üõ ù¥��� ùÀ÷Â�ð Ý�ÞÊ� �î Àû¢üõ ö�È÷ �� ø ~aij ; ~bi 2 F (R) ��� ñÀõ ¤¢.Ý��îüõ ü¨¤Â� �¤ Âþ¥ ´þ�Ìä â���� ßþ�Â���� .À�ª��:Ýþ¤�¢ (25.3) ¤¢ À�ì Âû ý�Â�9 �i s:t �i : R �! [0;1℄:Ýþ¤�¢ j 2 N ø i 2 N Âû ý�Â� ø .À�îüõ ÓþÂã� �¤ ´¨�¤ ´Þ¨ Âþ¢�Öõ ý¥�ê ¢�Àä� ´þ�Ìä â��� �î9 �ij s:t �ij : R �! [0;1℄:Ýþ¤�¢ �ûÀ�ì ¥� ÂÎ¨ Âû ý�Â� ø .Àª��üõ °��Â® ÅþÂ��õ ¤¢ ý¥�ê ¢�Àä� ´þ�Ìä â��� �î9 �i s:t �i : F (R) �! (0;1℄



46 ý¥�ê ý¥�¨ ���ú�ý¥�ê ¢Àä ×þ ~ti À��î Âê .Àû¢üõ ö�È÷ �¤ À�ì ß�õ�i �� ´±Æ÷ x 2 Rn Âû ö¢�� ü÷Àª ��¤¢ �îßþ� Â���� .Àû¢üõ ö�È÷ �¤ À�ì ß�õ�i ¤¢ ¥�¹õ ÓÜa¿� ßþÂµÈ�� ø ¢Â�ð üõ ÂÑ÷ ¤¢ ùÀ÷Â�ð Ý�ÞÊ� �î Àª��:¢�ªüõ �µª�÷ Âþ¥ �¤�Ê� (25.3) �ó�bÆõmax z =Pj jxjs : t Pj ~aijxj � ~bi + ~ti(1� �) i 2M = f1; � � � ;mgxj � 0xj 2 Z ; � 2 (0;1℄ (26.3)
:Àþ�üõ ´¨À� Âþ¥ üØÞî ñÀõ ,ýÀ���±�¤ â��� ¥� ù¢�Ôµ¨� ��max z =Pj jxjs : t f(P ~aijxj) � f(~bi + ~ti(1� �)) i 2M = f1; � � � ;mgxj � 0xj 2 Z ; � 2 (0;1℄ (27.3)

:¢�ªüõ ù¢�¢ Çþ�Þ÷ Âþ¥ �¤�Ê� (27.3) ñÀõ Ý��î ù¢�Ôµ¨� LRF ¥� Âð� ñ��max z =Pj jxjs : t P f( ~aij)xj � f(~bi) + f(~ti)(1� �) i 2M = f1; � � � ;mgxj � 0xj 2 Z ; � 2 (0;1℄ (28.3)
:ÀþÂ�Ú� ÂÑ÷ ¤¢ �¤ Âþ¥ FILP �ó�bÆõ 4.3 ñ�·õmax z = 2x1 + 5x2s : t ~2x1 � ~1x2 � ~9~2x1 + ~8x2 � ~31x1; x2 � 0x1; x2 2 Z



47 ý¥�ê ý¥�¨ ���ú�:´¨� Âþ¥ �¤�Ê� �ó�bÆõ °��Â® ÅþÂ��õA = 24 (1;2;3) (0=5;1;2)(1=5;2;3=5) (7;8;10) 35 ; B = 24 (7;9;10)(29;31;35) 35 ; T = 24 (2=5;3;4)(3;4;6) 35 ::Ýþ¤�¢ (26.3) �� ���� ��max z = 2x1 + 5x2s : t ~2x1 � ~1x2 � ~9+ ~3(1� �)~2x1 + ~8x2 � ~31+ ~4(1� �)x1; x2 � 0x1; x2 2 Z ; � 2 (0;1℄ : :Ýþ¤�¢ ý¥�ê ¢�Àä� ý�Â� ýÀ���±�¤ â���� ö¢Â� ¤�Ø� ��Âð�þ ñø� ÅþÀ÷� ¥� ù¢�Ôµ¨� ( Óó�max z = 2x1 + 5x2s : t 2=000x1 � 1=166x2 � 8=666+ 3=166(1� �)2=333x1 + 8=333x2 � 31=666+ 4=333(1� �)x1; x2 � 0x1; x2 2 Z ; � 2 (0;1℄ : ¥� ´¨� �¤�±ä ý¥�ê ���ú� ����~S = ( (7;2)0=052 ; (4;3)0=384 ; (6;2)0=683 ; (3;3)0=923 ; (5;2)1 ) ::Ù÷�� ýÀ���±�¤ â��� ¥� ù¢�Ôµ¨�max z = 2x1 + 5x2s : t (2x1 � 1=5x2)(x1 � 0=583x2) � [3+ 1=5(1� �)℄[4=333+ 1=583(1� �)℄(2x1 + 3x2)(1=666x1 � 4=166x2) � [6+ 3(1� �)℄[15=833+ 2=166(1� �)℄x1; x2 � 0x1; x2 2 Z ; � 2 (0;1℄ ¥� ´¨� �¤�±ä ý¥�ê ���ú� ����~S = ((1;3)0=08 ; (0;3)0=71 ; (1;2)1 ) :



4 ÛÊê
�û�Ø±ª ýø¤ ý¥�ê ü���÷�Øõ

48



49 �û�Ø±ª ýø¤ ý¥�ê ü���÷�Øõ-p ø �÷��õ-p Û��Æõ ø ,Ý��îüõ üêÂãõ �¤ �û�Ø±ª ýø¤ ý¥�ê ü���÷�Øõ ÓÜµ¿õ ý�ûñÀõ ÛÊê ßþ� ¤¢�ó�bÆõ Û� ý�Â� ö�þ�� ¤¢ ø Ý��îüõ ö��� �¤ �ú÷� Û� ý�û©ø¤ ø üêÂãõ ý¥�ê ý�û�Ø±ª ýø¤ �¤ �îÂõ.Ý�û¢üõ ���¤� �¤ üÞµþ¤�Úó� À�µÆû ý¥�ê ¢�Àä� �û§�b¤ ö¥ø �î üµìø �û�Ø±ª ýø¤ �÷��õ-pV = fv1; v2; :::; vng ý�û§�b¤ �ä�Þ¹õ �� ´ú� öøÀ� ø À�±Þû ,ù¢�¨ é�Âð ×þ G(V;E) À��î Âê.Ý�û¢üõ ö�È÷ e 2 [u; v℄ �Ü�¨�� �¤ e 2 E ñ�þ Âû ,Àª�� E = fe1; e2; :::; emg ý�ûñ�þ �ä�Þ¹õ ø§�b¤ Âû �� ø ´¨� ñ�þ ñ�Ï ùÀ�û¢ ö�È÷ �î Ý�û¢üõ ´±Æ÷ l(e) ´±·õ ¢Àä ×þ e 2 E ñ�þ Âû ��â���� À��î Âê .Àû¢üõ ö�È÷ �¤ §�b¤ ©¥¤� ø ´�aÞû� �î Ý�û¢üõ ´±Æ÷ w(v) � 0 ö¥ø ×þ v 2 V�� �Ø±ª ×þ ¶½� ¢¤�õ ñÀõ ñÀõ ßþ� Â���� .À�µÆû E ø V ýø¤ ñ�Ï ø ö¥ø â���� °��Âµ� l(:) ø w(:)�î ¢�ªüõ ß��ã� � Â�açµõ �Ü�¨�� e 2 [u; v℄ ñ�þ ýø¤ x �ÎÖ÷ .Àª��üõ N = (V;E;w; l) �Ôó�bõ ¤�ú�ö�È÷ xe(�) �Ü�¨�� �¤ �ÎÖ÷ ßþ� ø Àû¢üõ ö�È÷ �¤ x �ÎÖ÷ ø u ý�úµ÷� ß�� ñ�þ ¥� üÈ¿� 0 � � � 1�ÎÖ÷ ø v = xe(1) ø u = xe(0) �¤�Ê� �¤ ñ�þ ü��úµ÷� ý�û�ÎÖ÷ ÓþÂã� ßþ� �� ���� �� .Ý�û¢üõ.℄52[Ý�û¢üõ Çþ�Þ÷ I(e) = fx = xe(�) ; 0 � � � 1g �� �¤ e üÜ¡�¢ ý�û�îÂõ ø �÷��õ ý�û�ó�bÆõ ,ü���÷�Øõ �þÂÑ÷ ¤¢ Ýúõ ý�û�ó�bÆõ ¥� �÷�Þ÷ ø¢ Àª ö��� 1 ÛÊê ¤¢ �î ¤�Î÷�ÞûÀ÷�ªüõ ö��� Âþ¥ �¤�¬ �� �î .À�µÆûminx2N Xv2V w(v)d(x; v) minx2N maxv2V w(v)d(x; v) :�ä�Þ¹õ×þ ¤¢ �î ,À�µÆû ü÷Àª ý�û���� �Ø±ª ¯�Ö÷ �Þû ü���÷�Øõ �ó�Æõ×þ Û� ¥� �Ü�Âõ ß�óø� ¤¢À÷¤�¢ ¤�Âì (¢�ªüõ Ûõ�ª �¤ �ó�bÆõ ü÷Àª ���� ×þ Ûì�À� �î üû��µõ �ä�Þ¹õ ×þ)1üû��µõ °ó�èø �û§�b¤ �ä�Þ¹õ �÷��õ-p�ó�bÆõ ý�Â� üû��µõ °ó�è �ä�Þ¹õ , ℄39[ üÞ�Ø� �ó�Öõ �� ���� �� .℄49[��úÔõ ü¨¤Â� ý�Â� .Àª��üõ (�ûñ�þ)�û§�b¤ ß�� üÜ¡�¢ ¯�Ö÷ ø �û§�b¤ �ä�Þ¹õ �îÂõ-p �ó�bÆõ ý�Â��Ø±ª ×þ ,G = (V;E) é�Âð ¥� ßþ�Â���� .ÝþÀ�õ¥��÷ ý¥�ê é�Âð ��úÔõ �� �õ ,ü���÷�Øõ Û��Æõ ¤¢ ý¥�ê.Ý��î ÓþÂã� �Ø±ª ý���� ý�Â� °¨��õ ´þ�Ìä â��� Âð� Àþ�üõ ¢���� ý¥�êFinite dominat set1



50 �û�Ø±ª ýø¤ ý¥�ê ü���÷�Øõý¥�ê ü���÷�Øõ Û��Æõ ÓÜµ¿õ ý�úóÀõ 1.4ö¥ø ,�û§�b¤ ö¥ø ,�ûñ�þ ,�û§�b¤) �Ø±ª Â¬��ä üõ�Þ� ¢¤�õ ¤¢ ��ä�Ï� ,×�¨�î ü���÷�Øõ Û��Æõ ¤¢���¤� ¥� Û±ì ßþ�Â���� .À�µÆû Õ�ì¢�÷ ø Ýú±õ ��ä�Ï� ßþ� üãì�ø ý��÷¢ ¤¢ üóø ´¨� Ûõ�î ø Õ�ì¢(�û ñ�þÂ¬��ä ßþ� �î ü��û´ó�� üÚ÷�Ú� ö��� �� ý¥�ê ý�û�Ø±ª ýø¤ ü���÷�Øõ ÓÜµ¿õ ý�ûñÀõ üêÂãõ ø.Ýþ¥�¢Â�üõ À÷�ªüõ �µêÂð ÂÑ÷ ¤¢ ý¥�ê
ý¥�ê ý�û§�b¤ �� �Ø±ª (1¯Âª ×þ �ú÷�Øõ ßþ� �î À�û¢üõ ö�È÷ �¤ ü��ú÷�Øõ ´�ãì�õ ,�®�Ö� ý�û§�b¤ Û��Æõ ßþ� ¤¢ø Àª�� ýÂúª ý�ÈÖ÷ ×þ �õ �Ø±ª Âð� ñ�·õ ý�Â� .À÷¤�¢ ö¢�� §�b¤ ý�Â� ü��ãõ ø É¿Èõ.À÷¤�¢ °¨��õ ø üê�î ´�ãÞ�×þ �î Ý��î ü¨¤Â� �¤ ü��ûÂúª ,À�ª�� �ÈÖ÷ ýø¤ ý�ûÂúª �û§�b¤:ý¥�ê ý�ûñ�þ �� �Ø±ª (2ñ�·õ ö���ä �� ,À÷�ª üõ Âû�Ò ñÀõ ¤¢ ´�aÞû� ��¤¢ ×þ �� �ûñ�þ Û±ì ´ó�� À�÷�õ Û��Æõ ßþ� ¤¢�¤�¬ �� À÷��� üõ ý¥�ê �ä�Þ¹õ ,À�ª�� �ûÂúª ß�� ý�ûö����¡ ùÀ�û¢ ö�È÷ �Ø±ª ý�ûñ�þ Âð�üóø À�µÆû ù¢�� ø¢ Âû üÜÚ�� ý�ûÂ�Æõ ø �ûö����� �f ·õ .¢�ª ÓþÂã� " ö����¡ ö¢�� ��¡'.À÷¤�¢ ÓÜµ¿õ ´�aÞû� ��¤¢:ý¥�ê ý�ûö¥ø �� �Ø±ª (3ùÀ�û¢ ö�È÷ �î ü��ûö¥ø üãÎì ©¥¤� �î Àû¢üÞ÷ ù¥��� ¢���õ ��ä�Ï� �û´ó�� ¥� ý¤��Æ� ¤¢¤¢ v §�b¤ ö¥ø' ÝþÂ�üõ ¤�Ø� ñ�·õ ý�Â� �û´ó�� ßþ� ¤¢ ,Ý��î ß��ã� �¤ À�µÆû �û§�b¤ ´�aÞû�.´¨� ý¥�ê ¢Àä ×þ w(v) ö¥ø Àû¢üõ ö�È÷ �î " ´¨� w ¢øÀ�: ý¥�ê ý�ûñ�Ï �� �Ø±ª (4�� .À��îüõ �À�� ý¥�ê ©¥¤� ~l(e) â��� �Ü�¨�� �ú÷� ø ´Æ�÷ ��Üãõ �ûñ�þ ñ�Ï Û��Æõ ßþ� ¤¢



51 �û�Ø±ª ýø¤ ý¥�ê ü���÷�Øõ�ûù¢�� ö¢�Þ�� ö�õ¥ À÷��� üõ ý¥�ê ñ�Ï À�ª�� �ûÂúª ß�� ý�ûù¢�� �õ ý�ûñ�þ Âð� ñ�·õ ö���ä.Àª��ßþ� ö���üõ �ó�bÆõ Íþ�Âª �� ���� �� �î .Àû¢  ¤ ��÷ Ýû �� À÷���üõ ë�ê ý�û´ó�� ý¥�ê Íþ�Âª ¤¢.¢Âî ýÀ�� Ý�ÆÖ� Âþ¥ ý�û´ó�� ¤¢ �¤ Û��ÆõýÂþ¢�Öõ ��÷ ñ�Ï ø ö¥ø â���� ø À�µÆû ý¥�ê ý�û�ä�Þ¹õ ø¢ Âû �ûñ�þ �ä�Þ¹õ ø �û§�b¤ �ä�Þ¹õ �.N = (~V ; ~E; ~w; ~l) .À��îüõ ¤��µ¡� ý¥�êñ�Ï �þ ö¥ø â���� ¥� üØþ ø À�µÆû ý¥�ê ü��û�ä�Þ¹õ ø¢ Âû �ûñ�þ �ä�Þ¹õ ø �û§�b¤ �ä�Þ¹õ �N = �þ N = (~V ; ~E;w; ~l) , N = (~V ; ~E; ~w; l) .À��îüõ ¤��µ¡� üãÎì Âþ¢�Öõ ø¢ Âû �þ ø.( ~V ; ~E;w; l)ñ�Ï ø ö¥ø â���� ø ý¥�ê �ä�Þ¹õ ×þ �ûñ�þ �ä�Þ¹õ ,üãÎì �ä�Þ¹õ ×þ �û§�b¤ �ä�Þ¹õ �. N = (V; ~E; ~w; ~l) .À��îüõ ¤��µ¡� ý¥�ê Âþ¢�Öõ�þ ö¥ø â���� ¥� üØþ ø ý¥�ê �ä�Þ¹õ ×þ �ûñ�þ �ä�Þ¹õ ,üãÎì �ä�Þ¹õ ×þ �û§�b¤ �ä�Þ¹õ �N = �þ N = (V; ~E;w; ~l) , N = (V; ~E; ~w; l) .À��îüõ ¤��µ¡� üãÎì Âþ¢�Öõ ø¢ Âû �þ ø ñ�Ï.(V; ~E;w; l)ø¢ Âû ñ�Ï ø ö¥ø â���� ø À�µÆû üãÎì ü��û�ä�Þ¹õ ø¢ Âû �ûñ�þ �ä�Þ¹õ ø �û§�b¤ �ä�Þ¹õ �. N = (V;E; ~w; ~l) .À��îüõ ¤��µ¡� ý¥�ê ýÂþ¢�Öõñ�Ï ø ö¥ø â���� ¥� üØþ ø À�µÆû üãÎì ü��û�ä�Þ¹õ ø¢ Âû �ûñ�þ �ä�Þ¹õ ø �û§�b¤ �ä�Þ¹õ �N = (V;E;w; ~l) , N = (V;E; ~w; l) .À�îüõ ¤��µ¡� ý¥�ê Âþ¢�ÖõÀ÷Àª Âî£ ��� ´ÞÆì ¤¢ �î ý����Èõ ý�ûñÀõ Û� ý�Â� �î Ýþ¥�¢Â�üõ ü��úªø¤ üêÂãõ �� �õ�¢� ¤¢�û§�b¤)�ä�Þ¹õ ø¢ Âû �þ ø �ûñ�þ �ä�Þ¹õ ,�û§�b¤ �ä�Þ¹õ �î ü��ûñÀõ ý�Â� Û�©ø¤×þ .À�µÆû °¨��õ



52 �û�Ø±ª ýø¤ ý¥�ê ü���÷�Øõ×þ Û� Ûõ�ª ©ø¤ ßþ� .Àª��üõ �úªÂ�-� Çþ�Þ÷ ¥� ù¢�Ôµ¨� À�µÆû ý¥�ê ü��û�ä�Þ¹õ ,(�ûñ�þ ø.´¨� �úªÂ�-� ¥� ù¢�Ôµ¨� �� üãÎì Û��Æõ ¥� üû��µõ ýÂ¨ý¥�ê ý�ûñ�þ �ä�Þ¹õ �þ �û§�b¤ �ä�Þ¹õ �� ü���÷�Øõ �ó�bÆõ 1.1.4¯��Âõ üãÎì Û��Æõ ¥� üû��µõ �ä�Þ¹õ ×þ Û� Ûõ�ª ,ü���÷�Øõ Û��Æõ á�÷ ßþ� ý�Â� Û� ©ø¤ ×þý�Â� ü���÷�Øõ ý�û�ó�bÆõ Û� Ûõ�ª �ú÷� Û� ©ø¤ .Àª��üõ � 2 (0; C(G)℄ ý�Â� �úªÂ�-� ��.Àª��üõ �i ÓÜµ¿õ Âþ¢�Öõ �� G�i ý�ûé�Âð�Âþ¥ ,Ý��î Û� �1; �2; :::; �k üóø�÷ �ó�±÷¢ ý�Â� �¤ üãÎì ý�û�ó�bÆõ �õ �î ´¨� ßþ� Û� ù�¤ ßþÂµú�ü��ûÝµþ¤�Úó� ¥� °Üè� ü���÷�Øõ ý�û�ó�bÆõ ¤¢ ö�� ø À÷�ª üõ Âû�Ò ýÀã� ý�ûé�Âð ¤¢ ¤¢ �f¤ ÂØõ �û§�b¤´¨À��¤ ÀþÀ� �Ü¬�ê ÅþÂ��õ Ý�÷��µ� ü÷�¨� �� ¢�ª �ê�®� é�Âð �� ÀþÀ� ñ�þ üµìø �î Ý��îüõ ù¢�Ôµ¨�¥��÷ �Ü¬�ê ÅþÂ��õ �±¨�½õ ý�Â� ýÂµÞî ö�õ¥ ©ø¤ ßþ� �� .Ý��îüõ ù¢�Ôµ¨� �i üóø�÷ �ó�±÷¢ ¥� , Ýþ¤ø�.´¨�,Àþ�üõ ´¨À� ´þ�Ìä ��¤¢ �� �µÆ��ø üãÎì Û��Æõ ¥� üû��µõ �ä�Þ¹õ ×þ ,ë�ê ©ø¤ ¥� ù¢�Ôµ¨� ��´þ�Ìä �� ¤¢ �� Àþ�üõ ´¨À� üãÎì ý�û���� ¥� üû��µõ �ä�Þ¹õ ×þ üãÎì Û��Æõ ßþ� Û� �� �î.¢�ªüõ ùÀ�õ�÷ �ó�bÆõ ý¥�ê ý�û���� �îÉ¿Èõý¥�ê ý�ûñ�Ï ø �ûö¥ø �� ü���÷�Øõ �ó�bÆõ 2.1.4���� Âû ý�Â� �¤ ý¥�ê ¤�ÀÖõ ×þ éÀû â��� ( ý¥�ê ý�ûñ�Ï ø �ûö¥ø �� ü���÷�Øõ) �ó�bÆõ ø¢ Âû ¤¢ù¢�Ôµ¨� �� ø éÀû â��� Âþ¢�Öõ �Þû ýø¤ ßµêÂð ÝÞ���õ ø ¢�Àä� ßþ� �Æþ�Öõ �� Àã� ,À�îüõ üêÂãõ ü÷Àª.Àþ�üõ ´¨À� ���ú� ���� ,üÎ¡ ýÀ�� �±�¤ â���� ¥�



53 �û�Ø±ª ýø¤ ý¥�ê ü���÷�Øõý¥�ê ý�û�Ø±ª ¤¢ �÷��õ-p �ó�bÆõ 2.4�þ�¹� ¢¤�õ �¤ N = (V;E;w; ~l) ø N = (V;E; ~w; l) ý�û�Ø±ª ýø¤ �÷��õ-p �ó�bÆõ �õ Ç¿� ßþ� ¤¢.℄52[Ý�û¢üõ ¼�®�� �¤ �ûö� Û� ©ø¤ üó�·õ ���¤� �� ö�þ�� ¤¢ ø Ý�û¢üõ ¤�Âì Û�Ü½� ø
ý¥�ê ý�ûö¥ø �� �÷��õ-p �ó�bÆõ 1.2.4�ä�Þ¹õ �� �Ø±ª ×þ �î Ý�û¢üõ Çþ�Þ÷ N = (V;E; ~w; l) �¤�Ê� �¤ ý¥�ê ý�ûö¥ø �� �Ø±ª ×þl(ei) Â��Â� ei ñ�þ Âû ñ�Ï ,E = fe1; e2; :::; emg ý�ûñ�þ �ä�Þ¹õ ,V = fv1; v2; :::; vng ý�û§�b¤Âê Âð� ,ý¥�ê ý�ûö¥ø �� üãÎì ý�ûé�Âð ¤¢ �÷��õ-p �ó�bÆõ ý�Â� .´¨� ~wi Â��Â� §�b¤ Âû ö¥ø ø¥� ù¢�Ôµ¨� �� éÀû ´þ�Ìä â��� ,À�ª�� ~wi = (wli; wmi ; wri ) �¤�Ê� ü·Ü·õ ý¥�ê ¢�Àä� �ûö¥ø Ý��î.¢�ª üõ �µª�÷ Âþ¥ �¤�Ê� (18.3)

8u 2 R; i 2 N; �wi(u) = 8>>><>>>: (u�wli)=(wmi � wli) wli � u � wmi(wri � u)=(wri � wmi ) wmi � u � wri0 otherwise (1.4)
,Àª�� ü·Ü·õ ý¥�ê ¢�Àä� �û ~wi �î ý¤�Î� ,Àª�� ~z = Pni=1Pnj=1 ~widijxij Ý��îüõ Âê ñ��:¢�ª üõÉ¿Èõ Âþ¥ �¤�Ê� ~z ý¥�ê ¢�Àä� ´þ�Ìä â��� ù�Ú÷�
�(z) =8>><>>: hi(z) = (z � wlidijxij)=(wmi dijxij � wlidijxij) if wlidijxij � z � wmi dijxijgi(z) = (wri dijxij � z)=(wri dijxij � wmi dijxij) if wmi dijxij � z � wri dijxij0 otherwise (2.4)
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v3v11 132 3 1 22 211.4 ñ�·õ ý�Â� �Ø±ª :1.4 ÛØª´¨� Âþ¥ �¤�Ê� (1.1) ñÀõ �� ���� �� ý¥�ê ý�ûö¥ø �� �÷��õ-p �ó�bÆõ ñÀõmin z = Pni=1Pnj=1 ~widijxijs:t: Pnj=1 xij = 1 i = 1; :::; nxij � yj i = 1; :::; n j = 1; :::; nPnj=1 yj = pxij = 0 _ 1 i = 1; :::; n j = 1; :::; nyj = 0 _ 1 j = 1; :::; n : (3.4)
ùÀª ÛþÀ±� üãÎì �÷��õ-p ñÀõ �� ýÀ���±�¤ â���� ¥� ù¢�Ôµ¨� �� ý¥�ê ý�ûö¥ø�� �÷��õ-p ñÀõ ßþ� Â����.Ý��îüõ Û� øü·Ü·õ ý¥�ê ¢�Àä� �û§�b¤ ö¥ø üµìø �¤ 1.4 ÛØª ¤¢ ùÀª ù¢�¢ ö�È÷ �Ø±ª ý�÷��õ -1 : 1.4 ñ�·õ.À����� �¤ À�µÆû 1.4 ñøÀ� ¤¢ ùÀª ÓþÂã�Âþ¥ ý�ûñ�õÂê ¥� ù¢�Ôµ¨� �� ,1.4 ñøÀ� ¤¢ Âð�þ ��¨ ø ñø� ÅþÀ÷� �� ¯��Âõ Âþ¢�Öõ �î ´¨� Âî£ �� �¥�ù�Ú÷� d0 = � r ø d = R�  ø ~ = (r; ; R) Âð� .´¨� ùÀõ� ´¨À� À÷Àª üêÂãõ Âð�þ Í¨�� �î(+ d� d03 ) Âð�þ ñø� ÅþÀ÷�(+ d� d04 ) Âð�þ ��¨ ÅþÀ÷�.´¨� ùÀª ù¢�¢ ö�È÷ 2.4 ñøÀ� ¤¢ 1.4 �Ø±ª ý�Â� �Ü¬�ê ßþÂµû���î ÅþÂ��õ �� ¯��Âõ Âþ¢�Öõ ø



55 �û�Ø±ª ýø¤ ý¥�ê ü���÷�Øõ~wi (1;2;3) (2;4;5) (3;5;7) (2;3;5) (1;3;5)Âð�þ ñø� ÅþÀ÷� 2 3=66 5 3=33 3Âð�þ �ø¢ ÅþÀ÷� 2 3=75 5 3=25 3~wi �� ¯��Âõ Âþ¢�Öõ :1.4 ñøÀ�vi v1 v2 v3 v4 v5v1 0 1 1 2 1v2 1 0 2 2 2v3 1 2 0 2 2v4 2 2 2 0 1v5 1 2 2 1 0G �Ø±ª �Ü¬�ê ÅþÂ��õ :2.4 ñøÀ�Ýþ¤�¢ �¤ Âþ¥ ý�ûñÀõ Âð�þ ��¨ ø ñø� ý�ûÅþÀ÷� ¥� ù¢�Ôµ¨� �� ßþ�Â����min z = P5i=1P5j=1(+ d�d03 )dijxijs:t: P5j=1 xij = 1 i = 1; :::;5xij � yj i = 1; :::;5 j = 1; :::;5P5j=1 yj = 2xij = 0 _ 1 i = 1; :::;5 j = 1; :::;5yj = 0 _ 1 j = 1; :::;5 ømin z = P5i=1P5j=1(+ d�d04 )dijxijs:t: P5j=1 xij = 1 i = 1; :::;5xij � yj i = 1; :::;5 j = 1; :::;5P5j=1 yj = 2xij = 0 _ 1 i = 1; :::;5 j = 1; :::;5yj = 0 _ 1 j = 1; :::;5 :24=6 ��þ�û �� v2 §�b¤ Âð�þ ñø� ÅþÀ÷� ¥� ù¢�Ôµ¨� �� �Ø±ª ý�÷��õ-1 ,�ûñÀõ Û� ø ý¥�¨ù¢�¨ ¥� Àã�.Àª��üõ 24=5 ��þ�û �� v2 §�b¤ Âð�þ ��¨ ÅþÀ÷� ¥� ù¢�Ôµ¨� �� ø



56 �û�Ø±ª ýø¤ ý¥�ê ü���÷�Øõý¥�ê ý�ûñ�Ï �� �÷��õ-p �ó�bÆõ 2.2.4�ä�Þ¹õ �� �Ø±ª×þ �î Ý�û¢üõÇþ�Þ÷ N = (V;E;w; ~l(ei))�¤�Ê� �¤ ý¥�ê ý�ûñ�Ï �� �Ø±ª×þÂ��Â� ø üãÎì �û§�b¤ ö¥ø ,E = fe1; e2; :::; emg ý�û ñ�þ �ä�Þ¹õ ,V = fv1; v2; :::; vng ý�û§�b¤.¢�ªüõÉ¿Èõ ~l(ei) ý¥�ê ¢Àä �Ü�¨�� ei ñ�þ Âû ñ�Ï ø wüû��µõ °ó�è �ä�Þ¹õ ×þ ö¢Âî �À�� ü���÷�Øõ Û��Æõ Û� ý�Â� �Ü�Âõ ß�óø� �î Àª Âî£ Û±ì Ç¿� ¤¢ý¥�ê ý�ûñ�Ï�� �û�Ø±ª ¤¢ �÷��õ-p�ó�bÆõ ý�Â� �ä�Þ¹õ ßþ� �÷�Ú� �î Ý�û¢üõ ö�È÷ �õ�¢� ¤¢ .´¨�.Ýþ¤�¢ �¤ Âþ¥ Óþ¤�ã� ý¥�ê ý�ûñ�þ �� �Ø±ª ýø¤ �ÎÖ÷ ø¢ ß�� �Ü¬�ê ý�Â� .Àþ�üõ ´¨À�
x §�b¤ ß�� �Ü¬�ê Â��Â� N = (V;E;w; ~l) é�Âð ýø¤ yø x �ÎÖ÷ ø¢ ß�� ~d(x; y) �Ü¬�ê 1.4 ÓþÂã�.Àª��üõ (N:x):y = ((V:x):y; (E:x):y; (w:x):y; (~l:x):y) é�Âð ¥� yø
x = xe(�) �Ü¬�ê ù�Ú÷� .Àª�� e ñ�þ üÜ¡�¢ Â�è �ÎÖ÷ ,z �ÎÖ÷ ø e 2 [u; v℄ À��î Âê 2.4 ÓþÂã�:¢�ªüõ ÓþÂã� Âþ¥ �¤�Ê� z ��~d(xe(�); z) = minf ~d(u; z) + �~l(e) ; ~d(v; z) + (1� �)~l(e)g (4.4).´¨� Âþ¥ �¤�Ê� z üÜ¡�¢ Â�è �ÎÖ÷ ø e 2 [u; v℄ ñ�þ ¥� ý��ÎÖ÷ ß�� �Ü¬�ê 1.4 ��aÌì~d(xe(�); z) = 8<: ~d(u; z) + �~l(e) 0 � � � �ez (i)~d(v; z) + (1� �)~l(e) �ez � � � 1 (ii) :´¨� Âþ¥ �¤�Ê� �ez ø�ez = f( ~d(v; z) + ~l(e)� ~d(u; z))2f(~l(e)) (5.4)



57 �û�Ø±ª ýø¤ ý¥�ê ü���÷�Øõ:��±���¤�±ä ßþ�Â���� ,¢�ªüõÉ¿Èõ 2.4 ÓþÂã� �Ü�¨�� z �ÎÖ÷ ø xe(�) ß�� �Ü¬�ê~d(u; z) + �~l(e) � ~d(v; z) + (1� �)~l(e) �î ´¨� ´¨¤¢ ü÷�õ¥f( ~d(u; z) + �~l(e)) � f( ~d(v; z) + (1� �)~l(e)) ::Ýþ¤�¢ (üÎ¡ ýÀ���±�¤ â����) f â��� «��¡ �� ���� �� øf( ~d(u; z)) + �f(~l(e)) � f( ~d(v; z)) + (1� �)f(~l(e))) 2�f(~l(e)) � f( ~d(v; z)) � f( ~d(u; z))+f(~l(e))) � � f( ~d(v; z)) + f(~l(e)) � f( ~d(u; z))f(~l(e)) ) � � f( ~d(v; z)) + ~l(e)) � ~d(u; z))f(~l(e))��±�� ���Èõ ¤�Î� ��÷ (ii) �Î��¤ ø ´¨� ¤�ÂìÂ� (i) �Î��¤ 0 � �ez � 1 ø � � �ez Âð� ßþ� Â�����.¢�ªüõÉ¿Èõ (5.4) ñ�õÂê �� �ez ø Àª�� e 2 [u; v℄ ñ�þ üÜ¡�¢ Â�è �ÎÖ÷ z �ÎÖ÷ À��î Âê 2.4 ��aÌì.´¨� ¤�ÂìÂ� Âþ¥ Í��ø ¤ �¤�¬ ßþ�¤¢ ,Àª�� ùÀª.´¨� �~l(e) °�ª �� üóø�÷ [0;1℄ ù¥�� ýø¤ ø ´¨� üÎ¡ ~d(xe(:); z) â��� ù�Ú÷� �ez = 0 Âð� (1.´¨� ~l(e) °�ª �� ý¢�ã¬ [0;1℄ ù¥�� ýø¤ ø ´¨� üÎ¡ ~d(xe(:); z) â��� ù�Ú÷� �ez = 1 Âð� (2~l(e) °�ª �� ý¢�ã¬ [0; �ez℄ ù¥�� ýø¤ ø ´¨� üÎ¡ ~d(xe(:); z) â��� ù�Ú÷� 0 � �ez � 1 Âð� (3.´¨� �~l(e) °�ª �� üóø�÷ [�ez;1℄ ù¥�� ýø¤ ø ´¨�
Âð� �ú�� ø Âð� ´¨� ÂãÖõ � ¤¢ F ý¥�ê â��� 3.4 ÓþÂã�8�1; �2 2 � F (��1 + (1� �)�2) � �F (�1) + (1� �)F (�2) :



58 �û�Ø±ª ýø¤ ý¥�ê ü���÷�Øõ.´¨� ÂãÖõ [0;1℄ �Ü¬�ê ¤¢ ~d(xe(:); z) â��� 3.4 ��aÌìÝþ¤�¢ �1; �2 2 [0;1℄ Âû ý�Â� Ý�û¢ üõ ö�È÷ :��±��8�1; �2 2 � F (��1 + (1� �)�2) � �F (�1) + (1� �)F (�2) :,�ez = 0 ü�ãþ ,�ez ý�Â� ßØÞõ ý�û´ó�� �Þû ¤¢ Ý�û¢ üõ ö�È÷ .´¨� �Ü¬�ê â��� F �¹�þ� ¤¢ �î.´¨� ¤�ÂìÂ� ë�ê �Î��¤ 0 < �ez < 1 ø �ez = 1: Ýþ¤�¢ 1.4��aÌì (ii) ´ÞÆì �� ���� �� ù�Ú÷� �ez = 0 Âð� (1~d(xe(��1 + (1� �)�2); z) = ~d(v; z) + (1� (��1 + (1� �)�2))~l(e) (a)� ~d(xe(�1); z) + (1� �) ~d(xe(�2); z) = ~d(v; z) + (�(1� �1) + (1� �)(1� �2))~l(e) (b).¢�ªüõ ��±�� ü÷�¨� �� ÝØ� (b) ø (a) ¥� ù¢�Ôµ¨� ��: Ýþ¤�¢ 1.4��aÌì (i) ´ÞÆì �� ���� �� ù�Ú÷� �ez = 1 Âð� (2~d(xe(��1 + (1� �)�2); z) = ~d(u; z) + (��1 + (1� �)�2)~l(e) ()� ~d(xe(�1); z) + (1� �) ~d(xe(�2); z) = ~d(u; z) + (��1 + (1� �)�2)~l(e) (d).¢�ªüõ �¹�µ÷ ÝØ� (d) ø () ¥� ù¢�Ôµ¨� �� ñø� ´ó�� À�÷�õ. Ý��î üõ ü¨¤Â� �¤ Âþ¥ ´ó�� �¨ �õ 0 � �ez � 1 Âð� (3. ´¨� �ez = 1´ó�� À�÷�õ ö�ûÂ� ,Àª�� �2 � �ez ø �1 � �ez Âð� �. ´¨� �ez = 0´ó�� À�÷�õ ö�ûÂ� ,Àª�� �2 � �ez ø �1 � �ez Âð� ���1 + (1� Âð�) ��1 + (1� �)�2 � �ez À��î Âê ñ�� ,Àª�� �2 � �ez ø �1 � �ez Âð� �( .¢�ªüõ ´��� ´ó�� ß�Þû ���Èõ �)�2 � �ez



59 �û�Ø±ª ýø¤ ý¥�ê ü���÷�Øõ�î ¢�ªüõ �¹�µ÷ üµ��Â� ý¥�ê ¢�Àä� ý�Â� üÎ¡ ýÀ���±�¤ â���� ¥� ù¢�Ôµ¨� ��~d(xe(��1 + (1� �)�2); z) � � ~d(xe(�1); z) + (1� �) ~d(xe(�2); z)Âð� �ú�� ø Âð� ´¨� ¤�ÂìÂ��2 � f( ~d(v; z) + ~l(e) � ~d(u; z))2f(~l(e)) = �ez :��aÌì ßþ� 2.4 ��aÌì ¥� ù¢�Ôµ¨� �� �î ´¨� Âî£�� �¥� .´¨� ¤�ÂìÂ� ÝØ� Å� ´¨� ´¨¤¢ ý��Î��¤ �î�.¢�ªüõ �¹�µ÷�ä�Þ¹õ ×þ ù�Ú÷� Àª�� ý¥�ê ý�ûñ�Ï �� �Ø±ª ×þ N = (V;E;w; ~l) �î À��î Âê 4.4 ��aÌì.´¨� �ó�bÆõ �÷��õ-p �î ¢¤�¢ ¢��ø V ¤¢ ü¨�b¤Ýþ¤�¢ �÷��õ �ó�bÆõ ¤¢ : ��±��minx2N Xv2V w(v) ~d(x; v) :ÂãÖõ â���� âÞ� ø ¢¤ø�üõ ¢���� �¤ ÂãÖõ â��� ×þ ,ÂãÖõ â��� ×þ ¤¢ ´±·õ Âó�Ø¨� ×þ �Â® ö��ø,Àþ�üõ ´¨À� ù¥�� ý�úµ÷� �þ �Àµ�� ýø¤ �Ü¬�ê ×þ ¤¢ ÂãÖõ â��� Âû ÝÞ���õ ,á�Þ¹õ ¤¢ ø ´¨� ÂãÖõ ��÷�.¢�ªüõ ��±�� ��aÌìüÆî�� ý�úû�ÚµÆþ� À�û��¡üõ �È�Þû üÆî�� ö�ðÀ�÷�¤ ,á�®�õ ßþ� üµ¨¤¢ ��±�� ý�Â� üó�·õ ö���ä ��.Àª�� �ûö����¡ ý�û�ª�ð.´¨� Âþ¥ �¤�Ê� ý¥�ê ý�ûñ�Ï �� �÷��õ-p �ó�bÆõ ñÀõmin z = Pni=1Pnj=1wi ~dijxijs:t: Pnj=1 xij = 1 i = 1; :::; nxij � yj i = 1; :::; n j = 1; :::; nPnj=1 yj = pxij = 0 _ 1 i = 1; :::; n j = 1; :::; nyj = 0 _ 1 j = 1; :::; n (6.4)



60 �û�Ø±ª ýø¤ ý¥�ê ü���÷�Øõ.Àª��üõ j §�b¤ �� i§�b¤ ¥� ý¥�ê Â�Æõ ßþÂµû���î ñ�Ï ~dij �î: 2.4 ñ�·õý�ûö����¡ ø .´¨� ùÀª ù¢�¢ ¢�ú�È�� ü��ûö�Øõ ,Âúª ¤¢ üÆî�� ý�úû�ÚµÆþ� ¢�¹þ� ý�Â� À��î Âê,À�µÆû �ûö����¡ ö¢�Þ�� ö�õ¥ ùÀ�û¢ ö�È÷ �î À�µÆû ý¥�ê ý�ûö¥ø ý�¤�¢ ùÀª ¢�ú�È�� ö�Øõ ø¢ ß��.À÷�¨¤üõ �¤ ´�a¬�¡ ×þ ��¹÷� ¼Î¨ �î Àª��üõ ´þ�Ìä ��¤¢ ×þ ý�¤�¢ ö����¡ Âû øv1; v2; v3 §�b¤ �¨ Ûõ�ª é�Âð ×þ G À��î Âê á�®�õ öÀª Â�ßªø¤ ¤�Ñ�õ �� Íþ�Âª ßþ� ´½�À÷�ªüõ Û¬ø Ýû �� ñ�þ �¨ Í¨�� �û§�b¤ ¥� ´Ô� Âû ø ´¨� Âúª×þ ¤¢ ö�Øõ �¨ ùÀ�û¢ ö�È÷ �î Àª��ø ù¢�� ñ�Ï ýø¤ üÞú±õ ��ä�Ï� .(2.4 ÛØª)À�µÆû ö�Øõ ø¢ ß�� ý�ûö����¡ ùÀ�û¢ ö�È÷ �ûñ�þ �îÍþ�Âª üÌã� ý�Â� ý¥�ê ´þ�Ìä ¤�ÀÖõ ×þ ø ý¥�ê ñ�Ï×þ ñ�þ Âû ý�Â� ,´¨� ¤��µ¡� ¤¢ �ú÷� ´�aÔ�î.Ýþ¤ø� ´¨À� �¤ ��� ý¥�ê ñÀõ �÷��õ-1 Ý�û��¡üõ ñ�� .¢¤�¢ ¢��ø ( ö����¡ ×þ ö¢�� ��¡) üÔ�î:Ý��î ü¨¤Â� Ý�÷��� üõ �¤ Âþ¥ ´ó�� �¨´þ�Ìä â��� ×þ �Ü�¨�� (ù¢��×þ ö¢�� ��¡) �ûù¢�� ´�Ô�î üóø ,´¨�É¿Èõ ù¢�� Âû ñ�Ï (1.¢�ªüõ ùÀ�¹�¨ ý¥�ê��¡ üÔ�î à�½ó ¥� �û ù¢�� �Þû �õ� ,¢�ªüõ É¿Èõ ý¥�ê ¢Àä ×þ �Ü�¨�� ù¢�� Âû ñ�Ï (2.´¨� ×þ �ú÷� �Þû ý�Â� ´þ�Ìä â��� ø À�µÆû�ä�Þ¹õ ×þ ��¡ ý�ûù¢�� �ä�Þ¹õ ø ,¢�ªüõ É¿Èõ ý¥�ê ¢Àä ×þ �Ü�¨�� ù¢�� Âû ñ�Ï (3.´¨� ý¥�êý�ûñ�Ï .k = 1;2;3 �î Ý�û¢üõ ö�È÷ ekij �� �¤ Àû¢üõ À÷��� Ýû �� �¤ vj ø vi ý�û§�b¤ �î ñ�þ �¨ÅþÀ÷� ý�Â� ���Èõ Âþ¢�Öõ ø �ûù¢�� ´�aÔ�î ý�Â� ´þ�Ìä ��¤¢ ø �û§�b¤ ß�� ü÷Àª ý�ûÂ�Æõ ý¥�ê.´¨� ùÀõ� 3.4 ñøÀ� ¤¢ Âð�þ ��¨ý�û©Â�-� ¥� ù¢�Ôµ¨� �� .Àª��üõ C(G) = 0=75 �¤�Ê� 26.2 ÓþÂã� Õ±Ï é�Âð ýÀ�±Þû ¼Î¨
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vertex 2 vertex 3path length strength index path length strength indexe112 (1=5;2;2=5) 0=25 2=000 e113 (1;2;3) 0=25 2=000e212 (3;4;5) 0=50 4=000 e213 (4=5;5;6) 0=50 5=125v e312 (4;6;8) 0=75 6=000 e313 (6;7;8) 0=75 7=000e e113; e132 (3;5;6=5) 0=25 4=875 e112; e123 (3=5;5;6) 0=25 4=875r e113; e232 (4=5;6;8) 0=25 6=125 e112; e223 (5;6;7) 0=25 6=000t e113; e332 (7;9;11) 0=25 9=000 e112; e323 (7=5;9;10=5) 0=25 9=000e e213; e132 (6=5;8;9=5) 0=50 8=000 e212; e123 (5;7;8=5) 0=50 6=875x e213; e232 (8;9;11) 0=25 9=250 e212; e223 (6=5;8;10) 0=25 8=625e213; e332 (10=5;12;14) 0=50 12=125 e212; e323 (9;11;14) 0=50 11=2501 e313; e132 (8;10;11=5) 0=50 9=875 e312; e123 (6;9;11=5) 0=50 8=875e313; e232 (9=5;11;13) 0=25 11=125 e312; e223 (7=5;10;13) 0=25 10=125e313; e332 (12;14;16) 0=75 14=000 e312; e323 (10;13;16) 0=75 13=000e123 (2;3;3=5) 0=50 2=875e223 (3=5;4;5) 0=25 4=125v e323 (6;7;8) 0=75 7=000e e121; e113 (2=5;4;5=5) 0=25 4=000r e121; e213 (6;7;8=5) 0=25 7=125t e121; e313 (7=5;9;10=5) 0=25 9=000e e221; e113 (4;6;8) 0=25 6=000x e221; e213 (7=5;9;11) 0=50 9=125e221; e313 (9;11;13) 0=50 11=0002 e321; e113 (5;8;11) 0=25 8=000e321; e213 (8=5;11;14) 0=50 11=125e321; e313 (10;13;16) 0=75 13=0001.4 ñ�·õ ý�ûù¢�¢ :3.4 ñøÀ�
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1.4 ñ�·õ ý�Â� G é�Âð-f :2.4 ÛØª-� ßþ� ý�Â� �÷��õ �ó�bÆõ Û� ,ßØÞõ ©ø¤ ×þ �î ,Àþ�üõ ´¨À� üÔÜµ¿õ üãÎì ý�ûé�Âð Âþ¥Àª��üõ �û©Â�[0;0=25℄ ; (0=25;0=5℄ ; (0=5;0=75℄ :�� üãÎì é�Âð ×þ �õ ©Â� Âû ý�Â� �Âþ¥ À�µÆ�÷ �÷��õ üãÎì ý�û�ó�bÆõ �û©Â� ßþ� �î À��î �����µª�÷ Âþ¥ �¤�Ê� �÷��õ �ó�bÆõ 3.4 ñøÀ� ¥� ù¢�Ôµ¨� �� ø � 2 [0;0=25℄ ý�Â� .Ýþ¤�¢ ý¥�ê ý�ûñ�Ï´¨� üãÎì ñÀõ ×þ �î ¢�ªüõmin z = 2x12 + 2x13 + 2x21 + 2=875x23 + 2x31 + 2=875x32s:t: P3j=1 xij = 1 i = 1; :::;3xij � yj i = 1; :::;3 j = 1; :::;3P3j=1 yj = 1xij = 0 _ 1 i = 1; :::;3 j = 1; :::;3yj = 0 _ 1 j = 1; :::;3 : (7.4)
.´¨� �÷��õ z = 4 ��þ�û �� v1 §�b¤ � 2 [0;0=25℄ ý�Â� �ó�bÆõ Û� ¥� Àã�



63 �û�Ø±ª ýø¤ ý¥�ê ü���÷�Øõ¢�ªüõ �µª�÷ Âþ¥ �¤�Ê� �÷��õ �ó�bÆõ 3.4 ñøÀ� ¥� ù¢�Ôµ¨� �� ø � 2 (0=25;0=50℄ ý�Â�min z = 4x12 + 5=125x13 + 4x21 + 2=875x23 + 5=125x31 + 2=875x32s:t: P3j=1 xij = 1 i = 1; :::;3xij � yj i = 1; :::;3 j = 1; :::;3P3j=1 yj = 1xij = 0 _ 1 i = 1; :::;3 j = 1; :::;3yj = 0 _ 1 j = 1; :::;3 : (8.4)
� 2 ý�Â� .´¨� �÷��õ z = 6=875 ��þ�û �� v2 §�b¤ � 2 (0=25;0=50℄ ý�Â� �ó�bÆõ Û� ¥� Àã�¢�ªüõ �µª�÷ Âþ¥ �¤�Ê� �÷��õ �ó�bÆõ 3.4 ñøÀ� ¥� ù¢�Ôµ¨� �� ø (0=5;0=75℄min z = 6x12 + 7x13 + 6x21 + 7x23 + 7x31 + 7x32s:t: P3j=1 xij = 1 i = 1; :::;3xij � yj i = 1; :::;3 j = 1; :::;3P3j=1 yj = 1xij = 0 _ 1 i = 1; :::;3 j = 1; :::;3yj = 0 _ 1 j = 1; :::;3 : (9.4)
�ä�Þ¹õ ßþ�Â���� .´¨� �÷��õ z = 13 ��þ�û �� [v1; v2℄ ñ�þ � 2 (0=5;0=75℄ ý�Â� �ó�bÆõ Û� ¥� Àã�.Àª��üõ f v10=25 ; v20=5 ; [v1;v2℄0=75 g �¤�Ê� �ó�bÆõ ����



64 �û�Ø±ª ýø¤ ý¥�ê ü���÷�Øõý¥�ê ý�û�Ø±ª ¤¢ �îÂõ-p �ó�bÆõ 3.4N = ø N = (V;E; ~w; l) ý�û�Ø±ª ýø¤ ý¥�ê �îÂõ-p �ó�bÆõ Û� ©ø¤ ¼þÂÈ� �� �õ Ç¿� ßþ� ¤¢�Ø±ª ¯�Ö÷ ¥� ý��ä�Þ¹õ S ø Àª�� �Ø±ª ý�û§�b¤ �ä�Þ¹õ V À��î Âê .Ýþ¥�¢Â�üõ (V;E;w; ~l)ñ�Ï �¤ dij .Àª�� S = V Ý��îüõ Âê �¹�þ� ¤¢ �î ,À÷Â�ðüõ ¤�Âì ¯�Ö÷ ö� ¤¢ �Ü�¨ø p �î Àª��.Àª�� vi §�b¤ �� ùÀª ù¢�¢ «�Êµ¡� ö¥ø wi ø Ý��îüõ ÓþÂã� vj ø vi ß�� Â�Æõ ßþÂµû���î¢�ª �µª�÷ Âþ¥ �¤�Ê� À÷���üõ �îÂõ-p �ó�bÆõ ¼�½¬ ¢Àä ý�þ¤ �õ�÷Â� ñÀõmin �s:t: Pvj2S xij = 1 8 vi 2 VPj2S yj � pPj2S widijxij � � 8 vi 2 Vxij � yj 8 vi 2 V; vj 2 Sxij ; yj 2 f0;1g 8 vi 2 V; vj 2 S : (10.4)
:À÷�ªüõ ÓþÂã� Âþ¥ �¤�Ê� yj ø xij ý�ûÂ�çµõ ë�ê ñ�õÂê ¤¢

xij = 8<: 1 ¢�ª ù¢�¢ Çª�� j §�¤ �Ü�¨�� i§�¤ ý�®�Ö� Âð�0 �¤�Ê�þ� Â�è ¤¢
yj = 8<: 1 ¢�ª ��¿µ÷� ùÀ�û¢ ÅþøÂ¨ ö�Øõ ö���ã� j ö�Øõ Âð�0 �¤�Ê�þ� Â�è ¤¢�û§�b¤ ö¥ø �î ü÷�õ¥ ë�ê ñÀõ ¤¢ .¢�ªüõÉ¿Èõ �Ø±ª á�ãª-p ¤�ÀÖõ � ýø¤ ßµêÂð ÝÞ���õ �� ø.¢�ª üõ ÛþÀ±� FILP �ó�bÆõ ×þ �� IP �ó�bÆõ À�ª�� Ýú±õ ø Õ�ì¢ Â�è �ûñ�þ ö¥ø �þý�û©ø¤ ¥� ù¢�Ôµ¨� ,´Æ�÷ üð¤�� ¢Àä jV j �î üµìø �îÂõ-p �ó�bÆõ Û� ý�û ©ø¤ ¥� ÂÚþ¢ üØþ



65 �û�Ø±ª ýø¤ ý¥�ê ü���÷�ØõfC1; C2; :::; Cm ; m =�¤�Ê� �¤ V �ä�Þ¹õ ü���pý�û �ä�Þ¹õ Âþ¥ üõ�Þ� ©ø¤ ßþ� ¤¢ .´¨� üª¤�Þª.Ýþ¤ø�üõ ´¨À� Âþ¥ �¤�Ê� � = (Æij)m�n ÅþÂ��õ ñ�� .Ý��îüõÉ¿Èõ �np�gÆij = d(vi; Cj) = minu2Cj d(vi; u):Ý�û¢üõ Çþ�Þ÷ Âþ¥ �¤�Ê� ø Ýþ¤ø�üõ ´¨À� �¤ Æijwi ¤�ÀÖõ ÝÞ�Æî�õ ,� ÅþÂ��õ ö�µ¨ Âû ý�Â�Mj = max1�i�n Æijwi�� ¯��Âõ Cj ø Ý��î �À�� �û Mj ö��õ ¤¢ �¤ ¤�ÀÖõ ßþÂµÞî ´¨� üê�î á�ãª-p ö¢¤ø� ´¨À� ý�Â�¢�Àã� �� �û�Ø±ª ýø¤ �îÂõ-p ö¢¤ø� ´¨À� ý�Â� ßþ�Â���� .À�îüõ É¿Èõ �¤ �ó�bÆõ �îÂõ-p ��÷ Mj.℄70[¢Â� ¤�Ø� �¤ Âþ¥ Ýµþ¤�Úó� ö���üõ ×��î ý�û§�b¤:Ýµþ¤�Úó�.(p)�û�Ü�¨ø ¢�Àã� ø n = jV j ,D = (dij)n�n ÅþÂ��õ ,V ý�û§�b¤ �ä�Þ¹õ :ý¢ø¤ø�Ø±ª á�ãª-p ø �îÂõ-p :ü�øÂ¡fC1; C2; :::; Cm ; m =ý�û�ä�Þ¹õ �� �¤ V �ä�Þ¹õ ¥� ü���pý�û�ä�Þ¹õ Âþ¥ �Þû :1 �Ü�Âõ.À��î É¿Èõ �np�g�Øþ¤�Î� ,À�û¢ Û�ØÈ� �¤ � = (Æij)m�n ÅþÂ��õ :2 �Ü�ÂõÆij = d(vi; Cj) = minu2Cj d(vi; u)
ßî �À�� j = f1; :::;mg ý�Â� :3 �Ü�ÂõMj = max1�i�nfÆijwig



66 �û�Ø±ª ýø¤ ý¥�ê ü���÷�ØõHHHHHHHHHHHHHHHHHH
������������������ ���������
HHHHHHHHHt

t
t
tt tv1

v5 v6
v2v3 v46 8

5
1410 1115 8 6 912G �Ø±ª :3.4 ÛØª

�Øþ¤�Î� �¤ Mkßî �À�� :4 �Ü�ÂõMk = min1�j�mfMjg .´¨� �Ø±ª á�ãª-p ,Mk�Øþ¤�Î� �¤ C�jßî �À�� :5 �Ü�ÂõMk = max1�i�nfÆijwig .´¨� �Ø±ª �îÂõ-p ,C�jÂê ßþ�Â���� .Ý��îüõ ü¨¤Â� ý¥�ê ý�ûñ�þ ø �ûö¥ø �� �Ø±ª ¤¢ �¤ �îÂõ-p üó�·õ ���¤� �� �õ�¢� ¤¢�Ø±ª ßþ� ýø¤ �¤ �îÂõ-2 Ý�û��¡üõ ø ( 2.4 ÛØª) Ýþ¤�¢ ¤��µ¡� ¤¢ §�b¤ n = 6 �� �Ø±ª ×þ À��î.℄70[Ý��î É¿Èõý¥�ê ý�ûö¥ø �� �îÂõ-P �ó�bÆõ 1.3.4ßþ� ¤¢ �î À�µÆû ý¥�ê ý¢�Àä� ö� ý�û§�b¤ ö¥ø �î Ý��îüõ ü¨¤Â� �¤ ü��û�Ø±ª �õ Û��Æõ ßþ� ¤¢ý¥�ê ¢�Àä� �þ ý��Ü¬�ê ¢�Àä� �û§�b¤ ö¥ø �î üµìø Û��Æõ ßþ� ü¨¤Â� �� 3.4 ÛØª ¥� ù¢�Ôµ¨� �� Ç¿�.´¨� ùÀõ� 4.4 ñøÀ� ¤¢ 3.4 ÛØª �� ¯��Âõ �Ü¬�ê ÅþÂ��õ .Ýþ¥�¢Â�üõ À�µÆû ü·Ü·õ



67 �û�Ø±ª ýø¤ ý¥�ê ü���÷�Øõvi v1 v2 v3 v4 v5 v6v1 0 5 10 17 6 11v2 5 0 11 12 11 6v3 10 11 0 8 14 15v4 17 12 8 0 17 9v5 6 11 14 17 0 8v6 11 6 15 9 8 0G �Ø±ª �Ü¬�ê ÅþÂ��õ :4.4 ñøÀ�vi C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12 C13 C14 C15v1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0v2 0 5 5 5 5 0 0 0 0 11 11 6 11 6 6v3 10 0 8 10 10 0 8 11 11 0 0 0 8 8 14v4 12 8 0 17 9 8 0 12 9 0 8 8 0 0 9v5 6 6 6 0 6 11 11 0 8 14 0 8 0 8 0v6 6 11 9 8 0 6 6 6 0 9 8 0 8 0 0G �Ø±ª ÅþÂ��õ-� :5.4 ñøÀ�Ýþ¤ø�üõ ´¨À� �¤ V ý�û§�b¤ �ä�Þ¹õ ý�Ìä ø¢ ý�û�ä�Þ¹õ Âþ¥ ��Þ� ñ��C1 = f1;2g; C2 = f1;3g; C3 = f1;4g; C4 = f1;5g; C5 = f1;6g;C6 = f2;3g; C7 = f2;4g; C8 = f2;5g; C9 = f2;6g;C10 = f3;4g; C11 = f3;5g; C12 = f3;6g;C13 = f4;5g; C14 = f4;6g;C15 = f5;6g:�� �Ø±ª ý�Â� �¤ ´ó�� ø¢ ßþ�Â���� .(5.4 ñøÀ�) Ýþ¤ø�üõ ´¨À� �¤ � = (Æij)6�15 ÅþÂ��õ Å³¨.ÝþÂ�ðüõ ÂÑ÷ ¤¢ ý¥�ê ý�û§�b¤



68 �û�Ø±ª ýø¤ ý¥�ê ü���÷�Øõvi wiÆi1 wiÆi2 wiÆi3 wiÆi4 wiÆi5 wi1 h0;0i h0;0i h0;0i h0;0i h0;0i h11;1i2 h0;0i h12=5;2=5i h12=5;2=5i h12=5;2=5i h12=5;2=5i h2=5;0=5i3 h105;15i h0;0i h84;12i h105;15i h105;15i h10=5;1=5i4 h66;6i h44;4i h0;0i h93=5;8=5i h49=5;4=5i h5=5;0=5i5 h18;6i h18;6i h18;6i h0;0i h18;6i h3;1i6 h27;3i h49=5;5=5i h40=5;4=5i h36;4i h0;0i h4=5;0=5iMj h105;15i h49=5;5=5i h84;12i h105;15i h105;15ivi wiÆi6 wiÆi7 wiÆi8 wiÆi9 wiÆi10 wi1 h55;5i h55;5i h55;5i h55;5i h110;10i h11;1i2 h0;0i h0;0i h0;0i h0;0i h27=5;5=5i h2=5;0=5i3 h0;0i h84;12i h115=5;16=5i h115=5;16=5i h0;0i h10=5;1=5i4 h44;4i h0;0i h66;6i h49=5;4=5i h0;0i h5=5;0=5i5 h33;11i h33;11i h0;0i h24;8i h42;14i h3;1i6 h27;3i h27;3i h27;3i h0;0i h40=5;4=5i h4=5;0=5iMj h55;5i h84;12i h115=5;16=5i h115=5;16=5i h110;10ivi wiÆi11 wiÆi12 wiÆi13 wiÆi14 wiÆi15 wi1 h66;6i h110;10i h66;6i h121;11i h66;6i h11;1i2 h27=5;5=5i h15;3i h27=5;5=5i h15;3i h15;3i h2=5;0=5i3 h0;0i h0;0i h84;12i h84;12i h147;21i h10=5;1=5i4 h44;4i h44;4i h0;0i h0;0i h49=5;4=5i h5=5;0=5i5 h0;0i h24;8i h0;0i h24;8i h0;0i h3;1i6 h36;4i h0;0i h36;4i h0;0i h0;0i h4=5;0=5iMj h66;6i h110;10i h84;12i h121;11i h147;21i.À�ª�� ý��Ü¬�ê ¢�Àä� �û§�b¤ ö¥ø �î üµìø G �Ø±ª wi(Æij) ÅþÂ��õ :6.4 ñøÀ�:À�µÆû �Ü¬�ê ×þ ýø¤ ý¢�Àä� �û§�b¤ ö¥ø (1.´¨� ùÀõ� 6.4 ñøÀ� ¤¢ Æijwi Âþ¢�Öõ ø ´¨� Âþ¥ �¤�Ê� �û§�b¤ ö¥ø 3.4 ÛØª ý�Â� ßþ�Â����w1 = h11;1i ; w2 = h2=5;0=5i ; w3 = h10=5;1=5i ; w4 = h5=5;0=5i ; w5 = h3;1i; w6 = h4=5;0=5i



69 �û�Ø±ª ýø¤ ý¥�ê ü���÷�Øõvi wiÆi1 wiÆi2 wiÆi3 wi1 h0;0;0i h0;0;0i h0;0;0i h11=5;1;0=5i2 h0;0;0i h12=5;2=5;2=5i h12=5;2=5;2=5i h2=5;0=5;0=5i3 h105;15;10i h0;0;0i h84;12;8i h10=5;1=5;1i4 h66;6;6i h44;4;4i h0;0;0i h5=5;0=5;0=5i5 h18;6;3i h18;6;3i h18;6;3i h3;1;0=5i6 h27;3;6i h49=5;5=5;11i h40=5;4=5;9i h4=5;0=5;1iMj h105;15;10i h49=5;5=5;11i h84;12;8ivi wiÆi4 wiÆi5 wiÆi6 wi1 h0;0;0i h0;0;0i h57=5;5;2=5i h11=5;1;0=5i2 h12=5;2=5;2=5i h12=5;2=5;2=5i h0;0;0i h2=5;0=5;0=5i3 h105;15;10i h105;15;10i h0;0;0i h10=5;1=5;1i4 h93=5;8=5;8=5i h49=5;4=5;4=5i h44;4;4i h5=5;0=5;0=5i5 h0;0;0i h18;6;3i h33;11;5=5i h3;1;0=5i6 h36;4;8i h0;0;0i h27;3;6i h4=5;0=5;1iMj h105;15;10i h105;15;10i h57=5;5;2=5ivi wiÆi7 wiÆi8 wiÆi9 wi1 h57=5;5;2=5i h57=5;5;2=5i h57=5;5;2=5i h11=5;1;0=5i2 h0;0;0i h0;0;0i h0;0;0i h2=5;0=5;0=5i3 h84;12;8i h115=5;16=5;11i h115=5;16=5;11i h10=5;1=5;1i4 h0;0;0i h66;6;6i h49=5;4=5;4=5i h5=5;0=5;0=5i5 h33;11;5=5i h0;0;0i h24;8;4i h3;1;0=5i6 h27;3;6i h27;3;6i h0;0;0i h4=5;0=5;1iMj h84;12;8i h115=5;16=5;11i h115=5;16=5;11ivi wiÆi10 wiÆi11 wiÆi12 wi1 h115;10;5i h69;6;3i h115;10;5i h11=5;1;0=5i2 h27=5;5=5;5=5i h27=5;5=5;5=5i h15;3;3i h2=5;0=5;0=5i3 h0;0;0i h0;0;0i h0;0;0i h10=5;1=5;1i4 h0;0;0i h44;4;4i h44;4;4i h5=5;0=5;0=5i5 h42;14;7i h0;0;0i h24;8;4i h3;1;0=5i6 h40=5;4=5;9i h36;4;8i h0;0;0i h4=5;0=5;1iMj h115;10;5i h69;6;3i h115;10;5ivi wiÆi13 wiÆi14 wiÆi15 wi1 h69;6;3i h126=5;11;5=5i h69;6;3i h11=5;1;0=5i2 h27=5;5=5;5=5i h15;3;3i h15;3;3i h2=5;0=5;0=5i3 h84;12;8i h84;12;8i h147;21;14i h10=5;1=5;1i4 h0;0;0i h0;0;0i h49=5;4=5;4=5i h5=5;0=5;0=5i5 h0;0;0i h24;8;4i h0;0;0i h3;1;0=5i6 h36;4;8i h0;0;0i h0;0;0i h4=5;0=5;1iMj h84;12;8i h126=5;11;5=5i h147;21;14i.À�ª�� ü·Ü·õ ý¥�ê ¢�Àä� �û§�b¤ ö¥ø �î üµìø G �Ø±ª wi(Æij) ÅþÂ��õ :7.4 ñøÀ�



70 �û�Ø±ª ýø¤ ý¥�ê ü���÷�ØõHHHHHHHHHHHHHHHHHH
������������������ ���������
HHHHHHHHHt

t
t
tt tv1

v5 v6
v2v3 v4[5;7℄ [8;10℄

[5;6℄
[13;15℄[10;12℄ [14;17℄[11;12℄[8;10℄[7;10℄ [9;10℄[11;12℄
G0 �Ø±ª :4.4 ÛØª

´¨� Âþ¥ �¤�Ê� À�µÆû ý��Ü¬�ê ¢�Àä� �û§�b¤ ö¥ø üµìø G �Ø±ª �îÂõ-2 ø á�ãª-2 ßþ�Â����C2 = f1;3g Mk = min1�j�15Mj = h49=5;5=5i :
:À�µÆû ü·Ü·õ ý¥�ê ¢�Àä� �û§�b¤ ö¥ø (27.4 ñøÀ� ¤¢ Æijwi Âþ¢�Öõ ø ´¨� Âþ¥ �¤�Ê� �û§�b¤ ö¥ø 3.4 ÛØª ¤¢ G é�Âð ý�Â� ßþ� Â����´¨� ùÀõ�w1 = h11=5;1;0=5i ; w2 = h2=5;0=5;0=5i ; w3 = h10=5;1=5;1i;w4 = h5=5;0=5;0=5i ; w5 = h3;1;0=5i ; w6 = h4=5;0=5;1i :�¤�Ê� 7.4�� ���� �� À�µÆû ü·Ü·õ ý¥�ê ¢�Àä� �û§�b¤ ö¥ø üµìø G �Ø±ª �îÂõ-2 ø á�ãª-2 ßþ�Â����´¨� Âþ¥C2 = f1;3g Mk = min1�j�15Mj = h49=5;5=5;11i :



71 �û�Ø±ª ýø¤ ý¥�ê ü���÷�Øõ
v1 v2 v3 v4 v5 v6 wiv1 [0;0℄ [5;6℄ [10;12℄ [16;18℄ [5;7℄ [12;16℄ 11v2 [5;6℄ [0;0℄ [11;12℄ [11;12℄ [10;13℄ [7;10℄ 3v3 [10;12℄ [11;12℄ [0;0℄ [8;10℄ [13;15℄ [14;17℄ 10v4 [16;18℄ [11;12℄ [8;10℄ [0;0℄ [17;20℄ [9;10℄ 5v5 [5;7℄ [10;13℄ [13;15℄ [17;20℄ [0;0℄ [8;10℄ 3v6 [12;16℄ [7;10℄ [14;17℄ [9;10℄ [8;10℄ [0;0℄ 4v1 h0;0i h5=5;0=5i h11;1i h17;1i h6;1i h14;2i 11v2 h5=5;0=5i h0;0i h11=5;0=5i h11=5;0=5i h11=5;1=5i h8=5;1=5i 3v3 h11;1i h11=5;0=5i h0;0i h9;1i h14;1i h15=5;1=5i 10v4 h17;1i h11=5;0=5i h9;1i h0;0i h18=5;1=5i h9=5;0=5i 5v5 h6;1i h11=5;1=5i h14;1i h18=5;1=5i h0;0i h9;1i 3v6 h14;2i h8=5;1=5i h15=5;1=5i h9=5;0=5i h9;1i h0;0i 4G0�Ø±ª �Ü¬�ê ÅþÂ��õ :8.4 ñøÀ�

ý¥�ê ý�ûñ�þ �� �îÂõ-p �ó�bÆõ 2.3.4ý�ûÛØª ¥� ù¢�Ôµ¨� �� ø À�µÆû ý¥�ê ¢�Àä��ûñ�þ ö¥ø �î Ý��îüõ ü¨¤Â� �¤ ü��û�Ø±ª �õ ´ÞÆì ßþ� ¤¢À�µÆû ü·Ü·õ ý¥�ê ¢�Àä� �þ ý��Ü¬�ê ¢�Àä� �û§�b¤ ö¥ø �î üµìø Û��Æõ ßþ� ü¨¤Â� �� 5.4 ø 4.4. Ýþ¥�¢Â�üõ:À�µÆû �Ü¬�ê ×þ ýø¤ ý¢�Àä� �ûñ�þ ö¥ø (1.´¨� ùÀõ� 8.4 ñøÀ� ¤¢ 4.4 ÛØª ý�Â� ´ó�� ßþ� �� ¯��Âõ �Ü¬�ê ÅþÂ��õÀþ¢ ø �÷����©�¡ Àþ¢ ùÀ÷Â�ð Ý�ÞÊ� �î üµìø �¤ � = (Æij)6�15 ÅþÂ��õ ,�Ü¬�ê ÅþÂ��õ ¥� ù¢�Ôµ¨� ��.(13.4 ø 12.4 ñøÀ� )Ýþ¤ø�üõ ´¨À� ¢¤�¢ �÷����À�



72 �û�Ø±ª ýø¤ ý¥�ê ü���÷�Øõvi wiÆi1 wiÆi2 wiÆi3 wiÆi4 wiÆi5 wi1 h0;0i h0;0i h0;0i h0;0i h0;0i 112 h0;0i h16=5;1=5i h16=5;1=5i h16=5;1=5i h16=5;1=5i 33 h110;10i h0;0i h90;10i h110;10i h110;10i 104 h57=5;2=5i h45;5i h0;0i h85;5i h47=5;2=5i 55 h18;3i h18;3i h18;3i h0;0i h18;3i 36 h34;6i h56;8i h38;2i h36;4i h0;0i 4Mj h110;10i h56;8i h90;10i h110;10i h110;10ivi wiÆi6 wiÆi7 wiÆi8 wiÆi9 wiÆi10 wi1 h60=5;5=5i h60=5;5=5i h60=5;5=5i h60=5;5=5i h121;11i 112 h0;0i h0;0i h0;0i h0;0i h34=5;1=5i 33 h0;0i h90;10i h115;5i h115;5i h0;0i 104 h45;5i h0;0i h57=5;2=5i h47=5;2=5i h0;0i 55 h34=5;4=5i h34=5;4=5i h0;0i h27;3i h42;3i 36 h34;6i h34;6i h34;6i h0;0i h38;2i 4Mj h60=5;5=5i h90;10i h115;5i h115;5i h121;11ivi wiÆi11 wiÆi12 wiÆi13 wiÆi14 wiÆi15 wi1 h66;11i h121;11i h66;11i h154;22i h66;11i 112 h34=5;4=5i h25=5;4=5i h34=5;4=5i h25=5;4=5i h25=5;4=5i 33 h0;0i h0;0i h90;10i h90;10i h140;10i 104 h45;5i h45;5i h0;0i h0;0i h47=5;2=5i 55 h0;0i h27;3i h0;0i h27;3i h0;0i 36 h36;4i h0;0i h36;4i h0;0i h0;0i 4Mj h66;11i h121;11i h90;10i h154;22i h140;10i�÷����©�¡ Àþ¢ ¥� G0 �Ø±ª wi(Æij)6�15 ÅþÂ��õ :9.4 ñøÀ�
wi(Æij)6�15 ÅþÂ��õ �� ���� �� ,ùÀ÷Â�ð Ý�ÞÊ� �÷����©�¡ Àþ¢ ¥� 4.4 ÛØª �îÂõ-2 ø á�ãª-2 ßþ�Â����´¨� Âþ¥ �¤�Ê� ( 9.4 ñøÀ� )C2 = f1;3g Mk = min1�j�15Mj = h56;8i :



73 �û�Ø±ª ýø¤ ý¥�ê ü���÷�Øõvi wiÆi1 wiÆi2 wiÆi3 wiÆi4 wiÆi5 wi1 h0;0i h0;0i h0;0i h0;0i h0;0i 112 h0;0i h16=5;1=5i h16=5;1=5i h16=5;1=5i h16=5;1=5i 33 h110;10i h0;0i h90;10i h110;10i h110;10i 104 h57=5;2=5i h45;5i h0;0i h85;5i h47=5;2=5i 55 h18;3i h18;3i h18;3i h0;0i h18;3i 36 h34;6i h56;8i h38;2i h36;4i h0;0i 4Mj h110;10i h56;8i h90;10i h110;10i h110;10ivi wiÆi6 wiÆi7 wiÆi8 wiÆi9 wiÆi10 wi1 h60=5;5=5i h60=5;5=5i h60=5;5=5i h60=5;5=5i h121;11i 112 h0;0i h0;0i h0;0i h0;0i h34=5;1=5i 33 h0;0i h90;10i h115;5i h115;5i h0;0i 104 h45;5i h0;0i h57=5;2=5i h47=5;2=5i h0;0i 55 h34=5;4=5i h34=5;4=5i h0;0i h27;3i h42;3i 36 h34;6i h34;6i h34;6i h0;0i h38;2i 4Mj h60=5;5=5i h90;10i h115;5i h115;5i h121;11ivi wiÆi11 wiÆi12 wiÆi13 wiÆi14 wiÆi15 wi1 h66;11i h121;11i h66;11i h154;22i h66;11i 112 h34=5;4=5i h25=5;4=5i h34=5;4=5i h25=5;4=5i h25=5;4=5i 33 h0;0i h0;0i h90;10i h90;10i h140;10i 104 h45;5i h45;5i h0;0i h0;0i h47=5;2=5i 55 h0;0i h27;3i h0;0i h27;3i h0;0i 36 h36;4i h0;0i h36;4i h0;0i h0;0i 4Mj h66;11i h121;11i h90;10i h154;22i h140;10i�÷����À� Àþ¢ ¥� G0 �Ø±ª wi(Æij)6�15 ÅþÂ��õ :10.4 ñøÀ�
Àª��üõ Âþ¥ �¤�Ê� 4.4 ÛØª �îÂõ-2 ø á�ãª-2 ,10.4 ñøÀ� Õ±Ï ùÀ÷Â�ð Ý�ÞÊ� �÷����À� Àþ¢ ¥� øC2 = f1;3g Mk = min1�j�15Mj = h56;8i ::À�µÆû ü·Ü·õ ý¥�ê ¢�Àä� �ûñ�þ ö¥ø (2Í¨�� �Ø±ª �Ü¬�ê ÅþÂ��õ ù�Ú÷� ,( 5.4 ÛØª ¤¢ G00 �Ø±ª) À�ª�� ü·Ü·õ ý¥�ê ¢�Àä� �ûñ�þ ö¥ø Âð�



74 �û�Ø±ª ýø¤ ý¥�ê ü���÷�ØõHHHHHHHHHHHHHHHHHH
������������������ ���������
HHHHHHHHHt

t
t
tt tv1

v5 v6
v2v3 v4h5=5; 0=5; 1=5i h9;1; 1i

h5=5;0=5;0=5i
h11; 1;2ih11; 1;1i h16;1; 2ih11=5;0=5;0=5i h9=5; 1=5;0=5ih8;1; 2i h9=5;0=5;0=5ih10=5;0=5;1=5i

G00 �Ø±ª :5.4 ÛØª
vi v1 v2 v3 wiv1 h0;0;0i h5=5;0=5;0=5i h11;1;1i 11v2 h5=5;0=5;0=5i h0;0;0i h11=5;0=5;0=5i 3v3 h11;1;1i h11=5;0=5;0=5i h0;0;0i 10v4 h16;1;2i h10=5;0=5;1=5i h9=5;1=5;0=5i 5v5 h5=5;0=5;1=5i h11;1;2i h11;1;2i 3v6 h13=5;1=5;2=5i h8;1;2i h16;1;2i 4vi v4 v5 v6 wiv1 h16;1;2i h5=5;0=5;1=5i h13=5;1=5;2=5i 11v2 h10=5;0=5;1=5i h11;1;2i h8;1;2i 3v3 h9=5;1=5;0=5i h11;1;2i h16;1;2i 10v4 h0;0;0i h18=5;1=5;1=5i h9=5;0=5;0=5i 5v5 h18=5;1=5;1=5i h0;0;0i h9;1;1i 3v6 h9=5;0=5;0=5i h9;1;1i h0;0;0i 4G00 �Ø±ª �Ü¬�ê ÅþÂ��õ :11.4 ñøÀ�ñøÀ�) wi(Æij)ÅþÂ��õ ø (14.4 ñøÀ�)ÅþÂ��õ-� ,ÅþÂ��õ ßþ� ¥� ø ¢�ªüõÉ¿Èõ 11.4 ñøÀ�Âþ¥ �¤�Ê� G00 �Ø±ª �îÂõ-2 ø á�ãª-2 (15.4)ñøÀ� �� ���� �� ßþ�Â���� .Àþ�üõ ´¨À� ( 15.4´¨�C2 = f1;3g Mk = min1�j�15Mj = h56;8i :



75 �û�Ø±ª ýø¤ ý¥�ê ü���÷�Øõ
vi C1 C2 C3 C4 C5 wi1 h0;0i h0; 0i h0;0i h0; 0i h0; 0i 112 h0;0i h5=5; 0=5i h5=5;0=5i h5=5; 0=5i h5=5;0=5i 33 h11;1i h0; 0i h9;1i h11;1i h11; 1i 104 h11=5;0=5i h9; 1i h0;0i h17;1i h9=5;0=5i 55 h6;1i h6; 1i h6;1i h0; 0i h6; 1i 36 h8=5;1=5i h14; 2i h9=5;0=5i h9; 1i h0; 0i 4vi C6 C7 C8 C9 C10 wi1 h5=5;0=5i h5=5; 5=5i h5=5;0=5i h5=5;0=5i h11; 1i 112 h0;0i h0; 0i h0;0i h0; 0i h11=5;0=5i 33 h0;0i h9; 1i h11=5;0=5i h11=5;0=5i h0; 0i 104 h9;1i h0; 0i h11=5;0=5i h9=5; 0=5i h0; 0i 55 h11=5;0=5i h11=5; 0=5i h0;0i h9; 1i h14; 1i 36 h8=5;1=5i h8=5; 1=5i h8=5;1=5i h0; 0i h9=5;0=5i 4vi C11 C12 C13 C14 C15 wi1 h6;1i h11; 1i h6;1i h14;2i h6; 1i 112 h11=5;1=5i h8=5; 1=5i h11=5;1=5i h8=5; 1=5i h8=5;1=5i 33 h0;0i h0; 0i h9;1i h9; 1i h14; 1i 104 h9;1i h9; 1i h0;0i h0; 0i h9=5;0=5i 55 h0;0i h9; 1i h0;0i h9; 1i h0; 0i 36 h9;1i h0; 0i h9;1i h0; 0i h0; 0i 4�÷����©�¡ Àþ¢ ¥� G0 �Ø±ª ÅþÂ��õ-� :12.4 ñøÀ�
vi C1 C2 C3 C4 C5 wi1 h0;0i h0; 0i h0;0i h0; 0i h0; 0i 112 h0;0i h5=5; 0=5i h5=5;0=5i h5=5; 0=5i h5=5;0=5i 33 h11;1i h0; 0i h9;1i h11;1i h11; 1i 104 h11=5;0=5i h9; 1i h0;0i h17;1i h9=5;0=5i 55 h6;1i h6; 1i h6;1i h0; 0i h6; 1i 36 h8=5;1=5i h14; 2i h9=5;0=5i h9; 1i h0; 0i 4vi C6 C7 C8 C9 C10 wi1 h5=5;0=5i h5=5; 0=5i h5=5;0=5i h5=5;0=5i h11; 1i 112 h0;0i h0; 0i h0;0i h0; 0i h11=5;0=5i 33 h0;0i h9; 1i h11=5;0=5i h11=5;0=5i h0; 0i 104 h9;1i h0; 0i h11=5;0=5i h9=5; 0=5i h0; 0i 55 h11=5;1=5i h11=5; 1=5i h0;0i h9; 1i h14; 1i 36 h8=5;1=5i h8=5; 1=5i h8=5;1=5i h0; 0i h9=5;0=5i 4vi C11 C12 C13 C14 C15 wi1 h6;1i h11; 1i h6;1i h14;2i h6; 1i 112 h11=5;0=5i h8=5; 1=5i h11=5;0=5i h8=5; 1=5i h8=5;1=5i 33 h0;0i h0; 0i h9;1i h9; 1i h14; 1i 104 h9;1i h9; 1i h0;0i h0; 0i h9=5;0=5i 55 h0;0i h9; 1i h0;0i h9; 1i h0; 0i 36 h9;1i h0; 0i h9;1i h0; 0i h0; 0i 4�÷����À� Àþ¢ ¥� 3.4 ÛØª ¤¢ G0 �Ø±ª ÅþÂ��õ-� :13.4 ñøÀ�



76 �û�Ø±ª ýø¤ ý¥�ê ü���÷�Øõ
vi C1 C2 C3 C4 wi1 h0;0;0i h0;0;0i h0;0;0i h0;0;0i 112 h0;0;0i h5=5;0=5;0=5i h5=5;0=5;0=5i h5=5;0=5;0=5i 33 h11;1;1i h0;0;0i h9=5;1=5;0=5i h11;1;2i 104 h10=5;0=5;1=5i h9=5;1=5;0=5i h0;0;0i h16;1;2i 55 h5=5;0=5;1=5i h5=5;0=5;1=5i h5=5;0=5;1=5i h0;0;0i 36 h8;1;2i h13=5;1=5;2=5i h9=5;0=5;0=5i h9;1;1i 4vi C5 C6 C7 C8 wi1 h0;0;0i h5=5;0=5;0=5i h5=5;0=5;0=5i h5=5;0=5;1=5i 112 h5=5;0=5;0=5i h0;0;0i h0;0;0i h0;0;0i 33 h11;1;1i h0;0;0i h9=5;1=5;0=5i h11;1;2i 104 h9=5;0=5;0=5i h9=5;1=5;0=5i h0;0;0i h11=5;0=5;1=5i 55 h5=5;0=5;1=5i h11;1;2i h11;1;2i h0;0;0i 36 h0;0;0i h8;1;2i h8;1;2i h8;1;2i 4vi C9 C10 C11 C12 wi1 h5=5;0=5;0=5i h11;1;1i h5=5;0=5;1=5i h11;1;1i 112 h0;0;0i h10=5;0=5;1=5i h11;1;2i h8;1;2i 33 h11=5;0=5;0=5i h0;0;0i h0;0;0i h0;0;0i 104 h9=5;0=5;0=5i h0;0;0i h9=5;1=5;0=5i h9=5;1=5;0=5i 55 h9;1;1i h11;1;2i h0;0;0i h9;1;1i 36 h0;0;0i h9=5;0=5;0=5i h9;1;1i h0;0;0i 4vi C13 C14 C15 wi1 h5=5;0=5;1=5i h13=5;1=5;2=5i h5=5;0=5;1=5i 112 h10=5;0=5;1=5i h8;1;2i h8;1;2i 33 h9=5;1=5;0=5i h9=5;1=5;0=5i h11;1;2i 104 h0;0;0i h0;0;0i h9=5;0=5;0=5i 55 h0;0;0i h9;1;1i h0;0;0i 36 h9;1;1i h0;0;0i h0;0;0i 44.4 ÛØª ¤¢ G00 �Ø±ª ÅþÂ��õ-� :14.4 ñøÀ�



77 �û�Ø±ª ýø¤ ý¥�ê ü���÷�Øõ
vi wiÆi1 wiÆi2 wiÆi3 wiÆi4 wi1 h0;0;0i h0;0;0i h0;0;0i h0;0;0i 112 h0;0;0i h16=5;1=5;0=5i h16=5;1=5;0=5i h16=5;1=5;0=5i 33 h110;10;10i h0;0;0i h95;15;5i h110;10;20i 104 h52=5;2=5;7=5i h47=5;7=5;2=5i h0;0;0i h80;5;10i 55 h16=5;1=5;4=5i h16=5;1=5;4=5i h16=5;1=5;4=5i h0;0;0i 36 h32;4;8i h54;6;10i h38;2;2i h36;4;4i 4Mj h110;10;10i h54;6;10i h95;15;5i h110;10;10ivi wiÆi5 wiÆi6 wiÆi7 wiÆi8 wi1 h0;0;0i h60=5;5=5;5=5i h60=5;5=5;5=5i h60=5;5=5;5=5i 112 h16=5;1=5;0=5i h0;0;0i h0;0;0i h0;0;0i 33 h110;10;10i h0;0;0i h95;15;5i h110;10;20i 104 h47=5;2=5;2=5i h47=5;7=5;2=5i h0;0;0i h52=5;2=5;7=5i 55 h16=5;1=5;4=5i h33;3;6i h33;3;6i h0;0;0i 36 h0;0;0i h32;4;8i h32;4;8i h32;4;8i 4Mj h110;10;10i h60=5;5=5;5=5i h95;15;5i h110;10;20ivi wiÆi9 wiÆi10 wiÆi11 wiÆi12 wi1 h60=5;5=5;5=5i h121;11;11i h60=5;5=5;16=5i h121;11;11i 112 h0;0;0i h31=5;1=5;4=5i h33;3;6i h24;3;6i 33 h115;5;5i h0;0;0i h0;0;0i h0;0;0i 104 h47=5;2=5;2=5i h0;0;0i h47=5;7=5;2=5i h47=5;7=5;2=5i 55 h27;3;3i h33;3;6i h0;0;0i h27;3;3i 36 h0;0;0i h38;2;2i h36;4;4i h0;0;0i 4Mj h115;5;5i h121;11;11i h60=5;5=5;16=5i h121;11;11ivi wiÆi13 wiÆi14 wiÆi15 wi1 h60=5;5=5;16=5i h148=5;16=5;27=5i h60=5;5=5;16=5i 112 h31=5;1=5;4=5i h24;3;6i h24;3;6i 33 h95;15;5i h95;15;5i h110;10;20i 104 h0;0;0i h0;0;0i h47=5;2=5;2=5i 55 h0;0;0i h27;3;3i h0;0;0i 36 h36;4;4i h0;0;0i h0;0;0i 4Mj h95;15;5i h148=5;16=5;27=5i h110;10;20i4.4 ÛØª ¤¢ G00 �Ø±ª wi(Æij) ÅþÂ��õ :15.4 ñøÀ�



78 �û�Ø±ª ýø¤ ý¥�ê ü���÷�Øõý¥�ê ý�ûö¥ø �� �÷��õ-p�ó�bÆõ Û� ý�Â� üÞµþ¤�Úó� 4.4�õÀÖõ 1.4.4ýÀ���±�¤ â���� ¥� ù¢�Ôµ¨� �� ö��µ� �î À÷�ªüõ ÓþÂã� ý��÷�Ú� ý¥�ê ¢�Àä� ý¥�ê ü���÷�Øõ Û��Æõ ��Þ� ¤¢(�ûñ�þ �þ �ûö¥ø) ý¥�ê ¢�Àä� �û´ó�� ÂµÈ�� ¤¢ �õ� .¢Âî ÛþÀ±� üãÎì ñÀõ �� �¤ ý¥�ê ñÀõ ,ý¥�ê ¢�Àä��õ�÷Â� �� �¤ �ú÷� ö���üÞ÷ 2.3 Ç¿� ¤¢ ùÀª ���¤� ý�ûÛ� ù�¤ ¥� ù¢�Ôµ¨� �� �î À÷�ªüõ ÓþÂã� ý¤�ÏüóÀõ �� ´þ�ú÷ ¤¢ À�ª�� °��Â®ÅþÂ��õ ¤¢ ý¥�ê ¢�Àä� ßþ� Âð� ø ,¢Âî ÛþÀ±� üãÎì ¼�½¬ ¢Àä ý�þ¤.Ýþ¥�¢Â�üõ ñÀõ ßþ� Û� �� üÞµþ¤�Úó� ���¤� �� �õ�¢� ¤¢ �î Ýþ�ªüõ ����õ üÎ¡ Â�è�÷��õ-p �ó�Æõ ÂÚþ¢ ÛØª 2.4.4�û§�b¤ �ä�Þ¹õ °��Â� �� E ø V �î Àª�� ¤�¢ ´ú� Â�èø À�±Þû �Ø±ª ×þ G = (V ; E) À��î Âêdij �� �¤ À�îüõ ÛÊµõ Ýû �� �¤ vj ø vi �î ýÂ�Æõ ßþÂµû���î ñ�Ï .Àª��üõ G ý�ûñ�þ �ä�Þ¹õ ø.´¨� wj ö¥ø ý�¤�¢ vj §�b¤ ø ,Ý�û¢üõ ö�È÷ý�û§�b¤ Âþ�¨ ý�û�®�Ö� �î ý¤�Î� ´Æû �Ø±ª ¥� §�b¤ p ö�Øõ ö¢Âî �À�� éÀû �÷��õ-p �ó�bÆõ ¤¢ùÀ�û¢ ÅþøÂ¨ p �� �Ø±ª ý�û§�b¤ ü÷¥ø �Ü¬�ê á�Þ¹õ ø ¢�ª ùÀ�ª�� ùÀ�û¢ ÅþøÂ¨ p Í¨�� �Ø±ª:℄7[Ýþ¤�¢ �¤ Âþ¥ �ó�bÆõ ßþ�Â���� .¢�ª ÝÞ���õmin Pni=1Pnj=1 dijxijS:tPni=1 xij = wj ; 1 � j � n (a)wjyi� xij � 0 ; 1 � i; j � n (b)Pni=1 yi = p ()yi 2 f0 ; 1g ; 1 � i � n (11.4)



79 �û�Ø±ª ýø¤ ý¥�ê ü���÷�Øõ´¨� ùÀ�ª�� i§�¤ �Ü�¨�� �î j §�b¤ ý�®�Ö� : xijvj §�b¤ ý�®�Ö� : wjvj�� vi �Ü¬�ê ßþÂµû���î: dij(b) ý�ûÀ�ì �ä�Þ¹õ ,´¨� ùÀª ùÀ�ª�� vj §�b¤ ý�û�®�Ö� �Þû �î À÷¥�¨üõ ßÿÞÎõ �¤ �õ (a) ý�ûÀ�ìùÀ�û¢ ÅþøÂ¨ ×þ ö�Øõ ö���ä �� �î ¢�¢ «�Êµ¡� ü¨��¤ �� ö���üõ �ú�� �¤ �û§�b¤ �î À�û¢üõ ö�È÷�Ü�¨ø p �Ö�ì¢ �î À�îüõ ß�ÞÌ� () À�ì .Àª�� yi = 1§�b¤ ö� ý�¥� �� ü�ãþ ,Àª�� ùÀª �µêÂð ÂÑ÷ ¤¢.´¨� ¥��÷ ö¢�¢ ÅþøÂ¨ ý�Â�.À�ª�� Âþ¥ üÎ¡ ´þ�Ìä â��� �� ý¥�ê ¢�Àä� �û ~wj �ó�bÆõ ßþ� ¤¢ Ý��îüõ Âê ñ��
�wj (x) = 8<: (wj + rj � x)=rj if wj � x � wj + rj0 if otherwise (12.4)

¢�ªüõ �µª�÷ Âþ¥ �¤�Ê� �ó�bÆõ ý¥�ê ñÀõ ßþ� Â����
Min Pni=1Pnj=1 dijxijS:tPni=1 xij = ~wj ; 1 � j � n (a)~wjyi � xij � 0 ; 1 � i; j � n (b)Pni=1 yi = p ()yi 2 f0 ; 1g ; 1 � i � n : (13.4)

ý�Â� ø À�î üõ ¤��µ¡� ý¥�ê ý¤�ÀÖõ ��÷ �ó�bÆõ éÀû â��� ßþ�Â���� ,À�µÆû ý¥�ê ~wj �î ßþ� �� ���� ��â��� ���ú� ¤�ÀÖõ ý�Â� (zl ø zu) ß���� ö�Âî ×þ ø ��� ö�Âî ×þ �Àµ�� éÀû ´þ�Ìä â��� ö¢¤ø� ´¨À�Ýþ¤ø�üõ ´¨À� Âþ¥ Û��Æõ Û� �� éÀû



80 �û�Ø±ª ýø¤ ý¥�ê ü���÷�Øõ
Min zl =Pni=1Pnj=1 dijxijS:tPni=1 xij = wj ; 1 � j � n (a)wjyi� xij � 0 ; 1 � i; j � n (b)Pni=1 yi = p ()yi 2 f0 ; 1g ; 1 � i � n (14.4)

ø
Min zu =Pni=1Pnj=1 dijxijS:tPni=1 xij = wj + rj ; 1 � j � n (a)(wj + rj)yi� xij � 0 ; 1 � i; j � n (b)Pni=1 yi = p ()yi 2 f0 ; 1g ; 1 � i � n : (15.4)

¢Â�ðüõ �¤ wj + dj ø wj ß�� ý¤�ÀÖõ ´¨�¤ ´Þ¨ Âþ¢�Öõ ø °��Â® ÅþÂ��õ ¤¢ ~wj �î üõ�Ú�û ßþ�Â����ÓþÂã� ý¤�Ï �¤ G ���ú� ¤�ÀÖõ ý¥�ê �ä�Þ¹õ ßþ�Â���� .À�îüõ ¤��µ¡� �¤ zu ø zl ß�� ý¤�ÀÖõ éÀû â���.Àû¢ ö�È÷ �¤ éÀû ¢�±ú� ��¤¢ ü÷Àª ���� Âû ý�Â� �î Ý��îüõ
�G(x) = 8>>><>>>: 1 if Pni=1Pnj=1 dijxij < zl(zu �Pni=1Pnj=1 dijxij)=(zu � zl) if zl �Pni=1Pnj=1 dijxij < zu0 if Pni=1Pnj=1 dijxij � zu (16.4)



81 �û�Ø±ª ýø¤ ý¥�ê ü���÷�Øõý�ûÀ�ì �ä�Þ¹õ ´þ�Ìä â��� ö¢¤ø� ´¨À� ý�Â� .Ýþ¥�¢Â�üõ �ûÀ�ì ý¥�ê �ä�Þ¹õ ÓþÂã� �� ñ��.Ý��îüõ Ý�ÆÖ� Âþ¥ �¤�Ê� a00 ø a0 �ä�Þ¹õ ø¢ �� �¤ �ä�Þ¹õ ßþ� �Àµ�� Pni=1 xij = ~wj8<: Pni=1 xij � ~wj (a0)Pni=1 xij � ~wj (a00) (17.4)ÍÖê ßþ�Â���� ,Ýþ�È÷ ����õ Â���� ý�û�®�Ö� �� ¢�ª üõ ¶ä�� (a0) À�ì ö�� �û ~wj ÓþÂã� �� ���� �� ñ��Ýþ¤ø� ´¨À� �¤ a00 ý¥�ê �ä�Þ¹õ ´þ�Ìä â��� ´¨� üê�î
�a00j (x) = 8>>><>>>: 1 if Pni=1 xij > wj + rj(Pni=1 xij � wj)=rj if wj �Pni=1 xij � wj + rj0 if Pni=1 xij < wj : (18.4)¢�ªüõ ÓþÂã� Âþ¥ �¤�Ê� ´þ�Ìä â��� (b) ý�ûÀ�ì �ä�Þ¹õ ý�Â��bij(x) = 8>>><>>>: 0 if (wj + rj)yi < xij((wj + rj)yi� xij)=rjyi if wjyi < xij � (wj + rj)yi1 if wjyi � xij : (19.4)

�� ñ�� .¢�ªüõ ß��ã� ý¥�ê ý�û À�ì ý�û ´þ�Ìä â��� �Ü�¨�� ,���� Âû ö¢�� ü÷Àª ö���õ ßþ�Â����.¢�ªüõ �µª�÷ Âþ¥ �¤�Ê� ý¥�ê �÷��õ-p �ó�Æõ ë�ê ý�û ´þ�Ìä â��� ÓþÂã� �� ����
find (xij ; yi)S:tPni=1Pnj=1 dijxij ��zl ; 1 � i; j � nPni=1 xij � ~wj ; 1 � j � n (a00)~wjyi� xij � 0 ; 1 � i; j � n (b)Pni=1 yi = p ()yi 2 f0 ; 1g ; 1 � i � n

(20.4)



82 �û�Ø±ª ýø¤ ý¥�ê ü���÷�ØõßÞÜ� �Ü�¨�� ý¥�ê Ý�ÞÊ� ÓþÂã� ¥� ù¢�Ôµ¨��� ù�Ú÷� Ý�û¢ ö�È÷ D �� �¤ ë�ê ý�û À�ì �ä�Þ¹õ Âð� ñ��.¢�ªüõ ÓþÂã� Âþ¥ �¤�Ê� ë�ê ý¥�ê ý�ûÀ�ì �ä�Þ¹õ ´þ�Ìä â��� ,℄4[ ¤¢ ù¢�¥ ø�D(x) = minf�G(x); �a00j (x); �bj (x)g (21.4)���� ×þ ýÀ�õ ´þ�®¤ ��¤¢ ' �¤ ö� ø Ý�õ�÷üõ D ý�û À�ì �ä�Þ¹õ ´þ�Ìä ��¤¢ �¤ � ö��î�ßþ�Â���� .´¨� ÂµÈ�� ���� ýÀ�õ ´þ�®¤ ö���õ Àª�� Âµð¤�� � �� Âû ü�ãþ ,Ý��îüõ ÓþÂã� " ü÷ÀªÝþ¤�¢max�D(x) = maxminf�G(x); �a00j (x); �bj (x)g : (22.4)¢�ªüõ ÛþÀ±� Âþ¥ üãÎì ñÀõ �� ý¥�ê ñÀõ ´þ�ú÷ ¤¢
max �S:t�G(x) � ��a00j (x) � � j = 1; :::; n�bij(x) � � i = 1; :::; n; j = 1; :::; nPni=1 yi = p0 � � � 1yi 2 f0;1g 1 � i � n :

(23.4)
¢�ªüõ �µª�÷ Âþ¥ �¤�Ê� (23.4) �ó�bÆõ (19.4) ,(18.4) ,(16.4) ý�û ´þ�Ìä â��� ¥� ù¢�Ôµ¨� ��



83 �û�Ø±ª ýø¤ ý¥�ê ü���÷�Øõ
max �S:t(zu �Pni=1Pnj=1 dijxij)=(zu � zl) � �(Pni=1 xij � wj)=rj � � j = 1; :::; n((wj + dj)yi � xij)=djyi � � i = 1; :::; n; j = 1; :::; nPni=1 yi = p0 � � � 1yi 2 f0 ; 1g 1 � i � n :

(24.4)
¢�ªüõ �µª�÷ Âþ¥ ÛØª �� �ó�bÆõ ö¢Âî ù¢�¨ ¥� Å� �îmax �S:tPni=1Pnj=1 dijxij + (zu � zl)� � zu (i)Pni=1 xij � rj� � wj j = 1; :::; n (iii)(wj + rj)yi � xij � rj�yi � 0 i = 1; :::; n; j = 1; :::; n (iv)Pni=1 yi = p0 � � � 1yi 2 f0 ; 1g 1 � i � n :

(25.4)
ýø¤ �÷��õ-p Û��Æõ Âþ�¨ À�÷�õ ,´¨� üÎ¡ Â�è (iv) À�ì ö�� üóø ´¨� üãÎì üóÀõ (25.4) ñÀõ.Ýþ¥�¢Â�üõ Âþ¥ Ýµþ¤�Úó� ���¤� �� ßþ�Â���� .¢Âî ù¢�Ôµ¨� ö�Âîø �¡�ª Ýµþ¤�Úó� ¥� ö���üÞ÷ �û�Ø±ª

ý¢�ú�È�� Ýµþ¤�Úó� 3.4.4ù¢�Ôµ¨� Âþ¥ Ýµþ¤�Úó� ¥� Ý���þ ´¨¢ � ¤�ÀÖõ ßþÂµÈ�� �� Ýþ¤�¢ Ý�ÞÊ� �õ ø ´¨� � 2 [0;1℄ ö��.Ý��îüõ



84 �û�Ø±ª ýø¤ ý¥�ê ü���÷�Øõ:Ýµþ¤�Úó�1 �Ü�Âõ�ó�bÆõ ý�ûÀ�ì ý�Â� ü÷Àª �ä�Þ¹õ ×þ �þ� �î Ý��îüõ ö�½µõ� ø ÝþÂ�ð üõ ÂÑ÷ ¤¢ ×þ Â��Â� �¤ � ¤�ÀÖõ���� ×þ ü÷Àª ���� Âû ù�Ú÷� ´ª�¢ ¢��ø � = 1 ý�Â� ü÷Àª �ä�Þ¹õ ×þ Âð� ,Â�¡ �þ ¢¤�¢ ¢��ø.Ýþø ¤ üõ Àã� �Ü�Âõ �� ø �R = 1 ø �L = 0 Ý�û¢üõ ¤�Âì �¤�¬ ßþ� Â�è ¤¢ .´¨� �ó�bÆõ ý�Â� ß�ú�2 �Ü�Âõ�¤�Ê� üÈ¿�ø¢ ©ø¤ ¥� ù¢�Ôµ¨� �� �¤ �R = 1 ø �L = 0 Âþ¢�Öõ ,� = (�L + �R)=2 ¤�ÀÖõ Âû ý�Â�. Ýþ¤ø�üõ ´¨À� Âþ¥.Àª�� üú��÷ � ý�Â� ü÷Àª ý�û ���� �ä�Þ¹õ Âð� :�L = �.Àª�� üú� � ý�Â� ü÷Àª ý�û ���� �ä�Þ¹õ Âð� :�R = �.Â�¡ �þ ¢¤�¢ ¢��ø (29) �ó�bÆõ ü÷Àª �ä�Þ¹õ �þ� �î Ý��îüõ ö�½µõ� � ¤�ÀÖõ Âû ý�Â� �õ�¢� ¤¢.(�R � �L = 0=001 �f ·õ) ´Æû ùÀ÷Â�ð Ý�ÞÊ� ¤��µ¡� ¤¢ ø ù��¿ó¢ ´Æ�÷ Ýµþ¤�Úó� Óì�� ¯ÂªñøÀ� ¤¢ ùÀªÉ¿Èõ ý¥�ê ¢�Àä� �û§�b¤ ö¥ø üµìø �¤ N �Ø±ª �÷��õ-2 (6.4) ÛØª ¤¢ 3.4 ñ�·õ.Ýþ¤ø�üõ ´¨À� Ýµþ¤�Úó� ¥� ù¢�Ôµ¨� �� �¤ À�ª�� 17.4
.´¨� Âþ¥ �¤�Ê� 6.4�Ø±ª ý�Â� �Ü¬�ê ßþÂµû���î ÅþÂ��õ

dij = 266666666664
0 10 10 20 2010 0 20 10 1010 20 0 20 2020 10 20 0 2020 10 20 20 0

377777777775



85 �û�Ø±ª ýø¤ ý¥�ê ü���÷�Øõ
��������HHHHHHHH
�������������

���HHHHHHHHHHHHHHHH
t
t

t
t

tv2
v4 v5

v3v110 102010 202020 10N �Ø±ª :6.4 ÛØªw1 r1 w2 r2 w3 r3 w4 r4 w5 r58 3 5 0=5 9 0 7 1=5 6 0=55.4 ÛØª ¤¢ N �Ø±ª §�b¤ Âû ý�Â� rjø wj ¤�ÀÖõ :16.4 ñøÀ�
.240 ø 210�� ´¨� Â��Â� °��Â� �� zu ø zl Âþ¢�Öõ.´¨� ���ú� ö�Øõ v3 ø v2 ý�û§�b¤ ø z� = 210 Ý��îüõ Û� üãÎì ´ó�� ¤¢ �¤ �ó�bÆõ üµìø ßþ�Â����À÷ø ¤ .´¨� ���ú� ���� v2 ø v1 ý�û§�b¤ ø � = 39% Ý��îüõ Û� ý¥�ê ´ó�� ¤¢ �¤ �ó�bÆõ üµìø ø.´¨� ùÀª ù¢�¢ ö�È÷ 18.4 ñøÀ� ¤¢ 3.4 ñ�·õ ý�Â� Ýµþ¤�Úó� ý�Â������ w1 w2 w3 w4 w5 z� �÷��õ-2üãÎì 8 5 9 7 6 210 v2; v3ý¥�ê 9=17 5=20 9 7=58 6=19 228=2 v1; v2é�µ¡� 1=17 0=2 0 0=58 0=19 18=25.4 ÛØª ¤¢ N �Ø±ª üãÎì ø ý¥�ê ���� �Æþ�Öõ :17.4 ñøÀ�



86 �û�Ø±ª ýø¤ ý¥�ê ü���÷�Øõ� ���� ý�Ìê �÷��õ-2 z� �(%)1 ü÷ÀÈ÷(0+ 1)=2 = 12 ü÷ÀÈ÷(0+ 12)=2 = 14 ü÷Àª v1; v2 237 25%(14 + 12)=2 = 38 ü÷Àª v1; v2 230 37=5%(38 + 12)=2 = 716 ü÷ÀÈ÷(38 + 716)=2 = 1332 ü÷ÀÈ÷(38 + 1332)=2 = 2564 ü÷Àª v1; v2 228=2 39%(2564 + 1332)=2 = 51128 ü÷ÀÈ÷2.4 ñ�·õ ý�Â� Ýµþ¤�Úó� ý�Â�� À÷ø ¤ :18.4 ñøÀ���¢�ú�È�� ø ýÂ�ð �¹�µ÷ 5.4ý�û©ø¤ ø ¼þÂÈ� �¤ üãÎì ´ó�� ¤¢ �û�Ø±ª ýø¤ ü���÷�Øõ Û��Æõ ñø� ÛÊê ¤¢ �õ �õ�÷ ö�þ�� ßþ� ¤¢ÛÊê ¤¢ .Ýþ¢Âî ö��� �¤ ¢�� ùÀª ���¤� �û�Ø±ª ýø¤ (�îÂõ-p ø �÷��õ-p) Û��Æõ á�÷ ßþ� ý�Â� �î üÜ�¤¢ ø .Ýþ¢Âî ö��� �¤ �ú÷� Û� ý�úû�¤ ø ü¨¤Â� �¤ FILP ø FLP ý�û ñÀõ ÓÜµ¿õ ý�û´ó�� �ø¢�÷��õ-p �ó�bÆõ ý�Â� ø Ýþ¢Âî ü¨¤Â� �¤ ý¥�ê ý�û�Ø±ª ýø¤ ü���÷�Øõ Û��Æõ �¤�ú� ÛÊê ¤¢ ´þ�ú÷.Ýþ¢Âî ¢�ú�È�� �¤ üÞµþ¤�Úó� À�µÆû ý¥�ê ¢�Àä� �û§�b¤ ö¥ø üµìø �û�Ø±ª ýø¤ý�û´ó�� ¥� üÌã� ´¨� ���÷ ø ÀþÀ� ü·½±õ ý¥�ê ´ó�� ¤¢�û�Ø±ª ýø¤ ü���÷�Øõ ¶½±õ �Ø�þ� Û�óÀ�ö� ý�Â� ü��¡ Û� ©ø¤ �þ ø ´¨� �µêÂÚ÷ ¤�Âì ü��þ¥ ¤� ¢¤�õ ¥��û ý¥�ê ´ó�� ¤¢ Û��Æõ á�÷ ßþ�:¥� À��¤�±ä �û ´ó�� ßþ� ¥� üÌã� �î .´¨� ùÀÈ÷ ¢�ú�È��.N = (~V ; ~E; ~w; ~l(e)) ü�ãþ À�ª�� ý¥�ê �Ø±ª Â¬��ä �Þû �î üµìø (1.N = (~V ; ~E;w; l(e)) ü�ãþ À�ª�� ý¥�ê ü��û�ä�Þ¹õ �ûñ�þ ø �û§�b¤ ö�õ�Þû üµìø (2.N = (~V ;E; ~w; l(e)) ü�ãþ À�ª�� ý¥�ê ¢�Àä� �ú÷� �� ¯��Âõ ö¥ø ø �û§�b¤ �ä�Þ¹õ üµìø (3



87 �û�Ø±ª ýø¤ ý¥�ê ü���÷�Øõ.N = (V; ~E; ~w; l(e)) ü�ãþ Àª�� ý¥�ê �ä�Þ¹õ ��÷ �ûñ�þ �ä�Þ¹õ ø ý¥�ê ¢�Àä� �û§�b¤ ö¥ø üµìø (4Ýµþ¤�Úó� À�÷�õ ý¤�Øµ�� ý�û©ø¤ ,ùÀÈ÷ �µêÂð ¤�Ø� ö��î�� Û��Æõ ßþ� Û� ý�Â� �î ü��û©ø¤ ÂÚþ¢ ¥��¤ �ú÷� ö���üõ �î .´¨� ù¢�� Û�±ì ßþ� ¥� ü��û©ø¤ ø 4ü¹þ¤À� ö¢Âî ¢Â¨ ,3��¤�õ ©ø¤ ,2×�µ÷�.¢Â� ¤�Ø� ý¥�ê ´ó�� ¤¢ Û��Æõ ßþ� ýø¤ Â�

Geneti Algorithm2Ant olony3Simulated annealing4
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AbstratLoation problem is one of the most important problem in Operation Researh and ithas many appliation in the real world, suh as loating of �re stations, polie stations,emergeny enters, hospitals, goods distribution enters, bus stops, subway stations, oÆ-ial enters, server in omputer networks, post oÆes, garbage disposal enters, nulearpalnts and et are most important appliations of it. Two signi�ant instanes problemof loation theory are p-median and p-enter problems. In most loation problems thatare studied in reent deades, our data and information about the onditions of the prob-lem were preise and lear, but in a real state and for real appliations, our data andinformation in this ase are unertain and vague. Thus fuzzy loation problems onnetworks arise. In this dissertation we desribe these problems and their solutions in thefuzzy mode, and o�er a solution for the p-median problem when the weights of network'sverties are fuzzy numbers.
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