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1 ÛÊê
ý�ÜÿÆõ Â� À�î�b� �� ü���÷�Øõ ý�ÜÿÆõ üêÂãõ

É�Ê¿�

1



2 É�Ê¿� ý�ÜÿÆõ Â� À�î�b� �� ü���÷�Øõ ý�ÜÿÆõ üêÂãõ�»¿þ¤�� 1-1���� �î ¢�ªüõ ��Æ½õ ��Ü�úÆ� Û½õ ß��ã� À�þ�Âê ¤¢ ýÀ�Üî ý�û��Àì� ¥� üØþ ü���÷�Øõ ��ãó�Îõüð¥�� �� �î ´¨� ý�ù¥�À÷� �� ��ãó�Îõ ßþ� ´�aÞû� .¢¤�¢ üþ��Æ� ÇÖ÷ ,�î�Âõ ´�Öê�õ ¤¢ Ýúõ ßþ� ��Û½õ Â��ç� �� Â¹�õ ¢¤��õ ¥� ü¡Â� ¤¢ ø ¢Â�ðüõ �¤�¬ ù¤��ø¢ ��ãó�Îõ ßþ� ,��÷ ñ�ãê �î�Âõ ¢¤�õ ¤¢�¤ ��Ü�úÆ� ø ����ú¹� ýÂ¨ ×þ Ý�û��¡üõ üµìø ;´Ôð ö���üõ üÜî ¤�Ï �� .À÷�ªüõ ��÷ ��Ü�úÆ���÷�Øõ� Ûì�À� ßþ� ¥� ù¢�Ôµ¨� ßþÂµÈ�� ø ßþÂµú� �î ý¤�Î� Ý���Þ÷ ÂÖµÆõ ý��÷�ð �� �ÖÎ�õ ×þ ¤¢¤¢ ÂÈ� ¢�Âê� ��þ�� ÝþÀì ¥� .ÝþÂ�üõ ¢�¨ ¢�¡ é�Àû� �� öÀ�¨¤ ´ú� ü���÷�Øõ ÝÜä ¥� ,Ý�ª�� ù¢Â� �¤¤¢ ß�µ÷�µÆ�î ¤���Â³õ� ñ�·õ ý�Â� .À÷¢Âîüõ ù¢�Ôµ¨� ü���÷�Øõ ¥� ù�ð �¢�¡�÷ �¤�Ê� ¢�¡ ùÂõ¥ø ¤ üðÀ÷¥Ç�¤� ý�ûù�Úþ�� ö�Øõ ùÀ�û¢ ö�È÷ �î �Ø±ª ýø¤ Â� üÏ�Ö÷ ü���÷�Øõ �ó�bÆõ ¢��õ ¥� Û±ì �¤�ú� öÂìö�Þ��úõ ��ÀþÀú� Û��Öõ ¤¢ À�÷��µ� �î À�µêÂðüõ ¤�Âì ý��÷�ð �� Àþ�� �ûù�Úþ�� .¢Âî Û� �¤ ,¢�� �¤¤�Ñ�õ ý¤�� ßµõ ¤¢ �î ¢�ªüõ ÂîÁµõ ùÀ�Æþ�÷ .℄31[À��î á�ê¢ ý¤�Ï�Â³õ� ¥� üÜ½õ ý�ûüª¤�ª ø:¢Âî ÓþÂã� �÷�ðßþ� ö���üõ �¤ �î�Âõ ü���÷�Øõ ÂÚþ¢ �¤�±ä �� .Àª��üõ ùÀ�û¢ÅþøÂ¨ ö�Þû �îÂõ ¥��î ý��÷�ð �� ,¢���õ ý�û´þ¢øÀ½õ ø �î�Âõ Âþ�¨ ßµêÂð ÂÑ÷ ¤¢ �� �îÂõ À�� �þ ×þ ý�Â� ö�Øõ ��¿µ÷�¤¢ ,ö�þÂµÈõ �� �÷�ó¢�ä ��õÀ¡ ���¤� ,ÛÖ÷ ø ÛÞ� ��þ�û À÷���üõ éÀû ßþ� .¢¢Âð ���ú� ý�ùÄþø éÀûÂþ¥ �¤�Ê� ÝûÀÔû öÂì ¤¢ 1�õÂê Í¨�� ü���÷�Øõ �ó�bÆõ .℄51[Àª�� ùÂ�è ø ¤�¥�� ßþÂµð¤�� ßµêÂð ´¨¢á�Þ¹õ �î À����� ý��÷�Ú� �¤ �¤�ú� �ÎÖ÷ ,´¨� ùÀª ù¢�¢ �½Ô¬ ¤¢ �ÎÖ÷ �¨ À��î Âê :Àª �ÂÎõ�� .¢Âî Û� �¤ �ÜÿÆõ ßþ� 1640 ñ�¨ ¤¢ 2üÜ»þ¤�� .¢�ª ���Þî ,ùÀª ù¢�¢ �ÎÖ÷ �¨ �� ö� ý�û�Ü¬�ê.À÷À�õ�÷ �õÂê �ÜÿÆõ �¤ �ÜÿÆõ ø üÜ»þ¤�� ý�ÎÖ÷ �¤ ���ú� ý�ÎÖ÷ Û�ó¢ ßþ�Fermat1Torrielli2



3 É�Ê¿� ý�ÜÿÆõ Â� À�î�b� �� ü���÷�Øõ ý�ÜÿÆõ üêÂãõ¤¢ .℄40[Àª ���¤� 3Â�ø Í¨�� ö¤Àõ ø ý¢Â�¤�î �¤�Ê� ü���÷�Øõ �ÜÿÆõ ÓþÂã� ß�óø� 1909 ñ�¨ ¤¢�� �¤ Û��Æõ ßþ� éÀû â��� ø ¢�¢ ��¹÷� �ÜÿÆõ ßþ� ýø¤ Â� �¤ ýÀ� ��ãó�Îõ üÞ�Ø� 1964 ñ�¨�û�Ø±ª ýø¤ Â� �¤ ü���÷�Øõ Û��Æõ ß��»Þû ø� ¢Âî �ÂÎõ 5���È�� ßþÂµÞî ø 4á�Þ¹õ ßþÂµÞî �¤�¬7ü÷�À��Â�õ ø 6ÂóÀ�û Í¨�� ü���÷�Øõ ÓÜµ¿õ ý�ûñÀõ ýÀ�� �Ö±Ï ß�óø� .℄16, 17[¢Âî ü¨¤Â� ��÷.℄15[Àª ���¤�ö�¤�ØÞû ø 10ßÆ÷�û ,℄24[9ö¥øÂ� ø 8�ø¤�Âî Í¨�� ���õ¥ ßþ� ¤¢ ýÂÚþ¢ ý�û ýÀ�� �Ö±Ï ß��»Þû14�¤���Ø¨� ,℄28[ 13ß�Ø¨¢ ø 12öø�e ,℄14[ ö�¤�ØÞû øÅ�Æ÷�Âê ,℄26[ 11Å�Æ÷�Âê ø ü÷�À��Â�õ ,℄19[.´¨� ùÀª ��¹÷� ℄10[17Â¡�õ�û ø 16Â÷¥ ¤¢ ,℄35[ 15���Ø¨� øWeber3Minisum4Minimax5Handler6Mirhandani7Krarup8Pruzan9Hansen10Franis11Owen12Daskin13Saparra14Sutella15Drezner16Hamaher17



4 É�Ê¿� ý�ÜÿÆõ Â� À�î�b� �� ü���÷�Øõ ý�ÜÿÆõ üêÂãõü���÷�Øõ Û��Æõ ýÀ���µ¨¢ 2-1Û��Æõ ¥� ü÷�ð�÷�ð á��÷� .¢�Þ÷ ýÀ���Ö±Ï ü�ø�Ôµõ ý�û©ø¤ �� ö���üõ �¤ ü���÷�Øõ ý�ûñÀõ ø Û��Æõ: ¥� À��¤�±ä ö� Ýúõ ý�ûýÀ���Ö±Ï ¥� ü¡Â� �î À÷¤�¢ ¢��ø ��Ü�úÆ� ü���÷�Øõ��Ü�úÆ� ý�ûö�Øõ ø �®�Ö� ¯�Ö÷ ¥� ý��ä�Þ¹õ ö� ¤¢ �î ;�µÆÆð ��Ü�úÆ� ü���÷�Øõ �ÜÿÆõ (1.Àª��üõ É¿Èõü���÷�Øõ �¤ ��Ü�úÆ� ¥� ü��ãõ ¢�Àã� É¿Èõ üþ�Ìê ¤¢ �î ;�µ¨��� ��Ü�úÆ� ü���÷�Øõ �ÜÿÆõ (2.À��îüõ.À÷�ùÀª ¢øÀ½õ �ûùÂð ø ��ó�Ê�� ¥� ü��ãõ ¢�Àã� ×þ ¤¢ �î ;ý��Ø±ª ��Ü�úÆ� ü���÷�Øõ �ÜÿÆõ (3.À�µÆû ß�ãõ�÷ ÂÔ¨ ö�õ¥ �þ �®�Ö� ý�ûÂµõ�¤�� ¥� ü¡Â� ö� ¤¢ �î ;üê¢�Ê� ��Ü�úÆ� ü���÷�Øõ �ÜÿÆõ (4:¥� À��¤�±ä �û�Ê¿Èõ ßþ� ¥� ü¡Â� .À÷ÂþÁ�üõ �¤�¬ ü÷�ð�÷�ð ý�û�Ê¿Èõ §�¨� Â� �ûýÀ���Ö±ÏñÀõ ö¢�� ý��Ø±ª �þ üµ¡¤¢ �¤�ÂÖµ¨� �î�Âõ ¢�Àã� �ñÀõ ö¢�� �þ�� �þ ßî�¨ �ñÀõ ö¢�� üó�Þµ�� �þ üãÎì ��µê�þ ¤�ÂÖµ¨� �î�Âõ ´�êÂÒ ö¢�±÷ �þ ö¢�� ¢øÀ½õ �: ¥� À��¤�±ä ��÷ ýÀ���Ö±Ï Â� Â��bõ Ûõ��ä ¥� ü¡Â�



5 É�Ê¿� ý�ÜÿÆõ Â� À�î�b� �� ü���÷�Øõ ý�ÜÿÆõ üêÂãõ.��Ü�úÆ� ö�Øõ ö¢�� ý�����÷ �þ ø ý��ÎÖ÷ ,��Ü�úÆ� ù¥�À÷� ,¢�Àã� :ÀþÀ� ��Ü�úÆ� ��Ê¿Èõ XüÜãê ��Ü�úÆ� ö�Øõ X.ý��Ü� ,ü¨À�Üì� ,Ý�ÖµÆõ Í¡ :�û�Ü¬�ê ýÂ�ðù¥�À÷� X.¢øÀ½õ�÷ ,¢øÀ½õ ,�µÆÆð ,�µ¨��� ,ýÀã� À�� ,ýÀã�×� :���� ý�Ìê X... ø üó�Þµ��/üãÎì ,ýÂ��çµõ / ýÂµõ�¤�� ,üÞî / üÔ�î ý��Î��¤ :ÀþÀ� ��Ü�úÆ� Û��Öµõ Â���b� X.üÔ�î/üÞî ,ÝÞ�Æî�õ/ÝÞ���õ :éÀû á�÷ X�î À÷�ªüõ Ý�ÆÖ� ü÷�ð�÷�ð ý�û�µ¨¢ �� ¢Àãµõ ý�ûéÀû �� ���� �� ü���÷�Øõ Û��Æõ üÜî ´ó�� ¤¢ �õ�.Ý��îüõ ù¤�ª� �ú÷� ¥� üÌã� �� �õ�¢� ¤¢
ü���÷�Øõ Û��Æõ é�Àû� 3-1ý�û¤��ãõ ýÀ�� ´þ�óø� ø üþ�¨��ª ¤¢ �ûéÀû .À÷¤�¢ Â� ¤¢ �¤ üÔÜµ¿õ ý�ûéÀû ,ü���÷�Øõ Û��Æõ×þ ¤¢ .À÷¤�¢ üÞúõ ÇÖ÷ ø ´�Þû� ,�û ö� ý�û¤��ãõ Âþ¥ ø ü���÷�Øõ �ó�bÆõ ×þ ¤¢ ýÂ�ð Ý�ÞÊ�éÀû â��� á��÷� °Æ� Â� ø ü®�þ¤ ý�þ¤�õ�÷Â� ¢ÂØþø ¤ ø¢ �� ü���÷�Øõ Û��Æõ ý�ûéÀû ýÀ��Ý�ÆÖ�:℄10[À÷�ùÀª Ý�ÆÖ� �µ¨¢ �¨ ��ùÀ�û¢ÅþøÂ¨ ¤�ÂÖµ¨� Û½õ ÂµÈ�� �� Âû üØþ¢�÷ �� ù¤�ª� �ûéÀû ßþ� :18üÈÈî ý�ûéÀû (1.À÷�ªüõ ü���÷�Øõ Û��Æõ ßþÂ�üÞþÀì Ûõ�ª �î À÷¤�¢ ´ê�Æõ ö¢Âî ÂµÞî ø ö�þÂµÈõ �� (��Ü�úÆ�).À÷¤�¢ üÈÈî ý�ûéÀû ,´¨� ý¥�¨���Þî �¤�Ê� �ú÷�éÀû â��� �î üÜ��Æõ âì�ø ¤¢Pull objetive18



6 É�Ê¿� ý�ÜÿÆõ Â� À�î�b� �� ü���÷�Øõ ý�ÜÿÆõ üêÂãõÛþ�ø� ¥� ø À÷Â�ðüõ Â� ¤¢ �¤ 20��ÜÎõ�÷ �î�Âõ ü���÷�Øõ Û��Æõ �ûéÀû ßþ� :19ý¤�Èê ý�ûéÀû (2¢���õ �î�Âõ ¥� ÀþÀ� �î�Âõ �Ü¬�ê ö¢Âî Â·î�À� ,Û��Æõ ßþ� ¤¢ éÀû .À÷Àõ� ¢���� 1970 �û¢21À�þ�ª�¡�÷ ü���÷�Øõ ý�ûñÀõ �� �ûÀã� À÷Àª ���¤� �ûéÀû á�÷ ßþ� ý�Â� �î üþ�ûñÀõ .´¨�üØþ ,ö� ¤¢ �î ´¨� �ó��¥ ßê¢ ý�Â� °¨��õ ö�Øõ ßµê�þ ,�ûéÀû ßþ� ý�Â� ñ�·õ .À÷Àª éøÂãõ.´¨� ü÷�ØÆõ ÕÏ��õ ¥� ö�Øõ ßþ� �Ü¬�ê ö¢Âî ���ú� �ûéÀû ¥�ö�þÂµÈõ ø �î�Âõ ß�� ´ê�Æõ ßµ¡�¨ ñ¢�ãµõ ¤¢ ©�Ü� �î À�µÆû üþ�ûéÀû :22ñ¢�ãµõ ý�ûéÀû (3ý�ûýÂ�ð Ý�ÞÊ� ¤¢ ÂµÈ�� �ûéÀû ßþ� . ´¨� ýÂ��Â� �� ü��þ ´¨¢ �ú÷� üÜ¬� éÀû ø À÷¤�¢Ý¹� ö¢Âî ñ¢�ãµõ À�÷�õ .´¨� ¢�Âê� ß�� ´ó�Àä ý¤�ÂìÂ� éÀû �î üþ�� .À÷¤�¢ ¢Â�¤�î üõ�Þä.¢�ª üõ ö��®�Öµõ �� ��õÀ¡ ���¤� öÀª ñ¢�ãµõ °±¨ �î Å�Ü� �î�Âõ ý¤�î
ü���÷�Øõ ��ãó�Îõ ¤¢ ñø�Àµõ ��û�±µª� 4-1Û½õ Â��ç� �� Â¹�õ üû�ð �î ´ª�¢ Àû��¡ ñ�±÷¢ �� ýÂþÁ��÷ ö�Â±� ý�û¤Â® ,Û½õ ß��ã� ¤¢ ù�±µª�.Àõ�¹÷�üõ (�÷�¡¤�î �fÜ·õ) ùÀ�û¢ÅþøÂ¨ üÜ�Îã� ø ¢�î¤ �� �þ ,ùÀª ¢�þ¥ ý�û��þ�û éÂ¬ �� ùÀ�û¢ÅþøÂ¨¢�ªüõ �µ¨��¡ �õ ¥� �î �� ö� ¥� üµ¨¤¢ ÓþÂã� �î Àþ�üõ Ç�� üõ�Ú�û ,Û½õ ß��ã� ¤¢ ù�±µª� �fõ�Þä.À÷�ªüõ ö� ¤��¢ ��÷ íÂþ¥ ö�ÂþÀõ üµ� �î ¢¤�¢ ¢��ø ��÷ ýÂÚþ¢ ý�ûù�±µª� üóø .Àª�±÷ ´¨¢ ¤¢Û��Æõ ¤¢ ýÂ�ðÝ�ÞÊ� ø ýÀ�Üî ¢�Âê� ø ö�ÖÖ½õ ,ö�ÂþÀõ ÂµÈ�� ���� ý�Â� �ûù�±µª� á�÷ ßþ� ¥� ü¡Â�Push objetive19Undesirable loaton20Obnoxinos loaton21Balaning objetive22



7 É�Ê¿� ý�ÜÿÆõ Â� À�î�b� �� ü���÷�Øõ ý�ÜÿÆõ üêÂãõ:℄55[ ¢�ªüõ ö��� �Âª ßþ� �� ü���÷�Øõ.�ûýÀ�õ¥��÷ ø Ûõ��ä Õ�ì¢ �Âª ø ü¨¤¥�� ö�ÀÖê (1.�ÂÏ ý�ûýÀ�õ¥��÷ Éì�÷ ü¨¤Â� ø ¥��÷ ¢¤�õ Íþ�Âª üÌã� ¥� üª��ÝÈ� (2.üÞÜä ø üÖÎ�õ Ûþ�ó¢ ø Õþ�Ö� ©ÂþÁ� ¤¢ ö�ó�ÿÆõ ��±Êa ã� �þ üÊ¿ª Õþ�Üä (3.ÀþÀ� Û½õ �� ñ�Öµ÷� ¤¢ üþ�Â�� ö�ÂþÀõ ´õø�Öõ (4üð¥�� �� �î üþ�û����÷ ßµêÂð ùÀþ¢�÷ �¹�µ÷ ¤¢ ø üµã�¬ ø å�Üª ü���÷ �� ù¥�À÷� ¥� Ç�� ���� (5.À÷¤�¢ ¤�Âì öÀª üµã�¬ éÂª ¤¢ �þ ø ùÀª üµã�¬.ö�¥ ¤� ý�ûß�õ¥ ��¿µ÷� �¹�µ÷ ¤¢ ø ß�õ¥ ý�û��þ�û �� ù¥�À÷� ¥� Ç�� ���� (6.ö� ´¨¤¢ ¢¤ø�Â� �Àä ø ÛÖ÷ ø ÛÞ� ��þ�û �� üú���ü� (7�Ö��¨ ,�¤�úõ ,ü��¤�î �� ���� öøÀ� ø ¢�Þµ¨¢  Â÷ ý��±õ Â� ù�Öó�� ü÷�Æ÷� ýøÂ�÷ ¢¤�õ ¤¢ �ø�Ìì (8.ü÷�Æ÷� ýøÂ�÷ ��¿µ÷� ¤¢ Â��bõ Ûõ��ä Âþ�¨ ø ýÂð¤�î �»¿þ¤�� ø¤��Æ�ÉÊ¿µõ ýøÂ�÷ �Á� �î ý��÷�ð �� ß�þ�� ��Ü�Ê½� ø Ù�ûÂê ¼Î¨ �� ý��ãõ�� ��¿µ÷� (9.Àª�� ÛØÈõ.ö� �� üú���ü� ø �Àõ ù���î ø ü÷� âê��õ ¤¢ ý¤�Èê�� (10ø ��¡ ¢��õ ,ÛÖ÷ ø ÛÞ� ý�ûù��ª ,¤�¥�� ¢¤�õ ¤¢ �ûö� ö¢�� ´¨¤¢�÷ �þ ø ��ä�ÜÏ� ö¢�±÷ üê�î (11.À÷¤�¢ Â���b� �û��þ�û ¢¤ø�Â� ¤¢ �î Ûõ��ä Âþ�¨.ü¨��¨ ý�û¤�Èê �ÜÞ� ¥� üÎ�½õ Ûõ��ä (12



8 É�Ê¿� ý�ÜÿÆõ Â� À�î�b� �� ü���÷�Øõ ý�ÜÿÆõ üêÂãõ.ü���÷�Øõ ýÂ�ðÝ�ÞÊ� ý�û×��Ø� ø �û©ø¤ ýÂ�ð¤�î �� ¤¢ �Î¡ (13.ýÂ�ðÝ�ÞÊ� ý�û¤��ãõ �� °¨��õ (üû¢ ö¥ø) ýÀ��´þ�óø� �Àä (14.ÂÑ÷ ¢¤�õ ý�û¤��ãõ ���õ¥ ¤¢ üÜî ø Õ�ì¢ ��ä�ÜÏ� ¢�±÷ (15.(ÕÏ��õ ö¥��� ö¢¤�¡ Ýû �� ,�®�Ö� Àª¤ ,�û´¬Âê ,�ûÀþÀú�) ùÀ�þ� ��ó�½� ø Â��ç� �� üú��� ü� (16Í�½õ ,üä�Þµ�� ��Â�� ý¢�Êµì� Â���b� Â� ùø�Üä , °¨��õ ø ´¨¤¢ ü���÷�Øõ ��ãó�Îõ ��¹÷� ßþ�Â����.Àª Àû��¡ ¶ä�� �¤ üÚ�ûÂê ø üµÆþ¥
ü���÷�Øõ Û��Æõ á��÷� 5-1�� �¤ Û��Æõ ßþ� ,ö��� ¤¢ ´ó�ú¨ ý�Â� ø ¤ ßþ� ¥� .À�µÆû ý¢�þ¥ ¤��Æ� á��� ý�¤�¢ ü���÷�Øõ Û��Æõ¤�Âì Âþ¥ ý�û�µ¨¢ ¥� üØþ ¤¢ ö�Øõ Û�Ü½� Û��Æõ üÜî ¤�Ï �� �õ� ,À÷�ù¢Âî ýÀ���µ¨¢ üÔÜµ¿õ ý�ûù�¤:À÷Â�ðüõ(Â�ø �ÜÿÆõ) �÷��õ-p �ÜÿÆõ 1-5-1�¤ ý���þ�û ¤��ãõ ×þ ø ¢�ªüõ ��¹÷� ö�Øõ p ¤¢ ,ùÀ�û¢ÅþøÂ¨ p ü���÷�Øõ ý�Â� Û��Æõ Û�±ì ßþ�ýÂÚþ¢ §��Öõ Âû �þ Ûî ´ê�Æõ ,ÂÔ¨ ¢�Àã� ,ñ�� ,ö�õ¥ °Æ� Â� ´¨� ßØÞõ ��þ�û .À�îüõ ÝÞ���õÛì�À� Û��Æõ ��÷ �� ,´¨� Ûî ��þ�û ö¢Âî Ûì�À� éÀû ,Û��Æõ �÷�ð ßþ� ¤¢ �Ø�þ� ´Üä �� .¢�ª ö���.℄16, 18[À÷�ªüõ �ÂÎõ ��÷ Â�ø ý�ÜÿÆõ �þ á�Þ¹õ



9 É�Ê¿� ý�ÜÿÆõ Â� À�î�b� �� ü���÷�Øõ ý�ÜÿÆõ üêÂãõ�îÂõ-p �ÜÿÆõ 2-5-1�î üþ�®�Ö� �ÎÖ÷ �� ,�îÂõ Âû �Ü¬�ê Â·î�À� ö¢Âî Ûì�À� ¤�Ñ�õ �� �îÂõ p ö�Øõ ß��ã� ý�Â� Û��Æõ ßþ�Û��Æõ �÷�ð ßþ� âì�ø ¤¢ .À÷�ªüõ ù¢�Ôµ¨� ,´¨� ùÀª ß��ã� �®�Ö� ¢¤�õ �ÎÖ÷ ö� �� ö¢�¢ ´õÀ¡ ý�Â�¢¤�õ �ãõ�� ¤¢ Å�Ü� �î�Âõ ø Å÷�ó�±õ� ��õÀ¡ ,ü÷�È÷Ç�� :À�÷�õ ,Å÷�� ¤ø� ��õÀ¡ ¤�ÂÖµ¨� ý�Â�Ý�ÆÖ� ´ó�� ø¢ �� Û��Æõ ßþ� .´¨� É¿Èõ Ç�� ¥� �î�Âõ ¢�Àã� Û��Æõ ßþ� ¤¢ .À÷Â�ðüõ ¤�Âì ù¢�Ôµ¨�¢øÀ½õ �Ø±ª ý�ûùÂð ¤¢ ÀþÀ� ���úÆ� ¤�ÂÖµ¨� �� �¤ �ÜÿÆõ ,�îÂõ-p ý�ÜÿÆõ ü¨�b¤ ´ó�� .À÷�ª üõÀ�÷���üõ �Ø±ª ¥� �ÎÖ÷ Âû ¤¢ ÀþÀ� ���úÆ� ,�îÂõ-p ü���÷�Øõ ÕÜÎõ ñÀõ ¤¢ �î üó�� ¤¢ .Àþ�Þ÷üõ.℄14[ À÷�ª âì�ø(UFLP) ¢øÀ½õ�÷ ÅþøÂ¨ ´�êÂÒ �� �î�Âõ ü���÷�Øõ �ÜÿÆõ 3-5-1¤�Âì á�Þ¹õ Ûì�À� Û��Æõ �µ¨¢ ¤¢ (23UFLP) ¢øÀ½õ�÷ ÅþøÂ¨ ´�êÂÒ �� �î�Âõ ü���÷�Øõ Û��Æõ�î ¢¤�¢ üÚµÆ� ü÷�Øõ �� ´��� ��þ�û ø ¢�ªüõ Ûõ�ª ��÷ �¤ ´��� ��þ�û ,��þ�û Û��Æõ ßþ� ¤¢ �õ� À÷Â�ðüõý��÷�ð �� �õ� ,´Æ�÷ ùÀªÉ¿ÈõÇ�� ¥� À���þ ¤�ÂÖµ¨� Àþ�� �î ý�î�Âõ ¢�Àã� .¢Â�ðüõ ¤�Âì ö� ¤¢ �îÂõ¤¢ ¢øÀ½õ�÷ �îÂõ Âû ´�êÂÒ Û��Æõ �÷�ð ßþ� ¤¢ �Ø�þ� ´Üä �� .À��î ���Þî �¤ ��þ�û �î À÷�ªüõ ß�ãõñÀõ .¢�� Àû��¿÷ Ç¿� ¢�¨ �ðÂû ß�õ�b� �ÎÖ÷ ×þ ¥� Ç�� �� �®�Ö� Ûî É�Ê¿� ,¢�ªüõ �µêÂð ÂÑ÷Unapaitated Faility Loation Problem23



10 É�Ê¿� ý�ÜÿÆõ Â� À�î�b� �� ü���÷�Øõ ý�ÜÿÆõ üêÂãõ:Àª��üõ Âþ¥ ÛØª �� UFLPmin PKk=1PLl=1Ckl deml xkl +PKk=1 Fkyks:t PKk=1 xkl = 1 l = 1; � � � ; Lxkl � yk l = 1; � � � ; L and k = 1; � � � ;Kxkl; yk 2 f0;1g (1-1)
Âû ý��þ�û Ckl ø �ûùÀ÷Â�ðÅþøÂ¨ �� ¯��Âõ ÅþÀ÷� l ,ùÀ�û¢ÅþøÂ¨ �� ¯��Âõ ÅþÀ÷� k ö� ¤¢ �î¥��÷ ¢¤�õ ÅþøÂ¨ ö���õ deml .Àû¢üõ l ùÀ÷Â�ðÅþøÂ¨ �� k ýùÀ�û¢ ÅþøÂ¨ �î ´¨� üÆþøÂ¨ À��øý�ûÂ�çµõ ø¢ Âû xkl; yk .´¨� k ýùÀ�û¢ÅþøÂ¨ (¤�ÂÖµ¨�) ´��� ��þ�û Fk .´¨� l ýùÀ÷Â�ðÅþøÂ¨:À÷�ªüõ ÓþÂã� Âþ¥ �¤�¬ �� �î À�µÆû �ÜÿÆõ ßþ� Ý�ÞÊ�xkl = 8><>: 1 Àû¢ ÅþøÂ¨ l ýùÀ÷Â�ðÅþøÂ¨ �� k ýùÀ�û¢ ÅþøÂ¨ Âð�0 �¤�Ê�þ� Â�è ¤¢

yk = 8><>: 1 À��þ ¤�ÂÖµ¨� k ùÀ�û¢ÅþøÂ¨ Âð�0 �¤�Ê�þ� Â�è ¤¢ùÀ÷Â�ðÅþøÂ¨ Âû ü�ãþ ¢�ªüõ �¹�µ÷ �ûùÀ�û¢ÅþøÂ¨ Å þøÂ¨ ´�êÂÒ ö¢�� ¢øÀ½õ�÷ ¥� ñø� ´þ¢øÀ½õýùÀ�û¢ö�È÷ �ø¢ ´þ¢øÀ½õ .¢¥�¨üõ éÂÏ Â� �¤ ¢�¡ ¥��÷ ��Þ� ùÀ�û¢ÅþøÂ¨ ×þ �� ¯�±�¤� �¤�¬ ¤¢ýÀ��ø �î ü�¤�¬¤¢ ø À��þ ¤�ÂÖµ¨� ö� ¥� Û±ì Àþ�� üû¢ ÅþøÂ¨ ý�Â� ýÀ��ø Âû �î ´¨� á�®�õ ßþ��¤�¬ �� �ÜÿÆõ ßþ� ¤¢ éÀû â��� .Àû¢ ��¹÷� �¤ üû¢ÅþøÂ¨ ÛÞä À÷���üÞ÷ Àª�� �µê��÷ ¤�ÂÖµ¨�.℄26, 23[´¨� ��þ�û ý¥�¨ÝÞ���õ



11 É�Ê¿� ý�ÜÿÆõ Â� À�î�b� �� ü���÷�Øõ ý�ÜÿÆõ üêÂãõ(CFLP) ¢øÀ½õ ÅþøÂ¨ ´�êÂÒ �� ü���÷�Øõ �ÜÿÆõ 4-5-1Û��Æõ ßþ� ¤¢ ÍÖê .À�µÆû UFLP Û��Æõ �� ��±ª 24CFLP ¢øÀ½õÅþøÂ¨ ´�êÂÒ �� ü���÷�Øõ Û��Æõ×þ �î Àª�� ý��÷�ð �� ���ú� ���� ¢¤�õ ßþ� ¤¢ ´¨� ßØÞõ .´¨� ¢øÀ½õ �î�Âõ ¥� ��Àî Âû ´�êÂÒ�� ýÂµÈõ É�Ê¿� ¥� Å� ´¨� ßØÞõ âì�ø ¤¢ .¢�ª ù¢�¢ á��¤� ,ß�õ�b� â±�õ ×þ ¥� Ç�� �� ýÂµÈõüì�� ö¢¤ø�Â� ý�Â� ø À¨Â� ö�þ�� �� �îÂõ ´�êÂÒ ýÂµÈõ ý�®�Ö� ¥� üÈ¿� ö¢¤ø�Â� ¥� Å� ,�îÂõ ×þ.Ýþ�ª ,À÷¤�¢ Â� ¤¢ ��÷ ýÂµÈ�� ��þ�û �î �î�Âõ ÂÚþ¢ �� ö� «�Êµ¡� �� ¤�±¹õ ýÂµÈõ ý�®�Ö� ùÀ÷�õÂ� ¤¢ �¤ ýÂµÞî ý��þ�û ùÄþø �îÂõ ×þ �� ýÂµÈõ ×þ «�Êµ¡� �Ø�þ� ¢��ø �� ´¨� ßØÞõ üû�ð �µ±ó�Ûî «�Êµ¡� �� ¤�±¹õ ´¨� ùÀª Â� ÂÚþ¢ ö�þÂµÈõ Í¨�� �îÂõ ö� ´�êÂÒ �Ø�þ� Û�ó¢ �� ,Àª�� �µª�¢:Àª��üõ Âþ¥ ÛØª �� CFLP ñÀõ .Ýþ�ª ÂÚþ¢ �î�Âõ �� ýÂµÈõ ö� ý�®�Ö�min PKk=1PLl=1Ckl bkl +PKk=1 Fkyks:t PKk=1 xkl � 1 l = 1; � � � ; Lxkl � yk l = 1; � � � ; L & k = 1; � � � ;KPKk=1 bkl = deml l = 1; � � � ; Lbkl � min[deml; Capk℄yk l = 1; � � � ; L & k = 1; � � � ;Kxkl; yk = f0;1gbkl � 0
(2-1)

Â�çµõ ø Àª��üõ k ùÀ�û¢ÅþøÂ¨ ,ÅþøÂ¨ ´�êÂÒ ö���õ ùÀ��î ö��� Capk Âµõ�¤�� (2-1) ñÀõ ¤¢À�ª�� �µª�¢ ���� .Àû¢üõ l ýùÀ÷Â�ðÅþøÂ¨ �� k ýùÀ�û¢ÅþøÂ¨ �î ´¨� üÆþøÂ¨ ö���õ bkl�� ÓÜµ¿õ ý�ûùÀ�û¢ÅþøÂ¨ �î üÆþøÂ¨ ö���õ á�Þ¹õ ´¨�É¿Èõ ��¨ ´þ¢øÀ½õ ¤¢ �î ¤�Î÷�Þû´�êÂÒ ö¢�� ¢øÀ½õ .Àª�� ÂµÈ�� ùÀ÷Â�ðÅþøÂ¨ ö� ¥��÷ ¥� Àþ�±÷ À�û¢üõ É¿Èõ ùÀ÷Â�ðÅþøÂ¨ ×þCapaitated Faility Loation Problem24



12 É�Ê¿� ý�ÜÿÆõ Â� À�î�b� �� ü���÷�Øõ ý�ÜÿÆõ üêÂãõ�¤ ¢�¡ ¥��÷ ��Þ� �ûùÀ÷Â�ðÅþøÂ¨ ¥� üÌã� �î ¢¢Âðüõ á�®�õ ßþ� �� Â¹�õ �ûùÀ�û¢ÅþøÂ¨ ,ÅþøÂ¨´þ¢øÀ½õ .´¨� ùÀª ù¢�¢ ö�È÷ ñø� ´þ¢øÀ½õ ¤¢ á�®�õ ßþ� �î À÷¥�Æ÷ éÂÏÂ� ùÀ�û¢ÅþøÂ¨×þ ¥�°¨��µõ Àþ�� Àû¢üõ ùÀ÷Â�ðÅþøÂ¨ �� ùÀ�û¢ÅþøÂ¨ �î üÆþøÂ¨ ö���õ �î ¢¤�¢üõ ö��� ñÀõ ßþ� �¤�ú�.℄22, 23[ Àª�� ùÀ÷Â�ðÅþøÂ¨ ¥��÷ ¢¤�õ ÅþøÂ¨ ö���õ ø ùÀ�û¢ÅþøÂ¨ Å þøÂ¨ ´�êÂÒ ��



2 ÛÊê
�ûù¢�¢ üÈª�� Û�Ü½�

13



14 �ûù¢�¢ üÈª�� Û�Ü½��»¿þ¤�� ø �õÀÖõ 1-2©ø¤ �� �ûù¢�¢ üÈª�� Û�Ü½� .´¨� üµþÂþÀõ À�Þ�¤Àì ý�û¤���� ¥� üØþ (DEA) 1�ûù¢�¢ üÈª�� Û�Ü½�´ú� ¤¢ ø ö�õ¥�¨ üó�ä é�Àû� �� Û�÷ ´ú� ¤¢ �¤ ´þÂþÀõ ´¨� ¤¢�ì ,¢¤�¢ ´¨¢ ¤¢ �î ýÀ�Þ�¤Àìý¤���� DEA .À÷�¨¤ ý¤�þ ,ÂµÈ�� ý¤ø�¢�¨ °Æî ´þ�ú÷ ¤¢ ø �ú÷� É�Ê¿� ø â���õ ¥� ���ú� ù¢�Ôµ¨�,À�÷¥ ×½õ �±ì¤ Âþ�¨ ñ�±ì ¤¢ �¤ ¢�¡ ´îÂª ¢ÂØÜÞä ö� �Ü�¨�� À÷��µ� �� ,Àû¢üõ ¤�Âì ö�ÂþÀõ ¤��µ¡� ¤¢.À��î ýÂ�ðÝ�ÞÊ� Âµú� ý�ùÀ�þ� ý�Â� ö� ¸þ�µ÷ §�¨� Â� øÛ�Ü½� ¢¤�õ ¤¢ ö�ú� ÓÜµ¿õ ý�ûù�ÚÈ÷�¢ ø ÓÜµ¿õ ý�ûßÞ¹÷� ¤¢ ý¢�þ¥ ��Ö�Ö½� ø ��ãó�Îõ ö��î��´ì¢ ¤��î ¤¢ ø DEA ©ø¤ ý�Â�� ø Ýúê üð¢�¨ .´¨� �µêÂð �¤�¬ ö� ý�û¢Â�¤�î ø �ûù¢�¢ üÈª��´¨� ùÀª ¶ä�� ý¢�Êµì� ø üä�Þµ�� ,üÚ�ûÂê ,ü¨��¨ ÓÜµ¿õ ý�û���õ¥ ¤¢ ö� â�¨ø ¢Â�¤�î ø �ó���ú÷� �� Ûþ£ ¤¢ �î üþ�û¤�õ� .À��î ù¢�Ôµ¨� ¢�¡ éÀû� �� ßµê�þ ´¨¢ ý�Â� ©ø¤ ßþ� ¥� ý¢�þ¥ ö�ÖÖ½õ1469 ,��µî 177 ¥� Ç�� 2001 ñ�¨ �� .´¨� ß¿¨ ßþ� ´½¬ Â� üû��ð ¢�¡ ,´¨� ùÀª ù¤�ª�ý�ûñ�¨ ¤¢ .´¨� ùÀª ÂÈµ�õ DEA ¢¤�õ ¤¢ ÇûøÄ� ø Õ�Ö½� 286 ,�Ü¹õ ø �õ�÷¥ø ¤ 1271 ,�ó�Öõßþ� �ÜÞ� ¥� .´¨� �µêÂð �¤�¬ DEA ý�û©ø¤ Éì��÷ ü¡Â� âê¤ ý�Â� ý¢�þ¥ ý�û ©�Ü� Â�¡�.℄46[´¨� ù¢�� üÔ�î ø Éì�÷ ý�ûù¢�¢ ý�Â� ... ø ��ó�Þµ�� ý¤�ÿ� ;ý¥�ê ÕÎ�õ ¥� ù¢�Ôµ¨� ,�û©�Ü�¢¢ÂðüõÂ� 3Â��î ¤�ÆêøÂ� üþ�Þ�û�¤ �� 2¥¢ø¤ ý�ó�¨¤ á�®�õ �� �ûù¢�¢ üÈª�� Û�Ü½� ©ø¤ ý�»¿þ¤���ó�Öõ ß�óø� ��� �� Â¹�õ �ãó�Îõ ßþ� .¢�¢ ¤�Âì ü��þ¥ ¤� ¢¤�õ �¤ �ØþÂõ� üµóø¢ §¤�Àõ ¢ÂØÜÞä �î�¨ �ó�Öõ ßþ� ¤¢ .℄3[Àþ¢Âð ý¢��õ 1978 ñ�¨ ¤¢ �ûù¢�¢ üÈª�� Û�Ü½� üõ�Þä üêÂãõ ýù¤��¤¢Data Envelopment Analysis1Rhodes2Cooper3



15 �ûù¢�¢ üÈª�� Û�Ü½�©ø¤ À÷¢Âî üêÂãõ �¤ üþ�¤�î ýÂ�ðù¥�À÷� ,ü®�þ¤ ý�þ¤�õ�÷Â� ÕþÂÏ ¥� ���ÜÞä ¤¢ Õ�Ö½� ÉÊ¿µõÀ�� �� À�ó�� À�þ�Âê ´�¬�Ê¡ �î ý��÷�Ú� ,4ñ¤�ê ©ø¤ �� öÀ�È¿� ´�ãõ�� �� �ûù¢�¢ üÈª�� Û�Ü½��� .Àþ¢Âð �ê�®� ý¢�Êµì� ����¢� �� ¢Â�ðÂ�¤¢ �¤ (ü�øÂ¡) ñ�Ê½õ À�� ø (ý¢ø¤ø) À�ó�� Ûõ�ä¤¢ ü��Ö�Ö½� ñ�ãê ý�ûù¥�� ¥� üØþ �ûù¢�¢ üÈª�� Û�Ü½� Â®�� ñ�� ¤¢ ©ø¤ ßþ� Ûõ�Ø� ø ´êÂÈ��©ø¤ ßþ� .´¨� �µêÂð ¤�Âì ö�ú� ö�ÂÚÈûøÄ� ñ�±Öµ¨� ¢¤�õ ýÂ�ÚÞÈ� ¤�Î� ø ù¢�� üþ�¤�î ýÂ�ðù¥�À÷�´Æ�÷ §Âµ¨¢ ¤¢ �f �Þãõ �ú÷� üµÞ�ì ��ä�Ï� �î üä�Ôµ÷�Â�è ø üµóø¢ ý�ûö�õ¥�¨ ¢ÂØÜÞä ü��þ¥ ¤� ý�Â�.℄52[¢¤�¢ ý��Ñ��õ Û��ì ¢Â�¤�î ´¨� �Ø�� Û��ì Â�è �þ
��óø� Ý�û�Ôõ ø Óþ¤�ã� 2-2üþ�¤�î �¤ üãì�ø ý¢ø¤ø §��Öõ �� ¤�Ñµ÷� ¢¤�õ ü�øÂ¡ �� üãì�ø ü�øÂ¡ ´±Æ÷ ℄46[ 1.2 ÓþÂã�.À�þ�ðüõ

�� ø �µê�þ Çû�î üþ�¤�î ,ÂÚþ¢ Ûõ��ä ��Þ� �Ô� �� ,ö� Çþ��ê� �� �î ´¨� üÜõ�ä ý¢ø¤ø 2.2 ÓþÂã��ûý¢ø¤ø ö���õ ß�� §�Øãõ �Î��¤ âì�ø ¤¢ .À��þüõ Çþ��ê� üþ�¤�î ÂÚþ¢ Ûõ��ä ��Þ� �Ô� �� ö� Çû�î.℄46[¢¤�¢ ¢��ø üþ�¤�î ø
ø �µê�þ Çþ��ê� üþ�¤�î ,ÂÚþ¢ Ûõ��ä ��Þ� �Ô� �� ,ö� Çþ��ê� �� �î ´¨� üÜõ�ä ü�øÂ¡ 3.2 ÓþÂã�Ý�ÖµÆõ �Î��¤ �î ´¨� ��úÔõ ßþÀ� ßþ� .À��þüõ Çû�î üþ�¤�î ,ÂÚþ¢ Ûõ��ä ��Þ� �Ô� �� ö� Çû�î ��Farrell4



16 �ûù¢�¢ üÈª�� Û�Ü½�.℄46[¢¤�¢ ¢��ø üþ�¤�î ø �ûü�øÂ¡ ö���õ ß��À�ó�� â���� 1-2-2ßþÂµÈ�� �î ´¨� üã��� À�ó�� â��� .Àª��üõ ¢�Êµì� ÝÜä Ýúõ ��ä�®�õ ¥� üØþ À�ó�� â��� ´¡��ª�ûý¢ø¤ø ø Q �� �¤ ü�øÂ¡ ¤�ÀÖõ Âð� ßþ�Â���� .À�îüõ Ýû�Âê �û ý¢ø¤ø °�îÂ� ¥� �¤ ßØÞõ ü�øÂ¡.´êÂð ÂÑ÷ ¤¢ Q = f(x1; x2; � � � ; xn) �¤�Ê� ö���üõ �¤ À�ó�� â��� ,Ý�û¢ ö�È÷ x1; x2; � � � ; xn �� �¤¥� .´¨� À�ó�� ý�Â� ¥��÷ ¢¤�õ Ûõ��ä ø À�ó�� ö���õ ß�� ¢���õ ý¤�ÀÖõ �Î��¤ éÂãõ À�ó�� â��� âì�ø ¤¢ø ü�øÂ¡ ×þ �� �ú�� üþ�ûÝµÆ�¨ ý�Â� ö¢�� ù¢�Ôµ¨� Û��ì À�ó�� â��� ý�Â� ÓþÂã� ßþ� ùÀÞä ��ØÈõýÂµõ�¤�� Â�è ø ýÂµõ�¤�� �¤�¬ ø¢ �� À�ó�� â��� É�¿È� .Àª��üõ f ý�Î��® É�¿È� ý¤��ª¢.℄46[Ý��îüõ ¶½� ×þ Âû Ý�û�Ôõ ¢¤�õ ¤¢ �¬�Ü¡ ¤�Î� �õ�¢� ¤¢ �î ¢Â�ðüõ �¤�¬ýÂµõ�¤�� ©ø¤ 2-2-2¢���õ ��ä�ÜÏ� ¥� ù¢�Ôµ¨� �� Å³¨ ,ùÀª �µêÂð ÂÑ÷ ¤¢ ý���óø� Âê Ç�� À�ó�� â��� ý�Â� ©ø¤ ßþ� ¤¢ý�ûÂµõ�¤�� ß�Þ¿� ¤¢ .´¨� ýÂµõ�¤�� ©ø¤ ×þ ö��¨Âð¤ Û�Ü½� .¢�ªüõ ù¢¥ ß�Þ¿� â��� ý�ûÂµõ�¤��Û�±ì ¥� üÞî ý�û×��Ø� ¥� ù¢�Ôµ¨� ¢¤�¢ ´ó�¡¢ À�ó�� â��� ¤¢ Â��çµõ Ûõ�ä ø¢ ¥� Ç�� üµìø â��� ßþ�¢�ªüõ ¶ä�� �î ýÂµõ�¤�� ý�û©ø¤ ��ó�Øª� ùÀÞä .´¨� ÂþÁ��÷ ���µ�� ���ÜÞä ¤¢ Õ�Ö½� ý�û©ø¤:´¨� Âþ¥ ¤�ÂÖ� ,Àª�±÷ °¨��õ �ûÀ��ø ü��þ¥ ¤� ý�Â� �û©ø¤ �÷�Ú�þ� ��¢�Ì� ¤¢ ü��þ¥ ¤� ´½� ý�ûÀ��ø ´�aû�õ �� ´¨� ßØÞõ ,À�ó�� â��� ý�Â� ��óø� Âê Ç�� �ø�ó (1.Àª��.´¨� ÂþÁ� ö�Øõ� ü�øÂ¡ ×þ �� üþ�ûÀ��ø ü��þ¥ ¤� ©ø¤ ßþ� ¤¢ (2



17 �ûù¢�¢ üÈª�� Û�Ü½�.℄46[À�îüõ ùÀ�»�� �¤ ��±¨�½õ ,�û©ø¤ ßþ� ¤¢ À�ó�� â��� ö¢�� üÎ¡ Â�è ´�aû�õ (3ýÂµõ�¤�� Â�è ©ø¤ 3-2-2ßµêÂð ÂÑ÷ ¤¢ �� ý¥��÷ ø À�÷¥üõ ß�Þ¿� �¤ À�ó�� â��� ,§Âµ¨¢ ¤¢ ý�ûù¢�¢ ¥� ù¢�Ôµ¨� �� ©ø¤ ßþ�©ø¤ ¤�� ß�µÆ¿÷ ý�Â� 1957 ñ�¨ ¤¢ ñ¤�ê .´Æ�÷ À�ó�� â��� ýø¤ ×þ¤�ÿ� ý�û´þ¢øÀ½õ ���®Âêâ��� 5ýÂ�ð Ý�ÞÊ� ý�ûÀ��ø ý�ûý¢ø¤ø ø ü�øÂ¡ ¥� ù¢�Ôµ¨� �� ø� .℄12[¢Âî �ÂÎõ �¤ ýÂµõ�¤�� Â�è�ãÎì â��� ×þ ë�ê ©¥�¢Â� Û¬�� �î ¢�¢ ©¥�¢Â� �ûý¢ø¤ø ø ü�øÂ¡ ý�ä�Þ¹õ Â� ö��� �¤ À�ó���ú÷� .℄3[´êÂð ¤�Âì 1978 ñ�¨ ¤¢ ¥¢ø¤ ø Â��î ,6�÷¤�� ý�ó�Öõ ¤�î §�¨� ñ¤�ê �ó�Öõ .¢�� üÎ¡ �ãÎìÀ�� ø ý¢ø¤ø À�� ´ó�� �� ,Àª �ÂÎõ ý¢ø¤ø À�� ø ü�øÂ¡ ×þ ´ó�� ¤¢ �î �¤ ñ¤�ê ��óø� Û�Ü½�ñÀõ 1984 ñ�¨ ¤¢ �î À÷¢�� Â��î ø �ó¤�� ,7ÂØ�� ,©ø¤ ßþ� ö�ðÀ�û¢ �õ�¢� .À÷¢�¢ Ý�Þã� ü�øÂ¡�ûù¢�¢ üÈª�� Û�Ü½� ý�ûñÀõ ö�¤�Áð�þ�� ¢�Âê� ßþ� .℄1[À÷¢�¢ ���¤� �¤ DEA ý�û ñÀõ ¥� üØþ BCC.Àª Ý�û��¡ ��ª� ÂµÈ�� DEA ý�ûñÀõ ��÷ ø �ú÷� �� ýÀã� ¶��±õ ¤¢ �î ,À�µÆûâ�Âõ ù�Ú�� 4-2-2ù�Ú�� ×þ ö¢Âî �¤�î ý�Â� (ý¥�¹õ) â�Âõ ù�Ú�� üêÂãõ �ûù¢�¢ üÈª�� Û�Ü½� ©ø¤ ý�û´þ�õ ¥� üØþÀ÷¥�¨üõ �¤ üû�Ú�� ,Àõ�¤�î ý�ûù�Ú�� ¥� ü±�îÂ� ,Àõ�¤�î�÷ ù�Ú�� Âû ý�Â� ©ø¤ ßþ� ¤¢ ´¨� Àõ�¤�î�÷´¨À� ñÀõ Û� ¥� �î ü¬�¡ ö¥ø �� ��Àî Âû �¤�î ý�ûù�Ú��) ¢Â�ðüõ ¤�Âì ÂÑ÷ ¢¤�õ ù�Ú�� ý�Úó� �îý¢�ú�È�� Âþ¢�Öõ ,ùÀõ� ´¨À� â�Âõ ù�Ú�� �� ���� �� .(À÷¤�¢ ¤�Ì� �¤�î�÷ ù�Ú�� â�Âõ ù�Ú�� ¤¢ ,Àþ�üõDeision Making Unit (DMU)5Charnes6Banker7



18 �ûù¢�¢ üÈª�� Û�Ü½�℄46[.Àþ�üõ ´¨À� �¤�î�÷ ù�Ú�� ö¢Âî �¤�î ý�Â�üþ�¤�î ¥Âõ 5-2-2´Ö�Ö� ¤¢ ø üãì�ø ö� ý�ûÀ��ø ¥� ü¡Â� �î ´¨� ×þ üþ�¤�î ù¥�À÷� �� ü��ûÀ��ø ¥� ÛØÈµõ üþ�¤�î ¥Âõ´¨� �µê��÷ ´���ä ¤�îÁõ À��ø À��Âû �î ��ãõ ßþ� �� À�µÆû ý¥�¹õ �ú÷� ¥� ü¡Â� ø À÷�ùÀª ��Â¹��ú÷� �� �î ¢¤�¢ ¢��ø üþ�ûÀ��ø ß��� ÕÖ½� ö�Øõ� ùÀª ��Â¹� ý�ûÀ��ø ¥� ý��ä�Þ¹õ �� øÂ�þ� ¥�.℄46[À�þ�ðüõ ý¥�¹õ ý�ûÀ��øÀ�ó�� §��Öõ �� ù¢¥�� 6-2-2À�ó�� â��� À��î Âê .À�ó�� Â� À�ó�� Ûõ��ä Â���b� ¥� ´¨� �¤�±ä §��Öõ �� ù¢¥�� ¢Â¡ ¢�Êµì� ý¤�ÿ� ¤¢â��� ¤�ÀÖõ ø ¢�ª Â��Â� � �ûý¢ø¤ø ý�Þû ü�ãþ À�ó�� Ûõ��ä Âð� Àª�� Q = F (x1; x2; � � � ; xn)�¤�Ê�ÂÚþ¢ �¤�±ä �� ´¨� ´��� §��Öõ �� ù¢¥�� �¤�¬ ßþ� ¤¢ ,À�î Â��ç� � ýù¥�À÷� �� ��÷8 � � 0 F (�x1; �x2; � � � ; �xn) = �F (x1; x2; � � � ; xn)ü�ãþ Àª�� �ûý¢ø¤ø Çþ��ê� ¥� ÂµÈ�� À�ó�� Çþ��ê� Âð�8 � > 1 F (�x1; �x2; � � � ; �xn) > �F (x1; x2; � � � ; xn)8 � < 1 F (�x1; �x2; � � � ; �xn) < �F (x1; x2; � � � ; xn)ü�ãþ Àª�� �ûý¢ø¤ø Çþ��ê� ¥� ÂµÞî À�ó�� Çþ��ê� Âð� ø ´¨� ý¢�ã¬ §��Öõ �� ù¢¥�� Ý�þ�ð8 � > 1 F (�x1; �x2; � � � ; �xn) < �F (x1; x2; � � � ; xn)8 � < 1 F (�x1; �x2; � � � ; �xn) > �F (x1; x2; � � � ; xn)À�ó�� ´ú� ý¢ø¤ø À�� �î ´¨� üµó�� ý�Â� ë�ê ÓþÂã� �µ±ó� .´¨� üóø�÷ §��Öõ �� ù¢¥�� Ý�þ�ð.℄46[¢�ª ù¢Â� ¤�Ø� ü�øÂ¡ ×þ



19 �ûù¢�¢ üÈª�� Û�Ü½�(DEA)�ûù¢�¢ üÈª�� Û�Ü½� 3-2ø üþ�¤�î ýÂ�ðù¥�À÷� ��ãó�Îõ ¤¢ ù¢ÂµÆð ¢Â�¤�î �� ø ¢¤�À÷�µ¨� ,üÞî ¤���� ×þ �ûù¢�¢ üÈª�� Û�Ü½����Èõ ý�ûü�øÂ¡ ø �ûý¢ø¤ø ý�¤�¢ �î üþ�ûÀ��ø ü±Æ÷ üþ�¤�î ,DEA .Àª��üõ ¢ÂØÜÞä Û�Ü½�DEA .Ý�õ�÷üõ (8DMU) ùÀ÷Â�ðÝ�ÞÊ� ý�ûÀ��ø �¤ �ûÀ��ø �÷�Ú�þ� �õ .À�îüõ ýÂ�ðù¥�À÷� �¤ À�ª��üõ×þ ,DMU üþ�¤�î ¥��µõ� ÂÏ�¡ ß�Þû �� .À�îüõ ü��þ¥ ¤� �ûÀ��ø Âþ�¨ �� �Æþ�Öõ ¤¢ �¤ DMU×þ üþ�¤�î´þÂþÀõ ¥� üÞúõ ´ÞÆì ���Èõ ý�ûÀ��ø üþ�¤�î ø ¢ÂØÜÞä �Æþ�Öõ ø ü��þ¥ ¤� .¢�� Àû��¡ ü±Æ÷ ¥��µõ�ý�ûü�øÂ¡ �� Û�÷ ´ú� â���õ Âµú� ´þÂþÀõ ý�Â� �¤ üþ�û¤�îù�¤ DEA .Àª��üõ ùÀ�»�� ö�õ¥�¨ ×þñ�Öµ÷� ¤¢ À��ø ö� ¢ÂØÜÞä �� üÚµÆ� DMU ×þ ö¢�� �¤�î Â�è �þ ö¢�� �¤�î .Àû¢üõ ���¤� ,¤�Ñµ÷� ¢¤�õ¤¢ �fÂ�¡� DEA .℄29[¢¤�¢ «�¡ ù¥�� ×þ ¤¢ �ûÀ��ø Âþ�¨ �� �Æþ�Öõ ¤¢ Çþ�ûü�øÂ¡ �� �ûý¢ø¤øÂ�è ,üÞî ¤���� ×þ ö���ã� DEA ´�Öê�õ ´Üä ßþÂµÞúõ . ´¨� �µêÂð ¤�Âì ´þÂþÀõ ��Üä �ä�Þ¹õ,üþ�¤�î �±¨�½õ ý�Â� ¢¤�À÷�µ¨� ý¤�ÿ� Óþ¤�ã� ¥� ù¢�Ôµ¨� �� DMU Âû .´¨� ö� ©ø¤ ö¢�� ýÂµõ�¤��ö� üþ�¤�î ¥��µõ� ö¢�Þ÷ Â·î�À� ¤¢ üã¨ �î «�¡ ý�û§��Öõ �Ü�¨�� ¥��µõ� ßþ� �î ,¢�ªüõ üû¢¥��µõ�:¢Â� ��÷ �¤ Âþ¥ ¢¤��õ ö���üõ DEA Ýúõ ý�û üðÄþø ¥� .¢�ªüõ �±¨�½õ ,À÷¤�¢ À��ø´��¤ ø ö�¨� Ýúê ø ù¢�Ôµ¨� ´�Ü��ì (1�û ñÀõ ¤¢ Û�¡¢ Ûõ��ä �ä�Þ¹õ ��b�� ü��þ¥ ¤� ø �÷���� âì�ø ü��þ¥ ¤� (2(ýÂµõ�¤�� Â�è) ùÀª ß��ã� Ç�� ¥� À�ó�� â��� ø �û ö¥ø �� ¥��÷ �Àä (3��ÜÎõ ´�ã®ø ý�¹� ý¢ÂØÜÞä ´�ã®ø ßþÂµú� ö¢Âî Âþ�Ê� (4Deision making unit8



20 �ûù¢�¢ üÈª�� Û�Ü½�ñÀõ ¤¢ ü�øÂ¡ ßþÀ�� ø ý¢ø¤ø ßþÀ�� ö¢�Þ÷ ¢¤�ø ´�Ü��ì (5: ¥� À��¤�±ä DEA ©ø¤ ý¢Â�¤�î ý�û ´�Ü��ìùÀ÷Â�ð Ý�ÞÊ� ý�ûÀ��ø ýÀ�� �±�¤ �üþ�¤�î ¢�±ú� ý�û¤�Øû�¤ ���¤� ø üþ�¤�î �Æþ�Öõ ´ú� üþ�ûÀ��ø ���¤� ��ûÀ��ø üØ��Ø� ´êÂÆ� ø ´êÂÈ�� ß��ã� �â���õ ���ú� É�Ê¿� ��û ü�øÂ¡ ø �û ý¢ø¤ø ´�¨�Æ� Û�Ü½� �ý¢ÂØÜÞä ý�û Û�Æ÷�µ� ß��ã� ��÷�Ú�þ� �¤ �ú÷� ßþÂµÞúõ ¥� ü¡Â� ö���üõ �î Àª��üõ ��÷ ü±þ�ãõ ý�¤�¢ ��÷ DEA ,�û©ø¤ Âþ�¨ À�÷�õ �õ�:¢Âî ö���ö�ÖÖ½õ ù¥øÂõ� ÛØÈõ ßþ� âê¤ ý�Â� �î .üÎ�½õ Ûõ��ä ø üê¢�Ê� ��ó�Üµ¡� ßµêÂÚ÷ ÂÑ÷ ¤¢ (1�¤ DEA ©ø¤ ÛØÈõ ßþ� ý¥�ê ÕÎ�õ Ý�û�Ôõ ø ñ�Þµ�� ñ�¬� ö¢�¢ ´ó�¡¢ �� �� À÷�ù¢Âî üã¨.À��î éÂÏÂ�.¢�ªüõ °¨��õ ö�À�� �÷ ¸þ�µ÷ �� Â¹�õ âì��õ ü¡Â� ¤¢ �î DEA ©ø¤ ö¢�� ýÂµõ�¤�� Â�è (2��ÜÎõ�÷ ¸þ�µ÷ ���¤� �� Â¹�õ �û ù¢�¢ üðÀ�î�Â� .�ûù¢�¢ üðÀ�î�Â� �� ´±Æ÷ DEA ¸þ�µ÷ ´�¨�Æ� (3.´¨� üª�� ÝÈ� Û��ì �ûù¢�¢ üðÀ�î�Â� �î ¢�ªüõÂê ¤�Ñ�õ ß�Þú� .¢�ªüõ



21 �ûù¢�¢ üÈª�� Û�Ü½��î ¢¤�¢ üã¨ üØ��Ø� üþ�¤�î .¢�ªüõ �µ¡��ª 9üØ��Ø� üþ�¤�î ýÂ�ð ù¥�À÷� ©ø¤ ö���ã� DEA ©ø¤.À�î ¢�¹þ� ,´¨� ùÀª ù¢�¢ À��ø �� �î üþ�ûý¢ø¤ø éÂÊõ �� �¤ ü�øÂ¡ Â·î�À�¤�½õ ý¢ø¤ø ´ó�� ¤¢ üþ�¤�î ýÂ�ð ù¥�À÷� 1-3-2�ûü�øÂ¡ ö���õ ßµª�¢ �Ú÷ ´��� �� �¤ �ûý¢ø¤ø Àþ�� ö���õ �� �� �î ´¨� ßþ� ¤�½õ ý¢ø¤ø ��úÔõ¤�½õ ý¢ø¤ø ýÂ�ðù¥�À÷� ��úÔõ Âµú� í¤¢ ý�Â� .À¨Â� üþ�¤�î ¥Âõ �� ÂÑ÷ ¢¤�õ À��ø �� ¢�¢ Çû�îü�øÂ¡ ×þ ¢�¹þ� ý�Â� �¤ x2 ø x1 ý¢ø¤ø á�÷ ø¢ �î Ýþ¤�¢ ¤��µ¡� ¤¢ üþ�ûÀ��ø �î Ý��îüõ Âê.Àû¢üõ ö�È÷ �¤ ��úÔõ ßþ� (1-2) ÛØª ÝþÂ�ðüõ ÂÑ÷¤¢ ×þ �¤ ü�øÂ¡ ¤�ÀÖõ À��îüõ éÂÊõ y.À��îüõ À�ó�� ö�ÆØþ ü�øÂ¡ �î ´¨� �ûý¢ø¤ø ¥� ßØÞõ ��±�îÂ� ��Þ� ü¨À�û ö�Øõ QQ0 ü�½�õý��÷�Ú� ø ´¨� �ûý¢ø¤ø ß�þ�� ýù¢øÀ½õ ýùÀ�û¢ ö�È÷ �î Àª��üõ �À½õ �bÀ±õ �� ´±Æ÷ ü�½�õ ßþ��ûý¢ø¤ø Çû�î ý�Â� ßØÞõ ¼Î¨ Â·î�À� ü�ãþ .¢Â�ð Â� ¤¢ �¤(ý�ù¢�¢ ¯�Ö÷) �ûÀ��ø ��Þ� À÷��µ� �î ´¨��� �Âþ¥ .À�ª��üõ �¤�î ý�ûÀ��ø ,À÷Â�ðüõ ¤�Âì ü�½�õ ßþ� ýø¤ �î üþ�ûÀ��ø ßþ�Â���� .Àû¢üõ ö�È÷ �¤´êÂð �¹�µ÷ ö���üõ Àª ö��� �î ¤�Ïö�Þû .À÷��µê�þ ´¨¢ y ü�øÂ¡ �� ý¢ø¤ø éÂÊõ ßØÞõ Ûì�À�ý¢ø¤ø ö���õ �� �¤ ¢�¡ x1 ý¢ø¤ø ö���õ �î ¢¤�¢ ¥��÷ öÀª �¤�î ý�Â� p À��ø .´¨� �¤�îÂ�è p À��ø �îüØ��Ø� üþ�¤�î .À¨Â� üþ�¤�î ¥Âõ �� �� Àû¢ Çû�î x02 ý¢ø¤ø ö���õ �� �¤ ¢�¡ x2 ý¢ø¤ø ö���õ ø x01:℄21[¢¢Âðüõ �±¨�½õ Âþ¥ �¤�Ê� p À��ø ý�Â� üþ�¤�î ßþ� ø Ý�û¢üõ ö�È÷ TEi �� �¤ ´ó�� ßþ� ¤¢TEi = op0op



22 �ûù¢�¢ üÈª�� Û�Ü½�

¤�½õ ý¢ø¤ø ´ó�� ¤¢ üþ�¤�î :1-2 ÛØª¤�½õ ü�øÂ¡ ´ó�� ¤¢ üþ�¤�î ýÂ�ð ù¥�À÷� 2-3-2�ûý¢ø¤ø ö���õ ßµª�¢ �Ú÷ ´��� �� �¤ �ûü�øÂ¡ Àþ�� ö���õ �� �� �î ´¨� ßþ� ¤�½õ ü�øÂ¡ ��úÔõ¤�½õ ü�øÂ¡ ýÂ�ðù¥�À÷� ��úÔõ Âµú� í¤¢ ý�Â� .À¨Â� üþ�¤�î ¥Âõ �� ÂÑ÷ ¢¤�õ À��ø �� ¢�¢ Çþ��ê�x ý¢ø¤ø ×þ ¢�¹þ� ý�Â� �¤ y2 ø y1 ü�øÂ¡ á�÷ ø¢ �î Ýþ¤�¢ ¤��µ¡� ¤¢ üþ�ûÀ��ø �î Ý��îüõ Âê��±�îÂ� ��Þ� ü¨À�û ö�Øõ QQ0 ü�½�õ .Àû¢üõ ö�È÷ �¤ ��úÔõ ßþ� (2-2) ÛØª .À��îüõ ù¢�Ôµ¨��î Àª��üõ ÂãÖõ �bÀ±õ �� ´±Æ÷ ü�½�õ ßþ� .À��îüõ À�ó�� ö�ÆØþ ý¢ø¤ø �î ´¨� �ûü�øÂ¡ ¥� ßØÞõ�ûü�øÂ¡ Çþ��ê� ý�Â� ßØÞõ ¼Î¨ Â·î�À� ü�ãþ .´¨� �ûü�øÂ¡ ý��� ýù¢øÀ½õ ýùÀ�û¢ ö�È÷�Âþ¥ .À�ª��üõ �¤�î ý�ûÀ��ø ,À÷Â�ðüõ ¤�Âì ü�½�õ ßþ� ýø¤ �î üþ�ûÀ��ø ßþ�Â���� .Àû¢üõ ö�È÷ �¤ö���üõ Àª ö��� �î ¤�Ïö�Þû .À÷��µê�þ ´¨¢ ü�øÂ¡ Â·î�À� �� x ý¢ø¤ø éÂÊõ ßØÞõ Ûì�À� ���� �¤ ¢�¡ y1 ü�øÂ¡ ö���õ �î ¢¤�¢ ¥��÷ öÀª �¤�î ý�Â� p À��ø .´¨� �¤�îÂ�è p À��ø �î ´êÂð �¹�µ÷.À¨Â� üþ�¤�î ¥Âõ �� �� Àû¢ Çþ��ê� y02 ü�øÂ¡ ö���õ �� �¤ ¢�¡ y2 ü�øÂ¡ ö���õ ø y01 ü�øÂ¡ ö���õTehnial EÆieny9



23 �ûù¢�¢ üÈª�� Û�Ü½�

¤�½õ ü�øÂ¡ ´ó�� ¤¢ üþ�¤�î :2-2 ÛØª�±¨�½õ Âþ¥ �¤�Ê� p À��ø ý�Â� üþ�¤�î ßþ� ø Ý�û¢üõ ö�È÷ TE0 �� �¤ ´ó�� ßþ� ¤¢ üØ��Ø� üþ�¤�î:℄21[¢¢ÂðüõTE0 = opop0�ûù¢�¢ üÈª�� Û�Ü½� ¤¢ üþ�¤�î ýÂ�ð ù¥�À÷� 3-3-2DMU ×þ �þ ö�õ¥�¨ ×þ �þ ´îÂª ×þ ý¤�ÿ� ßþ� ¤¢ .´¨� ¤��µ¨� À�ó�� ý¤�ÿ� Â� üþ�¤�î ýÂ�ðù¥�À÷�éÂÊõ �¤ (ý¢ø¤ø) â±�õ ,(ü�øÂ¡) ñ�Ê½õ ¢�¹þ� ý�Â� �î ,¢�ªüõ üÖÜ� ýÀ�ó�� ÝµÆ�¨ ×þ ö���ã�.À�îüõý¢ø¤ø 7�! DMU 7�! ü�øÂ¡:´¨� Âþ¥ �¤�Ê� ÓþÂã� ßþ� .´¨� DEA ý�ûñÀõ §�¨� ø �þ�� ,üþ�¤�î ñø�Àµõ ÓþÂã�k À��ø üþ�¤�î = (DMUk) k À��ø ü�øÂ¡(DMUk) k À��ø ý¢ø¤ø k = 1;2; � � � ; n



24 �ûù¢�¢ üÈª�� Û�Ü½�ü�øÂ¡ ×þ ø ý¢ø¤ø ×þ ý�¤�¢ �î ´¨� °¨��õ ýÀ��ø üþ�¤�î �±¨�½õ ý�Â� �ú�� ë�ê ÓþÂã� �õ�ßþ� âê¤ ý�Â� .¢�¢ ´ó�¡¢ ö�õ�Þû ¤�Î� �¤ ÓÜµ¿õ ý�ûÀ��ø ö���üÞ÷ ÓþÂã� ßþ� ¤¢ ß�»Þû ø Àª��¤�Âì DEA ý�ûñÀõ ��Þ� ý��±õ �î ¢�¢ ���¤� ÀþÀ� ýÂ�ðù¥�À÷� ©ø¤ ×þ 1957 ñ�¨ ¤¢ ñ¤�ê ÛØÈõÀ��ø ×þ �� �Æþ�Öõ ¤¢ À��ø Âû ¢ÂØÜÞä ø ¢Â�ðüõÂ� ¤¢ �¤ �ûü�øÂ¡ ø �ûý¢ø¤ø ��Þ� ©ø¤ ßþ� .´êÂð�� �� DMU À��ø ×þ :�î À�îüõ �ð¥�� �¤ ßþ� ñ¤�ê ©ø¤ .¢�ªüõ ü��þ¥ ¤� ø Û�Ü½� ¢ÂØÜÞä ßþÂµú� ��ñ¤�ê .Àª�� ¥��÷ ÀþÀ� â±�õ �� �Ø�þ� öøÀ� Àû¢ Çþ��ê� ,Ç���¤�î ¢�±ú� �� �¤ Çþ�ûü�øÂ¡ À÷���üõ ö���õø ý¢ø¤ø À�� �� üóÀõ ´Æ÷��� ,DMU ×þ ý�ûü�øÂ¡ ø �ûý¢ø¤ø ý�Â� üþ�ûö¥ø ßµêÂð ÂÑ÷ ¤¢ ����÷ �ÜÿÆõ ßþ� �î ´ª�¢ ¢��ø ñÀõ ¤¢ ü�øÂ¡ À�� ´ó�¡¢ ÛØÈõ ¥��û �õ� .Àû¢ ���¤� ü�øÂ¡ ×þßþÀ� ,¢�ªüõ ù¢�Ôµ¨� DEA ý�ûñÀõ ¤¢ ö� ¥� �î üþ�¤�î ÓþÂã� .Àª Û� Ç÷�¤�ØÞû ø �÷¤�� Í¨��:´¨� �¤�¬k À��ø üþ�¤�î = (DMUk) k À��ø ý�ûü�øÂ¡ ü÷¥ø á�Þ¹õ(DMUk) k À��ø ý�ûý¢ø¤ø ü÷¥ø á�Þ¹õ k = 1;2; � � � ; n¤�¢Â� ¢�¡ üóø ,À�ª�� �µª�¢ ÂÔ¬ Âþ¢�Öõ À�÷���üõ À��ø ×þ ü�øÂ¡ ø ý¢ø¤ø ¤�¢Â� ý�û�Ôó�bõ À�� Âûßþ� .Àª�� �µª�¢ ÂÔ¬ Óó�¿õ ü�øÂ¡ �þ ý¢ø¤ø ×þ Ûì�À� Àþ�� ü�ãþ .Àª�� ÂÔ¬ À÷���üÞ÷ ù¢�¢ý�ûÀ��ø �� �¤ ý��� À��ø ×þ �Ø�þ� ¤�Ê� �þ ø Ý�ª�� �µª�¢ ü�øÂ¡ öøÀ� À��ø ×þ �Ø�þ� ¥� Âê¤¢ �î üþ�ûDMU .Àª��üõ DEA ¤¢ ¢¤�À÷�µ¨� Âê ×þ ßþ� .À�îüõ ýÂ�ð�Ü� ,À�îüÞ÷ ÛÖµ�õ ÂÚþ¢ßþ� ø À�ª��üõ ���Èõ ü�øÂ¡ ø ý¢ø¤ø ���¬�Ê¡ ý�¤�¢ À÷Â�ðüõ ¤�Âì ù¢�Ôµ¨� ¢¤�õ DEA ý�ûñÀõ¥� ü�ãõ �� ýÂ�ðù¥�À÷� ,���¬�Ê¡ ���È� ßþ� ø ´¨� DMU ö� ý�û´�ó�ãê ùÀ��î ÅØã�õ ���¬�Ê¡ÂÒ��µõ ý�ûö¥ø ø uj �� �¤ ��-j ü�øÂ¡ �� ÂÒ��µõ ý�ûö¥ø Âð� ñ�� .Àû¢üõ ´¨À� �¤ ü±Æ÷ üþ�¤�î�±¨�½õ Âþ¥ �¤�Ê� k ýÂ�ð Ý�ÞÊ� À��ø ý¤øùÂú� �¤�Ê�þ� ¤¢ .Ý�û¢ Çþ�Þ÷ vi �� �¤ i ý¢ø¤ø ��



25 �ûù¢�¢ üÈª�� Û�Ü½�:¢�ªüõEk = Pj ujOjkPi viIik k = 1;2; � � � ; n (1-2).℄54[ À�ª��üõ k ýÂ�ðÝ�ÞÊ� À��ø ý¢ø¤ø ø ü�øÂ¡ °��Â� �� Ik; Okü÷¥ø ´þ¢øÀ½õ ø �ûö¥ø 4-3-2Ý�µêÂð ÂÑ÷ ¤¢ vi�� �¤ i ý¢ø¤ø �� ÂÒ��µõ ý�ûö¥ø ø uj �� �¤ j ü�øÂ¡ �� ÂÒ��µõ ý�ûö¥ø Û±ì ´ÞÆì ¤¢ùÀþ� ×þ ö���ã� .´¨�ûö¥ø ßþ� É�Ê¿� ,üÜ¬� �ÜÿÆõ �õ� .Ýþ¢Âî ö��� (1-2) �¤�Ê� �¤ üþ�¤�î ø�û�ä�Þ¹õ �÷�Ú�þ� �õ� .¢Âî ù¢�Ôµ¨� �ûü�øÂ¡ ø �ûý¢ø¤ø ý�ûö¥ø ý�Â� ´��� �ä�Þ¹õ ×þ ¥� ö���üõ¥�) À�î ù�Ü� �÷�ÔÊ�õ Â�è �ûÉ¡�ª �� ö¥øÉ�Ê¿� ü¡Â� ÂÑ÷ �ÎÖ÷ ¥� ´¨� ßØÞõ ø ´¨� ý¤��µ¡�ü�¤�¬ ¤¢ üêÂÏ ¥� ø (À��îüõ ´ê�þ¤¢ ýÂµÞî (ö¥ø) ýùÂÞ÷ �ä�Þ¹õ ßþ� ¤¢ �î üþ�ûö� ÂÑ÷ �ÎÖ÷�� i ý¢ø¤ø �þ j ü�øÂ¡ ý�¤�¢) ´¨� �¤�î Â�è �fÜÞä �î DMU ×þ ´¨� ßØÞõ À�ª�� ö�ÆØþ �ûö¥ø �îßþ� âê¤ ý�Â� .¢�ª ýÀ���Ö±Ï ý¢ø¤ø �þ ü�øÂ¡ ö� ý�Â� Â��ó�� ©¥¤� �� DMU ×þ ö���ã� (Ýî ©¥¤�Àþ�� �õ� .À�î ��¿µ÷� ©¢�¡ �¤ Ç÷¥ø ¢¤�¢ ù¥��� DMU Âû �î ,À÷¢�¢ ¢�ú�È�� Ç÷�¤�ØÞû ø �÷¤�� ÛØÈõÂ�è �õ ùÀþ� Ýû ¥�� �¤�¬ ßþ� Â�è ¤¢ .Àª�� �µª�¢ ¢��ø DMU ¢�¡ Í¨�� �ûö¥ø ��¿µ÷� ý�Â� ü��÷��ìßþ� ,¢Âî ��¿µ÷� �¤ ¢�¡ ý�ûö¥ø DMU×þ �Ø�þ� ¥� Àã� �î ´¨� ßþ� ö�÷�ì ß�óø� .¢�� Àû��¡ �÷�ÔÊ�õ×þ ý�¤�¢ �ûö¥ø ñ�� Âû �� �î ´¨� ßþ� ÂÚþ¢ ö�÷�ì .Àª Àû��¡ ù¢�Ôµ¨� �ûDMU Âþ�¨ ý�Â� �ûö¥ø¤�ÀÖõ ×þ ¥� À÷���üÞ÷ DMU Âû üþ�¤�î ¥��µõ� .Àª Àû��¡ ¢øÀ½õ �ú÷� ¤�ÀÖõ ø ¢�� À�û��¡ Â·î�À� ö���õßþ� .¢�ªüõ �±¨�½õ �ûÀ��ø Âþ�¨ �� �Æþ�Öõ ¤¢ À��ø Âû üþ�¤�î ¥��µõ� �Âþ¥ À�î ¥ø�¹� (L) ´��� ø ´±·õ



26 �ûù¢�¢ üÈª�� Û�Ü½�DMU×þ �Ø�þ� ý�Â� �¤ ý��µÆþ�ª ø ö�¨� Íþ�Âª ,ñ�Áµ�� ¥� ýÂ�ð�Ü� ø 10ö¢Âî ù��ó�õÂ÷ Â� ùø�Üä ö�÷�ì�¤�¬ ßþ� Â�è ¤¢ �Âþ¥ À÷�ª ÂÔ¬ À�÷���üÞ÷ �ûö¥ø �î ´¨� ßþ� ÂÚþ¢ ö�÷�ì .À�îüõ Ýû�Âê ,Àª�� �¤�î(�ûü�øÂ¡)�ûý¢ø¤ø ¥� üØþ ¤¢ �� �� ö�ÆØþ ý�ûü�øÂ¡ ø �ûý¢ø¤ø ©¥¤� ý�¤�¢ �î DMU ø¢ Âð�ý�Â� .Àª À�û��¡ ö�ÆØþ üþ�¤�î ¥��µõ� ý�¤�¢ (ü�øÂ¡) ý¢ø¤ø ö� ý�Â� ÂÔ¬ ö¥ø ��¿µ÷� �� ,À�ª���¤ (×��î ø ´±·õ ,´��� ¤�ÀÖõ) � ü¨À�Þª¤� Â�è ¤�ÀÖõ ¥� ù¢�Ôµ¨� Ç÷�¤�ØÞû ø �÷¤�� ÛØÈõ ßþ� âê¤�¤�±ä ÝÞþ�î�õ Âð� .Ý�û¢üõ ���¤� �¤ DEA üÜ¬� ñÀõ Àª �µÔð �»÷� §�¨� Â� ñ�� .À÷�ù¢�¢ ¢�ú�È��Àª Àû��¡ ¢øÀ½õ�÷ �ÜÿÆõ �¤�¬ ßþ� ¤¢ ,Ý����� üµþ¢øÀ½õ �÷�Ú»�û öøÀ� �¤ Âþ¥Ek = Pj ujOjkPi viIik :�ûÀ��ø ��Þ� ý�Â� �ûö¥ø ßþ� ¥� Û¬�� üþ�¤�î �� ¢�ªüõ �ê�®� �ÜÿÆõ �� üµþ¢øÀ½õ ÂÏ�¡ ß�Þû ��¤¢ �ûÀ��ø üþ�¤�î �� À÷Â�ðüõ ÂÑ÷ ¤¢ ×þ Â��Â� �¤ L ,¢¤��õ °Üè� ¤¢ .¢Â�ð ¤�Âì [0; L℄ ß�ãõ ù¥�� ×þ ¤¢à�½ó � ü¨À�Þª¤� Â�è ¤�ÀÖõ ¥� ù¢�Ôµ¨� �� �¤ �ûö¥ø ö¢�� ÂÔ¬ Â�èÂê üêÂÏ ¥� .¢Â�ð ¤�Âì [0;1℄ ù¥��üêÂÏ ¥� ø À�îüÞ÷ ¢¤�ø üÜÜ¡ ü±Æ÷ üþ�¤�î ¥��µõ� ��±¨�½õ ¤¢ ,� ö¢�� ×��î ø ´±·õ Û�óÀ� .Ý��îüõ:´ª�¢ Ý�û��¡ �¤ Âþ¥ ñÀõ .¢¥�¨üõ Â��÷���� âì�ø �¤ �ûDMU ýÀ���Ö±Ï ø Û�Ü½� Àª �µÔð �î ¤�Î÷�Þûmax Pj ujOjkPi viIiks:t Pj ujOjsPi viIis � 1 8suj; vi � � 8i; j (2-2)
ý¢ø¤ø ø ü�øÂ¡ ü÷¥ø á�Þ¹õ ¥� ýÂÆî �¤�Ê� ö� éÀû â��� �î ´¨� üÎ¡Â�è ñÀõ ë�ê ñÀõñ�¨ ¤¢ Â��î ø �÷¤�� Í¨�� �î üªø¤ ¥� (LP) üÎ¡ ý�ûñÀõ �� ë�ê ý�ûñÀõ ÛþÀ±� ý�Â� .´¨�.Àª��üõ An = ( a1Pni=1 jaij ; a2Pni=1 jaij ; � � � ; anPni=1 jaij ) ÛØª �� A = (a1; a2; � � � ; an) ¤�¢Â� ýùÀª ù��ó�õÂ÷10



27 �ûù¢�¢ üÈª�� Û�Ü½�:´ª�¢ Ý�û��¡ t � 0 ö�� ,1t =Pi viIik Ý�û¢ ¤�Âì Âð� .Ý��îüõ ù¢�Ôµ¨� ,Àª ���¤� 1963max Pj ujtOjks:t Pj tujOjs �Pi tviIis � 0 s = 1; � � � ;Ktuj � � s = 1; � � � ; Jtvi � � s = 1; � � � ; I (3-2)
ñÀõ ùÀª üÎ¡ i = 1; � � � ; I Âû ý�Â� vi = tvi ø j = 1; � � � ; J Âû ý�Â� uj = tuj ö¢�¢ ¤�Âì ��:¢�ªüõ ÛþÀ±� Âþ¥ ÛØª �� ´¨� éøÂãõ �ûù¢�¢ üÈª�� Û�Ü½� ¤¢ CCR ñÀõ �� �î (2-2)max Pj ujOjks:t Pi viIik = 1Pj ujOjs �Pi viIis � 0 s = 1;2; � � � ;Kuj ; vi � � 8i; j (4-2)
�¤�î�÷ �¤ À��ø �¤�¬ ßþ� Â�è¤¢ ø ¢¢Âð ×þ Â��Â� éÀû â��� ¤�ÀÖõ Âð� Ý�þ�ð �¤�î �¤ ü¨¤Â� ¢¤�õ À��ø.℄54, 8[Ý�þ�ð.Ý��îüõ ù¢�Ôµ¨� �ûö¥ø ýø¤ Â� (�) ´õ�ä öøÀ� (4-2) ñÀõ ¥� Çþ�Þ÷ ¤¢ ´ó�ú¨ Û�ó¢ �� Å� ßþ� ¥�é�Â½÷� ö���ä �� dk = 1� wk Âµõ�¤�� ÓþÂã� �� Ý�û¢ ö�È÷ wk �� �¤ (4-2) ñÀõ éÀû â��� Âð� ñ��:℄22[Ýþ¤�¢ ,üþ�¤�î ¥� k À��ømax wk = 1� dks:t Pi viIik = 1 8kPj ujOjk + dk = 1 8kPj ujOjs �Pi viIis � 0 8s; s 6= kuj; vi � � & dk � 0 8k (5-2)



28 �ûù¢�¢ üÈª�� Û�Ü½��î ù¢Âî ÛÞä ÛØª ßþÀ� Ý��î �±¨�½õ �¤ �ûÀ��ø ¥� �ä�Þ¹õ ×þ üþ�¤�î á�Þ¹õ Ý�û��¿� Âð� ñ��ÛØª �� �ÜÿÆõ ßþ� ñÀõ Ý��îüõ âÞ� Ýû �� �¤ �ú÷� üþ�¤�î ¤�ÀÖõ ø �±¨�½õ �¤ �ûÀ��ø ×� ×� üþ�¤�î:´¨� Âþ¥max Pk wk =Pk(1� dk)s:t Pi vkiIik = 1 8kPj ukjOjk + dk = 1 8kPj ukjOjs �Pi vkiIis � 0 8s 6= kukj; vki � � 8k; j; idk � 0 8k
(6-2)

ý¢Àä ñ�·õ 5-3-2à�½ó ¥� �¤ ö�¤�µ¨¤ Çª Ý�û��¡üõ ñ�·õ ßþ� ¤¢ .℄60[Ý�÷�¨¤ üõ ö�þ�� �� �¤ Ç¿� ßþ� ñ�·õ ×þ ��´Þ�ì ø ü÷�Æ÷� ýøÂ�÷ Ûõ�ª ö�¤�µ¨¤ Çª Ýúõ ý¢ø¤ø ø¢ (1.2) ñøÀ� . Ý��î �Æþ�Öõ Ýû �� üþ�¤�îü��õÀ¡ ý�ûÀ��ø ß�� ü�øÂ¡ �fó�Þãõ .Àû¢üõ ö�È÷ ùÂÔ÷ ×þ ý�Áè ¢Àä À¬©øÂê ý�Â� �¤ ��óø� ¢��õ��÷ üÞ�¨Â� ÕþÂÏ ¥� �¤ �ÜÿÆõ Ý�÷��µ� �� Ýþ�ù¢�Þ÷ ö�ÆØþ �¤ ü�øÂ¡ �fÀÞã� ñ�·õ ßþ� ¤¢ üóø ´¨� �ø�Ôµõü��õÀ¡ ý�ûÀ��ø ¢�ªüõ ùÀû�Èõ (3-2) ÛØª ¤¢ �î ¤�Ï ö�Þû .Ý�û¢ ö�È÷ �¤ ö� ¸þ�µ÷ ø ù¢Âî Û�À�û¢üõ �À½õ Çª�� ×þ Û�ØÈ� À÷�ª ÛÊµõ ÂÚþÀØþ �� Âð� �î À÷��µêÂð ¤�Âì üÏ�Ö÷ ¤¢ s1; s3; s6�ûù¢�¢ Çª�� ��ó�÷� ©ø¤ �¤ ©ø¤ ßþ� �î ´¨� Û�ó¢ ß�Þû �� .À÷Â�ðüõ Â� ¤¢ �¤ s2; s4; s5 ¯�Ö÷ øÀû¢üõ Û�ØÈ� �¤ üµî�� Àþ�üõ ´¨À� Àõ�¤�î ¯�Ö÷ ö¢Âî Û¬ø ¥� �î ü�À½õ Çª�� �Âþ¥ À÷�ùÀ�õ�÷§�±½õ ´î�� ßþ� Û¡�¢ ¤¢ Àõ�¤�î Â�è ¯�Ö÷ ø À÷Â�ðüõ ¤�Âì ö� ý¥Âõ ø �û�ª�ð ¤¢ Àõ�¤�î ¯�Ö÷ �î



29 �ûù¢�¢ üÈª�� Û�Ü½�
ñ�·õ ý¢ø¤ø ý�ûù¢�¢ :1.2 ñøÀ���óø� ¢��õ ´Þ�ì ü÷�Æ÷� ýøÂ�÷ ý�Áè ¢�Àã� ü��õÀ¡ À��ø(ñ�� À��ø) (´ä�¨ ÂÔ÷) ùÀª �µ¡øÂê200 2 100 s1150 4 100 s2100 4 100 s3100 6 100 s480 8 100 s550 10 100 s6 .À÷�ªüõñøÀ� .¢�ªüõ Û¬�� (2.2) ñøÀ� ¸þ�µ÷ (1.2) ñøÀ� ý�ûù¢�¢ �� DEA ý�ûñÀõ Û� ¥� Å���±¨�½õ Ûõ�ª ñøÀ� ßþ� .Àû¢üõ ö�È÷ �¤ s4 À��ø Í¨�� üêÂÊõ ¢�¥�õ ý¢ø¤ø ¤�ÀÖõ ý�±¨�½õ (3.2)¤�Î÷�Þû .´¨� s3; s6 â�Âõ ý�ûÀ��ø ý�ûý¢ø¤ø ¥� ü±�îÂ� �î ´¨�  À�÷�õ ü®Âê À��ø ×þ �� ¯��ÂõÛ¬�ø Í¡ ø s4 �� �bÀ±õ ¥� Û¬�ø Í¡ âÏ�Ö� ýø¤ Â�  ü®Âê À��ø Ý����üõ (3-2) ÛØª ¤¢ �îø ü÷�Æ÷� ýøÂ�÷ 0*7 Â®�� ñ�� ¤¢ s4 À��ø �î Ý���þüõ ¤¢  ý�ÎÖ÷ ��Êµ¿õ ¥� .¢¤�¢ ¤�Âì s3; s6�� Àõ�¤�î À��ø �ä�Þ¹õ ×þ Àõ�¤�î Â�è À��ø Âû .À�îüõ éÂÊõ ý¢�þ¥ ��óø� ¢��õ ñ�� À��ø 11*1ý�ä�Þ¹õ Û¬�ø Í¡ üØþ¢�÷ ¤¢ s4 Àõ�¤�î Â�è À��ø (3-2) ÛØª ¤¢ �î ´ª�¢ Àû��¡ â�Âõ ö���ä �ÎÖ÷ ¤¢ �¤ s3; s6 Û¬�ø Í¡ ùÀª Û¬ø s4 �� �îÂõ ¥� �î ý¤�¢Â� �f�Þ® À÷��µêÂð ¤�Âì s3; s6 Àõ�¤�îÍ¨�� �î ´¨�  ü®Âê À��ø ÝþÂ�ðüõ ÂÑ÷ ¤¢ s4 ö¢Âî �¤�î ý�Â� �î ý¥�¹õ À��ø Å� À�îüõ âÎìÀþ�üõ ´¨¢ �� ñÀõ Û� ¥�  ´¡�¨ ¤¢ s3; s6 â�Âõ À��ø ø¢ ¥� ��Àî Âû Ýú¨ .¢�ªüõ �µ¡�¨ s3; s6ý¢ø¤ø °��Â® �� �Î��¤ ¤¢ °��Â� �� �î v2; v1 Âþ¢�Öõ .Àª��üõ (0*7778) ø (0*2222)°��Â� �� �î



30 �ûù¢�¢ üÈª�� Û�Ü½�

ý¢Àä ñ�·õ ý�Â� üþ�¤�î ¥Âõ :3-2 ÛØª
ñ�·õ Û� ¥� Û¬�� ¸þ�µ÷ :2.2 ñøÀ�ü��¤�î ¢��õ °þÂ® ýøÂ�÷ °þÂ® â�Âõ ý�ä�Þ¹õ ü��õÀ¡ À��ø(v2) ��óø� (v1) ü÷�Æ÷�1*000 0*0033 0*1667 - s10*857 0*0028 0*1428 fs1(0*2857) ; s3(0*7143)g s21*000 0*0075 0*0625 - s30*889 0*0067 0*0555 fs3(0*7778) ; s6(0*2222)g s40*901 0*0068 0*0568 fs3(0*4545) ; s6(0*5454)g s51*000 0*0075 0*0625 - s6



31 �ûù¢�¢ üÈª�� Û�Ü½�
�Úó� À��ø ��Ê¿Èõ :3.2 ñøÀ�ø ý¢ø¤ø â�Âõ ý�ä�Þ¹õ ý¥�¹õ À��ø s4 éÂÊõ �ê�®�ü�øÂ¡ s3 s6 �Áè (0*7778) � 100 + (0*2222) � 100= 100 100 0Âð¤�î (0*7778) � 4 + (0*2222) � 10= 5*3 6 0*7¢��õ (0*7778) � 100 + (0*2222) � 50= 88*9 100 11*1�� Ý��î Ýî �Ï��Âõ ý¢ø¤ø ¥� À��ø ×þ Âð� �î À�û¢üõ ö�È÷ À�µÆû ��óø� ¢��õ ø ü÷�Æ÷� ýøÂ�÷ ý�ûÝ��î Ýî ü÷�Æ÷� ýøÂ�÷ ¥� À��ø ×þ Âð� s4 À��ø ý�Â� ¢�ªüõ �ê�®� �Ï��Âõ À��ø üþ�¤�î �� ¤�ÀÖõø¢ Àþ�� ¢�ª Àõ�¤�î s4 À��ø �Ø�þ� ý�Â� ßþ�Â���� .Àª Àû��¡ ù¢ø�ê� ö� üþ�¤�î ¤�ÀÖõ �� (0*5550)üÜãê üþ�¤�î ¤�ÀÖõ �� 2(0=0555) = 0=111 �¤�¬ ßþ� ¤¢ �Âþ¥ Ý��î Ýî ö� ü÷�Æ÷� ýøÂ�÷ ¥� À��ø.À¨¤üõ ×þ �� ö� üþ�¤�î �¤�¬ ßþ� ¤¢ ø ¢�ªüõ �ê�®� ´¨� 0/88 �î ö�

ý�ù¥�� ý�ûù¢�¢ üÈª�� Û�Ü½� 4-2¢�Àä� ¥� �î À÷Â�ðüõ ÂÑ÷ ¤¢ �¤ üþÂ�ðÝ�ÞÊ� ý�ûÀ��ø ,À÷Àª üêÂãõ Û±ì ý�ûÇ¿� ¤¢ �î üþ�ûñÀõ¢¤�¢ ¢��ø ý¢�þ¥ ý�û´ó�� ÛÞä ¤¢ üóø .À��îüõ ù¢�Ôµ¨� ö�Èþ�ûü�øÂ¡ ø �ûý¢ø¤ø ö���ã� üãÎì,�÷�¡¤�î ×þ ý�ûùÀ�þ�ó� ¥� Û¬�� üð¢�ó� ö���õ ,�fÜ·õ .¢Âî ö��� üãÎì �¤�Ê� �¤ �ú÷� ö���üÞ÷ �î�Áó .¢Âî ö��� üãÎì ¢�Àä� �� ö���üÞ÷ �¤ ... ø �ÂÏ ×þ ý�û��þ�û ,´îÂª ×þ ýÀ�ó�� ý�ó�î ´�Ô�î¤¢ ��÷ ý�ù¥�� ø ý¥�ê ¢�Àä� ¥� ö��µ� �î À÷�ª ��Ü¬� ý¤�Ï ë�ê ý�ûñÀõ ��ó�� ßþ� ¤¢ ´¨� ý¤øÂ®ø À�ª�±÷ ��Üãõ üãÎì �¤�¬ �� �ûü�øÂ¡ ø �ûý¢ø¤ø (CCR) ñÀõ ¤¢ À��î Âê .¢Âî ù¢�Ôµ¨� �ú÷�



32 �ûù¢�¢ üÈª�� Û�Ü½�:À÷�ª �ÂÎõ Âþ¥ À�÷�õ ý�ù¥�� ÛØª ��eOjk = (Ojk; Ojk; Ojk) eIik = (Iik; I ik; Iik) Iik � 0 ; Ojk � 0eOjs = (Ojs; Ojs; Ojs) eIis = (Iis; Iis; Iis) Iis � 0 ; Ojs � 0ø ü¨¤Â� ¢¤�õ À��ø ý�Â� �ó�� ö�Âî ø ß�þ�� ö�Âî °��Â� �� k ÅþÀ÷� �� ��¨ ø �ø¢ ý�û�Ôó�bõ �ú÷� ¤¢ �î:¢�� Àû��¡ Âþ¥ ÛØª �� (CCR) ñÀõ �¤�¬ ßþ� ¤¢ .À�ª��üõ �ûÀ��ø ��Þ� ý�Â� sÅþÀ÷� ���k = max Pj uj[Ojk; Ojk℄s:t Pi vi[Iik; I ik℄ = 1Pj uj [Ojs; Ojs℄�Pi vi[Iis; I is℄ � 0uj; vi � � (7-2)
ý�ù¥�� ý�ûÂµõ�¤�� ø vi; uj üãÎì ý�ûÂµõ¤�� �� (�À½õ Â�è) üÎ¡ Â�è ý�þ¤ �õ�÷Â� ñÀõ ×þ �� �î¤�ÀÖõ ü�ãþ .Àª��üõ ù¥�� ×þ �¤�Ê� ë�ê ñÀõ ý���ú� ¤�ÀÖõ .¢�ªüõ ÛþÀ±� Iis; Iik; Ojs; Ojký�Â� ù¥�� ý��� ø ß�þ�� ý�ûö�Âî ℄59[11�¤�÷ ©ø¤ ¥� ù¢�Ôµ¨� �� .Ýþ¤�¢ [�Lk ; �Uk ℄�¤�Ê� �¤ ��k ý���ú�.¢�ªüõ üêÂãõ Âþ¥ �¤�¬ �� DMUk�Lk = max Pj ujOjks:t Pi viIik = 1Pj ujOjs �Pi viIis � 0Pj ujOjk �Pi viI ik � 0uj ; vi � 0 (8-2)

Noora11



33 �ûù¢�¢ üÈª�� Û�Ü½�
�Uk = max Pj ujOjks:t Pi viIik = 1Pj ujOjs �Pi viIis � 0Pj ujOjk �Pi viIik � 0uj; vi � 0 (9-2)

¤¢ ö� ý�ûý¢ø¤ø ü�ãþ ,¢¤�¢ ¤�Âì Íþ�Âª ßþÂ�À� ¤¢ DMUk �î ´¨� �¹�µ÷ ßþ� Àþ�bõ (8-2) ñÀõ.À÷¤�¢ ¤�Âì ´ó�� ßþÂ�ñ�ùÀþ� ¤¢ �ûDMU Âþ�¨ ø À�ª��üõ ß�þ�� ö�Âî ¤¢ ö� ý�ûü�øÂ¡ ø ��� ö�Âî.℄9[ �L�k � �U�k ù�Ú÷� À�ª�� (9-2) ø (8-2) ý�ûñÀõ ���ú� Âþ¢�Öõ �U�k ; �L�k Âð� 1.2 ��aÌì.�L�k = �U�k = 1 Âð� À�þ�ð ý�ì Àõ�¤�î �¤ DMUk 4.2 ÓþÂã�.�L�k < 1; �U�k = 1 Âð� À�þ�ð �¤�î �¤ DMUk.�U�k < 1 Âð� À�þ�ð �¤�î�÷ �¤ DMUk�¤ ù¥�� ×þ Âþ¢�Öõ Ûî Àª�� �µª�¢ ù¥��� �î Ý��îüõ ÓþÂã� É¡�ª Âû ýù¥�� ¤¢ �¤ ýÂ�çµõ �õ�¢� ¤¢�� ¯��Âõ É¡�ª Âû �î ¢�ªüõ ù¢�¢ ÂÚª¥�¢Â� �� ¤��µ¡� ßþ� ñÀõ ¤¢ Â�çµõ ßþ� ö¢Âî ¢¤�ø �� ø ¢ÂþÁ³��µª�¢ �¤ ßØÞõ üþ�¤�î ßþÂµÈ�� À��ø ö� ´þ�ú÷ ¤¢ �î ¢ÂþÁ³� �¤ ù¥�� ×þ ¥� ý¤�ÀÖõ ü��þ¥ ¤� ´½� À��ø¥� üÎ¡ °�îÂ� �¤�¬ �� 0 � �jk; tik � 1 �î �jk; tik ý�ûÂ��çµõ �� �¤ ý�ù¥�� Â�çµõ Âû ñ�� .Àª��.Ý�Æþ�÷üõ ö� ß�þ�� À� ø �ó�� À�Ojk � Ojk � Ojk =) Ojk = �jkOjk + (1� �jk)Ojk =) Ojk = Ojk + �jk(Ojk �Ojk)Ýþ¤�¢ ���Èõ üÖþÂÏ ��Ojs = Ojs + �js(Ojs �Ojs):



34 �ûù¢�¢ üÈª�� Û�Ü½�Ýþ¤�¢ ��÷�ûý¢ø¤ø ý�Â�Iik � Iik � Iik =) Iik = tikIik + (1� tik)I ik =) Iik = Iik + tik(Iik � Iik):Ýþ¤�¢ ���Èõ üÖþÂÏ �� øIis = Iis + tis(Iis � Iis)::´ª�¢ Ý�û��¡ (7-2) ñÀõ ¤¢ �ó�� Í��ø ¤ ý¤�Áð ý�� ¥� Àã�max Pj uj(Ojk + �jk(Ojk �Ojk))s:t Pi vi(Iik + tik(I ik � Iik)) = 1Pj uj(Ojs + �js(Ojs �Ojs))�Pi vi(Iis + tis(Iis � Iis)) � 00 � �jk; �js; tik; tis � 1uj; vi � � 8i; j (10-2)
.¢�ªüõ �µª�÷ Âþ¥ �¤�Ê� (10-2) ñÀõ ö¢Âî ù¢�¨ ¥� Å� �îmax Pj [ujOjk + uj�jk(Ojk �Ojk)℄s:t Pi[viIik + vitik(I ik � Iik)℄ = 1Pj [ujOjs + uj�js(Ojs �Ojs)℄�Pi[viIis + vitis(Iis � Iis)℄ � 00 � �jk; �js; tik; tis � 1uj ; vi � � 8i; j (11-2)

ý¢ø¤ø ý�Â� vitis; vitik ø �ûü�øÂ¡ ý�Â� uj�js; uj�jký�ûÂ��çµõ öÀª À�ó�� ÂÏ�¡ �� (11-2) ñÀõÂÑ÷ ¤¢ Âþ¥ ÛØª �� �¤ qik; qis; pjk; pjs ý�ûÂ�çµõ ,ñÀõ ö¢Âî üÎ¡ ý�Â� .´¨� üÎ¡Â�è ö��»Þû �û:Ý��îüõ ý¤�Áðý�� ñÀõ ¤¢ ø �µêÂð8><>: uj�js = pjsuj�jk = pjk =) 0 � pjs � uj & 8><>: vitis = qisvitik = qik =) 0 � qis � vi



35 �ûù¢�¢ üÈª�� Û�Ü½�:Ýþ¤�¢ (11-2) ñÀõ ¤¢ �ûÂ�çµõ ßþ� ý¤�Áðý�� ¥� Å� ßþ�Â����max Pj [ujOjk + pjk(Ojk �Ojk)℄s:t Pi[viIik + qik(I ik � Iik)℄ = 1Pj [ujOjs + pjs(Ojs �Ojs)℄�Pi[viIis + qis(Iis � Iis)℄ � 0pjs � uj � 0 8j; sqis � vi � 0 8i; spjs; qis � 0 8i; j; suj; vi � � 8i; j
(12-2)

ù¤�Þª s ÅþÀ÷� Í¨�� Ýû ü¨¤Â� ¢¤�õ À��ø Å� ¢¤�Þªüõ �¤ �ûÀ��ø ��Þ� s ÅþÀ÷� �Ø�þ� �� ���� ��ý�ù¥�� �¤�¬ �� �ûü�øÂ¡ ø �ûý¢ø¤ø �î ´¨� üµó�� ¤¢ üÎ¡ CCR ñÀõ ,(12-2) ñÀõ .¢�ªüõOjs ø ´¨� s À��ø ý�Â� (��-i) ��-j (ý¢ø¤ø) ü�øÂ¡ ß�þ�� À� (Iis) Ojs ö� ¤¢ ø À÷�ª �ÂÎõø �ó�� À� Âð� (12-2) ñÀõ ¤¢ .´¨� s À��ø ý�Â� (��-i) ��-j (ý¢ø¤ø) ü�øÂ¡ �ó�� À� (Iis)�¤�¬ ßþ� ¤¢ Iis = Iis ø Ojs = Ojs ü�ãþ ¢�ª �µêÂð ÂÑ÷ ¤¢ ö�ÆØþ ü�øÂ¡ ø ý¢ø¤ø Âû ß�þ���� �¤ ñÀõ ßþ� .Àª Àû��¡ CCR ��óø� ñÀõ ö�Þû (12-2) ñÀõ ø ùÀª üãÎì �ûü�øÂ¡ ø ý¢ø¤øø ý¢ø¤ø ÂÚþ¢ ý�Â� ý�ù¥�� ¤�ÀÖõ ø �ûü�øÂ¡ ø �ûý¢ø¤ø ¥� üÌã� ý�Â� üãÎì ¤�ÀÖõ ßµêÂð ÂÑ÷ ¤¢.℄47, 9, 49, 56[¢Âî Û� ö���üõ �ûü�øÂ¡
üê¢�Ê� ý�ûù¢�¢ üÈª�� Û�Ü½� 5-2üÜ¬� ßµõ ¤¢ �µê¤ ¤�Ø� ����Î¬� ø Óþ¤�ã� ¥� üÌã� ´¨� �¥� üÜ¬� ¶½� �� öÀª ¢¤�ø ¥� Û±ì.´¨� ùÀª �µêÂð ℄50[ â�Âõ ¥� Óþ¤�ã� ßþ� .¢�ª ù¢�¢ ¼�®��.´¨� üÖ�Ö� ¢�Àä� ý�ä�Þ¹õ �� ý��÷�Þ÷ ý�Ìê ¥� üã��� :üê¢�Ê� Â�çµõ



36 �ûù¢�¢ üÈª�� Û�Ü½�ý¤�Ï �� ,[0;1℄ ù¥�� Â� Â�çµõ ö� ��õ�¢ ¥� ´¨� üã��� ,üê¢�Ê� Â�çµõ ×þ ��ó�Þµ�� âþ¥�� :âþ¥�� â���ÛØª �� Õ�ì¢ �¤�Ê� ø Àû¢üõ Çþ�Þ÷ �¤ ö� ¥� ÂµÞî ý¢Àä ¤�ÀÖõ �� ý�ûÀõ�È�� ö¢�¢  ¤ ñ�Þµ�� �î¢�ªüõ ù¢�¢ Çþ�Þ÷ Âþ¥P (X � x) = FX(x):.¢Â�ðüõ ��÷ �µ¨��� �þ �µÆÆð ,âþ¥�� Àª�� �µ¨��� �þ �µÆÆð Â�çµõ �Ø�þ� §�¨� Â��ó�Öõ ßþ� .Àª üêÂãõ 12¤��õ¢ ��û�Â�� Í¨�� ý��ó�Öõ ¤¢ 1733 ñ�¨ ¤¢ �Àµ�� ñ�õÂ÷ âþ¥�� :ñ�õÂ÷ âþ¥��ý�ûn ý�Â� ý��ÜÞ�ø¢ ý�ûâþ¥�� üãÎì ß�Þ¿� ´ÞÆì¤¢ "�úÆ÷�ª ü¨�¨� ö�÷�ì' ¥� Çþ�Âþø ß�õø¢ ¤¢üó�Þµ�� ý�ûâþ¥�� ¥� üØþ ü¨ø�ð âþ¥�� �þ ñ�õÂ÷ âþ¥�� .À�¨¤ ��� �� �f¢À¹õ 1738 ñ�¨¤¢ ï¤��âþ¥�� ¤�¢�Þ÷ ´û�±ª ´Üä �� .¢�ªüõ Ó�¬�� ö� Å÷�þ¤��î ø ß�Ú÷��õ ¤�¢Â� �� âþ¥�� ßþ� .´¨� �µ¨���¢��ø ¥� ñ�õÂ÷ âþ¥�� ´�Þû� Û�ó¢ .¢�ªüõ �µÔð ��÷ ý��ó�Ú÷¥ ý��½÷� ö� �� �ó�Ú÷¥ �� ¢¤�À÷�µ¨� ñ�õÂ÷�� üê¢�Ê� Â�çµõ ý¢�þ¥ ¤��Æ� ¢�Àã� �î üõ�Ú�û Àþ�ðüõ ��Ìì ßþ� .¢�ªüõ üª�÷ ý�îÂõ À� ��Ììñ�õÂ÷ âþ¥�� �� üþ�ú÷ âþ¥�� ,ÝþÂ�Ú� ß�Ú÷��õ ø Ý��î âÞ� Ýû �� �¤ (¢øÀ½õ Å÷�þ¤�ø) ù��¿ó¢ âþ¥���¹�µ÷ ,Ý�µÆû üê¢�Ê� ý�ûùÀþÀ� ¥� ý¤��Æ� üÞ¹�Â���� Àû�ª �î üõ�Ú�û ÂÏ�¡ ß�Þû �� .À�îüõ Û�õý¤��Æ� â���� �õ é�ÂÏ� ý��÷¢ ¤¢ �î ´¨� ùÀª ´��� ��Â¹� �� .´¨� Ó�¬�� Û��ì ñ�õÂ÷ âþ¥�� �� üþ�ú÷.À��îüõ ýøÂ�� â��� ß�Þû ¥� üã�±Ï ý�ûÂ�çµõ ¥�ë�ÜÏ� ñ�õÂ÷ üê¢�Ê� Â�çµõ ö� �� ø ´¨� ñ�õÂ÷ âþ¥�� ý�¤�¢ X üê¢�Ê� Â�çµõ :ùÂ�çµõ ×þ ñ�õÂ÷ âþ¥��:Àª�� Âþ¥ �¤�Ê� ö� ñ�Þµ�� üó�Ú� â��� ù�ðÂû ,¢�ªüõf(x) = 1�p2�e�12 (x��� )2 Demoar12



37 �ûù¢�¢ üÈª�� Û�Ü½�.À�ó�õÂ÷ âþ¥�� ¤��ãõ é�Â½÷� ø ß�Ú÷��õ °��Â� �� � ø � ö�¤¢ �î.À�õ�÷üõ ¢¤�À÷�µ¨� ñ�õÂ÷ âþ¥�� �¤ ,�2 = 1 ø � = 0 �� ñ�õÂ÷ âþ¥�� :¢¤�À÷�µ¨� ñ�õÂ÷ âþ¥��âþ¥�� z = X��� ù�Ú÷� ,Àª�� � ¤��ãõ é�Â½÷� ø � ß�Ú÷��õ �� ñ�õÂ÷ âþ¥�� ý�¤�¢ X Âð� 2.2 ��aÌì.℄50[ ¢¤�¢ ¢¤�À÷�µ¨� ñ�õÂ÷Å÷�þ¤��î ö� ý�û�þ�¤¢ ý��Ö� ø Å÷�þ¤�ø ö� üÜ¬� ÂÎì ýø¤ �î üÆþÂ��õ :Å÷�þ¤��î Å÷�þ¤�ø ÅþÂ��õ.´¨�26666666664 �21 �12 � � � �1n�21 �22 � � � �2n... ... . . . ...�n1 �n2 � � � �2n
37777777775-Å÷�þ¤�ø ÅþÂ��õ .i; j = 1;2; � � � ; n Âû ý�Â� ,�ij = ov(xi; xj) ø �2i = var(xi) ö� ¤¢ �î.¢�ªüõ ùÀ�õ�÷ Å÷�þ¤�øíù¤ø¢ �� ¯��Âõ ��ä�ÜÏ� Â� ö¢�� üØµõ üãÎì ý�ûù¢�¢ üÈª�� Û�Ü½� ©ø¤ Éì��÷ ßþÂµÞúõ ¥� üØþü¹þ�µ÷ ßþ�Â���� .À÷�ù¢Âî ýÂ³¨ �¤ ü÷�õ¥ ù¤ø¢ ßþ� âì�ø ¤¢ ü¨¤Â� ´½� ý�ûÀ��ø �î ´¨� ü÷�õ¥¤¢ ßþ� .´¨� �µªÁð ��ä�ÜÏ� §�¨� Â� Àþ�Þ÷üõ ���¤� ´þÂþÀõ �� ¤�Øû�¤ ö���ä �� ñÀõ ßþ� Û� �î´ú� �µªÁð ��ä�ÜÏ� �� ¯��Âõ ¸þ�µ÷ Ý�Þã� ,üÎ�½õ Ûõ��ä üþ�þ�� ßµª�¢ ÂÑ÷ ¤¢ �� �î ´¨� üó��ý¥�¨éÂÏ Â� ý�ûù�¤ ¥� üØþ . Àþ�Þ÷ ¢�¹þ� �¤ ü��ÜÎõ �¹�µ÷ À÷��� üÞ÷ ùÀ�þ� ü÷�õ¥ ù¤ø¢ ¤¢ ýÂ�ðÝ�ÞÊ�ü���Ç�� Âþ¢�Öõ ý¥�¨¢¤�ø ø �û¢�Àþø ¤ á�ìø ��ó�Þµ�� ßµª�¢ ÂÑ÷ ¤¢ �� �î ´¨� üóÀõ ¢�¹þ� ë�ê ÛØÈõ��ÜÎ¬� ¤¢ �î ¢Â� ùÂú� ü®�þ¤ üóÀõ ¥� ö���üõ ¤�Ñ�õ ßþÀ� .¢¥�¨ Ýû�Âê �¤ üþ�¤�î ü���Ç�� ö�Øõ� ùÀªýÂ�ð¤�Ø� �� �î üþ�ûñÀõ ¥� ü¡Â� .℄48[¢�ªüõ ùÀ�õ�÷ (SDEA) 13üê¢�Ê� ý�ûù¢�¢ üÈª�� Û�Ü½�Stohasti data envelopment analysis13



38 �ûù¢�¢ üÈª�� Û�Ü½�.Àª À�û��¡ ü¨¤Â� �õ�¢� ¤¢ À�µÆû ù¢�Ôµ¨� Û��ì üþ�¤�î ü���Ç�� ¤�Ñ�õ �� �ûù¢�¢ üÈª�� Û�Ü½� ÕÎ�õüê¢�Ê� ¢��ì �� ùÀª ¢øÀ½õ �ûù¢�¢ üÈª�� Û�Ü½� ñÀõ 1-5-2ý�ûÂ��çµõ À�÷�õ üÞ�û�Ôõ ßµêÂð ÂÑ÷ ¤¢ �� 1959 ñ�¨ ¤¢ ¥¢ø¤ ø Â��î ,�÷¤�� Í¨�� ¤�� ß�µÆ¿÷ ñÀõ ßþ�,14À�ó Í¨�� �ûÀã� ø ℄4[ Àª �ÂÎõ üÎ¡ ý�þ¤ �õ�÷Â� ý�ûñÀõ ¤¢ ýÂ�ðù¥�À÷� ý�û�Î¡ ø üê¢�Ê�ý�ûÂ��çµõ ¢��ø Âê �� ñÀõ ßþ� .℄25[ ´ê�þ ÍÆ� (LLT) ñÀõ °ó�ì ¤¢ (1993) 16¤�� ø 15ñø�óý�ûù¢�¢ üÈª�� Û�Ü½� üþ�ú÷ ñÀõ �ûù¢�¢ üÈª�� Û�Ü½� üÈª�� ñÀõ ¤¢ üê¢�Ê� ü�øÂ¡ ø ý¢ø¤øö¢�Þ÷ ¤�Ñ�õ ñÀõ ßþ� ��óø� éÀû .´¨� üó�Þµ�� ý�û´þ¢øÀ½õ ý�¤�¢ �î Àþ�Þ÷üõ ¢�¹þ� �¤ üê¢�Ê�üê¢�Ê� ý�ûù¢�¢ üÈª�� Û�Ü½� ñÀõ ö¢¤ø� ´¨¢ �� ø �ûù¢�¢ üÈª�� ñÀõ ¤¢ ýÂ�ðù¥�À÷� ý�û�Î¡.¢¥�¨ ¢¤�ø �ûÀ��ø üþ�¤�î ��ÂÞ÷ ¤¢ �¤ �û�Î¡ ßþ� �î ´¨��ûù¢�¢ üÈª�� Û�Ü½� ¤¢ ö� ��úÔõ ø üÈ¿� ´þ�®¤ ñÀõ 2-5-2ÂÑ÷ ¤¢ �� ýÀþÀ� ñÀõ (1996) ñ�¨ ¤¢ 18üó ø 17Ù÷��û ,Â��î ,(LLT) ñÀõ öÀª �ÂÎõ ¥� Å�ýÂ�ðÝ�ÞÊ� ��úÔõ Õ�ÔÜ� ÀþÀ� ñÀõ ßþ� .℄7[ À÷¢�Þ÷ �ÂÎõ 19ö�Þþ�¨ üÈ¿� ´þ�®¤ ñÀõ ßµª�¢ñ�±ì ö���õ �î ´¨� üê¢�Ê� ¢��ì �� ùÀª ¢øÀ½õ �ûù¢�¢ üÈª�� Û�Ü½� ý�û ñÀõ �� üÈ¿� ´þ�®¤ý�Â� ñÀõ ¸þ�µ÷ ýÀ�õ´þ�®¤ ö���õ �� �¤ ùÀ÷Â�ðÝ�ÞÊ� ý�ûÀ��ø üþ�¤�î �±¨�½õ ¤¢ üê¢�Ê� ý�û�Î¡Land14Lovell15Thore16Huang17Li18Simon19



39 �ûù¢�¢ üÈª�� Û�Ü½�ñÀõ ¤¢ üê¢�Ê� ü�øÂ¡ ø ý¢ø¤ø ý�ûÂ��çµõ ¢��ø Âê �� ñÀõ ßþ� .¢¥�¨üõ ¯��Âõ ùÀ÷Â�ðÝ�ÞÊ�ý�¤�¢ �î Àþ�Þ÷üõ ¢�¹þ� �¤ üê¢�Ê� ý�ûù¢�¢ üÈª�� Û�Ü½� üþ�ú÷ ñÀõ �ûù¢�¢ üÈª�� Û�Ü½� ýÂÆî.´¨� üó�Þµ�� ý�û´þ¢øÀ½õüê¢�Ê� ùÀª ��Ü¬� (BCC) Â��î ø �÷¤�� ,ÂØ�� ñÀõ 3-5-2Û�Ü½� ýù¤��¤¢ ùÀª �ÂÎõ ý�ûñÀõ ßþÂ�ÀþÀ� ¥� üØþ (2002) ñ�¨ ¤¢ üó ø Ù÷��û , 20Ù÷¢ ,Â��îüê¢�Ê� ñÀõ �� (Â��î ø �÷¤�� ,ÂØ��) �ûù¢�¢ üÈª�� Û�Ü½� ñÀõ ÛþÀ±� �� �¤ üê¢�Ê� ý�ûù¢�¢ üÈª��ø �ûý¢ø¤ø ö¢�� üê¢�Ê� �� ���� �� �î ´¨� ßþ� Â� Âê ñÀõ ßþ� ¤¢ .℄6[ À÷¢�Þ÷ �ÂÎõ üþ�ú÷.´ª�¢ À�û��¡ ù¢¥�� (üÈû�î �þ üÈþ��ê�) Â��çµõ §��Öõ �� ´±Æ÷ ��÷ ùÀ÷Â�ð Ý�ÞÊ� ý�ûÀ��ø ,�ûü�øÂ¡¤¢ �� ø Â��çµõ §��Öõ �� ´±Æ÷ ù¢¥�� ¢��ø Âê �� �ûÀ��ø üþ�¤�î ß��ã� ¤�Ñ�õ �� �f¨�¨� ��÷ ñÀõ ßþ�ý�ûù¢�¢ üÈª�� Û�Ü½� ÓÜµ¿õ ý�ûñÀõ �� Âð� .´¨� ùÀª ß��ã� ýÂ�ðù¥�À÷� ý�û�Î¡ ßµêÂð ÂÑ÷ý�¤�¢ üóø À÷Â�ðüõ Â� ¤¢ �¤ �ûü�øÂ¡ ø �ûý¢ø¤ø ö¢�� üê¢�Ê� ��úÔõ ¥� üÔÜµ¿õ ý�û�±�� üê¢�Ê�(4.2) ñøÀ� .¢¥�¨ üõ �þ�Þµõ �ûù¢�¢ üÈª�� Û�Ü½� ñÀõ ¥� �¤ �ú÷� �î À�µÆû ��÷ üÜî ý�û´û�±ª.℄48[Àû¢üõ ö�È÷ �¤ üê¢�Ê� ý�ûù¢�¢ üÈª�� Û�Ü½� ø �ûù¢�¢ üÈª�� Û�Ü½� ý�ûñÀõ ß�� ý�û �ø�Ô�¤¢ ö�� �Áó ¢¢Âðüõ ÓþÂã� üþ�¤�î ¥Âõ �� ���� �� À��ø ×þ üþ�¤�î�÷ ø üþ�¤�î Àª �µÔð �î ö��»Þû�Àµ�� üê¢�Ê� üþ�¤�î ¼þÂÈ� ´ú� ßþ�Â���� ´¨� üê¢�Ê� ý�ûù¢�¢ ¥� Â��bµõ üþ�¤�î ¥Âõ SDEA ý�ûñÀõüþ�¤�î ÓþÂã� �� ¥ Âõ ßþ� §�¨� Â� Å³¨ ø �µ¡�¢Â� SDEA ý�ûñÀõ ¤¢ üþ�¤�î ¥Âõ ý¤�¢�Þ÷ ö��� ��×þ ø ý¢ø¤ø ø¢ ´ó�� ÂÚ÷��� �î �¤ (4-2) ÛØª ¶½� ¼þÂÈ� ´ú� .℄13[´¡�¢Â� Ý�û��¡ üê¢�Ê�:ÀþÂ�Ú� ÂÑ÷ ¤¢ Àª��üõ ü�øÂ¡Deng20
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üê¢�Ê� ý�ûù¢�¢ üÈª�� Û�Ü½� ø �ûù¢�¢ üÈª�� Û�Ü½� ý�û ñÀõ ß�� �ø�Ô� :4.2 ñøÀ�ý�ûù¢�¢ üÈª�� Û�Ü½� ñÀõ ý�ûüðÄþø üÈª�� Û�Ü½� ñÀõ ý�ûüðÄþø ¢¤�õ ý�û�Ôó�bõ Óþ¢¤üê¢�Ê� �ûù¢�¢ �Æþ�Öõüê¢�Ê� �ûü�øÂ¡ ø �ûý¢ø¤ø Âþ¢�Öõ üãÎì �ûü�øÂ¡ ø �ûý¢ø¤ø Âþ¢�Öõ ö¢�� üê¢�Ê� 1.À�µÆû .À�µÆûǑ�� ×þ °ó�ì ¤¢ üê¢�Ê� ý�Î¡ ¢¤�ø ñÀõ ¤¢ üê¢�Ê� ý�Î¡ ßµêÂð ÂÑ÷¤¢ 2.¢�ªüõ ñÀõ ¢¤�ø üê¢�Ê� .¢�ªüÞ÷ üê¢�Ê� ý�Î¡Ýû�Âê �¤ üþ�¤�î ü��� Ç�� ö�Øõ� �µªÁð �� ¯��Âõ üþ�¤�î �ú�� ñÀõ ü��¤�î ü���Ç�� 3.¢¥�¨ üõ .Àþ�Þ÷ üõ ���¤� �¤��Â��ç� �� ´±Æ÷ ýÂµÞî ´�¨�Æ� üØ��î ��Â��ç� �� ´±Æ÷ üþ�¤�î ¥Âõ üþ�¤�î ¥Âõ 4ý�ûÂ��çµõ ö���õ ¤¢ ùÀª ¢�¹þ� ü�øÂ¡ ø ý¢ø¤ø ý�ûÂ��çµõ ¤¢.¢¤�¢ ¢��ø ü�øÂ¡ ø ý¢ø¤ø .´¨� �¤�¢ ý¢�þ¥ ´�¨�Æ�×Æþ¤ ¼Î¨ �� ���� �� üþ�¤�î (�)¥�¨ñÀõ ×Æþ¤ �þ �Î¡ ¼Î¨ üþ�¤�î ÓþÂã� 5.¢¢Âðüõ ÓþÂã� (�) ¥�¨ñÀõ .¢¢Âð üõ ¤�Ñ�õ ÂÔ¬Å÷�þ¤��î Å÷�þ¤�ø ��úÔõ ¥� ù¢�Ôµ¨� �� ø �ûý¢ø¤ø ß�� üÚµÆ±Þû ß�� üÚµÆ±Þû 6ø ý¢ø¤ø ý�ûÂ��çµõ ß�� üÚµÆ±Þû ¤�Ñ�õ üþ�ú÷ ñÀõ ¤¢ �ûü�øÂ¡ ø �ûý¢ø¤ø.¢�ªüõ à�½ó ñÀõ ¤¢ ü�øÂ¡ .¢¢Âð üÞ÷ �ûü�øÂ¡SDEA ¤¢ �î üó�� ¤¢ ¢�ªüõ ù¢�¢ ö�È÷ (1) ù¤�Þª �µ¨��� Í¡ �Ü�¨�� üþ�¤�î ¥Âõ üãÎì DEA ¤¢ßþ� .Ý�ª��üõ �ûDMU ��Àû�Èõ �� ¯��Âõ ö���ÞÏ� ����÷ ý�¹µÆ� ¤¢ �ûù¢�¢ ö¢�� üê¢�Ê� ´Üä ��ù¢�¢ ö�È÷ ´¨� ùÀª ùÀ�Èî ��Àû�Èõ ¥� �ä�Þ¹õ Âû ö�õ�Â�� �î ý�Ì�� ñ�Øª� �Ü�¨�� ö���ÞÏ� Û¬��êÍ¡ �Âê �� ö���ÞÏ� ü���÷ �îÂõ �� ���� �� �¤ SDEA üþ�¤�î ¥Âõ ℄27[ 22ß¨Âµ� ø 21ßÆóø� .¢�ªüõüþ�¤�î ��Àû�Èõ üÌã� ý�Â� �î ´¨� É¿Èõ ÛØª Õ±Ï À÷¢�¢ ö�È÷ (4-2) ÛØª ¤¢ (2) ù¤�ÞªOlsen21Petersen22
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SDEA ø DEA ý�ûñÀõ ¤¢ üþ�¤�î ¥Âõ :4-2 ÛØªø SDEA ý�û ñÀõ ¤¢ A À�÷�õ �ÎÖ÷ ×þ üþ�¤�î ùÂÞ÷ ÛØª �� ���� �� .¢¢Âð ×þ ¥� Ç�� ´¨� ßØÞõ:¢¢Âðüõ �±¨�½õ Âþ¥ �¤�Ê� DEAEDEA;A = oBoA & ESDEA;A = oB�oA (13-2)ü�ãþ DEA ñÀõ üþ�¤�î ¤�ÀÖõ ¥� ÂµÈ�� �fó�Þãõ ESDEA ü�ãþ SDEA ñÀõ ¥� ùÀõ� ´¨À� üþ�¤�î ¤�ÀÖõDEA ø SDEA ý�ûñÀõ ¤¢ üþ�¤�î ý�û¥Âõ ß�� ´¨� É¿Èõ ÛØª ¥� �î ö��»Þû .Àª��üõ EDEA��Æ� �� �� 23üê¢�Ê� ý�Î¡ ö���õ ÂÚ÷��� �Ü¬�ê ßþ� �î ¢¢Âðüõ ùÀû�Èõ ý��Ñ��Üõ Û��ì é�Üµ¡��Ü¬�ê Àª�� ÂµÈ�� �÷�Þ÷ ý�ûù¢�¢ �� ¯��Âõ Å÷�þ¤�ø �� Âû .´¨� �ûÀ��ø ¢ÂØÜÞä ¤¢ ��Â��ç� ö¢¤ø�ÂµÈ�� DEA ø SDEA ¸þ�µ÷ ß�� é�Üµ¡� §�¨� ßþ� Â� ø ¢�ªüõ Âµð¤�� �ûù¢�¢ ¢¤�õ ¤¢ ùÀª ���¤� ö���ÞÏ�.℄45[ Ýþ¥�¢Â�üõ Ç÷�¤�ØÞû ø Â��î ÂÑ÷ §�¨� Â� üê¢�Ê� üþ�¤�î ü®�þ¤ ÓþÂã� �� ö��î� .¢�ªüõ: Àª�� ¤�ÂìÂ� Âþ¥ ¯Âª ø¢ Âð� �ú�� ø Âð� ´¨� üê¢�Ê� ý�¤�î DMU0 5.2 ÓþÂã�.´¨� üþ�¤�î ÂÚ÷��� � �î �� = 1 (1Stohasti error23



42 �ûù¢�¢ üÈª�� Û�Ü½�.℄45[Àª�� ÂÔ¬ ���ú� ý�û���� ��Þ� ¤¢ Àþ�� üØÞî ý�ûÂ��çµõ ��Þ� ¤�ÀÖõ (2ÂÚ÷ùÀ�þ� ý�ûù¢�¢ üÈª�� Û�Ü½� ñÀõ 4-5-2´þ�®¤ ñÀõ ø ¥¢ø¤ ø Â��î , �÷¤�� ý�û ñÀõ Õ�ÔÜ� üä�÷ �� �î ÂÚ÷ùÀ�þ� ý�ûù¢�¢ üÈª�� Û�Ü½� ñÀõýÂÆî ´ó�� ¤¢ .℄37[Àþ¢Âð ù¤�ª� (1999) 24üª�þ��¨ Í¨�� ý��ó�Öõ ¤¢ ¤�� ß�óø� ,´¨� üÈ¿�ñ�±ì Û�ó¢ �� Àþ�üõ ´¨¢ �� (2-2) ñÀõ ý�ûù¢�¢ üÈª�� Û�Ü½� ýÂÆî ñÀõ ÛþÀ±� ¥� �î ñÀõ ßþ�ñÀõ ýÂÆî ´ó�� ,ßþ�Â���� .À÷¢Âðüõ üê¢�Ê� ��÷ �û´þ¢øÀ½õ ,ü�øÂ¡ Â��çµõ ö¢�� üê¢�Ê� Âê:¢¢Âðüõ �Âª ßþÀ� ÂÚ÷ùÀ�þ� ý�ûù¢�¢ üÈª�� Û�Ü½�max E(Pj uj bOjk)s:t Pi viIik = 1Pr "Pj uj bOjsPi viIis � �s# � 1� �s 8suj ; vi � 0 (14-2)
�ûü�øÂ¡ ø �ûý¢ø¤ø ¥� ×þ Âû �� �î ´¨� üþ�ûö¥ø ýùÀ��î ö��� uj ; vi ý�û¢�Þ÷ ,(14-2) ñÀõ ¤¢DMUk �� ¯��Âõ ü�øÂ¡ ß�õ�-j ø ý¢ø¤ø ß�õ�-iýùÀ��î ö��� °��Â� �� Ojk; Iik .À��þüõ«�Êµ¡�¢�Þ÷ ý�ó�� ¤¢ "b' ´õ�Üä �î ü�¤�¬ ¤¢ üêÂÏ ¥� ø ´¨� ñ�Þµ�� ýùÀ��î ö��� Pr ¢�Þ÷ ß��� Ýû .´¨�Ó�Ï ¥� ý�þ�¹� ¤�ÀÖõ ×þ ��÷ �s .´¨� üê¢�Ê� Â�çµõ×þ bOjk �î ¢¢ÂðüõÉ¿Èõ ¢�ª �µª�Áð Ojk�s ¤�ÀÖõ .´¨� ��-s ùÀ÷Â�ðÝ�ÞÊ� À��ø ¤�Ñµ÷� ¢¤�õ üþ�¤�î ¼Î¨ ýùÀ��î ö��� �î ´¨� 1 �� 0 Âþ¢�ÖõýùÀ��î ö��� (1 � �s) ,ÂÚþ¢ �¤�±ä �� .¢�ªüõ �µêÂð ÂÑ÷ ¤¢ ùÀ÷Â�ðÝ�ÞÊ� ýÂþÁ�×Æþ¤ ö���ä ��üÆþ�÷¥�� Âþ¥ �¤�¬ �� �¤ (14-2) ñÀõ ¤¢ �ø¢ ´þ¢øÀ½õ .´¨� �s ��ÜÎõ ¼Î¨ �� öÀ�¨¤ ñ�Þµ��Sueyoshi24



43 �ûù¢�¢ üÈª�� Û�Ü½�:Ý��îüõPr8<:Xj uj bOjs � �s Xi viIis!9=; � 1� �s´¨¢ �� Âþ¥ �Î��¤ Ý��î Ý�ÆÖ� pVs Â� ø Ýî �¤ Pj ujOjs ¤�ÀÖõ �ó¢�ãõ�÷ ß�êÂÏ ¥� �î ü�¤�¬ ¤¢ ñ��:Àþ�üõPr (Pj uj( bOjs �Ojs)pVs � �sPi viIis �Pj ujOjspVs ) � 1� �s (15-2)-Å÷�þ¤�ø ÅþÂ��õ ýùÀ��î ö��� Vs ø ´¨� bOjs ¤�Ñµ÷� ¢¤�õ ©¥¤� ýùÀ��î ö��� Ojs (15-2) �Î��¤ ¤¢é�Â½÷� ,ÂÆî �Â¿õ ö�� ý�îÂõ À� ��Ìì ¤¢ .Àª��üõ Å÷�þ¤�ø ´�û�õ ý¤�¤�¢ ø ´¨� Å÷�þ¤��îñ�Þµ�� ¤¢ ´¨� ÅþÂ��õ ×þ Vs �î �¹÷� ¥� �õ� ¢�ª �µª�Áð �Â¿õ ¤¢ Å÷�þ¤�ø ¥Á� Àþ�� Àª��üõ ¤��ãõ¤¢ �Â® �þ ø Å÷�þ¤��î-Å÷�þ¤�ø ÅþÂ��õ ö���õÂ�¢ ¥� ù¢�Ôµ¨� ö�»Þû üÔÜµ¿õ ý�û©ø¤ ¥� ùÂ�çµõÀ��.¢¢Âðüõ ù¢�Ôµ¨� °þ�Â® ü÷�µ¨ ø ýÂÎ¨ ÅþÂ��õ°þÂ® ,´¨� ùÀª ß�Ú÷��õ ßþ�Úþ�� ý�îÂõ À� ��Ìì ¤¢ ÂÆî �¤�¬ ¤¢ �î ¤�Ñµ÷� ¢¤�õ ©¥¤� ö��ü÷�µ¨ ÅþÂ��õ ¤¢ ´¨�¤ ¥� ø �ûuj ýÂÎ¨ ÅþÂ��õ ¤¢ ²� ¥� �¤ Å÷�þ¤��î-Å÷�þ¤�ø ÅþÂ��õ ¢¤�¢ uj:Ý��îüõ ÓþÂã� Âþ¥ �¤�¬ �� �¤ bZs Â��çµõ ñ�� .¢¢Âð Û¬�� ý¢Àä ý¤�ÀÖõ �� Ý��îüõ �Â® �ûujbZs = Pj uj( bOjs �Ojs)pVs s = 1;2; � � � ; nÝ��î ¯�±�µ¨� ß��� Ý�÷���üõ bOjs üê¢�Ê� Â��çµõ ñ�Þµ�� âþ¥�� ý�Â� ö¢�� ñ�õÂ÷ Âê ñ�±ì �¤�¬ ¤¢Â�¡� ý�Î��¤ ý¤�Áðý�� �� .À�îüõ ´�ã±� ÂÔ¬Å÷�þ¤�ø ø ×þ ß�Ú÷��õ �� ñ�õÂ÷ âþ¥�� ¥� bZs Â��çµõ �î:Ýþ¤�¢ (15-2) ¤¢Pr ( bZs � �sPi viIis �Pj ujOjspVs ) � 1� �s (16-2)



44 �ûù¢�¢ üÈª�� Û�Ü½�:Àþ�üõ ¤¢ Âþ¥ �¤�¬ �� (16-2) �Î��¤ ùÀª §�Øãõ�sPi viIis �Pj ujOjspVs � F�1(1� �s) s = 1;2; � � � ; n (17-2)ýùÀ�û¢ ö�È÷ F�1 ø ñ�õÂ÷ âþ¥�� §�¨� Â� üãÞ¹� âþ¥�� â��� ýÂ�ð ¤�Ø� ýùÀ��î ö��� F ¢��ø ��ßþ� ¤¢ý�Î��¤ ö¢Âî ßþ�Úþ�� �� ÂÚ÷ùÀ�þ� ý�ûù¢�¢ üÈª�� Û�Ü½� ñÀõ üÜî ÛØª .´¨� ö� §�Øãõ â���:Àþ�üõ ¤¢ Âþ¥ �¤�¬ �� (17-2)max E(Pj uj bOjk)s:t Pi viIik = 1�sPi viIis �Pj ujOjs � pVsF�1(1� �s) s = 1;2; � � � ; nuj ; vi � 0 (18-2)
¢¤�õ ¤¢ �î bOjk üê¢�Ê� Â��çµõ ×þ ¤�ÀÖõ �î ¢Âî Âê ß��� éÀû â��� ÛþÀ±� ¤�Ñ�õ �� ö���üõ �ó��:Àþ�üõ ´¨¢ �� Âþ¥ ý�Î��¤ ÕþÂÏ ¥� À�îüõ ëÀ¬ �ûü�øÂ¡ ��Þ�bOjk = Ojk � �bjk k = 1;2; � � � ; n (19-2)ö� ¤��ãõ é�Â½÷� ¥� �¤�±ä bjk ø (ß�Ú÷��õ) ��-j ü�øÂ¡ ¥� ùÂÑµ�õ ¤�ÀÖõ ¥� �¤�±ä Ojk ��ßþ� ¤¢�2 Å÷�þ¤�ø ø ÂÔ¬ ß�Ú÷��õ �� ñ�õÂ÷ âþ¥�� ¥� �î ´¨� üê¢�Ê� Â��çµõ ×þ ýùÀ��î ö��� � .Àª��üõ��-j ü�øÂ¡ ¥� ¤�Ñµ÷� ¢¤�õ ¤�ÀÖõ ß�Ú÷��õ ö���üõ �÷�Ú� �î Ý��îüõ ¼þÂÈ� �õ�¢� ¤¢ .À�îüõ ýøÂ��:¢�ªüõ ß��� Vs ¤�ÀÖõ ��®øÂÔõ ßþ� ´½� .¢Âî �±¨�½õ �¤ (bjk)ö� ¢¤�À÷�µ¨� é�Â½÷� ø (Ojk)Vs = (u1; u2; � � � ; uJ)� 26666666664 b21s�2 b1sb2s�2 � � � b1sbjs�2b2sb1s�2 b22s�2 � � � b2sbjs�2... ... . . . ...bjsb1s�2 � � � � � � b2js�2

37777777775�
26666666664 u1u2...uJ

37777777775= �Pj ujbjs��2 (20-2)



45 �ûù¢�¢ üÈª�� Û�Ü½�:Ýþ¤�¢ (18-2) ñÀõ ¤¢ (20-2) ý�Î��¤ ñ�Þä� ¥� Å�max E(Pj uj bOjk)s:t Pi viIik = 1�sPi viIis �Pj ujOjs � �Pj ujbjs��F�1(1� �s) s = 1;2; � � � ; nuj ; vi � 0 (21-2)
�� �¤ (21-2) �Î��¤ éÀû â��� ö���üõ Å� bOjk = Ojk � �bjk Ýþ¤�¢ Àª ù¤�ª� �fÜ±ì �î ö��� Ýû:¢Âî üÆþ�÷ ù¤��ø¢ Âþ¥ �¤�¬E(Xj uj bOjk) = E(Xj uj(Ojk � �bjk)) = E(Xj ujOjk �Xj uj�bjk) =Xj ujOjk (22-2)�¹�µ÷ ¤¢ ´¨� (Æ2) Å÷�þ¤�ø ø ÂÔ¬ ß�Ú÷��õ �� üê¢�Ê� Â��çµõ � �Ø�þ� ´Üä �� (22-2) �Î��¤ ¤¢:Ýþ¤�¢E(Xj uj�bjk) = 0Û�Ü½� ñÀõ � ý�Â� ×þ Â��Â� ¤��ãõ é�Â½÷� ø ÂÔ¬ ß�Ú÷��õ ßµêÂð ÂÑ÷ ¤¢ �� ü�ãþ ��®øÂÔõ ßþ� ´½�:¢�ªüõ �µª�÷ Âþ¥ �¤�¬ �� ÂÚ÷ùÀ�þ� ý�ûù¢�¢ üÈª��max Pj ujOjks:t Pi viIik = 1�sPi viIis �Pj ujOjs � �Pj ujbjs�F�1(1� �s) s = 1;2; � � � ; nuj; vi � 0 (23-2)
.Ý��îüõ ÛþÀ±� ü�øÂ¡ ¤�Ñµ÷� ¢¤�õ Å÷�þ¤�ø ��÷ ø ¤�Ñµ÷� ¢¤�õ ©¥¤� ×þ �� �¤ ¢¤ø�Â� á�÷ �¨ �¹�þ� ¤¢´¨� Âþ¥ �Âª �� ©ø¤ ßþ� ¤¢ �ûü�øÂ¡ ¤�Ñµ÷� ¢¤�õ ©¥¤�Ojs = (OPjs + 4Mljs + PEjs)6 :



46 �ûù¢�¢ üÈª�� Û�Ü½�:´¨� Âþ¥ �¤�Ê� ��÷ bOjs ü÷ø¤¢ Å÷�þ¤�øb2js = (OPjs � PEjs)6 �ú÷� ¤¢ �î.´¨� ü�øÂ¡ Â��çµõ ¤�ÀÖõ ¥� ß�Þ¿� ßþÂ�ÛÞµ½õ ýùÀ��î ö��� :Mljs.´¨� ü�øÂ¡ Â��çµõ ¤�ÀÖõ ¥� �÷����©�¡ ß�Þ¿� ýùÀ��î ö��� :OPjs.´¨� ü�øÂ¡ Â��çµõ ¤�ÀÖõ ¥� �÷����À� ß�Þ¿� ýùÀ��î ö��� :PEjsßþ� �ûù¢�¢ üÈª�� Û�Ü½� ©ø¤ �� ´±Æ÷ üê¢�Ê� ý�ûù¢�¢ üÈª�� Û�Ü½� ©ø¤ ýÂ�ð¤�î �� ´þ�õü���Ç�� �¤ ¢�¡ üµ¨Â�Â¨ ´½� ý�ûÀ��ø üþ�¤�î ,�ø�Ôµõ ×Æþ¤ ñ�±ì �� À÷���üõ ´þÂþÀõ �î ´¨��¤�î�÷ ý�ûÀ��ø ¢ÂØÜÞä ¢�±ú� ´ú� �ûÀ��ø ùÀ�þ� ´�ã®ø ßµª�¢ ÂÑ÷ ¤¢ �� ,°��Â� ßþ� �� ø Àþ�Þ÷´Üä �� ø �ûÀ��ø ý�ûü�øÂ¡ üê¢�Ê� ´�aû�õ ßµª�¢ ÂÑ÷ ¤¢ �� �î ´¨� üó�� ¤¢ ßþ� .À�î ��Àì�ùÀõ� ´¨¢ �� ¸þ�µ÷ Ý�Þã� �� À÷���üÞ÷ ´þÂþÀõ ,�µªÁð ��ä�ÜÏ� Â� �ûù¢�¢ üÈª�� Û�Ü½� ©ø¤ ý�Ø��.Àþ�Þ÷ ý�þ¤�õ�÷Â� �¤�î�÷ ý�ûÀ��ø ùÀ�þ� ý�Â� üÜ±ì ý�û©ø¤ ¥�ý�ûÀ��ø üþ�¨��ª ,�¤�î�÷ ý�ûÀ��ø üþ�¨��ª ÕþÂÏ ¥� À÷���üõ ´þÂþÀõ ,ùÀª ü���Ç�� üþ�¤�î �� ���� ��,�ûÀ��ø ßþ� üþ�¤�î Çþ��ê� ´ú� ¤¢ �¤�î�÷ ý�ûÀ��ø ý�Â� ý¤�ÁðéÀû ø �¤�î�÷ ý�ûÀ��ø ßþ� â�Âõ.℄45, 5, 48[ Àþ�Þ÷ ý�þ¤�õ�÷Â� �ûö� üãì�ø ¢ÂØÜÞä ¥� Û±ì
�ûù¢�¢ üÈª�� Û�Ü½� ©ø¤ ¤¢ ü÷¥ø ý�û´þ¢øÀ½õ 6-2ñÂµ�î �Àä �� ö���üõ �ÜÞ� ö� ¥� �î Àª��üõ ��÷ üþ�û´þ¢øÀ½õ ý�¤�¢ �ûù¢�¢ üÈª�� Û�Ü½� ©ø¤ù¤�ª� �ûü�øÂ¡ ø �ûý¢ø¤ø ýùÀõ� ´¨À� ö�¥ø� ¥� ´þÂþÀõ ´þ�®¤ �Àä ß��»Þû ø �ûÉ¡�ª ö¥ø



47 �ûù¢�¢ üÈª�� Û�Ü½�´�aÞû�  Â÷ �Àµ�� ö� ¤¢ �î ´¨� ùÀª ù¢¤ø� ý��þø ¤ �� ßþ� ¤¢ ,ùÀª Âî£ ý�û´þ¢øÀ½õ âê¤ ´ú� .¢Âî.Àþ�üõ ´¨À� 25AHP ü±��Âõ �ÜÆÜ¨ Û�Ü½� ¥� ù¢�Ôµ¨� �� ø ö�¨��ª¤�î ÂÑ÷ Õ±Ï �ûü�øÂ¡ ø �ûý¢ø¤ø´þ¢øÀ½õ' �¤�¬ �� �ø�Ôµõ ¢ÂØþø ¤ ø¢ �� ø ùÀª Âê �ûÉ¡�ª "ü±Æ÷ ö¥ø' ö���ä �� �û Â÷ ßþ�,ñø� ¢ÂØþø ¤ ¤¢ .À÷�ªüõ ù¢ø�ê� �ûù¢�¢ üÈª�� Û�Ü½� ñÀõ �� É¡�ª Âû "ü±Æ÷ ö¥ø ñÂµ�î ý�û�ú÷� ùÀª ù��ó�õÂ÷ ö¥ø �î À�þ�üõ ´¨À� ý��÷�ð �� ü¨¤Â� ´½� À��ø ý�ûü�øÂ¡ ø �ûý¢ø¤ø ö¥øñÀõ ¥� �ûÉ¡�ª ö¥ø �ø¢ ¢ÂØþø ¤ ¤¢ �õ� .¢�ª Â��Â� Õ�ì¢ ¤�Ï �� ö�¨��ª¤�î ÂÑ÷ Àõ ü±Æ÷ ´�aÞû� ��ö�¨��ª¤�î ÂÑ÷ Àõ ´�Þû� �� ÓÜµ¿õ ý�û°þÂÖ� �� �ú÷� "ü±Æ÷ ö¥ø' �î À�þ�üõ ´¨À� ý��÷�ð ��ø ´¨� üÎ¡ ý�þ¤�õ�÷Â� ¢ÂØþø ¤ Â� ü�µ±õ üØ��Ø� �ûù¢�¢ üÈª�� Û�Ü½� ©ø¤ .Àª�� �µª�¢ ´Ö��Îõüãì�ø Â�è âþ¥�� °±¨ âì��õ ü¡Â� ¤¢ Âõ� ßþ� .¢¢Âðüõ �Â�� �÷�ð�À� �¤�¬ �� ü÷�õ¥�¨ À��ø Âû ý�Â�üÈª�� Û�Ü½� ý��þ�� ý�ûñÀõ ¤¢ ÂÚþ¢ �¤�±ä �� .¢¢Âðüõ ñÀõ ý�ûü�øÂ¡ ø �ûý¢ø¤ø �� ö¥øßþÀ� �� ¢�ªüõ ù¢ÂÞª ¥�¹õ üÔ�õ�÷ ö�ÂØ�� ý�ä�Þ¹õ ×þ ýø¤ ü÷¥ø ý�ûÂ��çµõ Â��ç� ý��õ�¢ �ûù¢�¢ý�ûÀ��ø Âþ�¨ �� ´±Æ÷ ü��þ¥ ¤� ¢¤�õ À��ø �î À÷�ª ´ê�þ ý��÷�ð �� �ûü�øÂ¡ ø �ûý¢ø¤ø ö�¥ø� �Ü�¨øý�Â� ùÀõ� ´¨À� ý�û ö¥ø ´¨� ßØÞõ ßþ�Â���� .¢Â�ð ¤�Âì ßØÞõ ö�Øõ ßþÂµú� ¤¢ ,�ä�Þ¹õ ¤¢ ¢���õñÂµ�î �Àä ßþ� .Àª�� �µª�¢ ý¢�þ¥ �ø�Ô� ÂÚþ¢ À��ø �� À��ø ×þ ¥� ���Èõ ý�ûü�øÂ¡ ø �û ý¢ø¤ø:℄2[ À�î ¢�¹þ� �¤ Âþ¥ ¢¤��õ Â�Ñ÷ üþ�û°�¨� À÷���üõ ö¥øÀª�±÷ ´þÂþÀõ ÂÑ÷ ¢¤�õ ö�¥ø� ö�Þû ´¨� ßØÞõ Àþ�üõ ´¨À� DEA ñÀõ Í¨�� �î ü÷�¥ø� (Óó�.(¢Â�ðüõ ÂÑ÷ ¤¢ �ú÷� ý�Â� �ûÂ��çµõ ü±Æ÷ ´�Þû� �� ���� �� ´þÂþÀõ �î ü÷�¥ø�)Analyti hierarhy proess25



48 �ûù¢�¢ üÈª�� Û�Ü½�ßØÞõ ÂÚþ¢ �¤�±ä �� À�î °Æî ü±¨��õ�÷ ö¥ø É¿Èõ ü�øÂ¡ �þ ý¢ø¤ø ×þ ´¨� ßØÞõ (�ø ´¨� ¢�þ¥ ö� (ý¢ø¤ø) ýÀ�ó�� ¤�ÀÖõ �î ü��þ¥ ¤� ¢¤�õ À��ø ¥� «�¡ ü�øÂ¡ �� ñÀõ ´¨�¥� ø Àû¢ É�Ê¿� ý¢�þ¥ ö¥ø ,´¨� Ýî ö� (ü�øÂ¡) üêÂÊõ ¤�ÀÖõ �î ü¬�¡ ý¢ø¤ø �� �þüêÂÊõ ¤�ÀÖõ �� üþ�ûý¢ø¤ø �� �þ ø Ýî (ý¢ø¤ø) ýÀ�ó�� ¤�ÀÖõ �� üþ�ûü�øÂ¡ �� ÂÚþ¢ éÂÏ.Àû¢ «�Êµ¡� �¤ ýÂµÞî ö¥ø ,¢�þ¥ (ü�øÂ¡)À�� ø ý¢ø¤ø ×þ ´ó�� ¤¢ ö� ¤¢ �î À÷¢�¢ ���¤� �¤ ý��ó�Öõ 27Å�ó�¨�÷�� ø 26ö�Æþ�¢ ,1988 ñ�¨ ¤¢���� �Àä �î À��îüõ ö��� 30ü÷�Üð ø 29×î ,28ñ¤ .℄11[À÷¢�� ùÀª ¤�À÷�Âî ß�þ�� ¥� �ûö¥ø ,ü�øÂ¡�î ý¤�Ï �� Àª��üõ ü��þ¥ ¤� ¤¢ ´�Þû� Ýî Ûõ��ä ÍÜÆ� ö¢ÂÞª ¥�¹õ �fÜÞä ,ö¥ø ñÂµ�î á�®�õ ���µêÂð ¤�Âì Â�´�Þû� Ýî Ûõ��ä ¤¢ À�Þ÷��� ý�ûÀ��ø ¥� Àã� ,Â� ´�Þû� �� Ûõ��ä ¤¢ À�Þ÷��� ý�ûÀ��øø �ûý¢ø¤ø ¥� ü¡Â� éÁ��ú÷� ß��»Þû .Àª��üõ ¤�±µä� Àì�ê ¤�îÁõ ñÀõ ü��þ¥ ¤� ¸þ�µ÷ ßþ�Â���� øÂÔ¬ ö¥ø É�Ê¿� Û�ó¢ �� À÷�ùÀª ��¿µ÷� Ýû ý¢�þ¥ ´ì¢ �� �î �¤ ¢ÂØÜÞä ü��þ¥ ¤� ý�ûü�øÂ¡¤�À÷�Âî �ø�ó Â� Ç÷�¤�ØÞû ø ñ¤ ,1991 ñ�¨ ¤¢ .À�÷�¢üõ ñÀõ ö¢�� ¤�±µä�ü� ý�Â� üÜõ�ä ,ñÀõ Í¨�����¤� �ûö¥ø ö¢Âî ¤�À÷�Âî ý�Â� ü�Â¹� ý�û©ø¤ ø À÷¢Âî ù¤�ª� �ûù¢�¢ üÈª�� Û�Ü½� ¤¢ �ûö¥ø ö¢Âî,üÜ±ì ùÀª ���¤� ý�û©ø¤ Û�ÞØ� Â� ùø�Üä ü÷�Üð ø ñ¤ 1993 ñ�¨ ¤¢ ,¤�î ßþ� �õ�¢� ¤¢ .℄32[À÷¢Âî.℄33[À�µ¡�¨ �ÂÎõ ��÷ �¤ ýÂÚþ¢ üÜÞä ý�û©ø¤Ç¹�¨ ßÞ® �î ¢�ª ù¢�¢ ÍÆ� ý��÷�ð �� �ûù¢�¢ üÈª�� Û�Ü½� À÷�ù¢Âî üã¨ ���õ¥ ßþ� ¤¢ ö�ÖÖ½õDyson26Thanassoulis27Roll28Cook29Golany30



49 �ûù¢�¢ üÈª�� Û�Ü½�ö�¨��ª¤�î ÂÑ÷ ¤�Ñ�õ ßþ� ý�Â� .Àª�� �µª�À÷ �¤ ë�ê ý�û´þ¢øÀ½õ ,ü÷�õ¥�¨ ý�ûÀ��ø üþ�¤�î ù¥�À÷��� �Æþ�Öõ ¤¢ ü�øÂ¡ Âû ´�aÞû� ß��»Þû ø �ûý¢ø¤ø Âþ�¨ �� �Æþ�Öõ ¤¢ ý¢ø¤ø Âû ´�aÞû� ß��ã� ¤¢ùÀª ù¢ø�ê� �ûù¢�¢ üÈª�� Û�Ü½� ñÀõ �� � Âµõ�¤�� �� ü·Ü·õ ý¥�ê ¢�Àä� �¤�¬ �� ,�ûü�øÂ¡ Âþ�¨ÂµÈ�� ñÀõ ßþ� ¤¢ � ¤�ÀÖõ �� Âû ;¢�ªüõ ÛþÀ±� ýÂµõ�¤�� ý�þ¤�õ�÷Â� ñÀõ ×þ �� øÂÔõ ñÀõ øÕ��Î� ö�¨��ª¤�î ÂÑ÷Àõ ´�aÞû� �� �ûü�øÂ¡ ø �ûý¢ø¤ø ý�Â� ñÀõ ¥� ùÀõ� ´¨À� "ü±Æ÷ ö¥ø' Àª��ÍÆ� Âþ¥ ¢ÂØþø ¤ ø¢ �� �ûù¢�¢ üÈª�� Û�Ü½� ñÀõ ,�ûÉ¡�ª ö¥ø ñÂµ�î ¤�Ñ�õ �� .À��þüõ ýÂµÈ��"ü±Æ÷ ö¥ø' �î À�þ�üõ ´¨À� ý��÷�ð �� ñÀõ ¥� �ûÉ¡�ª ö¥ø ñø� ¢ÂØþø ¤ ¤¢ . ´¨� ùÀª ù¢�¢ñÀõ ¥� �ûÉ¡�ª ö¥ø �ø¢ ¢ÂØþø ¤ ¤¢ �õ� .¢�ª Â��Â� ö�¨��ª¤�î ÂÑ÷ Àõ ´�aÞû� �� Õ�ì¢ ¤�Ï �� �ú÷�ö�¨��ª¤�î ÂÑ÷ Àõ ´�aÞû� �� ÓÜµ¿õ ý�û°þÂÖ� �� �ú÷� "ü±Æ÷ ö¥ø' �î À�þ�üõ ´¨À� ý��÷�ð ��.Àª�� �µª�¢ ´Ö��ÎõDEA ñÀõ ¤¢ �ûÉ¡�ª "ü±Æ÷ ö¥ø' ñÂµ�î ý�û´þ¢øÀ½õ ñ�Þä� 1-6-2�õ� .Àþ�üõ ´¨À� �ûü�øÂ¡ ø �ûý¢ø¤ø �� �Î��¤ ¤¢ ´þÂþÀõ ÂÑ÷ ¢¤�õ ö¥ø �Àµ�� ¢ÂØþø ¤ ßþ� ¤¢ü�øÂ¡ �þ ý¢ø¤ø Âû ý�Â� ùÀõ� ´¨À� ö¥ø �ØÜ� ,¢�ªüÞ÷ ù¢ø�ê� ñÀõ �� Ý�ÖµÆõ ¤�Ï �� ö�¥ø� ßþ�üÈª�� Û�Ü½� ñÀõ �� ü±Æ÷ ö�¥ø� ßþ� Å³¨ ø ùÀª üÖÜ� �ûü�øÂ¡ ø �ûý¢ø¤ø Âþ�¨ �� �Æþ�Öõ ¤¢ÂÑ÷ ¥� ùÀõ� ´¨À� ö�¥ø� ,���Èõ ý�ûñÀõ é�Ü¡ Â� ñÀõ ßþ� ¤¢ ÂÚþ¢ �¤�±ä �� .À÷�ªüõ ù¢ø�ê� �ûù¢�¢Û�Ü½� ý�ûñÀõ �� (�ûÉ¡�ª üãÎì ö¥ø ö���ä �� �÷ ø) �ûÉ¡�ª "ü±Æ÷ ö¥ø' ö���ä �� ö�¨��ª¤�î: ´¨� Âþ¥ �¤�¬ �� ©ø¤ ßþ� ��¹÷� Û��Âõ .¢�ªüõ ù¢ø�ê� �ûù¢�¢ üÈª��(wj) ��-j ü�øÂ¡ ö¥ø ß��»Þû ø (wi) ��-iý¢ø¤ø ö¥ø �� �Î��¤ ¤¢ ö�¨��ª¤�î üµþÂþÀõ ÂÑ÷ (1.℄44[À�þ�üõ ´¨À� üûøÂð (AHP) ü±��Âõ �ÜÆÜ¨ Û�Ü½� ©ø¤ ö�»Þû üþ�û×��Ø� ¥� ù¢�Ôµ¨� ��



50 �ûù¢�¢ üÈª�� Û�Ü½�.À÷�ªüõ üÖÜ� ü�øÂ¡ �þ ý¢ø¤ø Âû "ü±Æ÷ ö¥ø' ö���ä �� ö�¥ø� ßþ�ñÂµ�î ´þ¢øÀ½õ' ×þ ,�ûü�øÂ¡ ø �ûý¢ø¤ø ¥� ×þ Âû ý�Â� ,ë�ê "ü±Æ÷ ö�¥ø�' ¥� ù¢�Ôµ¨� �� (2:¢¢Âðüõ ù¢ø�ê� Âþ¥ �¤�¬ �� "ü±Æ÷ ö¥øwi = viPi vi & wj = ujPj ujÛ�Ü½� ñÀõ �� �û´þ¢øÀ½õ ßþ� ö¢ø�ê� �� .Àª��üõ ��i ý¢ø¤ø ø ��j ü�øÂ¡ ö¥ø vi ø uj �ú÷� ¤¢ �îý��÷�ð �� ü¨¤Â� ´½� À��ø ý�Â� �ûü�øÂ¡ ø �ûý¢ø¤ø ö¥ø ,ùÀõ� ´¨À� ñÀõ Û� ø �ûù¢�¢ üÈª��´±Æ÷ ø (ý¢ø¤ø Âû ü±Æ÷ ö¥ø) �ûý¢ø¤ø ö�¥ø� á�Þ¹õ Â� ý¢ø¤ø Âû ö¥ø ´±Æ÷ �î Àþ�üõ ´¨À��ûý¢ø¤ø ýùÀõ� ´¨À� ö�¥ø� �� ,(ü�øÂ¡ Âû ü±Æ÷ ö¥ø) �ûü�øÂ¡ ö�¥ø� á�Þ¹õ Â� ü�øÂ¡ Âû ö¥øý�û´þ¢øÀ½õ' ö���ä �� �û´þ¢øÀ½õ ßþ� ÂÚþ¢ �¤�±ä �� .Àª�� Â��Â� ,ö�¨��ª¤�î ÂÑ÷ Õ±Ï �ûü�øÂ¡ ø�� �û´þ¢øÀ½õ ßþ� ö¢ø�ê� ´ú� .À÷�ªüõ ù¢ø�ê� �ûù¢�¢ üÈª�� Û�Ü½� ñÀõ �� "ü±Æ÷ ö¥ø ñÂµ�îö���ä �� .¢Âî ÛþÀ±� üÎ¡ ý�û ´þ¢øÀ½õ �� �¤ �ú÷� �Àµ�� ´Æþ��üõ �ûù¢�¢ üÈª�� Û�Ü½� ý�ûñÀõñ�Þä� Âþ¥ �¤�¬ �� �ûü�øÂ¡ø �ûý¢ø¤ø ü±Æ÷ ´�Þû� �� �Î��¤ ¤¢ ö�¨��ª¤�î ÂÑ÷ CCR ñÀõ ¤¢ �÷�Þ÷:¢�ªüõmax Pj ujOjks:t Pi viIik = 1Pj ujOjs �Pi viIis � 0 8swi(Pi vi)� vi = 0 8iwj(Pi uj)� uj = 0 8juj ; vi � � 8i; j
(24-2)



51 �ûù¢�¢ üÈª�� Û�Ü½�Â� ��-i ý¢ø¤ø ø ��-j ü�øÂ¡ ýùÀõ� ´¨À� ö¥ø °��Â� �� ø ù¢�� üÖ�Ö� ¢�Àä� wi; wj ñÀõ ßþ� ¤¢.À�ª��üõ ö�¨��ª¤�î ÂÑ÷ Õ±ÏÓÜµ¿õ ý�û°þÂÖ� �� "ü±Æ÷ ö¥ø' ñÂµ�î ý�û´þ¢øÀ½õ ñ�Þä� 2-6-2¢¤�À÷ ¢��ø �ûü�øÂ¡ ø �ûý¢ø¤ø ý�Â� ý�ùÀª ß��ã� Ç�� ¥� ö¥ø º�û DEA üÜ¬� ý�û ñÀõ ¤¢ßþ�Â���� .¢�ªüõ ù¢ÂÞª ¥�¹õ üÔ�õ�÷ ö�ÂØ�� ý�ä�Þ¹õ ×þ ýø¤ ü÷¥ø ý�ûÂ��çµõ Â��ç� ý��õ�¢ ø,ñø� ¢ÂØþø ¤ ¤¢ ùÀª ���¤� ñÀõ ¤¢ �õ� . Àþ� ´¨À� [0;1℄ ýù¥�� ¤¢ À÷���üõ É¡�ª Âû "ü±Æ÷ ö¥ø'ÂÑ÷ Àõ ´�Þû� �� Õ�ì¢ ¤�Ï �� �ú÷� "ü±Æ÷ ö¥ø' �� À�þ� ´¨À� ý��÷�ð �� ´Æþ��üõ �ûÉ¡�ª ö¥øý��÷��õ ¢ÂØþø ¤ ö���üõ "Õ�ì¢ ü±Æ÷ ö�¥ø�' ø "¢�¥� ü±Æ÷ ö�¥ø�' ¢ÂØþø ¤ ø¢ ß�� .¢�ª Â��Â� ö�¨��ª¤�îö�¨��ª¤�î ÂÑ÷Àõ ´�Þû� �� ÓÜµ¿õ ý�û °þÂÖ� �� �û É¡�ª "ü±Æ÷ ö�¥ø�' �î ý��÷�ð �� ´ê�þ �¤ü�øÂ¡ ø ��-iý¢ø¤ø ý�Â� ö�¨��ª¤�î ÂÑ÷ ¥� ùÀõ� ´¨À� ö�¥ø� ¤�Ñ�õ ßþ� ý�Â� .Àª�� �µª�¢ ´Ö��Îõ�µêÂð ÂÑ÷ ¤¢ ewj = (0; wj ;1) ø ewi = (0; wi;1) ü·Ü·õ ý¥�ê ¢�Àä� �¤�¬ �� (wi; wj) ��-jö�¥ø�' ßþ� ©Â�-� Â� ü�µ±õ ý¥�ê ý�ûù¥�� �� ü·Ü·õ ý¥�ê ¢�Àä� ÛþÀ±� ©ø¤ ¥� ù¢�Ôµ¨� �� .¢�ªüõ:À÷�ªüõ ÛþÀ±� Âþ¥ ý�ûù¥�� �� "ý¥�ê ü±Æ÷ewi = (0; wi;1) =) [wi�;1� (1� wi)�℄ewj = (0; wj;1) =) [wj�;1� (1� wj)�℄ö�¨��ª¤�î ÂÑ÷ ¥� ùÀõ� ´¨À� ö�¥ø� �� ñÀõ ¥� ùÀõ� ´¨À� ü±Æ÷ ö¥ø Õ��Î� ��¤¢ ýùÀ�û¢ ö�È÷ �Â�Õ�ì¢ �ûÉ¡�ª ü±Æ÷ ´�aÞû� �� �Î��¤ ¤¢ ö�¨��ª¤�î ÂÑ÷ Àª�� Âµð¤�� � �� Âû ßþ�Â���� .Àª��üõ.Àþ�üõ ´¨À� É¡�ª ö� �� ÂÒ��µõ ýù¥�� ¤¢ É¡�ª Âû "ü±Æ÷ ö¥ø' �î �¹÷�¥� .¢¢Âðüõ ñ�Þä�



52 �ûù¢�¢ üÈª�� Û�Ü½�:´êÂð ÂÑ÷ ¤¢ Âþ¥ �¤�¬ �� �¤ ��-j ü�øÂ¡ ø ��-i ý¢ø¤ø "ü±Æ÷ ö¥ø' ¢øÀ� ö���üõ ßþ�Â����wi� � viPi vi � 1� (1� wi)�wj� � ujPj uj � 1� (1� wj)��� �¤ �ú÷� �Àµ�� ´Æþ��üõ �ûù¢�¢ üÈª�� Û�Ü½� ñÀõ �� �ûÉ¡�ª "ü±Æ÷ ö¥ø' ¢øÀ� ö¢ø�ê� ´ú�Àª��üõ Âþ¥ �¤�¬ �� ��-i ý¢ø¤ø �� ¯��Âõ ´þ¢øÀ½õ ßþ�Â���� .´ª�÷ üÎ¡ ý�û´þ¢øÀ½õ �Âêwi�Pi vi � vi � 0vi � (1� �+ wi�)Pi vi � 0Àª��üõ Âþ¥ �¤�¬ �� ��÷ ��-j ü�øÂ¡ �� ¯��Âõ ´þ¢øÀ½õ øwj�Pj uj � uj � 0uj � (1� �+ wj�)Pj uj � 0¤¢ ö�¨��ª¤�î ÂÑ÷ (CCR) ñÀõ ¤¢ �÷�Þ÷ ö���ä �� .À÷�ªüõ ù¢ø�ê� �ûù¢�¢ üÈª�� Û�Ü½� ñÀõ �� ø:¢�ªüõ ñ�Þä� Âþ¥ �¤�¬ �� ,� °þÂÖ� �� ø �ûü�øÂ¡ ø �ûý¢ø¤ø ü±Æ÷ ´�aÞû� �� �Î��¤max Pj ujOjks:t Pi viIik = 1Pj ujOjs �Pi viIis � 0 8swi�(Pi vi)� vi � 0 8iwj�(Pi uj)� uj � 0 8jvi � (1� �+ wi�)Pi vi � 0 8iuj � (1� �+ wj�)Pj uj � 0 8juj; vi � � 8i; j
(25-2)

�î �ø�Ô� ßþ� �� .Àª��üõ ý¥�ê (DEA) ý�ûñÀõ �Âê �� ø ýÂµõ�¤�� ý�þ¤�õ�÷Â� ñÀõ ×þ ë�ê ñÀõù¢ø�ê� ñÀõ �� ý¥�ê ø ß�ãõ�÷ �¤�¬ �� �ú÷� "ü±Æ÷ ö¥ø' ø À�µÆû üãÎì ø ß�ãõ �ûÉ¡�ª ¤�ÀÖõ



53 �ûù¢�¢ üÈª�� Û�Ü½�ý��÷�ð �� ¢Âî ù¢�Ôµ¨� � ¼Î¨ Â� ü�µ±õ ¢ÂØþø ¤ ¥� ö���üõ ñÀõ ßþ� Û� ´ú� ßþ�Â���� .´¨� ùÀªǑ�¥� �� ñÀõ ßþ� �î ¢�ªüõ �Ñ��Üõ .Àþ� ´¨À� � ÓÜµ¿õ ��Î¨ Ǒ�¥� �� À��ø Âû üþ�¤�î ù¥�À÷� �î¢ÂØþø ¤ ñÀõ �� � = 1 Ǒ�¥� �� ¤�îÁõ ñÀõ ß��»Þû .¢�ªüõ ÛþÀ±� (CCR) ×�¨�Üî ñÀõ �� � = 0ñ�Þä� Õ�ì¢ ¤�Ï �� �ûü�øÂ¡ ø �ûý¢ø¤ø ü±Æ÷ ´�aÞû� �� �Î��¤ ¤¢ ö�¨��ª¤�î ÂÑ÷ ø ùÀª ÛþÀ±� ñø�Àª��üõ üþ�þ��õ ý�¤�¢ �ûù¢�¢ üÈª�� Û�Ü½� ý�ûñÀõ ¤¢ ö�¨��ª¤�î ÂÑ÷ ñ�Þä� üÜî ¤�Ï �� .¢�ªüõý�û´þ¢øÀ½õ �¤�¬ �� ñÀõ ¤¢ ö�¨��ª¤�î ÂÑ÷ ñ�Þä� ,¢Âî ù¤�ª� ¢¤��õ ßþ� �� ö���üõ �ÜÞ� ö� ¥� �îÇþ��ê� ,�ÓÜµ¿õ Âþ¢�Öõ Ǒ�¥� �� �ûÀ��ø üþ�¤�î ù¥�À÷� �±¨�½õ ,�ûü�øÂ¡ ø �ûý¢ø¤ø ü±Æ÷ ö¥ø ñÂµ�îý�Â� "ü±Æ÷ ö¥ø' íÂµÈõ ý�ä�Þ¹õ ×þ ßµê�þ ø �¤�î ý�ûÀ��ø ¢�Àã� Çû�î ø ñÀõ ×�ØÔ� �¤Àì.℄43[�ûÀ��ø ��Þ�
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55 ü���÷�Øõ ý�ÜÿÆõ ¤¢ §��¤ ö¥ø ß��ã� ¤¢ �ûù¢�¢ üÈª�� Û�Ü½� ¢Â�¤�î�õÀÖõ 1-3ü���÷�Øõ ý�ÜÿÆõ ¤¢ §��¤ �� ö¥ø É�Ê¿� ý�Â� �¤ üÞµþ¤�Úó� �î Ý�µÆû ö� ñ�±÷À� ÛÊê ßþ� ¤¢ù¢�Ôµ¨� ü±��Âõ �ÜÆÜ¨ Û�Ü½� À�þ�Âê ø �ûù¢�¢ üÈª�� Û�Ü½� ©ø¤ Õ�ÔÜ� ¥� Ýµþ¤�Úó� ßþ� ¤¢ .Ý��î üêÂãõÀª�� °¨��õ AHP �� Õ�ÔÜ� ý�Â� �î �ûù¢�¢ üÈª�� Û�Ü½� ¥� ü¬�¡ ñÀõ �¹�þ� ¤¢ �µ±ó� .´¨� ùÀªý�û©ø¤ ℄38[ Ç÷�¤�ØÞû ø Ù÷ø .´Æ�÷ ÀþÀ� DEA ø AHP ©ø¤ ø¢ °�îÂ� ùÀþ� .¢�ªüõ üêÂãõ�ÜÆÜ¨ ©ø¤ ×þ ℄41[ 2�î ø 1Ù÷�þ .À÷¢�Þ÷ °�îÂ� ´þ�¨ ��¿µ÷� ý�ÜÿÆõ ý�Â� �¤ DEA ø AHP℄20[ Ç÷�¤�ØÞû ø ù¢�¥ ß�Æ� .À÷¢�Þ÷ �ÂÎõ �ÜÿÆõ ü��ÂÏ ´ó�ú¨ ý�Â� �¤ DEA ø AHP ü±��Âõ¢�ú�È�� DEA ø AHP °�îÂ� ¥� ù¢�Ôµ¨� �� ýÂ�ðÝ�ÞÊ� ý�ûÀ��ø ü±Æ÷ üþ�¤�î ß��ã� ý�Â� ©ø¤ ×þÙ÷ø .¢Âî ¢�ú�È�� �û��þ�ð üþ�ú÷ ø ü±Æ÷ ö¥ø ß��ã� ý�Â� DEAHP ���� üªø¤ ℄30[ 3ö�µ÷�õ¤ .À÷¢Âîüþ�ú÷ ø ü±Æ÷ ö¥ø ß��ã� ý�Â� ö���ÞÏ� ý����÷ �� DEA ø AHP ü±�îÂ� ©ø¤ ×þ ℄39[ Ç÷�¤�ØÞûø©ø¤ üêÂãõ �� Ç¿� ßþ� ¤¢�õ .¢¤�À÷ �¤ DEAHP ©ø¤ ý�û´þ¢øÀ½õ �î À÷¢Âî ¢�ú�È�� �û��þ�ð×þ ¥� ö� ¤¢ �î .Ýþ¥�¢Â�üõ ùÀª ���¤� ℄36[ Ç÷�¤�ØÞû ø 4öÂµ¨� Í¨�� �î DEA ø AHP ü±�îÂ�¢���õ ü�ø¥ ��Æþ�Öõ ÅþÂ��õ .´¨� ùÀª ù¢�Ôµ¨� §��¤ üû¢ö¥ø ý�Â� üÔ�î ø üÞî üÖ�ÔÜ� ¢ÂØþø ¤Â�e §��¤ ¥� ´Ô� Âû ý�Â� �ûù¢�¢ üÈª�� Û�Ü½� ñÀõ Û� ý��±õ Â� ü±��Âõ �ÜÆÜ¨ Û�Ü½� ©ø¤ ¤¢�¤�¬ üÔ�î ¢ÂØþø ¤ ×þ ¥� ù¢�Ôµ¨� �� üþ�ú÷ üû¢ö¥ø �õ� ´¨� üÞî ©ø¤ ×þ ,©ø¤ ßþ� �î ¢¢Âðüõ.¢Â�ðüõYang1Kuo2Ramanthan3Stern4



56 ü���÷�Øõ ý�ÜÿÆõ ¤¢ §��¤ ö¥ø ß��ã� ¤¢ �ûù¢�¢ üÈª�� Û�Ü½� ¢Â�¤�îü±��Âõ �ÜÆÜ¨ Û�Ü½� À�þ�Âê 2-3ß�óø� Àª üêÂãõ ℄34[5üµä�¨ ñ� §�õ�� Í¨�� 1979 ñ�¨ ¤¢ �Àµ�� ¤¢ ü±��Âõ �ÜÆÜ¨ Û�Ü½� À�þ�Âê1980 ñ�¨ ¤¢ �î "ü±��Âõ �ÜÆÜ¨ Û�Ü½� À�þ�Âê' ö���ä �� üµä�¨ ��µî ¤¢ ���õ¥ ßþ� ¤¢ üÊÊ¿� ¤�î�÷�ðÀ�� ý�û¤��ãõ �� ýÂ�ðÝ�ÞÊ� ý�Â� ùÄþ�� ,ü±��Âõ �ÜÆÜ¨ Û�Ü½� À�þ�Âê .¢�ªüõ ´ê�þ ,ùÀª ÂÈµ�õ,ßþÂµú� ��¿µ÷� ý�Â� �þ �û��þ�ð ¥� ý��ä�Þ¹õ ýÀ���±�¤ ý�Â� �î ´¨� üØ��Ø� ,©ø¤ ßþ� .´¨� °¨��õÀ�� ø °�ì¤ ��þ�ð À�� �� ýÂ�ðÝ�ÞÊ� ÛÞä �î üõ�Ú�û ©ø¤ ßþ� .¢ø ¤üõ ¤�Ø� ��þ�ð �ä�Þ¹õ ×þ ¥�üÔ�î ø üÞî À�÷���üõ ùÀª �ÂÎõ ý�û¤��ãõ .¢¢Âð ù¢�Ôµ¨� À÷���üõ ,´¨� øÂ�ø ¤ ýÂ�ðÝ�ÞÊ� ¤��ãõÛ�Ü½� À�þ�Âê üÜÞä ¢Â�¤�î .´¨� ü�ø¥ ��¨��Öõ ý��±õ Â� ýÂ�ðÝ�ÞÊ� ,¤�îÁõ ×��Ø� §�¨� .À�ª��°��Âõ �ÜÆÜ¨ ü��ÂÏ üÜî ¥�ê ø¢ ¤¢ Û��Âõ ßþ� �»÷��� .´¨� ü¨�¨� �Ü�Âõ ¤�ú� Ûõ�ª ü±��Âõ �ÜÆÜ¨¤�Âì ü��þ¥ ¤� ¥�ê ü�ãþ ,�ø¢ ¥�ê ¤¢ ýÀã� �Ü�Âõ ø ü��ÂÏ ¥�ê ¤¢ ñø� �Ü�Âõ ,¢�ª ýÀ���Ö±Ï ü��þ¥ ¤� ø.´¨� �ÜÿÆõ ¥� üØ�ê�Âð Çþ�Þ÷ ×þ ¢�¹þ� ,ü±��Âõ �ÜÆÜ¨ À�þ�Âê ¤¢ �Àì ß�óø� .(1-3 ÛØª) ¢Â�ðüõüÜî ø ö�Üî éÀû ,°��Âõ �ÜÆÜ¨ §�b¤ ¤¢ .À÷�ªüõ ù¢�¢ ö�È÷ �û��þ�ð ø �û¤��ãõ ,éÀû ö� ¤¢ �î�ú÷� ¥� ×þ Âû ý�½÷ �� �î À÷��µêÂð ¤�Âì üþ�û¤��ãõ ø ��Ô¬ ,Â�ß�þ�� °��Âõ ¤¢ ø ýÂ�ðÝ�ÞÊ� á�®�õø (¢�Þ÷ Ý�ÆÖ� Â�ü��� ý�ûùøÂð Âþ¥ �� �¤ �û¤��ãõ ö���üõ Àª�� �¥�ó �»÷���) À÷¤�¢ Â���b� éÀû ´�Ô�î ¤¢Â¬��ä ý�û´þ�óø� ß��ã� ¤¢ ��ð ß�µÆ¿÷ .À÷Â�ðüõ ¤�Âì Ý�ÞÊ� ý�û��¿µ÷� ø �û��þ�ð ¼Î¨ ßþÂ¡� ¤¢���� �� ´Ô� ´Ô� �¤�¬ �� Â¬��ä �Æþ�Öõ ü�ãþ ,´¨�ú÷� üþø¢ø¢ ý�û�Æþ�Öõ ,ýÂ�ðÝ�ÞÊ� ¤¢Âµú� Ýúê ý�Â� .Àª��üõ ÅþÂ��õ ,üþø¢ø¢ ý�û�Æþ�Öõ ��¹÷� ý�Â� ü½��Â� ÛØª ,ß�ãõ ý�û¤��ãõ ��ü�ø¥ ��Æþ�Öõ ÅþÂ��õ ø ´¨� ùÀª �µª�Áð Çþ�Þ÷ �� °��Âõ �ÜÆÜ¨ ×þ (2-3) ÛØª ¤¢ á�®�õThomas L Saaty5
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AHP üþ�Â�� Û��Âõ :1-3 ÛØªi = 1;2;3 Âû ý�Â� �û��þ�ð ö¥ø ß��ã� ý�Â� ü�ø¥ ��Æþ�Öõ ÅþÂ��õ :1.3 ñøÀ�Di ¤��ãõ A B CA 1B 1C 1À�þ�Âê üÜ¬� �Âê ¤¢ .´¨� ùÀõ� (1.3) ñøÀ� ¤¢ �û��þ�ð ö¥ø ß��ã� ý�Â� °��Âõ �ÜÆÜ¨ ßþ� ý�Â�Âû ö¥ø ß��ã� ý�Â� .¢¢Âðüõ Â� §��ª¤�î Í¨�� (1.3) ñøÀ� ¤¢ üó�¡ ý�û�� ü±��Âõ �ÜÆÜ¨ Û�Ü½�.Àû¢ Û�ØÈ� (2.3) ñøÀ� À�÷�õ �¤ ü�ø¥ ��Æþ�Öõ ÅþÂ��õ Àþ�� ùÀ÷Â�ð Ý�ÞÊ� ,ýÂ�ð Ý�ÞÊ� ¤¢ ¤��ãõ:À�îüõ ö��� Âþ¥ �¤�¬ �� �¤ AHP ¥� ù¢�Ôµ¨� ý�Â� üÜî Àä��ì ,üµä�¨´þ�óø� B ¤��ãõ �� ´±Æ÷ �±�Âõ n ,A ¤��ãõ Âð� �î À�îüõ ö��� ùÀä�ì ßþ� :�êÂÏ ø¢ Íþ�Âª ýùÀä�ì (Óó�.¢¤�¢ ´þ�óø� A ¤��ãõ �� ´±Æ÷ �±�Âõ ��-1n ��÷ B ¤��ãõ ,Àª�� �µª�¢.Àª��üõ ¤�¢ü�ãõ ,À�ª�� �Æþ�Öõ Û��ì Â¬��ä �î ü÷�õ¥ ÍÖê �û�Æþ�Öõ :Å÷�¹� ýùÀä�ì (�
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°��Âõ �ÜÆÜ¨ üØ�ê�Âð Çþ�Þ÷ :2-3 ÛØª�û¤��ãõ ö¥ø ß��ã� ý�Â� ü�ø¥ ��Æþ�Öõ ÅþÂ��õ :2.3 ñøÀ�éÀû D1 D2 D3D1 1D2 1D3 1Â�ß�þ�� ¼Î¨ ¤¢ �î ýÂ¬��ä �� ¼Î¨ Âû ¤¢ ÂÊ�ä ×þ (´þ�óø�) ü±Æ÷ ´�aÞû� :ñ�ÜÖµ¨� ýùÀä�ì (�.¢¤�À÷ üÚµÆ� ,À�ª��üõý���þ�ð º�û ¢�ª ù¢¤ø� Ûõ�î ¤�Ï �� Àþ�� °��Âõ �ÜÆÜ¨ �î À�îüõ ö��� ùÀä�ì ßþ� :��¤�Ñµ÷� ýùÀä�ì (¢.¢�ªüÞ÷ �ê�®� ö� �� �þ éÁ� ,°��Âõ �ÜÆÜ¨ ¤¢ùÀª �Æþ�Öõ ø¢ �� ø¢ �¤�¬ �� Â��ó�� ¼Î¨ ¤¢ ¢�¡ �Ï��Âõ ÂÊ�ä �� ´±Æ÷ ¼Î¨ Âû Â¬��ä (AHP) ¤¢ö¥ø ,ü±Æ÷ ý�ûö¥ø Õ�ÔÜ� �� Å³¨ .Ý�õ�÷üõ ü±Æ÷ ö¥ø �¤ �ûö¥ø ßþ� �î ¢¢Âðüõ �±¨�½õ �ûö� ö¥ø øÅþÂ��õ ¥� ��þ�ð Âû ö¥ø �±¨�½õ ý�Â� .Ý�õ�÷üõ ÕÜÎõ ö¥ø �¤ ö� �î ¢¢ÂðüõÉ¿Èõ ��þ�ðÂû üþ�ú÷



59 ü���÷�Øõ ý�ÜÿÆõ ¤¢ §��¤ ö¥ø ß��ã� ¤¢ �ûù¢�¢ üÈª�� Û�Ü½� ¢Â�¤�î:¥� À��¤�±ä �ú÷� ßþÂµÞúõ �î ´¨� ùÀª ¢�ú�È�� ©ø¤ ßþÀ�� ,ü�ø¥ �Æþ�Öõ6��ã�Âõ Ûì�À� ©ø¤ }7üÞµþ¤�Úó ��ã�Âõ Ûì�À� ©ø¤ }8ùÄþø ¤�¢Â� ©ø¤ }9ü±þÂÖ� ý�û©ø¤ }�� ´±Æ÷ ��þ�ð Âû ö¥ø ø ù¢�� éÀû ß��ã� ¤¢ �ú÷� ´�Þû� ùÀ��î ÅØã�õ �ûÉ¡�ª ö¥ø �î �¹÷� ¥�á�Þ¹õ ¥� ��þ�ð Âû üþ�ú÷ ö¥ø �î ´Ôð ö���üõ Àª��üõ �Ï��Âõ É¡�ª ¤¢ ��þ�ð ö� Ýú¨ �ûÉ¡�ª�Ñ��Üõ �î ö��� .Àþ�üõ ´¨À� É¡�ª ö� �� ¯��Âõ ��þ�ð ö¥ø ¤¢ É¡�ª Âû ö¥ø �ÂÌÜ¬��ö�¨��ª¤�î ��Â¹� ý��±õ Â� ,©ø¤ ßþ� Í¨�� ùÀª �±¨�½õ ü��þ¥ ¤�É¡�ª ö¥ø (AHP) ©ø¤ ¤¢ ¢�ªüõ´¨À� ö¥ø ,À��î Â��ç� ùÀª ��¿µ÷� ö�¨��ª¤�î �»÷��� ,ÂÚþ¢ �¤�±ä �� .´¨� ýø ü�û£ �ø�Ìì øÉÖ÷ ßþÂµÞúõ �î ùÀ÷Â�ðÝ�ÞÊ� ü�û£ �ø�Ìì �� éÂ¬ ý�Ø�� ü�ãþ ßþ� ø ¢�� Àû��¡ �ø�Ôµõ ùÀõ�.℄44, 53[´¨� ü±��Âõ �ÜÆÜ¨ Û�Ü½� ©ø¤
(AHP/DEA) ¢ÂØþø¤ �� Ýµþ¤�Úó� Û��Âõ 3-3ý�¤�¢ ùÀ÷Â�ðÝ�ÞÊ� ý�ûÀ��ø Ûõ�î üû¢ö¥ø ý�Â� ý��Ü�Âõ ø¢ Ýµþ¤�Úó� ×þ (AHP/DEA) Ýµþ¤�Úó�Âû ý�Â� �ûù¢�¢ üÈª�� Û�Ü½� ñÀõ ×þ �Àµ�� Ýµþ¤�Úó� ßþ� ¤¢ .´¨� ü�øÂ¡ ßþÀ�� ø ý¢ø¤ø ßþÀ��Least squares method6Logarithmi least squares method7Eigenvetor method8Approximation methods9



60 ü���÷�Øõ ý�ÜÿÆõ ¤¢ §��¤ ö¥ø ß��ã� ¤¢ �ûù¢�¢ üÈª�� Û�Ü½� ¢Â�¤�î¥� ùÀõ� ´¨À� ¸þ�µ÷ ¥� ù¢�Ôµ¨� �� Å³¨ ¢¢Âðüõ Û� �ûÀ��ø Âþ�¨ ßµêÂð ÂÑ÷ ¤¢ öøÀ� �ûÀ��ø ¥� �ø¥ñÀõ Û� �� ø Û�ØÈ� "ü�ø¥ ��Æþ�Öõ ÅþÂ��õ' Àª Àû��¡ �µÔð �î ý�ù��ª �� DEA ý�ûñÀõ Û��� �¤ �Ø±ª ¥� §�b¤ Âû Ç¿� ßþ� ¤¢)¢�ªüõ ��¹÷� üû¢ö¥ø ü½Î¨ ×þ ü±��Âõ �ÜÆÜ¨ Û�Ü½� À�þ�Âê.¢Âî ö��� Âþ¥ ÛØª �� ö���üõ �¤ Ýµþ¤�Úó� ßþ� Û��Âõ .(ÝþÂ�ðüõ ÂÑ÷ ¤¢ À��ø ×þ ö���äDEA ¥� ù¢�Ôµ¨� �� ü�ø¥ ��Æþ�Öõ ÅþÂ��õ Û�ØÈ� :ñø� ý�Ü�Âõ 1-3-3ø ��-k À��ø ��-i ý¢ø¤ø Iik .¢¤�¢ ü�øÂ¡ J ø ý¢ø¤ø I À��ø Âû .¢¤�¢ ¢��ø À��ø n À��î Âê�� �ûù¢�¢ üÈª�� Û�Ü½� ñÀõ ×þ B ø A À��ø ´Ô� Âû ý�Â� .´¨� ��-k À��ø ¥� ��-j ü�øÂ¡ Ojk:¢�ªüõ Û�ØÈ� Âþ¥ �¤�¬EAA = maxPj ujOjAs:t Pi viIiA = 1Pj ujOjA � 1Pj ujOjB �Pi viIiB � 0uj ; vi � � (1-3)
À��ø ý�Â� âÏ�Öµõ ü��þ¥ ¤� ßþÂµú� ß�ÞÌ� ´ú� .Àª�� A À��ø üþ�¤�î ý���ú� ¤�ÀÖõ EAA À��î Âê:¢�ªüõ �ÂÏ Âþ¥ ñÀõ BEBA = maxPj ujOjBs:t Pi viIiB = 1Pj ujOjB � 1Pj ujOjA �EAAPi viIiA = 0uj ; vi � � (2-3)



61 ü���÷�Øõ ý�ÜÿÆõ ¤¢ §��¤ ö¥ø ß��ã� ¤¢ �ûù¢�¢ üÈª�� Û�Ü½� ¢Â�¤�îAB ø BB �ÜÿÆõ ø¢ ,�ó�� á�®�õ ø¢ �� ���Èõ .´¨� B À��ø âÏ�Öµõ ü��þ¥ ¤� ý���ú� ¤�ÀÖõ EBA �î,EAA Âþ¢�Öõ ø Û� DEA ñÀõ ¤�ú� °��Â� ßþ� �� .¢¢Âð �±¨�½õ EAB ø EBB �� ¢�ª Û� üµÆþ�� ��÷Âû ý�Â� Âþ¥ �Î��¤ ¥� ù¢�Ôµ¨� �� ø ë�ê ý�ûñÀõ ¸þ�µ÷ ýÂ�ð¤�Ø� �� .À�þ�üõ ´¨À� EBA ø EBB ,EABÛ�ØÈ� ,Àþ�üõ ´¨À� Âþ¥ �Î��¤ ¥� ö� aij ÂÊ�ä Âû �î ü�ø¥ ��Æþ�Öõ ÅþÂ��õ i; j ý�ûÀ��ø ´Ô�¢¢Âðüõaij = 8><>: 1 i = jEii+EijEjj+Eji i 6= j:×þ ¤�ÀÖõ ý�¤�¢ ü�ø¥ ��Æþ�Öõ ÅþÂ��õ üÜ¬� ÂÎì ü±��Âõ �ÜÆÜ¨ Û�Ü½� À�þ�Âê ¤¢ �î ¢Âî ���� Àþ��Àû��¡ aji = 1aij ÅþÂ��õ ßþ� ¤¢ .´¨� j �� ´±Æ÷ i À��ø ü��þ¥ ¤� ùÀ��î ÅØã�õ aij ÂÊ�ä ø ù¢��¥� �î Àû¢üõ ö�È÷ �¤ ùÀ÷Â�ðÝ�ÞÊ� ü��ä ü��þ¥ ¤� ,ÅþÂ��õ ßþ� .´¨� n � n Û¬�� ÅþÂ��õ .¢��Ýû�Âê �¤ üãÏ�Öµõ ü��þ¥ ¤� ÅþÂ��õ ø ùÀª �±¨�½õ �ûù¢�¢ üÈª�� Û�Ü½� ü�ø¥ ý�ûñÀõ �±¨�½õ ÕþÂÏ�� �¥�ó .¢¤ø� ´¨À� ÂÚþ¢ À��ø ´±Æ÷ �� �¤ ü��þ¥ ¤� ßþÂ���ÜÎõ ,À��ø Âû Àû¢üõ ù¥��� �î ¢¥�¨üõ¤¢ üÔ�î �ø�Ìì ø À÷�ùÀª Û¬�� (DEA) ÕþÂÏ ¥� ü�ø¥ ��Æþ�Öõ ÅþÂ��õ ý�û�þ�¤� ö�� ,´¨� Âî£.¢�� Àû��¡ ¤�ð¥�¨ �fÞµ� ü�ø¥ ��Æþ�Öõ ÅþÂ��õ �fÜÞä Å� ,¢¤�À÷ üÞú¨ ö�ý�û�þ�¤¢ ø A �� �¤ �ûù¢�¢ üÈª�� Û�Ü½� ý�ûñÀõ Û� ¥� Û¬�� ü�ø¥ ��Æþ�Öõ ÅþÂ��õ À��î Âêý�Â� ö� ¤¢ �î .¢�� Àû��¡ Âþ¥ �¤�Ê� §�b¤ n �� ý��Ø±ª ý�Â� A ÅþÂ��õ .Ý�û¢ Çþ�Þ÷ aij �� �¤ ö�.Àª��üõ aii = 1 ,i Âû
A = 1 2 � � � n1 a11 a12 � � � a1n2 a21 a22 � � � a2n... ... ... ... ...n an1 an2 � � � ann



62 ü���÷�Øõ ý�ÜÿÆõ ¤¢ §��¤ ö¥ø ß��ã� ¤¢ �ûù¢�¢ üÈª�� Û�Ü½� ¢Â�¤�î.AHP ¥� ù¢�Ôµ¨� �� ýÀ���±�¤ :�ø¢ ý�Ü�Âõ 2-3-3ý�Â� Ý��îüõ ù¢�Ôµ¨� ü��Æ� ß�Ú÷��õ ü±þÂÖ� ©ø¤ ¥� (�ûÀ��ø) §��¤ ö¥ø ß��ã� ý�Â� �Ü�Âõ ßþ� ¤¢¥� Àã� ø ù¢Âî ù��ó�õÂ÷ �¤ ÅþÂ��õ ý�ûö�µ¨ �Àµ�� ü�ø¥ ��Æþ�Öõ ÅþÂ��õ ýø¤ ©ø¤ ßþ� ý¥�¨ù¢���À��ø ö¥ø ¤�ÀÖõ �ûÂÎ¨ á�Þ¹õ ¤�¢Â� ö¢Âî ù��ó�õÂ÷ ¥� Û¬�� ¤�ÀÖõ ù¢¤ø� ´¨À� �¤ ÂÎ¨ Âû á�Þ¹õ ö�.¢¢ÂðüõÉ¿Èõ §�b¤ Âû ö¥ø °��Â� ßþ� �� .Àª��üõ ÂÎ¨ ö� �� ùÀª ù¢�¢ ´±Æ÷ù��ó�õÂ÷ ö� ý�ûö�µ¨ �î A0 ÀþÀ� ÅþÂ��õ :À�îüõ ö��� �÷�ðßþ� AÅþÂ��õ ýø¤ �¤ ��� ¶½� ùÀ�Æþ�÷¥� §�b¤ Âû ö¥ø A0 ÅþÂ��õ ö¢¤ø� ´¨À� ¥� Å� .Àþ�üõ ´¨À� a0ij = aijPni=1 aij ý�Î��¤ ¥� ùÀª.Àþ�üõ ´¨À� Âþ¥ ý�Î��¤(ÂÎ¨ Âû âÞ�Û¬��) a00i = Pj a0ij 8i(��-i§�¤ ö¥ø) a000i = a00iPni=1 a00iü±��Âõ �ÜÆÜ¨ Û�Ü½� ø �ûù¢�¢ üÈª�� Û�Ü½� üÖ�ÔÜ� ñÀõ ý�þ��õ 4-3ý�Â� ¢���õ ý�û©ø¤) üÜ±ì ý�û©ø¤ �� ´±Æ÷ (AHP/DEA) üÖ�ÔÜ� ©ø¤ ¥� ù¢�Ôµ¨� ý�û´þ�õ:´¨� Âþ¥ �Âª �� (üû¢ö¥ø.(À�þ�üõ ´¨À� §��¤ ÂÚþ¢ �� §�b¤ ×þ �Æþ�Öõ ¤¢ �ûö¥ø) �ûö¥ø ö¢�� ü±Æ÷ (1.Àû¢üõ Â��ç� �¤ �ûö¥ø ¤�ÀÖõ ,§��¤ ¢�Àã� ö¢Âî ¢�þ¥ �þ Ýî (2,ü÷�È÷Ç�� ,Å÷�� ¤ø�) �ÜÿÆõ á�÷ �� ���� �� (�ûÀ��ø) §��¤ ý�Â� �ûü�øÂ¡ ø �ûý¢ø¤ø ÓþÂã� (3.(Ýµþ¤�Úó� ¢�þ¥ ýÂþÁ�é�Îã÷�) À�îüõ Â��ç� (... Å�Ü� �îÂõ ,ö�µ¨¤�Þ��



63 ü���÷�Øõ ý�ÜÿÆõ ¤¢ §��¤ ö¥ø ß��ã� ¤¢ �ûù¢�¢ üÈª�� Û�Ü½� ¢Â�¤�î.ö�Øõ ��¿µ÷� ý�Â� ÂþÀõ ýÂ�ðÝ�ÞÊ� ¤¢ ü¨�¨� ý�ûÂµõ�¤�� �� §��¤ ö¥ø Ý�ÖµÆõ ý�Î��¤ (4.(ü±��Âõ �ÜÆÜ¨ Û�Ü½� À�þ�Âê) üÔ�î ø (�ûù¢�¢ üÈª�� Û�Ü½�) üÞî ©ø¤ Õ�ÔÜ� (5.§��¤ ö¥ø ß��ã� ¤¢ Âµõ�¤�� À�� ö�õ�Þû ö¢�� Û�¡¢ (6ý�ûÉ¡�ª ö¢Âî ù¢¤ø�Â� ¤¢ §�b¤ ö� ü�ãþ Àª�� Âµð¤�� ü¨�b¤ ý�Â� ùÀõ� ´¨À� ö¥ø �� Âû (7.´¨� Â�Õê�õ ´¨� ÂþÀõ ÂÑ÷ Àõ �î ��ÜÎõ¤øÀ� ü�û£ ý�û�ø�Ìì �÷�ð Âû ¥� ø ´¨� ü®�þ¤ �fÜõ�î üªø¤ ý�¤�¢ Ýµþ¤�Úó� ßþ� ¤¢ üû¢ ö¥ø (8.´¨�ßþ� ¤¢ ßþ�Â���� .Àª��üõ �Ø±ª §��¤ ö¥ø ß��ã� ,Â��bõ ø §�Æ� Û��Âõ ¥� üØþ ¤�¢ö¥ø ü���÷�Øõ ¤¢ü±��Âõ �ÜÆÜ¨ Û�Ü½� ø �ûù¢�¢ üÈª�� Û�Ü½� üÖ�ÔÜ� ñÀõ ¥� ù¢�Ôµ¨� �� �� ´¨� ùÀª ö� Â� üã¨ �õ�÷ö�þ��.¢�ª �±¨�½õ Õ�ì¢ ¤�Ï �� Ýúõ á�®�õ ßþ�
ý¢Àä ñ�·õ 5-3.Ý�û¢üõ ¤�Âì ü��þ¥ ¤� ¢¤�õ ù�ð¢øÂê ���ú� ö�Øõ ß��ã� ý�Â� �¤ ö��Þ¨ ö�µ¨� ¥� Âúª 6 �õ ñ�·õ ßþ� ¤¢�Ø±ª ßþ� ý�ûñ�þ �ûÂúª ßþ� ö��õ üÏ�±�¤� ù�¤ ø §��¤ �ûÂúª �î ´ª�¢ Ý�û��¡ ý��Ø±ª ´Ö�Ö� ¤¢¤�ÆõÂð ,(p2) ¢øÂû�ª ,(p4) ö��Þ¨ ,(p3) ö�çõ�¢ ,(p1) À�Þ�¤��� :¥� À��¤�±ä �ûÂúª ßþ� .¢�� Àû��¡ß��ã� ö�Þû �î �ÜÿÆõ á�÷ §�¨� Â� �ûÂúª ý�Â� �ûü�øÂ¡ø ý¢ø¤ø ��¿µ÷� .(p5) ÂúÈþÀúõ ,(p6)�� �Ø�þ� ø ü¨¤Â� ¢¤�õ ý�ûÂúª ��Þ� ý�Â� ¤���õ ��ä�ÜÏ� ö¢�� ¢���õ ø ´¨� ù�ð¢øÂê ý���ú� ö�Øõ�ûý¢ø¤ø §�¨� ßþ� Â� .¢Â�ðüõ �¤�¬ ,Àª�� �µª�¢ ¢��ø �ú÷� ö¢Âî ¢�þ¥ ø Ýî ø ñÂµ�î üþ�÷��� ý�½÷
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�ûÂúª ý�Ø±ª ¤�¢�Þ÷ :3-3 ÛØª�ûü�øÂ¡ ø �ûý¢ø¤ø üêÂãõ :3.3 ñøÀ�Âµõ�¤�� ��÷ §��Öõ á�÷ É¡�ª ö���äO1 ÂÔ÷ ü�øÂ¡ ´�ãÞ�O2 ¢Àä ü�øÂ¡ ×�µ����¨ ü¨��ª��û �î�Âõ ¢�Àã�O3 Âµõ�Ü�î ü�øÂ¡ ù�ð¢øÂê ßþÂµØþ¢�÷ ¥� �Ü¬�êO4 �ü±Îìø¢ ü�øÂ¡ üÏ�±�¤� ù�¤ ´�Ô�îO5 ÂÔ÷ ü�øÂ¡ ßî�¨ Â�è üõ�� Â�è ö�Üè�ª ´�ãÞ�O6 ñ�þ¤ ü�øÂ¡ ñ�¨ ¤¢ ¤��÷�¡ Àõ�¤¢ Í¨�µõO7 ÂÔ÷ ü�øÂ¡ ñ�¨ ¤¢ ¤�Èî ¥� �¤�¡ �� ö�Â��¥ ø ö�¢ÂÚ÷�ú� ¢�Àã� Í¨�µõI1 ¥ø ¤ ý¢ø¤ø ñ�¨ ¤¢ ö�À�±¿þ ý�û¥ø¤ ¢�Àã�I2 ÂµÞ�Ü�õ ý¢ø¤ø ñ�¨ ¤¢ üðÀ÷¤�� Í¨�µõI3 ��÷�� Â� Âµõ ý¢ø¤ø ¢�� ©¥ø ´äÂ¨ ß�Ú÷��õ´¨� ÂµÈ�� ´���ÜÎõ �÷�È÷ Âµð¤�� ¢Àä �î [0;10℄ ß�� ý¢ÀäÉ�Ê¿� ¥� ´¨� �¤�±ä ü±Îìø¢ §��Öõ �ø ¢�� ©¥ø ´äÂ¨ ß�Ú÷��õ ø ù�õ ×þ üÏ üðÀ÷¤�� ö���õ Í¨�µõ ,ñ�¨ ¤¢ ö�À�±¿þ ý�û¥ø¤ ¢�Àã� Ûõ�ª,üÏ�±�¤� ù�¤ ´�Ô�î ,ù�ð¢øÂê ßþÂµØþ¢�÷ ¥� �Ü¬�ê ,×�µ����¨ ü¨��ª��û �î�Âõ ¢�Àã� Ûõ�ª ��÷ �ûü�øÂ¡ö�¢ÂÚ÷�ú� ø ö�Â��¥ ¢�Àã� Í¨�µõ ø ñ�¨ ¤¢ ¤��÷�¡ Àõ�¤¢ Í¨�µõ ,ßî�¨ Â�è üõ�� Â�è ö�Üè�ª ´�ãÞ�Âû �� ùÀª ù¢�¢ ´±Æ÷ ý�ûÂµõ�¤�� ø �ú÷� §��Öõ ø �ûÉ¡�ª á�÷ .Àª��üõ ñ�¨ ¤¢ ¤�Èî ¥� �¤�¡ ���ûÂúª ¥� ×þ Âû ý�Â� ( �ûü�øÂ¡ ø �ûý¢ø¤ø) �ûÉ¡�ª ¤�ÀÖõ .´¨� ùÀõ� (3.3) ñøÀ� ¤¢ ×þ�ûÂúª ´�Þû� ß��ã� éÀû °��Âõ �ÜÆÜ¨ ßþ� ¤¢ .℄58[´¨� ùÀª É¿Èõ (4.3) ñøÀ� ¤¢ (§��¤)



65 ü���÷�Øõ ý�ÜÿÆõ ¤¢ §��¤ ö¥ø ß��ã� ¤¢ �ûù¢�¢ üÈª�� Û�Ü½� ¢Â�¤�î�ûÂúª ý�Â� ü�øÂ¡ ø ý¢ø¤ø ý�ûù¢�¢ :4.3 ñøÀ�À�Þ�¤��� ö�çõ�¢ ö��Þ¨ ¢øÂû�ª ¤�ÆõÂð ÂúÈþÀúõO1 2504 59300 126780 132379 39523 21006O2 1 1 1 1 1 1O3 518 320 216 400 100 233O4 4 7 8 7 7 6O5 89 2514 7284 6523 3021 164O6 14444240 20697342 25398732 24369785 18398541 16982589O7 129 1826 3514 5497 1130 563I1 82 63 55 65 45 76I2 13*8 9*1 14*7 14 11*2 15*2I3 12*5 21*5 13*8 14*6 16*8 13*5ý�ûÂúª �û��þ�ð ø ´¨� ùÀõ� (3.3) ñøÀ� ¤¢ ýÂ�ðÝ�ÞÊ� ý�û¤��ãõ ;Àª��üõ ù�ð¢øÂê ��À�� ý�Â�ùÀª ���¤� ©ø¤ ý¥�¨ù¢��� �� ñ�� .À�ª��üõ À�Þ�¤��� ø ö�çõ�¢ø ö��Þ¨ ,¢øÂû�ª ,¤�ÆõÂð ,ÂúÈþÀúõñøÀ� ÛØª �� �Ï��Âõ ý�ûñÀõ Û� ¥� Å� �¤ ÅþÂ��õ ßþ� ü�ø¥ ��Æþ�Öõ ÅþÂ��õ Û�ØÈ� ý�Â�ÅþÀ÷� .Ýþ¤ø� ´¨À� �¤ ü�ø¥ ��Æþ�Öõ ÅþÂ��õ ¤¢ a14 ý�þ�¤¢ Ý�û��¡üõ À��î Âê .Ýþ¤�¢ (5.3)Àþ�� Âúª ø¢ ßþ� ý�Æþ�Öõ ý�Â� .Àª��üõ ¢øÂû�ª Âúª ý�Â� ¤�ú�ÅþÀ÷� ø À�Þ�¤��� Âúª �� ¯��Âõ ×þ×Þî �� ü�ø¥ ��Æþ�Öõ ÅþÂ��õ Û�ØÈ� ¥� Å� .Ý��î Û� �¤ (6-3,5-3,4-3,3-3) ý�ûñÀõß�Ú÷��õ ü±þÂÖ� ©ø¤ ¥� (�û��þ�ð ö¥ø) §��¤ ö¥ø ß��ã� ý�Â� �ûù¢�¢ üÈª�� Û�Ü½� ý�ûñÀõ Û�ñøÀ� ¤¢ �î ¤�Î÷�Þû .´¨� ùÀª ù¢¤ø� (6.3) ñøÀ� ¤¢ �û��þ�ð üþ�ú÷ ö¥ø .Ý��îüõ ù¢�Ôµ¨� ü��Æ��î ¢Âî ü���Ç�� ö���üõ ø .À�µÆû �¤�¢ �¤ ö¥ø ßþÂµÞî ÂúÈþÀúõ ø ßþÂ��ó�� ¢øÂû�ª ´¨� ùÀõ� (6.3)



66 ü���÷�Øõ ý�ÜÿÆõ ¤¢ §��¤ ö¥ø ß��ã� ¤¢ �ûù¢�¢ üÈª�� Û�Ü½� ¢Â�¤�î.Àª�� ×þ¢�÷ ¢øÂû�ª �� ù�ð¢øÂê ��À�� ý���ú� Û½õE11 = max[2504u1 + u2 + 518u3 + 4u4 + 89u5 + 14444240u6+ 129u7℄s:t 82v1 + 13=8v2 + 12=5v3 = 12504u1 + u2 + 518u3 + 4u4 + 89u5 + 14444240u6+ 129u7 � 1132379u1 + u2 + 400u3 + 7u4 + 6523u5 + 24369785u6+ 5497u7�[65v1 + 14v2 + 14=6v3℄ � 0u1; � � � ; u7 � 0v1; v2; v3 � 0 (3-3)E41 = max[132379u1 + u2 + 400u3 + 7u4 + 6523u5 + 24369785u6+ 5497u7℄s:t 65v1 + 14v2 + 14=6v3 = 1132379u1 + u2 + 400u3 + 7u4 + 6523u5 + 24369785u6+ 5497u7 � 12504u1 + u2 + 518u3 + 4u4 + 89u5 + 14444240u6+ 129u7�E11[82v1 + 13=8v2 + 12=5v3℄ = 0u1; � � � ; u7 � 0v1; v2; v3 � 0 (4-3)
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E44 = max[132379u1 + u2 + 400u3 + 7u4 + 6523u5 + 24369785u6+ 5497u7℄s:t 65v1 + 14v2 + 14=6v3 = 1132379u1 + u2 + 400u3 + 7u4 + 6523u5 + 24369785u6+ 5497u7 � 12504u1 + u2 + 518u3 + 4u4 + 89u5 + 14444240u6+ 129u7�[82v1 + 13=8v2 + 12=5v3℄ � 0u1; � � � ; u7 � 0v1; v2; v3 � 0 (5-3)E14 = max[2504u1 + u2 + 518u3 + 4u4 + 89u5 + 14444240u6+ 129u7℄s:t 82v1 + 13=8v2 + 12=5v3 = 12504u1 + u2 + 518u3 + 4u4 + 89u5 + 14444240u6+ 129u7 � 1132379u1 + u2 + 400u3 + 7u4 + 6523u5 + 24369785u6+ 5497u7�E44[65v1 + 14v2 + 14=6v3℄ = 0u1; � � � ; u7 � 0v1; v2; v3 � 0 (6-3)�¤ a14 ý�þ�¤¢ E11; E41; E44; E14 ý���ú� ¤�ÀÖõ ö¢¤ø� ´¨¢ �� ø ùÀª ���¤� ñÀõ ¤�ú� Û� ¥� Å�Ýþ¤�¢ Âþ¥ �¤�¬ ��a14 = E11 +E14E44 +E41 :´¨� ¥��÷ ,Àª �µÔð ü�ø¥ ��Æþ�Öõ ÅþÂ��õ ý�Â� �î ü¬��¡ ø �û��þ�ð ¢�Àã� �� ���� �� ñ�·õ ßþ� ¤¢ý�þ¤�õ�÷Â� ñÀõ ¤�ú� Û� �� ¥��÷ �þ�¤¢ Âû ý�±¨�½õ ý�Â� �î Ý��î �±¨�½õ �¤ ÅþÂ��õ ßþ� ý�þ�¤¢ ù¢�÷��



68 ü���÷�Øõ ý�ÜÿÆõ ¤¢ §��¤ ö¥ø ß��ã� ¤¢ �ûù¢�¢ üÈª�� Û�Ü½� ¢Â�¤�î�ûÂúª ý�Â� ü�ø¥ ��Æþ�Öõ ÅþÂ��õ :5.3 ñøÀ�À�Þ�¤��� ö�çõ�¢ ö��Þ¨ ¢øÂû�ª ¤�ÆõÂð ÂúÈþÀúõÀ�Þ�¤��� 1 1 1 1*0225 1 1ö�çõ�¢ 1 1 1 1 1 1ö��Þ¨ 1 1 1 1 1 1¢øÂû�ª 0*978 1 1 1 1 1*0787¤�ÆõÂð 1 1 1 1 1 1ÂúÈþÀúõ 1 1 1 0*927 1 1Û� ý�þ¤ �õ�÷Â� ñÀõ ´Êª Àþ�� ñ�·õ ßþ� ü�ø¥ ��Æþ�Öõ ÅþÂ��õ ö¢Âî Û�ÞØ� ý�Â� Ûî ¤¢ ø Àª��üõ.Ý��îü��Æ� ß�Ú÷��õ ©ø¤ �� �û��þ�ð üþ�ú÷ ö¥ø :6.3 ñøÀ�À�Þ�¤��� 0*1673ö�çõ�¢ 0*1667ö��Þ¨ 0*1667¢øÂû�ª 0*1682¤�ÆõÂð 0*1667ÂúÈþÀúõ 0*1664



4 ÛÊê
�ûù¢�¢ üÈª�� Û�Ü½�-ü���÷�Øõ üÖ�ÔÜ� ñÀõ
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70 �ûù¢�¢ üÈª�� Û�Ü½�-ü���÷�Øõ üÖ�ÔÜ� ñÀõüãÎì ý�ûù¢�¢ üÈª�� Û�Ü½�-ü���÷�Øõ üÖ�ÔÜ� ñÀõ 1-4ý¢�Àã� ø À�µÆû É¿Èõ �ûùÀ÷Â�ðÅþøÂ¨ ø �ûùÀ�û¢ÅþøÂ¨ ö� ¤¢ �î ÀþÂ�Ú� ÂÑ÷ ¤¢ �¤ üÞµÆ�¨¤�ÂÖµ¨� ý��þ�û .À�ª��üõ ùÀ÷Â�ð ÅþøÂ¨ ý¢�Àã� ��É�Ê¿� ý�ÀþÀ÷�î ùÀ�û¢ÅþøÂ¨ ö���ä �� ¯�Ö÷ñ�� .´¨� ùÀª ß��ã� Ç�� ¥� �ûùÀ÷Â�ðÅþøÂ¨ ¥� ×þ Âû �� ùÀ�û¢ÅþøÂ¨ Âû ÅþøÂ¨ ý��þ�û øÀ��ø ×þ ö���ä �� �¤ (ùÀ÷Â�ðÅþøÂ¨ -ùÀ�û¢ÅþøÂ¨) ´Ô� Âû ,É�Ê¿� üþ�¤�î ý�±¨�½õ ý�Â�.Ý��îüõ üêÂãõ üþ�ûÉ¡�ª À��ø Âû ý�Â� ø ÝþÂ�ðüõ ÂÑ÷ ¤¢ ýÂ�ðÝ�ÞÊ�ý�ûù¢�¢ üÈª�� Û�Ü½� ø ¢øÀ½õ�÷-¢øÀ½õ ÅþøÂ¨ ´�êÂÒ �� ÅþøÂ¨ �î�Âõ ý�ÜÿÆõ Õ�ÔÜ� ¥� éÀûßþÂµÞî ø üþ�¤�î á�Þ¹õ ßþÂµÈ�� �ä�Þ¹õ ßþ� �î ´¨� �ûÀ��ø ¥� ý��ä�Þ¹õ �� ü��þ´¨¢ ,üãÎìüû¢ÅþøÂ¨ ÛÞä �î ý�ùÀ�û¢ÅþøÂ¨ �î ¢�ªüõ ��¹÷� üÜØª �� Õ�ÔÜ� .Àª�� �¤�¢ �¤ ÅþøÂ¨ ý��þ�ûü�¤�¬ ¤¢ À�îüõ ¤�¢�ø �¤ ÂÚª¥�¢Â� ñÀõ ´Ö�Ö� ¤¢ .¢�ª �µêÂð ÂÑ÷¤¢ ÂÔ¬ ö� üþ�¤�î Àû¢üÞ÷ ��¹÷� �¤ñÀõ .¢�ª �µêÂð ÂÑ÷ ¤¢ ÂÔ¬ À��ø ö� ý�Â� �ûÉ¡�ª °þ�Â® ¢Â�Ú÷ ��¹÷� üû¢ÅþøÂ¨ ÛÞä �î��Þ� üþ�¤�î á�Þ¹õ ý¥�¨ ÝÞ�Æî�õ ö� ñø� éÀû â��� �î ´¨� �êÀû ø¢ ñÀõ ×þ ,Õ�ÔÜ� ¥� Û¬��´ÞÆì ø¢ ¥� ¢�¡ �î �ø¢ éÀû â��� ø ´¨� �ûùÀ÷Â�ðÅþøÂ¨ø �ûùÀ�û¢ÅþøÂ¨ ¥� ßØÞõ ý�û°�îÂ��ø¢ ´ÞÆì ø ÅþøÂ¨ ý��þ�û á�Þ¹õ ý¥�¨ÝÞ���õ ñø� ´ÞÆì .´¨� ý¥�¨ ÝÞ���õ ´¨�ùÀª Û�ØÈ�ÅþøÂ¨ ´�êÂÒ �� ÅþøÂ¨ �î�ÂõÉ�Ê¿� üÖ�ÔÜ� ñÀõ .Àª��üõ ¤�ÂÖµ¨� ý��þ�û á�Þ¹õ ý¥�¨ÝÞ���õ



71 �ûù¢�¢ üÈª�� Û�Ü½�-ü���÷�Øõ üÖ�ÔÜ� ñÀõ.Àª��üõ Âþ¥ ÛØª �� üãÎì ý�ûù¢�¢ üÈª�� Û�Ü½� ø ¢øÀ½õ�÷max PKk=1PLl=1PJj=1 ukljOjklmin PKk=1PLl=1 kl deml xkl +PKk=1 Fkyks:t PKk=1 xkl = 1 8lPIi=1 vkliIikl = xkl 8k; l (a)PJj=1 ukljOjrs �PIi=1 vkliIirs � 0 8r; s; k; lukljOjkl � xkl 8k; l; j (b)xkl � yk 8k; luklj � �xkl ; vkli � �xkl 8k; l; i; j ()uklj; vkli � 0 & xkl; yk 2 f0;1g
(1-4)

.À�ª��üõ Âþ¥ �¤�Ê� ñÀõ ý�ûÂµõ�¤�� ø �ûÂ�çµõ �î.kl À��ø ��-j ü�øÂ¡ ö¥ø :uklj.kl À��ø ��-j ü�øÂ¡ :Ojkl.kl À��ø ��-i ý¢ø¤ø ö¥ø :vkli.kl À��ø ��-i ý¢ø¤ø :Iikl.l ýùÀ÷Â�ð ÅþøÂ¨ �� k ýùÀ�û¢ÅþøÂ¨ ¥� ÅþøÂ¨ À��ø Âû ý��þ�û :Ckl.l ýùÀ÷Â�ðÅþøÂ¨ ý�Â� ¥��÷ ¢¤�õ ÅþøÂ¨ ö���õ :deml.k ýùÀ�û¢ÅþøÂ¨ À��ø (ö¢��¥��) ¤�ÂÖµ¨� ´��� ý��þ�û :Fk.�ûÉ¡�ª ö¥ø öÀª ÂÔ¬ ¥� ´ã÷�Þõ ý�Â� ´¨� ´±·õ ø ×��î ¤�ÀÖõ ×þ :�.À÷�ùÀª üêÂãõ 1 ÛÊê ¤¢ �î À�µÆû �ó�bÆõ Ý�ÞÊ� ý�ûÂ�çµõ xkl; yk�f ±ì �î ¤�Î÷�Þû ,(xkl = 1) Àû¢üõ ÅþøÂ¨ l ýùÀ÷Â�ð ÅþøÂ¨ �� k ýùÀ�û¢ÅþøÂ¨ �î üµìø¯��Âõ ý�ûÉ¡�ª �� �µê�þ É�Ê¿� ö¥ø �î ´¨� ¥��÷ ���� öÀª Â�üÖÎ�õ ý�Â� ´¨� ùÀª �µÔð



72 �ûù¢�¢ üÈª�� Û�Ü½�-ü���÷�Øõ üÖ�ÔÜ� ñÀõ´þ¢øÀ½õ ¤¢ á�®�õ ßþ� �î ¢¢Âð ÂÔ¬ ¥� Âµð¤�� À�û¢üõ ��¹÷� �¤ üû¢ ÅþøÂ¨ ÛÞä �î üþ�ûÀ��ø ��,(xkl = 0) ÀûÀ÷ ÅþøÂ¨ l ýùÀ÷Â�ð ÅþøÂ¨ �� k ýùÀ�û¢ÅþøÂ¨ �î üµìø .´¨� ùÀª ù¢¤ø� ()�¤ ÂÔ¬ ö¥ø �ûÀ��ø á�÷ ßþ� ý�ûÉ¡�ª ý�Â� �î Àû¢üõ �¤ ù¥��� ßþ� ÂÚª¥�¢Â� �� () ´þ¢øÀ½õ�Àä �¤�¬ ¤¢ �î À��îüõ ¤�¢�ø �¤ ÂÚª¥�¢Â� (a; b) ý�û´þ¢øÀ½õ Àã� ý�Ü�Âõ ¤¢ ø ¢Â�Ú� ÂÑ÷¤¢ ÝûýÂ�ðÝ�ÞÊ� À��ø ×þ ÓþÂã� �� ���� �� .¢¢Âð ÂÔ¬ �Ï��Âõ À��ø ý�Â� �ûÉ¡�ª ö¥ø ,üû¢ÅþøÂ¨É¿Èõ �÷�ð�À� �¤�Ê� �ûÉ¡�ª (ùÀ÷Â�ðÅþøÂ¨-ùÀ�û¢ÅþøÂ¨) ´Ô� Âû ý�Â� ö�� ñÀõ ßþ� ¤¢ñÀõ ø ´¨� �¤�¢ �¤ ¢�¡ �� ¯��Âõ üþ�¤�î �ûùÀ÷Â�ðÅþøÂ¨ ø ùÀ�û¢ÅþøÂ¨ ¥� ü±�îÂ� Âû Å� ´¨�ùÀª.℄22[ Àª�� �µª�¢ �¤ üþ�¤�î ßþÂµÈ�� �î À�î ��¿µ÷� �¤ ü±�îÂ� À�îüõ üã¨ßþ� �� �¤ üãÎì ý�ûù¢�¢ üÈª�� Û�Ü½� ø ¢øÀ½õ ÅþøÂ¨ ´�êÂÒ �� ÅþøÂ¨ �î�Âõ É�Ê¿� ñÀõ ø¢¢¢ÂÚ÷ �±¨�½õ ñø� éÀû â��� ¤¢ Àû¢üÞ÷ ��¹÷� �¤ üû¢ÅþøÂ¨ ÛÞä �î ýÀ��ø üþ�¤�î �î ¢ÂØþø ¤�î ¢¢Âðüõ ü��ÂÏ ý��÷�Ú� üÖ�ÔÜ� ñÀõ ¤�Ñ�õ ßþ� ý�Â� .Ý�þ�Þ÷üõ Õ�ÔÜ� (¢�ª �µêÂð ÂÑ÷¤¢ ÂÔ¬).¢�ªüõ �µêÂð ÂÑ÷¤¢ ÂÔ¬ Àû¢üÞ÷ ��¹÷� �¤ üû¢ÅþøÂ¨ ÛÞä �î ýÀ��ø �� ¯��Âõ ý�ûÉ¡�ª ö¥ø�¤�Ê� üãÎì ý�ûù¢�¢ üÈª�� Û�Ü½� ø ¢øÀ½õÅþøÂ¨ ´�êÂÒ �� ÅþøÂ¨ �î�ÂõÉ�Ê¿� üÖ�ÔÜ� ñÀõ



73 �ûù¢�¢ üÈª�� Û�Ü½�-ü���÷�Øõ üÖ�ÔÜ� ñÀõ.´¨� Âþ¥max PKk=1PLl=1PJj=1 ukljOjklmin PKk=1PLl=1 kl bkl xkl +PKk=1 Fkyks:t PKk=1 xkl � 1 8lPIi=1 vkliIikl = xkl 8k; lPJj=1 ukljOjrs �PIi=1 vkliIirs � 0 8r; s; k; lPKk=1 bkl = deml 8lbkl � min[deml; Omkl℄yk 8k; l (a0)xkl � yk 8k; lbkl � xkl 8k; l (b0)ukljOjkl � xkl 8k; l; juklj � �xkl ; vkli � �xkl 8k; l; i; juklj; vkli � 0 & xkl; yk 2 f0;1g
(2-4)

É�Ê¿� ý�Â� ö� ��¿µ÷� Àª�� �µª�¢ ýÂ���� ÅþøÂ¨ ´�êÂÒ �î ý�ùÀ�û¢ÅþøÂ¨ Âû �Ø�þ� �� ���� ��(üþ�¤�î) ý¤øùÂú� À��ø ö� Àª�� Âµð¤�� À��ø ×þ ü�øÂ¡ �� Âû ø ,¢�� Àû��¡ (Â��êÂ¬ ��) Â�À�Ôõ�ûùÀ÷Â�ðÅþøÂ¨ ¥� ×þ Âû �� ñ�Ê�� ö�õ¥ ¤¢ ùÀ�û¢ÅþøÂ¨ Âû ÅþøÂ¨ ´�êÂÒ ´ª�¢ Àû��¡ ýÂµÈ��¤¢ ùÀ�û¢ÅþøÂ¨ Âû ÅþøÂ¨ ´�êÂÒ (a0) ´þ¢øÀ½õ ¤¢ .¢�ªüõ �µêÂð ÂÑ÷¤¢ ü�øÂ¡ ×þ ö���ä ��.´¨� ùÀªÉ¿Èõ (Omkl) Âµõ�¤�� �� ü�øÂ¡×þ ö���ä �� �ûùÀ÷Â�ðÅþøÂ¨ ¥� ×þ Âû �� ñ�Ê�� ö�õ¥(xl = 1) Àû¢ ��¹÷� �¤ üû¢ÅþøÂ¨ ÛÞä ýÀ��ø Âð� �î ´¨� ùÀª ü��ÂÏ üÜØª �� (b0) ´þ¢øÀ½õüÆþøÂ¨ Âð� �þ À�î ÛÖµ�õ l ýùÀ÷Â�ðÅþøÂ¨ �� k ýùÀ�û¢ÅþøÂ¨ ¥� �¤ ÅþøÂ¨ À��ø ×þ Ûì�À� Àþ��ÂÔ¬ Â��Â� xkl Ý�ÞÊ� Â�çµõ ù�Ú÷� (bkl = 0) ¢¢ÂÚ÷ ÛÖµ�õ l ýùÀ÷Â�ðÅþøÂ¨ �� k ýùÀ�û¢ÅþøÂ¨ ¥�.℄22[ (¢�ªüõ �µêÂð ÂÑ÷¤¢ ÂÔ¬) ¢¢ÂðüÞ÷ �±¨�½õ éÀû â��� ¤¢ kl À��ø üþ�¤�î ø ¢¢Âðüõ



74 �ûù¢�¢ üÈª�� Û�Ü½�-ü���÷�Øõ üÖ�ÔÜ� ñÀõ�êÀûÀ�� Û��Æõ Û� ý�Â� é�Àû� �� üû¢ö¥ø ©ø¤ üêÂãõ 1-1-4ø ´�ãì�ø Âðö��� ,éÀû ×þ �ú�� Ûõ�ª ü®�þ¤ üóÀõ �î Àû¢üõ  ¤ üþ�û´�ã®ø üãì�ø Íþ�Âª ¤¢Çû�î �¤ ñÀõ ¥� Û¬�� ¸þ�µ÷ ´���ÜÎõ ø üþ�¤�î Âõ� ßþ� ø ù¢�±÷ ùÀ÷Â�ðÝ�ÞÊ� ÂÑ÷ ¢¤�õ ý�û�µ¨��¡.À÷Â�ðüõ ¤�Âì ¢Àãµõ éÀû À�� Â���b� ´½� �î ´ê�þ ö���üõ âì�ø Ýó�ä ¤¢ ý¤��Æ� Û��Æõ .Àû¢üõ¤¢ �ÜÞ� ¥� .´ê�þ ö���üõ ÓÜµ¿õ ý�û´ÞÆì ý�Â� üÌì��µõ �fÌã� ø ¢Àãµõ é�Àû� �÷�¡¤�î Âû ¤¢ �fÜ·õ´�êÂÒ ¥� ù¢�Ôµ¨� ö¢Âî Â·î�À� ,��þ�û ö¢Âî Ûì�À� ,Àõ�¤¢ ö¢Âî Â·î�À� :À�÷�õ üê�Àû� À�ó�� ´ÞÆìö�õ¥ ö¢Âî Â·î�À� :À�÷�õ üê�Àû� ��Â�Þã� ø ý¤�ÀúÚ÷ ´ÞÆì ¤¢ ,ý¢���õ ö���õ ö¢Âî Ûì�À� ø À�ó��á��� : À�÷�õ üê�Àû� ©øÂê ´ÞÆì ¤¢ ø üîÀþ ��ãÎì ý¢���õ ö¢Âî Ûì�À� ø ��ó� ß�ª�õ ¥� ù¢�Ôµ¨�ÂÚþ¢ ý�û´ÞÆì é�Àû� �� ´ÞÆì Âû éÀû ´Æ�÷ À�ã� .©øÂê ý�û��þ�û ö¢Âî Ûì�À� ,��ó�Ê½õ:´¨� Âþ¥ �¤�¬ �� �÷�ðÀ�� é�Àû� �� Û��Æõ ü®�þ¤ ÛØª .Àª�� ¢�Ìµõ ù�ð ø �ø�Ôµõmax(min) Z = [z1; z2; � � � ; zp℄z1 = z1(xj)...zp�1 = zp�1(xj)zp = zp(xj)s:t gi(xj) � bi i = 1;2; � � � ;mxj � 0 j = 1;2; � � � ; n
(3-4)

ý�¤�¢ ë�ê ñÀõ .´¨� ´��� ø üÔ�õ�÷ ý¤�ÀÖõ bi ø xj Ý�ÞÊ� Â��çµõ ¥� üÎ¡ üã���� gi(xj)ø zp(xj) �î«�Êµ¡� Âþ¢�Öõ �ä�Þ¹õ ,ñÀõ ßþ� ý�Â� ñ�ùÀþ� ���� .´¨� Â��çµõ n ø ´þ¢øÀ½õ m ,éÀû â��� p�¤ éÀû â��� p ö�õ¥ Ýû ø ù¢Âî ëÀ¬ ´þ¢øÀ½õ m üõ�Þ� ¤¢ �î ´¨� xj Ý�ÞÊ� ý�ûÂ��çµõ �� �µê�þ¢�Ìµõ é�Àû� ¢��ø ´Üä �� À�î ���ú� �¤ éÀû ×þ À÷��µ� �î ü���� �Þû ßþ� �� .À�î (Ûì�À�) Â·î�À�



75 �ûù¢�¢ üÈª�� Û�Ü½�-ü���÷�Øõ üÖ�ÔÜ� ñÀõéÀû â��� ×þ öÀª ���ú� ,Û��Æõ �÷�Ú�þ� ¤¢ �Áó .Àþ�Þ÷ ���ú� �¤ é�Àû� Âþ�¨ À÷��µ÷ ´¨� ßØÞõ ñÀõ ¤¢üû¢ö¥ø ©ø¤ üêÂãõ �� ´ÞÆì ßþ� ¤¢ �õ .´Æ�÷ �ó�bÆõ ø éÀû â���� üõ�Þ� öÀª ���ú� é¢�Âµõ �fõø�ó.Ýþ¥�¢Â�üõ �êÀû À�� Û��Æõ ý�Â� é�Àû� ��éÀû â��� ×þ ùÀª ù¢�¢ ö¥ø é�Àû� °�îÂ� ¥� ø ù¢�¢ ö¥ø ÓÜµ¿õ é�Àû� �� ùÀ÷Â�ðÝ�ÞÊ� ©ø¤ ßþ� ¤¢ý�þ¤�õ�÷Â� Û��Æõ À�÷�õ �î ¢�ªüõ ¢�¹þ� éÀû â��� ×þ �� üóÀõ ,°��Â� ßþ� �� .¢¤ø�üõ ´¨¢ ��ù¢�¢ ý�ûö¥ø á�Þ¹õ ø Âê üÔ�õ�÷ ýÂþ¢�Öõ é�Àû� ¥� ��Àî Âû ö¥ø .¢�� Àû��¡ Û� Û��ì üÎ¡éÀû Â��Â� ¤�ú� ñø� éÀû ´�Þû� üóÀõ ¤¢ ù�ð Âû ,°��Â� ßþ� �� .¢�ªüõ �µêÂð ÂÑ÷ ¤¢ ×þ Â��Â� ùÀªéÀû ö¥ø ,ù¢Âî �À�� �¤ ( 4+1=5) éÀû ø¢ Âû ´�Þû� á�Þ¹õ ´¨� üê�î ¤�î ßþ� ý�Â� ,Àª�� �ø¢éÀû ö¥ø ,Å� .¢¤ø� ´¨¢ �� 45 = 0=8 ü�ãþ Û¬�� á�Þ¹õ Â� éÀû ö� ´�Þû� Ý�ÆÖ� ¥� �¤ ñø�´¨� ß��� �ó�bÆõ éÀû â��� �Áó .Àª Àû��¡ 15 = 0=2 Â��Â� �ø¢max(min)Z = 0=8( ñø� éÀû â���) + 0=2( �ø¢ éÀû â���).℄57[ ´¨� Âþ¥ �¤�Ê� é�Àû� �� ö¢�¢ ö¥ø ý�Â� �¥�ó ý�û ��ð.À��î ß��ã� �¤ �ûö¥ø ø É¿Èõ ÂÚþ¢ é�Àû� �þ éÀû �� ´±Æ÷ �¤ éÀû Âû ´�Þû� :1 ��ð.Àþ¢¤ø� ¤¢ min�¤�¬ �� �þ ø max �¤�¬ �� Àþ�� �¤ éÀû â���� üõ�Þ� :2 ��ðüð¤�� ý��¤¢ ×þ ý�¤�¢ éÀû â���� ÂÚþ¢ �� ´±Æ÷ éÀû â��� Âû °þ�Â® �î Àþ�ª ßÿÞÎõ :3 ��ð.Àª��üõ.À��î ¢�¹þ� üØ� éÀû â��� ×þ éÀû â���� ¤¢ �ûö¥ø ö¢Âî �Â® �� :4 ��ð.À��î Û� �¤ 4 ��ð ¥� üª�÷ üÎ¡ ý�þ¤�õ�÷Â� �ó�bÆõ :5 ��ð



76 �ûù¢�¢ üÈª�� Û�Ü½�-ü���÷�Øõ üÖ�ÔÜ� ñÀõ�ûz�i ø ù¢�¢ ¤�Âì éÀû â���� ¥� ��Àî Âû ¤¢ �¤ 5 ��ð �ÜÿÆõ Û� ¥� ùÀõ� ´¨¢ �� ý���ú� ���� :6 ��ð.Àþ¤ø� ´¨¢ �� �¤ý¢Àä ñ�·õ 2-1-4üÈª�� Û�Ü½� ø ¢øÀ½õ�÷-¢øÀ½õ ÅþøÂ¨ ´�êÂÒ �� ÅþøÂ¨ �î�ÂõÉ�Ê¿� üÖ�ÔÜ� ñÀõ Ý�û��¡üõ.Ý��î ý¥�¨ ù¢��� Âþ¥ ü®Âê ý�ûù¢�¢ ý�Â� �¤ üãÎì ý�ûù¢�¢.Àª��üõ ùÀ÷Â�ðÅþøÂ¨ ¤�ú� ø ùÀ�û¢ÅþøÂ¨ ø¢ Ûõ�ª �î ÝþÂ�ðüõ ÂÑ÷¤¢ �¤ üÞµÆ�¨ �õ ñ�·õ ßþ� ¤¢Ýþ��µêÂð ÂÑ÷¤¢ ýÂ�ðÝ�ÞÊ� À��ø ×þ ö���ä �� �¤ (ùÀ÷Â�ðÅþøÂ¨-ùÀ�û¢ÅþøÂ¨) �ø¥ Âû �î �¹÷� ¥�� = 10�4 ø ü�øÂ¡ ø¢ ø ý¢ø¤ø �¨ À��ø Âû ý�Â� .´ª�¢ Ý�û��¡ ýÂ�ðÝ�ÞÊ� À��ø ´Èû Å�ÅþøÂ¨ À��ø Âû ý��þ�û ø �ûÀ��ø ü�øÂ¡ ø ý¢ø¤ø �� ¯��Âõ ý�ûÂµõ�¤�� ¤�ÀÖõ .ÝþÂ�ðüõ ÂÑ÷¤¢Âû ý�Â� �î�Âõ ¤�ÂÖµ¨� ý��þ�û ø ùÀ÷Â�ð ÅþøÂ¨ Âû ý�Â� ¥��÷ ¢¤�õ ÅþøÂ¨ ö���õ ,(1.4) ñøÀ� ¤¢ýùÀ÷Â�ðÅþøÂ¨ éÂãõDl ø ��-k ýùÀ�û¢ÅþøÂ¨ éÂãõ Fk) ´¨� ùÀõ� (2.4) ñøÀ� ¤¢ ùÀ�û¢ÅþøÂ¨Âþ¥ �Âª �� ñ�·õ ßþ� ý�Â� (2-4) ø (1-4) ñÀõ ¤¢ �µê¤ ¤�Ø� ý�ûÅþÀ÷� Â��ç� ö���õ .(´¨� ��-l.´¨�k = 1;2 l = 1;2;3;4 i = 1;2;3r = 1;2 s = 1;2;3;4 j = 1;2�µêÂð ÂÑ÷¤¢ ü�øÂ¡ ×þ ö���ä �� ÅþøÂ¨ ´�êÂÒ Àª �µÔð �î ¤�Î÷�Þû ¢øÀ½õ ´�êÂÒ ´ó�� ý�Â�ÅþøÂ¨ ´�êÂÒ ö�Þû ��¨ ü�øÂ¡ �î ¢�� Àû��¡ ü�øÂ¡ �¨ Ûõ�ª ÝµÆ�¨ ´ó�� ßþ� ¤¢ Å� ¢�ªüõÅþøÂ¨ ´�êÂÒ �� �î�Âõ É�Ê¿� ñÀõ ùÀª ���¤� üóøÀ� ý�ûù¢�¢ ßµêÂð ÂÑ÷¤¢ �� ñ�� .¢�� Àû��¡�� üÖ�ÔÜ� ñÀõ Û� ¥� Û¬�� ¸þ�µ÷ .Ý��îüõ ý¥�¨ù¢��� �¤ üãÎì ý�ûù¢�¢ üÈª�� Û�Ü½� ø ¢øÀ½õ�÷



77 �ûù¢�¢ üÈª�� Û�Ü½�-ü���÷�Øõ üÖ�ÔÜ� ñÀõ�ûÉ¡�ª �� ¯��Âõ ý�ûù¢�¢ :1.4 ñøÀ�ùÀ�û¢ ÅþøÂ¨ ùÀ÷Â�ðÅþøÂ¨ ÅþøÂ¨ À��ø Âû ý��þ�û I1 I2 I3 O1 O2F1 D1 46 76 69 63 73 4F1 D2 69 50 92 75 80 35F1 D3 62 50 76 64 69 37F1 D4 39 50 25 24 21 36F2 D1 11 98 69 41 63 34F2 D2 72 29 59 75 11 82F2 D3 74 40 39 18 49 60F2 D4 78 56 42 90 58 82¥��÷ ¢¤�õ ÅþøÂ¨ ö���õ ø ¤�ÂÖµ¨� ý��þ�û :2.4 ñøÀ�ùÀ�û¢ÅþøÂ¨ Âû ¤�ÂÖµ¨� ý��þ�û ùÀ÷Â�ðÅþøÂ¨ Âû ¥��÷ ¢¤�õ ÅþøÂ¨ ö���õF1 F2 D1 D2 D3 D4250 370 8 28 20 17éÀû â��� ý�Â� � ö¥ø ø üþ�¤�î éÀû â��� ý�Â� � ö¥ø ßµêÂð ÂÑ÷ ¤¢ �� é�Àû� �� üû¢ö¥ø ©ø¤¢øÀ½õ�÷ ÅþøÂ¨ ´�êÂÒ �� É�Ê¿� üØ�ê�Âð Çþ�Þ÷ .Àª��üõ (4.4) ø (3.4) ñøÀ� �Âª �� ��þ�ûÛ� ý�Â� �Ø�þ� �� ���� �� ñ�� .´¨� ùÀª ù¢�¢ Çþ�Þ÷ (1-4) ÛØª ¤¢ üþ�¤�î ø ��þ�û ¢ÂØþø ¤ �� øÂµõ�¤�� ßþ� ¤�ÀÖõ Ýþ¤�¢ ùÀ�û¢ÅþøÂ¨ Âû ÅþøÂ¨ ´�êÂÒ ö���õ �� ¥��÷ ¢øÀ½õ ´�êÂÒ �� üÖ�ÔÜ� ñÀõÉ�Ê¿� ñÀõ ùÀª ���¤� üóøÀ� ý�ûù¢�¢ ßµêÂð ÂÑ÷¤¢ �� ñ�� .´¨� ùÀª ù¢¤ø� (5.4) ñøÀ� ¤¢Û¬�� ¸þ�µ÷ .Ý��îüõ ý¥�¨ù¢��� �¤ üãÎì ý�ûù¢�¢ üÈª�� Û�Ü½� ø ¢øÀ½õ ÅþøÂ¨ ´�êÂÒ �� �î�Âõö¥ø ø üþ�¤�î éÀû â��� ý�Â� � ö¥ø ßµêÂð ÂÑ÷ ¤¢ �� é�Àû� �� üû¢ö¥ø ©ø¤ �� üÖ�ÔÜ� ñÀõ Û� ¥�´�êÂÒ �� É�Ê¿� üØ�ê�Âð Çþ�Þ÷ .Àª��üõ (7.4) ø (6.4) ñøÀ� �Âª �� ��þ�û éÀû â��� ý�Â� �.´¨� ùÀª ù¢�¢ Çþ�Þ÷ (2-4) ÛØª ¤¢ üþ�¤�î ø ��þ�û ¢ÂØþø ¤ �� ø ¢øÀ½õ ÅþøÂ¨



78 �ûù¢�¢ üÈª�� Û�Ü½�-ü���÷�Øõ üÖ�ÔÜ� ñÀõ

üþ�¤�î ø ��þ�û ¢ÂØþø ¤ �� ¢øÀ½õ�÷ ´�êÂÒ �� É�Ê¿� üØ�ê�Âð Çþ�Þ÷ :1-4 ÛØª� = 0; � = 1 ßµêÂð ÂÑ÷¤¢ �� ¢øÀ½õ�÷ ÅþøÂ¨ ´�êÂÒ �� ñ�·õ Û� ¸þ�µ÷ :3.4 ñøÀ�x11 x12 x13 x14 y1 y2 ��þ�û éÀû â��� üþ�¤�î éÀû â��� Ûî éÀû â���1 1 1 1 1 0 4453 3*04 -4453� = 1; � = 0 ßµêÂð ÂÑ÷¤¢ �� ¢øÀ½õ�÷ ÅþøÂ¨ ´�êÂÒ �� ñ�·õ Û� ¸þ�µ÷ :4.4 ñøÀ�x11 x12 x23 x34 y1 y2 ��þ�û éÀû â��� üþ�¤�î éÀû â��� Ûî éÀû â���1 1 1 1 1 1 5879 4 4ùÀ�û¢ÅþøÂ¨ Âû ÅþøÂ¨ ´�êÂÒ :5.4 ñøÀ�D1 D2 D3 D4F1 10 20 20 17F2 8 8 10 2
üþ�¤�î ø ��þ�û ¢ÂØþø ¤ �� ¢øÀ½õ ÅþøÂ¨ ´�êÂÒ �� É�Ê¿� üØ�ê�Âð Çþ�Þ÷ :2-4 ÛØª� = 0; � = 1 ßµêÂð ÂÑ÷¤¢ �� ¢øÀ½õ ÅþøÂ¨ ´�êÂÒ �� ñ�·õ Û� ¸þ�µ÷ :6.4 ñøÀ�Ý�ÞÊ� ý�ûÂ�çµõ é Àû â���b12 b13 b14 b21 b22 x12 x13 x14 x21 x22 y1 y2 ��þ�û üþ�¤�î Ûî20 20 17 8 8 1 1 1 1 1 1 1 4567 3*05 -4568



79 �ûù¢�¢ üÈª�� Û�Ü½�-ü���÷�Øõ üÖ�ÔÜ� ñÀõ� = 1; � = 0 ßµêÂð ÂÑ÷¤¢ �� ¢øÀ½õ ÅþøÂ¨ ´�êÂÒ �� ñ�·õ Û� ¸þ�µ÷ :7.4 ñøÀ�Ý�ÞÊ� ý�ûÂ�çµõ é Àû â���b11 b12 b13 b14 b22 b23 b24 x11 x14 x23 x24 y1 y2 ��þ�û üþ�¤�î Ûî8 20 19 16 8 1 1 1 1 1 1 1 1 4907 5*85 5*85ý�ù¥�� ý�ûù¢�¢ üÈª�� Û�Ü½� -ü���÷�Øõ üÖ�ÔÜ� ñÀõ 2-4ý�ûÉ¡�ª �� �¤ �ûù¢�¢ üÈª�� Û�Ü½� ø ÅþøÂ¨ �î�Âõ É�Ê¿� ñÀõ Ýþ¤�¢ ÂÑ÷ ¤¢ Ç¿� ßþ� ¤¢ùÀª ù¢¤ø� ��óø� Õ�ÔÜ� ¤¢ �î ý¢ÂØþø ¤ ¥� Õ�ÔÜ� ßþ� ¤¢ .Ý���Þ÷ Õ�ÔÜ� ý�ù¥�� ( ý�ûü�øÂ¡ ø ý¢ø¤ø)ö� ý�Â� �ûü�øÂ¡ ø ý¢ø¤ø �î Ýþ¤�¢ �¤ (1-4) Ç¿� ñÀõ ö�Þû ´Ö�Ö� ¤¢ .Ý��îüõ ù¢�Ôµ¨� ´¨�ý�ûù¢�¢ üÈª�� Û�Ü½� üêÂãõ ¤¢ �î ýÀ÷ø¤ ö�Þû �� ý�ù¥�� ñÀõ ö¢Âî üÎ¡ ¥� Å� .À÷�ùÀª ý�ù¥��üÈª�� Û�Ü½� ø ¢øÀ½õ�÷ ÅþøÂ¨ ´�êÂÒ �� ÅþøÂ¨ �î�Âõ É�Ê¿� üÖ�ÔÜ� ñÀõ Àª �µÔð ý�ù¥��.´ª�¢ Ý�û��¡ Âþ¥ ÛØª �� �¤ ý�ù¥�� ý�ûù¢�¢max PkPlPj[ukljOjkl + pjkl(Ojkl �Ojkl)℄min PkPl kl deml xkl +Pk Fkyks:t Pj [ukljOjrs + pjrs(Ojrs �Ojrs)℄�Pi[vkliIirs + qirs(I irs � I irs)℄ � 0Pi[vkliIikl + qikl(I ikl � I ikl)℄ = xkl 8k; l ; Pk xkl = 1ukljOjkl + pjkl(Ojkl �Ojkl) � xkl ; uklj; vkli � �xklpjkl � uklj � 0 ; qikl � vkli � 0pjkl; qikl; uklj; vkli � 0 ; xkl; yk 2 f0;1g
(4-4)



80 �ûù¢�¢ üÈª�� Û�Ü½�-ü���÷�Øõ üÖ�ÔÜ� ñÀõÂþ¥ ÛØª �� ý�ù¥�� ý�ûù¢�¢ üÈª�� Û�Ü½� ø ¢øÀ½õ ´�êÂÒ �� ÅþøÂ¨ �î�Âõ É�Ê¿� üÖ�ÔÜ� ñÀõ:¢�� Àû��¡max PkPlPj[ukljOjkl + pjkl(Ojkl �Ojkl)℄min PkPl klbkl +Pk Fkyks:t Pj [ukljOjrs + pjrs(Ojrs �Ojrs)℄�Pi[vkliIirs + qirs(I irs � I irs)℄ � 0bkl � min[deml; apk℄yk ; Pk bkl = demlPi[vkliIikl + qikl(I ikl � I ikl)℄ = xkl 8k; l ; Pk xkl � 1ukljOjkl + pjkl(Ojkl �Ojkl) � xkl ; uklj; vkli � �xklpjkl � uklj � 0 ; qikl � vkli � 0pjkl; qikl; uklj; vkli � 0 ; xkl; yk 2 f0;1g
(5-4)

ÅþøÂ¨ ´�êÂÒ ñÀõ ßþ� ¤¢ �õ .Ý��îüõ ÓþÂã� ùÀ�û¢ÅþøÂ¨ Âû ÅþøÂ¨ ´�êÂÒ �¤ apk Âµõ�¤��ý�Â� É¿Èõ Âµõ�¤�� ×þ ö���ã� �ØÜ� Ý��îüÞ÷ ÓþÂã� ü�øÂ¡ ×þ ö���ã� ÂÚþ¢ �¤ ùÀ�û¢ÅþøÂ¨ Âû�ûý¢ø¤ø ¥� üÌã� ý�Â� üãÎì ¤�ÀÖõ ßµêÂð ÂÑ÷ ¤¢ �� �¤ �ûñÀõ ßþ� .Ý�¨��ªüõ ùÀ�û¢ÅþøÂ¨ ÂûüÖ�ÔÜ� ý�ûñÀõ ¤¢ .¢Âî Û� ö���üõ �ûü�øÂ¡ ø �ûý¢ø¤ø ÂÚþ¢ ý�Â� ý�ù¥�� ¤�ÀÖõ ø �ûü�øÂ¡ øø ý¢ø¤ø ö���õ ß��ã� ý�Â� (ùÀ÷Â�ð Ý�ÞÊ�) ÂþÀõ ,�ûù¢�¢ üÈª�� Û�Ü½�-ü���÷�Øõ �ÜÿÆõ ý�Â� ¢���õß��ã� âì��õ ¥� üÌã� ¤¢ ´�ãì�ø Ýó�ä ¤¢ �î üó�� ¤¢ .´¨� üãÎì ¤�ÀÖõ ß��ã� �� ¤�±¹õ �ûü�øÂ¡�� ¤��µ¡� ßþ� Ç¿� ßþ� ¤¢ ùÀª ���¤� ñÀõ �� ñ�� .´¨� ´¿¨ ý¤�î ,�ûÂµõ�¤�� ý�Â� üãÎì ¤�ÀÖõß��ã� ý�ù¥�� �¤�Ê� �¤ ¢�¡ ý�ûÀ��ø ü��¤�î ü��þ¥ ¤� ý�ûÉ¡�ª �î ´¨� ùÀª ù¢�¢ ùÀ÷Â�ðÝ�ÞÊ�Â�´��¤ ùÀ÷Â�ð Ý�ÞÊ� ý�Â� ùÀª ¢¤�ø �ú÷� ¤¢ �î ýÀþÀ� Íþ�Âª �� ���� �� �ûñÀõ ßþ� �� ¤�î .À�î´Ôð ö���üõ Å� ù¢�� Â�×þ¢�÷ �ûñÀõ ßþ� �� ´�ãì�ø Ýó�ä ¤¢ ¢���õ Û��Æõ �Ø�þ� �� ���� �� .´¨�.´¨� Â�ý¢Â�¤�î ø Â��¤�î ñÀõ ßþ� üãì�ø Û��Æõ ý¥�¨ù¢��� ,ý�Â�



81 �ûù¢�¢ üÈª�� Û�Ü½�-ü���÷�Øõ üÖ�ÔÜ� ñÀõüê¢�Ê� ý�ûù¢�¢ üÈª�� Û�Ü½�-ü���÷�Øõ üÖ�ÔÜ� ñÀõ 3-4ý�Â� �î üþ�ûü�øÂ¡ ø ý¢ø¤ø ¢¤�¢ ö�Øõ� üãì�ø ý��÷¢ Û��Æõ ¤¢ �Ø�þ� �� ���� �� Ç¿� ßþ� ¤¢-ü���÷�Øõ �ÜÿÆõ üê¢�Ê� ´ó�� ,À�ª�� �µª�¢ üê¢�Ê� ´�aû�õ ¢Â�ðüõ ¤�Âì ù¢�Ôµ¨� ¢¤�õ üþ�¤�î ü��þ¥ ¤�Àª �µÔð (5-2) ´ÞÆì ¤¢ �î ¤�Î÷�Þû .Ý��îüõ ���¤� üóÀõ ö� ý�Â� ø Û�Ü½� �¤ �ûù¢�¢ üÈª�� Û�Ü½�¤¢ �õ �î ´¨� ùÀª �ÂÎõ ñ�� �� �� üê¢�Ê� ý�ûù¢�¢ üÈª�� Û�Ü½� ý�ûñÀõ ¥� üÔÜµ¿õ ý�ûÛØªÅþøÂ¨ �î�Âõ É�Ê¿� �ÜÿÆõ �� Õ�ÔÜ� ý�Â� �¤ ÂÚ÷ùÀ�þ� ý�ûù¢�¢ üÈª�� Û�Ü½� ñÀõ Ç¿� Âþ¥ ßþ��¤�Ê� �¤ ü�øÂ¡ ¤�ÀÖõ �õ Ç¿� ßþ� ¤¢ ùÀª ���¤� üÖ�ÔÜ� ñÀõ ¤¢ .Ýþ�ù¢Âî ��¿µ÷� ¢øÀ½õ�÷ ´�êÂÒ ��üþ�¤�î �±¨�½õ ¤¢ üê¢�Ê� ý�û�Î¡ ñ�±ì ö���õ ùÀª üã¨ ñÀõ ßþ� ¤¢ .Ýþ��µêÂð ÂÑ÷ ¤¢ üê¢�Ê�üã�±Ï .Ýþ¥�¨ ¯��Âõ ùÀ÷Â�ðÝ�ÞÊ� ý�Â� ñÀõ ¸þ�µ÷ ýÀ�õ´þ�®¤ ö���õ �� �¤ ùÀ÷Â�ðÝ�ÞÊ� ý�ûÀ��øÀ÷¤�¢ üê¢�Ê� ý�ûü�øÂ¡ ø (üãÎì) É¿Èõ ý�ûý¢ø¤ø �î üþ�ûÝµÆ�¨ ý�Â� ñÀõ ßþ� �î ´¨��� ÅþøÂ¨ �î�Âõ É�Ê¿� üÖ�ÔÜ� ñÀõ ñ�� .¢¤�¢ ¢Â�¤�î ùÂ�è ø �ûö�µ¨¤�Þ�� �þ �û×÷�� °ãª :À�÷�õ:Ý�û¢üõ ���¤� Âþ¥ ÛØª �� �¤ ÂÚ÷ùÀ�þ� ý�ûù¢�¢ üÈª�� Û�Ü½� ø ¢øÀ½õ�÷ ´�êÂÒmax PkPlPj ukljOjklmin PkPl kl deml xkl +Pk Fkyks:t Pk xkl � 1xkl = ykPi vkliIikl = xkl�rsPi vkliIirs �Pj ukljOjrs � (Pj ukljbjrs)F�1(1� �rs)ukljOjkl � xkl (i)uklj � �xkl & vkli � �xkluklj; vkli � 0 & xkl; yk 2 f0;1g
(6-4)



82 �ûù¢�¢ üÈª�� Û�Ü½�-ü���÷�Øõ üÖ�ÔÜ� ñÀõü�ãþ) xkl öÀª ÂÔ¬ �¤�¬ ¤¢ �î Ý��î �ÂÎõ ý¤�Ï �¤ ´þ¢øÀ½õ ßþ� Ý�û��¡üõ (i) ´þ¢øÀ½õ ¤¢(kl À��ø) À��ø ßþ� �� ¯��Âõ ý�ûü�øÂ¡ ö¥ø (ÀûÀ÷ ÅþøÂ¨ l ùÀ÷Â�ðÅþøÂ¨ �� k ùÀ�û¢ÅþøÂ¨�¤ ¢�¡ ý�� bOjkl üê¢�Ê� Â��çµõ �î ¢Â�ð �¤�¬ üÜØª �� ý¥�¨ù¢�¨ Ý�û��¡üõ üêÂÏ ¥� ¢¢Âð ÂÔ¬Àû¢üõ ÅþøÂ¨ l ýùÀ÷Â�ðÅþøÂ¨ �� �î k ýùÀ�û¢ÅþøÂ¨ À��ø ��-j ü�øÂ¡ ¤�Ñµ÷�¢¤�õ ¤�ÀÖõ ��üê¢�Ê� Â��çµõ ü®�þ¤ À�õ� �î Ý��îüõ ù¢�Ôµ¨� �µØ÷ ßþ� ¥� ¢�¡ �µ¨��¡ �� öÀ�¨¤ ý�Â� .ÀûÀ� ,(Ojkl)Â��çµõ Àª �µÔð (5-2) ´ÞÆì ¤¢ �î ¤�Ï ö�Þû .Àª�� ÂÔ¬ Â��çµõ ö� �î ¢¢Âðüõ ÂÔ¬ ü÷�õ¥ üÔ�õ�÷:Ý�ª�� �µª�¢ Âþ¥ �¤�¬ �� Ý�÷���üõ �¤ bOjkl üê¢�Ê�bOjkl = Ojkl � bjkl�:´ª�¢ Ý�û��¡ �¤ Âþ¥ ¸þ�µ÷ ´¨� ¢¤�À÷�µ¨� ñ�õÂ÷ üê¢�Ê� Â��çµõ ×þ � �Ø�þ� �� ���� �� ñ��E(uklj bOjkl) = ukljOjklif ukljOjkl = 0 uklj � 0 ø Ojkl > 0 ö��==========) uklj = 0: Ýþ¤�¢ Âþ¥ ÛØª �� �¤ ÂÑ÷ ¢¤�õ ´þ¢øÀ½õ .´¨� ùÀª ù¢¤ø� �ó�� ñÀõ ¤¢ �î ¤�Î÷�Þû Å�E(uklj bOjkl) � xkl =) ukljOjkl � xkl´¨� ßþ� üãÎì ý�ûù¢�¢ üÈª�� Û�Ü½� ©ø¤ �� ´±Æ÷ ,Õ�ÔÜ� ý�Â� üê¢�Ê� ´ó�� ýÂ�ð¤�Ø� ´þ�õ°��Â� ßþ� �� ø Àþ�Þ÷ ü���Ç�� �¤ ¢�¡ ý�ûÀ��ø üþ�¤�î �ø�Ôµõ ×Æþ¤ ñ�±ì �� À÷���üõ ´þÂþÀõ �î�ä�Þ¹õ .À�î ��Àì� �¤�î�÷ ý�ûÀ��ø ¢ÂØÜÞä ¢�±ú� ´ú� �ûÀ��ø ýùÀ�þ� ´�ã®ø ßµª�¢ ÂÑ÷¤¢ ���¤�¢ �¤ ��þ�û ö���õ ßþÂµÞî ø üþ�¤�î ßþÂ��ó�� À�þ� üõ ´¨À� üÖ�ÔÜ� ñÀõ Û� ¥� �î °¿µ�õ ý�ûÀ��ø.À�µÆû



83 �ûù¢�¢ üÈª�� Û�Ü½�-ü���÷�Øõ üÖ�ÔÜ� ñÀõý¢Àä ñ�·õ 1-3-4Âû �î �¹÷� ¥� .Àª��üõ ùÀ÷Â�ðÅþøÂ¨ ¤�ú� ø ùÀ�û¢ÅþøÂ¨ ø¢ Ûõ�ª �î ÝþÂ�ðüõ ÂÑ÷¤¢ �¤ üÞµÆ�¨´Èû Å� Ýþ��µêÂð ÂÑ÷¤¢ ýÂ�ðÝ�ÞÊ� À��ø ×þ ö���ä �� �¤ (ùÀ÷Â�ðÅþøÂ¨-ùÀ�û¢ÅþøÂ¨) �ø¥.ÝþÂ�ðüõ ÂÑ÷¤¢ � = 10�4 ø ü�øÂ¡ ø¢ ø ý¢ø¤ø �¨ À��ø Âû ý�Â� .´ª�¢ Ý�û��¡ ýÂ�ðÝ�ÞÊ� À��øÂû ý�Â� ü÷ø¤¢ ¤��ãõ é�Â½÷� ø ¤�Ñµ÷� ¢¤�õ ¤�ÀÖõ ø �µêÂð ÂÑ÷¤¢ üê¢�Ê� ��÷ �¤ À��ø Âû ý�ûü�øÂ¡.´¨� ùÀõ� (8.4) ñøÀ� ¤¢ ü�øÂ¡ýÂþÁ�×Æþ¤ ö���õ .(�s = 1 8s) ÝþÂ�ðüõ ÂÑ÷ ¤¢ ×þ �¤ À��ø Âû ý�Â� ¤�Ñµ÷� ¢¤�õ üþ�¤�î ¤�ÀÖõ¼Î¨ �� öÀ�¨¤ ñ�Þµ�� ü�¤�±ã� �þ ø (�s = 0=05; 8s) ÝþÂ�ðüõ ÂÑ÷¤¢ �À¬ ¸�� �¤ ùÀ÷Â�ðÝ�ÞÊ�ý¢ø¤ø �� ¯��Âõ ý�ûÂµõ�¤�� ¤�ÀÖõ .¢�ª üõ �µêÂð ÂÑ÷¤¢ (0*95) �ûÀ��ø ��Þ� ý�Â� üþ�¤�î ��ÜÎõÂû ý�Â� ¥��÷ ¢¤�õ ÅþøÂ¨ ö���õ ,(1.4) ñøÀ� ¤¢ ÅþøÂ¨ À��ø Âû ý��þ�û ø �ûÀ��ø ü�øÂ¡ øéÂãõ Fk) ´¨� ùÀõ� (2.4) ñøÀ� ¤¢ ùÀ�û¢ÅþøÂ¨ Âû ý�Â� �î�Âõ �ÂÖµ¨� ý��þ�û ø ùÀ÷Â�ð ÅþøÂ¨üóøÀ� ý�ûù¢�¢ ßµêÂð ÂÑ÷¤¢ �� ñ�� .(´¨� ��-lýùÀ÷Â�ðÅþøÂ¨ éÂãõDl ø ��-k ýùÀ�û¢ÅþøÂ¨Û¬�� ¸þ�µ÷ .Ý��îüõ ý¥�¨ù¢��� �¤ üê¢�Ê� ý�ûù¢�¢ üÈª�� Û�Ü½�-ü���÷�Øõ üÖ�ÔÜ� ñÀõ ùÀª ���¤�ö¥ø ø üþ�¤�î éÀû â��� ý�Â� � ö¥ø ßµêÂð ÂÑ÷ ¤¢ �� é�Àû� �� üû¢ö¥ø ©ø¤ �� üÖ�ÔÜ� ñÀõ Û� ¥�¤¢ É�Ê¿� üØ�ê�Âð Çþ�Þ÷ .Àª��üõ (10.4) ø (9.4) ñøÀ� �Âª �� ��þ�û éÀû â��� ý�Â� �.´¨� ùÀª ù¢�¢ Çþ�Þ÷ (3-4) ÛØª ¤¢ üþ�¤�î ø ��þ�û ¢ÂØþø ¤ �� ø üê¢�Ê� ´ó��



84 �ûù¢�¢ üÈª�� Û�Ü½�-ü���÷�Øõ üÖ�ÔÜ� ñÀõüê¢�Ê� ý�ûÉ¡�ª �� ¯��Âõ ý�ûù¢�¢ :8.4 ñøÀ�ùÂÑµ�õ ¤�ÀÖõ ¤��ãõ é�Â½÷�ùÀ�û¢ ÅþøÂ¨ ùÀ÷Â�ðÅþøÂ¨ ñø� ü�øÂ¡ �ø¢ ü�øÂ¡ ñø� ü�øÂ¡ �ø¢ ü�øÂ¡F1 D1 72*83 3*83 0*91 0*71F1 D2 79*83 34*83 0*71 0*91F1 D3 68*5 36*83 0*91 0*71F1 D4 21 35*66 0*58 1F2 D1 68*66 34*16 0*82 0*91F2 D2 10*5 82 0*91 0*82F2 D3 45*66 59*83 0*82 0*91F2 D4 57*83 82*16 0*91 0*91� = 0; � = 1 ßµêÂð ÂÑ÷¤¢ �� (1-3-4) ñ�·õ Û� ¸þ�µ÷ :9.4 ñøÀ�x11 x12 x13 x14 y1 y2 ��þ�û éÀû â��� üþ�¤�î éÀû â��� Ûî éÀû â���1 1 1 1 1 0 4453 3*87 -4453� = 1; � = 0 ßµêÂð ÂÑ÷¤¢ �� (1-3-4) ñ�·õ Û� ¸þ�µ÷ :10.4 ñøÀ�x11 x22 x23 x24 y1 y2 ��þ�û éÀû â��� üþ�¤�î éÀû â��� Ûî éÀû â���1 1 1 1 1 1 5963 4 4

üþ�¤�î ø ��þ�û ¢ÂØþø ¤ �� üê¢�Ê� ´ó�� ¤¢ É�Ê¿� üØ�ê�Âð Çþ�Þ÷ :3-4 ÛØª



85 �ûù¢�¢ üÈª�� Û�Ü½�-ü���÷�Øõ üÖ�ÔÜ� ñÀõ�ûÉ¡�ª ü±Æ÷ö¥ø ßµêÂð ÂÑ÷¤¢ �� DEA-ü���÷�Øõ �ÜÿÆõ üÖ�ÔÜ� ñÀõ 4-4ñÀõ ö�Þû (6-2 Ç¿�) �ø¢ ¢ÂØþø ¤ ¤¢ ùÀª ���¤� ñÀõ � = 1 ßµêÂð ÂÑ÷¤¢ �� �î ßþ� �� ���� ��¤¢ .Ý��îüõ ö��� ´¨� Â�âõ�� ÂÑ�� �î �ø¢ ¢ÂØþø ¤ ý�Â� �¤ üÖ�ÔÜ� ñÀõ ßþ�Â���� ´¨� ñø� ¢ÂØþø ¤¥� ö�¨��ª¤�î ÂÑ÷ �î ´¨� (1-4) Ç¿� ¤¢ ùÀª ���¤� ñÀõ ö�Þû Ç¿� ßþ� ¤¢ ùÀª ���¤� ñÀõ ´Ö�Ö�ý�û´þ¢øÀ½õ öÀª ù¢ø�ê� ý�û´þ�õ .´¨� ùÀª ù¢ø�ê� Â¡� �� "ü±Æ÷ ö¥ø ñÂµ�î ý�û´þ¢øÀ½õ' ÕþÂÏ�î�Âõ É�Ê¿� �ÜÿÆõ üÖ�ÔÜ� ñÀõ .´¨� ùÀª ù¢¤ø� (6-2) ´ÞÆì ¤¢ �fÜ±ì ñÀõ �� ü±Æ÷ ö¥ø ñÂµ�îÂþ¥ ÛØª �� �ûÉ¡�ª ü±Æ÷ ö¥ø ßµêÂð ÂÑ÷ ¤¢ �� �ûù¢�¢ üÈª�� Û�Ü½� ø ¢øÀ½õ�÷ ´�êÂÒ �� ÅþøÂ¨:¢�� Àû��¡max PkPlPj ukljOjklmin PkPl kl deml xkl +Pk Fkyks:t ukljOjkl � xkl ; xkl � ykPj ukljOjrs �Pi vkliIirs � 0 ; Pk xkl = 1(wkli�Pi vkli)� vkli � 0 ; Pi vkliIikl = xklvkli � xkl(1� �+ wkli�)Pi vkli � 0 ; (wklj�Pj uklj)� uklj � 0uklj � xkl(1� �+ wklj�)Pj uklj � 0 ; vkli; uklj � �xklxkl; yk 2 f0;1g
(7-4)



86 �ûù¢�¢ üÈª�� Û�Ü½�-ü���÷�Øõ üÖ�ÔÜ� ñÀõßµêÂð ÂÑ÷ ¤¢ �� �ûù¢�¢ üÈª�� Û�Ü½� ø ¢øÀ½õ ´�êÂÒ �� ÅþøÂ¨ �î�Âõ É�Ê¿� �ÜÿÆõ üÖ�ÔÜ� ñÀõ:¢�� Àû��¡ Âþ¥ ÛØª �� �ûÉ¡�ª ü±Æ÷ ö¥ømax PkPlPj ukljOjklmin PkPl klbkl +Pk Fkyks:t bkl � min[deml; Omkl℄yk ; Pk bkl = demlukljOjkl � xkl � bkl ; xkl � ykPj ukljOjrs �Pi vkliIirs � 0 ; Pk xkl � 1(wkli�Pi vkli)� vkli � 0 ; Pi vkliIikl = xklvkli � xkl(1� �+ wkli�)Pi vkli � 0 ; (wklj�Pj uklj)� uklj � 0uklj � xkl(1� �+ wklj�)Pj uklj � 0 ; vkli; uklj � �xklbkl � 0 ; xkl; yk 2 f0;1g
(8-4)

Ý�ÞÊ� Â��çµõ �î Ý���þüõ ¤¢ ñÀõ ø¢ ßþ� �� ùÀª �ê�®� ý�û´þ¢øÀ½õ ø ùÀª ���¤� ñÀõ ø¢ ¤¢ ´ì¢ ��ÅþøÂ¨ �� kýùÀ�û¢ ÅþøÂ¨ �î ü�¤�¬ ¤¢ �î ´¨� ùÀª ñ�Þä� ý��÷�ð �� ÀþÀ� ý�û´þ¢øÀ½õ ¤¢ xklÅþøÂ¨ - k ýùÀ�û¢ÅþøÂ¨) kl À��ø ý�û É¡�ª ö¥ø (xkl = 0 ü�ãþ) ÀûÀ÷ ÅþøÂ¨ l ùÀ÷Â�ð��óø� Õ�ÔÜ� ¤¢ �î ý¢ÂØþø ¤ ö�Þû ´Ö�Ö� ¤¢ .¢�ªüõ �µêÂð ÂÑ÷ ¤¢ ÂÔ¬ ÂÚª¥�¢Â� Í¨�� (l ýùÀ÷Â�ðö¢ø�ê� ¤¢ (Àû¢üÞ÷ ��¹÷� �¤ üû¢ÅþøÂ¨ ÛÞä �î üþ�ûÀ��ø ý�ûÉ¡�ª ö¥ø öÀª ÂÔ¬) ¢�� ÂÑ÷ Àõý��¤¢ � Àª �µÔð �fÜ±ì �î ¤�Ï ö�Þû .´¨� ùÀª ´þ�ä¤ ñÀõ �� ü±Æ÷ ö¥ø ñÂµ�î ý�û´þ¢øÀ½õ ßþ�ø ÂÔ¬ �µÆ� ýù¥�� ¥� ý¤�ÀÖõ �î ´¨� ö�¨��ª¤�î ÂÑ÷ �� ñÀõ Û� ¥� Û¬�� �ûÉ¡�ª ü±Æ÷ ö¥ø Õ��Î�ý�û´þ¢øÀ½õ öÀª �ê�®� �� .¢�ª É¿Èõ ùÀ÷Â�ðÝ�ÞÊ� Í¨�� ñÀõ Û� ¥� Û±ì Àþ�� ø ¢ÂþÁ�üõ ×þñ�Þä� ß�ú� ý�ûùÀ�û¢ÅþøÂ¨ �ä�Þ¹õ ��¿µ÷� ¤¢ ,ö�¨��ª¤�î ÂÑ÷ ´Ö�Ö� ¤¢ ñÀõ �� ü÷¥ø ñÂµ�îý��ä�Þ¹õ �õ �� Ç¿� ßþ� ¤¢ ùÀª ���¤� üÖ�ÔÜ� ñÀõ Û� .¢ø¤üõ �ó�� ��¿µ÷� ´�Ô�î ü�¤�±ä �� ø ¢�ªüõÂÑ÷ öÀª à�½ó �� �¤ ü��¤�î ö���õ ßþÂ��ó�� ��þ�û ßþÂµÞî Â� ùø�Üä �î ¢�¢ Àû��¡ �¤ �ûùÀ�û¢ÅþøÂ¨ ¥�



87 �ûù¢�¢ üÈª�� Û�Ü½�-ü���÷�Øõ üÖ�ÔÜ� ñÀõ.À�µÆû �¤�¢ (ü±Æ÷ ö¥ø ñÂµ�î ý�û´þ¢øÀ½õ ×Þî ��) �ûÉ¡�ª ö¥ø ¢¤�õ ¤¢ ö�¨��ª¤�î
�ûù¢�¢ üÈª�� Û�Ü½�-ü���÷�Øõ ý�ÜÿÆõ ý�Â� ý¢�ú�È�� ñÀõ ×þ 5-4Û�Ü½� ø ¢øÀ½õ�÷ ÅþøÂ¨ ´�êÂÒ �� ÅþøÂ¨ �î�Âõ É�Ê¿� �ÜÿÆõ ý�Â� Û±ì ý�ûÇ¿� ¤¢ �î üóÀõ(üþ�¤�î ý¥�¨ÝÞ�Æî�õ) ñø� éÀû â��� ���ú� ���� ß�� ¢�þ¥ é�Üµ¡� Û�ó¢ �� ¢�� ùÀª ���¤� �ûù¢�¢ üÈª��ö� ¥� â÷�õ ¢�þ¥ é�Üµ¡� ßþ� ´Ö�Ö� ¤¢ ;´¨� ¢¤�ø ö� Â� üÊì��÷ (��þ�û ý¥�¨ÝÞ���õ) �ø¢ éÀû â��� øüóÀõ ¤¢ �õ .¢¢Âð ùÀû�Èõ ��®ø �� üþ�ú÷ ���� ¤¢ éÀû â���� ¥� ×þ Âû ´�Þû� ö���õ �î ¢¢Âðüõý�Â� �î üþ�ûÉ¡�ª �� ���� �� �Àµ�� ¤¢ .Ýþ¥�¨üõ éÂÏÂ� �¤ ÉÖ÷ ßþ� Ý�û¢üõ ���¤� Ç¿� ßþ� ¤¢ �îßµêÂð ÂÑ÷ ¤¢ öøÀ� �¤ À��ø ö� üþ�¤�î ö���õ Ýþ�ù¢Âî ÓþÂã� (ùÀ÷Â�ðÅþøÂ¨-ùÀ�û¢ÅþøÂ¨) À��ø ÂûÅþøÂ¨ �� üµìø k ýùÀ�û¢ÅþøÂ¨ üþ�¤�î Ekl) Ý�û¢üõ ö�È÷ E �� �¤ ö� ø �±¨�½õ ÅþøÂ¨ ý��þ�ûùÀ÷Â�ðÅþøÂ¨ -ùÀ�û¢ÅþøÂ¨ ´Ô� Âû ý�Â� �¤ ��þ�û ö���õ �õ�¢� ¤¢ (Àû¢üõ ÅþøÂ¨ l ýùÀ÷Â�ðüÆþøÂ¨ Ûî ý��þ�ûWkl) Ý�û¢üõ ö�È÷W �� �¤ ö� ø Ý��îüõ �±¨�½õ À��ø üþ�¤�î ßµêÂð ÂÑ÷ ¤¢ öøÀ�Âû ��þ�û ø üþ�¤�î ¤�ÀÖõ �Ø÷� ý�Â� ´Ö�Ö� ¤¢ .(Àû¢üõ l ýùÀ÷Â�ðÅþøÂ¨ �� k ùÀ�û¢ÅþøÂ¨ �îÕ�ÔÜ� ¥� Àã� �¤ À��ø Âû ��þ�û ø üþ�¤�î ¤�ÀÖõ (À�ª�� üð¤�� ý��¤¢ ×þ ý�¤�¢ ) À�ª�� �þ�� Ýû À��øù¢¤ø�Â� ´�Þû� ñÀõ ßþ� ¤¢ �õ .Ý��îüõ Ý�ÆÖ� À��ø ö� �� ¯��Âõ Wkl ø Ekl ¤�ÀÖõ Â� �ÜÿÆõ ø¢ ßþ�â��� ý�ûÂ��çµõ ý�Â� °þÂ® ö¢�¢ ¤�Âì �� �¤ (��þ�û ÝÞ���õ ø üþ�¤�î ÝÞ�Æî�õ) é�Àû� ¥� ×þ Âû öÀª�î�Âõ É�Ê¿� üÖ�ÔÜ� ñÀõ .À÷�ª É¿Èõ Àþ�� ñÀõ Û� ¥� Û±ì °��Â® ßþ� .Ýþ¢�¢ ö�È÷ éÀû



88 �ûù¢�¢ üÈª�� Û�Ü½�-ü���÷�Øõ üÖ�ÔÜ� ñÀõ: ´¨� Âþ¥ ÛØª �� �ûù¢�¢ üÈª�� Û�Ü½� ø ¢øÀ½õ�÷ ÅþøÂ¨ ´�êÂÒ �� ÅþøÂ¨max (��� ��)s:t � =PkPl Pj ukljOjklEkl ; � =PkPl kl deml xkl+FkykwklukljOjkl � xkl ; xkl � ykPj ukljOjrs �Pi vkliIirs � 0 ; Pk xkl = 1vkli; uklj � �xkl ; Pi vkliIikl = xkluklj; vkli; �; � � 0 ; xkl; yk 2 f0;1g
(9-4)

À�µÆû üÜ¬� ñÀõ ý�ûÂ��çµõ ø �ûÂµõ�¤�� ö�Þû (9-4) ñÀõ ¤¢ ùÀª �µêÂð ¤�î �� ý�ûÂ��çµõ ø �ûÂµõ�¤��ù¢�¢ ¼�®�� �ó�� ¤¢ �î ) ñø� ´þ¢øÀ½õ ø¢ Ǒ�¹� Ýû �û´þ¢øÀ½õ ,À÷�ùÀª üêÂãõ Û±ì ý�ûÇ¿� ¤¢ �î°��Â® .Ý��îüõ ÂÑ÷ éÂ¬ �ú÷� ù¤��ø¢ ¼�®�� ¥� �î À�µÆû üÜ¬� ñÀõ ý�û´þ¢øÀ½õ ö�Þû ��Ö� (Àªá�Þ¹õ �î À÷�ª �µêÂð ÂÑ÷ ¤¢ ý¤�Ï Àþ�� �î À�µÆû é�Àû� ¥� ×þ Âû ´�Þû� ß��ã� °þ�Â® ö�Þû � ø ����Þî ¤¢ üã¨ �õ ø ´¨� ��þ�û Å�� ¥� �î �¹÷� ¥� � Â��çµõ .(� + � = 1; �; � � 0) ¢¢Âð ×þ �ú÷�üóÀõ .´¨�ùÀª Âû�Ò éÀû â��� ¤¢ üÔ�õ ´õ�Üä �� ´¨� ý¥�¨ÝÞ�Æî�õ ,éÀû â��� ø Ýþ¤�¢ ö� ö¢ÂîüÈª�� Û�Ü½� ø ¢øÀ½õ�÷ ÅþøÂ¨ ´�êÂÒ �� ÅþøÂ¨ �î�Âõ É�Ê¿� �ÜÿÆõ ý�Â� ßþ� ¥� Û±ì �� �î¤¢ �î ´êÂðüõ �¤�¬ üÜØª �� É�Ê¿� ö� ¤¢ �î ¢�� ü½Î¨ ø¢ ñÀõ ×þ ¢�� ùÀª �ÂÎõ �ûù¢�¢�û´þ¢øÀ½õ ¤¢ éÀû ø¢ ßþ� ö¢Âî ¢¤�ø �� �õ ñ�� ¢¢Âð ���ú� ��þ�û �ø¢ ¼Î¨ ¤¢ ø üþ�¤�î ñø� ¼Î¨ù¥�� ×þ ¤¢ éÀû â��� ø¢ ���ú� ¤�ÀÖõ ß�È�� ñÀõ ¤¢ .Ýþ�ù¢Âî ÛþÀ±� ü½Î¨ ×þ ñÀõ ×þ �� �¤ ñÀõü��¡ ���� Àªüõ ¶ä�� ¢�¢üõ  ¤ Âþ¢�Öõ ¤¢ �fÜÞä �î üÈ��ê é�Üµ¡� ø À÷¢�±÷ Àã� Ýû ø À÷��µª�À÷ ¤�Âì.´¨� ùÀþ¢Âð éÂÏÂ� ý¢�ú�È�� ñÀõ ¤¢ ËÖ÷ ßþ� �î ¢¢ÂÚ÷ Û¬�� ,Àª�� ´�ãì�ø �� Õ±Î�õ �î �¤



89 �ûù¢�¢ üÈª�� Û�Ü½�-ü���÷�Øõ üÖ�ÔÜ� ñÀõ

üþ�¤�î ø ��þ�û ¢ÂØþø ¤ �� É�Ê¿� üØ�ê�Âð Çþ�Þ÷ :4-4 ÛØªý¢Àä ñ�·õ 1-5-4Âû �î �¹÷� ¥� .Àª��üõ ùÀ÷Â�ðÅþøÂ¨ ¤�ú� ø ùÀ�û¢ÅþøÂ¨ ø¢ Ûõ�ª �î ÝþÂ�ðüõ ÂÑ÷¤¢ �¤ üÞµÆ�¨´Èû Å� Ýþ��µêÂð ÂÑ÷¤¢ ýÂ�ðÝ�ÞÊ� À��ø ×þ ö���ä �� �¤ (ùÀ÷Â�ðÅþøÂ¨-ùÀ�û¢ÅþøÂ¨) �ø¥.ÝþÂ�ðüõ ÂÑ÷¤¢ � = 10�4 ø ü�øÂ¡ ø¢ ø ý¢ø¤ø �¨ À��ø Âû ý�Â� .´ª�¢ Ý�û��¡ ýÂ�ðÝ�ÞÊ� À��ø,(1.4) ñøÀ� ¤¢ ÅþøÂ¨ À��ø Âû ý��þ�û ø �ûÀ��ø ü�øÂ¡ ø ý¢ø¤ø �� ¯��Âõ ý�ûÂµõ�¤�� ¤�ÀÖõ¤¢ ùÀ�û¢ÅþøÂ¨ Âû ý�Â� �î�Âõ ¤�ÂÖµ¨� ý��þ�û ø ùÀ÷Â�ð ÅþøÂ¨ Âû ý�Â� ¥��÷ ¢¤�õ ÅþøÂ¨ ö���õÛî ý��þ�û ¤�ÀÖõ ø ��þ�û ¶½� ßµêÂð ÂÑ÷¤¢ öøÀ� À��ø Âû üþ�¤�î ¤�ÀÖõ .´¨� ùÀõ� (2.4) ñøÀ�ñøÀ� ¤¢ ø ùÀª �±¨�½õ ùÀª���¤� ý�ûù¢�¢ �� ���� �� üþ�¤�î ¶½� ßµêÂð ÂÑ÷¤¢ öøÀ� À��ø Âû ý�Â�¸þ�µ÷ .(´¨� ��-lýùÀ÷Â�ðÅþøÂ¨ éÂãõDl ø ��-k ýùÀ�û¢ÅþøÂ¨ éÂãõ Fk) ´¨� ùÀõ� (11.4)�Âª �� �; � = 0:5 ö¥ø ßµêÂð ÂÑ÷ ¤¢ �� é�Àû� �� üû¢ö¥ø ©ø¤ �� üÖ�ÔÜ� ñÀõ Û� ¥� Û¬��Çþ�Þ÷ (4-4) ÛØª ¤¢ üþ�¤�î ø ��þ�û ¢ÂØþø ¤ ��É�Ê¿� üØ�ê�Âð Çþ�Þ÷ .Àª��üõ (12.4) ñøÀ�.´¨� ùÀª ù¢�¢



90 �ûù¢�¢ üÈª�� Û�Ü½�-ü���÷�Øõ üÖ�ÔÜ� ñÀõ
ÛÖµÆõ ÛØª �� üþ�¤�î ø ��þ�û ý�±¨�½õ :11.4 ñøÀ�ùÀ�û¢ ÅþøÂ¨ ùÀ÷Â�ðÅþøÂ¨ üþ�¤�î ��þ�ûF1 D1 0*82 618F1 D2 1 2182F1 D3 0*94 1490F1 D4 0*87 913F2 D1 0*72 458F2 D2 1 2386F2 D3 1 1850F2 D4 1 1849

�; � = 0:5 ßµêÂð ÂÑ÷¤¢ �� (1-5-4) ñ�·õ Û� ¸þ�µ÷ :12.4 ñøÀ�x21 x22 x23 x24 y1 y2 ��þ�û éÀû â��� üþ�¤�î éÀû â��� Ûî éÀû â���1 1 1 1 0 1 5*21 4 -0*6
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92 ùÀ�þ� ý�û¤�î ø ��¢�ú�È��ý�Â� ÅþøÂ¨ �î�Âõ ý���ú� ý�ä�Þ¹õ ßµê�þ ý�Â� ü���÷�Øõ Û��Æõ ¥� ý¢�þ¥ á��÷� Â�¡� ý�ûñ�¨ ¤¢���� ¢¤�õ �ûù¢�¢ üÈª�� Û�Ü½� ©ø¤ �� Û��Æõ ßþ� Õ�ÔÜ� �fÂ�¡� .´¨� ùÀþ¢Âð �ÂÎõ �ûùÀ�û¢ÅþøÂ¨ßþÂ��¤�î ñ�±÷À� �õ ,ÅþøÂ¨ �î�Âõ ý���ú� ö�Øõ ö¢Âî �À�� Â� ùø�ä �î �¤�¬ ßþÀ� ;´¨� �µêÂð ¤�Âì�¤ Û¬�� ñÀõ ,��þ�û ö¢Âî ÝÞ���õ �� ö�õ�Þû ,ü��¤�î ¶½� ö¢Âî �ÂÎõ ÝþÀÖµãõ �õ .Ý�ª��üõ ��÷ �î�Âõüþ�û´ó�� ¤¢ ¢�� ùÀª ���¤�℄22[ Ç÷�¤�ØÞû ø ïÂ±Þ�Üî Í¨�� �î üÖ�ÔÜ� ñÀõ .¢¥�¨üõ Â��¤�î ø Â�ü�èÛ�¡¢ ö�û��¡ ùÀ÷Â�ðÝ�ÞÊ� �î ü÷�õ¥ �þ ø ¢�ª �ÂÎõ ùÀ÷Â�ðÝ�ÞÊ� Í¨�� ý�ù¥�� �¤�Ê� �ûÉ¡�ª �îø �ûÉ¡�ª ö¢�� üê¢�Ê� �î ü÷�õ¥ �þ ø Àª�� ñÀõ Û� ¥� Û¬�� ý�ûö¥ø ¤¢ ö�¨��ª¤�î ÂÑ÷ öÀªßþ� ¤¢ �õ .Àª��üÞ÷ Àõ�¤�î ÂÚþ¢ ,Àª�� �ÂÎõ üþ�¤�î ýÂ�ðù¥�À÷� ¤¢ üê¢�Ê� ý�Î¡ ßµêÂð ÂÑ÷¤¢Û�Ü½� ÓÜµ¿õ ���� �� �¤ ¢øÀ½õ�÷-¢øÀ½õ ÅþøÂ¨ ´�êÂÒ �� ÅþøÂ¨ �î�Âõ É�Ê¿� ñÀõ Õ�Ö½�ù¢Âî �±¨�½õ �¤ �ú÷� üþ�¤�î ,ÓÜµ¿õ Íþ�Âª ¤¢ ÅþøÂ¨ �î�Âõ ü���÷�Øõ ¤¢ �� Ýþ¢Âî Õ�ÔÜ� �ûù¢�¢ üÈª��.Ýþ¤ø� ´¨À� ´�ãì�ø �� ýÂ�Õ±Î�õ ���� ø�î üµìø ´ê¤üõ ¤�Ñµ÷� �î ¤�Î÷�Þû ´¨� ùÀª Û� ��þ�û ø üþ�¤�î ¢ÂØþø ¤ ø¢ �� �î üþ�ûñ�·õ ��Þ� ¤¢�î ´¨� ü÷�õ¥ ¤¢ ��þ�û ý���ú� ¤�ÀÖõ ¥� ÂµÞî ��þ�û ý���ú� ¤�ÀÖõ Ý��îüõ Û� ��þ�û ¢ÂØþø ¤ �� �¤ ñ�·õ¸þ�µ÷ .´¨� ë¢�¬ Ýû üþ�¤�î ý���ú� ¤�ÀÖõ ý�Â� °ÜÎõ ßþ� .Ý��îüõ Û� üþ�¤�î ¢ÂØþø ¤ �� �¤ ñ�·õüãÎì ´ó�� ¤¢ ñ�·õ Û� ¥� Û¬�� ý�¹�µ÷ �� ×þ¢�÷ ¤��Æ� üê¢�Ê� ´ó�� ¤¢ ñ�·õ Û� ¥� Û¬��.Àª��üõ ¤�Ñµ÷� ¢¤�õ üþ�¤�î ¥� ñ�±ì ¢¤�õ é�Â½÷� ý�Â� 0*05 ¤�ÀÖõ ßµêÂð ÂÑ÷¤¢ ¥� üª�÷ ßþ� �î ´¨�.¢�ªüõ ÂµÈ�� ¸þ�µ÷ ß�� �ø�Ô� Àª�� Âµð¤�� ¤�ÀÖõ ßþ� �� Âû ×ª öøÀ�ý�ûÀ��ø �î ´¨� �µêÂð ��¹÷� ü�¤�¬ ��É�Ê¿� ´¨� ùÀª Û� üþ�¤�î ¢ÂØþø ¤ �� �ûñ�·õ �î üµó�� ¤¢üÜØª �� É�Ê¿� ü�ãþ Àª��üõ ÛØª ß�Þû �� ��÷ ��þ�û ´ó�� ¤¢ ø À�ª�� ×þ üþ�¤�î ý�¤�¢ °¿µ�õ¥� ù¢�Ôµ¨� ¤¢ ¢���õ ý�û´þ¢øÀ½õ Û�ó¢ �� .Ý�ª�� �µª�¢ �¤ ��þ�û ßþÂµÞî �î ´¨� �µêÂð �¤�¬



93 ùÀ�þ� ý�û¤�î ø ��¢�ú�È��×��î §��Öõ ¤¢ üó�·õ �ÂÏ �� ¤�±¹õ ,�ûÂ�çµõ ø �û´þ¢øÀ½õ ¢�Àã� ¤¢ ���ÜÞä ¤¢ Õ�Ö½� ý�û¤��ê��Â÷ü���÷�Øõ ¶½±õ ¤¢ �ûù¢�¢ üÈª�� Û�Ü½� ×Þî �� �ûÀ��ø üþ�¤�î ö¢Âî Û�¡¢ �Ø�þ� �� ���� �� .ÝþÀª�µ¡�¢Â� �ú÷� �� ù�Ú÷ ßþ� �� ö��î�� �î Û��Æõ ¥� ý¤��Æ� ýø¤ �¤ ñÀõ ßþ� ö���üõ ,´¨� ù¥�� ø �÷ ý¤�îñÀõ ø¢ ýø¤ ÍÖê ö��î�� ´¨� ùÀª ù¢¤ø� �õ�÷ ö�þ�� ßþ� ¤¢ �î ¤�Î÷�Þû .¢Âî ý¥�¨ù¢��� ´¨� ùÀÈ÷ö� Â� �õ�÷ ö�þ�� ýùÀ�Æþ�÷ .´¨� ùÀª ¤�î (CCR) ñÀõ �� �ú÷� Õ�ÔÜ� ø (UFLP-CFLP) ü���÷�Øõý�ÜÿÆõ ø �îÂõ-p �þ ø �÷��õ-p ö�»Þû ü���÷�Øõ Û��Æõ ÂÚþ¢ ý�Â� �¤ ùÀþ� ßþ� ùÀ�þ� ¤¢ �î ´¨�ù¢¥��' �� üþ�ûñÀõ ¥� ø ù¢�¢ Â��ç� �¤ �µê¤ ¤�Ø� ý�ûù¢�¢ üÈª�� Û�Ü½� ñÀõ �þ ø ù¢Âî ý¥�¨ù¢��� Çª��¤¢ ùÀª ���¤� ý�ûñÀõ À¨¤üõ ÂÑ÷ �� .À�î ù¢�Ôµ¨� Õ�ÔÜ� ý�Â� (BCC) ö�»Þû "Â�çµõ À�ó�� §��Öõ ��ý�ãó�Îõ ý�Â� ö���üõ Íþ�Âª öÀª Ýû�Âê �¤�¬ ¤¢ �î À�µÆû üãì�ø ø �¤�î ,�þ�� ý¤ÀÖ� �õ�÷ ö�þ�� ßþ�ü��õÀ¡ �þ ø üµã�¬ ,ý¤�¹� ý�ûÀ��ø ��À�� �þ �Ö� ¤¢ ýÂÚ÷¥�� ý�Â� üãì�ø ý�ÜÿÆõ×þ ýø¤ ý¢¤�õ.¢¤�¢ �ÜÿÆõ Íþ�Âª ø �ÜÿÆõ ´¨¤¢ Ýúê ø ´¡��ª �� ¥��÷ á�®�õ ßþ� �µ±ó� .¢Âî ù¢�Ôµ¨� �ú÷� ¥�
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105 ý¥�ê ÕÎ�õ.Àª�� �ä�Þ¹õ.Ý�û¢üõÇþ�Þ÷ Âþ¥ �¤�¬ �� �¤ X ¤¢ ~Aý¥�ê �ä�Þ¹õ ù�Ú÷� Àª�� �ä�Þ¹õ×þ X Âð� 1.B 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÷�¤ Àª�� � Ûì� À� �ú÷� ´þ�Ìä ��¤¢ ~A �ä�Þ¹õ ö��õ ¤¢ �î ýÂ¬��ä �Þû �ä�Þ¹õ 2.B 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
ëÀ¬ Âþ¥ Íþ�Âª ¤¢ ,üÖ�Ö� ¢�Àä� ¥� R â�Âõ �ä�Þ¹õ ýø¤ Â� A ý¥�ê �ä�Þ¹õ Âð� 3.B 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 (�
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6

������������1
m m+ �m� �

�(x)
x~A = hm;�; �i ´þ�Ìä â��� :1-B ÛØª

Ý�õ�÷üõ ¼ÎÆõ ý¥�ê ¢Àä �¤ ö� ,Àª�� �¤�¢ �¤ Âþ¥ ¯Âª A ý¥�ê ¢Àä Âð� 4.B ÓþÂã�
(m1;m2) 2 R;m1 � m2; 8 x 2 [m1;m2℄ �A(x) = 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-B)
ü¡Â� ¤¢ .´¨� � = �a� a ø � = a� a� �î À�û¢üõ Çþ�Þ÷ ��÷ ~A = (a�; a; �a) �� �¤ ü·Ü·õ ý¥�ê ¢�Àä�.´¨� ùÀª ÛþÀ±� �©Â� Â� ü�µ±õ ý�ûù¥�� �� Âþ¥ �¤�¬ �� ü·Ü·õ ý¥�ê ¢�Àä� ,��Ö�Ö½�A� = [a� + (a� a�)�; �a � (�a� a)�℄



107 ý¥�ê ÕÎ�õ.´¨� Âþ¥ �¤�Ê� ¢Àä ø¢ ßþ� ýø¤ Â� ���ÜÞä ù�Ú÷� ~N = hn; ; Æi ø ~M = hm;�; �i Âð�: ~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: ~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�¥� ��
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Abstrat
Ther are many reseahs on loation problem and their extention, also many authors workson data envelop analysis and its new models. However the hybridation of these two meth-ods whih �nding failities with maximum eÆieny and minimum ost is new and isinterdued by Klimberg and Ratiek in 2008.In this thesis we �rst onsider and explain the model of Klimberg and Ratiek, then presentsome new models with di�erents onditions. In the thesis we want to assigne failities tolaients where the ost of establishing failities and servie is known. We onsider eahpairfaility-lient as a deision unit, and de�ne some hareterisli to verify eÆeny ofeah unit. The goal of hybridation of loation and DEA problems is �nding a set of unitssuh that this set has maximum total eÆeny and minimum ost servie. In this thesiswe introdue two models for apaitated and unapaitated faility loation models. Weonsider the DEA and explaine this method in hapter 2. In hapter 3 we introdue analgorithm for �nding the weights of verties as an appliation of DEA in loation theory.This algorithm is a hybridation of DEA and AHP method. In hapter 4 whih is the mainone we hybrid DEA and loation problem and some examples are solved by this method.Keywords: Loation; alloation; DEA; Relatively weight; future DEA model.
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