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1 ÛÊê
�õÀÖõ

ø ß�ãõ�Þ�÷ ý¥�¨���ú� ø é�Âð �þÂÑ÷ üÜ¬� ý�û��Ìì ø ü��õÀÖõ ý�ûÓþÂã� ü¡Â� ,ÛÊê ßþ� ¤¢.Ý��îüõ �ÂÎõ ,À÷Â�ðüõ ¤�Âì ù¢�Ôµ¨� ¢¤�õ ýÀã� ý�ûÛÊê ¤¢ �î �¤ ý¥�¨���ú� Û��Æõü��õÀÖõ Ý�û�Ôõ 1.1fi; jg �¤�¬ �� üþ�û´Ô� Ûõ�ª�î E �ä�Þ¹õ ø V üû��µõ �ä�Þ¹õ Ûõ�ª ,G(V;E) é�Âð ×þ§�b¤ ø¢ ß�� Âð� .Ý�õ�÷üõ �ûñ�þ �ä�Þ¹õ �¤ E ø �û§�b¤ �ä�Þ¹õ �¤ V .´¨� ,À÷¤�¢ ¤�Âì V ¤¢ i; j�î�¤ ©¢�¡ �� §�b¤ ×þ ¥� ñ�þ Âû .Ý�õ�÷üõ ý¥��õ ý�ûñ�þ �¤ �ûö� ,Àª�� �µª�¢ ¢��ø ñ�þ ø¢ ,é�Âð.Ý�õ�÷üõ �ì�Ï ×þ.¢�ªüõ ùÀ�õ�÷ ù¢�¨ é�Âð ×þ ,Àª�� �µª�À÷ ý¥��õ ñ�þ ø �ì�Ï �î üê�ÂðÂû ý�¥� �� ù�ðÂû ¢�ªüõ �µÔð�Àa ½õ ,´¨� ýÀã� n ý�û¤�¢Â� ��Þ� Ûõ�ª �î Rn ¤¢ C �ä�Þ¹õ ���x1 + (1� �)x2 2 C: Ý�ª�� �µª�¢ � 2 [0;1℄ ø C ¥� x2 ø x1�ä�Þ¹õ ,ü¨À�û ÂÑ÷ ¥�f�x1 + (1� �)x2 j � 2 [0;1℄g1



2 �õÀÖõ .1 ÛÊêÛØª � � �ÎÖ ÷ Â û � � ,� 2 [0;1℄ Â û ý�Â � .À � îüõ Û¬ø Ýû � � �¤ x2 ø x1� î ´¨� üÎa ¡ù¤� ��¤ �ÎÖ÷ ßþ� � 2 (0;1) Âû ý�Â� ß��»Þû .¢�ªüõ �µÔð x2 ø x1 �Àa ½õ °�îÂ� �x1 + (1� �)x2.℄4[À�þ�ð À�î� �Àa½õ °�îÂ��� ø ùÀª ùÀ�õ�÷ S �Àa ½õ �µ¨�� ,S Ûõ�ª �Àa ½õ �ä�Þ¹õ ßþÂµØ��î ,S 2 Rn �ä�Þ¹õ Âû ý�Â�.¢�ªüõ ù¢�¢ ö�È÷ Conv:hull(S)Conv:hull(S) = fxjx = kXi=1�ixi ; xi 2 S ; i = 1; :::; k ; �i 2 [0;1℄ ; kXi=1 �i = 1 ; k � 1g:À�� ×þ �û¤�¢Â� ¥� ý��ä�Þ¹õ .¢�ªüõ �µ¡�¨ S�ä�Þ¹õ ¯�Ö÷ �Àa ½õ ��±�îÂ� �� ,S �Àa½õ �µ¨��À�ª�� ¢���õ Rn ¥� x1; :::; xt ý�û¤�¢Â� ü�ãþ .Àª�� ¤�¢Â� üû��µõ ¢�Àã� �Àa½õ �µ¨�� Âð� ´¨� üÔÖ¨�îý¤�Ï��P = Conv:hullfx1; :::; xtg:Æ(S) �� �î S �ä�Þ¹õ �� ÂÒ��µõ ©Â� ,S � V ø E ý�ûñ�þ ø V ý�û§�b¤ �ä�Þ¹õ �� Gé�Âð ý�Â��¤�¬ �� ¢�ªüõ ù¢�¢ ö�È÷
Æ(S) = f(i; j) 2 E : i 2 S; j =2 Sg;�¤�¬ �� ©Â� ö¥ø ù�ðö� ,À�ª�� �µª�¢ w = wij 2 RjEj üÔ�õ�÷ ý�ûö¥ø é�Âð ý�ûñ�þ Âð� .´¨�w(Æ(S)) = Xi;j2Æ(S)wij ;�� �î ,é�Âð ¤¢ ���È�� ö¥ø �� üªÂ� ö¢Âî �À�� ¥� ´¨� �¤�±ä ���È���©Â� �ÜÿÆõ .¢�ªüõ ÓþÂã��¤�¬maxfw(Æ(S))jS � V g;ö� ¢Â�¤�î �� ö��� üõ �ÜÞ� ö� ¥� �î ¢¤�¢ ü÷�ø�Âê ý�û¢Â�¤�î ���È�� ©Â� �ÜÿÆõ .¢�ªüõ ýÀ��°ó�ì.¢Âî ù¤�ª� ℄3[ ý¤�õ� ×þ��ê ¤¢ Ising spin glass �ÜÿÆõ ø ℄5[�Ø±ª ü��ÂÏ ¤¢



3 �õÀÖõ .1 ÛÊêö� Û� ý�Â� �î ´¨� üÜ��Âõ ¢�Àã� ,�ÜÿÆõ ×þ (�±¨�½õ) Û� ö�õ¥ ,ü��±¨�½õ üðÀ�»�� �þÂÑ÷ ¤¢ý�Â� üÞµþ¤�Úó� ù�ðÂû ´¨� Û� Û��ì ý��ÜÞ�À�� ö�õ¥ ¤¢ �ÜÿÆõ ×þ Ý���ð .¢�ªüõ üÏ �ÜÿÆõö�õ¥) Àª�� ¤�¢ö�Âî ý��ÜÞ�À��×þ �� ��� ¥� �ÜÿÆõ Û� ö�õ¥ �îý¤�Ï�� Àª�� ¢���õ �ÜÿÆõ Û�¥� üã��� ý��ÜÞ�À�� ßþ� �î (Àª�±÷ ý��ÜÞ�À�� â��� ¥� Â�ï¤�� ö� ��±¨�½õ ý�Â�� ø �ÜÿÆõ Û�ù�ðö� ,Àª�� (´¨� ´��� ý¤�ÀÖõ A) An2 Â��Â� �ÜÿÆõ ×þ Û� Û��Âõ ¢�Àã� Âð� .´¨� �ÜÿÆõ Àã�ö�õ¥ �Àõ ¤¢ �î �¤ üþ�û�ÜÿÆõ ��Þ� ù¢¤ .Ý�û¢üõ ö�È÷ O(n2) �� �¤ �ÜÿÆõ ßþ� ü��±¨�½õ üðÀ�»��ý�¤�¢ �î ñ��b¨ ×þ ö���ä�� ö���üõ �¤ �ÜÿÆõ Âû .Ý�û¢üõ ö�È÷ P �� �¤ À�µÆû Û� Û��ì ý��ÜÞ�À������ ×þ �ûö� ý�Â� �î üþ�û�ÜÿÆõ ��Þ� ù¢¤ ,�¤�¬ßþ�¤¢ ¢Âî �ÂÎõ ´¨� ´¨¤¢�÷ �þ ´¨¤¢ ����´¨À� ý��ÜÞ� À�� ö�õ¥ �Àõ ¤¢ ´±·õ ���� üµ¨¤¢ ,üû��ð ö� ¥� �î Àª�� �µª�¢ üû��ð ×þ ,´±·õ.Ý�õ�÷ üõ NP ,Àþ�ý��ÜÞ�À�� ö�õ¥ ¤¢ NP �ÜÿÆõ Âû ù�ðÂû ¢¤�¢ ÕÜã� Ûõ�î�NP ý�û�ÜÿÆõ ù¢¤ �� � 2 NP �ÜÿÆõ.Àª�� � �ÜÿÆõ �� Çû�î Û��ì.℄12[´¨� Ûõ�î�NP �ÜÿÆõ ×þ ���È���©Â� �ÜÿÆõüõ�Þ� ù�ðö� ,Àª�� Û� Û��ì ý��ÜÞ�À�� ö�õ¥ ¤¢ Ûõ�î�NP �ÜÿÆõ ×þ Âð� �î Ý�ª�� �µª�¢ ����.P = NP ´ª�¢ Ý�û��¡ ßþ�Â���� ø Àª À�û��¡ Û� ý��ÜÞ�À�� ö�õ¥ ¤¢ NP ù¢¤ Û��ÆõÂÚþ¢ �¤�±ä �� ,´¨� Â�´¿¨ ,NP ù¢¤ Û��Æõ ¥� Ûì�À� �î ´¨� üÜ��Æõ ù¢¤ ´¿¨ -NP ù¢¤¤¢ �î Àª�� L Û·õ Ûõ�î -NP �ÜÿÆõ ×þ Âð� ÍÖê ø Âð� ´¨� ´¿¨ -NP �ÜÿÆõ ×þ H �ÜÿÆõ.Àª�� L �� ÛþÀ±� Û��ì H ý��ÜÞ�À�� ö�õ¥¥� À�ì À�� �þ ×þ ,�ÜÿÆõ Û� ö�õ¥ Çû�î �þ �ÜÿÆõ Û� üµ��¤ ý�Â� ,ý¥�¨���ú� �ÜÿÆõ×þ ¤¢ Âð�,¢�ª Â�ï¤�� �ÜÿÆõ ü÷Àª ���� �ä�Þ¹õ �î Ý�û¢ Â��ç� ý¤�Ï �¤ ýÀ�ì �þ ÝþÂ�Ú÷ ÂÑ÷ ¤¢ �¤ �ÜÿÆõ.Ý�þ�ðüõ ý¥�¨�û¤ ÛÞä ßþ� �� ø Ý�õ�÷üõ ùÀª ý¥�¨�û¤ �ÜÿÆõ �¤ ÀþÀ� �ÜÿÆõ�¤�¬ �� �¤ A;B ÅþÂ��õ ø¢ üÜ¡�¢ �Â®Û¬�� �¤�¬ ßþ� ¤¢ A;B 2Mm;n Ý��î ­ÂêhA;Bi = tr(BTA) = mXi=1 nXj=1 aijbij ;



4 �õÀÖõ .1 ÛÊêMm;n ø .Àû¢üõ ö�È÷ �¤ üã�Âõ ÅþÂ��õ üÜ¬� ÂÎì ý�Ìä� á�Þ¹õ tr(:) ö� ¤¢ �î Ý��îüõ ÓþÂã�A 2 Mn ÅþÂ��õ Â�� �î Ý�ª�� �µª�¢ ���� .Àû¢üõ ö�È÷ �¤ m � n üÖ�Ö� ý�ûÅþÂ��õ �ä�Þ¹õ§�����Âê �Â÷ ,�ûÅþÂ��õ üÜ¡�¢ �Â® �� ÂÒ��µõ �Â÷ .Àª��üõ AÅþÂ��õ ùÄþø Âþ¢�Öõ á�Þ¹õ ö�Þû�¤�¬ �� �î Àª��üõjj A jjF = qhA;Ai .¢�ªüõ ÓþÂã��µª�¢ ,x 2 Rn � f0g �î x Âû ý�¥� �� ù�ðÂû ´¨�´±·õ ß�ãõ AÅþÂ��õ Ý���ð ,A 2 Sn Ý��î ­Âê.Ý�û¢üõ ö�È÷ A � 0 �þ A 2 Sn++ �¤�¬ �� �¤ ´±·õ ß�ãõ ÅþÂ��õ .xTAx > 0 Ý�ª��Ý�ª�� �µª�¢ ,x 2 Rn Âû ý�¥� �� ù�ðÂû ´¨� ´±·õ ß�ãõ�Þ�÷ A ÅþÂ��õ Ý���ð ,A 2 Sn Ý��î ­ÂêÀ�� ��ßþ� ¤¢ .Ý�û¢üõ ö�È÷ A � 0 �þ A 2 Sn+ �¤�¬ �� �¤ ´±·õ ß�ãõ�Þ�÷ÅþÂ��õ .xTAx � 0.Ý�û¢üõ ���¤� ´±·õ ß�ãõ�Þ�÷ ø ´±·õ ß�ãõ ý�ûÅþÂ��õ ÓþÂã� ¥� ý¤�ê �¹�µ÷´±·õ ß�ãõ�Þ�÷ ÅþÂ��õ ×þ ¢�¡ (´±·õ ß�ãõ) ß�ãõ�Þ�÷ ÅþÂ��õ ×þ üÜ¬� ÅþÂ��õÂþ¥ Âû (1,(´±·õ ß�ãõ) ´±·õ ß�ãõ�Þ�÷ ÅþÂ��õ ×þ ýÂÎì ý�Ìä� ùÄþø �� ,Àª��üõ (´±·õ ß�ãõ).℄10[ ´¨� (´±·õ) üÔ�õ�÷ö¤�Öµõ üî�Ü� ýÂÎì ÅþÂ��õ ,Ai 2 Sni ; i 2 f1; :::; ng Ý��î ­Âê (20BBBBBBB� A1 0 ::: 00 A2 ::: 0... ::: . . . ...0 ::: 0 An
1CCCCCCCAß�ãõ�Þ�÷ i 2 f1; :::; ng Âû ý�¥� �� Ai Âð� ÍÖê ø Âð� ´¨� (´±·õ ß�ãõ) ´±·õ ß�ãõ�Þ�÷.℄10[Àª�� (´±·õ ß�ãõ) ´±·õaij = 0 ; 8j 2 f1; :::; ng ℄10[:Ýþ¤�¢ ù�ðö� ,Àª�� ¤�ÂìÂ� ý� i ý�Â� aii = 0 ø A 2 Sn+ Âð� (3



5 �õÀÖõ .1 ÛÊêñ¢�ãõ Âþ¥ ý�ûù¤��ð A 2 Sn ý�Â� (℄10[´±·õ ß�ãõ�Þ�÷ ý�ûÅþÂ��õ �þ�¹�) 1.1 ��Ìì:À�µÆû.´¨� ß�ãõ�Þ�÷ A ÅþÂ��õ (1.À�µÆû A ÅþÂ��õ ùÄþø Âþ¢�Öõ �û�i(A) ö� ¤¢ �î �i(A) � 0 ; i 2 f1; :::; ng (2:Ýþ¤�¢ ý�C ß��� ý�Â� ,A = CTC �îý¤�Ï�� 9C 2Mm;n (3rank (C) = rank (A)
:Ýþ¤�¢ ù�ðö� ,B 2Mm�n ø C 2 Sn ø A 2 Sm++ Ý��î ­Âê (℄10[¤�ª ÛÞØõ) 2.1 ��Ìì0� A BBT C 1A � 0() C �BTA�1B � 0;0� A BBT C 1A � 0() C �BTA�1B � 0:
À�ª�� A ÅþÂ��õ ùÄþø Âþ¢�Öõ �û�i Âð� �Âþ¥ .A�1 � 0 Âð� ÍÖê ø Âð� A � 0 �î Ý�ª�� �µª�¢ ����.¢�� À�û��¡ A�1 ÅþÂ��õ ùÄþø Âþ¢�Öõ �û 1�ißþ� ÅØä �õ� ,Àª�� üÔ�õ�÷ Àþ�� üÜ¬� ÅþÂ��õ Âþ¥ Âû ö���õÂ�¢ ,A ´±·õ ß�ãõ�Þ�÷ ÅþÂ��õ ý�Â�ÛÞØõ ��Ìì ,A ´±·õ ß�ãõ�Þ�÷ ÅþÂ��õ ý�Â� �õ ÂÚþ¢ �¤�±ä �� ,Àª�±÷ ¤�ÂìÂ� ´¨� ßØÞõ á�®�õ�¤�¬�� Ý�÷���üõ �¤ ¤�ª0� an bnTbn Cn 1A � 0() 8<: either an > 0; Cn � 1an bnbnT � 0or an = 0; bn = 0; Cn � 0



6 �õÀÖõ .1 ÛÊê.Ý��î ù¢�Ôµ¨�
¢��ø L ý�µØþ ü·Ü·õß�þ�� ÅþÂ��õ ,A � 0ÅþÂ��õ ý�Â� (℄10[ üØÆó�� �þ�¹�) 3.1 ��Ìì.A = LLT �îý¤�Ï�� ¢¤�¢ßØÞõ LÅþÂ��õ �õ� ¢¤�¢ ¢��ø ��÷ ß�ãõ�Þ�÷ ý�ûÅþÂ��õ ý�Â� ý��þ�¹� ß��� �î Ý�ª�� �µª�¢ ����.Àª�±÷ �µØþ ´¨��� Ý�÷���üõ �¤ A ´±·õ ß�ãõ�Þ�÷ ÅþÂ��õ �õ ,´±·õ ß�ãõ�Þ�÷ ý�ûÅþÂ��õ �þ�¹� ��Ìì �� ���� ��ý¤��Æ� ¤¢ ø ´¨� ´�Þû� ���� ¤��Æ� ¢¤�¢ ¢��ø ý��þ�¹� ß��� �î ´Ö�Ö� ßþ� ø Ý�Æþ��� CTC ÛØªÅþÂ��õ ��i ö�µ¨ Ý�÷���üõ �î ´¨� ßþ� �þ�¹� ßþ� Â�±ã� ×þ .¢�ªüõ ù¢�Ôµ¨� �ûÝµþ¤�Úó� ø �û��±�� ¥�ý�û¤�¢Â� üÜ¡�¢ �Â®Û¬�� ,A ÅþÂ��õ aij �Ôó�b õ âì�ø ¤¢ .ÝþÂ�Ú� ÂÑ÷ ¤¢ vi ¤�¢Â� �¤�¬ �� �¤ C.aij = hvi; vji ü�ãþ Àª��üõ vi ; vj¤�ÀÖõ �þ�¹� ø üØÆó�� �þ�¹� Û·õ ü÷�ð�÷�ð ý�ûÝµþ¤�Úó� ø �û©ø¤ ø ´Æ�÷ �µØþ ý��þ�¹� ß���.À�û¢üõ �õ �� �¤ �þ�¹� ßþ� ,ùÄþø

:Ýþ¤�¢ ù�ðö� A;B 2 Sn Ý��î ­Âê (Lowner Partial order) 4.1 ÓþÂã�(A�B) 2 Sn+ Âð� A � B(A�B) 2 Sn++ Âð� A � BüÎ¡ ý�þ¤�õ�÷Â� 2.1â���õ ö¢�¢ «�Êµ¡� ý�û©ø¤ ßþÂ�Â��õ �� �î ´¨� ü®�þ¤ ý¥�¨���ú�¥� ý��¡�ª ,üÎ¡ ý¥�¨���ú�üðÄþø ×þ .¢¤�¢ ¤�î ø Â¨ «�¡ éÀû ö¢¤ø�Â� ý�Â� ,ý�ùÀª �µ¡��ª ý�û´�ó�ãê ý�Â� ,¢øÀ½õ.À�µÆû üÎ¡ üÚÞû ö� ý�ûÀ�ì �î ´¨� ßþ� üÎ¡ ý¥�¨���ú��¤�¬ �� üÎ¡ ý¥�¨���ú� �ÜÿÆõ ��óø� ¢¤�À÷�µ¨� ÛØª



7 �õÀÖõ .1 ÛÊê
min 
Txs:t: Ax = bx � 0 (1)

�¤�¬ �� ö� ö�ðø¢ ømax bT ys:t: AT y + z = 
z � 0 (2).b; y 2 Rm ø x; z; 
 2 Rn ø A 2 Rm�n �ûö� ¤¢ �î ´¨�¤¢ �î z � 0�� (y; z) ¤�¢Â� Âû ø ��óø� ü÷Àª ���� ×þ À�î ëÀ¬ Ax = b À�ì ¤¢ �î ,x � 0¤�¢Â� Âûý¥�¨���ú� �ÜÿÆõ ×þ ¤¢ Âð� .Ý�õ�÷üõ ö�ðø¢ ü÷Àª ���� ×þ �¤ À�î ëÀ¬ AT y + z = 
 À�ì�þ) Àª�� �µª�À÷ ü÷Àª ���� üÎ¡ ý¥�¨���ú� �ÜÿÆõ �î ý¤�Ï ,À�ª�� ¤�ð¥�¨�÷ �û´þ¢øÀ½õ üÎ¡�ÜÿÆõ ×þ éÀû â��� �î üµó�� ¤¢ ß��»Þû .À�þ�ðüõ ü÷ÀÈ÷ �¤ �ÜÿÆõ ,(Àª�� üú� ü÷Àª ����÷Àª�� ö�Âîü� ( ´Æ�÷ üú� ü÷Àª ����÷ �î üµó�� ¤¢) ¢�¡ ÂÒ��µõ ü÷Àª ����÷ ýø¤ üÎ¡ ý¥�¨���ú�.¢�ªüõ ùÀ�õ�÷ ¤�¢ö�Âî �¤�¬ ßþ� Â�è ¤¢ ø ö�Âîü� �ÜÿÆõ.À�îüõ ö��� �¤ ü÷�ðø¢ ´�¬�¡ ß�óø� ´¨� ¤�úÈõ ü÷�ðø¢ Ó�ã® ��Ìì �� �î ýÀã� ��Ììü÷Àª ���� ×þ (y; z) ¤�¢Â� ø (1) �ÜÿÆõ ý�Â� ü÷Àª ���� ×þ x ¤�¢Â� Âð� ℄22[ 5.1 ��Ìì:ù�ð ö� ,Àª�� (2) ý�Â�bT y � 
Tx:
,(y; z) ö�ðø¢ ü÷Àª ���� Âû ø x ��aóøa� ü÷Àª ���� Âû ý�¥� �� 
Tx � bT y ´±·õ üÖ�Ö� ¢Àä ��.¢�ªüõ �µÔð ü÷�ðø¢ é�Øª.Ý��î üõ �ÂÎõ ü÷�ðø¢ ýa �ì ��aÌì ö���ä �� �¤ ü÷�ðø¢ �øa¢ ´�a¬�¡ �õ�¢� ¤¢



8 �õÀÖõ .1 ÛÊê¢¤�¢ ���ú� ���� Ýû (2) �ÜÿÆõ ù�ðö� ,Àª�� �µª�¢ ���ú� ���� (1)�ÜÿÆõ Âð� ℄22[ 6.1 ��Ìì.À÷Â��Â� Ýû �� �ÜÿÆõ ø¢ Âû ���ú� ý�û¤�ÀÖõ ø¼�½¬ ¢Àä ý¥�¨���ú� 3.1¼�½¬ ¢Àä Ý�ÞÊ� ý�ûÂ�çµõ üõ�Þ� �þ ×þ ö� ¤¢ �î ´¨� ý¥�¨���ú� ,℄1[¼�½¬ ¢Àä ý¥�¨���ú�ö� ø À�ª�� ¼�½¬ ¢Àä Ý�ÞÊ� ý�ûÂ�açµõ üõ�Þ� Âð� À�þ�ð Ë½õ �¤ ¼�½¬ ¢Àä ý¥�¨���ú� .À�µÆû.À�ª�� ¼�½¬ Ý�ÞÊ� ý�ûÂ�açµõ ¥� ü¡Â� Âð� À�þ�ð ÍÜµ¿õ �¤é�¡Â� üóø ´¨� ùÀª á�À�� ¼�½¬ ¢Àä ý¥�¨���ú� �ÜÿÆõ Ûa � ´ú� üû��µõ Ýµþ¤�Úó� À�� �� Âð�ü÷ø¤¢ �ÎÖ÷ ý�û©ø¤ �� ù���î �fµ±Æ÷ ö�õ¥ �Àõ ¤¢ ï¤�� ¤��Æ� ý�ûù¥�À÷� �� �î üÎa ¡ ý¥�¨���ú�¥� ¢���õ ý�ûÝµþ¤�Úó� �� ¼�½¬ ¢Àä ý�þ¤�õ�÷Â� Ûa � ´¨� üÞì¤ ý�ûÂ���³õ�î ¤¢ Û� Û��ì ℄18[.´Æ�÷ ¤�¢¤�¡Â� ü��¡ ´¡���Øþ üþ�¤�î�¤�¬ �� üÎa ¡ ¼�½¬ ¢Àä ý¥�¨���ú� �ÜÿÆõ ü®�þ¤ �¤�¬max mXj=1 
jxjs:t: Ax = b �þ Ax � b
.´¨� ¼�½¬ ¢Àä xj ; j 2 J = f1; :::; ng ö� ¤¢ �î ´¨�:¢Âî Ý�ÆÖ� �µ¨¢ ø¢ �� ö���üõ �¤ ¼�½¬ ¢Àä ý¥�¨���ú� �ÜÿÆõ Û� ý�û©ø¤ �©Â� ý�û©ø¤ (1��ø ´Æ� ý�û©ø¤ (2üþ�ûÀ�ì ö¢ø�ê� �� Å³¨ ,¢�ªüõ �±¨�½õ 1�µ¨��� üÎ¡�ÜÿÆõ ���ú� ���� �Àµ�� ,©Â� ý�û©ø¤ ¤¢�¤ ÂÑ÷ ¢¤�õ ���ú� ���� �µ¨��� �ÜÿÆõ ���ú� ���� �îßþ� �� ¢¢Âðüõ ÛþÀã� ¸þ¤À��� ü÷Àª ����÷.´¨� ùÀª �µª�¢Â� �ûÂ�çµõ ¥� ö¢�� ¼�½¬ À�ì ö� ¤¢ �î ´¨� ý��ÜÿÆõ �µ¨��� üÎ¡ �ÜÿÆõ1



9 �õÀÖõ .1 ÛÊêüµÞÆì Â��b õ ¤�Ï �� ,À�ì Âû ö¢ø�ê� �î ¢�ªüõ üª�÷ ��ö� ¥� �½Ô¬©Â� ��ÞÆ� ��ø .¢¤ø� ¢��ø��ü÷Àª ¼�½¬ ���� Ûõ�ª ùÀª ùÀþÂ� ´ÞÆì �îý¤�Ï�� À�îüõ éÁ� �¤ �µ¨��� �ÜÿÆõ ü÷Àª ����÷ ¥�.℄1[ ´Æ�÷ü¨�¨� ùÀþ� .À�îüõ ù¢�Ôµ¨� �µ¨��� �ÜÿÆõ ü÷Àª ����÷ ��Üî ü¨¤Â� ù¢�¨ ùÀþ� ¥� ��ø ´Æ� ©ø¤¥� üµÞÆì ,���ú� ���� ö¢¤ø� ´¨¢ �� ý�Â� �î ý¤�Ï �� �÷�îÂþ¥ ö�õ¥� ×þ á�À�� ¥� ´¨� �¤�±äö�Âîø �¡�ª ©ø¤ ��ø ´Æ� ©ø¤ ßþÂ�éøÂãõ .¢�ªüõ Çþ�õ¥� ü÷Àª ����÷ ¼�½¬ ý�û����.℄1[ ´¨�



2 ÛÊê
ùÀªÂþ�Ê� ö�þ¢�Âð ©ø¤

Û��Æõ Û� ý�Â� �î ´¨� �µêÂð ��bÈ÷ �ªøÂê °�ª ßþÂ�À�� üó�Þãõ ©ø¤ ¥� ,ùÀªÂþ�Ê� ö�þ¢�Âð ©ø¤¼Î¨ �� ö�þ¢�Âð ¤�¢Â� ��þÂì ,¢�ª ß��ã� ´îÂ� ´ú� �Ø�þ� ý�Â� ,©ø¤ ßþ� ¤¢ .¢ø¤üõ ¤�Ø� À�Öõ�÷üõ ù¢�Ôµ¨� üÎ¡Â�è ß��»Þû ø üÎ¡ ý�ûÀ�ì �� À�Öõ Û��Æõ ý�Â� ©ø¤ ßþ� .¢�ªüõ Âþ�Ê� ñ�ãê.Ý��îüõ ü¨¤Â� �¤ üÎ¡ ´ó�� �Àµ�� .¢�ªüÎ¡ ý�ûÀ�ì �� ùÀªÂþ�Ê� ö�þ¢�Âð ©ø¤ 1.2ý¥�¨���ú� �ÜÿÆõmin f(x)s:t: aTi x � bi ; i 2 I1aTi x = bi ; i 2 I2 (1)���� ×þ Ûì�À� Âð� .´¨� üÎ¡ ý�ûýø�Æõ�÷ ø �ûýø�Æ� Ûõ�ª ö� ý�ûÀ�ì �î ÝþÂ�ðüõ ÂÑ÷ ¤¢ �¤�� Ý�÷���üõ ÂÚþ¢ �¤�±ä �� .Ý��î �À�� üØÞî üÎ¡ ý¥�¨���ú� ¥� Ý�÷���üõ �¤ ö� ,Ý�ª�� �µª�¢ ü÷Àªý¥�¨���ú� �ÜÿÆõ Û�10



11 ùÀªÂþ�Ê� ö�þ¢�Âð ©ø¤ .2 ÛÊê
min 0s:t: aTi x � bi ; i 2 I1aTi x = bi ; i 2 I2�î üÈû�î À÷ø ¤ �î Ý��îüõ­Âê �È�Þû ßþ�Â���� .Ý��î �À�� üÜ¬� �ÜÿÆõ ý�Â� ü÷Àª �ÎÖ÷ ×þùÀª Âþ�Ê� ö�þ¢�Âð ©ø¤ ö¢Âî �ÂÎõ ¥� Û±ì .¢�ªüõ áøÂª ü÷Àª ý��ÎÖ÷ ×þ ¥� Ý�û¢üõ ��¹÷�.Ý��îüõ ö��� �¤ �¥� Ý�û�Ôõ ø ÓþÂã� À�� �Àµ���ÜÿÆõ ü÷Àª ý�Ìê Ýû ø éÀû â��� Ýû ö� ¤¢ �î ¢�ªüõ �µÔð ý��ÜÿÆõ �� �À½õ ý¥�¨���ú� �ÜÿÆõý¥�¨���ú� �ÜÿÆõ Âð� ñ¢�ãõ ¤�Ï �� ø Àª�� �À½õmin f(x)s:t: gi(x) � 0 ; i 2 f1;2; :::; ng (2)�À½õ �ûgi(x) â���� Ýû ø f(x) â��� Ýû ,ù�ð Âû ´¨� �À½õ �ÜÿÆõ ßþ� Ý���ð ,ÝþÂ�Ú� ÂÑ÷ ¤¢ �¤ñ�ãê �x 2 F �ÎÖ÷ ¤¢ gi(x) � 0 À�ì Ý���ð ,Àª�� �ÜÿÆõ ü÷Àª ���� �ä�Þ¹õ ,F Ý��î ­Âê .À�ª��.gi(x) = 0 Ý�ª�� �µª�¢ Âð� ´¨�­Âê �� ,Àª�� ñ�ãê �ûö� ÂÒ��µõ ý�ûÀ�ì ¤¢ �x �î Àû¢ ö�È÷ �¤ üþ�ûÅþÀ÷� �ä�Þ¹õ ,I�x Ý��î ­Âê��Ìì ßþ� ¤¢ ,Àª�� (2) �ÜÿÆõ ���ú� ���� �x �î ßþ� ý�Â� �¤ üê�î ¯Âª ,(2) �ÜÿÆõ ö¢�� �À½õ.Ý��îüõ �ÂÎõ

ýø�Æ� Âð� ,´¨� (2) �ÜÿÆõ ���ú� �ÎÖ÷ ×þ �x 2 F �ÎÖ÷ 1.2 ��Ìì5 f(�x) = �Xi2I�x �yi5 gi(�x); (3).Àª�� ¤�ÂìÂ� üµ±·õ �y ý�Â�ý�Â� üê�î ¯Âª ×þ ¯Âª ßþ� .¢�ªüõ ùÀ�õ�÷ (KKT)Âî�� -ö�î -©øÂî üÚ��ú� ¯Âª ,(3) ¯Âª.´Æ�÷ �¥� ¯Âª ×þ �õ� ´¨� �À½õ �ÜÿÆõ üÚ��ú�


