
3 � (28 ü���� ù¤�Þª) �ø¢ ù¤�Þª ,Ýû¢¤�ú� ñ�¨ MCMC ý�û©ø¤ ¥� üØþ ö���ä�� üªÂ� ýÂ�ð�÷�Þ÷ ©ø¤MCMC ý�û©ø¤ ¥� üØþ ö���ä �� üªÂ� ýÂ�ð�÷�Þ÷ ©ø¤1¤�� ýÀª¤� ÝÑä�ùÀ�Ø�ý�û©ø¤ ö��î�� ¤�Ñ�õ ßþ� ý�Â� .´¨� ¤�¢¤�¡Â� üþ��� ´�Þû� ¥� âþ¥�� â��� ×þ ¥� ýÂ�ð�÷�Þ÷ ü¨À�úõ ø ý¢Â�¤�î ��Üä ¤¢üªÂ� ýÂ�ð�÷�Þ÷ ©ø¤ ,�û©ø¤ ßþ� ¥� üØþ .À�µÆû üþ�ûüðÄþø ý�¤�¢ ��Àî Âû �î ´¨� ùÀª üêÂãõ üÔÜµ¿õ ý¤�õ� ý¥�¨��±ªá�÷ Å³¨ ø ¢�ªüõ �µ¡�¢Â� üªÂ� ýÂ�ð�÷�Þ÷ ö��� �� �Àµ�� �ó�Öõ ßþ� ¤¢ .´¨� üØÞî ý�ûÂ�çµõ ¥� ù¢�Ôµ¨� ý�þ�� Â� �î ´¨�.¢¢Âðüõ ¼þÂÈ� ø ü¨¤Â� üþ�ûñ�·õ ù�ÂÞû�� ø üêÂãõ ùÂ�çµõÀ�� ø ùÂ�çµõ×� ´ó�� ¤¢ ö� Â��µêÂÈ��.üØÞîÂ�çµõ ,Å±�ð Â�ð�÷�Þ÷ ,ÅÚ��µÆû Å�ó��øÂµõ Ýµþ ¤�Úó� ,üþ�ó¤�î ´÷�õ Óî¤�õ Â�¹÷¥ :ýÀ�Üî ý�ûù��ø62G07, 62G05, 62M15 :(MSC2000) üä�®�õ ýÀ��ù¢¤ü�ø�Ôµõ ý�ûÝµ þ¤�Úó� .À� µÆû �Èðù�¤ ÂÚþ¢ ��Üä ý¤��Æ�� ûö� ß þÂ �ñø�À µ õ � î ¢¤�¢ ¢� �ø (MCMC) ý� û©ø¤ ¤¢��Âð� .À�µÆû 3Å±�ð Â�ð�÷�Þ÷ ø 2ÅÚ��µÆû-Å�ó��øÂµõ.À�µÆû øÂ�ø ¤ üþ�û´þ¢øÀ½õ �� ý¢¤��õ ¤¢ �ûÝµþ¤�Úó� ßþ�âþ¥�� ý���ú� ��¿µ÷� ÅÚ��µÆû-Å�ó��øÂµõ Ýµþ¤�Úó� ¤¢¤¢ .´¨� ¶½� ¢¤�õ ö� ¥� � ÷ ¢¤�õ ý�ûÂµõ�¤� � ø ý¢�ú�È� �üÏÂª ý�ûâþ¥�� ¥� ýÂ�ð�÷�Þ÷ ´¨� ßØÞõ ��÷ Å±�ð Â�ð�÷�Þ÷ý�ûâþ¥�� ´¨� ßØÞõ ÂÚþ¢ �¤�±ä�� ,Àª�±÷ ý�ù¢�¨ ¤�î Ûõ�î.À�ª�� �µª�À÷ ý�ùÀª �µ¡��ª ø ñø�Àµõ ÛØª Ûõ�î üÏÂª.´¨� ùÀª ö��� ýÂÚþ¢ ý�û©ø¤ ý¢¤��õ ß��� ¥� ��ûÂ� ý�Â�� � � î ´¨� 4üªÂ � ýÂ � ð� ÷� Þ ÷ ©ø¤ ,� û©ø¤ ß þ� ¥� üØ þý�ûÂ�ç µõ ¥� ù¢�Ô µ¨� ý�þ� � Â � ø Ý�õ� ÷üõ SS �¤ö� ¤�Êµ¡�1990 ý�û¢ �� üªÂ� ýÂ�ð�÷�Þ÷ ý���È�� .Àª��üõ üØÞî,℄1[ ßþÂð ø ¸�Æ� ,℄17[ ö�¤�ØÞû ø ÀÜ�ê ×þø ���Öõ �� øßþüõ�¢ ø ℄16[ �Â�õø ü÷Âþ�� ,℄9[ ö�ÀÚ�û ,℄4[ Âî�ø ø ßþüõ�¢

�õÀÖõ 1¤�Êµ¡� �� �î üþ�ó¤�î ´÷�õ Óî¤�õ Â�¹÷¥ ÓÜµ¿õ ý�û©ø¤¤¢ ü¨�¨� ý¤�� �� ö�� � ä� � ù¥øÂ õ� ,Ý � õ� ÷üõMCMC �¤ö�ùÀþ� .¢ø ¤üõ ¤�î�� ý��� ¶��±õ ¤¢ ùÄþø�� ø ¤�õ� ÝÜä øÂÞÜìÀ�ó�� �� À�õ�ì�ä Âð� .´¨� ù¢�¨ ¤��Æ� �û©ø¤ ßþ� üÜ¬�ø ´¨� ýÀã � n üã�� � f �î üµìø ,Ý �ª� � f âþ¥� � ¥� � ÷�Þ ÷üóø ,Ý��î ýÂ�ð�÷�Þ÷ ö� ¥� Ý�ÖµÆõ ¤�Ï�� Ý�÷��µ÷ ÛÞä ¤¢üµ ó�� ý�Ìê � � üÔî¤� õ Â �¹ ÷¥ À� ó� � � � ¤¢� ì ñ�� ß�ä ¤¢ßþ� Âð� �¤�¬ßþ� ¤¢ ,Àª�� f ý�÷�õ âþ¥�� ý�¤�¢ �î Ý�ª��ùÀª ý¥�¨�±�ª Âþ¢�Öõ ,À��þ �õ�¢� ü÷��Ï �Àõ ý�Â� Â�¹÷¥¤�Âì ù¢�Ôµ¨� ¢¤�õ f â��� ���¬�Ê¡ ý�Â� À÷���üõ Â�¹÷¥ ßþ�´¨� üþ�ûÝµþ¤�Úó� ñ�±÷¢�� âì�ø ¤¢ MCMC ý�û©ø¤ .¢Â�ð.À�î À�ó�� �¤ f ý�÷�õ âþ¥�� �� üÔî¤�õ Â�¹÷¥ ß��� �î,ý¥�¨� � �ú � ,×þ� � ê À � ÷� õ üÔ Ü µ¿õ �� Üä ¤¢ �û©ø¤ ßþ�ø Âþø�Ê� ý¥�¨¥�� ,�Ø±ª ,ý��ó��� ,ý¢¤�÷��û ,×�÷øÂµØó�a.arshadipoor�math.iut.a.ir ,ö�úÔ¬� üµã�¬ ù�ÚÈ÷�¢ ,ü®�þ¤ ��Üä ùÀØÈ÷�¢1Metropolis-Hastings2Gibbs Sampling3Slie Sampling4



ý¤�õ� �ÈþÀ÷� (28 ü���� ù¤�Þª) �ø¢ ù¤�Þª ,Ýû¢¤�ú� ñ�¨ � 4üªÂ� ýÂ�ð�÷�Þ÷ ©ø¤ 2,´¨� f(x) � � °¨� � µ õ � î ü ã �� � ¥� Ý � û��¿ � À � � î Â êÂ�çµõ ×þ üêÂãõ ,©ø¤ ßþ� üÜî ýùÀþ� .Ý�þ�Þ÷ ýÂ�ð�÷�Þ÷U = (U1; U2; :::; Uk) üê¢�Ê� ¤�¢Â � � � ùÀª ÓþÂã � üØÞîö� ý���ª�� üó�Ú� �î ´¨� f(X;U) ���� âþ¥�� ßµ¡�¨ ø�¤ Å±�ð ©ø¤ ùÀª üêÂãõ ���� âþ¥�� ¥� ù¢�Ôµ¨� �� .´¨� f(x)¤¢ .ÝþÂ�üõ ¤�î�� Ûõ�î üÏÂª ý�ûâþ¥�� ¥� ýÂ�ð�÷�Þ÷ ý�Â��î ¢�Þ÷ üêÂãõ ý¤�Ï �¤ üØÞî Â�çµõ ö���üõ �±ó�è ©ø¤ ßþ�.À�ª�� ýÂ�ð�÷�Þ÷ Û��ì Ûõ�î üÏÂª ý�ûâþ¥��üó�Ú� ¥� � ÷�Þ ÷ À � ó� � � � À � õ� ì�ä À� � î Âê 1 ��ÌìÛØª �� üó�Ú� â��� ×þ � �î Ý�ª�� f(x) / �(x)Qki=1 li(x)ø üÔ � õ� ÷ ,ü ó�Ú� � õø� ó � ÷ üã ��� � � û li ø ´¨� ¢¤�À ÷� µ ¨�Aiu = fx; li(x) > ug ,li(x) > u Âð� ü�ãþ) À÷ÂþÁ�§�Øãõüó�Ú� ¥� �÷�Þ÷ À�ó�� ý�Â� �¤�¬ßþ� ¤¢ ,(Àª�� ÓþÂã� Û��ìý�Þû �î ¢�Þ÷ ù¢�Ôµ¨� Å±�ð Ýµþ¤�Úó� ×þ ¥� ö���üõ ,f(x)´¡���Øþ âþ¥�� ý�¤�¢ üØþ ���� ö� Ûõ�î üÏÂª ý�ûüó�Ú�.℄3[´¨� ùÀª ¢øÀ½õ ù�ð��Ø� �� ,� üØþ ö� ø À�µÆûý¤�Ï �¤ U = (U1; U2; :::; Uk) üØÞî Â � ç µ õ ¤�¢Â � ö�ûÂ �Ui Â û ,(i = 1;2; :::; k) ,iÂ û ý�¥�� � � î Ý � þ� Þ ÷üõ ÓþÂ ã �.´¨� (0; li(x)) ýù¥� � Â � ´¡���Øþ âþ¥� � ý�¤�¢ x ¯Âª ���¤�¬ßþ� ¤¢ .À � µÆû ÛÖ µÆõ �û Ui ,x ¯Âª � � ß� ��Ýû¥� ´¨� �¤�±ä (X;U) ���� üó�Ú�f(x; u1; :::; uk) = f(u1; :::; ukjx)f(x)= Qki=1 Ifui<li(x)gQki=1 li(x) K �(x) kYi=1 li(x)= K�(x) kYi=1 Ifui<li(x)g

üªÂ� ýÂ�ð�÷�Þ÷ ©ø¤ ´�½�¤� .¢¢ÂðüõÂ� ℄3[ ö�¤�ØÞû øù¢�Ôµ¨� �� ¥��÷ öøÀ� �î ´¨� ßþ� üÜ±ì ý�û©ø¤ �� ´±Æ÷ý�ûâþ¥�� ¥� ýÂ�ð�÷�Þ÷ ¥� ���µ�� � � ø ý¢�ú�È�� âþ¥�� ¥�¤¢ ùø�ä�� .´¨� ¢Â�¤�î Û��ì üãþ¥�� Âû ý�Â� ¢¤�À÷�µ¨�Â�èùÀª ¢�¹þ� �÷�Þ÷ �îßþ� ý�Â� (MCMC) ý�û©ø¤ ¥� ý¤��Æ�� � ¢�ªüõ üã¨ ,Àª� � éÀû üó�Ú� â�� � ¥� ý�� ÷�Þ ÷ éÂãõßþ� ø ¢�ª ��¹÷� ×��î ý�û��ð ¤¢ Óî¤�õ Â �¹÷¥ ��îÂ¡Â�¹÷¥ ´îÂ� ý�Â� �û��ð ¢�Àã� Çþ��ê� °��õ ×��î ý�û��ðß þ�Â �� � � ø ¢�ªüõ â þ¥� � ù� ð� �Ø � ý�Ìê Ûî ýø¤ Óî¤� õ.¢Â�ðüõ �¤�¬ ýÀ�î �� éÀû üó�Ú� â��� �� Â�¹÷¥ üþ�ÂÚÞûÂ�¹÷¥ üµîÂ� ��Â��ç� üªÂ� ýÂ�ð�÷�Þ÷ ©ø¤ ¤¢ �îüó�� ¤¢Ûî ýø¤ üê¢�Ê� ¤�Ï� � ,×��î ý�û��ð ¥� ù¢� Ô µ¨� öøÀ ��î ü��ØÈõ ¥øÂ� ¥� ø ¢Â�ðüõ �¤�¬ âþ¥�� ù�ð��Ø� ý�Ìê.Àþ�Þ÷üõ ýÂ�ð�Ü� À�µÆû ×��î ý�û��ð ¥� ù¢�Ôµ¨� Û�ó¢��¢Â�¤�î Û��ì ø ù¢�¨ ��Âð� ùÀª üêÂãõ üªÂ� ýÂ�ð�÷�Þ÷ ©ø¤� � À �ª� � ¢� þ¥ üØÞî ý�ûÂ � ç µ õ ¢�À ã � � î ü ÷� õ¥ � õ� ´¨�ý�þ�� Â� ÀþÀ� üªø¤ ℄11[ ø ℄10[ Û�÷ .¢�ªüõ �ÂÚÞû ýÀ�î�ûâþ¥�� Â·î� ý�Â� �î ¢�Þ÷ �þ�¤� üØÞî Â�çµõ ×þ ¥� ù¢�Ôµ¨�ùÀª ßþøÀ � Â þ¥ �¤�¬�� � ó� Ö õ ßþ� .Àª� �üõ ¢Â �¤� î Û�� ì�� �¤ üªÂ� ýÂ�ð�÷�Þ÷ ,[3℄ â�Âõ �þ�� Â� �ø¢ Ç¿� ¤¢ .´¨�Íþ�Âª .Ý�û¢üõ ¤�Âì ü¨¤Â� ¢¤�õ ø üêÂãõ ñ�·õ ×þ ù�ÂÞû¤�Êµ¡� � � Ç¿� ßþ� ¤¢ �� ÷ �¤ üªÂ� ýÂ�ð� ÷�Þ ÷ üþ�ÂÚÞû,[10℄ â�Âõ �þ� � Â � �¤�ú� ø ��¨ Ç¿� ¤¢ .Ý�þ�Þ÷üõ ö�� �ýÂµÞî ý�û´þ¢øÀ½õ ¥� �î �¤ Û�÷ üªÂ� ýÂ�ð�÷�Þ÷ ©ø¤ø¢ ¤¢ ,´ ¨� ¤�¢¤� ¡Â � MCMC ý� û©ø¤ Â þ� ¨ � � ´ ± Æ ÷�Ï��Âõ ý�ûÝµþ¤�Úó� ù�ÂÞû �� ùÂ�çµõÀ�� ø ùÂ�çµõ×� ´ó��ñ�·õ ×þ ��÷ ÝÈª Ç¿� ¤¢ .Ý�û¢üõ ¤�Âì ü¨¤Â� ¢¤�õ ø �þ�¤��� ø Ý�û¢üõ ��¹÷� Û�÷ üªÂ� ýÂ�ð �÷�Þ÷ ©ø¤ �� ý¢Â�¤�î.Ý�þ�Þ÷üõ �Æþ�Öõ üÜ±ì ���Öõ ¤¢ ù¢�Ôµ¨� ¢¤�õ ©ø¤



5 � (28 ü���� ù¤�Þª) �ø¢ ù¤�Þª ,Ýû¢¤�ú� ñ�¨ MCMC ý�û©ø¤ ¥� üØþ ö���ä�� üªÂ� ýÂ�ð�÷�Þ÷ ©ø¤¢�� Àû��¡ Âþ¥ �¤�¬�� SS Ýµþ¤�Úó� ßþ�Â����SS Ýµþ¤�Úó�t = 1;2; ::: ý�¥� �� ø Ý��îüõ áøÂª x(0) ý��óø� ¤�ÀÖõ ×þ ��Ýþ¤�¢��¿µ÷� (0; (x(t�1))��1) Â� ´¡���Øþ âþ¥�� ¥� �¤ U1 .1.Ý�þ�Þ÷üõ��¿ µ ÷� (0; e�x(t�1)) Â � ´¡�� � Ø þ â þ¥� � ¥� �¤ U2 .2.Ý�þ�Þ÷üõ(max(u 1��11 ; a);�lnu2) Â� ´¡���Øþ âþ¥�� ¥� �¤ x(t).3.Ý�þ�Þ÷üõ ��¿µ÷�¥� ù¢�Ôµ¨� �� ùÀª ý¥�¨��±ª ýù¢�¢ 10000 ¤�¢�Þ÷ 1 ÛØª5 áøÂª ý�ÎÖ ÷ ø � = 2; a = 5 ý�¥� � � �¤ ë�ê Ýµ þ¤�Ú ó�ý¥�¨��±ª ý�ûù¢�¢ ü÷�õ¥ ýÂ¨ �¤ ¤�¢�Þ÷ ßþ� .Àû¢üõ ö�È÷ßþ�Â �� � � ,´¨� À�Ô¨ �ê� ÷ ü÷� õ¥ ýÂ¨ � ��Èõ �î À�õ� ÷üõ�¤ éÀû üó�Ú� â��� ù�ð��Ø� ý�Ìê ��Þ� ü±¨��õ ¤�Ï�� Â�¹÷¥°¨��õ ý�µ¿�õ� Â�¹÷¥ �î ¢�ªüõ �µÔð ���Î¬� ø Àþ�Þ��üõ.´¨�
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.SS ©ø¤ �� ùÀª ý¥�¨��±ª ý�ûù¢�¢ .1 ÛØª

ö�� �üõ Àã � ý� Ü�Â õ ¤¢ .´¨� ´ �� � ° þÂ® K ö� ¤¢ � î.¢� Þ ÷ ù¢� Ô µ ¨� Â þ¥ �¤� ¬� � Å ± � ð Ý µ þ¤� Ú ó� × þ ¥�Â û ý�¥�� � Û õ� î ü ÏÂ ª ý� ûü ó� Ú � Ý µ þ¤� Ú ó� ß þ� ¤¢ø À � µ Æ û (0; li(x)) ýù¥� � Â � ´ ¡�� � Ø þ â þ¥� � ý�¤�¢ ,Ui�� ö� ù�ð��Ø� �î ´¨� � �� ÷ X ý�Â� Ûõ�î üÏÂª üó�Ú�ùÀª ¢øÀ½õ Au = fx; li(x) > ui; i = 1; :::; kgý�ä�Þ¹õüªÂ � ýÂ � ð� ÷� Þ ÷ Ý µ þ¤�Ú ó� ,�� � ý� �Ìì §�¨� Â � .´¨�.´¨� Âþ¥ �¤�¬��SS Ýµþ¤�Úó�i = 1;2; :::; k ý�¥� �� ø Ý��îüõ áøÂª x(0) ��óø� ¤�ÀÖõ×þ ��(0; li(x(t�1))) Â� ´¡���Øþ âþ¥�� ¥� �¤ �ûUi ,t = 1;2; ::: øö� ù�ð��Ø� �î �(x) âþ¥�� ¥� �¤ x(t) Å³¨ ø Ý�þ�Þ÷üõ ��¿µ÷�ùÀª ¢øÀ½õ Au = fx; li(x) > ui; i = 1; :::; kgý�ä�Þ¹õ ��.Ý�þ�Þ÷üõ ��¿µ÷� ,´¨�¥� Ý�û��¿� À��îÂê .(5ùÀª ùÀþÂ� ý�õ�ð âþ¥��) 1 ñ�·õÝ��î ýÂ�ð�÷�Þ÷ Âþ¥ �¤�¬�� f üó�Ú� â���f(x) / x��1e�x; x > a; � > 1; a > 0:â þ¥� � ¥� � ÷�Þ ÷ À � ó� � ,ýÂ � ð� ÷�Þ ÷ ý�Â � ñ�Þã õ ©ø¤ ×þÂµð¤�� a ¥� �î ´¨� üÏ�Ö÷ ©ÂþÁ� ø ñ�Þãõ ý�û©ø¤ �� �õ�ðü±¨��õ üþ�¤�î Àª�� ï¤�� a �î ü÷�õ¥ ©ø¤ ßþ� �õ� ,À�µÆû¥� ù¢�Ô µ¨� ý�Â � .À ÷�ª ¢¤ ý¢� þ¥ ¯�Ö ÷ ´¨� ßØÞõ ø ¢¤�À ÷�îý¤�Ï�� f(x) / l1(x)l2(x) Ý�û¢üõ ¤�Âì üªÂ� ýÂ�ð�÷�Þ÷Â� ´¡���Øþ âþ¥�� ��÷ �(x) ø l2(x) = e�x ; l1(x) = x��1Ýþ¤�¢ ßþ�Â���� .´¨� (0ø1) ýù¥��Au = fx;u1 � x��1 ; u2 � e�x ; x > ag= fx;x � u 1��11 ; x � �lnu2; x > ag= fx;max(u 1��11 ; a) � x � �lnu2g:Trunated Gamma5



ý¤�õ� �ÈþÀ÷� (28 ü���� ù¤�Þª) �ø¢ ù¤�Þª ,Ýû¢¤�ú� ñ�¨ � 6ö� ö��� �� �õ�¢� ¤¢ �î ¢�Þ÷ �þ�¤� üØÞî Â�çµõ ×þ ¥� ù¢�Ôµ¨�.Ýþ¥�¢Â�üõ´ó�� ¤¢ Û�÷ üªÂ� ýÂ�ð�÷�Þ÷ ©ø¤ 3ùÂ�çµõ×�p(x) ýùÂ�çµõ×� üó�Ú� â��� ¥� ýÂ�ð�÷�Þ÷ ý�Â� ©ø¤ ßþ� ¤¢¤�Ï�� f(x) ¤�¢�Þ÷ Âþ¥ ý����÷ ¥� ,´¨� °¨��µõ f(x) �� �îù¢�Ô µ¨� � � ¤�Ñ�õ ßþ� ý�Â � .¢�ªüõ ýÂ�ð� ÷�Þ ÷ ´¡�� �Ø þ(X;Y ) ��� � ü ó�Ú� â �� � ,Y üØÞî üê¢�Ê� Â � ç µ õ ×þ ¥�¢�ªüõ ÓþÂã� Âþ¥ �¤�¬��p(x; y) = � 1z 0 < y < f(x)0 �¤�¬ßþ� Â�è ¤¢ü ó� Ú � â �� � �¤� ¬ß þ� ¤¢ z = R f(x)dx � î ý¤� Ï� ��¤�¬�� X ý���ª��p(x) = Z f(x)0 1z dy = f(x)z¢�¹þ� ���� üó�Ú� â��� ¥� ù¢�Ôµ¨� �� ö��î� .Àþ�üõ ´¨¢��¤�Ï�� .Ý�þ�Þ÷üõ À�ó�� Å±�ð ©ø¤ �� �¤ �÷�Þ÷ ý�Ìä� ùÀªâ þ¥� � ý�¤�¢ � î X = x ¯Âª � � Y üÏÂª â þ¥� � ¥� ü �ø� � �Ý�þ�Þ÷üõ ýÂ�ð�÷�Þ÷ ,´¨� (0; f(x)) Â� ´¡���Øþp(yjx) = p(x; y)p(x) = 1zf(x)z = 1f(x)âþ¥� � ý�¤�¢ �î Y = y ¯Âª �� X üÏÂª âþ¥� � ¥� Å³¨ øýÂ�ð�÷�Þ÷ ´¨� S = fx; y < f(x)g ý����÷ Â � ´¡���ØþÝ�þ�Þ÷üõp(xjy) = p(x; y)p(y) = p(yjx)p(x)p(y)= 1f(x) f(x)z1z Rfx;y<f(x)g dx = 1Rfx;y<f(x)g dx:

©ø¤ ¤¢ �¤ ùÀª À�ó�� Â�¹÷¥ ß�Ú÷��õ üþ�ÂÚÞû ¤�¢�Þ÷ 2 ÛØªßþ� �� ���� �� .Àû¢üõ ö�È÷ ¤�ÂØ� n = 10000 ý�¥� �� SS�� �û¤�ÂØ� ¥� ý¢�Àã� ´ªÁð ¥� Å� ,Â�¹÷¥ ß�Ú÷��õ ¤�¢�Þ÷À�ó�� �÷�Þ÷ ¥� ö���üõ ßþ�Â���� ø ´¨� ùÀª �ÂÚÞû üµ��� ¤�ÀÖõ.¢�Þ÷ ù¢�Ôµ¨� éÀû üó�Ú� â��� ¢¤�õ ¤¢ ¯�±�µ¨� ý�Â� ùÀª
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.SS ©ø¤ �� Â�¹÷¥ ß�Ú÷��õ üþ�ÂÚÞû ý�û¤�¢�Þ÷ .2 ÛØªý�¤�¢ ©ø¤ ß þ� � î À ÷�ù¢�¢ ö� È ÷ ,℄14[ ñ� µ ÷¥ø ¤ ø � �Â ��¤¢øÀ½õ f üó�Ú� â��� ù�ð��Ø� Âð� ø ´¨� ü��¡ ýÂÑ÷ «��¡âþ¥�� �� ùÀª ¢�¹þ� Â�¹÷¥ ýÀ� âþ¥�� üþ�ÂÚÞû ßþ�Â���� ,Àª��Â �¹÷¥ �î ¢�ªüõ �µÔð ���Î¬� ø ¢�ª üõ ß�ÞÌ� éÀû´�� � � � ÷ ,℄16[ �Â �õ ø ü÷Â� � .´¨� ℄12[ ü¨À�û ×þ¢�ð¤�´äÂ¨ � � Â �¹÷¥ ýÀ� âþ¥� � ù�ðö� ,k = 1 Âð� �î À÷�ù¢Âî¢�ªüõ �µÔð ���Î¬� ø ¢�ªüõ �ÂÚÞû éÀû âþ¥�� �� ýÂµÈ��ÛÞä ¤¢ .´¨� ´¡���Øþ üØþ¢�ð¤� ´�¬�¡ ý�¤�¢ Â�¹÷¥ �îøÂ �ø ¤ ü ��ØÈõ � � ´¨� ßØÞõ ©ø¤ ß þ� ¥� ù¢� Ô µ ¨� ý�Â �´¨� ßØÞõ ,Au ý�ä�Þ¹õ ,Àª�� ¢�þ¥ k �î ü÷�õ¥ �·õ ,Ýþ�ªý�Â� .Àª�� �µª�¢ ýÀ�î ´äÂ¨ üþ�ÂÚÞû �þ ø ¢�ª ùÀ�»��ý�þ� � Â � ýÀþÀ� ©ø¤ ℄11[ Û�÷ ü��ØÈõ ß��� ¥� ý¤ø¢



7 � (28 ü���� ù¤�Þª) �ø¢ ù¤�Þª ,Ýû¢¤�ú� ñ�¨ MCMC ý�û©ø¤ ¥� üØþ ö���ä�� üªÂ� ýÂ�ð�÷�Þ÷ ©ø¤(2 ��ð ý�Â�� ýù�½÷ýÀã � �� ð ,©Â � ÓþÂ ã � ø y üØÞî Â � ç µ õ ��¿ µ ÷� ¥� À ã �Àþ�� ù¥�� ßþ� .´¨� x0 ý�ÎÖ÷ Ûõ�ª I = (L;R) ýù¥�� ßµê�þø ¢�ª Ûõ�ª �¤ ©Â� ßØÞõ À� �� �î ¢�ª ��¿µ÷� ý��÷�ð��.Àª�� �ø�Ôµõ üÜ±ì ý�ÎÖ÷ �� ��÷ ýÀã� ��ð ¤¢ ÀþÀ� ý�ÎÖ÷À÷�Â�ï¤�� üÜ�¡ ©Â� ¥� �î üÜ¬��ê ¥� �� ´¨� Âµú� ß���Ýûüþ�¤�î ©ø¤ ´¨� ßØÞõ �¤�¬ßþ� Â�è ¤¢ �Âþ¥ ,¢�ª ���µ��� Ü¬� ê ��¿ µ ÷� ÓÜ µ¿õ ý�û©ø¤ .Àª� � � µ ª�À ÷ ü ±¨� � õ¥� À÷��¤�±ä�¤ ©Â� ý�Þû �î Ý�û¢üõ ¤�Âì ý��Ü¬�ê ßþÂµØ��î �¤ I (1Ý�û¢ ¤�Âì ü�ãþ ¢�ª Ûõ�ªL = inf(S) ; R = sup(S):Ý�÷��µ÷ ´¨� ßØÞõ �Âþ¥ ´Æ�÷ ¢Â�¤�î Û��ì �È�Þû ©ø¤ ßþ�üÜ�Ü½� ý�û©ø¤ �� �¤ y = f(x) ý�ó¢�ãõ ý�û���� ý�ÞûS ý¢�þ¥ ý�À� Ýû ¥� Û¬��ê ¢¤��õ Â·î� ¤¢ .Ý����� ý¢Àä ø�¤ ©ø¤ ßþ� �� �Ü¬�ê ß��ã� �ó�Æõ ßþ� ø À�û¢üõ Û�ØÈ� �¤.℄11[¢¥�¨üõ ¤��ª¢Â��Â� �¤ I ö���üõ ´¨� ¤�À÷�Âî X Â�çµõ ù�ð��Ø� �î ü÷�õ¥ (2¥� ©Â� �îü÷�õ¥ �õ� ù¢�¨ ��Âð� ©ø¤ ßþ� .¢�¢ ¤�Âì ù�ð��Ø�ßØÞõ ø Àª��üÞ÷ °¨��õ ´¨� ÂµØ��î üÜ�¡ ù�ð��Ø� ¢øÀ�Í¨�� �ÂÏ ßþ� .Àª�� �µª�À÷ ü±¨��õ üþ�¤�î ýÂ�ð�÷�Þ÷ ´¨�.´¨� ùÀª üêÂãõ ℄5[ ýÂêü ó�Ú� â �� � Â û ý�Â � �¤ ©ø¤ ßþ� .6�� ð ©ÂµÆð ©ø¤ (3�¤ üÜ±ì ©ø¤ ø¢ ý�û´þ¢øÀ½õ ø ¢Â� ¤�î�� ö���üõ ý��µ¨���w ýù¥�À÷� �� üþ�Àµ�� ý�Ü¬�ê ×þ �Àµ�� ©ø¤ ßþ� ¤¢ .¢¤�À÷ÂÑ÷¤¢ ©Â� ö¢�Þ�� ý�Â� ü¨��Öõ ö���ä�� �¤ ´¨� x0 Ûõ�ª �îñ�Ï �� üþ�û��ð ¤¢ �¤ üþ�Àµ�� ý�Ü¬�ê ßþ� Å³¨ ø ÝþÂ�ðüõø ¢�ª �¤�¡ ©Â� ¥� Çþ�úµ÷� ø¢ Âû �î ü÷�õ¥ �� ÝþÂµÆðüõ wÀ�÷�õ ý�ùÀªß��ã� Û±ì ¥� ýù¥�À÷� ,m ¼�½¬ ¢Àä ý�¥� �� �þ

ýÂ�ð�÷�Þ÷ .Ý�õ�÷üõ y Í¨�� ùÀª¢�¹þ� ©Â� �¤ S ý�ä�Þ¹õ�þ�¤� ©ø¤ �î Àª�±÷ ù¢�¨ ´¨� ßØÞõ ��÷ S ¥� ´¡���Øþ ¤�Ï��§�¨� Â� .Àþ�Þ÷üõ ×Þî �ó�Æõ ßþ� Û� �� Û�÷ Í¨�� ùÀª��ð �¨ üÏ x0 ý��óø� ¤�ÀÖõ ùÂ�çµõ×� ´ó�� ¤¢ ýø ©ø¤.¢�ªüõ ÛþÀ±� x1 ¤�ÀÖõ �� Âþ¥(0; f(x0)) ýù¥� � ¥� ´¡�� � Ø þ ¤� Ï� � y üÖ � Ö� ¤�À Ö õ (1¢�¹þ� S üÖê� ©Â� ��¿µ÷� ßþ� °��õ�� �î ¢�ªüõ ��¿µ÷�.´¨� S Û¡�¢ �È�Þû x0 ��¿µ÷� ßþ� �� .¢�ªüõ�þ �Þû �î ¢�ªüõ �À�� x0 é�ÂÏ� I = (L;R) ýù¥�� ×þ (2.¢�ªüõ Ûõ�ª �¤ ©Â� ¥� ý¢�þ¥ ´ÞÆì´¨� �Ü¬�ê Û¡�¢ �î ©Â� ¥� üµÞÆì ¥� x1 ÀþÀ� ý�ÎÖ÷ (3.¢�ªüõ ��¿µ÷�.Ý�û¢üõ �Âª �õ�¢� ¤¢ � ¤ ��ð �¨ ßþ� ¥� ×þ Âû ý�Â�� ýù�½÷(1 ��ð ý�Â�� ýù�½÷�î ´¨� üØÞî Â�çµõ ö���ä�� y ý�ÎÖ÷ ��¿µ÷� ´ú� ��ð ßþ�ßØÞõ ÛÞä ¤¢ .À��þ Â��ç� À÷���üõ Â�¹÷¥ ÓÜµ¿õ ý�û¤�ÂØ� ¤¢�î À�ª�� ×��î ¤Àìö� f(x) Âþ¢�Öõ Ýµþ¤�Úó� ñ�Ï ¤¢ ´¨�¤¢ �î À��î ¢�¹þ� ÛØÈõ y ��¿µ÷� ´ú� ü��±¨�½õ ÂÑ÷ ¥�ý���� g(x) = lnf(x) ÛþÀ±� ¥� �� ´¨� Â�°¨��õ �¤�¬ßþ��î y = f(x0)u Ý�Æþ�÷üõ �¤�¬ßþ� ¤¢ .¢�ª ù¢�Ôµ¨� f(x)Å� .´¨� (0;1) Â� ´¡���Øþ âþ¥�� ý�¤�¢ uln y = ln f(x0) + ln(u) = g(x0)� (� lnu)� � ü þ� Þ ÷ â þ¥� � ×þ ¥� e ø z = ln y � î z = g(x0) � e � þÂ þ¥ �¤�¬�� ©Â� �¤�¬ßþ� ¤¢ .¢�ªüõ À�ó� � 1 ß�Ú÷��õ¢�ªüõ ÛþÀ±�S = fx; z < g(x)g = fx; g(x0)� e < g(x)g:Stepping out Method6



ý¤�õ� �ÈþÀ÷� (28 ü���� ù¤�Þª) �ø¢ ù¤�Þª ,Ýû¢¤�ú� ñ�¨ � 8.Ý�þ�Þ÷ ý¤�ÁÚþ�� üê¢�Ê� ¤�Ï�� Àþ�� �¤ x0 Ûõ�ª üþ�Àµ����¿ µ ÷� ø ´¨�¤ � þ ²� éÂÏ � � ý�û�� ð � � m «�Êµ¡�ö¢�� üê¢�Ê� ßþ� .¢Â�ð �¤�¬ üê¢�Ê� ¤�Ï�� Àþ�� ��÷ ´ú��� ¢�ªüõ ¶ä�� ø ´¨� ©ø¤ ´ì¢ ø üµ¨¤¢ ý�Â� ü��ÞÌ�ùÀª ��¿µ÷� üê¢�Ê� ¤�Ï�� ÀþÀ� ý�ÎÖ÷ �î Ý���þ ö���ÞÏ�.´¨�(3 ��ð ý�Â�� ýù�½÷ý�Â � ,Û ± ì �� ð ¤¢ I ° ¨� � õ ý� Ü ¬� ê �� ¿ µ ÷� ¥� À ã �� ± Ö ÷� �� ÷ � � ü ªø¤ ¥� x1 À þÀ � ý� Î Ö ÷ �� ¿ µ ÷�©ø¤ ß þ� ¤¢ .Ý � � îü õ ù¢� Ô µ ¨� (Shrinkage Method)��¿ µ ÷� ´¡�� � Ø þ ¤� Ï� � I ý� Ü¬� ê ¥� ýÀ þÀ � ý�Î Ö ÷¤¢ ø Ý þÂ þÁ �üõ �¤ö� Àª� � ©Â� ¤¢ �ÎÖ ÷ ßþ� Â ð� .Ý � � îüõý�Â� ö� ¥� ø Ý�õ�÷üõ ¢¤ ý�ÎÖ÷ �¤ �ÎÖ÷ ö� �¤�¬ßþ� Â�èý��÷�ð�� �Ü¬�ê .Ý��îüõ ù¢�Ôµ¨� I ý�Ü¬�ê ö¢ÂîË±Ö�õÛõ�ª �¤ üÜãê ý�ÎÖ÷ ¥��û �±Ö÷� ¥� Å� �î ¢�ªüõË±Ö�õ¥� ü��¿µ÷� ý�ÎÖ÷ �î ü÷�õ¥ �� À��þüõ �õ�¢� À÷ø ¤ ßþ� .¢�ª�Ü�Âõ Âû ¤¢ ö�� ,©ø¤ ßþ� ¤¢ .¢Â�ð ¤�Âì ©Â� Û¡�¢ ,�Ü¬�êö���üõ ,¢¤�¢ Â� ¤¢ �¤ üÜãê ý�ÎÖ÷ Ûì�À� ÂÑ÷ ¢¤�õ ý�Ü¬�ê.´ª�¢ ö���ÞÏ� ©ø¤ ö¢�� ÂþÁ��Þ��¡ �� ´±Æ÷
.�±Ö÷� ©ø¤ �� x1 ÀþÀ� ý�ÎÖ÷ ��¿µ÷� .4 ÛØª´¨� Âþ¥ �¤�¬�� �±Ö÷� ©ø¤ Ýµþ¤�Úó�Ýµþ¤�Úó�.Ý��îüõ áøÂª I = (L;R)ø y ,x0 ý��óø� ¤�ÀÖõ ×þ ��. �R = R ø �L = L Ý�û¢üõ ¤�Âì .1(0;1) ýù¥�� Â� ´¡���Øþ âþ¥�� ¥� �¤ U üê¢�Ê� ¢Àä .2

.Àþ� ´¨¢�� I ý�Ü¬�ê ý�Â� mw´¨� Âþ¥ �¤�¬�� ��ð ©ÂµÆð ©ø¤ Ýµþ¤�Úó���ð ©ÂµÆð Ýµþ¤�Úó�.Ý��îüõ áøÂª y ø m ,w ,x0 ý��óø� Âþ¢�Öõ ��â þ¥� � ¥� Û Ö µ Æ õ ¤� Ï� � �¤ V ø U ü ê¢�Ê � ¢�À ä� .1.Ý�þ�Þ÷üõ ��¿µ÷� �¤ (0;1) ýù¥�� Â� ´¡���Øþj = [mw℄ ø R = L+w ø L = x0�wU Ý�û¢üõ ¤�Âì .2.k = (m� 1)� j øÝ � û¢ü õ ¤�Â ì y < f(L) ø j > 0 � î ü ÷� õ¥ � � .3.j = j � 1 ø L = L� wÝ � û¢ü õ ¤�Â ì y < f(R) ø k > 0 � î ü ÷� õ¥ � � .4.k = k � 1 ø R = R+ w

.��ð ©ÂµÆð ©ø¤ �� I = (L;R) ý�Ü¬�ê ßµê�þ .3 ÛØª�� ¹ ÷� Í þ�Â ª ý¤�Â ìÂ � � � Ý µ þ¤� Ú ó� ¤¢ (4) ø (3) Û ��Â õI = (L;R) ý�Ü¬�ê ´þ�ú÷ ¤¢ Ýµþ¤�Úó� ü�øÂ¡ ø À÷�ªüõÂÑ÷¤¢ mw �¤�¬�� Ý�÷���üõ �¤ �Ü¬�ê üþ�ú÷ ýù¥�À÷� .´¨�.´ ¨� ùÀ ªß � � ã � Ç � � ¥� ø ¼ � ½¬ ý¢À ä m � î Ý þÂ � ð¤¢ � î Ý þÂ � ðüõ ÂÑ ÷ ¤¢ ´ þ� ú � � � �¤ m ¢¤�� õ ¥� ý¤� �Æ � ¤¢ý�Ü¬�ê .Àª�� �µª�¢ À÷���üõ ý�ù¥�À÷� Âû �Ü¬�ê �¤�¬ßþ�



9 � (28 ü���� ù¤�Þª) �ø¢ ù¤�Þª ,Ýû¢¤�ú� ñ�¨ MCMC ý�û©ø¤ ¥� üØþ ö���ä�� üªÂ� ýÂ�ð�÷�Þ÷ ©ø¤ùÀª¢�¹þ� Â�¹÷¥ ßþ�Â���� ø ´¨� À�Ô¨ �ê�÷ ü÷�õ¥ ýÂ¨ ���Èõâþ¥�� ù�ð��Ø� ü±¨��õ ¤�Ï�� Â�¹÷¥ ø ´¨� °¨��õ ý�µ¿�õ��� ÷ ��� ¥� ´¨�¤ ´Þ¨ ¤�¢�Þ÷ .Àþ�Þ� �üõ �¤ ¢¤�À÷�µ¨� ñ�õÂ÷¤�¢�Þ ÷ � ��Èõ ýÀ÷ø¤ �î ´¨�ûù¢�¢ üÚµÆ ±Þû¢�¡ ¤�¢�Þ ÷üÚµÆ ±Þû ßþ�Â �� � � ø ¢¤�¢ AR(1) ñÀõ ¤¢ üÚµÆ±Þû¢�¡ñ�Þµ�� ø ��Âð�µÆ�û ý�û¤�¢�Þ÷ .Àþ�üõ ÂÑ÷ �� °¨��õ �ûù¢�¢ñÀõ �� �ûù¢�¢ âþ¥�� ¢�þ¥ ö¢�� ×þ¢�÷ Âðö��� ��÷ �ûù¢�¢ ñ�õÂ÷ý�÷�Þ÷ �þ� �îßþ� Âê ö¢�õ¥� ý�Â� .´¨� ¢¤�À÷�µ¨� ñ�õÂ÷ö�õ¥� ¥� ,�÷ � þ ´¨� ¢¤�À÷�µ¨� ñ�õÂ÷ âþ¥�� ý�¤�¢ ùÀª¢�¹þ�ßþ� ¤�ÀÖõ-p .´¨� ùÀª ù¢�Ôµ¨� ℄2[é�÷Â�Þ¨�-éøÂð�ÞÜîÂê ßþ�Â �� � � ø ´¨� ùÀõ� ´¨¢� � 0/3864 Â ��Â � ö� õ¥�¼Î¨ ¤¢ üµ� ´¨�ûù¢�¢ ö¢�� ¢¤�À÷�µ¨� ñ�õÂ÷ ÂÚ÷��� �î ÂÔ¬.¢�ªüÞ÷ ¢¤ Ýû 0/1ÂÚþ¢ ñø�Àµõ ý�û©ø¤ ü¡Â� �� Û�÷ üªÂ� ©ø¤ �Æþ�Öõý�û©ø¤ ¥� ��÷ ℄12[ üð¢ÂÈê ©ø¤ ø Âó�õ-Åî�� Ýµþ¤�Úó�¢¤�À÷�µ¨� ñ�õÂ÷ âþ¥�� ¥� �÷�Þ÷ À�ó�� ý�Â� �î À�µÆû üóø�Àµõñ� õÂ ÷ â þ¥� � ¤¢ À � � î Â ê .À ÷Â � ðü õ ¤�Â ì ù¢� Ô µ ¨� ¢¤� õÂðö��� ý¢�Þä ¤�½õ ø x Âþ¢�Öõ Âðö��� üÖê� ¤�½õ ¢¤�À÷�µ¨��¤�¬ßþ� ¤¢ ,Àª�� P (X � x) �þ ü�½�õ Âþ¥ ´��Æõ ¤�ÀÖõß þ� ,� û©ø¤ Â þ� ¨ � � üªÂ � ýÂ � ð� ÷� Þ ÷ ©ø¤ ü¨¤Â � ý�Â �ù�ÂÞû �� �û©ø¤ ßþ� Í¨�� ùÀª À�ó�� ý�û�÷�Þ÷ ý�Â� �¤ Âþ¢�Öõ�±¨�½õ 1 ñøÀ� ¤¢ ¢¤�À÷�µ¨� ñ�õÂ÷ âþ¥�� ¤¢ üãì�ø Âþ¢�Öõ.Ýþ�ù¢�Þ÷

.Ý�þ�Þ÷üõ ��¿µ÷�.x1 = �L+ U( �R � �L) Ý�û¢üõ ¤�Âì .3�¤�¬ßþ� Â�è ¤¢ ø ¢�ªüõ �µêÂþÁ� x1 ,y < f(x1) Âð� .4¤�Â ì x1 � x0 Â ð� ø �L = x1 Ý � û¢ü õ ¤�Â ì x1 < x0 Â ð�.Ýþ¢ÂðüõÂ� (2) ý�Ü�Âõ �� ø �R = x1 Ý�û¢üõ©ø¤ ø ��ð ©ÂµÆð ©ø¤ ¥� ù¢�Ôµ¨� �� ñ�·õ ßþ� ¤¢ 2 ñ�·õñ� õÂ ÷ â þ¥� � ¥� n = 1000 Ý ¹ � � � ý�� ÷� Þ ÷ ,� ± Ö ÷�,ü÷�õ¥ ýÂ¨ ý�û¤�¢�Þ÷ 5 ÛØª .´¨� ùÀª À�ó�� ¢¤�À÷�µ¨�ý¥�¨��±ª ý�ûù¢�¢ ��Âð�µÆ�û ø ñ�õÂ÷ ñ�Þµ�� ,üÚµÆ±Þû¢�¡.Àû¢üõ ö�È÷ �¤ ùÀª

ø ñ�õÂ÷ ñ�Þµ�� ,üÚµÆ±Þû¢�¡ ,ü÷�õ¥ ýÂ¨ ý�û¤�¢�Þ÷ .5 ÛØª.ùÀª ý¥�¨��±ª ý�ûù¢�¢ ��Âð�µÆ�û�î ´¨� �ûù¢�¢ ü÷�õ¥ ýÂ¨ ¤�¢�Þ÷ ,��� ¥� ²� ´Þ¨ ¤�¢�Þ÷.¢¤�À÷�µ¨� ñ�õÂ÷ ü�½�õ Âþ¥ ý�û´��Æõ ¥� ü¡Â� ý�¥� �� x Âþ¢�Öõ ,1 ñøÀ�ü�½�õ Âþ¥ ´��Æõ 0/5000 0/7500 0/8000 0/9500 0/9990 0/9999üãì�ø Âþ¢�Öõ 0/0000 0/6700 0/8400 1/6500 3/0900 3/7200Âó�õ-Åî�� 0/0658 0/7688 0/9297 1/7127 2/8464 2/8951üð¢ÂÈê 0/0546 0/68940 0/8512 1/6689 2/ 8845 3/1738üªÂ� 0/0325 0/6943 0/8642 1/6029 2/6052 2/8714Û�÷ üªÂ� -0/0463 0/6644 0/8761 1/7168 3/0791 3/4238



ý¤�õ� �ÈþÀ÷� (28 ü���� ù¤�Þª) �ø¢ ù¤�Þª ,Ýû¢¤�ú� ñ�¨ � 10.¢�ªüõ ¢�¹þ� S = fex; y < f(ex)g üÖê�Ý�þ�Þ÷üõ ý¤�ÁÚþ�� ý¤�Ï ex0 é�ÂÏ� �¤ Û�ÎµÆõÂ�� (2 ��ð.¢Â�ð Â�¤¢ �¤ ©Â� ¥� ý¢�þ¥ Ç¿� �îÛ ¡�¢ � î ©Â � ¥� ü µ Þ Æ ì ¥� �¤ ex1 À þÀ � ý�Î Ö ÷ (3 �� ð.Ý��îüõ ��¿µ÷� ,STH¥� ü�ãþ ´¨�Û�ÎµÆõÂ��Û �Î µÆõÂ �� ß þÂ µØ��î ö�� �üõ �¤ Û�Î µÆõÂ �� (2) �� ð ¤¢ÂþÁ�ö�Øõ� ´¨� ßØÞõ ©ø¤ ßþ� �õ� ¢�¢ ¤�Âì ©Â� ýùÀ÷¤�¢Â�¤¢ö���üõ ��÷ À�ª�� ¤�À÷�Âî ex ý�û�Ôó�õ ý�Þû �îü÷�õ¥ .Àª�±÷� � ÷ ©ø¤ ß þ� .¢�¢ ¤�Â ì â þ¥� � ù� ð� �Ø � Â ��Â � �¤ Û �Î µÆ õÂ ���¤� î ´¨� Â µ Ø�� î ü Ü � ¡ ù� ð� � Ø � ¢øÀ� ¥� ©Â � � îü ÷� õ¥n Û�ÎµÆõÂ�� ×þ Àþ�� ��÷ ��ð ©ÂµÆð ©ø¤ ¤¢ .Àª��üÞ÷.À�ª�� �¤�¡ ©Â� ¥� ö� §��¤ ��Þ� �î Ý����� §�b¤ 2n �� ýÀã�´Æ�÷ �êÂ¬ �� öøÂÖõ Àª�� ï¤�� n �î ü÷�õ¥ ��÷ ©ø¤ ßþ��î À���þ ©ÂµÆð Àã� n Âû ¤¢ Àþ�� wi üþ�Àµ�� ý�û�Ü¬�ê �Âþ¥ßµ ê� þ ©ø¤ ßþÂ �ù¢�¨ ßþ�Â �� � � .´¨� ý¢� þ¥ ´ìø �� Ü µÆõ.´¨� ex0 é�ÂÏ� Û�ÎµÆõÂ�� ×þ üê¢�Ê� ö¢�¢¤�Âì ,Û�ÎµÆõÂ��´ ó�� ¤¢ � ± Ö ÷� ©ø¤ ¥� üÞ �Þ ã � �¤�¬� � � � ÷ (3) �� ðý¤�ÁÚþ�� ¥� Àã� �î �¤�¬ßþÀ� .¢�ªüõ ��¹÷� ùÂ�çµõ×�¥� üê¢�Ê� ¤�Ï�� �¤ ÀþÀ� ý�ÎÖ÷ ,üÜ±ì ��ð ¤¢ Û�ÎµÆõÂ��Àª�� ©Â� Û¡�¢ �ÎÖ÷ ßþ� Âð� ø Ý�þ�Þ÷üõ ��¿µ÷� Û�ÎµÆõÂ���� �¤ Û�ÎµÆõÂ�� ù�ðö� Àª�� ©Â� ¥� �¤�¡ Âð� ø ÝþÂþÁ�üõ �¤ö�ù¤��ø¢ ø Ý�þ�Þ÷üõË±Ö�õ �û´ú� ��Þ� ¤¢ �ÎÖ÷ ßþ� ¥� áøÂªÝ�û¢üõ �õ�¢� �¤ À÷ø ¤ ßþ� ø Ý�þ�Þ÷üõ ��¿µ÷� ýÀþÀ� ý�ÎÖ÷6 ÛØª .¢Â�ð ¤�Âì ©Â� Û¡�¢ ü��¿µ÷� ý�ÎÖ÷ �î ü÷�õ¥ ��´ÞÆì .Àû¢üõ Çþ�Þ÷ �¤ ùÂ�çµõø¢ üªÂ� ýÂ�ð�÷�Þ÷ ×þñ�� ý�ÎÖ÷ �î À�µÆû ©Â� üþ�úµ÷� ¯�Î¡ ,Âþ�Ê� Â�Ù÷¤Â�.´¨� üþ�Àµ�� Û�ÎµÆõÂ�� ��÷ Â�ï¤�� â�Âõ ,´¨� Ûõ�ª �¤ ex0

ùÀª�±¨�½õ Âþ¢�Öõ é�µ¡� �î ¢�ª üõ ùÀû�Èõ ��� ñøÀ� ¥�ýÂ�ð�÷�Þ÷ ©ø¤ ¤¢ ,üãì�ø Âþ¢�Öõ � � ÓÜµ¿õ ý�û©ø¤ ¤¢©ø¤ ßþ�Â���� ø Àª��üõ ÂµÞî �û©ø¤ Âþ�¨ �� ´±Æ÷ Û�÷ üªÂ�¢¤�À÷�µ¨� ñ�õÂ÷ âþ¥�� ¥� �÷�Þ÷ À�ó�� ý�Â� Û�÷ üªÂ� ýÂ�ð�÷�Þ÷.´¨� ù¢�Þ÷ ÛÞä ü��¡ ��´ó�� ¤¢ Û�÷ üªÂ� ýÂ�ð�÷�Þ÷ ©ø¤ 4ùÂ�çµõ À��üµó�� ý�Â� Ý�÷���üõ �¤ ùÂ�çµõ×� üªÂ� ýÂ�ð�÷�Þ÷ ©ø¤¤�î� � Ý þÂ �Ú � � ÷�Þ ÷ ýÀã�n ¤�¢Â � ×þ ¥� � � Ý þÀ�õ�ì�ä �î¤�¢Â� ý�Ôó�õ Âû ý�Â� �¤ ýÂ�ð�÷�Þ÷ ©ø¤ ´ó��ßþ� ¤¢ ,ÝþÂ�ýÂ�ð�÷�Þ÷ ýùÀþ� Ç¿� ßþ� ¤¢ .ÝþÂ�üõ ¤�î�� �÷�ð�À� ¤�Ï��ø ¢�ªüõ ù¢�¢ Ý�Þã� ùÂ�çµõÀ�� ´ó�� �� ,ùÂ�çµõ×� üªÂ�.¢¢Âðüõ �þ�¤� ö� ý�ûÝµþ¤�Úó��� °¨��µõ üã��� f(ex) ø eX = (X1; X2; :::; Xn) À��î Âê�¤ ùÂ�çµõ ×� üªÂ� ýÂ�ð�÷�Þ÷ ýùÀþ� .Àª�� eX üó�Ú� â���ý�� �� ©ø¤ ßþ� ¤¢ .¢�¢ Ý�Þã� ùÂ�çµõÀ�� ´ó���� ö���üõ�¤�¬�� Û�ÎµÆõÂ�� ×þ ,I = (L;R) ý�Ü¬�ê ×þH = fex;Li < xi < Ri; i = 1; ::; ng= (L1; R1)� (L2; R2)� :::� (Ln; Rn)ý¤�ÁÚþ�� ex0 = fx01; x02; :::; x0ng üþ�Àµ�� ý�ÎÖ÷ é�ÂÏ��¤ ex1 = fx11; x12; :::; x1ng ÀþÀ� ý�ÎÖ÷ Å³¨ ø Ý�þ�Þ÷üõ.Ý��îüõ ��¿µ÷� ,´¨� Û�ÎµÆõÂ�� Û¡�¢ �î ©Â� ¥� üµÞÆì ¥�Âþ¥ ��ð �¨ �¤�¬�� ex0 üÜãê ´�ã®ø ,ùÂ�çµõ À�� ´ó�� ¤¢.¢�ªüõ ÛþÀ±� ex1 ÀþÀ� ´�ã®ø ��ýù¥� � ¥� ´ ¡�� � Ø þ ¤� Ï� � �¤ y ü Ö � Ö � ¤�À Ö õ (1 �� ð©Â� ��¿µ ÷� ß þ� °��õ� � .Ý � þ�Þ ÷üõ ��¿µ ÷� (0; f(ex0))



11 � (28 ü���� ù¤�Þª) �ø¢ ù¤�Þª ,Ýû¢¤�ú� ñ�¨ MCMC ý�û©ø¤ ¥� üØþ ö���ä�� üªÂ� ýÂ�ð�÷�Þ÷ ©ø¤´¨¢� � ´¨� Nn(�;�) â þ¥� � ý�¤�¢ � î �¤ ex ,Â þ¥ Û þÀ ± � ¥�.℄8[ Ýþ¤ø�üõex = T tz + �:� îý¤� Ï� � ´ ¨� n � n Å þÂ �� õ × þ T Û þÀ ± � ß þ� ¤¢ý� þ� ¹ � ©ø¤ � ¨ ¥� ù¢� Ô µ ¨� � � ñ� · õ ß þ� ¤¢ T tT = �üþ�û�÷�Þ ÷ üªÂ� ýÂ�ð� ÷�Þ ÷ ø Å±�ð Â�ð� ÷�Þ ÷ ,üØÆó��ý�¥�� � N2((0 0 ) ;�1 �� 1�) â þ¥� � ¥� 5000 Ý¹� � ��ûù¢�¢ �þ� �îßþ� ö¢�õ¥� ý�Â� .Ýþ�ù¢�Þ÷ À�ó�� �¤ � = 0=99ñ�õÂ÷ ö�õ¥� ¥� ,�÷ � þ À÷�ùÀª À�ó� � ùÂ�çµõø¢ ñ�õÂ÷ âþ¥�� ¥���ö� ¥� .Ýþ�ù¢Âî ù¢�Ôµ¨� ℄15[ ×Üþø-øÂ���ª ùÂ�çµõ À��ø ´¨�ûù¢�¢ ö¢�� ñ�õÂ÷ Âðö��� ö�õ¥� ßþ� ¤¢ ÂÔ¬Âê �îñøÀ� ¤¢ ©ø¤ �¨ Âû ý�Â� ö�õ¥� ßþ� ¤�ÀÖõ-p �� ���� � �ø ¢�ªüÞ÷ ¢¤ 0/05 ¼Î¨ ¤¢ ©ø¤ �¨ Âû ¤¢ ÂÔ¬Âê ,2.À�µÆû ùÂ�çµõ ø¢ ñ�õÂ÷ âþ¥�� ¥� �ûù¢�¢ �î ´êÂþÁ� ö���üõ.©ø¤ �¨ Âû ¤¢ ×Üþø-øÂ���ª ö�õ¥� ¤�ÀÖõ-p ,2 ñøÀ�ý�þ�¹� Â�ð�÷�Þ÷ ýÂ�ð�÷�Þ÷üØÆó�� Å±�ð üªÂ�¤�ÀÖõ-p 0/3148 0/4178 0/2871¤� � ãõ é�Â½÷� ø üÚµÆ±Þû °þÂ® ý�� ÷�Þ ÷ ¢¤ø�Â � Â þ¢� Öõ� ¨ Â û ¤¢ .´ ¨� ùÀ õ� 3 ñøÀ � ¤¢ ©ø¤ � ¨ Â û ¤¢ ¢¤ø�Â �×þ¢� ÷ ö� üãì�ø ¤�ÀÖõ � � � ý�Â � ùÀª¢¤ø�Â � Â þ¢� Öõ ©ø¤�� ´±Æ÷ üªÂ� ýÂ�ð�÷�Þ÷ ©ø¤ ¤¢ ¢¤ø�Â� ý�Î¡ �õ� Àª��üõýÂ�ð�÷�Þ÷ ßþ�Â���� ø Àª��üõ ÂµÞî ý¢øÀ� �� ÂÚþ¢ ©ø¤ ø¢âþ¥�� ¥� �÷�Þ÷ À�ó�� ý�û©ø¤ ¥� üØþ ö���ä�� ö���üõ �¤ üªÂ�.¢Â� ¤�î�� ùÂ�çµõ n ñ�õÂ÷.©ø¤ �¨ Âû ¤¢ ¢¤ø�Â� ¤��ãõ é�Â½÷� ø � ¢¤ø�Â� ,3 ñøÀ�ý�þ�¹� ýÂ�ð�÷�Þ÷ ýÂ�ð�÷�Þ÷üØÆó�� Å±�ð üªÂ�°þÂ® ¢¤ø�Â� 0/9880 0/9846 0/9879üÚµÆ±Þû¤��ãõ é�Â½÷� 3=96� 10�6 1=55� 10�5 1=03� 10�6¢¤ø�Â�

.ùÂ�çµõ ø¢ üªÂ� ýÂ�ð�÷�Þ÷ Çþ�Þ÷ .6 ÛØªùÂ�çµõÀ�� üªÂ� ýÂ�ð�÷�Þ÷ Ýµþ¤�Úó� ,ë�ê ý�û��ð §�¨�Â�.Ý�Æþ�÷üõ Âþ¥ �¤�¬�� �¤ À�îüõ ÛþÀ±� ex1 �� �¤ ex0 �îÝµþ¤�Úó�ø ex0 = fx01; x02; :::; x0ng ý� � óø� ý� û¤�¢Â � � �.Ý�þ�Þ÷üõ áøÂª ew = fw1; w2; :::; wngýù¥� � Â � ´ ¡�� � Ø þ â þ¥� � ¥� �¤ y ü Ö � Ö � ¤�À Ö õ .1.Ý�þ�Þ÷üõ ��¿µ÷� (0; f(ex0))Â� ´¡���Øþ âþ¥�� ¥� �¤ Ui ¤�ÀÖõ ,i = 1; :::; n ý�¥� �� .2Ri = Li+wi Ý�û¢üõ ¤�Âì ø Ý�þ�Þ÷üõ ��¿µ÷� (0;1) ýù¥��.Li = x0i � wiUi ø´¡���Øþ âþ¥� � ¥� �¤ Vi ¤�ÀÖõ ,i = 1; :::; n ý�¥� � � .3Ý � û¢ü õ ¤�Â ì ø Ý � þ� Þ ÷ü õ �� ¿ µ ÷� (0;1) ýù¥� � Â �.x1i = Li + Vi(Ri � Li)�¤�¬ßþ� Â�è ¤¢ ø ÝþÂþÁ�üõ �¤ ex1 ,y < f(ex1) Âð� .4Ý � û¢ü õ ¤�Â ì ù� ðö� x1i < x0i Â ð� ,i = 1; :::; n ý�¥�� �.Ri = x1i Ý�û¢üõ ¤�Âì �¤�¬ßþ� Â�è ¤¢ ø Li = x1i¤�¢Â� �� ùÂ�çµõ n ñ�õÂ÷ âþ¥�� ý�¤�¢ ex À��î Âê .3 ñ�·õý�Â � .Àª� � � Å÷� þ¤�� î-Å÷� þ¤�ø ÅþÂ �� õ ø e� ß�Ú ÷� � õ�þ�¤� üÔÜµ¿õ ý�û©ø¤ ùÂ�çµõ n ñ�õÂ÷ âþ¥�� ¥� ýÂ�ð�÷�Þ÷üØÆó�� ý�þ�¹� ¥� ù¢�Ôµ¨� �û©ø¤ ßþ� ¥� üØþ .´¨� ùÀª¤�¢Â� �Àµ�� ©ø¤ ßþ� ¤¢ .´¨� (Cholesky Deomposition)ý�¤�¢ ø ÛÖµÆõ Ýû ¥� Â¬��ä �� z = (z1; z2; :::; zn) ýÀã� nù¢�Ôµ¨� � � Å³¨ ø Ý�þ�Þ÷üõ À�ó� � �¤ ¢¤�À÷�µ¨� ñ�õÂ÷ âþ¥��



ý¤�õ� �ÈþÀ÷� (28 ü���� ù¤�Þª) �ø¢ ù¤�Þª ,Ýû¢¤�ú� ñ�¨ � 12üóÀõ ý��µÆû ý�û²Þ� ü��Â¡  Â÷ ý�Â� ℄6[ ö�¤�ØÞû ø ¤ø�ð¤¢ ��i²Þ� ý�ûü��Â¡ ¢�Àã� xi À��î Âê .À÷¢�Þ÷ �þ�¤� �¤��Üãõ (´ä�¨ °Æ� Â�) ti �îý¤�Ï�� Àª�� [0; ti℄ ö�õ¥ �Àõ©¤��ð ý�ûù¢�¢ .´¨� ý��÷�Þ÷ ü��Â¡  Â÷ ri = xiti ø ´¨�.℄18[ ´¨� ùÀõ� 4 ñøÀ� ¤¢ ²Þ� ù¢ ý�Â� ùÀª.²Þ� ù¢ ý�Â� ý��÷�Þ÷ Âþ¢�Öõ ,4 ñøÀ�²Þ� ù¤�Þª ü��Â¡ ¢�Àã� ö�õ¥ �Àõ1 5 94/3202 1 15/7203 5 62/8604 14 125/7605 3 5/2406 19 31/4407 1 1/0488 1 1/0489 4 2/09610 22 10/480Â � (�i)� û²Þ � ü ��Â¡  Â ÷ � � � ¢¤ø�Â � ö¢¤ø� ´¨¢� � ý�Â ��� ß¨��� âþ¥�� ý�¤�¢ Xij�i Ý��îüõ Âê ý��� ñÀõ §�¨�´¨� � ø � ý�ûÂµõ�¤�� �� �õ�ð âþ¥�� ý�¤�¢ �ij� ø �iti Âµõ�¤���; Æ;  ø ,´¨� Æ ø  ý�ûÂµõ�¤�� �� �õ�ð âþ¥�� ý�¤�¢ ��÷ � ø.À�µÆû ��Üãõ¥� ´¨� �¤�±ä üþ�Þ�µ¨¤¢ â��� �¤�¬ßþ� ¤¢L(f�ig) = 10Yi=1 e��iti(�iti)xixi! / 10Yi=1 e��iti�xii�� ´¨� Â��Â� �ûÂµõ�¤�� ��b�� ß�È�� üó�Ú� øgf�ig;�(f�ig; �) = e�Æ���1Æ�() 10Yi=1 e���i�����1i�(�)¥� ´¨� �¤�±ä ��� ùÀä�ì §�¨� Â� ß�Æ� âþ¥���f�ig;�(f�ig; �) / L(f�ig)gf�ig;�(f�ig; �):ý�ûÂµõ�¤� � � � �õ�ð ,�j(�1; �2; :::; �10) Ûõ�î üÏÂª âþ¥��Û õ� î ü ÏÂ ª â þ¥� � ø ´ ¨� Æ +P10i=1 �i ø 10� + .´¨� � + tj ø � + xj ý�ûÂµõ�¤�� �� �õ�ð ��÷ �j j(�; f��jg)

ñ� õÂ ÷ â þ¥� � ¥� ùÀª ý¥� ¨� ± � ª ý� ûù¢�¢ ¤�¢� Þ ÷ Â þ¥ ÛØªÇþ�Þ÷ ùÂ�çµõø¢ üªÂ� ýÂ�ð�÷�Þ÷ ¥� ù¢�Ôµ¨� �� �¤ ùÂ�çµõø¢.Àû¢üõ

.ùÂ�çµõ ø¢ ñ�õÂ÷ âþ¥�� ¥� ùÀª ý¥�¨�±�ª ý�ûù¢�¢ ¤�¢�Þ÷ .7 ÛØªý���ª�� ý�û üó�Ú� ùÂ�çµõÀ�� ñ�õÂ÷ âþ¥�� ¤¢ �î ��ö� ¥�ñ�õÂ÷ ñ�Þµ�� ¤�¢�Þ÷ ��÷ 8 ÛØª ,À�µÆû ñ�õÂ÷ âþ¥�� ý�¤�¢Çþ�Þ ÷ ùÀª ý¥�¨�� ±ª ¢�Àä� ý�� �ª�� ý�ûâ þ¥� � ý�Â � �¤.Àþ�üõ ÂÑ÷ �� °¨��õ ¤��Æ� ñ�õÂ÷ âþ¥�� ý�Â� �î Àû¢üõ
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13 � (28 ü���� ù¤�Þª) �ø¢ ù¤�Þª ,Ýû¢¤�ú� ñ�¨ MCMC ý�û©ø¤ ¥� üØþ ö���ä�� üªÂ� ýÂ�ð�÷�Þ÷ ©ø¤À÷�ªüõ ß��ã� Âµõ�¤�� �¨ ý�Â� Âþ¥ Âþ¢�Öõ ,´¨�� = 0=54 ;  = 2=2 ; Æ = 1=11:� � �¤ ²Þ� ù¢ ü��Â¡  Â÷ ý�Â � ùÀª ¢¤ø�Â � Â þ¢�Öõ 5 ñøÀ�Â�ð� ÷�Þ ÷ ©ø¤ ø¢ ¤¢ ùÀª ý¥�¨��±ª ý�û�÷�Þ ÷ ¥� ù¢�Ô µ¨�ö�È÷ ý��÷�Þ÷ ri Âþ¢�Öõ ù�ÂÞû �� üªÂ� ýÂ�ð�÷�Þ÷ ø Å±�ð¤¢ ùÀª¢¤ø�Â� Âþ¢�Öõ ¢�ªüõ ùÀû�Èõ �î ¤�Ïö�Þû .Àû¢üõ.À�µÆû Â�×þ¢�÷ ý��÷�Þ÷ Âþ¢�Öõ �� üªÂ� ýÂ�ð�÷�Þ÷ ©ø¤.²Þ� ù¢ ý�Â� ü��Â¡  Â÷ ý�û¢¤ø�Â� ,5 ñøÀ�ù¤�Þª Âþ¢�Öõ ¤¢ ¢¤ø�Â� ¤¢ ¢¤ø�Â�²Þ� ý��÷�Þ÷ Å±�ð ©ø¤ üªÂ� ©ø¤1 0/053 0/058 0/0582 0/063 0/092 0/0913 0/079 0/086 0/0864 0/111 0/114 0/1145 0/573 0/566 0/5726 0/604 0/602 0/6047 0/954 0/764 0/8318 0/954 0/764 0/8319 1/908 1/470 1/55410 2/099 1/958 1/983¤¢ �ûü��Â¡  Â ÷ ý�Â � ùÀª ¢¤ø�Â � Â þ¢� Öõ ,5 ñøÀ� Õ��Îõý��÷�Þ÷ Âþ¢�Öõ �� Å±�ð ©ø¤ �� ´±Æ÷ üªÂ� ýÂ�ð�÷�Þ÷.À�µÆû Â�×þ¢�÷²Þ� ù¢ ý�Â� ü��Â¡  Â÷ ý�û¢¤ø�Â� ¤��ãõ é�Â½÷� ,6 ñøÀ�.©ø¤ ø¢ ¤¢ù¤�Þª ¢¤ø�Â� ¤��ãõ é�Â½÷� ¢¤ø�Â� ¤��ãõ é�Â½÷�²Þ� Å±�ð ©ø¤ ¤¢ üªÂ� ©ø¤ ¤¢1 6=028� 10�7 4=956� 10�82 3=682� 10�5 3=984� 10�63 2=887� 10�6 2=452� 10�74 1=352� 10�6 1=093� 10�75 6=641� 10�3 1=071� 10�36 4=911� 10�4 4=563� 10�57 5=971� 10�2 1=987� 10�28 5=971� 10�2 1=987� 10�29 1=211� 10�1 2=995� 10�210 3=114� 10�2 3=817� 10�3¤��ãõ é�Â½÷� Âþ¢�Öõ ¢�ªüõ ùÀû�Èõ 6 ñøÀ� ¤¢ �î ¤�Ïö�ÞûüªÂ� ýÂ�ð�÷�Þ÷ ©ø¤ ¤¢ ü��Â¡  Â÷ ��Þ� ý�Â� ��� ¢¤ø�Â�

ü��Â¡  Â ÷ ß�õ� j � � � ¢¤ø�Â � ,�� � ý�ûâ þ¥� � ¥� ù¢� Ô µ¨� � �¥� ´¨� �¤�±ä�̂j = E�� (E��j j� [�j ℄) = E�� (�+ xj� + tj )ø �Â ��¤ .´ ¨� � ý�Â � ß � Æ � ý�� � ª� � ü ó� Ú � �� � î¤¢ �; Æ;  Â þ¢� Ö õ ý�Â � ℄7[ ´ � Þ ¨� ø À ÷� Ô Ü ð ø ℄13[�Æ î�� ñ�·õ ßþ� ¤¢ .À÷�ù¢�Þ÷ ù¢�Ôµ¨� ü�Â¹� ��� ¥� �ûý¥�¨��±ªÂþ¢�Öõ �ûü��Â¡  Â÷ ß�È�� Å÷�þ¤�ø ø ü®�þ¤ À�õ� ¥� ù¢�Ôµ¨�.´¨� ùÀõ� ´¨¢�� Âþ¥ �¤�¬�� �ûÂµõ�¤�� ßþ� ý�Â� ý����ú�Ýþ¤�¢  > 1 ý�¥���Egf�ig;� (�j) = Eg� (Eg�j j� [�j ℄) = Eg� (�� )= Z 10 �� e�Æ���1Æ�() d�= �Æ�( � 1)�() = �Æ � 1Ýþ¤�¢  > 2 ø j = 1;2; :::;10 ý�¥��� øV argf�ig;� (�j) = Eg� (V arg�j j� [�j ℄)+V arg� (Eg�j j� [�j ℄)= Eg� ( ��2 ) + V arg� (�� )= Eg� ( ��2 ) +Eg� (�2�2 )� [Eg� (�� )℄2= �(1 + �) Z 10 e�Æ���1Æ�2�() d��( �Æ � 1 )2= �(1+ �)Æ2( � 1)( � 2) � ( �Æ � 1 )2= �Æ2(�+  � 1)( � 1)2( � 2) :À�õ� �î ÝþÀÖµãõ ℄13[�µªÁð ����Â¹� �� ���� �� �î ��ö� ¥�ø 0/5 Â��Â� °��Â��� ü��Â¡  Â÷ Âû ¢¤�À÷�µ¨� é�Â½÷� ø ü®�þ¤0/01 Â��Â� À�î ¥ø�¹� 5 ¥� ü��Â¡  Â÷ �îö� ñ�Þµ�� ø ´¨� 2



ý¤�õ� �ÈþÀ÷� (28 ü���� ù¤�Þª) �ø¢ ù¤�Þª ,Ýû¢¤�ú� ñ�¨ � 14MCMC ñ�¬� ý�þ�� Â� ©ø¤ ßþ� .Àª��üõ ¢Â�¤�î ø ù¢�Ôµ¨�ý� û©ø¤ Â Ú þ¢ ý� û´ þ¢øÀ ½ õ ü ¡Â � ¥� ø ´ ¨� ¤�� µ ¨�ö���üõ ©ø¤ ßþ� ¥� ù¢�Ôµ¨� �� .Àª��üÞ÷ ¤�¢¤�¡Â�MCMC.¢�¢ ¤�Âì ü¨¤Â� ø Û�Ü½� ¢¤�õ ��÷ �¤ üãì�ø ý�ûù¢�¢
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