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×þ ¥� ù¢�Ô µ¨� � � ü÷�õ¥ -üþ�Ìê ý�ûù¢�¢ ü±þÂÖ � ý�� � Û�Ü½�ü¨ø�ð üê�î¤�õ üê¢�Ê� ö�À�õñ�êö�þ�Þû ��úó� ,ü��Æ� �ÞÏ�êö��Þ¨ ù�ÚÈ÷�¢ ,¤�õ� ùøÂð1394*8*18 :ýÂÚ÷¥�� ßþÂ¡� ¾þ¤�� 1393*11*3 :´ê�þ¤¢ ¾þ¤��üû�ð À÷�ªüõ ùÀû�Èõ ö�õ¥ ñ�Ï ¤¢ �î üþ�Ìê ý�û¾¨�� ýÀ��ñÀõ ý�Â� : ùÀ�Ø�¤� µ¡�¨ ö� ¤¢ � î ¢�ªüõ ù¢� Ô µ ¨� ü ÷� õ¥ -ü þ�Ì ê ü ± ��Â õ � ÜÆ Ü¨ ý� ûñÀ õ ¥�ÂÑ÷ ¤¢ ü¨ø�ð ö�ú�� üê¢�Ê� ö�À�õ ×þ Í¨�� �ûù¢�¢ ü÷�õ¥ -üþ�Ìê üÚµÆ±Þûüó�Þãõ ý��� ´ê��û¤ �Àµ�� ,�ûñÀõ ßþ� Û�Ü½� ý�Â� �ó�Öõ ßþ� ¤¢ .¢�ªüõ �µêÂðø Ûõ�î üÏÂª ý�ûâþ¥�� ø ß�Æ� ý�ûâþ¥�� üðÀ�»�� Û�ó¢ �� �õ� .¢�ªüõ ���¤�âê¤ ý�Â� .´¨� ü÷��Ï ¤��Æ� ��±¨�½õ ö�õ¥ ,üþ�ó¤�î ´÷�õ ý�û�÷�Þ÷ ¥� ù¢�Ôµ¨�¤¢ üê�î¤�õ üê¢�Ê� ö�À�õ ×þ �¤�¬�� ,ü¨ø�ð ö�ú�� üê¢�Ê� ö�À�õ ÛØÈõ ßþ�ö���üõ üê¢�Ê� üþ�� Û�Æ÷�ÂÔþ¢ ��¢�ãõ ¥�� ö� À�ó�� ý�Â� �î ¢�ªüõ �µêÂð ÂÑ÷ý�Â� �µÆ�âÞ� ü÷��ª� §��� °þÂÖ� ø ü±þÂÖ� ��� ©ø¤ ¥� Å³¨ .¢Âî ù¢�Ôµ¨�ñÀõ ö�õ�Â� � �û¯�± � µ¨� ø ß�Æ� ý�ûâþ¥�� ¥� Õ�ì¢ °þÂÖ� ×þ ö¢¤ø� ´¨¢��ø ñÀõ �� ö��Þ¨ ö�µ¨� üðÀ÷¤�� ö���õ ý�ûù¢�¢ �ä�Þ¹õ ´þ�ú÷ ¤¢ .¢�ªüõ ù¢�Ôµ¨�.¢Â�ðüõ ¤�Âì Û�Ü½� ¢¤�õ ùÀª ���¤� ý�û©ø¤0 . fatemeh:hoseini�semnan:a
:ir ,ü��Æ� �ÞÏ�ê :�ó�Öõ ñ�ÿÆõ ×�÷øÂµØó� §¤¢�0 . 62F15 ,60H15 :(2010) ü®�þ¤ ýÀ��á�®�õ Àî
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ü÷�õ¥ -üþ�Ìê ý�ûù¢�¢ ý��� Û�Ü½� : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 234°þÂÖ � ,ü¨ø�ð üê�î¤� õ üê¢�Ê� ö�À � õ ,ü ÷� õ¥ -üþ�Ìê ý�ûù¢� ¢ : ýÀ� Üî ý�ûù��ø.üê¢�Ê� üþ�� Û�Æ÷�ÂÔþ¢ ��¢�ãõ ,�µÆ�âÞ� ü÷��ª� §����õÀÖõ 1ö�Øõ °Æ�Â� ø ö�õ¥ ñ�Ï ¤¢ �î ´¨� ÂÑ÷ ¢¤�õ üþ�ûù¢�¢ Û�Ü½� ÛÞä ¤¢ üû�ðñÀõ ¥� �ûù¢�¢ á�÷ ßþ� Û�Ü½� ý�Â� .À�µÆû �µÆ��ø �ãó�Îõ ¢¤�õ ý�Ìê ¤¢ ýÂ�ð¤�Âì� � ¾¨�� ý�ûÂ�çµõ ñÀõ ßþ� ¤¢ .¢�ªüõ ù¢�Ô µ¨� ü÷�õ¥ -üþ�Ìê ü±��Âõ �ÜÆÜ¨ýÂ�ðù¥�À ÷� ý�Î¡ ,À÷�ªüõ ýÀ� �ñÀõ 1ü¨ø�ð üê¢�Ê� ö�À�õ ×þ ¥� ù¢�Ô µ¨�-üþ�Ìê üÚµÆ��ø ø ¢�ªüõ­Âê À�Ô¨ �ê�÷ ü¨ø�ð üê¢�Ê� ö�À�õ ×þ �¤�¬���� �î ´ó�� ö�À�õ ×þ �¤�¬�� ü÷�õ¥ - üþ�Ìê üê¢�Ê� ö�ú�� ö�À�õ ×þ �� ü÷�õ¥ö�À�õ ßþ� ¢�ªüõ ýÀ� �ñÀõ ,´¨� ñø� �± �Âõ ��¨Âð¤ ��� ø À�îüõ Â� �ç � ö�õ¥.¢�ªüõ �µêÂð ÂÑ÷¤¢ 2öÂ��õ Å÷�þ¤�ø�î â��� �� ü¨ø�ð �f �Þãõ ö�ú�� üê¢�Ê���¹÷� ��ãó�Îõ �ÜÞ� ¥� .´¨� ùÀª ��¹÷� �ûñÀõ ßþ� ö�õ�Â�� ý¢�þ¥ ��ãó�Îõ,(2003) ÛØþø ,(1998) ö�¤�ØÞû ø ÛØþø �� ö���üõ ý��� ���¤�� ×þ ¤¢ ùÀªö�¤� Ø Þ û ø ü» î� î ,(1386) ö�¤� Ø Þ û ø ¥�� þ¤ ,(2004) ö�¤� Ø Þ û ø ü�Â ÷� �ù¤�ª� (2012) �û�¨ ø (2011) ö�¤�ØÞû ø üµÜõ�î ,(2011) ÛØþø ø ü¨Âî ,(2007).¢�Þ÷ý�ûÂµõ�¤�� ¢¤ø�Â� ,ü÷�õ¥ -üþ�Ìê ý�ûù¢�¢ �ãó�Îõ ¤¢ üÜ¬� ��ä�®�õ ¥� üØþø �û´�ãì�õ ¤¢ ��Üãõ�÷ ¾¨�� Â�çµõ üþ�ðÇ�� ø ö�ú�� ý�ûÂ�çµõ ¢¤ø�Â� ,ñÀõ��Üãõ ý�ûö�õ¥ ø �û´�ãì�õ ¤¢ ùÀª ùÀû�Èõ ý�ûù¢�¢ §�¨�Â� ÀþÀ� ý�ûö�õ¥üðÀ�»�� Û�ó¢ �� ö�ú�� ü¨ø�ð ý�ûñÀõ ü±��Âõ �ÜÆÜ¨ ý��� Û�Ü½� ¤¢ .Àª��üõÂ�çµõ ý¢�þ¥ ¢�Àã� ¢��ø �ûö� ý�Â� �µÆ� ý�ûÛØª ¢��ø �Àä ø ß�Æ� ý�ûâþ¥��´÷�õ é�î¤�õ Â�¹÷¥ ý�û©ø¤ ø üó�Þãõ ý��� ´ê��û¤ ¥� ù¢�Ôµ¨� ,Âµõ�¤�� ø ö�ú���î üµìø «�Ê¡�� ,Àª��üõ üþ�ÂÚÞû ��ØÈõ ý�¤�¢ ø Â�ð´ìø ¤��Æ� üþ�ó¤�îÅ÷�þ¤�ø�î ÅþÂ��õ ,Àª�� ÂÑ÷Àõ ü÷�õ¥ -üþ�Ìê ï¤�� ý�ûù¢�¢ ýÂ¨ ×þ �b ãó�Îõ1 Gaussian Random �eld2 Matern Covarian
e Fun
tion
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235 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ñ�êö�þ�Þû ��úó� ,ü��Æ� �ÞÏ�êö¢¤ø� ´¨¢�� .À�ª��üõ ÂÔ¬Â�è Çþ�û�þ� ¤¢ ÂµÈ�� ü�ãþ ,¢�ªüõ 3×�e�eÂ�è ñÀõ,´¨� ý¢�þ¥ ü��±¨�½õ ý�û��þ�û Ûõ�ª ´¿¨ �2C(�; �) ×�e�eÂ�è Å÷�þ¤�ø�î â���ßØÞõÂ�è üû�ð ø Â�ö�õ¥ ¤��Æ� üþ�ó¤�î ´÷�õ ý�û©ø¤ ¥� ù¢�Ôµ¨� �î ý¤�Ï ��ßþ�Â���� .¢�ª ù¢¤ø� ´¨¢�� ¤�ÂØ� Âû ý�Â� ×�e�eÂ�è Å÷�þ¤�ø�î â��� Àþ�� �Âþ¥ ,´¨��û¢¤ø�Â� ö¢¤ø� ´¨¢�� ý�Â� À�Ôõ üþ�û©ø¤ ,üþ�ó¤�î ´÷�õ ý�ûÝµþ¤�Úó� ��Âð�ö�õ¥ ö¢�� ü÷��Ï À�÷�õ ü��ØÈõ ßµª�¢ Û�ó¢ �� �õ� ,´¨�ûÂµõ�¤�� ý��� Û�Ü½� ø,ü± ��Â õ � ÜÆÜ¨ ùÀ�»� � üþ�Ìê ý�ûñÀõ ¤¢ üþ�ÂÚÞû �Àä üû�ð ø ��±¨�½õý�Â � �¤ (INLA) 4�µÆ�âÞ� ü÷� �ª� §��� °þÂÖ� ©ø¤ (2007) �� � �¤�õ ø ø¤ßÞ® ©ø¤ ßþ� À ÷¢�¢ ö�È ÷ ø À ÷¢Â î ü êÂã õ ü þ�Ìê ùÀ �» � � ý�ûñÀõ Û � Ü½ �×þ�¨Àþ� .Àû¢üõ Çþ��ê� ��÷ �¤ ��±¨�½õ ´äÂ¨ �ûÂµõ�¤�� ¢¤ø�Â� ´ì¢ �Ô�ø ø¤ ø (2007) � � � �¤� õ ø ø¤ Í¨�� ùÀª üêÂã õ °þÂÖ � ¥� (2009) ö�¤�ØÞû øüÎ¡ �µ¿�õ� ý�ûñÀõ ü±þÂÖ� ý��� Û�Ü½� �� ø À÷¢Âî ù¢�Ôµ¨� (2009) ö�¤�ØÞûù¢�¥ÀÞ½õ ø ü��Æ� ø (2011) ö�¤�ØÞû ø ü��Æ� .À�µ¡�Â� üþ�Ìê �µê�þÝ�Þã�ø ý��� Û�Ü½� ö�ú�� ý�ûÂ�çµõ ý�Â� �µÆ� ñ�õÂ÷ �ó�� âþ¥�� ö¢Â� ¤�î�� �� (2012)´ê��û¤ ø üê�î¤�õ Â�¹÷¥ ý�ó¤�î ´÷�õ ý�ûÝµþ¤�Úó� �� �¤ �ûñÀõ ßþ� ü±þÂÖ� ý���°þÂÖ � ¥� (1392) ø (2013) ö�¤�ØÞû ø ù¢�¥üÜ ì .À ÷¢�Þ ÷ �Æþ�Ö õ ø ö� � � INLAý¤�µ¡�¨ üãÞ� ö��¨Âð¤ ý�ûñÀõ ü±þÂÖ� ý��� Û�Ü½� �� ø À÷¢�Þ÷ ù¢�Ôµ¨� INLA.À÷¢�¢ ¤�Âì Û�Ü½� ¢¤�õ ©ø¤ ø ñÀõ ßþ� �� �¤ ö�Âú� Âúª �Â� ý�ûù¢�¢ ø À�µ¡�¢Â�5ü¨ø�ð üê�î¤� õ üê¢�Ê� ö�À � õ ßµ êÂð ÂÑ ÷¤¢ � � (2013) ö�¤�ØÞû ø üµÜ õ�î�bãó�Îõ �� (2009) ö�¤�ØÞû ø ø¤ Í¨�� ùÀª üêÂãõ ü±þÂÖ� ��� ´ê��û¤ ø (GMRF).À÷��µ¡�¢Â� ü÷�õ¥ -üþ�Ìê ý�ûù¢�¢â��� �� ü¨ø�ð ö�ú�� üê¢�Ê� ö�À�õ ,��±¨�½õ ö�õ¥ Çû�î ý�Â� �ó�Öõ ßþ� ¤¢ßþ� �� ø ¢�ªüõ ÛþÀ±� ü¨ø�ð üê�î¤�õ üê¢�Ê� ö�À�õ ×þ �� öÂ��õ Å÷�þ¤�ø�î6×�e�e ÅþÂ��õ ×þ ¥� ×�e�eÂ�è ÅþÂ��õ ×þ ¥� ù¢�Ôµ¨� ý�� �� ��±¨�½õ ¤¢ ,ÛþÀ±�3 Den
e matrix4 Integrated Nested Lapla
e Approximation5 Gaussian markov random �eld6 Sparse matrix

www.SID.ir


www.SID.ir

Arc
hive

 of
 S

ID

ü÷�õ¥ -üþ�Ìê ý�ûù¢�¢ ý��� Û�Ü½� : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 236ý�û�þ�¤¢ ø ´¨� ÂÔ¬Çþ�û�þ�¤¢ ÂµÈ�� ùÀª ¢�¹þ� ×�e�e ÅþÂ��õ .¢�ªüõ ù¢�Ôµ¨�ý�Â� (2011) ö�¤�ØÞû ø öÂðÀ��ó .À�ª�� ùÀ�î�Â� ö� üó��� ø ÂÎì ýø¤ ö� ÂÔ¬Â�èÛ�Æ÷�ÂÔþ¢ ��¢�ãõ ´ê��û¤ ,ü¨ø�ð üê�î¤�õ üê¢�Ê� ö�À�õ ßþ� °¨��õ À�ó��üê�î¤�õ üê¢�Ê� ö�À�õ ¥� ù¢�Ôµ¨� Û�ó¢ .À�µêÂð ¤�î�� (SPDE) 7üê¢�Ê� üþ��ö�À�õ �î ´¨� ü��¡ ü��±¨�½õ«��¡ ,ü¨ø�ð üê¢�Ê� ö�À�õ ý�� �� ü¨ø�ðüê�î¤�õ üê¢�Ê� ö�À�õ âì�ø ¤¢ .Àª� �üõ ¤�¢¤�¡Â� ü¨ø�ð üê�î¤�õ üê¢�Ê�ý�û©ø¤ ¥� ù¢�Ôµ¨� ø ¢�ªüõ ÓþÂã� ,×�e�e 8´ì¢ ÅþÂ��õ ×þ �Ü�¨ø�� ü¨ø�ðÅ÷� þ¤�ø�î â�� � ÂÚþ¢ �¤�±ä � � .¢¥�¨üõ ÂþÁ�ö�Øõ� �¤ Â ��õ ü�� ±¨�½õ ý¢Àä,ü¨ø�ð üê¢�Ê� ö�À�õ �� ¯��Âõ Å÷�þ¤�ø�î ×�e�eÂ�è ÅþÂ��õ ø ü÷�õ¥ -üþ�Ìê.À÷�ªüõ ßþ�Úþ�� ×�e�e ´ì¢ ÅþÂ��õ ×þ ø üÚþ�ÆÞû ¤�µ¡�¨ ×þ Í¨�� °��Â���¤¢ ñÀõ ßþ� ý��� Û�Ü½� ø üêÂãõ ü÷�õ¥ -üþ�Ìê ü±��Âõ �ÜÆÜ¨ ñÀõ 2 Ç¿� ¤¢´ê��û¤ ø ¢�ªüõ �µ¡�¢Â� GMRF üêÂãõ �� 4 Ç¿� ¤¢ .¢�ªüõ ���¤� 3 Ç¿�¢¤ø�Â� .¢¢Âðüõ ö��� 5 Ç¿� ¤¢ ´ê��û¤ ßþ� �� GMRF ×þ ¢�¹þ� ù�½÷ ø SPDE¼�®�� 6 Ç¿� ¤¢ INLA ©ø¤ ¥� ù¢�Ôµ¨� �� �ûüþ�ðÇ�� ø �ûÂµõ�¤�� ü±þÂÖ� ý���Â� ùÀª ���¤� ý�û©ø¤ ø ñÀõ ý¥�¨ù¢��� ø ´Æ�¤�î ù�½÷ 7 Ç¿� ¤¢ .¢�ªüõ ù¢�¢´þ�ú÷ ¤¢ .¢¢Âðüõ ñ�Þä� ö��Þ¨ ö�µ¨� 1391 ñ�¨ ¤¢ üðÀ÷¤�� ö���õ ý�ûù¢�¢ ýø¤.¢�ªüõ ù¢¤ø� 8 Ç¿� ¤¢ ýÂ�ð�¹�µ÷ ø ��¢�ú�È��ü÷�õ¥ -üþ�Ìê ü±��Âõ �ÜÆÜ¨ ñÀõ 2-üþ�Ìê üê¢�Ê� ö�À�õ ×þ Y (s; t) = fy(s; t); s 2 D � R2; t 2 Rg À��î ­Âêü þ� Ì ê ´ � ã ì� õ ¤¢ ö�À � õ ß þ� ��À û� È õ � ûy(si; t) ø À ª� � ü ¨ø� ð ü ÷� õ¥ö���üõ �¤ üê¢�Ê� ö�À�õ ßþ� .À�ª� � t = 1; � � � ;T ,t ö�õ¥ ¤¢ ø i = 1; � � � ; d ,si�¤�¬��y(si; t) = u(si; t) + "(si; t) (1)7 Sto
hasti
 Partial Di�erential Equations8 Pre
ision matrix
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237 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ñ�êö�þ�Þû ��úó� ,ü��Æ� �ÞÏ�ê�¤�¬�� ø ´¨� ýÂ�ðù¥�À÷� ý�Î¡ "(si; t) � N(0; �2" ) ö� ¤¢ �î ,¢�Þ÷ �þ�¹�ø¢��ø¢ �Î¡ �ø¥ Âû �î ý¤�Ï�� ,¢�ªüõ ýÀ��ñÀõ 9ü¨ø�ð À�Ô¨ �ê�÷ ö�À�õ ×þ-üþ�Ìê üÚµÆ��ø .´¨� 10ý��ãÎì Â�� �þ üê¢�Ê� Å÷�þ¤�ø �2" ø À�µÆû �µÆ±Þû�÷×þ �î ¢�ªüõ �µêÂð ÂÑ÷¤¢ ñÀõ �� u(si; t) �ÜÞ� ö¢Âî �ê�®� �� ��Àû�Èõ ü÷�õ¥.¢�ª �µêÂð ÂÑ÷ ¤¢ �ø�Ôµõ ý�ûÛØª �� À÷���üõ ø ´¨� ´ó�� ö�À�õ�þ�¹� u(si; t) = �(si; t) + �(si; t) �¤�¬�� u(si; t) ´ó�� ö�À�õ �ó�Öõ ßþ� ¤¢�î ¢�ªüõ �µÔð 12À÷ø¤ � þ 11§��Öõ ï¤�� ��Â� �ã � �(si; t) ö� ¤¢ �î ,¢�ªüõ¥� üã��� ø À�ª�� ùÀª ùÀû�Èõ ý�û´�ãì�õ ß�� ýÂþÁ�Â��ç� ¥� üª�÷ ´¨� ßØÞõ¤¢ �î ,¢�ªüõÉ¿Èõ �(si; t) = z(si; t)� �¤�¬�� ø ´¨� üØÞî ý�ûÂ�çµõ¤¢ üØÞî ý�ûÂ � ç µ õ ¥� p Àã � � � ý¤�¢Â � z(si; t) = (z1(si; t); � � � ; zp(si; t))0 ö�.Àª��üõ ü÷��¨Âð¤ °þ�Â® ¤�¢Â� � = (�1; � � � ; �p)0 ø ´¨� t ö�õ¥ ø si ´�ãì�õ´¨� ÂÔ¬ ß�Ú÷��õ �� ü¨ø�ð ü÷�õ¥ -üþ�Ìê üê¢�Ê� ö�À�õ ×þ ¥� üÖÖ½� �(si; t)ø a°þ�Â® � � ñø� � ± �Â õ (AR) 13� �¨Âð¤ � �� ñÀõ ø À � îüõ Â � � ç � ö� õ¥ � � � î�¤�¬�� t = 1; � � � ; T ý�Â� ü÷�õ¥ -üþ�Ìê üÚµÆ±Þû�(si; t) = a�(si; t� 1) + !(si; t); (2)ý� ÷� õ â þ¥� � ý�¤�¢ �(si;1) ø j a j< 1 ö� ¤¢ � î ,¢� ªü õ � µ êÂ ð Â Ñ ÷¤¢ö�õ¥ ¥� ÛÖ µÆõ ýÀ� þ�Â ê !(si; t) ¢�ªüõ ­Âê ß� �»Þû .´¨� N(0; �2!(1�a2) )ø ¢Â ðö� Æ Þ û Å ÷� þ�ø� î â �� � ø Â Ô ¬ ß � Ú ÷� � õ � � ü ¨ø� ð â þ¥� � ý�¤�¢ øt 6= t0 ,i 6= j Â û ý�Â � ø t = t0 ý�Â � Â Ô ¬ ü ÷� õ¥ -ü þ� Ì ê �ø¢ � ± �Â õ ý� ÷� õ,t ø si Âû ý�Â � �î ý¤�Ï�� ,´¨� Cov(!(si; t); !(sj ; t0)) = �2!
(h) �¤�¬��¥� �ú�� sj ø si ý�û´�ãì�õ �� 
(h) üþ�Ìê üÚµÆ±Þû â��� ø var(!(si; t)) = �2!â��� ×þ �¤�¬�� ø Àª��üõ �µÆ��ø h =k si � sj k2 R ü¨À�Üì� �Ü¬�ê ÕþÂÏ9 Gaussian white noise pro
ess10 Nugget e�e
t11 Large s
ale variation12 Trend13 Auto Regressive
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ü÷�õ¥ -üþ�Ìê ý�ûù¢�¢ ý��� Û�Ü½� : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 238,öÂ��õ
(h) = 1�(�)2��1 (�h)�K�(�h)À�þ�Âê ý¤��Þû ��¤¢ ø ´¨� ý¥�¨¤��Þû Âµõ�¤�� � ö� ¤¢ �î ,¢�ªüõ �µêÂð ÂÑ÷ ¤¢ÛÆ� â��� ×þ Kv(�) .¢�ªüõ ùÀ�õ�÷ §��Öõ Âµõ�¤�� � > 0 ø À�îüõ ýÂ�ðù¥�À÷� �¤� = p8vk �¤�¬�� � ��õ�¢ �� §��Öõ Âµõ�¤�� .´¨� � �±�Âõ ø ø¢ á�÷ ùÀª¼�½Ê�� Âû ý�Â� 0/1 �� ×þ¢�÷ üÚµÆ±Þû ö� ¤¢ �î ´¨� ý��Ü¬�ê � .´¨� ¯�±�¤� ¤¢Âð� ø üþ�Þ÷ üÚµÆ±Þû â��� �� ÛþÀ±� öÂ��õ üÚµÆ±Þû â��� � = 1=2 Âð� .´¨�.¢�ªüõ ÛþÀ±� ü¨ø�ð üÚµÆ±Þû â��� �� öÂ��õ üÚµÆ±Þû â��� � !1�¤�¬�� ö���üõ �¤ (1) ñÀõ ö��î�y(si; t) = z(si; t)� + �(si; t) + "(si; t) (3)�¤�¬�� üÆþÂ��õ ÛØª �� ö���üõ �¤ üÜî ñÀõ (3) ø (2) ¥� ´þ�ú÷ ¤¢ ø ´ª�÷yt = zt� + �t + "t; "t � N(0; �2� Id) (4)�t = a�t�1 +!t; !t � N(0;� = �2! ~�) (5)Id ,t ö�õ¥ Âû ¤¢ ��Àû�Èõ ¤�¢Â� yt = (y(s1; t); � � � ; y(sd; t))0 ö� ¤¢ �î ,¢Âî ö���ø d �±�Âõ ¥� À��ø ÅþÂ��õzt = (z(s1; t)0; � � � ; z(sd; t)0)0; �t = (�(s1; t); � � � ; �(sd; t))0��Â¿ µ ¨� N(0; �(1�a2) ) â þ¥� � � � AR(1) ý� ÷� õ À � þ�Â ê × þ ¥� �1 � î ý¤� Ï� �â��� 
(�) ö� ¤¢ �î ,
(jj si � sj jj) Â¬��ä ø d Àã� �� üÚµÆ±ÞûÅþÂ��õ ~� .¢�ªüõ�¤�¬�� � = (�01; � � � ; �0T )0 ö�ú�� ý�ûÂ�çµõ ¤�¢Â� .´¨� � ø � ý�ûÂµõ�¤�� �� öÂ��õ.¢�ªüõ �µêÂð ÂÑ÷¤¢ ü¨ø�ð üê�î¤�õ üê¢�Ê� ö�À�õ ×þü÷�õ¥ -üþ�Ìê ñÀõ ý��� Û�Ü½� 3� µ¨� � � � ��� ÷ ×þ ýø¤ ü ÷� õ¥ -ü þ�Ìê ý�ûñÀõ ý� � � Û � Ü½ � Ç¿� ß þ� ¤¢ø � = (�01; � � � ; �0T )0 ö�ú� � ý�ûÂ�çµõ ¤�¢Â � .¢Â�ðüõ ¤�Âì ü¨¤Â� ¢¤�õ üþ�Ìê
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239 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ñ�êö�þ�Þû ��úó� ,ü��Æ� �ÞÏ�ê�¤�¬�� ¤�¢Â� ×þ ¤¢ � = (�1; � � � ; �p)0 �¤�¬�� ü÷��¨Âð¤ ý�ûÂµõ�¤�� ¤�¢Â�ý� û� Ô ó� õ � � ö� ú � � ü ê� Ê � ö�À � õ � î ,¢� ªü õ � µ êÂ ð Â Ñ ÷ ¤¢ x = f�0; �0g0� �� ñÀ õ ° þÂ® a ,ü ê¢�Ê � Å ÷� þ¤�ø Â µ õ�¤� � �2" ,� ûÂ µ õ�¤� �Â �� .´¨� Û Ö µÆ õ�¤�¬�� ¤�¢Â� ×þ ¤¢ ,Å÷�þ¤�ø�î â�� � ý�ûÂµõ�¤� � � ø �2! ,ñø� �± �Âõ ��¨Âð¤�µêÂð ¤�÷¤¢ ×þ Â��Â� ø ´��� � Âµõ�¤�� .À÷�ªüõ �µêÂð ÂÑ÷ ¤¢ � = (�2" ; a; �2!; �)��b� � ß �È � � â þ¥� � ,� ûÂ µ õ�¤� �Â �� ý� ûß �È � � ñ�Ö µ¨� ­Âê � � ö� � î� .¢�ªüõý��ó�±÷¢ yt ��Àû�Èõ �î ßþ� �� ���� �� .Àª��üõ �(�) = �(�2" )�(a)�(�2!)�(�)üê�î¤�õ ý�þ�� �¤�¬�� ö�ú�� üê¢�Ê� ö�À�õ ×þ � ø À�µÆû � ¯Âª �� ÛÖµÆõÛØª �� ö���üõ �¤ ß�Æ� âþ¥�� ,´¨� ü÷�õ¥�(x;�jy) / �(xj�)�(�)�(yjx;�)= �(�j�)�(�)�(�) TYt=1�(ytj�;�;�)= �(�1j�) TYt=2�(�tj�t�1;�)�(�)�(�) TYt=1�(ytj�t;�;�) (6)¤¢ ø Àª��üÞ÷ §Âµ¨¢ ¤¢ �ûÂµõ�¤�� ¢¤�õ ¤¢ üê�î ü��ä�Ï� ÛÞä ¤¢ üû�ð .´ª�÷ý�ûß�È�� ,¢�ªüõ ù¢�Ôµ¨� 14Ç¿�üû�ð�� ÷ ß�È�� ý�ûâþ¥�� ¥� ý��� Û�Ü½�¤¢ .À÷Â�ðüõ ¤�Âì Ç¿�üû�ð��÷ ý�ûß�È�� §�î ¤¢ 15 Ýú±õ ø §��� ,�þÂÔ�,À�µÆû Ýú±õ ß�È�� üä�÷ �î ï¤�� Å÷�þ¤�ø �� ùÂ¨ ß�È�� ý�ûâþ¥�� �ó�Öõ ßþ�ü÷��¨Âð¤ ý�ûÂµõ�¤�� ý�Â� �f �Þãõ .À÷�ªüõ �µêÂð ¤�î �� ñÀõ ý�ûÂµõ�¤�� ý�Â�¤¢ �î ,À÷Â�ðüõ ÂÑ÷¤¢ ï¤�� �2� �� � � N(0; �2�Ip) ñ�õÂ÷ Ýú±õ ß�È�� âþ¥�� ×þý�Â� .´¨� ùÀª ­Âê �2� = 103 Ýú±õ ß�È�� âþ¥�� ×þ ßµª�¢ ý�Â� �ó�Öõ ßþ�1 ß�Ú÷��õ �� üãþ¥�� ) IG(2;1) ñ�·õ ý�Â� §�Øãõ ý�õ�ð Ýú±õ ß�È�� �ûÅ÷�þ¤�ø� ö�ú�� ö�À�õ ø ´¡���Øþ ß�È�� âþ¥�� a ø � Âµõ�¤�� ý�Â� ,(üû��µõ�÷ Å÷�þ¤�ø øÛØª ßþ�Â���� .¢�ªüõ �µêÂð ÂÑ÷ ¤¢ ü¨ø�ð üê�î¤�õ üê¢�Ê� ö�À�õ ×þ �¤�¬��ý�Â� üê�î¤�õ Â�¹÷¥ ý�ó¤�î ´÷�õ ý�û©ø¤ ¥� ø ´¨� ùÀ�»�� ¤��Æ� ß�Æ� âþ¥��14 Non-informative Prior15 Vague
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ü÷�õ¥ -üþ�Ìê ý�ûù¢�¢ ý��� Û�Ü½� : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 240ýÂ�ð�÷�Þ÷ Ýµþ¤�Úó� ýÂ�ð¤�î �� ý�Â� .¢�ªüõ ù¢�Ôµ¨� ß�Æ� âþ¥�� ¥� ý¥�¨��±ª.À÷�ªüõ Û�ØÈ� �ûÂµõ�¤�� Ûõ�î üÏÂª ý�ûâþ¥�� �±�ð�¤�¬�� � Ûõ�î üÏÂª âþ¥�� ù�ðö� ,� � Np(0; �2�Ip) À��î ­Âê�(�jy; �;�) / TYt=1�(ytj�; �2" )�(�)/ �d(y; zt� + �t; �2" Id)�p(0; �2�Ip)/ expf�12(� � ��)0��1� (� � ��)g;¥� �÷�Þ÷ À�ó�� ,¢¤�¢ ñ�õÂ÷ �µÆ� ÛØª � Ûõ�î üÏÂª âþ¥�� ö�� ßþ�Â���� ,´¨�Âþ�¨ ý�Â� Ûõ�î üÏÂª âþ¥�� .´¨� ÂþÁ�ö�Øõ� üµ��¤ �� � Ûõ�î üÏÂª âþ¥���ûÂµõ�¤���(�2" jy;x;�) / TYt=1 �(ytj�; �2" )�(�2" )= TYt=1 �d(yt; zt� + �t; �2" Id)IG(�"; 
");�(�2! jy;x;�) / �(�2!)�(�j�2" ; a; �)= �(�2!)�(�1j�2" ; a; �) TYt=2�(�tj�2" ; a; �)= IG(�! ; 
!)�d(�1;0; �1� a2 ) TYt=2�d(�t; a�t�1;�)�(ajy;x;�) / �(a)�(�j�2" ; a; �)= �(a)�(�1j�2" ; a; �) TYt=2�(�tj�2" ; a; �)= �(a)�d(�1;0; �1� a2 ) TYt=2�d(�t; a�t�1;�)�(�jy;x;�) / �(�)�(�j�2" ; a; �)= �(�)�(�1j�2" ; a; �) TYt=2�(�tj�2" ; a; �)= �(�)�d(�1;0; �1� a2 ) TYt=2�d(�t; a�t�1;�)
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241 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ñ�êö�þ�Þû ��úó� ,ü��Æ� �ÞÏ�êý�Â� ø À�µÆ�÷ ùÀª �µ¡��ª ý�ûâþ¥�� ¥� ü¬�¡ ÛØª ý�¤�¢ �î ,À÷�ªüõ Û¬��¤¢ ý��� üþ�ðÇ�� .¢�ªüõ ù¢�Ôµ¨� ÅÚ��µÆû -Å�Ü�øÂµõ Ýµþ¤�Úó� ¥� �÷�Þ÷ À�ó���ðÇ�� âþ¥�� ¥� s0 ÀþÀ� ´�ãì�õ�(y(s0; t)jy) = Z �(y(s0; t)j�(s0; [t℄;�)�(�(s0; [t℄)jy)d�(s0; [t℄) (7)ø �(�(s0; [t℄)jy) = R �(�(s0; [t℄)j�;�)�(�;�jy)d�d� ö� ¤¢ �î ,Àþ�üõ ´¨¢��.´¨� �(s0; [t℄) = (�(s0;1); � � � ; �(s0; t))0 ¤�¢Â� �(s0; [t℄) ¥� ¤�Ñ�õý¢�þ¥ ¢�Àã� ¢��ø ø �µÆ� ÛØª ¢��ø �Àä ø ß�Æ� âþ¥�� üðÀ�»�� Û�ó¢ ��´÷�õ ý�û�÷�Þ÷ ø üó�ÞÞãõ ý��� ´ê��û¤ ¥� ù¢�Ôµ¨� �f �Þãõ Âµõ�¤�� ø ö�ú�� Â�çµõ.´Æ�÷ ÂþÁ�ö�Øõ� üµ��¤ �� �ûüþ�ÂÚÞû ��ìø� üû�ð ø Â�ð´ìø ¤��Æ� üþ�ó¤�îý�ûýÂ�ð�÷�Þ÷ �� ,ü÷�õ¥ -üþ�Ìê ý�ûñÀõ ý�Â� ü±þÂÖ� ý��� ©ø¤ ¥� ù¢�Ôµ¨��¤ ��±¨�½õ ´äÂ¨ ý��Ñ��õ Û��ì ¤�Ï�� ø �µª�À÷ ¥��÷ üþ�ó¤�î ´÷�õ Â�ð´ìø(2009) ö�¤�ØÞû ø ø¤ Í¨�� �î INLA °þÂÖ� ¥� ´ê��û¤ ßþ� ¤¢ .Àû¢üõ Çþ��ê�ý�ûâþ¥�� ¥� Õ�ì¢ ü±þÂÖ� ø âþÂ¨ ü��±¨�½õ �î ,¢�ªüõ ù¢�Ôµ¨� ´¨� ùÀª üêÂãõ.À�îüõ üþ�ó¤�î ´÷�õ ý�ûÝµþ¤�Úó� ß�Ú�¨ ý�ûý¥�¨��±ª ßþ�Úþ�� �¤ ß�Æ�ßþ� ¤¢ � ö�ú�� ý�ûÂ�çµõ ¤�¢Â� ,��±¨�½õ ö¢Âî ù���î ø üµ��¤ ý�µ¨�¤ ¤¢ ß��»Þû¤¢ .¢�ªüõ �µêÂð ÂÑ÷¤¢ ü¨ø�ð üê�î¤�õ üê¢�Ê� ö�À�õ ×þ �¤�¬�� �ûñÀõ�� ö�À�õ ßþ� À�ó�� ù�½÷ ø ü¨ø�ð üê�î¤�õ üê¢�Ê� ö�À�õ ÓþÂã� �� Àã� ´ÞÆì.¢�ªüõ �µ¡�¢Â� SPDE´ê��û¤ü¨ø�ð üê�î¤�õ üê¢�Ê� ö�À�õ 4.´¨� é�Â ð Ó þÂ ã � � � ¥� � ÷ ü¨ø� ð ü ê� î¤� õ ü ê¢�Ê � ö�À � õ Ó þÂ ã � ¥� Û ± ìùÀ � õ� ÷ é�Âð À ÷�ùÀª Û¬ø Ýû � � ñ� þ ý¢�Àã � Í¨�� �î �û§�b¤ ¥� ý��ä�Þ¹õ,¢�ªüõ ÓþÂã� = = (�; ") �ø¥ �¤�¬ �� é�Âð ×þ ÂÚþ¢ �¤�±ä �� .¢�ªüõ" ø ´¨� §� �¤ �� ÷ � � ýÂ¬� � ä ¥� ü ú �� ÷ ü û� � µ õ �b ä� Þ¹ õ × þ � ö� ¤¢ � î�¤�¬�� � �þ�Þµõ Â¬��ä ¥� ýø�Æõ�÷ ø °�Âõ�÷ ý�û�ø¥ ¥� üû��µõ ý��ä�Þ¹õÝû �� �¤ �û§�b¤ �î ý¤�Ï�� ,´¨� �ûñ�þ �� ��¨�õ " � ffi; jg : i; j 2 �; i 6= jg
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ü÷�õ¥ -üþ�Ìê ý�ûù¢�¢ ý��� Û�Ü½� : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 242ýø�Æõ�÷ ø °�Âõ�÷ ý�û�ø¥ �¤�¬�� é�Âð ý�ûñ�þ �î ��ö� ¥� .À��îüõ Û¬ø¢��ø ñ�þ ×þ Â·î�À� §�b¤ ø¢ Âû ö��õ �î ´¨��ãõ ö�À� ßþ� ,´¨� ùÀª ÓþÂã�¯�±�¤� ýù�½÷ ø ¯�Ö÷ ¥� ý��ä�Þ¹õ �¤�¬�� é�Âð ×þ âì�ø ¤¢ .´ª�¢ Àû��¡ý��ä�Þ¹õ �� é�Âð ×þ ý�û§�b¤ �î ü�¤�¬ ¤¢ .¢�ªüõ �µêÂð ÂÑ÷ ¤¢ �ûö� ß��.¢�ªüõ ùÀ�õ�÷ ¤�¢ö�È÷ é�Âð ,¢�ªÉ¿Èõ � = f1; � � � ; ng À�÷�õ �û¢�Þ÷ ¥��� ùÂ�çµõÀ�� ñ�õÂ÷ âþ¥�� ý�¤�¢ x = (x1; � � � ; xn)0 üê¢�Ê� ¤�¢Â� À��î ­Âêü�ãþ ,Àª�� Q�1 ´±·õ ß�ãõ Å÷�þ¤�ø�î ÅþÂ��õ ø � ß�Ú÷��õ ¤�¢Â��(x) = (2�)�n2 j Q j 12 exp(�12 (x� �)0Q(x� �);§��¤ ¥� üú�Â�è ø üû��µõ ý��ä�Þ¹õ � ö� ¤¢ �î ,Àª�� é�Âð ×þ = = (�; ") ø�Þû Ûõ�ª " ø ´¨� ¤�¢ö�È÷ é�Âð ×þ = ü�ãþ � = f1; � � � ; ng �î ý¤�Ï�� ´¨��ú�� ø Âð� ,À�ª�� �µª�À÷ üîÂµÈõ ñ�þ º�û j ø i ý�û§�b¤ �î ´¨� fi; jg ý�û�ø¥ö� j ø i �Ôó�õ �� �� x ¤�¢Â� ¯Âª �� xj ø xi �Ôó�õ ø¢ ü�ãþ ,xi ? xj j x�ij Âð�(GMRF) ü¨ø�ð üê�î¤�õ üê¢�Ê� ö�À�õ ×þ x�¤�¬ ßþ� ¤¢ ,À�ª�� ÛÖµÆõ.(2005 ,ÀÜû ø ø¤) ,¢�ªüõ ùÀ�õ�÷ =é�Âð �� ´±Æ÷üÏÂª âþ¥�� �î ¢�ªüõ ßþ� �� Â¹�õ GMRF ×þ �¤�¬ �� x ßµêÂð ÂÑ÷¤¢,¢�ª �û�Ôó�õ Âþ�¨ ¯Âª �� �Ôó�õ ö� üÏÂª âþ¥�� �¤�¬�� x ¥� �Ôó�õ Âû Ûõ�îüê�î¤�õ ´�¬�¡ ¥� ø ´¨� xi �Ôó�õ �� �� x ¤�¢Â� x�i ö� ¤¢ �î �(xijx�i) ü�ãþüÚµÆ� x ý�û �Ôó�õ ¥� üÞî ¢�Àã� �� �ú�� i = 1; � � � ; n ,xi Ûõ�î üÏÂª âþ¥��ý��ä�Þ¹õ ùÀ�û¢Û�ØÈ� �î ¢�ªÉ¿Èõ Æi �� �¤ �û�Ôó�õ ¥� �ä�Þ¹õ ßþ� Âð� .¢¤�¢�î ý¤�Ï�� ,�(xijx�i) = �(xijxÆi) ù�ðö� ,´¨� ��i ý �Ôó�õ ý�û üÚþ�ÆÞû ¥�ßþ� i = 1; � � � ; n Âû ý�Â� .À�µÆû ÛÖµÆõ x�fi;Æig ø xi ��Þ� ¢�ªüõ ­ÂêÀÜû ø ø¤ .¢�ª �µª�÷ xi?x�fi;ÆigjxÆi �¤�¬�� À÷���üõ üÏÂª ñ�Öµ¨� �bÎ��¤ø Âð� ´¨� ÂÔ¬ Q 16´±·õ ß�ãõ ´ì¢ ÅþÂ��õ ��ij �þ�¤¢ �î À÷¢�¢ ö�È÷ (2005)üÚþ�ÆÞû ¤�µ¡�¨ Í¨�� QÅþÂ��õ ÂÔ¬Â�è ý�û�þ�¤¢ ø xi?xj jx�fi;jg Âð� �ú���¤�¬�� Q´ì¢ ÅþÂ��õ ßþ�Â���� ø j 2 fi; Æig; Qij 6= 0 ,À÷�ªüõÉ¿Èõ ö�À�õ16 Positive de�nite pre
ision matrix
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243 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ñ�êö�þ�Þû ��úó� ,ü��Æ� �ÞÏ�êÀ�Ôõ ¤��Æ� ��±¨�½õ ö¢Âî ù���î ø üµ��¤ ý�µ¨�¤ ¤¢ ø Àª��üõ ×�e�e ÅþÂ��õ ×þ�î ´ì¢ ÅþÂ��õ ×þ ý�Ü�¨ø�� ü¨ø�ð üê�î¤�õ üê¢�Ê� ö�À�õ âì�ø ¤¢ .Àª��üõ�¤ Â��õ ü��±¨�½õ ý¢Àä ý�û©ø¤ ¥� ù¢�Ôµ¨� ø ¢�ªüõ ÓþÂã� ,¢¤�¢ ×�e�e ¤�µ¡�¨ùÀ�»�� ý�ûñÀõ ¤¢ GMRF ×þ ¥� ù¢�Ôµ¨� ý�Â� üÜ¬� Û�ó¢ ø ¢¥�¨üõ ÂþÁ�ö�Øõ�ÅþÂ��õ ø ü÷�õ¥ -üþ�Ìê Å÷� þ¤�ø�î â�� � �î ´¨� ßþ� üþ�Ìê ü±��Âõ �ÜÆÜ¨¤�µ¡�¨ ×þ Í¨�� °��Â��� ,ü¨ø�ð üê¢�Ê� ö�À�õ �� ¯��Âõ ×�e�eÂ�è Å÷�þ¤�ø�î.À÷�ªüõ ßþ�Úþ�� ùÀ�î�Â� ´ì¢ ÅþÂ��õ ×þ ø üÚþ�ÆÞûGMRF ×þ ö¢Âî �À�� ý�Â� SPDE ´ê��û¤ 5�±�Âõ ý�÷�õ ü¨ø�ð üê¢�Ê� ö�À�õ ×þ X(s) = fx(s); s 2 D � R2g À��î ­Âê�§��Öõ Âµõ�¤�� ø � ý¤��Þû Âµõ�¤�� �� öÂ��õ Å÷�þ¤�ø�î â��� �� ¢Âðö�ÆÞû ø �ø¢ùÀû�Èõ s1; : : : ; sd ´�ãì�õ d ¤¢ X(si) À�þ�Âê ¥� üÖÖ½� À��î ­Âê ß��»Þû .Àª��Q ×�e�e ´ì¢ ÅþÂ��õ ø üþ�Ìê üÚþ�ÆÞû �� GMRF ×þ SPDE ©ø¤ .Àª�� ùÀªù�½÷ 1.5 Ç¿�Âþ¥ ¤¢ .Àª�� öÂ��õ ö�À�õ ùÀ�û¢ö�È÷ ��ø ßþÂµú� �� �î À�îüõ �À��.¢�ªüõ ö��� ü¨ø�ð üê�î¤�õ üê¢�Ê� ö�À�õ ×þ �� öÂ��õ ö�À�õ ×þ ÛþÀ±�ý��Ø� â���� ¥� üÎ¡ °�îÂ� ×þ �¤�¬�� öÂ��õ üê¢�Ê� ö�À�õ ©ø¤ ßþ� ¤¢�� D ��õ�¢ ,¢�ªüõ ö��� ,´¨� ùÀª ÓþÂã� D �b �õ�¢ ¥� ýÀ��¶Ü·õ ×þ Â� �î üÎ¡�þø�¥ �þ íÂµÈõ ñ�þ ×þ ¥� ÂµÈ�� ¤¢ �î ¢�ªüõ ýÀ��Ý�ÆÖ� �û¶Ü·õ ¥� ý��ä�Þ¹õ¤�Âì s1; � � � ; sd ý�û´�ãì�õ ¤¢ ��óø� ýÀ��¶Ü·õ §��¤ .À�µÆ�÷ âÏ�Öµõ íÂµÈõý�Â� °¨��õ ýÀ��¶Ü·õ ×þ �� öÀ�¨¤ ¤�Ñ�õ �� ÂÚþ¢ §��¤ Å³¨ ø ¢Â�ðüõ.À÷�ªüõ �ê�®� é�Àû� üþ�Ìê ü���Ç��ü��� Û�Æ÷�ÂÔþ¢ ��¢�ãõ 1.5�î ¢Âî ´��� ø ´¡�¢Â� ü��� Û�Æ÷�ÂÔþ¢ ��¢�ãõ �ãó�Îõ �� (1954 ø1963) Ûµþøü��� Û�Æ÷�ÂÔþ¢ �ó¢�ãõ ×þ ý�Â� ¤�Àþ�� ý�û���� �ú�� öÂ��õ üê¢�Ê� ý�ûö�À�õø öÂ��õ Å÷�þ¤�ø�î â��� �� x(s) ü¨ø�ð üê¢�Ê� ö�À�õ ×þ �î ý¤�Ï�� ,À�µÆû
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ü÷�õ¥ -üþ�Ìê ý�ûù¢�¢ ý��� Û�Ü½� : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 244�¤�¬�� �§��Öõ Âµõ�¤�� ø � ý¥�¨¤��Þû Âµõ�¤��C(h) = ( �2�(�)2��1 )(�h)�K�(�h) (8).À�ª��üõ �2 = �(�)�(�+ d2 )(4�) d2 �2� ø h = ksi � sjk ö� ¤¢ �î ,´¨�þ× �Û ��þÀ�¤17 �Â�ý õã�¢ó� ¢þÔÂ�÷Æ�Û ���ü �Ê�¢êü(�2 �r2)�2 x(s) =W (s); s 2 Rd; � = � + d2 ; � > 0; � > 0 (9)üÜ�Æ÷�ÂÔþ¢ ÂðÛÞä r2 ø À�Ô¨ �ê�÷ üþ�Ìê üê¢�Ê� ö�À�õ W ö� ¤¢ �î ,´¨�-� ± ª Â ðÛÞ ä × þ (�2 �r2)�2 .´¨� §� �� Â ðÛÞ ä ö� Þ û � þ �ø¢ � ± �Â õÂÚÜÞä ×þ �þ¤�ê ÛþÀ±� ÓþÂã� ö¢Â� ¤�î�� �� �î ý¤�Ï�� ,Àª��üõ 18Û�Æ÷�ÂÔþ¢�¤�¬�� 19ýÂÆî §���fF (�2 �r2)�2 �g(K) = (�2 + kKk2)�2 (F�)(K).´¨� Rd ¤¢ üã��� � ö� ¤¢ �î ,¢�ªüõ �µêÂð ÂÑ÷¤¢ü¨ø�ð üê�î¤�õ üê¢�Ê� ö�À�õ ×þ ßµ¡�¨ ý�Â� (2011) ö�¤�ØÞû ø öÂðÀ��óñø� �Ü�Âõ ¤¢ ,Àª�� ýÀ��¶Ü·õ �Ø±ª ×þ ýø¤ öÂ��õ üê¢�Ê� ö�À�õ ×þ Âðö��� �îÓþÂã� �� .À�µêÂð ÂÑ÷¤¢ �¤ (9) ü��� Û�Æ÷�ÂÔþ¢ �ó¢�ãõ 20 üê¢�Ê� Ó�ã® �Âê ×þ°¨��õ üû��µõ �ä�Þ¹õ Âû ý�Â� ,hf; gi = R f(u)g(u)du�¤�¬�� üÜ¡�¢ �Â®ÏÂª ßµª�¢ �� ,f�j(s); j = 1; � � � ;mg 21 ´Æ� â���� ¥�fh�j ; (�2 �r2)�2 xi; j = 1; � � � ; ng d= fh�j ;W i; j = 1; � � � ; ng¤¢ .´¨� üãþ¥��Ýû ùÀ�û¢ö�È÷ d ö� ¤¢ �î ,À÷¢¤ø� ´¨¢�� üê¢�Ê� Ó�ã® Û�°�îÂ� ×þ ,ü��� Û�Æ÷�ÂÔþ¢ �ó¢�ãõ Û� 22¢øÀ½õ ö�Þó� Çþ�Þ÷ ý�Â� Àã� �Ü�Âõ17 Stationary solution18 Pseudo-di�erential Operator19 Fra
tional Lapla
ian20 Sto
hasti
 weak formulation21 Test fun
tions22 Finite Element Method
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245 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ñ�êö�þ�Þû ��úó� ,ü��Æ� �ÞÏ�êÛØª ��  l(s) ý� �þ�� â���� ¥� üÎ¡x(s) = nXl=1  l(s)!l (10)��¢� ã õ ü ± þÂ Ö � Û� ý�Â � ý¢À ä üªø¤ ¢øÀ½ õ ö� Þ ó� ©ø¤ .À ÷¢� Þ ÷ ¢� ¹ þ���¢� ã õ Û� ý�Â � ñ� Þ ã õ Û�ù�¤ × þ ýÀ � �¶ Ü · õ ø ´¨� ü ��� Û �Æ ÷�Â Ô þ¢,(2007 ,��Ø¨� ø Â÷Â�) ,Àª��üõ ¢øÀ½õ ö�Þó� ©ø¤ ¥� ù¢�Ôµ¨� �� ü��� Û�Æ÷�ÂÔþ¢Ûî ¢�Àã� n,(10) ¤¢ .¢¤�¢ ýÀ��¶Ü·õ ù�½÷ �� üÚµÆ� �û���� ´ì¢ �î ý¤�Ï ��üÎ¡  l(s) â���� ø À�µÆû ü¨ø�ð âþ¥�� ý�¤�¢ �î À�µÆû üþ�û ö¥ø !l ,§��¤Âþ�¨ ¤¢ ø ×þ Â��Â� l §�b¤ ¤¢  l(s) �î ý¤�Ï�� ,À�ª��üõ ¶Ü·õ Âû ýø¤ ý��Ø�.´¨� ÂÔ¬ §��¤¢¤�õ d = 2 ü�ãþ D � Rd Û·õ üþ�Ìê ����÷ ×þ üþ�Ìê ��ãó�Îõ ¤¢ �f �Þãõ×þ ¥� ÂµÈ�� ¤¢ �î ¢�ªüõ ýÀ��Ý�ÆÖ� �û¶Ü·õ ¥� ý��ä�Þ¹õ �� D ��õ�¢ .´¨� ÂÑ÷¤¢ ��óø� ýÀ��¶Ü·õ §��¤ ÛÞä ¤¢ .À�µÆ�÷ âÏ�Öµõ íÂµÈõ �þø�¥ �þ íÂµÈõ ñ�þ�� öÀ�¨¤ ¤�Ñ�õ �� ÂÚþ¢ §��¤ Å³¨ ø ¢Â�ðüõ ¤�Âì ùÀª ùÀû�Èõ ý�û´�ãì�õýÀ��¶Ü·õ ×þ .À÷�ªüõ �ê�®� üþ�Ìê üþ�ðÇ�� ý�Â� °¨��õ ýÀ��¶Ü·õ ×þ�� Àþ�� ¸þ�µ÷ ø À�î ñÀõ ��ø ßþÂµú� �� �¤ �ãó�Îõ ¢¤�õ ����÷ À÷��µ� Àþ�� °¨��õ´¨� ýÀ��¶Ü·õ üä�÷ 23ü÷�ó¢ ýÀ��¶Ü·õ .Àª�� ü���Ç�� Û��ì ø ¤�ÂØ� Û��ì ü÷�¨�Àª�±÷ ÂÚþ¢ ý�û¶Ü·õ §��¤ ¥� ü¨�b¤ º�û Ûõ�ª ¶Ü·õ Âû üÎ�½õ ùÂþ�¢ ö� ¤¢ �îö��î�� .¢�� Àû��¡ �µØþ ýÀ��¶Ü·õ á�÷ ßþ� �î ´¨� ¼®�ø ø (üÎ�½õ ùÂþ�¢ ¯Âª)ýÀ��¶Ü·õ ß��»Þû ø ýÀ��¶Ü·õ ¢�¹þ� ü÷�õ¥ ¢�±ú� ´ú� üÔÜµ¿õ ý�ûÝµþ¤�Úó�¤¢ .À�µÆû ü�ø�Ôµõ ü÷�õ¥ üðÀ�»�� ý�¤�¢ �ûÝµþ¤�Úó� ßþ� .´¨� ùÀª �ÂÎõ ü÷�ó¢� µÆ � ß þ� ¤¢ � î ,´¨� ùÀª ù¢� Ô µ¨� INLA � µÆ � ¥� ýÀ � �¶Ü · õ ý�Â � � ó� Ö õ ß þ�´�� � .´¨� ùÀª �µêÂð ¤�î�� (2006) ßÜþ�¢ ø üÜ�û Û�ù�¤ ø ü÷�ó¢ ýÀ��¶Ü·õýÀ��¶Ü·õ ×þ ,À�îüõ ÝÞþ�î�õ �¤ �þø�¥ ßþÂ�×��î ü÷�ó¢ ýÀ��¶Ü·õ �î ¢�ªüõ¢�¹þ� ý�û¶Ü·õ ¤�Ñµ÷� ¢¤�õ ¢�Àã� ß��»Þû .´¨� ���ú� -�þø�¥ ß��»Þû ø ¥�¹õßþ� Í¨�� ùÀª ��þ�û ö�õ¥ ø ´¨� 9n+ 1 Â·î�À� ,ü÷�ó¢ Ýµþ¤�Úó� Í¨�� ùÀª23 Delaunay triangulation
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ü÷�õ¥ -üþ�Ìê ý�ûù¢�¢ ý��� Û�Ü½� : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 246�ãó�Îõ ý�Â� .O(n) ü�ãþ ,´¨� °¨��µõ ùÀª ¢�¹þ� ý�û¶Ü·õ ¢�Àã� �� Ýµþ¤�Úó�ö¤�ØÞû ø öÂðÀ��ó ø (2008) ö�¤�ØÞû ø ïÂ� ý¢ (2006) ßÜþ�¢ ø üÜ�û �� Â�Ç��.¢�ª �ã��Âõ (2011)ùÀª À�ó�� ü¨ø�ð üê�î¤�õ üê¢�Ê� ö�À�õ ´ì¢ ÅþÂ��õ 2.5üõ�Þä �¤�¬�� (9) ü��� Û�Æ÷�ÂÔþ¢ �ó¢�ãõ d = 2 ý�Â� INLA �µÆ� ¤¢(�2(s)�r2)�2 (�(s)x(s)) =W (s); s 2 R2; � = � + 1; � > 0ø W (s) Å÷�þ¤�ø ü�ãþ ,¢�ª Ûõ�ª �¤ �µÆþ��÷ ý�ûö�À�õ �î ¢�ªüõ �µêÂð ÂÑ÷¤¢×þ ø À��îüõ­Âê ´��� �¤ W (s) Å÷�þ¤�ø üð¢�¨ ý�Â� .À�ª�±÷ ´��� � Âµõ�¤��ø¢ Âû �þ üØþ Âð� �î ý¤�Ï�� ,À÷Â�ðüõ ÂÑ÷¤¢ x(s) ý�Â� �(s) ÂÚþ¢ §��Öõ Âµõ�¤��(8) �Î��¤ ¥� ´þ�ú÷ ¤¢ ø ¢�� Àû��¡ �µÆþ��÷ ö�À�õ ,À�ª�±÷ ´��� � ø � §��Öõ Âµõ�¤��.¢�ªüõ �2! = 14��2�2×þ (10) ¤¢ f!lg ü¨ø�ð ý�ûö¥ø À÷¢�¢ ö�È÷ (2011) ö�¤�ØÞû ø öÂðÀ�� óö�À�õ ×þ �� �¤ öÂ��õ ü¨ø�ð üê¢�Ê� ö�À�õ �ûö¥ø ßþ� ø À÷¤�¢ üê�î¤�õ ¤�µ¡�¨�¨ (2011) ö�¤�ØÞû ø öÂðÀ��ó ß��»Þû .À��îüõ ÛþÀ±� ü¨ø�ð üê�î¤�õ üê¢�Ê��¤�¬�� n� nÅþÂ��õCij = h i;  ji; Gij = hr i;r ji; (K�2)ij = �2Cij +Gijü¨ø�ð üê�î¤�õ üê¢�Ê� ö�À�õ Q´ì¢ ÅþÂ��õ �î À÷¢�¢ ö�È÷ ø À�µêÂð ÂÑ÷¤¢ßþ� .Àª��üõ � = 0;1; � � � ø � = � + 1 Âû ý�Â� �2 ¥� üã�� � ! � N(0; Q�1)üê¢�Ê� ö�À�õ Å÷�þ¤�ø�î â��� ý�ûÂµõ�¤�� ¥� ßªø¤ ø ¼þÂ¬ ´ª�Ú÷ ×þ ÛþÀ±��� ! ü¨ø�ð üê�î¤�õ üê¢�Ê� ö�À�õ Q´ì¢ ÅþÂ��õ ý�û�Ôó�õ �� (�; �) ü¨ø�ðßþÂðÀ��ó .À�îüõ ¢�¹þ� �¤ ýÀ��¶Ü·õ Âû ý�Â� O(n) �±�Âõ ¥� ü��±¨�½õ ��þ�û ×þüê¢�Ê� ö�À�õ ´ì¢ ÅþÂ��õ ¢�¢ ö�È÷ �� =  � ø � = 2 ý�Â� (2011) ö�¤�ØÞû øC ý�ûÅþÂ��õ .¢�ªüõ K�2C�1K�2 �¤�¬�� �2 ¥� üã��� ,!l ü¨ø�ð üê�î¤�õ

www.SID.ir


www.SID.ir

Arc
hive

 of
 S

ID

247 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ñ�êö�þ�Þû ��úó� ,ü��Æ� �ÞÏ�ê) ´¨� ×�e�e ÅþÂ�� õ ×þ C�1 ÅþÂ�� õ ø À� µÆû �±¨�½õ Û�� ì üµ��¤ � � G ø.(2011 ,ö�¤�ØÞû ø ßþÂðÀ��óñÀõ üÆþ�÷¥�� 3.5¥� ùÀª üêÂãõ (5) �Î��¤ ¤¢ �î !t öÂ��õ ö�À�õ t = 1; � � � ; T ö�õ¥ Âû ¤¢ ö��î�ö�È÷ !t � N(0;Q�1s ) �¤�¬�� ø ÛþÀ±� GMRF ×þ �� SPDE ´ê��û¤ ÕþÂÏñ�Öµ¨� ­Âê �� ���� �� Qs ´ì¢ ÅþÂ��õ ö� ¤¢ �î ,¢�ªüõ ù¢�¢Cov(!(si; t); !(sj ; t0)) = ( 0 t = t0�2!
(h) t 6= t0; i 6= j©ø¤ ¥� ýÀ��¶Ü·õ §��¤ ¢�Àã� ü�ãþ n Â��Â� ö� Àã� ø À�îüÞ÷ Â��ç� ö�õ¥ �� ´±Æ÷�¤�¬�� t = 1; � � � ; T Âû ý�Â� (5) �Î��¤ ßþ�Â���� .Àª��üõ SPDE�t = a�t�1 +!t !t � N(0;Q�1s ); �1 � N(0; Q�1s(1�a2)) (11)���� âþ¥�� ý�¤�¢ � = (�01; � � � ; �0T )0 ü¨ø�ð üê�î¤�õ üê¢�Ê� ö�À�õ ø ¢�ªüõÂØ÷øÂî �ÂÌÜ¬�� ¥� Q ö� ¤¢ �î ,´¨� � � N(0;Q�1) ÛØª �� ùÂ�çµõ Tn´ì¢ ÅþÂ��õ QT ø Àª ÓþÂã� 2.5 Ç¿� ¤¢ Qs .À�þ�üõ ´¨¢�� Q = QT 
Qs�¤�¬�� ø (11) �bÎ��¤ ñø� �±�Âõ ��¨Âð¤ ��� À�þ�ÂêQT = 0BBBBBB� 1�2w �a=�2w�a=�2w (1+ a2)=�2w � � � (1+ a2)=�2w �a=�2w�a=�2w 1�2w
1CCCCCCA(4) �Î��¤ ö��î� ,ùÀª ÓþÂã� ü¨ø�ð üê�î¤�õ üê¢�Ê� ö�À�õ �� ���� �� .´¨��¤�¬��yt = zt� +B�t + "t "t � N(0; �2" Id) (12)Â¬��ä Â·î� �î Àª��üõ d� n Àã� �� ×�e�e üÆþÂ��õ B ö� ¤¢ �î ,¢�ªüõ üÆþ�÷¥��ÅþÂ �� õ ß þ� Í¨� � ø ´¨� ×þ ÂÊ � ä ×þ ÍÖ ê ÂÎ¨ Âû ¤¢ ø ´¨� Â Ô¬ ö�
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ü÷�õ¥ -üþ�Ìê ý�ûù¢�¢ ý��� Û�Ü½� : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 248��¿µ÷� yt ¤�¢Â� ýùÀû�Èõ Âû ý�Â� �t ü¨ø�ð üê�î¤�õ üê¢�Ê� ö�À�õ ¥� ýÂþ¢�Öõ�¤�¬�� yt �Ìä Âû ý�Â� (12) �Î��¤ .¢�ªüõy(si; t) = z(si; t)� + nXj=1Bij�t + "(si; t)ßþ� Â�è ¤¢ ø Bij = 1 Àª�� �µª�¢ ¤�Âì si ´�ãì�õ ¤¢ ��j ¶Ü·õ §�b¤ Âð� �î ´¨�.´¨� ÂÔ¬ Â��Â� �¤�¬ü÷�õ¥ üþ�Ìê ñÀõ ü±þÂÖ� ý��� Û�Ü½� 6ø x = (�;�) ö�ú � � üê¢�Ê� ö�À � õ ×þ �¤�¬� � � ø � ¤�¢Â � 3 Ç¿� � ��Èõ�� ü¨ø�ð Ýú±õ ß�È�� âþ¥�� ×þ ­Âê �� .¢�ªüõ �µêÂð ÂÑ÷¤¢ � = (�2" ; a; �2!; �),� ý�Â� (11) �Î��¤ ¤¢ ùÀªÉ¿Èõ GMRF âþ¥�� ø � ¤�¢Â� ý�Â� �2� ��Üãõ ´ì¢¤�¢Â� � � Q(�1) ´ì¢ ÅþÂ��õ ø ÂÔ¬ ß�Ú÷��õ � � ü¨ø�ð âþ¥�� �(x j �) üó�Ú�ø À÷�ùÀª âþ¥�� ñ�õÂ÷ ¤�Ï�� y = fytg��Àû�Èõ ß��»Þû .¢¤�¢ �1 = (�2w; a; �)�¤�¬�� ��b�� ß�Æ� âþ¥�� .À�µÆû üÏÂª ÛÖµÆõ �2 = (�2" ) ¯Âª ���(x;� j y) / �(�)�(x j �) TYt=1�(yt j x;�)�¤�¬�� t ö�õ¥ ¤¢ ��Àû�Èõ üÏÂª âþ¥�� (12) �Î��¤ ¥� ø ¢�ªüõ(yt j x;�) � N(zt� +B�t; �2" Id)�¤�¬�� �ûÂµõ�¤��Â�� ø ö�ú�� ý�ûÂ�çµõ ý�Â� ý���ª�� ß�Æ� ý�ûâþ¥�� .´¨��(xi j y) = Z �(xi j �;y)�(� j y) d�; i = 1;2; � � � ; T + P (13)�(�j j y) = Z �(� j y) d��j ; j = 1;2;3;4 (14),� ûü þ�ðÇ� � ø � ûÂ µ õ�¤� � ¢¤ø�Â � ý�Â � ü Ü¬� � ó�bÆ õ ß þ�Â �� � � ,À � þ�ü õ ´¨¢� �âþ¥�� (2009) ö�¤�ØÞû ø ø¤ .´¨� �(�jy) ø �(xjy;�) ß�Æ� âþ¥�� ø¢ �±¨�½õ×þ ñ�� üþ�Þ�µ¨¤¢ ´ÞÆì ý¥�¨üÎ¡ ø ¤�Ü�� ÍÆ� ö¢Â� ¤�î�� �� �¤ �(xjy;�)
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249 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ñ�êö�þ�Þû ��úó� ,ü��Æ� �ÞÏ�êñ�õÂ÷ ü±þÂÖ� âþ¥�� öÀªÉ¿Èõ ¥� Å� ø À÷¢¥ °þÂÖ� ñ�õÂ÷ âþ¥�� �� ´��� ¤�ÀÖõ�¤�¬��b�(xjy;�) � Nn(b�xjy;�(x0); b�xjy;�(x0));âþ¥� � ö�� �üõ ,ý¥�¨� �ª�� � � ´±Æ ÷ ñ� õÂ ÷ â þ¥� � ö¢� � � µÆ � ´�¬�¡ Õ±Ïý�Â� ��÷ ùÀª ��¬� §��� °þÂÖ� ×þ .¢¤ø� ´¨¢�� �¤ �(xijy;�) ñ�õÂ÷ ü±þÂÖ��¤�¬�� (2009) ö�¤�ØÞû ø ø¤ Í¨�� ö�ú�� ý�ûÂ�ãµõ ß�Æ� ý���ª�� ý�ûâþ¥��~�LA(xi j y;�) / �(y j x)�(x j �)b�(x�i j xi;y;�) jx=bE(x�ijxi;y;�);×þ b�(x�i j xi;y;�) ñ�õÂ÷ âþ¥�� ý¥�¨��ª�� ´�¬�¡ �� ��� ,´¨� ùÀª ÓþÂã�°þÂÖ� ö���üõ ü±þÂÖ� ß�Æ� âþ¥�� ßþ� ß��ã� ¥� Å� .¢¤�¢ ñ�õÂ÷ ü±þÂÖ� âþ¥���Î��¤ ¥� �¤ �ûÂµõ�¤�� ß�Æ� âþ¥�� §���~�LA(�jy) / �(yjx)�(xj�)�(�)~�(xjy;�) jx= ~E(xjy;�); (15)ý¥�¨���ú� ý�û©ø¤ �� log ~�(�jy) â��� Àõ (15) °þÂÖ� ß��ã� ý�Â� .¢�Þ÷ ß��ã�ö� ÅØä ø �±¨�½õ H = �2 log �̂(�jy)��i��j ö��Æû ÅþÂ��õ .¢�ªüõ ß��ã� �� �¤�¬��� ø ùÄþø ý�û¤�¢Â� ÅþÂ��õ V ö� ¤¢ �î ,¢�ªüõ �þ�¹� H�1 = V �V 0 �¤�¬��� ø ù¢�¢ ñ�Öµ ÷� �� Àõ �� �¤ ��Êµ¿õ �bÀ±õ .´¨� ö� ùÄþø Âþ¢�Öõ ýÂÎì ÅþÂ��õñ�õÂê �î ¢�ªüõ ÓþÂã� �(t) = �� + V � 12 t �¤�¬�� t ¢¤�À÷�µ¨� Â�çµõ Í¨��¥� ×þ Âû ýø¤ ÀþÀ� ��Êµ¿õ �bÀ±õ ¥� áøÂª �� .´¨� �� �bÀ±õ ¤¢ ÀþÀ� ��Êµ¿õ¯Âª �î À÷�ªüõ ¤� � µ¡� ý�� ÷�ð� � Æt ¼�½¬ Âþ¢�Öõ �Ü¬�ê � � üÏ�Ö ÷ �û¤�½õöø¤¢ ¯�Ö÷ ���Èõ ¤�Ï�� Å³¨ .Àª�� ¤�ÂìÂ� log ~�(�(0)jy)� log ~�(�(t)jy) < Æ�~�(�jy) âþ¥�� ¥� üÏ�Ö÷ Ýµþ¤�Úó� ßþ� ö¢Â� ¤�î�� �� .À÷�ªüõ ß��ã� ��÷ ��½Ô¬­Âê Æt = 2=5 �f�Þãõ .¢¤ø� ´¨¢�� âþ¥�� ¥� ü±þÂÖ� ö���üõ ø À÷�ªüõ À�ó��ü±þÂÖ� ß�Æ� âþ¥�� ¥� °¨��õ ¯�Ö÷ ¢�Àã� ­Âê ßþ� �� Û��Æõ ÂµÈ�� ¤¢ ø ¢�ªüõ.(2009 ,ö�¤�ØÞû ø ø¤ ) ¢¢Âðüõ À�ó��ö�Øõ Âµõ�¤� � � � ñ�õÂ ÷ âþ¥�� ý�¤�¢ x = (x1; x2)0 À��î ­Âê ñ�·õ ö���ä � �ß � È � � â þ¥� � ß � � » Þ û .À ª� � ü ÷� Þ û Å ÷� þ�ø� î Å þÂ �� õ ø � = (�1; �2)0
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ü÷�õ¥ -üþ�Ìê ý�ûù¢�¢ ý��� Û�Ü½� : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 250�þ�õ¥� ¢�Àã� �� ý��ÜÞ�ø¢ ¾¨�� Â�çµõ ý�Â� �¤ y = (2;5)0 ��Àû�Èõ ø �(�) / 1ý�û¤�Þ½õ ýø¤ ¯�Ö÷ Æt = 0=5 ßµêÂð ÂÑ÷¤¢ �� .ÀþÂ�Ú� ÂÑ÷¤¢ u = (10;10)0ÛØª .Àª� � ¤�Â ìÂ � Æ� = 2=5 ý�¥�� � ¯Âª � � À ÷�ª ß � � ã � ý�� ÷� ð� � t2 ø t1Àõ � � ��Êµ¿õ �À ± õ ö� ¤¢ �î ,Àû¢üõ ö�È÷ �¤ b�(�jy) ¥�Â � ¯�Î¡ (´¨�¤) 1Àõ ¤¢ ö��Æû ÅþÂ��õ §�¨�Â� ùÄþø ý�û¤�¢Â� .´¨� �µê� þ ñ�Öµ ÷� �� = (��1; ��2)�� ö��î� .Àª��üõ ùÀª À�ó�� �ÎÖ÷ 68 ø ¥�Â� ¯�Î¡ ¤�¢�Þ÷ 1 ÛØª .À÷�ùÀª �±¨�½õ

ñ�Öµ÷� Àõ �� ��Êµ¿õ �bÀ±õ ø ùÀª ��Üãõ Àõ -Óó� ,Âµõ�¤�� ß�Æ� é�Èµî� :1 ÛØª.À÷�ùÀª À�ó�� ¯�Ö÷ ��½Ô¬ öø¤¢ ø ��Êµ¿õ ý�û¤�½õ ýø¤ -� .´¨� ùÀª ù¢�¢öÀªÉ¿Èõ ø ~�LA(�jy) ü±þÂÖ� ß�Æ� âþ¥�� ý�Â� ùÀª À�ó�� ý�û�÷�Þ÷ ßµª�¢�¤�¬�� (14) ø (13) ñ�ÂÚµ÷� ø¢ ¥� ü±þÂÖ� ,~�LA(xijy;�) ü±þÂÖ� ß�Æ� âþ¥��~�(xijy) = Z ~�LA(xijy;�l)~�LA(�jy)= Xl ~�LA(xijy;�l)~�LA(�ljy); i = 1; � � � ; T + p (16)~�(�j jy) = Z ~�(�jy)d��j ; j = 1;2;3;4 (17)ß�Æ� âþ¥�� ß��ã� Ýµþ¤�Úó� ¥� ùÀª À�ó�� ¯�Ö÷ ¢�Àã� l ö� ¤¢ �î ,¢�ªüõ Û¬��ü÷��¨Âð¤ °þ�Â® ø ö�ú�� ý�ûÂ�çµõ ¢¤ø�Â� ¥� Å� .´¨� �ûÂµõ�¤�� ü�ÂÖ� §���¤�î�� ø ü±þÂÖ� ß�Æ� ý�ûâþ¥�� ¥� ù¢�Ôµ¨� ø (17) ¥� �ûÂµõ�¤�� ¢¤ø�Â� ø (16) ¥�
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251 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ñ�êö�þ�Þû ��úó� ,ü��Æ� �ÞÏ�êÀì�ê �ì�ä ¢¤�õ ��Üãõ ö�õ¥ ø ��Üãõ ý�û´�ãì�õ ¤¢ üþ�ðÇ�� ,(7) �Î��¤ ö¢Â�.¢¤ø� ´¨¢�� �¤ ,¾¨�� ùÀû�Èõ
ý¥�¨��±ª �ãó�Îõ 1.6ý� ûù¢�¢ ý� � � Û � Ü ½ � ý�Â � �¤ R-spTimer À þÀ� � µ Æ � (2015) � û� ¨ ø ¤� î� �ý�û�µÆ� ¥� R-spTimer ��±¨�½õ ö�õ¥ À÷¢�¢ ö�È÷ ø À÷¢Âî üêÂãõ ü÷�õ¥ -üþ�Ìê.Àª��üõ Â�âþÂ¨ �ûù¢�¢ ¥� á�÷ ßþ� ü¨¤Â� ý�Â� spBayes Û·õ R ¤��ê��Â÷ ¤¢ ¢���õ�Æþ�Öõ ø ùÀª ���¤� ©ø¤ ¤�±µä� ü¨¤Â� ý�Â� ý¥�¨��±ª �ãó�Îõ ×þ Ç¿� ßþ� ¤¢ü÷�õ¥ -üþ�Ìê ý�ûù¢�¢ À� ó� � ý�Â � .¢�ªüõ ���¤� R-spTimer � � R-INLA �µÆ�×þ ¤¢ T = 1; � � � ;12 ,ö�õ¥ 12 ø S = f1; � � � ;100g ,´�ãì�õ 100 ¤¢ y(si; t).´¨� ùÀª �µ êÂð ÂÑ ÷¤¢ (Óó�) 2 ÛØª �¤�¬ �� �û´�ãì�õ ,ÝÑ� õ� ÷ �Ø±Èõ,� = 12 �� Ü ã õ ¤�À Ö õ � � öÂ �� õ ,! ü þ�Ì ê ö� ú � � ý� ûÂ � ç µ õ Å ÷� þ¤�ø� î â �� �°þÂ® ø �2" = 0=01 �Î¡ Å÷�þ¤�ø ,� = 0=05 ø �2! = 0=3 �ûÂµõ�¤� � Âþ¢�ÖõÂ � ç µ õ � ¨ .´¨� ùÀª � µ êÂ ð ÂÑ ÷¤¢ a = 0=1 ,ñø� � ± �Â õ � � ¨Â ð¤ � �� À � þ�Â ê�¤�¬�� ü÷��¨Âð¤ ý�ûÂµõ�¤� � ¤�¢Â� ø À� ó�� ¢¤�À÷� µ¨� ñ�õÂ÷ âþ¥�� ¥� ü��� ± �´ ê� � û¤ ¥� ù¢� Ô µ ¨� � � .À þ¢Â ð ­Â ê � = (�0; �1; �2; �3)0 = (5;2;1;0=5)0¥� .´¨� ùÀªÉ¿Èõ (�) 2 ÛØª ¤¢ ø ¢�¹þ� ����÷ ýø¤ Â� ýÀ��¶Ü·õ SPDE´ê��û¤ ø ¤�ÂØ� 15000 �� üê�î¤�õ Â�¹÷¥ ý�ó¤�î ´÷�õ Ýµþ¤�Úó� �� ý��� ´ê��û¤��� ø ý��� ´ê��û¤ �� Û�Ü½� ¸þ�µ÷ .Àþ¢Âð �±¨�½õ �ûÂµõ�¤�� ¢¤ø�Â� ,ü±þÂÖ� ý���� � üê�î¤�õ Â�¹÷¥ ý�ó¤�î ´÷�õ Ýµþ¤�Úó� .´¨� ùÀª ���¤� 1 ñøÀ� ¤¢ ü±þÂÖ�ÂµÞî ¤�ÂØ� ý�Â� ¸þ�µ÷ ø Àþ¢Âð ��¹÷� 20000 ø 10000 ,5000 �ø�Ôµõ ¤�ÂØ� ¢�Àã�ü¨�Æ½õ Â��ç� 15000 ¥� Ç�� ¤�ÂØ� �� ø ¢�±÷ ¤�¢¤�¡Â� üê�î ´ì¢ ¥� 15000 ¥�×þ �� üó�Þãõ ý��� ´ê��û¤ �� ��±¨�½õ ��¹÷� ö�õ¥ .Àþ¢ÂðüÞ÷ ¢�¹þ� ¸þ�µ÷ ¤¢ø ö�õ¥ ��÷�� 480 ¢øÀ� ,(2=7GHz ø 4GB)IntelCorei7 ��Ê¿Èõ �� Â���³õ�î.À�õ�¹÷� ñ�Ï �� ��÷�� 140 ¢øÀ� ü±þÂÖ� ý��� ´ê��û¤ ��
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�Ø±Èõ ×þ ýø¤ Â� ùÀª �µêÂð ÂÑ÷¤¢ ý�û´�ãì�õ 100 ¥� üÈþ�Þ÷ -Óó� :2 ÛØª.SPDE ´ê��û¤ �� �Ø±Èõ ýÀ��¶Ü·õ -� �ûù¢�¢ À�ó�� ý�Â� ÝÑ�õ�÷¼�®�� ý¥�¨��±ª À�þ�Âê ¥� ö�ÆØþ Íþ�Âª �� ,´ê��û¤ ø¢ ´ì¢ �Æþ�Öõ ¤�Ñ�õ ��ø �ûù¢�¢ üãì�ø Âþ¢�Öõ ø Àþ¢Âð À� ó�� ÂÚþ¢ ù¢�¢ �ä�Þ¹õ 100 ¢�Àã� ,ùÀª ù¢�¢Âþ¢�Öõ ßþ� ,À�µêÂð ¤�Âì �Æþ�Öõ ¢¤�õ MSE ¤��ãõ �� ñÀõ ø¢ ùÀª ©¥�Â� Âþ¢�Öõ.Àõ� ´¨¢�� 0/2321 ü±þÂÖ� ý��� ©ø¤ ý�Â� ø 0/2437 üó�Þãõ ý��� ©ø¤ ý�Â�¤¢ üµ� ø ´¨� ñ¢�ãõ �f ± þÂÖ � ©ø¤ ø¢ Âû ¸þ� µ ÷ ¢�ªüõ �Ñ��õ �î ¤�Ïö�Þû.´¨� ù¢Âî ÛÞä Âµú� ü±þÂÖ� ý��� ©ø¤ ¢¤��õ üÌã�ö��Þ¨ ö�µ¨� üðÀ÷¤�� ý�ûù¢�¢ Û�Ü½� 2.6ö���õ ý�ûù¢�¢ �� ùÀª ù¢�¢ ¼�®�� ý�û©ø¤ ¥� ù¢�Ôµ¨� üÚ÷�Ú�Ç¿� ßþ� ¤¢üðÀ÷¤�� ö���õ ü¨¤Â� ¢¤�õ ý�ûù¢�¢ .¢�ªüõ ù¢�¢ ©¥�Â� ö��Þ¨ ö�µ¨� ¤¢ üðÀ÷¤��ö� µ¨� ¤¢ ü¨��ª��û ù�ÚµÆþ� 14 Í¨�� ùÀª ýÂ�ðù¥�À ÷� 1391 ñ�¨ ù�õ 12 üÏü¨� �ª��û ù�Ú µÆ þ� ¤¢ ùÀª ýÂ �ðù¥�À ÷� üðÀ ÷¤� � ö�� � õ y(si; t) .´¨� ö� � Þ¨�� ü¨Âµ¨¢ �Àä Û� ó¢ � � .Àª� �üõ t = 1; � � � ;12 ù�õ 12 ø d = 1; � � � ;14 ,��d
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253 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ñ�êö�þ�Þû ��úó� ,ü��Æ� �ÞÏ�ê´ê��û¤ �� �ûÂµõ�¤�� ý�ûíÀ�� ø ¤��ãõ é�Â½÷� ,¢¤ø�Â� ,üãì�ø Âþ¢�Öõ :1 ñøÀ�ý����ûíÀ�� ¤��ãõ é�Â½÷� ß�Ú÷��õ üãì�ø ¤�ÀÖõ Âµõ�¤�� ´ê��û¤0=975 0=5 0=0255/1440 5/0412 4/9383 0/0526 5/0408 5 �01/9709 1/9311 1/8910 0/0203 1/9312 2 �11/0266 0/9860 0/9462 0/0207 0/9861 1 �20/5332 0/4956 0/4572 0/0193 0/4954 0/5 �3 ý���0/2354 0/1728 0/1225 0/0286 0/1747 0/01 �2"0/5251 0/4837 0/4469 0/0201 0/4843 0/3 �2!0/1043 0/08692 0/0694 0/0088 0/0868 0/1 a0/1072 0/0619 0/0453 0/0592 0/0700 0/05 �5/4492 5/4013 5/3631 0/0194 5/4013 5 �02/0244 1/9897 1/9550 0/0177 1/9897 2 �11/0290 0/9948 0/9606 0/0174 0/9948 1 �20/5486 0/5147 0/4807 0/0173 0/5147 0/5 �3 ý���0/02963 0/2373 0/1938 0/02613 0/2395 0/01 �2" ü±þÂÖ�0/1848 0/1081 0/0589 0/03227 0/1116 0/3 �2!0/3316 0/1026 - 0/1120 0/0812 0/1073 0/1 a0/0550 0/0354 0/0184 0/0096 0/0356 0/05 �.´¨� ùÀª ��¹÷� üØÞî Â�çµõ ßµêÂð ÂÑ÷¤¢ öøÀ� �ãó�Îõ ßþ� üØÞî ý�ûÂ�çµõñ�±÷¢ �ûù�ÚµÆþ� ´�ãì�õ d = 14 ¤¢ ��óø� §��¤ §�¨�Â� ����÷ ßþ� ýÀ��¶Ü·õý�Â� .¢�ªüõ �ê�®� ÂÚþ¢ §��¤ °¨��õ ýÀ��¶Ü·õ ö¢¤ø� ´¨¢�� ý�Â� ø ¢�ªüõR ¤��ê��Â÷ ¥� INLA �µÆ� ,ü¨¤Â� ¢¤�õ üþ�Ìê ����÷ ýÀ��¶Ü·õ ø 3 ÛØª Ý¨¤.¢�ªüõ �µêÂð ¤�î��ù¢�Ôµ¨� inla:mesh:
reate:helper â��� ¥� ø ¢¢Âðüõ ü÷��¡�Âê INLA �µÆ� �Àµ��ù¢�Ôµ¨� �� ,Çþ�û¥Âõ �� ùÀªÉ¿Èõ ��õ�¢ ýø¤ Â� �¤ ýÀ��¶Ü·õ â��� ßþ� .¢�ªüõø À�îüõ ¢�¹þ� ýÀ��¶Ü·õ ×þ ýÂµõ�Ü�î 10 �Ü¬�ê ¤¢ âÜ® 7 �� �À½õ �ä�Þ¹õ ¥��� .À�û¢üõ Çª�� ö��Þ¨ ö�µ¨� üþ�Ìê üþ�ðÇ�� ý�Â� �¤ ��õ�¢ ��Þ� �û¶Ü·õ¥� ýÂµõ�Ü�î 100 �Ü¬�ê ×þ ¤¢ âÜ® 8 �� ©ÂµÆð ×þ ý¥Âõ ��Â�� Çû�î ¤�Ñ�õ���¤� ýÂµõ�Ü�î 110 ¤¢ ,�ÖÎ�õ Ûî ©ÂµÆð �Áó ,Àþ¢Âð �ê�®� �û¶Ü·õ ,�ÖÎ�õ ¥Âõ�µêÂð ÂÑ÷¤¢ Âµõ�Ü�î 50 �ÖÎ�õ Û¡�¢ ¤¢ �û¶Ü·õ âÜ® ñ�Ï Â·î�À� .´¨� ùÀª¢�Àã� �î üþ��ö� ¥� ,À¨¤üõ Âµõ�Ü�î 100 �� ü�¤�¡ ý�û©ÂµÆð ¤¢ ø ¢�ªüõ¢¤�õ �ÖÎ�õ ¥� �¤�¡ ¤¢ Å� ,¢�ªüõ ��±¨�½õ ö�õ¥ Çþ��ê� ¶ä�� ,¢�þ¥ ý�û¶Ü·õù¢�ú�� ö�õ¥ éÂ¬ ¥� �� ¢�ªüõ �µêÂð ÂÑ÷ ¤¢ ï¤�� �û¶Ü·õ âÜ® ñ�Ï ,ü¨¤Â�
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.SPDE ´ê��û¤ �� ö��Þ¨ ö�µ¨� ýÀ��¶Ü·õ (�) ö��Þ¨ ö�µ¨� �ÈÖ÷ (Óó�) :3 ÛØªüÜÞä ùÂú� �ÖÎ�õ ¥� �¤�¡ ý�û©ÂµÆð �î üþ��ö� ¥� ß��»Þû .¢�ª ýÂ�ð�Ü�¥� ö���üõ ý��ÖÎ�õ ¥� �¤�¡ ©ÂµÆð ý���� ý¥Âõ ��Â�� ßµêÂð ÂÑ÷¤¢ ý�Â� ,¢¤�À÷,ý¥Âõ ��Â�� âì�ø ¤¢ .¢Âî ù¢�Ôµ¨� �û¶Ü·õ ý�Â� ¥�¹õ üÜ¡�¢ ý�þø�¥ Ûì�À� ß��ã�ÛÞä ¢¤�õ ü��¡ ¥ÂÏ �� �û¶Ü·õ ý�Â� ¥�¹õ üÜ¡�¢ ý�þø�¥ Ûì�À� ß��ã� �� �ú��¥�¹õ ý�þø�¥ ßþÂµÞî ö���ä �� ��¤¢ 21 ý�þø�¥ ¤�Ñ�õ ßþ� ý�Â� .¢Â�ðüõ ¤�Âì�¤�¡ ©ÂµÆð ý�Â � ��¤¢ 21 ý�þø�¥ ø ö��Þ¨ ý�ÖÎ�õ Û¡�¢ ý�û¶Ü·õ ý�Â �,¤�îÁõ â �� � ¤¢ � þø�¥ ¤�ÀÖõ Â � �ç � � � .¢�ªüõ �µ êÂð ÂÑ ÷¤¢ ö� �Þ¨ ý�ÖÎ�õ ¥�ÛØª Ý¨¤ ý�Â� .¢Âî ¢�¹þ� ö���üõ ÂµÞî �þ ÂµÈ�� §��¤ �� �ø�Ôµõ ý�ûýÀ��¶Ü·õù¢�Ôµ¨� ü�¤�¡ ©ÂµÆð ý�Â� ��¤¢ 21 ø üÜ¡�¢ �ÖÎ�õ ý�Â� ��¤¢ 26 ¤�ÀÖõ ¥� ,3�À�� Â��þ¤ ýÀ��¶Ü·õ ¥� ù¢�Ôµ¨� �� ¸þ�µ÷ ¤¢ üÜÞä �ø�Ô� º�û âì�ø ¤¢ .´¨� ùÀª.¢ø¤üõ Â���� ��±¨�½õ ö�õ¥ ø ��þ�û �ú�� ,¢�ªüÞ÷üê�î¤�õ üê¢�Ê� ö�À�õ ×þ �� ö�ú�� ý�ûÂ�çµõ ýÀ��ñÀõ ø ýÀ��¶Ü·õ ¥� Å�´ê��û¤ ö¢Â� ¤�î�� ø �ûÂµõ�¤�� ý�Â� ñ�Þãõ ý�ûß�È�� ßµêÂð ÂÑ÷¤¢ ø ü¨ø�ðùÀª ���¤� 3 ñøÀ� ¤¢ ¸þ�µ÷ �î ,´¨� ùÀª ù¢¤ø� ´¨¢�� �ûÂµõ¤�� ¢¤ø�Â� INLA×þ ,ö��Þ¨ ö�µ¨� ¤¢ üðÀ÷¤�� ö���õ üþ�ðÇ�� �ÈÖ÷ ö¢¤ø� ´¨¢�� ý�Â� .´¨�¥� ø ëÂª ´ú� ¤¢ Âµõ�Ü �î 550 � � 10 ¥� ö� µ¨� �ÈÖ ÷ ýø¤ Â� 80 � 60 �Ø±ª�ÈÖ÷ �÷�Þ÷ ý�Â� .´¨� ùÀª �µêÂð ÂÑ÷¤¢ ñ�Þª ´Þ¨ �� Âµõ�Ü�î 4150 �� 3750
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255 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ñ�êö�þ�Þû ��úó� ,ü��Æ� �ÞÏ�ê(�ûíÀ�� ø ¤��ãõ é�Â½÷� ,ß�Æ� ß�Ú÷��õ) ,�ûÂµõ�¤�� ü±þÂÖ� ��� ¢¤ø�Â� :2 ñøÀ��ûíÀ�� ¤��ãõ é�Â½÷� ß�Ú÷��õ Âµõ�¤��0=975 0=5 0=02526=147 18=237 10=476 3=957 18=258 �05=44 � 10�4 7=08 � 10�5 1=34 � 10�5 1=48 � 10�4 1=27 � 10�4 �2"533=378 387=497 287=860 62=601 393=854 �2!0=605 0=469 0=329 0=070 0=469 a116=807 89=497 67=643 12=533 90=219 ��0=578 �0=794 �1=039 0=118 �0=798 log(�)�3=172 �3=455 �3=724 0=140 �3=453 log(�)Ý¨¤ 4 ÛØª ¤¢ ´Èú±þ¢¤� ù�õ ý�Â� ö��Þ¨ ö�µ¨� ¤¢ üðÀ÷¤�� ö���õ üþ�ðÇ������ ÷ SPDE ø ö��Þ¨ �ÈÖ÷ ýø¤ Â� ùÀõ� ´¨¢�� üþ�ðÇ�� �ÈÖ÷ .´¨�ùÀª.´¨� ùÀª ���¤� 4 ÛØª (�) ø (Óó�) ý�û¤�¢�Þ÷ ¤¢ °��Â�������÷ ýø¤ Â� üþ�ðÇ�� ý�Î¡ �ÈÖ÷ °��Â��� ,4 ÛØª (¢) ø (�) ý�û¤�¢�Þ÷�û¤�¢�Þ ÷ ßþ� ¤¢ �î ¤�Ïö�Þû .À �ª� �üõ ,ùÀª Û�ØÈ� SPDE ø ü¨¤Â � ¢¤�õ�ÖÎ�õ ø üó�Þª ö�¨�Â¡ ö�µ¨�ø üó�Þª ý�ûö�µ¨� �� ¥Âõ Ýû ÕÏ��õ ¢�ªüõ �Ñ��õ�Âè ¤¢ ö���õ ßþ� ø À�µÆû ¤�¢¤�¡Â� ýÂµÈ�� üðÀ÷¤�� ö���õ ¥� ¤�ÆõÂð Âúª ñ�Þª¤�� ÷ ¤¢ �ûüþ�ðÇ��.À �îüõ �À � � Çû�î ý�®¤ ö�¨�Â¡ ö� µ¨� ´Þ¨ � � ö� µ¨�ßþ� ö¢�� ��Ø¨ ¥� üó�¡ Û�ó¢�� ø ´Æ�÷ ¤�¢¤�¡Â� üþ��� ´ì¢ ¥� ö�µ¨� ü����¥� ü±¨��õ üþ�ðÇ�� ö���üÞ÷ ÕÏ��õ ßþ� ¤¢ ü¨��ª��û ù�ÚµÆþ� ¢��ø �Àä ø ÕÏ��õ.Ý�ª�� �µª�¢ �ÔÎ�õ ßþ� ¤¢ üðÀ÷¤�� ö���õýÂ�ð�¹�µ÷ ø ¶½� 7ý�Â� �µÆ� ý�ûÛØª ¢��ø �Àä ø ü÷�õ¥ -üþ�Ìê ý�ûñÀõ üðÀ�»�� �� ���� ��ÂþÁ�ö�Øõ� üµ��¤�� �ûñÀõ ßþ� Û�Ü½� �f �Þãõ ,Ûõ�î üÏÂª ý�ûâþ¥�� ø ß�Æ�.´Æ�÷öÂ��õ ü¨ø�ð üê¢�Ê� ö�À�õ ×þ Í¨�� ü÷�õ¥ -üþ�Ìê üÚµÆ��ø �ó�Öõ ßþ� ¤¢üê¢�Ê� ö�À�õ ×þ �� ö�À�õ ßþ� ø Àª ù¢�Ôµ¨� SPDE ´ê��û¤ ¥� Å³¨ ø ýÀ��ñÀõø Û�úÆ� ý�µ¨�¤ ¤¢ ö�À�õ ßþ� ��¡ ���¬�Ê¡ ¥� .Àª ÛþÀ±� ü¨ø�ð üê�î¤�õ
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�ÈÖ÷ (Óó�) ýø¤ Â� ´Èú±þ¢¤� ù�õ ¤¢ üðÀ÷¤� � ö���õ üþ�ðÇ�� �ÈÖ÷ :4 ÛØª´ì¢ �ÈÖ÷ ,SPDE ´ê��û¤ �� ùÀª ¢�¹þ� ýÀ��¶Ü·õ ����÷ (�) ø ö��Þ¨ ö�µ¨�.ö��Þ¨ ö�µ¨� ýÀ��¶Ü·õ ����÷ (¢) ø ö�µ¨� �ÈÖ÷ (�) ýø¤ Â� üþ�ðÇ��ü±þÂÖ� ý��� ø üó�Þãõ ý��� ´ê��û¤ ø Àþ¢Âð ù¢�Ôµ¨� ��±¨�½õ ö�õ¥ Çû�î×þ ¤¢ .Àª ���¤� �ûüþ�ðÇ�� ø �ûÂµõ�¤�� ¢¤ø�Â� ý�Â� �µÆ�âÞ� ü÷��ª� §����Æþ�Öõ ¢¤�õ ö�õ¥ ÂÑ÷ ¥� ü±þÂÖ� ý��� ø üó�Þãõ ý��� ©ø¤ ø¢ ý¥�¨��±ª ñ�·õÂ�¹÷¥ ý�ó¤�î ´÷�õ Ýµþ¤�Úó� ¥� ù¢�Ôµ¨� ø üó�Þãõ ý��� ©ø¤ ý�Â� .À�µêÂð ¤�Âìý��� Û�Ü½� ý�Â� (2015) �û�¨ ø ¤�î�� �î R� spT imer ÀþÀ� �µÆ� ¥� ,üê�î¤�õ� � ü± þÂÖ � ý�� � ©ø¤ ø Àþ¢Âð ù¢�Ô µ¨� ,À ÷¢Âî üêÂãõ ü÷� õ¥ -üþ�Ìê ý�ûù¢�¢.Àª ��¹÷� R� INLA �µÆ� �� �µÆ�âÞ� ü÷��ª� §��� °þÂÖ�§��� ü±þÂÖ� ý��� ©ø¤ ø SPDE ´ê��û¤ ö¢Â� ¤�î�� � � ��±¨�½õ ö�õ¥ý��� ´ê��û¤ ý�Â� �î ý¤�Ï�� .À�õ�¹÷� ñ�Ï �� ��÷�� 140 ¢øÀ� �µÆ�âÞ� ü÷��ª�×þ Í¨�� ,¤�ÂØ� 15000 �� üê�î¤�õ Â�¹÷¥ �ý�ó¤�î ´÷�õ Ýµþ¤�Úó� ø üó�Þãõ
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257 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ñ�êö�þ�Þû ��úó� ,ü��Æ� �ÞÏ�êö�õ¥ �� ÷� � 480 ¢øÀ� (2=7GHz ø 4GB)IntelCorei7 ��Ê¿Èõ � � Â ��� ³ õ�î.´¨� ñ¢�ãõ �f±þÂÖ� ´ê��û¤ ø¢ Âû ý�Â� ¸þ�µ÷ ´ì¢ �î ü�¤�¬ ¤¢ Àª éÂ¬¯��Âõ üãì�ø ù¢�¢ �ä�Þ¹õ ×þ ýø¤ Â� ùÀª ���¤� ©ø¤ ø ñÀõ ´Æ�¤�î ù�½÷ü¨¤Â� ¢¤�õ ý�ûù¢�¢ �÷�Þ÷ Ý¹� .Àª ù¢�¢ ö�È÷ ö��Þ¨ ö�µ¨� üðÀ÷¤�� ý�ûù¢�¢ ���� �ûù¢�¢ �ä�Þ¹õ �� Û��Æõ ¥� ý¤��Æ� ¤¢ �î ü�¤�¬ ¤¢ ´¨� ×��î �ó�Öõ ßþ� ¤¢¤��Æ� ý��� ø ×�¨�î ñ�Þãõ ý�û¯�±�µ¨� ¥� ù¢�Ôµ¨� �î Ýþ¤�¢ ¤�îøÂ¨ ��� Ý¹��¤�¢ Û�ó¢ �� ü¨ø�ð üê�î¤�õ üê¢�Ê� ö�À�õ ¥� ù¢�Ôµ¨� ø ´¨� Â�ö�õ¥ ø ùÀ�»��ù¢�Ôµ¨� Û�ó¢�� �µÆ�âÞ� ü÷��ª� §��� ü±þÂÖ� ý��� ©ø¤ ø ��¡«��¡ ö¢��.À�¨¤üõ ÂÑ÷�� À�Ôõ ¤��Æ� §��� ø ü¨ø�ð ý�û°þÂÖ� ¥�À�� ö���üõ �õ� Àª ©¥�Â� �ûù¢�¢ �� ü÷�õ¥ -üþ�Ìê ñÀõ ×þ ÍÖê �ó�Öõ ßþ� ¤¢�ûö� ß�� �Æþ�Öõ ¥� Å� ø ´êÂð ÂÑ÷ ¤¢ ü¨¤Â� ¢¤�õ ù¢�¢ �ä�Þ¹õ ý�Â� �¤ ñÀõüð¢ÂµÆð �� ���� �� À¨¤üõ ÂÑ÷�� ñ�·õ ö���ä �� .¢�Þ÷ ��¿µ÷� �¤ °¨��õ ñÀõÀ÷ø¤ �� üþ�ûñÀõ ,ö�µ¨� ßþ� ÓÜµ¿õ ÕÏ��õ ý��û ø �� ¤¢ á��� ø ö��Þ¨ ö�µ¨�ß�È�� ý�ûâþ¥�� ,�ûÂµõ�¤�� ý�Â� .Àª�� À�Ôõ ü�Âè -üìÂª �þ ø ü���� -üó�Þªýø¤ ÂµÈ�� ü¨¤Â� ö�ðÀ�Æþ�÷ ÂÑ÷ ¢¤�õ ý�û¤�î ¥� üØþ ø Àª �µêÂð ÂÑ÷ ¤¢ ñ�ÞãõüÜ¬� °þ�ãõ ¥� .´¨� ¸þ�µ÷ ýø¤ Â� �ûö� Â���� ýø¤ Â� �ãó�Îõ ø ß�È�� ý�ûâþ¥��ßµêÂð ÂÑ÷¤¢ ,´¨� ùÀª ���¤� ü÷�õ¥ -üþ�Ìê ý�ûù¢�¢ ý�Â� ö��î �� �î üþ�û©ø¤¤¢ üû�ð �î ´¨� üê¢�Ê� ö�À � õ ö¢� � ü¨ø�ð ü�ã þ ùÀ � � î ¢øÀ½õ ­Âê ×þé�Àû� ¥� ÂÚþ¢ üØþ �Áó .Àª�� ùÀ��î ù�ÂÞð ø ´¨¤¢�÷ ü®Âê ´¨� ßØÞõ ÛÞä�ó�� üê¢�Ê� ý�ûö�À�õ ý�Â� ùÀª ù¢�¢ ¼�®�� ý�û©ø¤ ø ñÀõ Ý�Þã� ö�ðÀ�Æþ�÷.Àª��üõÂØÈ� ø ÂþÀÖ�ùÀ÷¥¤� ��¢�ú�È�� ���¤� ÂÏ�¡ �� �Ü¹õ �Âµ½õ Â��¢Â¨ ø ö�¤ø�¢ ¥� �ó�Öõ ö�ðÀ�Æþ�÷.À÷¤�¢ �¤ ü÷�¢¤Àì ø ÂØÈ� ñ�Þî ,Àþ¢Âð �ó�Öõ ¢�±ú� °±¨ �î
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