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§�¨�Â� ¤��ê��Â÷ ¢�Þµä� ´�Ü��ì ü��þ¥¤� ý�Â� �µê�þÝ�Þã� ñÀõ ×þßÚÞû�÷ ö�¨��� À�þ�Âêü��Öãþ ùÂû�Ï ,ö�þÂµ¡� ���ª¤�÷ ���� ù�ÚÈ÷�¢ ,��ä�Ï� ý¤ø��ê ø Â���³õ�î ü¨À�úõ ùøÂð1394*6*24 :ýÂÚ÷¥�� ßþÂ¡� ¾þ¤�� 1393*8*12 :´ê�þ¤¢ ¾þ¤��À � ó� � �ø� ó ,ý¤�� ê��Â ÷ ý� ûÝ µÆ � ¨ ù¢Â µÆ ð ý� û¢Â �¤� î � � ��� � � � : ùÀ�Ø�.´¨� ù¢Âî �À�� ´�Þû� Ç�� ¥� Ç�� ��� ´�Ô�î �� ø �Î¡ öøÀ� �f±þÂÖ� ý�û¤��ê��Â÷�µêÂð ÂÑ÷ ¤¢ ¤��ê��Â÷ ´�Ô�î ü��þ¥¤� ý�Â� Ýúõ ´ê��û¤ ×þ ¤��ê��Â÷ ¢�Þµä� ´�Ü��ì¥� üØþ ßÚÞû�÷ ö�¨��� À�þ�Âê §�¨�Â� ¤��ê��Â÷ ¢�Þµä� ´�Ü��ì ý¥�¨ñÀõ .¢�ªüõ�Àµ�� �ó�Öõ ßþ� ¤¢ .Àª��üõ ¤��ê��Â÷ ¢�Þµä� ´�Ü��ì ü¨À�úõ ¤¢ Õê�õ �f õ�î ý�û©ø¤ø¢ ß µ êÂð ÂÑ ÷ ¤¢ � � Å³¨ .¢�ªüõ ü¨¤Â � ¢� Þ µ ä� ´� Ü �� ì Àª¤ üõ�Þä ñÀõ�� ÷ ø ùÀ�»� � ý�û�Î¡ ß� � üÚµÆ��ø ö¢Âî à�½ó ø ùÀ�»� � ø ù¢�¨ ý�Î¡ á�÷�µê� þÝ�Þã� ñÀõ ×þ ���¤� � � ùÀ�»�� ý�û�Î¡ éÁ� ø ÓÈî ß�� ü÷�õ¥ Â�¡��� � ý¢�ú �È� � ñÀõ ý�ûÂµ õ�¤� � ¢¤ø�Â � .¢�ªüõ �µ¡�¢Â � ¤�� ê��Â ÷ ¢�Þ µä� ´�Ü �� ì¤��ê��Â÷ ÕþÂÏ ¥� ø üãì�ø ý¤��ê��Â÷ ù�øÂ� ø¢ ´ÆØª ý�ûù¢�¢ �ä�Þ¹õ ¥� ù¢�Ôµ¨�¥� ù¢�Ôµ¨� �� ¢���õ ñÀõ ø¢ �� ý¢�ú�È�� ñÀõ ö�þ�� ¤¢ .¢�ªüõ ��¹÷� MATLABÕ�Ö½� ßþ� ¤¢ ùÀª ���¤� ñÀõ Àû¢üõ ö�È÷ ¸þ�µ÷ .¢�ªüõ �Æþ�Öõ ÓÜµ¿õ ý�û¤��ãõ´�Ô�î ¢¤�õ ¤¢ ýÂ�Õ�ì¢ ��ä�Ï� ,ùÀª ©¥�Â� Âµú� �ûù¢�¢ �ä�Þ¹õ ßþ� ýø¤ Â�0 . t.yaghoobi�pnu.a.ir ,ü��Öãþ ùÂû�Ï :�ó�Öõ ñ�ÿÆõ ×�÷øÂµØó� §¤¢�0 . 62P30 :(2010) ü®�þ¤ ýÀ��á�®�õ Àî
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¤��ê��Â÷ ¢�Þµä� ´�Ü��ì ü��þ¥¤� ý�Â� �µê�þÝ�Þã� ñÀõ ×þ : : : : : : : : : : : : : : : : : : : : : : : : : : : : 2.À�îüõ ���¤� ¤��ê��Â÷,ùÀ�»�� ø ù¢�¨ ý�û�Î¡ ,ßÚÞû�÷ ö�¨��� À�þ�Âê ,¤��ê��Â÷ ¢�Þµä� ´�Ü�� ì : ýÀ�Üî ý�ûù��ø.Ûõ�î üþ�¢¥ñ�Øª� ,ö�õ¥ Â�¡�� ,�û�Î¡ üÚµÆ��ø�õÀÖõ 1ö�»Þû §�Æ� ý�û¢Â�¤�î �� üþ�ûÝµÆ�¨ ¤¢ üÞúõ ¤��Æ� ÇÖ÷ �û¤��ê��Â÷ ù¥øÂõ�ø ��ÂÎ¡ ßþ�Â �� � � ,À ÷�ù¢Âî �À� � ý��µÆû ý�û¤�µî�¤ ø üõ�Ñ÷ âþ� �¬ ,üØª��ß��� ¢��ø .Àª� � Â þÁ�� ÷ ö�Â±� À÷���üõ ¤��ê��Â ÷ ý�û´ÆØª ¥� üª� ÷ ��Â ��´�Ô �î � � ´¨� � µª�¢ ö� Â � �¤ ý¤�� ê��Â ÷ ý�ûÝµÆ�¨ ö�ðÀ ÷¥�¨ üþ�û´�ãì�õ×þ .À��î ü¨¤Â� ù�øÂ� Û�ÞØ� �Ü�Âõ ¤¢ ø ¤�¥�� �� ñ�Ê½õ ���¤� ¥� Û±ì �¤ ¤��ê��Â÷.´¨� ¤��ê��Â÷ ¢�Þµä� ´�Ü��ì ö���õ üÞî ß��ã� ¤��ê��Â÷ ´�Ô�î ü¨¤Â� ¤¢ Ýúõ ¤��ãõ¤¢ ýÂ���³õ�î �õ�÷Â� ×þ ´ÆØª öøÀ� ¢ÂØÜÞä ñ�Þµ�� ¤��ê��Â÷ ¢�Þµä� ´�Ü��ìÝµÆ�¨ ×þ ´ª�¢ ���� Àþ�� .¢�ªüõ ÓþÂã� ß�ãõ ü÷�õ¥ ý�Â� É¿Èõ üÎ�½õ´�Ü��ì (1992) í�¥ �µÔð �� .´¨� ¤��ê��Â÷ ø ¤��ê�´¿¨ �Ôó�õ ø¢ Ûõ�ª ýÂ���³õ�î�� ø¢ Âû �î ´¨� ���Èõ ¤��ê�´¿¨ ¢�Þµä� ´�Ü��ì �� ´ú� ßþ� ¥� ¤��ê��Â÷ ¢�Þµä�é�¡Â� ý¤��ê��Â÷ ý�ûÝµÆ�¨ üóø .À÷�ªüõ Ó�¬�� ñ�Þµ�� âþ¥�� â���� �Ü�¨øý�ûÝµÆ�¨ ¤¢ .À ÷�ªüÞ÷ ��Â¡ üØþ� � ê ý� �ãõ � � ý¤�� ê�´¿¨ ý�ûÝµÆ�¨��ãÎì í�úµ¨� ø üð¢�µê� ¤�î ¥� Û�ó¢ �� �ûü��Â¡ ¥� üÞúõ Ç¿� ý¤��ê�´¿¨ö� ö�ðÀ÷¥�¨ ü�û£ ��û�±µª� ¥� üª�÷ ÂµÈ�� ý¤��ê��Â÷ ý�û�Î¡ �î üó�� ¤¢ ,´¨�ý� û�Î¡ ß � �»Þû .¢¤�À ÷ ¢��ø ¤�� ê��Â ÷ ¤¢ í�ú µ¨� ø üð¢¤�¿ ó� ¨ ø ´¨�ßþ�Â���� .À�µÆû ¼�½Ê� ø ÓÈî Û��ì ý¤��ê�´¿¨ ý�û�Î¡ ¥� Â�´¿¨ ý¤��ê��Â÷ý¤�� ê�´¿¨ ý�ûÝ µÆ �¨ ¢� Þ µ ä� ´ � Ü �� ì ýÂ � ðù¥�À ÷� ¤¢ � µ ê¤ ¤� î� � ý� ûñÀ õ,��ê) À÷Â�ð ¤�Âì ù¢�Ôµ¨�¢¤�õ ¤��ê��Â÷ ¢�Þµä� ´�Ü��ì ýÂ�ðù¥�À÷� ý�Â� À�÷���üÞ÷.(2006.¢¤�¢ üÚµÆ� �ûö� éÁ� ø �û�Î¡ ÓÈî À�þ�Âê �� ¤��ê��Â÷ ×þ ¢�Þµä� ´�Ü��ìø �û´ÆØª á�ìø �î ´¨� ßþ� Â � Âê ¤�� ê��Â ÷ ¢�Þ µä� ´�Ü �� ì ý¥�¨ñÀõ ¤¢
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3 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ü��Öãþ ùÂû�Ï ,ö�þÂµ¡� ���ª�� À÷���üõ ¤��ê��Â÷ �î �¤�¬ ßþÀ� ,À�µÆû üê¢�Ê� ý�û¢�Àþø¤ �ûö� ü��þ°�ä.¢¤�Ú÷üõ ü�øÂ¡ ý�Ìê �� �¤ ý¢ø¤ø ý�Ìê �î ¢�ª �µêÂð ÂÑ÷ ¤¢ üã��� ö���ä.¢Âî ¢¤�ø üê¢�Ê� �¤�¬ �� �¤ ¤��ê��Â÷ ö�õ¥� ý�Â� ý¢ø¤ø Âþ¢�Öõ ö���üõ Å�üê¢�Ê� �¤�¬ �� ��÷ �û´ÆØª ù�Ú÷� ,À��îüõ ñ�ãê �¤ �û�Î¡ ý¢ø¤ø Âþ¢�Öõ üµìøý¥�¨ñÀõ ý�Â� üó�Þµ�� ý�ûñÀõ ¥� �î ´¨� ñ�±ì Û��ì ßþ�Â���� .À÷�ªüõ ö�þ�Þ÷ö¢Âî éÂÏÂ� ø ÓÈî À�þ�Âê ö�ÂÚÈûøÄ� .¢�ª ù¢�Ôµ¨� ¤��ê��Â÷ ý�û´ÆØª À�þ�ÂêÓ�¬�� °¨��õ ü®�þ¤ Í��ø¤ �Ü�¨ø�� �¤ ¤��ê��Â÷ ´�Ô�î ¢�±ú� éÀû �� �û�Î¡� µ¡� �ª (SRM) 1¤�� ê��Â ÷ ¢� Þ µ ä� ´� Ü �� ì ý�ûñÀõ �� ÷ � � Í ��ø¤ ß þ� .À � � îüõ¢�Þµä� ´�Ü ��ì ü�� �Ç�� �î ´¨� ö� �ûñÀõ ßþ� ¢�¹þ� ¥� üþ�ú÷ éÀû .À÷�ªüõ¤¢ �÷�Þ÷ ¢¤��õ �Ü�¨ø�� �î üµÆØª ý�ûù¢�¢ §�¨�Â� ,�Â�� �Ü�Âõ ¤¢ �¤ �û¤��ê��Â÷�� ¤��ê��Â÷ ¢�Þµä� ´�Ü��ì ü���Ç�� .À÷¥�¨ ßØÞõ À÷�ùÀª ý¤ø�âÞ� ö�õ¥� �Ü�Âõ.À��î ��þ�û ¤��ê��Â÷ ÀþÂ¡ ý�Â� üê�î ö���ÞÏ� �� �� À�îüõ ×Þî ��÷ ö�Â�¤�îö�¨��� À�þ�Âê Â� ü�µ±õ (SRGM) 2¤��ê��Â÷ ¢�Þµä� ´�Ü��ì Àª¤ ý�ûñÀõÂ·î�ÛØª S �þ ÂãÖõ �¤�¬ ø¢ ¥� üØþ �� �¤ ¢�Þµä� ´�Ü��ì ¤�¢�Þ÷ ,(NHPP) 3ßÚÞû�÷´�Ü��ì Âð� .(2014 ,�¢�õ�þ ø 2011 ,ö�¤�ØÞû ø ¤���î ;2006 ,��ê) À�û¢üõ Çþ�Þ÷ý�ûñÀõ ¥� �¤�¬ ßþ� Â�è ¤¢ ,ÂãÖõ ý�ûñÀõ ¥� Àª�� ´¡���Øþ Àª¤ ý�¤�¢ ¢�Þµä��¤ (üþ�Þ÷ ñÀõ) G-O ÂãÖõ ñÀõ (1985) ���õ�î� ø Û��ð .¢�ªüõ ù¢�Ôµ¨� ÛØª Sø ÛÖµÆõ ÂÚþÀØþ ¥� ¤��ê��Â÷ ý�û�Î¡ ��Üî ¢�ªüõ Âê ö� ¤¢ �î À÷¢Âî ���¤��� �û�Î¡ ß��»Þû .´¨� (ö�õ¥ ¥� ÛÖµÆõ) ´��� ö�õ¥ À��ø ¤¢ �Î¡ ÓÈî ñ�Þµ��ñ�Øª� ö� �� �î À�îüÞ÷ ¥øÂ� ß�� ßþ� ¤¢ ýÀþÀ� ý�Î¡ ø éÁ� üþ�¨��ªË½õ�¤�ð ø ý� ø (1985) Û��ð Í¨�� Ûõ�î üþ�¢¥ñ�Øª� ý�ûñÀõ .À�þ�ð Ûõ�î üþ�¢¥Í¨�� ùÀª ü¨¤Â� ÛØª S ñÀõ¤¢ .À�µêÂð ¤�Âì Õ�Ö½� ø ü¨¤Â� ¢¤�õ (2012)éÁ� üþ�¨��ª Ë½õ �� �û�Î¡�� ÷ (1984) ö�¤�ØÞû ø �¢�õ� þ ø (2000) �¢�õ� þø ù¢�±÷ ´��� �Î¡ ÓÈî  Â÷ �î �ø�Ô� ßþ� �� .´¨� Ûõ�î üþ�¢¥ñ�Øª� ø À÷�ªüõ1 Software Reliability Model2 Software Reliability Growth Model3 Non Homogeneous Poisson Proess

Archive of SID

www.SID.ir

http://www.sid.ir


¤��ê��Â÷ ¢�Þµä� ´�Ü��ì ü��þ¥¤� ý�Â� �µê�þÝ�Þã� ñÀõ ×þ : : : : : : : : : : : : : : : : : : : : : : : : : : : : 4ö�¤�ØÞû ø �¢�õ�þ Í¨�� ùÀª ���¤� ýÂ�¡�� ÛØª S ñÀõ ¤¢ .Àª��üõ ö�õ¥ �� �µÆ��ø¤��ê��Â÷ ùÀ��î ö�õ¥� Ý�� ö�õ¥ ´ªÁð �� �î ¢�ªüõ ���� Ýúõ �µØ÷ ßþ� �� (1983)�À�� ýÂµÈ�� üþ��ª� ... ø ù�øÂ� ý�ûýÀ�õ¥�� ÷ ,ö�õ¥� ý�û¤���� ,ö�õ¥� Í�½õ ��¤¢ .À��þüõ ¢�±ú� ö�õ¥ ´ªÁð ¥� Å� ¤��ê��Â÷ ö�õ¥� À�þ�Âê °��Â� ßþÀ� ø À�îüõÂÚþÀØþ ¥� ÛÖµÆõ ´ÆØª ÓÈî ÂÑ÷ �ÎÖ÷ ¥� �û�Î¡ �î ¢�ªüõÂê ñÀõ ßþ��� üÚµÆ� ´ÆØª ß�õ�i ø ß�õ�(i� 1) ß�� ö�õ¥ �Î¡ ÓÈî À�þ�Âê ¤¢ �õ� ,À�µÆû.¢¤�¢ ´ÆØª ß�õ�(i� 1) á�ìø ö�õ¥ùÀª üþ�¨��ª ý�û�Î¡ À÷�ùÀª ¢�¹þ� ö�ÂÚÈûøÄ� Í¨�� �î üþ�ûñÀõ ü¡Â� ¤¢ùÀþ� ñ�·õ ö���ä�� .À÷�ªüõ ýÀ��Ý�ÆÖ� �ûö� ß�� üÚµÆ��ø �þ üðÀ�»�� ö���õ ÂÑ÷ ¥�ÛÖ µÆõ ý�û�Î¡ �î Âê ßþ� � � .¢Âî �ÂÎõ (1984) � ±û� �¤ �û�Î¡ üÚµÆ��øéÁ� ¥� Ç�� �µÆ��ø ý�û�Î¡ �õ� ,À�µÆû éÁ� Û��ì üþ�¨��ª ¥� Å� �Ü¬�ê��Å÷�þ ø ¤���î ö� ¥� Å� .À�µÆ�÷ öÀª éÁ� Û��ì À÷��µÆ��ø ö� �� �î üþ�û�Î¡,À÷¢�¢ Â���� (1981) ���õ�î� ø Û��ð üþ�Þ÷ ñÀõ ¤¢ �¤ �û�Î¡ üÚµÆ��ø ��÷ (1995)éÁ� �� ÓÈî ß� � ö�õ¥ Â�¡� � Ûõ�ä ¥� ö���üÞ÷ �î �µØ÷ ßþ� � � ���� � � � µ ± ó�éÁ� ¤¢ ü ÷� õ¥ Â �¡� � Û õ� ä Â � �� � á�®�õ ,¢Â î üª� �ÝÈ� � µÆ ��ø ý�û�Î¡¤��ê��Â÷ ö�õ¥� �Ü�Âõ (1999) ö�¤�ØÞû ø ¤���î .À�µêÂð ÂÑ÷ ¤¢ �¤ �µÆ��ø ý�û�Î¡À�µêÂð ÂÑ÷ ¤¢ �Î¡ éÁ� ø �Î¡ ö¢Âî �óø�þ� ,´ÆØª ùÀû�Èõ À�þ�Âê �¨ Ûõ�ª �¤¼Î¨ §�¨�Â� �û�Î¡ ��¬� ø éÁ� ö� ¤¢ �î À÷¢�¢ ¢�ú�È�� �¤ SRGM ñÀõ ø�î ñø� á�÷ ý�û�Î¡ .´¨� �Î¡ á�÷ �¨ Â� ÛÞµÈõ ø Àª��üõ �þ�Þµõ �ûö� üðÀ�»��¥� �µ¨¢ ßþ� éÁ� �� ´ÆØª ùÀû�Èõ Û��Âõ ß�� ü÷�õ¥ Â�¡�� º�û ø À�µÆû ù¢�¨ý¥�¨ñÀõ (1981) ���õ�î� ø Û��ð üþ�Þ÷ ñÀõ Í¨�� ø ¢�ªüÞ÷ ù¢�¢ Â���� �û�Î¡ø ´ÆØª ùÀû�Èõ ß�� �î À�µÆû ´¿¨ ý�û�Î¡ �ø¢ á�÷ ý�û�Î¡ .À÷�ªüõÛØª S ñÀõ Í¨�� ø ¢�ªüõ ù¢�¢ Â���� ö�õ¥ Â�¡�� �û�Î¡ ¥� �µ¨¢ ßþ� ö¢Âî �óø�þ�ö�õ¥ Â�¡�� ø À÷�ùÀ�»�� ý�û�Î¡ ��¨ á�÷ ý�û�Î¡ ø À÷�ªüõ ý¥�¨ñÀõ ýÂ�¡��ù¢�¢ Â� �� � �Î¡ éÁ� ø �Î¡ ö¢Âî � óø�þ� ,´ÆØª ùÀû�Èõ �Ü�Âõ �¨ Âû ß� �Ý�ÆÖ� �µÆ��ø ø ÛÖµÆõ �µ¨¢ ø¢ �� �¤ �û�Î¡ (2006 ø 2004) ß�ó ø Ù÷�û .¢�ªüõ¤¢ Â���� ý�Â� ý�þ�Þµõ Â�¡�� ý�ûÛõ�ä �û�Î¡ üÚµÆ��ø ý¥�¨ñÀõ ý�Â� ø ù¢�Þ÷
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5 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ü��Öãþ ùÂû�Ï ,ö�þÂµ¡� ���ªÂ�¡�� Ûõ�ä ø �û�Î¡ üÚµÆ��ø Â���� Å³¨ .À÷�ù¢Âî ü¨¤Â� �µÆ��ø ý�û�Î¡ éÁ�Û�Ü½� ¢¤�õ NHPP§�¨�Â� ¤��ê��Â÷ ¢�Þµä� ´�Ü��ì Àª¤ �þ�� ý�ûñÀõ ¥� ý¢�Àã� Â�.´êÂð ¤�Âìö���õ ÂÑ�õ ø¢ ¥� ý¤��ê��Â÷ ý�û�Î¡ ö� ¤¢ �î ¢�ªüõ ���¤� üóÀõ �ó�Öõ ßþ� ¤¢ö���õ ÂÑ÷ ¥� .À÷�ªüõ ýÀ��Ý�ÆÖ� �Î¡ á�÷ �¨ �� �ûö� ß�� üÚµÆ��ø ø üðÀ�»���� ù¢�¨ ý�Î¡ .À÷�ªüõ Ý�ÆÖ� ùÀ�»�� ø ù¢�¨ �µ¨¢ ø¢ �� �Àµ�� �û�Î¡ ,üðÀ�»��.´¨� éÁ� Û��ì üþ�¨��ª ¥� Àã� üð¢�¨�� ø �Ü¬�ê�� �î ¢�ªüõ ë�Ï� üþ�Î¡�� Å³¨ .¢�ªüõ �µêÂð ÂÑ÷ ¤¢ �ûö� ß�� üÚµÆ��ø ö�Øõ� ,ùÀ�»�� ý�û�Î¡ ý�Â�ßØÞõ ø À�µÆ�÷ éÁ� Û��ì ,ÓÈî ¥� Àã� �Ü¬�ê�� ùÀ�»�� ý�û�Î¡ �Ø�þ� �� ������ ÓÈî ß�� ö�õ¥ Â�¡�� Ûõ�ä Àª�� ¥��÷ �ûö� éÁ� ý�Â� ©�� ø ö�õ¥ �ûù�õ ´¨�ý�û�Î¡ ý¢�ú�È�� ñÀõ ¤¢ ßþ�Â���� .¢�ªüõ �µêÂð ÂÑ÷ ¤¢ �û�Î¡ á�÷ ßþ� éÁ�ý�Â� .À÷�ªüõ Ý�ÆÖ� �µÆ��ø ùÀ�»�� ø ÛÖµÆõ ùÀ�»�� ,ù¢�¨ �µ¨¢ �¨ �� ý¤��ê��Â÷ñÀõ ø ¢�ªüõ ¢�ú�È�� ¢�Þµä� ´�Ü��ì °¨��õ ñÀõ �Î¡ á�÷ �� ���� �� ,�µ¨¢ Âû.¢�ªüõ �µêÂð ÂÑ÷ ¤¢ ùÀª Âê ñÀõ �¨ á�Þ¹õ Â��Â� ¤��ê��Â÷ ¢�Þµä� ´�Ü��ì üÜî§�¨�Â� ¤��ê��Â÷ ¢�Þµä� ´�Ü��ì ýÂÑ÷ ���¤�� ö�õ�Â�� ¼�®�� �� 2 Ç¿�ø �ûÂ µ õ�¤� � � � ù�ÂÞû ý¢�ú �È� � ñÀõ 3 Ç¿� ¤¢ .´¨� � µ ê� þ «�Êµ¡� NHPPý�ûù¢�¢ ýø¤ Â� ý¢�ú�È�� ñÀõ ý�ûÂµõ�¤�� 4 Ç¿� ¤¢ .¢�ªüõ ���¤� ö� ý�ûùÂþÁ�ñÀõ ø¢ �� ý¢�ú�È�� ñÀõ 5 Ç¿� ¤¢ .À÷�ªüõ ¢¤ø�Â� ¤��ê��Â÷ ø¢ üãì�ø ´ÆØªø ¶½� 6 Ç¿� ¤¢ ��¹÷�Â¨ .À÷�ªüõ �Æþ�Öõ ¤��ê��Â÷ ¢�Þµä� ´�Ü��ì ���õ¥ ¤¢ �þ��.¢�ªüõ ���¤� ýÂ�ð�¹�µ÷Õ�Ö½� ýÂÑ÷ ���¤�� 2¢�¹þ� ¤��ê��Â÷ ¢�Þµä� ´�Ü ��ì ñÀõ �Àµ �� �û¤��ê��Â÷ ¢�Þµä� ´�Ü ��ì ß�Þ¿� ´ú�ö���üõ ´þ�ú÷ ¤¢ .À÷�ª ¢¤ø�Â� ñÀõ ¤¢ ¢���õ ý�ûÂµõ�¤�� Àþ�� Å³¨ ,¢�ªüõ�®Âä °¨��õ ö�õ¥ ø ¢¥ ß�Þ¿� �¤ ¤��ê��Â÷ ¢�Þµä� ´�Ü��ì ,ùÀª ¢�¹þ� ñÀõ Í¨��.¢�Þ÷ ü���Ç�� �¤ ¤�¥�� �� ¤��ê� �Â÷
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¤��ê��Â÷ ¢�Þµä� ´�Ü��ì ü��þ¥¤� ý�Â� �µê�þÝ�Þã� ñÀõ ×þ : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6¤��ê��Â÷ ¢�Þµä� ´�Ü��ì üõ�Þä ý¥�¨ñÀõ 1.2´�Ü��ì ü¨À�úõ ¤¢ Õê�õ �õ�î ý�û¤���� NHPP §�¨�Â� ¢�Þµä� ´�Ü��ì ý�ûñÀõ�¤� ð ø ý� ,(2011) ö�¤� ØÞû ø ¤� �� î � � ñ� · õ ý�Â � .À � µÆ û ¤�� ê��Â ÷ ¢� Þ µ ä��î ´¨� ßþ� �ûñÀõ ßþ� ¤¢ ü¨�¨� Âê .¢�ª �ã��Âõ (2014) �¢�õ� þ ø (2012)´�Ü��ì Àª¤ ý�ûñÀõ Â·î� ¤¢ .´¨� Ó�¬�� Û��ì NHPP �Ü�¨ø�� ´ÆØª À�þ�ÂêÂÑ÷ ¤¢ Ûþ£ �Âª �� üÜî ý�ûùÂþÁ� �Î¡ ÓÈî À�þ�Âê �� ���� �� ¤��ê��Â÷ ¢�Þµä�:À÷�ªüõ �µêÂð�î Àª��üõ üê¢�Ê� ö�õ¥ � � üþ�û´ÆØª á�ìø Û½õ ý¤��ê��Â÷ ÝµÆ�¨ -1.À÷�ªüõ ¢�¹þ� ¤��ê��Â÷ ¤¢ ¢���õ ý�ûÉÖ÷ Í¨��.¢�ªüõ ý¥�¨ñÀõ NHPP �Ü�¨ø�� �Î¡ éÁ� �þ ÓÈî ¢�À¡¤ -2.À�µÆû üþ�¨��ª Û��ì ö���õ ×þ �� ø ù¢�� ÛÖµÆõ ÂÚþÀØþ ¥� �û�Î¡ ��Þ� -3ùÀ÷�Þ�ì�� ý�û�Î¡ ¢�Àã� �� °¨��µõ ö�õ¥ Âû ¤¢ ùÀª ÓÈî ý�û�Î¡ ¢�Àã� -4.´¨� ¤��ê��Â÷ ¤¢� Ü¬� ê� � ùÀª ö� � � Â¹� õ �î üþ�Î¡ Àû¢üõ  ¤ üµÆØª �î ö� õ¥ Âû -5À � îü Þ ÷ ¥øÂ � ß � � ß þ�¤¢ ýÀ þÀ � ý� Î ¡ ø ¢� ªü õ éÁ � Û õ� î ¤� Ï� � ø.(Ûõ�î üþ�¢¥ñ�Øª�)¢�Àã� ß�Ú÷��õ m(t) ø t ö�õ¥ �� ùÀª ÓÈî ý�û�Î¡ ¢�Àã� N(t) À��î Âê´Ö�Ö� ¤¢ .Àª�� (MVF) 4ß�Ú÷��õ ¤�ÀÖõ â��� �þ ,t ö�õ¥ �� ùÀª ÓÈî ý�û�Î¡ù¥�� ¤¢ ´ÆØª n �fÖ�ì¢ �î ßþ� ñ�Þµ�� .´¨� NHPP ×þ ß�Ú÷��õ ¤�ÀÖõ â��� SRM�¤�¬�� Àû¢  ¤ (0; t) ü÷�õ¥PrfN(t) = ng = [m(t)℄nn! e�m(t); n = 0;1; : : :¢�À ã �) ¤�� ê��Â ÷ ´ÆØª �Àª â �� � �(t) ø m(t) = R t0 �(s)ds ö� ¤¢ � î ,´¨��î ý¤�Ï�� ,´¨� (ö�õ¥ À��ø ¤¢ �û´ÆØªdm(t)dt = �(t)4 Mean Value Funtion
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7 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ü��Öãþ ùÂû�Ï ,ö�þÂµ¡� ���ªÛ�Æ÷�ÂÔþ¢ �ó¢�ãõ Û� ¥� NHPP Â� ü�µ±õ ¢�Þµä� ´�Ü��ì üÜî ñÀõ ßþ�Â�����(t) = dm(t)dt = b(t)[a�m(t)℄ (1)¢¤ø�Â� ý�û�Î¡ Ûî ¢�Àã� a ö� ¤¢ �î ,Àþ�üõ ´¨¢ �� m(0) = 0 �� óø� ¯Âª ��ý�û�Î¡ ¢�Àã� Í¨�µõ [a�m(t)℄ ,ö�õ¥� ��¹÷� ¥� Û±ì ¤��ê��Â÷ ¤¢ ¢���õ ùÀª.´¨� 5ö�õ¥ À��ø ¤¢ �Î¡ ÓÈî  Â÷ b(t) ø t ö�õ¥ �� ¤��ê��Â÷ ¤¢ ùÀ÷�Þ�ì���¤�¬�� (1) Û�Æ÷�ÂÔþ¢ �ó¢�ãõ üõ�Þä ����m(t) = e��(t)[C + Z ab(t)e�(t)dt℄ (2)´�Ü��ì ´þ�ú÷ ¤¢ .´¨� ýÂ�ðñ�ÂÚµ÷� ´��� C ø �(t) = R b(t)dt ö� ¤¢ �î ,´¨�ñ�õÂê ÕþÂÏ ¥� ¤��ê��Â÷ ¢�Þµä�R(t) = e�R t0 �(s)üþ�Þ÷ ñÀõ (1985) Û��ð ø (2011) ö�¤�ØÞû ø ¤���î ñ�·õ ý�Â� .Àþ�üõ ´¨¢��.À÷¢�Þ÷ ö��� 1 ñøÀ� �¤�¬�� �¤ ýÂ�¡�� ÛØª S ñÀõ ø ���õ�î�-Û��ðýÂ�¡�� ÛØª S ñÀõ ø ���õ�î�-Û��ð ñÀõ ������ :1 ñøÀ�[a�m(t)℄ �(t) b(t) m(t) ñÀõae�bt abe�bt b a(1� e�bt) üþ�Þ÷a(1+ bt)e�bt ab2te�bt b2tbt+1 a[1� (1+ bt)e�bt℄ ýÂ�¡�� ÛØª S¤��ê��Â÷ ¢�Þµä� ´�Ü��ì ý�ûñÀõ ý�ûÂµõ�¤�� ¢¤ø�Â� 2.2ù¢�Ôµ¨� �� �î À�µÆû ý��µ¡��ª�÷ ý�ûÂµõ�¤�� ý�¤�¢ ¤��ê��Â÷ ¢�Þµä� ´�Ü��ì ý�ûñÀõ¢¤ø�Â � (MLE) 6üþ� Þ � µ ¨¤¢ ÝÞ �Æ î� õ ©ø¤ � � �f �Þ ã õ ø ´ÆØª ý�ûù¢�¢ ¥�üãì�ø ùÀª ùÀû�Èõ ý�û´ÆØª á�Þ¹õ �î i = 1; : : : ; n ,yi À��î Âê .À÷�ªüõ5 Fault Detetion Rate6 Maximum Likelihood Estimation
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¤��ê��Â÷ ¢�Þµä� ´�Ü��ì ü��þ¥¤� ý�Â� �µê�þÝ�Þã� ñÀõ ×þ : : : : : : : : : : : : : : : : : : : : : : : : : : : : 8Ýµþ¤�Úó �¤�¬ ßþ� ¤¢ .0 < t1 < � � � < tn �î Àª�� yi ,(0; ti) ü÷�õ¥ ý�ûù¥�� ¤¢�¤�¬�� (LLF) 7üþ�Þ�µ¨¤¢ â���LLF = nXi=1(yi � yi�1) log[m(ti)�m(ti�1)℄�m(tn)�ó¢�ãõ (2006) ��ê .¢�� Àû��¡0 = nXi=1 ���m(ti)� ���m(ti�1)m(ti)�m(ti�1) (yi � yi�1)� ���m(tn)Âµõ�¤�� � ö� ¤¢ �î ,¢¤ø� ´¨¢ �� üþ�Þ�µ¨¤¢ â��� ÝÞ�Æî�õ ö¢¤ø� ´¨¢�� ý�Â� �¤.´¨� ñÀõ ñ�ú¹õß�Æû ÅþÂ��õ ,�ûÂµõ�¤�� üþ�Þ�µ¨¤¢ ÝÞ�Æî�õ ¢¤ø�Â� Å÷�þ¤�ø �±¨�½õ ¤�Ñ�õ��.¢�ªüõ Û�ØÈ� üþ�Þ�µ¨¤¢ â��� Ýµþ¤�Úó ¥� �ø¢ �±�Âõ ü��� ��ÖµÈõ ßµêÂð ��¥� ü¡Â� �î üþ��ö� ¥� .´¨� ÅþÂ��õ ßþ� ü®�þ¤ À�õ� ��þÂì ,ÂÈ�ê á�Ï� ÅþÂ��õ�ûö� ü®�þ¤ À�õ� �±¨�½õ ø À÷¤�¢ ý�ùÀ�»�� ¤��Æ� �Âê ¤�îÁõ ÅþÂ��õ ý�û�þ�¤¢ÅþÂ��õ ü®�þ¤ À�õ� �±¨�½õ ý�Â� ï¤�� ¢�Àä� ý�ì ö�÷�ì ¥� ,´Æ�÷ ÂþÁ�ö�Øõ�i = 1; : : : ;m ,Ni(t) ý��÷�Þ÷ ùÀû�Èõ m �î °��Â� ßþ� �� .¢�ªüõ ù¢�Ôµ¨� ß�Æû¢¤ø�Â� ,ß�Æû ÅþÂ��õ ¤¢ ý¤�ÁÚþ�� �� Å³¨ .¢�ªüõ ù¢¤ø� ´¨¢�� ÛÖµÆõ ¤�Ï���¤�¬�� ÂÈ�ê á�Ï� ÅþÂ��õI(�) �= � 1m mXi=1H(�j(Ni(t))1�t�n)� � ö�¨��� À�þ�Âê ¥� ÛÖµÆõ ý�ûÕÖ½� (Ni(t))1�t�n ö� ¤¢ �î ,¢¢Âðüõ �±¨�½õ���¤-Âõ�Âî ß�þ�� ö�Âî �¤�¬ ßþ�¤¢ .´¨� ö� ý�ûÂµõ�¤�� ¤�¢Â� � ø m(t) Âµõ�¤��.´¨� I�1(�) �� Â��Â� �ûÂµõ�¤�� ¢¤ø�Â� ¤�¢Â� Å÷�þ¤�ø�î-Å÷�þ¤�ø ÅþÂ��õ ý�Â�7 Log Likelihood Funtion
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9 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ü��Öãþ ùÂû�Ï ,ö�þÂµ¡� ���ª¤�¥�� �� ¤��ê��Â÷ �®Âä ö�õ¥ ü���Ç�� 3.2�Þ��¡ ý�Â� °¨��õ ö�õ¥ ß��ã� ,¤��ê��Â÷ ¢�Þµä� ´�Ü��ì ü���Ç�� ý�û¢Â�¤�î ¥� üØþø Û��ð ÂÑ÷ �� ���� �� .´¨� ¤�¥�� �� ý¤��ê��Â÷ ñ�Ê½õ �®Âä ø ¤��ê��Â÷ ö�õ¥�ü÷�õ¥ ù¥� � ¤¢ ¢�Þµä� ´�Ü ��ì ¥� üó�±ì Û��ì À� �� ¤��ê��Â÷ Âð� (1981) ���õ�î��� ö� ¤�Èµ÷� ý�Â� ö���üõ ù�Ú÷� ,Àª�� ùÀ�¨¤ ¤��ê��Â÷ ö�õ¥� À�þ�Âê üÏ üÊ¿ÈõüÏÂª ¢�Þµä� ´�Ü ��ì â�� � ¥� éÀû ßþ� �� öÀ�¨¤ ý�Â� .¢Âî ýÂ�ðÝ�ÞÊ� ¤�¥� �ù¢�¢  ¤ t ö�õ¥ ¤¢ ´ÆØª ßþÂ¡� �Ø�þ� Âê �� â��� ßþ� .¢�ªüõ ù¢�Ôµ¨� R(xjt)�¤�¬�� �¤ (t; t+ x) ü÷�õ¥ ù¥�� ¤¢ ´ÆØª ¥øÂ� �Àä ñ�Þµ�� ,Àª��R(xjt) = PrfN(t+ x)�N(t) = 0g = e[m(t+x)�m(t)℄.À�îüõ É¿Èõý¢�ú�È�� ñÀõ 3´þ�ú÷ ¤¢ ø ¢�ªüõ ���¤� ö� ý�ûùÂþÁ� Å³¨ ø ñÀõ ý�ûÂµõ�¤�� �Àµ�� Ç¿� ßþ� ¤¢ø¢ Ûõ�ª ñÀõ ßþ� .¢�ªüõ ý¥�¨ñÀõ ùÀª ���¤� ý�ûùÂþÁ� �� ���� �� ÀþÀ� ñÀõ:´¨� Âþ¥ �¤�¬�� ö�õ¥ �� �µÆ��ø ø ö�õ¥ ¥� ÛÖµÆõ Âµõ�¤�� á�÷¤��ê��Â÷ ¤¢ ¢���õ ��óø� ùÀª ¢¤ø�Â� ý�û�Î¡ Ûî ¢�Àã� :a�µÆ��ø ùÀ�»�� ,ÛÖµÆõ ùÀ�»�� ,ù¢�¨ ùÀª ¢¤ø�Â� ý�û�Î¡ Ûî ¢�Àã� :a1; a2; a3�µÆ��ø ùÀ�»�� ,ÛÖµÆõ ùÀ�»�� ,ù¢�¨ ý�û�Î¡ ÓÈî  Â÷ :b1; b2; b3¤��ê��Â÷ ¤¢ ùÀ�»�� �� ù¢�¨ ý�û�Î¡ ´±Æ÷ :p�µÆ��ø ùÀ�»�� �� ÛÖµÆõ ùÀ�»�� ý�û�Î¡ ´±Æ÷ :qÛÖµÆõ ùÀ�»�� ý�û�Î¡ ü÷�õ¥ Â�¡�� ¤�µî�ê :'1(t)�µÆ��ø ùÀ�»�� ý�û�Î¡ ü÷�õ¥ Â�¡�� ¤�µî�ê :'2(t)¤��ê��Â÷ ý�û�Î¡ Ûî Í¨�µõ ¤�ÀÖõ â��� :m(t)ù¢�¨ ý�û�Î¡ Í¨�µõ ¤�ÀÖõ â��� :m1(t)ÛÖµÆõ ùÀ�»�� ý�Î¡ Í¨�µõ ¤�ÀÖõ â��� :m2(t� '1(t))
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¤��ê��Â÷ ¢�Þµä� ´�Ü��ì ü��þ¥¤� ý�Â� �µê�þÝ�Þã� ñÀõ ×þ : : : : : : : : : : : : : : : : : : : : : : : : : : : 10�µÆ��ø ùÀ�»�� ý�Î¡ Í¨�µõ ¤�ÀÖõ â��� :m3(t� '2(t))´�ãì�ø �� ´¨� ßØÞõ 2 Ç¿� ¤¢ ùÀª ���¤� üÜî ý�ûùÂþÁ� ¥� üÌã� ÛÞä ¤¢¤¢ Â�¡�� ´¨� ßØÞõ ,Àû¢  ¤ üµÆØª �î ö�õ¥ Âû �f ·õ .À�ª�� �µª�À÷ ´Ö��Îõý�ûùÂþÁ� ¤¢ ý¢�ú�È�� ñÀõ .Àª�� �µª�¢ ¢��ø ´ÆØª ´Üä éÁ� ý�Â� ©��Ûþ£ «�¡ ��®øÂÔõ ñ�� ßþ� �� .À�îüõ ëÀ¬ üÜ±ì Ç¿� ¤¢ ùÀª ���¤� 4 ø 2,1:À÷�ùÀª à�½ó ñÀõ¤¢ ��÷ß þ� .À ÷�ªüõ Ý �Æ Ö � ùÀ �» � � ø ù¢� ¨ � µ¨¢ ø¢ � � ¤�� ê��Â ÷ ý� û� Î¡ -Óó�.¢�ªüõ ��¹÷� �ûö� âê¤ ´ú� ¥��÷ ¢¤�õ ©�� ö���õ �� ���� �� ýÀ��Ý�ÆÖ�.À�µÆû éÁ� ø ��¬� Û��ì üþ�¨��ª ¥� Àã� �Ü¬�ê�� ù¢�¨ ý�û�Î¡ -��û�Àõ ´¨� ßØÞõ ,ùÀ�»�� ý�û�Î¡ üþ�¨��ª ¥� Àã� ý¤��ê��Â÷ ÝµÆ�¨ ¤¢ -�ø ÛÖµÆõ á�÷ ø¢ ¤¢ ¢�¡ �û�Î¡ á�÷ ßþ� .Àª�� ¥�� ÷ ��¬� ø éÁ� ý�Â� ©��.À÷�ªüõ �µêÂð ÂÑ÷ ¤¢ �µÆ��øßþ� éÁ� ý�Â� ø ¢¤�À÷ ¢��ø ÛÖµÆõ ùÀ�»�� ý�û�Î¡ ý¤�ê éÁ� ö�Øõ� -¢ßþ�Â���� .´¨� ¥��÷ ù¢�¨ ý�û�Î¡ �� ´±Æ÷ ýÂµÈ�� ö�õ¥ ø ©�� �û�Î¡ ¥� �µ¨¢.¢�ªüõ ù¢�¢ Â���� �ûö� éÁ� ý�Â� '1(t) Â�¡�� ö�õ¥�� ÛÖµÆõ ùÀ�»�� ý�û�Î¡ ¥� üÌã� ¢��ø ´Üä �� �µÆ��ø ùÀ�»�� ý�û�Î¡ -ûÛ��ì ¢�È÷ éÁ� ö� �� ¯��Âõ ÛÖµÆõ ùÀ�»�� ý�Î¡ �î üõ�Ú�û �� ø À�þ�üõ ¢��øÂ�¡�� Ûõ�ä �û�Î¡ ¥� �µ¨¢ ßþ� éÁ� ¤¢ ¥��÷ ¢¤�õ ©�� ´Üä �� .À�ª��üÞ÷ éÁ��ûö� üþ�¢¥ ñ�Øª� ¤¢ '2(t) Â�¡�� ö�õ¥ °��Â� ßþÀ� ,ù¢�±÷ üª��ÝÈ� Û��ì ö�õ¥.¢�ªüõ ù¢�¢ Â����¢¤�À ÷ ¢� �ø ü þ�¢¥ñ� Ø ª� À � þ�Â ê ü Ï À þÀ � ý� û� Î ¡ ¢� ¹ þ� ñ� Þ µ �� -ø.(Ûõ�î üþ�¢¥ñ�Øª�)ø �Î¡ ÓÈî ,´ÆØª ùÀû�Èõ À�þ�Âê �¨ ¥� ¤��ê��Â÷ ö�õ¥� �Ü�Âõ À��î Âê�� ý¤��ê��Â÷ ý�û�Î¡ � ø Óó� ý�ûÂê §�¨�Â� .Àª�� ùÀª Û�ØÈ� �Î¡ éÁ�ß�� ¤¢ ß��»Þû .À÷�ªüõ Ý�ÆÖ� �µ±¨�ø ùÀ�»�� ø ÛÖµÆõ ùÀ�»�� ,ù¢�¨ �µ¨¢ �¨ßþ�Â��� � .(ø Âê) ¢¤�À÷ ¢��ø ÀþÀ� ý�û�Î¡ ¥øÂ� ö�Øõ� ,üþ�¢¥ñ�Øª� À�þ�Âê
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11 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ü��Öãþ ùÂû�Ï ,ö�þÂµ¡� ���ª�� ´¨� Â��Â� (0; t) ö�õ¥ ¤¢ ùÀª ÓÈî ý�û�Î¡ Ûî ¢�Àã�m(t) = m1(t) +m2(t� '1(t)) +m3(t� '2(t)) (3)ý�Â � ,� Â ê §� ¨�Â � :m1(t) ù¢� ¨ ý� û� Î ¡ éÁ� ý¥� ¨ñÀ õ -Ó ó�Û�� ì �Î¡ éÁ� ø ÓÈî ,´ÆØª ùÀû�È õ ß � � ü ÷� õ¥ Â �¡� � ù¢�¨ ý�û�Î¡ùÀû�Èõ ¥� Àã � �Ü¬�ê�� ù¢�¨ ý�û�Î¡ �Ø�þ� � � ���� � � .Àª� �üõ üª��ÝÈ�ÓÈî À�þ�Âê ßþ�Â���� ,À�ª��üõ éÁ� Û��ì ÝµÆ�¨ ùÀ��îö�õ¥� ¢Âê Í¨�� ´ÆØªb1 ´�� � ý�Î¡ ÓÈî  Â÷ � � (1) ¢�Þµä� ´�Ü �� ì üõ�Þä ñÀõ ¤¢ �ûö� éÁ� ø.´ª�¢ Ý�û��¡ ñÀõ ßþ� ý�ûùÂþÁ� �� ���� �� .À�îüõ ëÀ¬dm1(t)dt = b1[a1 �m1(t)℄ (4)Í¨�µõ ¤�ÀÖõ â��� (2) �ó¢�ãõ ÕþÂÏ ¥� (4) Û�Æ÷�ÂÔþ¢ �ó¢�ãõ Û� �� a1 = pa ö��.¢�ªüõ ¢�¹þ� Âþ¥ ùÀª ÓÈî ý�Î¡m1(t) = a1(1� eb1t) = pa(1� e�b1t)¥øÂ � �� Ú � û ¤¢ :m2(t) Û Ö µ Æ õ ùÀ � » � � ý� û� Î ¡ éÁ� ý¥� ¨ñÀ õ -�´Üä ÓÈî ´ú� ýÂµÈ�� ö�õ¥ �� ¥��÷ ¤��ê��Â÷ ùÀ��îö�õ¥� Ý�� ,ùÀ�»�� ý�û�Î¡Â�¡�� ÛÖµÆõ ùÀ�»�� ý�û�Î¡ ¢¤�õ ¤¢ .(� Âê) ¢¤�¢ ö� éÁ� Å³¨ ø �Î¡.(¢ Âê) Àª��üÞ÷ üª��ÝÈ� Û��ì ö� éÁ� �� �Î¡ ×þ üþ�¨��ª ß�� ü÷�õ¥ßþ� �� ,¢Âî ù¢�Ôµ¨� ¢�Þµä� ´�Ü��ì üõ�Þä ñÀõ ¥� ö���üõ ��÷ �û�Î¡ á�÷ ßþ� ý�Â��î ßþ� Âê �� .¢�¢ Â���� üþ�¢¥ñ�Øª� À�þ�Âê ¤¢ �¤ ö�õ¥ Â�¡�� Ûõ�ä ´¨� �¥� ñ��ÛÖµÆõ ý�û�Î¡ ¢�Àã� �� °¨��µõ ùÀª üþ�¨��ª ÛÖµÆõ ý�û�Î¡ Í¨�µõ ¤�ÀÖõ:Ýþ¤�¢ ,Àª�� ÝµÆ�¨ ¤¢ ùÀ÷�Þ�ì��dm2(t)dt = b2[a2 �m2(t)℄ (5)m2(0) = 0 Íþ�Âª ¤¢ (5) Û�Æ ÷�Â Ô þ¢ � ó¢� ã õ Û� � � a2 = (1 � p)qa ö� ¤¢ �î:´ª�¢ Ý�û��¡m2(t) = a2(1� e�b2t) = (1� p)qa(1� e�b2t) (6)
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¤��ê��Â÷ ¢�Þµä� ´�Ü��ì ü��þ¥¤� ý�Â� �µê�þÝ�Þã� ñÀõ ×þ : : : : : : : : : : : : : : : : : : : : : : : : : : : 12¤¢ ö�õ¥ Â�¡�� Ûõ�ä ,¤��ê��Â÷ ùÀ��îö�õ¥� Ý�� ýÂ�ð¢�þ ø �¤�úõ Çþ��ê� �� ���� ��¤¢ �¤ ö� ,�µêÂð ÂÑ÷¤¢ '1(t) ý¢�ã¬ â��� �¤ ÛÖµÆõ ùÀ�»�� ý�û�Î¡ üþ�¢¥ñ�Øª�.Ý�û¢üõ Â���� (6) �ó¢�ãõ'1(t) = ( ln(1+ b2t)b2 ) ßþ�Â����m2(t� '1(t)) = (1� p)qa[1� (1+ b2t)e�b2t℄.´¨� ýÂ�¡�� ÛØª S ñÀõ �ó¢�ãõ ö�Þû �îö�Øõ� ,û Âê §�¨�Â� :m3(t) �µÆ��ø ùÀ�»�� ý�û�Î¡ éÁ� ý¥�¨ñÀõ -��ûö� ùÀ��î À�ó�� �î ,ÛÖµÆõ ùÀ�»�� ý�û�Î¡ �î ö� ¥� Û±ì �û�Î¡ á�÷ ßþ� éÁ�ßþ� ý�Â� ¢�Þµä� ´�Ü��ì üõ�Þä ñÀõ ßþ�Â���� .¢¤�À÷ ¢��ø À÷�È÷ éÂÏÂ� ,À�µÆû´ó�� ßþ�¤¢ .(Àª��üÞ÷ ¤�ÂìÂ� 3 Âê) ´Æ�÷ ýÂ�ð¤�î�� Û��ì �fÞ�ÖµÆõ �û�Î¡ á�÷¢�Àã� � � °¨��µõ ÝµÆ�¨ ¤¢ ùÀª ÓÈî �µÆ��ø ùÀ�»�� ý�û�Î¡ Í¨�µõ ¤�ÀÖõÛÖµÆõ ùÀ�»�� ý�û�Î¡ Í¨�µõ ¤�ÀÖõ ø ÝµÆ�¨ ¤¢ ùÀ÷�Þ�ì�� �µÆ��ø ùÀ�»�� ý�û�Î¡ö¢�¢ ¤�Âì �� ßþ�Â���� .Àª��üõdm3(t)dt = b3[a3 �m3(t)℄m2(t� '1(t))a2 + a3 (7):´ª�¢ Ý�û��¡ (7) �ó¢�ãõ Û� ¥� ø a3 = (1� p)(1� q)a Ýþ¤�¢m3(t) = a3[1� exp(�a2b3(b2t+ 2e�b2t + b2te�b2t � 2)b2(a2 + a3) )℄= (1� p)(1� q)a[1� e�(1�p)qab3(b2t+2eb2t+b2te�b2t�2)b2((1�p)a) ℄ (8)Ûõ�ä ,�µÆ��ø ùÀ�»�� ý�û�Î¡ üþ�¢¥ñ�Øª� ø éÁ� ¤¢ ¥��÷ ¢¤�õ ö�õ¥ �� ���� ��ùÀ�»�� ý�û�Î¡ üþ�ú÷ �ó¢�ãõ ø ¢�ªüõ ù¢�¢ Â���� (8) �ó¢�ãõ ¤¢ '2(t) ö�õ¥ Â�¡��.¢�ªüõ Û¬�� Âþ¥ �¤�¬�� �µÆ��ø'2(t) = ( ln(1+ b3t)b3 )
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13 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ü��Öãþ ùÂû�Ï ,ö�þÂµ¡� ���ªm3(t� '2(t)) = a3[1� exp(�a2b3(b2(t� '2(t)) + 2e�b2(t�'2(t))b2(a2 + a3)+ b2(t� '2(t))� 2)b2(a2 + a3) )℄= (1� p)(1� q)a[1� exp(�(1� p)qab3(b2(t� '2(t))+ 2e�b2(t�'2(t))+b2(t�'2(t))e�b2(t�'2(t))�2b2((1� p)a))℄�¤�±ä ¤��ê��Â÷ ý�û�Î¡ Ûî Í¨�µõ ¤�ÀÖõ â��� (3) �ó¢�ãõ ßµêÂð ÂÑ÷¤¢ �� ßþ�Â����¥� Àª Àû��¡m(t) = pa(1� e�b1t) + (1� p)qa[1� (1+ b2t)e�b2t℄+ (1� p)(1� q)a[1� exp(�(1� p)qab3(b2(t� '2(t))b2((1� p)a)+ 2e�b2(t�'2(t)) + b2(t� '2(t))e�b2(t�'2(t)) � 2b2((1� p)a) )℄ñÀõ ©¥�Â� 4üãì�ø ö�õ¥ ñÂµ�î ø üûÀ÷�õÂê ¤��ê��Â÷ ´ÆØª ý�ûù¢�¢ �ä�Þ¹õ �� ý¢�ú�È�� ñÀõ,Àª ù¢�¢ Õ�±Î� ,(2 ñøÀ�) ´¨� ùÀª ©¤��ð (1987) ö�¤�ØÞû ø ü¨�õ Í¨�� �îÝµÆ�¨ ¢�Þ µä� ´�Ü �� ì ø ùÀ ÷�Þ � ì� � ý�û�Î¡ ¢�Àã � ,ß�Ú ÷� � õ ¤�ÀÖõ â �� � ù¥�À ÷�ñÀõ ý�ûÂµõ�¤�� �Àµ�� 2 ñøÀ� ¤¢ ùÀª ���¤� ´ÆØª ý�ûù¢�¢ §�¨�Â� .Àª ¢¤ø�Â�¤��ê��Â÷ �� ø MLE ©ø¤ �� ýÂ�¡�� ÛØª S ñÀõ ø ���õ�î�-Û��ð ñÀõ ,ý¢�ú�È��.´¨� ùÀª ���¤� 3 ñøÀ� ¤¢ ¸þ�µ÷ ø ùÀª ¢¤ø�Â� MATLAB 2012¢�Àã� ,Í¨�µõ ¤�ÀÖõ â�� � ö���üõ ùÀõ� ´¨¢�� ý�û¢¤ø�Â� �� ���� � � ö��î�üØ��î ü÷�õ¥ ù¥� � ¤¢ ¤��ê��Â ÷ ¢�Þµä� ´�Ü �� ì ø ¤��ê��Â ÷ ¤¢ ùÀ÷�Þ� ì� � ý�û�Î¡.¢�Þ÷ É¿Èõ �¤ ¤��ê��Â÷ ö�õ¥� �Þ��¡ ö�õ¥ ø ¢Âî ¢¤ø�Â� �¤ (t; t+ 0=1) ö�»Þûý�û�Î¡ ¢�Àã� �î ´¨� ü÷�õ¥ ¤�¥�� �� ¤��ê��Â÷ �®Âä ö�õ¥ À��î Âê ñ�·õ ö���ä��¤¢ �¤ ¤��ê��Â÷ ßþ� ö�õ¥� ö���üõ �¤�¬ ßþ� ¤¢ ,Àª�� 10 ¥� ÂµÞî ö� ¤¢ ùÀ÷�Þ�ì��ù¥�� ¤¢ ¤�¥�� �� ���¤� ý�Â� üþ�ú÷ ñ�Ê½õ ¢�Þµä� ´�Ü��ì .¢�¢ �Þ��¡ ��24 ´ä�¨
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¤��ê��Â÷ ¢�Þµä� ´�Ü��ì ü��þ¥¤� ý�Â� �µê�þÝ�Þã� ñÀõ ×þ : : : : : : : : : : : : : : : : : : : : : : : : : : : 14üãì�ø ö�õ¥ ñÂµ�î ø üûÀ÷�õ�ê ¤��ê��Â÷ ´ÆØª ù¢�¢ á�Þ¹õ :2 ñøÀ�ý�Î¡ á�Þ¹õ ý�Î¡ ¢�Àã� (´ä�¨) ö�õ¥ùÀª ùÀû�Èõ ùÀª ùÀû�Èõ27 27 143 16 254 11 364 10 475 11 583 7 684 2 789 5 892 3 993 1 1097 4 11104 7 12106 2 13111 5 14116 5 15122 6 16122 0 17127 5 18128 1 19129 1 20131 2 21132 1 22134 2 23135 1 24136 1 25ýÂ�¡�� ÛØª S ø ���õ�î�-Û��ð ,ý¢�ú�È�� ñÀõ ý�ûÂµõ�¤�� ¢¤ø�Â� :3 ñøÀ�ý�Î¡ Å÷�þ¤�ø ¢¤ø�Â� Âµõ�¤�� ñÀõ¢¤�À÷�µ¨�12=34 152=39 144 a ý¢�ú�È��0=06 0=003 0=37 b10=01 0=0004 0=10 b20=02 0=06 0=99 b30=05 0=002 0=57 p0=14 0=022 0=44 q11=74 148=83 142 a0=01 2=0865e�04 0=12 b ���õ�î�-Û��ð12=19 137=83 136 a0=01 3=4125e�04 0=28 b ýÂ�¡�� ÛØª S
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15 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ü��Öãþ ùÂû�Ï ,ö�þÂµ¡� ���ªÀ�þ�Âê ��ä�Ï� 4 ñøÀ� .´¨� 0/9 ¢øÀ� ,(25 ø 25/1) ,ö� ¥� Àã� ù���î ü÷�õ¥ñÀõ � � ùÀª ù¢�¢ Õ�±Î� ,üãì�ø ö�õ¥ ñÂµ �î ø üûÀ÷�õÂê ÝµÆ�¨ ¤��ê��Â ÷ ö�õ¥��¤ ¤�¥�� �� ö� �®Âä ö�õ¥ ß�Þ¿� ´ú� ,ö�õ¥� 25 �� 17 ý�ûö�õ¥ ¤¢ ý¢�ú�È���¤�¬�� ñÀõ ÂÈ�ê á�Ï� ÅþÂ��õ ß��»Þû .Àû¢üõ ���¤�
I(�)=2666666664 74=99 0=019 0=035 �0=059 �0=003 0=0160=019 0=006 0=001 �0=006 �0=004 0=0030=035 0=001 0=001 �0=007 �0=001 0=002�0=059 �0=006 �0=007 0=181 0=010 �0=059�0=003 �0=004 �0=010 0=010 0=005 �0=0040=016 0=003 0=002 �0=059 �0=004 0=027

3777777775.´¨� � = (a; b1; b2; b3; p; q) ö� ¤¢ �î ,´¨�ñÂµ�î ø üûÀ÷�õÂê ¤��ê��Â÷ ö�õ¥� ¤� � Âû ¥� Å� ùÀª °Æî ��ä�Ï� :4 ñøÀ�¤�¥�� �� ö� �®Âä ö�õ¥ ß��ã� ý�Â� üãì�ø ö�õ¥R(0=1jt) â� m̂(t) â m̂(t) ö�õ¥ �� ö�õ¥�0/727 76/163 198/368 122/205 170/680 49/680 176/680 127/000 180/764 24/132 152/134 127/997 190/819 15/412 144/409 128/997 200/838 13/881 144/882 131/001 210/869 10/459 142/459 132/000 220/877 11/119 145/124 134/005 230/896 9/075 144/078 135/002 240/911 7/964 143/967 136/003 25ý¢�ú�È�� ñÀõ �Æþ�Öõ 5ýÂ �¡� � ÛØª S ñÀ õ ø � �� õ� î�-Û ��ð ñÀ õ � � ý¢� ú �È � � ñÀ õ Ç¿ � ß þ� ¤¢´¨� ùÀª ���¤� 1 ñøÀ� ¤¢ �ûö� ÂµÈ�� ������ �î ¤��ê��Â÷ ¢�Þµä� ´�Ü��ì ü���Ç���ä�Þ¹õ �� �ûñÀõ Õ�±Î� ý�û¤�¢�Þ÷ Í¨�� À÷���üõ �ûñÀõ �Æþ�Öõ .¢�ªüõ �Æþ�Öõý¢�ú�È�� ñÀõ Õ�±Î� ¤�¢�Þ÷ 1 ÛØª .¢�ª ù¢�¢ Çþ�Þ÷ �û¤��ê��Â÷ ´ÆØª ý�ûù¢�¢
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¤��ê��Â÷ ¢�Þµä� ´�Ü��ì ü��þ¥¤� ý�Â� �µê�þÝ�Þã� ñÀõ ×þ : : : : : : : : : : : : : : : : : : : : : : : : : : : 16ö�õ¥ ñÂµ�î ø üûÀ÷�õÂê ¤��ê��Â÷ ´ÆØª ù¢�¢ �ä�Þ¹õ ýø¤ Â� �¤ ¤�îÁõ ñÀõ ø¢ øÂ� ü��¡ �� ý¢�ú�È�� ñÀõ ,¢�ªüõ �Ñ��õ �î �÷�ðö�Þû .Àû¢üõ ö�È÷ üãì�ø

 ýÂ�¡�� ÛØª S ø ���õ�î�-Û��ð ,ý¢�ú�È�� ñÀõ Õ�±Î� �Æþ�Öõ ¤�¢�Þ÷ :1 ÛØªüãì�ø ö�õ¥ ñÂµ�î ø üûÀ÷�õÂê ¤��ê��Â÷ ´ÆØª ù¢�¢ �ä�Þ¹õ ýø¤ùÀþ¢Âð Õ±Î�õ üãì�ø ö�õ¥ ñÂµ�î ø üûÀ÷�õÂê ¤��ê��Â÷ ´ÆØª ù¢�¢ �ä�Þ¹õ ýø¤.´¨�,(PRR) 8×Æþ¤ ü���Ç��  Â÷ ¤��ãõ �¨ ¥� ö���üõ �ûñÀõ Õ�ì¢ �Æþ�Öõ ý�Â�� î (MSE) 10�Î¡ �ø¢ ý�ûö�� � Í¨�µ õ ø (SSE) 9�Î¡ �ø¢ ý�ûö�� � á�Þ¹õ�¤�¬��PRR = nXi=1(m(ti)� yim(ti) )2SSE = nXi=1(yi �m(ti))2MSE = nXi=1 (m(ti)� yi)2n8 Preditive-Ratio Risk9 Sum of Squared Errors10 Mean Squared Errors
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17 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ü��Öãþ ùÂû�Ï ,ö�þÂµ¡� ���ª¤¢ ùÀª ùÀû�Èõ ý�û�Î¡ Ûî ¢�Àã� yi ö� ¤¢ �î ,¢�Þ÷ ù¢�Ôµ¨� ,À÷�ªüõ ÓþÂã���Àû�Èõ ¢�Àã� n ø ti ö�õ¥ ¤¢ ùÀª ù¢¥ ß�Þ¿� ý�Î¡ á�Þ¹õ m(ti) ,ti ö�õ¥.´¨�,ý¢� ú � È � � ý� ûñÀ õ ¤¢ MSE ø SSE ,PPR ¤� � ã õ � ¨ Â þ¢� Ö õ 5 ñøÀ �¤�� ê��Â ÷ ´ÆØª ýù¢�¢ �ä�Þ¹õ ýø¤ Â � �¤ ýÂ �¡� � ÛØª S ø� �� õ�î�-Û ��ð.Àû¢üõ ö�È÷ üãì�ø ö�õ¥ ñÂµ�î ø üûÀ÷�õÂêø ���õ�î�-Û��ð ý�ûñÀõ �� ý¢�ú�È�� ©ø¤ �Æþ�Öõ ý�Â� �û¤��ãõ ¢¤ø�Â� :5 ñøÀ�ö�õ¥ ñÂµ�î ø üûÀ÷�õÂê ¤��ê��Â÷ ´ÆØª ýù¢�¢ �ä�Þ¹õ ýø¤ ýÂ�¡�� ÛØª Süãì�øñÀõ üþ�Þ÷ ñÀõ ñÀõýÂ�¡�� ÛØª S ý¢�ú�È�� ¤��ãõ28=51 0=64 0=013 PRR4217=9 903=27 84=54 SSE168=71 36=13 4=025 MSEÂî£ ý�ûù¢�¢ �ä�Þ¹õ ýø¤ Â� ý¢�ú�È�� ñÀõ ¢�ªüõ �Ñ��õ �î ¤�Ïö�Þû.À�îüõ ÛÞä ¤�îÁõ ñÀõ ø¢ ¥� Âµú� ,�µª�¢ ü��¡ © ¥�Â� ùÀª�ä�Þ¹õ ¥� ù¢�Ôµ¨� �� ¤�îÁõ ñÀõ ø¢ �� Õ�Ö½� ßþ� ¤¢ �µê�þÝ�Þã� ñÀõ �õ�¢� ¤¢�±û� Í¨�� ,IBM ´îÂª Í¡Â� ��ä�Ï� ¢ø¤ø ý¤��ê��Â÷ �µÆ� ö�õ¥� ¥� �î ý�ù¢�¢.´¨� ùÀª ���¤� 2 ÛØª ø 6 ñøÀ� ¤¢ ¸þ�µ÷ ø �Æþ�Öõ ´¨� ùÀõ� ´¨¢�� (1984)ø ���õ�î�-Û��ð ý�ûñÀõ �� ý¢�ú�È�� ©ø¤ �Æþ�Öõ ý�Â� �û¤��ãõ ¢¤ø�Â� :6 ñøÀ�IBM ù¢�¢ �ä�Þ¹õ ýø¤ ýÂ�¡�� ÛØª SñÀõ üþ�Þ÷ ñÀõ ñÀõýÂ�¡�� ÛØª S ý¢�ú�È�� ¤��ãõ22=22 1=04 0=71 PRR33=88 170=82 30=50 SSE1=68 8=13 1=69 MSE
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¤��ê��Â÷ ¢�Þµä� ´�Ü��ì ü��þ¥¤� ý�Â� �µê�þÝ�Þã� ñÀõ ×þ : : : : : : : : : : : : : : : : : : : : : : : : : : : 18

 ÛØª S ñÀõ ø ���õ�î�-Û��ð ñÀõ � � ý¢�ú�È� � ©ø¤ Õ�±Î� �Æþ�Öõ :2 ÛØªIBM ù¢�¢ �ä�Þ¹õ ýø¤ Â� ýÂ�¡��ýÂ�ð�¹�µ÷ ø ¶½� 6À�þ�Âê ñÂµ�î ø ¢�Þµä� ´�Ü��ì ýÂ�ðù¥�À÷� ý�Â� ¤��ê��Â÷ ¢�Þµä� ´�Ü��ì Àª¤ ý�ûñÀõý�û�Î¡ ¢�Àã� À�÷�õ �û§��Öõ ¥� üÌã� .À÷��µêÂð ¤�Âì ù¢�Ôµ¨� ¢¤�õ ¤��ê��Â÷ ö�õ¥�ý�û�Î¡ ¢�Àã � ,«�¡ ö�õ¥ ù¤ø¢ ×þ ¤¢ ¢�Þ µä� ´�Ü �� ì ,´ÆØª �Àª ,� � óø�´ÆØª �� öÀ�¨¤ ö�õ¥ Í¨�µõ ø �û´ÆØª ß�� ö�õ¥ Í¨�µõ ,¤��ê��Â÷ ¤¢ ùÀ÷�Þ�ì��ßþ� ¤¢ ùÀª ���¤� ¢�Þµä� ´�Ü��ì Àª¤ ÀþÀ� ñÀõ .À÷�ªüõ ß��ã� �ûSRGM Í¨��ø ÛÖµÆõ ùÀ�»�� ý�û�Î¡ ,ù¢�¨ ý�û�Î¡ �µ¨¢ �¨ �� �¤ ý¤��ê��Â÷ ý�û�Î¡ �ó�Öõ��¬� ø éÁ� ¤¢ ö�õ¥ Â�¡�� Ûõ�ä Â���� ,ù¢Âî Ý�ÆÖ� �µÆ��ø ùÀ�»�� ý�û�Î¡ý�û¤�¢�Þ÷ ø ñø�À� ¥� Û¬�� ¸þ�µ÷ .´¨� ù¢�¢ ¤�Âì ���� ¢¤�õ �¤ ùÀ�»�� ý�û�Î¡ö�õ¥ ñÂµ�î ø üûÀ÷�õÂê ¤��ê��Â÷ ´ÆØª ù¢�¢ �ä�Þ¹õ �� ý¢�ú�È�� ñÀõ Õ�±Î��� ý¢�ú�È�� ñÀõ ��®øÂÔõ Àû¢üõ ö�È÷ IBM ´ÆØª ý�ûù¢�¢ �ä�Þ¹õ ø üãì�øü��þ¥¤� ´ú� ýÂ�üÖÎ�õ ¾¨�� ,ù¢�� ÂµØþ¢�÷ Àû¢üõ  ¤ üãì�ø ö�ú� ¤¢ �»÷����¤� ¤��ê��Â÷ ¢�Þµä� ´�Ü��ì ü��þ¥¤�ø ß�Þ¿� ø ¤��ê��Â÷ ¤¢ ùÀ÷�Þ�ì�� ý�û�Î¡ ¢�Àã�ñ�Ê½õ Âä ö�õ¥ �þ ¤��ê��Â÷ ´�Ô�î ù¤��¤¢ ýÂ�Õ�ì¢ ��ä�Ï� ßþ�Â���� .À�îüõ
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19 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ü��Öãþ ùÂû�Ï ,ö�þÂµ¡� ���ªßµêÂð ÂÑ÷ ¤¢ �� ë�ê ñÀõ ¢�ªüõ ¢�ú�È�� ö�þ�� ¤¢ .¢¤�Áðüõ ¤��µ¡� ¤¢ ¤�¥�� ��.À÷�ª Â�×þ¢�÷ ´�ì�ø �� ,üþ�¢¥ñ�Øª� ß�� ÀþÀ� ý�û�Î¡ ¥øÂ� ñ�Þµ��â��ÂõGoel, A. L. (1985), Software Reliability Models: Assumptions, Limitationsand Appliability, IEEE Trans. On Software Engineering, 11, 1411-1423.Goel, A. L. and Okumoto, K. (1981), Optimal Release Time for SoftwareSystems Based on Reliability and Cost Criteria, Journal of Systemsand Software, 1, 315-318.Huang, C. Y. and Lin, C. T. (2004), Software Reliability Growth ModelsInorporating Fault Dependeny with Various Debugging Time Lags,Proeedings of the 28th Annual International Computer Software andAppliation Conferene, Hong Kong, China, 186-191.Huang, C. Y. and Lin, C. T. (2006), Software Reliability Analysis by Con-sidering Fault Dependeny and Debugging Time Lag, IEEE Trans onReliability, 55, 436-450.Kapour, P. K., Garg, R. B. and Kumar, S. (1999), Contributions to Hard-ware and Software Reliability, Word Sienti�, Singapore.Kapour, P. K., Pham, H., Gupta, A. and Jha, P. C. (2011), SoftwareReliability Assessment with or Appliations, Springer-Verlag, London.Kapour P. K. and Younes, S.(1995), Software Reliability Growth Modelwith Error Dependeny, Miroeletron.Reliab., 35, 273-278.
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¤��ê��Â÷ ¢�Þµä� ´�Ü��ì ü��þ¥¤� ý�Â� �µê�þÝ�Þã� ñÀõ ×þ : : : : : : : : : : : : : : : : : : : : : : : : : : : 20Lie, R. and Garg, M. (2012), A Detailed Study of NHPP Software Relia-bility Models, Journal of Software, 7, 1296-1305.Musa, J. D., Lannino, A. and Okumoto, K. (1987), Software Reliability:Measurement, Predition and Appliation, MCGraw-Hill, New York.Ohba, M. (1984), Software Reliability Analysis Models, IBM Journal ofResearh and Development, 28, 428-443.Pham, H. (2006), System Software Reliability, Springer Series in ReliabilityEngineering, London.Yamada, S. (2000), Software Reliability Models and Their Appliations:A Survey, In: Proeedings of the International Seminar on SoftwareReliability of Man-Mahine Systems, Kyoto University, Japan, 56-80.Yamada, S. (2014), Software Reliability Modeling: Fundamentals and Ap-pliations, Springer.Yamada, S., Ohba, M. and Osaki, S. (1983), S-Shaped Reliability GrowthModeling for Software Error Detetion, IEEE Trans. On Reliability,32, 475-484.Yamada, S., Ohba, M. and Osaki, S. (1984), S-Shaped Software ReliabilityGrowth Models and Their Appliations, IEEE Trans. On Reliability,33, 289-292.Yamada, S., Tokunou, K. and Osaki, S. (1992), S-Imperfet DebuggingModels with Fault Introdution Rate for Software Reliability Assess-ment, International Journal of System Siene, 23, 2241-2252.Zaks, S. (1992), Introdution to Reliability Analysis, Springer-Verlag, Lon-don.
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