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Âþ�¨ �� ü�øÂµ÷� ý��±õ Â� ©¥�Â� üþ�Ø�÷ ý�ûö�õ¥� ö��� �Æþ�Öõ�úªø¤ü��ì�÷ ù¢���Üä �®¤ ,ü��ì�÷ ù¢���Üä ý¢�ûÀúÈõ ü¨ø¢Âê ù�ÚÈ÷�¢ ,¤�õ� ùøÂð

1387*8*10 :ýÂÚ÷¥�� ßþÂ¡� ¾þ¤�� 1387*5*23 :´ê�þ¤¢ ¾þ¤���¤ �÷�Þ÷ ü�øÂµ÷� ý��±õ Â� ©¥�Â� üþ�Ø�÷ ý�ûö�õ¥� ö��� �ó�Öõ ßþ� ¤¢ : ùÀ�Ø��ú÷� ø Ý�û¢üõ ¤�Âì ü��þ¥¤� ø ¶½� ¢¤�õ ´¡���Øþ ø üþ�Þ÷ ,ñ�õÂ÷ ý�ûâþ¥�� ý�Â�ý��±õ Â� ý�ûö�õ¥� �î Ý�û¢üõ ö�È÷ .Ý��îüõ �Æþ�Öõ ÂÚþ¢ ý�ûö�õ¥� ö��� �� �¤�ó�Öõ ßþ� ¤¢ .À�µÆû ýÂµÞî ö��� ý�¤�¢ ùÀª �Æþ�Öõ ý�ûö�õ¥� �� ´±Æ÷ ü�øÂµ÷�ÀþÀ� ö�õ¥� ßþ� ø Ý��îüõ üêÂãõ �÷�Þ÷ ü�øÂµ÷� ý��±õ Â� ö¤�Ö� ÀþÀ� ö�õ¥� ×þö�È ÷ ,� ûö� õ¥� ö�� � ý¥�¨� � ±ª ×Þî � � ø �Æ þ� Ö õ ýÂÚ þ¢ ö¤� Ö � ö� õ¥� � � �¤.´¨� ýÂµÈ�� ö��� ý�¤�¢ ÀþÀ� ö�õ¥� �î Ý�û¢üõ.ö¤�Ö� ö�õ¥� ,©¥�Â� üþ�Ø�÷ ö�õ¥ � : ýÀ�Üî ý�ûù��ø0 . alizadehhadi�ymail:
om, ü��ì�÷ ù¢���Üä ý¢�û : �ó�Öõ ñ�ÿÆõ ×�÷øÂµØó� §¤¢�0 . 62F05 ,62F03 :(2000) ü®�þ¤ ýÀ��á�®�õ Àî



�úªø¤ Âþ�¨ �� ü�øÂµ÷� ý��±õ Â� ©¥�Â� üþ�Ø�÷ ý�ûö�õ¥� ö��� �Æþ�Öõ : : : : : : : : : : : : : : 98�õÀÖõ 1ö�� üÞ�û�Ôõ ý¥�¨üÞî ý�Â� ø üêÂãõ ×þ��ê ÝÜä ¤¢ ¤�� ß�óø� ü�øÂµ÷� ��úÔõýÂ�ðù¥�À÷� ý�Â� ��úÔõ ßþ� ¥� �ûÀã� .Àª ù¢Â� ¤�î �� üÞÑ÷ü� ø ´��Þµ� �Àä(1948) ö� ÷�ª .Àª ù¢� Ô µ¨� üê¢�Ê� ý�ûÂ �ç µ õ ��Àû�Èõ ¥� Û¬�� ��ä�Ï��¤�Ê� �¤ f üó�Ú� â��� �� F âþ¥�� ü�øÂµ÷�H(f) = � Z 1�1 f(x) log f(x) dx:¥� �î x1; : : : ; xn ��Àû�Èõ ý��±õ Â� �¤ âþ¥�� ×þ ü�øÂµ ÷� ¢¤ø�Â� .¢Âî ÓþÂã�ý�û©ø¤ ö�ÖÖ½õ ¥� ý¤��Æ� .À�þ�ð ý��÷�Þ÷ ü�øÂµ÷� ,À÷�ùÀõ� üõ�Üãõ�÷ âþ¥���ÜÞ� ¥� ,À ÷�ù¢�Þ÷ ¢�ú �È� � � µ¨�� � ý�ûâþ¥�� ýÂµõ�¤� �� ÷ ¢¤ø�Â � ý�Â � üÔÜ µ¿õø (1992) öø ,(1992) ß�¤�õ ø ñ�û ,(1989) ý�� ,(1976) ×»�¨�ø �� ö���üõ´Üä �� ,×»�¨�ø Âð¢¤ø�Â� ,�ûÂð¢¤ø�Â� ßþ� ö��õ ¤¢ .¢Âî ù¤�ª� (1995) �þ¤�î.´¨� �µêÂð ¤�Âì ���� ¢¤�õ ÂµÈ�� �ûö�õ¥� ¶½±õ ¤¢ ùÄþø �� ,�±¨�½õ ¤¢ üð¢�¨ü �øÂ µ ÷� ¢¤ø�Â � .Àª� � F â þ¥� � ¥� ü ê¢�Ê � � ÷�Þ ÷ ×þ x1; : : : ; xn À � � î ­Âê�¤�Ê� ×»�¨�ø ý��÷�Þ÷Hmn = 1n nXi=1 logn n2m (x(i+m) � x(i�m)) o;.Àª�� i > n Âð� x(i) = x(n)ø i < 1 Âð� x(i) = x(1) ö� ¤¢ �î ,´¨�âþ¥�� ¥� �ûù¢�¢ � þ� Ý� ÷�À� �î ´¨� Ýúõ üä�Þµ�� ø ü¨À�úõ ��Üä ��ãó�Îõ ¤¢ý�Â� ©¥�Â� üþ�Ø�÷ ý�ûö�õ¥� �� À�Þì�ä ý¤��Æ� ö�ÖÖ½õ .�÷ �þ À÷�ùÀõ� ü¬�¡ßþ� ¤¢ ý¢�þ¥ ý�ûö�õ¥� ßþ�Â�� � � .À÷�ù¢�� ´¡���Øþ ø üþ�Þ÷ ,ñ�õÂ÷ ý�ûâþ¥��ü�øÂµ÷� ý�Â� Âð¢¤ø�Â� üêÂãõ �� ù�ÂÞû (1976) ×»�¨�ø .À÷�ùÀª üêÂãõ �û���õ¥ö�õ¥� À�� �� �¤ ö� ø ¢Âî üêÂãõ ¢�¡ Âð¢¤ø�Â� ý��±õ Â� ö¢�� ñ�õÂ÷ ý�Â� ü÷�õ¥�ý��±õ Â� ©¥�Â� üþ�Ø�÷ ý�ûö�õ¥� ý�þ�¤� �� �î ýÀã� ö�ÖÖ½õ .¢Âî �Æþ�Öõ ÂÚþ¢ßó�õ¤À÷ø ø ºþø¢�¢ .À÷�ù¢Âî ù¢�Ôµ¨� Âð¢¤ø�Â� ßþ� ¥� ��÷ À÷��µ¡�¢Â� �÷�Þ÷ ü�øÂµ÷�ý�Â� ü�øÂµ÷� ý��±õ Â� üþ�ûö�õ¥� °��Â� �� (1992) ö�¤�ØÞû ø üÞ�û�Â�� ø (1981)



99 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ü��ì�÷ ù¢���Üä �®¤ ,ü��ì�÷ ù¢���Üä ý¢�ûÂÚþ¢ ý�ûö�õ¥� ¥� ý¢�Àã� �� �¤ ¢�¡ ý�ûö�õ¥� ø üêÂãõ ö¢�� üþ�Þ÷ ø üµ¡���Øþü�øÂµ÷� ý��±õ Â� ý�ûö�õ¥� �Æþ�Öõ ý�Â� �¤ üþ�ûö�õ¥� �¹�þ� ¤¢ �õ .À÷¢Âî �Æþ�Öõ(1992) ö�¤�ØÞû ø üÞ�û�Â�� ø (1981) ßó�õ¤À÷ø ø ºþø¢�¢ �î ÝþÂ�ðüõ ÂÑ÷ ¤¢� î ¢�¢ Ý � û��¡ ö�È ÷ ø À ÷�ù¢ÂØ ÷ ù¢� Ô µ¨� ¢�¡ ý�ûö� õ¥� �Æ þ� Ö õ ý�Â � � ú ÷� ¥�ñ�õÂ÷ ö�õ¥� ß��»Þû .À�µÆû ýÂ���� ö��� ý�¤�¢ ùÀª �µêÂð ÂÑ÷ ¤¢ ý�ûö�õ¥�ùÀª �µ¡��ª ö��î�� �î ö¢�� ñ�õÂ÷ ö�õ¥� ßþÂµ÷���Â� �� �¤ ü�øÂµ÷� ý��±õ Â� ö¢��.Ý��îüõ �Æþ�Öõ ,´¨�Â� ´¡���Øþ ø üþ�Þ÷ ,ö¢�� ñ�õÂ÷ ý�ûö�õ¥� �� °��Â� �� 4 ø 3 ,2 ý�úÈ¿� ¤¢�Æþ�Öõ ÂÚþ¢ ý�ûö�õ¥� ö��� �� �¤ �ûö�õ¥� ßþ� ö��� ø Ýþ¥�¢Â�üõ ü�øÂµ÷� ý��±õø Ý��îüõ üêÂãõ �¤ �÷�Þ÷ ü�øÂµ÷� ý��±õ Â� ö¤�Ö� ÀþÀ� ö�õ¥� 5 Ç¿� ¤¢ .Ý��îüõ.Ý��îüõ �Æþ�Öõ ýÂÚþ¢ ö¤�Ö� ö�õ¥� ö��� �� �¤ ö�õ¥� ßþ� ö���.´¨� ùÀª ��¹÷� ¤�ÂØ� 10000 �� ø R ¤��ê� �Â÷ ¥� ù¢�Ôµ¨� �� �ûý¥�¨��±ª üõ�Þ�ö¢�� ñ�õÂ÷ ö�õ¥� 2.Àª� � f üó�Ú� â�� � � � F âþ¥�� ¥� üê¢�Ê� � ÷�Þ ÷ ×þ x1; : : : ; xn À� �î ­Âê��®Âê ö�õ¥� Ý�û��¡üõH0 : f(x) = 1p2��2 expf �12�2 (x� �)2g Û��Öõ ¤¢H1 : f(x) 6= 1p2��2 expf �12�2 (x� �)2g.À÷���Üãõ�÷ ø¢ Âû �¤��ãõ é�Â½÷� ø � ß�Ú÷��õ �î ,Ý�û¢ ��¹÷� �¤�� ���� � � .À�ª� � � ÷�Þ÷ °�Âõ ý�ûù¤�õ� x(1) � x(2) � : : : � x(n) À��î ­Âêü�øÂµ÷� ÝÞþ�î�õ ý�¤�¢ ñ�õÂ÷ âþ¥�� �2 Å÷�þ¤�ø �� ý�ûâþ¥�� ��Þ� ö��õ ¤¢ �Ø�þ��¤�Ê� (1976) ×»�¨�ø ýù¤�õ� ,Àª��üõKmn = n2ms ( nYi=1 (x(i+m) � x(i�m))) 1n



�úªø¤ Âþ�¨ �� ü�øÂµ÷� ý��±õ Â� ©¥�Â� üþ�Ø�÷ ý�ûö�õ¥� ö��� �Æþ�Öõ : : : : : : : : : : : : : 100ÂµÞî ´±·õ ¼�½¬ ¢Àä m ,�÷�Þ÷ Å÷�þ¤�ø s2 = 1n nPi=1 (xi � �x)2 ö� ¤¢ �î ,´¨�×��î Âþ¢�Öõ .À�ª��üõ i > n Âð� x(i) = x(n) ø i < 1 Âð� x(i) = x(1) ø n2 ¥�Kmn âþ¥�� ÂÔ¬ ��®Âê ´½� .À÷�ªüõ ö¢�� ñ�õÂ ÷ � �®Âê ¢¤ � � Â¹�õ Kmnßþ� ý�Â� .Ýþ¤ø�üõ ´¨À� ý¥�¨ ��±ª ×Þî �� �¤ ü÷�Â½� ¯�Ö÷ �Áó ø ´Æ�÷ ��ÜãõÀ�ó�� ñ�õÂ÷ âþ¥�� ¥� ù¢�¢ n ¤�� Âû ¤¢ ø ¢�þ¥ ��ãê¢ ¢�Àã� �� ÂÔ¬ ��®Âê ´½� ¤�î(ö�õ¥� ¼Î¨) �´±Æ÷ �î ý��ÎÖ÷ .Ý��îüõ �±¨�½õ �¤ ö�õ¥� ù¤�õ� ¤�ÀÖõ ø ù¢Âîö� õ¥� ü ÷�Â½ � ý�ÎÖ ÷ ´¨� ö� ¥� Â µ Þ î ö� õ¥� ù¤� õ� ýùÀª � ±¨�½õ Â þ¢� Ö õ ¥�m×þ ,nÓÜµ¿õ Âþ¢�Öõ ý�Â � �Â þ¥ ´¨� ý��Ü ÿÆõ �� ÷ m ��¿µ ÷� .¢� � Àû��¡ý¢�Àã� ýø¤ Kmn ö�õ¥� ö��� .¢�ª ÝÞþ�î�õ ö�õ¥� ö��� �î ¢¤�À÷ ¢��ø üÊ¿Èõ�î ý�m ¥� ø ´¨� ùÀª �±¨�½õ mÓÜµ¿õ Âþ¢�Öõ ý�¥� � � Û��Öõ ý�û��®Âê ¥�ý�Â� �¤ ���ú� m Âþ¢�Öõ (1976) ×»�¨�ø .Ý��îüõ ù¢�Ôµ¨� ,Àû¢üõ �¤ ö��� ßþÂµÈ��ù¢�Ôµ¨� Kmn ö�õ¥� ö��� �±¨�½õ ý�Â� m Âþ¢�Öõ ßþ� ¥� �õ .´¨� ù¢�¢ n = 10;20.´¨� ùÀª ù¢¤ø� 1 ñøÀ� ¤¢ �ú÷��� .Ý��îüõ�¤�Ê� ö¢�� ñ�õÂ÷ ö�õ¥� ý�Â� 1×Üþø -øÂ���ª ù¤�õ�W = � nPi=1 ai;nX(i)�2nPi=1 (Xi � �X)2�� Â¹�õ W ×��î Âþ¢�Öõ .´¨� §��Öõ ø ö�Øõ ¤¢ �þ�� Kmn ù¤�õ� ���Èõ �î ,´¨�üÎ¡ Âð¢¤ø�Â� ßþÂµú� , nPi=1 ai;nX(i) ´Ö�Ö� ¤¢ .¢�ªüõ ö¢�� ñ�õÂ÷ ��®Âê ¢¤¤¢ W ü÷�Â½� ¯�Ö÷ ø n � 50 ý�Â� ai;n °þ�Â® .´¨� � ý�Â� (BLUE) °þ¤��÷�¤ ö¢�� ñ�õÂ÷ ö�õ¥� ßþÂµ ÷���Â�W ù¤�õ� .´¨� ùÀõ� (1972) üÜ�¤�û ø ö�¨Â��.(À���±� �¤ (1974) ,�Ø�� ñ�·õ ý�Â�) ¢¥�¨üõ Ýû�Âê�� �î üãþ¥�� ¥� ù¢�¢ n ¢�Àã� ¤�� Âû W ø Kmn ý�ûö�õ¥� ö��� ý¥�¨��±ª ý�Â��¤ ö�õ¥� ù¤� õ� ¤�ÀÖõ ø À� ó� � ,´¨� ùÀª �µ êÂð ÂÑ ÷ ¤¢ ß�È÷�� ��®Âê ö�� �ä��ãê¢ ¢�Àã� Ûî �� ¢�ªüõ ¢¤ ö�õ¥� �î ü��ãê¢ ¢�Àã� ´±Æ÷ .Ý��îüõ �±¨�½õ1 Shapiro-Wilk



101 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ü��ì�÷ ù¢���Üä �®¤ ,ü��ì�÷ ù¢���Üä ý¢�ûø ÓÜµ¿õ ý�ûâþ¥�� ¥� ù¢�¢ À�ó�� üÚ÷�Ú� .¢�� Àû��¡ ö�õ¥� ö��� ,ý¥�¨��±ªÂþ¢�Öõ .´¨� ùÀõ� 2 ´¨��� ¤¢ ö�õ¥� ö��� ø ü÷�Â½� ¯�Ö÷ ý�±¨�½õ ý�û�õ�÷Â�ö¤�Öµõ ý�ûâþ¥�� ,2�ó�� ý�ûâþ¥��) âþ¥�� 12 ý�Â� 1 ñøÀ� ¤¢ �¤ �ûö�õ¥� ö���,À÷�ùÀª �µêÂð ÂÑ÷ ¤¢ ß�È÷�� ý�û��®Âê ö���ä �� �î (4À�Ü� ø 3ù���î ý�û�¢ �����Öõ Â·î� ¤¢ .´¨� ùÀª ù¢¤ø� 1 ´¨��� ¤¢ �ûâþ¥�� ßþ� üó�Ú� â���� .Ýþ�ù¢¤ø�ø ö�±µ¨� ñ�·õ ý�Â�) .´¨� ùÀª ù¢�Ôµ¨� ß�È÷�� ý�û��®Âê ö���ä �� �ûâþ¥�� ßþ� ¥�.(À���±� �¤ (2007) ,ßî�þ ø üØþ¥�þ ø (2001) ,ö�¤�ØÞûý�û�¢ �� ö¤�Öµõ ø �ó�� ý�ûâþ¥�� ý�Â� Kmn ö�õ¥� ö��� ,1 ñøÀ� �� ���� ��22 ¥� ¢¤�õ 16 ¤¢ �î Ý��îüõ ùÀû�Èõ ß��»Þû .´¨� W ö�õ¥� ö��� ¥� ÂµÞî À�Ü�ö���üõ á�Þ¹õ ¤¢ ßþ�Â���� .Àª��üõ Kmn ö�õ¥� ¥� ÂµÈ�� W ö�õ¥� ö��� ,¢¤�õ.´¨� Kmn ö�õ¥� ¥� Âµ÷���Â� W ö�õ¥� ¢¤��õ Â·î� ¤¢ �î ´Ôð�� ß��»Þû .À�îüõ Â��ç� n �� �î ´¨� ý��ÜÿÆõ Kmn ù¤�õ� ¤¢ m ¤�ÀÖõ ��¿µ÷��¹�µ ÷ Kmn ö�õ¥� ý�Â� ü�� þ� � ö��� ,1 ñøÀ� ¤¢ m ¥� ü�ø�Ôµõ Âþ¢�Öõ ��¿µ÷�.À�îüõ ÛþÀ±� W ö�õ¥� ý�Â� ü÷��� Ýî °�ì¤ �� �¤ ö� �î ¢�ªüõö¢�� üþ�Þ÷ ö�õ¥� 3��®Âê ý�Â� ©¥�Â� üþ�Ø�÷ ö�õ¥� �� À�Þì�ä �î À��î ­ÂêH0 : f(x) = 1� e� x� x > 0 Û��Öõ ¤¢H1 : f(x) 6= 1� e� x� x > 0.´¨� ��Üãõ�÷ � �ú÷� ¤¢ �î ,Ý�µÆûø üÞ�û�Â��) �¤�Ê� ùÀª ¢�ú�È�� ö�õ¥� ù¤�õ� 5ÂÜ±�ó-×±ó�î á�Ï� ¥� ù¢�Ôµ¨� ��2 Skew distributions3 Short-tailed symmetri
 distributions4 Long-tailed symmetri
 distributions5 Kullba
k-Leibler information



�úªø¤ Âþ�¨ �� ü�øÂµ÷� ý��±õ Â� ©¥�Â� üþ�Ø�÷ ý�ûö�õ¥� ö��� �Æþ�Öõ : : : : : : : : : : : : : 102(1992 ,ö�¤�ØÞûKmn = �Hmn + log(�x) + 1; ö� ¤¢ �î ´¨��x = 1n nXi=1 xi,(2001 ,Ù÷�� ø ��) ´¨� ß� þ� � üÜ �¡ ñ� õÂ ÷ � � Kmn âþ¥� � ü þ�ÂÚÞû ´äÂ¨´¨À� ñ�õÂ÷ âþ¥�� ü÷�Â½� ¯�Ö÷ �� üþ�ÂÚÞû À�û¢üõ ö�È÷ �ûý¥�¨ ��±ª �Øþ¤�Ï¯�Ö÷ ßþ�Â���� .´¨� n = 500 À�÷�õ ï¤�� üÜ�¡ n �÷�Þ÷ ù¥�À÷� Âð� üµ� Àþ�üÞ÷Kmn ï¤�� Âþ¢�Öõ .Ý��îüõ �±¨�½õ ý¥�¨��±ª ÕþÂÏ ¥� �¤ Kmn ö�õ¥� ü÷�Â½�.¢�ªüõ ö¢�� üþ�Þ÷ ��®Âê ¢¤ �� Â¹�õÀ��î ­ÂêDi = (n� i)fX(i+1) �X(i)g ;1 � i � nù¤�õ� (1981) �Ø�� ö¢�� üþ�Þ÷ ö�õ¥� ý�Â�Z = 2 n�1Pi=1 (n� i� 1)Di(n� 2) n�1Pi=1 DiÂÔ¬ ��®Âê ¢¤ � � Â¹�õ ö� ï¤� � ø ×��î Âþ¢�Ö õ �î ,´¨� ù¢Âî ¢�ú �È� � �¤.´¨� ùÀª �µ¡��ª ö¢�� üþ�Þ÷ ý�Â� ö�õ¥� ßþÂµ÷���Â� ö���ä �� ö�õ¥� ßþ� .¢�ªüõö��� Âþ¢�Öõ .(À���±� �¤ (1981) ,ß��¤�û ø Âþ¢ ø (1983) ,ö��ÈþÂî��� ñ�·õ ý�Â�)¥� ù¢�Ôµ¨� � � ß�È÷�� ý�û��®Âê ö���ä �� âþ¥�� 12 ý�Â� Z ø Kmn ý�ûö�õ¥�Âþ¢�Öõ ö�Þû Kmn ¤¢ m Âþ¢�Öõ .´¨� ùÀª ���¤� 2 ñøÀ� ¤¢ ø �±¨�½õ ý¥�¨��±ª�Ñ��õ �î ¤�Î÷�Þû .À�ª� �üõ (1992) ,ö�¤�ØÞû ø üÞ�û�Â �� ¤¢ ùÀª ¢�ú�È� �.´¨� Kmn ö�õ¥� ¥� Âµ÷���Â� ý��Ñ��õ Û��ì ¤�Î� Z ö�õ¥� ¢�ªüõ



103 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ü��ì�÷ ù¢���Üä �®¤ ,ü��ì�÷ ù¢���Üä ý¢�û0/1 ¼Î¨ ¤¢ W ø Kmn ö¢�� ñ�õÂ÷ ý�ûö�õ¥� ö��� :1 ñøÀ�n = 10 n = 20ß�È÷�� ��®Âê K(m = 2) W K(m = 3) WNormal 0=099 0=098 0=098 0=102Exponential 0=56 0=57 0=91 0=90Gamma(2) 0=29 0=33 0=60 0=64Weibull(2) 0=14 0=15 0=23 0=27Weibull(0=5) 0=96 0=94 1=00 1=00Beta(2;1) 0=29 0=23 0=57 0=46t(2) 0=22 0=37 0=38 0=58t(4) 0=13 0=20 0=16 0=33Cau
hy 0=51 0=65 0=79 0=90Logisti
 0=08 0=13 0=10 0=19Log �Normal 0=68 0=70 0=95 0=96Tukey(0=585) 0=18 0=11 0=32 0=19
0/1 ¼Î¨ ¤¢ Z ø Kmn ö¢�� üþ�Þ÷ ý�ûö�õ¥� ö��� :2 ñøÀ�n = 10 n = 20ß�È÷�� ��®Âê K(m = 3) Z K(m = 4) ZExponential 0=101 0=098 0=099 0=101Chisq(1) 0=14 0=32 0=30 0=56Chisq(3) 0=12 0=13 0=14 0=19Chisq(4) 0=15 0=18 0=19 0=34Weibull(0=5) 0=32 0=63 0=70 0=91Weibull(2) 0=29 0=37 0=56 0=75Weibull(3) 0=47 0=56 0=84 0=92Weibull(6) 0=68 0=72 0=96 0=98Beta(2;1) 0=83 0=78 1=00 0=99Half �Normal 0=15 0=17 0=20 0=31Half �Cau
hy 0=24 0=48 0=45 0=73Half � Tukey 0=35 0=34 0=70 0=66(l = 0=585)



�úªø¤ Âþ�¨ �� ü�øÂµ÷� ý��±õ Â� ©¥�Â� üþ�Ø�÷ ý�ûö�õ¥� ö��� �Æþ�Öõ : : : : : : : : : : : : : 104üµ¡���Øþ ö�õ¥� 4á� Ï� ¥� ù¢� Ô µ ¨� � � H0 : f(x) = 1 ; 0 � x � 1 � � ®Â ê ý�Â � ö� õ¥� ù¤� õ�(1981 ,ßó�õ¤À÷ø ø ºþ�þ¢�¢) .´¨� Âþ¥ �¤�Ê� ÂÜ±�ó-×±ó�îKmn = Hmnü÷�Â½� ¯�Ö÷ Àþ�üÞ÷ ´¨À� üµ��Â� ÂÔ¬ ��®Âê ´½� Kmn ù¤�õ� âþ¥�� �î �¹÷� ¥���®Âê ¢¤ �� Â¹�õ Kmn ×��î Âþ¢�Öõ .Ýþ¤ø�üõ ´¨À� ý¥�¨ ��±ª ×Þî �� �¤��¿µ÷� ý��÷�ð �� m ¤�ÀÖõ ,Kmn ö�õ¥� ö��� �±¨�½õ ý�Â� .¢�ªüõ üµ¡���Øþ.¢�ª ÝÞþ�î�õ ö��� �î ¢�ªüõ(1975 ,ß±�Ü�ê ø 1976 ,ß�� ø ´�Þ¨�) ö�õ¥� ù¤�õ� ñ��R = 1� �̂2(x(i); ki) ; ki = in+ 1ø ×��î Âþ¢�Öõ .Àª��üõ ki ø xi üÚµÆ±Þû °þÂ® �̂ ö� ¤¢ �î ,ÀþÂ�Ú� ÂÑ÷ ¤¢ �¤ö� õ¥� ß þÂ µ ÷�� �Â � R ö� õ¥� .¢�ªüõ ü µ¡�� � Ø þ � �®Â ê ¢¤ � � Â¹ � õ R ï¤� �.(À���±� �¤ 1981 ø 1980 ,�Ø��) ´¨� ö¤�Öµõ Û��Öõ ý�û��®Âê Û��Öõ ¤¢ üµ¡���Øþ�� �¤ ü÷�Â½� ¯�Ö÷ Kmn ù¤�õ� ���Èõ ø ´Æ�÷ ��Üãõ R âþ¥�� ÂÔ¬ ��®Âê ´½��î) Û��Öõ ��®Âê 12 ý�Â� R ø Kmn ý�ûö�õ¥� ö��� .Ý��îüõ ß��ã� ý¥�¨��±ªý¥�¨��±ª (´¨� ùÀª �µêÂð ÂÑ÷ ¤¢ 1981 ,ßó�õ¤À÷ø ø ºþ�þ¢�¢ ¤¢ ¤�� ß�óø� ý�Â�¢¤��õ Â·î� ¤¢ ¢�ªüõ �Ñ��õ �î ¤�Î÷�Þû .´¨� ùÀª ù¢¤ø� 3 ñøÀ� ¤¢ ¸þ�µ÷ ø�µêÂð ÂÑ÷ ¤¢ ý�ûâþ¥�� üã��� ý�û�Âê .Àª��üõ Kmn ö�õ¥� ¥� Âµ÷���Â� R ö�õ¥�ö�� � �Æ þ� Ö õ ¤¢ � ûâ þ¥� � ß þ� .´¨� ùÀª ù¢¤ø� 1 ´¨� � � ¤¢ 3 ñøÀ� ¤¢ ùÀª.À÷�ªüõ ù¢�Ôµ¨� °Üè� üµ¡���Øþ ý�Â� ©¥�Â� üþ�Ø�÷ ý�ûö�õ¥�ö¤�Ö� ö�õ¥� 5ý��±õ Â� ©¥�Â� üþ�Ø�÷ ý�ûö�õ¥� ö��� ÝþÀþ¢ üÜ±ì ý�ûÇ¿� ¤¢ �î ¤�Î÷�Þû�Æþ�Öõ ý�ûö�õ¥� �� �Æþ�Öõ ¤¢ üµ¡���Øþ ø ö¢�� üþ�Þ÷ ,ö¢�� ñ�õÂ÷ ý�Â� ü�øÂµ÷�



105 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ü��ì�÷ ù¢���Üä �®¤ ,ü��ì�÷ ù¢���Üä ý¢�û©¥�Â� üþ�Ø�÷ ý�ûö�õ¥� ý�Â� �¤ �¹�µ ÷ ßþ� ,¢��ø ßþ� � � .À÷¢�� Â�ß�þ� � ùÀªý�ûö�õ¥� �þ ùÂ�è ø �õ�ð ,Û±þ�ø À�÷�õ ÓÜµ¿õ ý�ûâþ¥�� ý�Â� ùÀ�þ� ¤¢ �î ýÂÚþ¢.´Ôð ö���üÞ÷ ,À�þ� ´¨À� ü�øÂµ÷� ý��±õ Â� ýÂÚþ¢ ýÂµõ�¤���÷Â� ö¤�Ö� ö�õ¥� ×þ Àû¢ ö�È÷ �¤ ��� °ÜÎõ �î ñ�·õ ×þ ö���ä �� Ç¿� ßþ� ¤¢�¤�Ê� �¤ ö�õ¥� .Ý��îüõ üêÂãõ ü�øÂµ÷� ý��±õT = jHmn(x � ~x)�Hmn(x � ~x)jý�Â � ×»�¨�ø ü �øÂ µ ÷� Â ð¢¤ø�Â � ¤�À Ö õ Hmn(x � ~x) ö� ¤¢ � î ,Ý � � îüõ ö� � �×»�¨�ø ü�øÂµ÷� Âð¢¤ø�Â� ¤�ÀÖõ Hmn(x � ~x) ø ~x ýø�Æõ �þ ÂµØ��î ý�ûù¢�¢ßþ� ��¿µ÷� Û�ó¢ .´¨� �ûù¢�¢ �÷��õ ~x ø Àª��üõ ~x ýø�Æõ �þ Âµð¤�� ý�ûù¢�¢ ý�Â�.´¨� Âþ¥ �Âª �� ù¤�õ�Ýþ¤�¢ ßþ�Â���� ´¨� ö¤�Öµõ ��÷ f log f Àª�� ö¤�Öµõ f Âð� �î ´¨� ¼®�øZ ~x�1 f(x) log(f(x))dx = Z +1~x f(x) log(f(x))dx�� �¤ ��� �Î��¤ ´¨�¤ ø ²� ´Þ¨ ý�ûñ�ÂÚµ÷� ñ�� .Àª��üõ f âþ¥�� �÷��õ ~x �îÝþ¤�¢ ,Ý�÷¥üõ °þÂÖ� Hmn(x � ~x) ø Hmn(x � ~x) �� °��Â�Hmn(x � ~x) = Hmn(x � ~x)ý�¤�¢ (1996) ù¤�¨�õ ø ��Ü� ��î Í¨�� ùÀª üêÂãõ ö¤�Ö� ö�õ¥� � � �¤ ö�õ¥� ßþ�ù¤�õ�Q = �� ~x�pnâþ¥�� ¤��ãõ é�Â½÷� ø �÷��õ ,ß�Ú÷��õ °��Â� �� �ø ~x ,� ö� ¤¢ �î ,Ý��îüõ �Æþ�Öõ.Àª��üõ¤�Î÷�Þû .´¨� ùÀª ù¢¤ø� 4 ñøÀ� ¤¢ ø �±¨�½õ ý¥�¨��±ª �� ö�õ¥� ø¢ ßþ� ö���Q ö�õ¥� ¥� Â µ ÷�� �Â � T ü�ã þ ,À þÀ� ö�õ¥� ¢¤�� õ Â · î� ¤¢ ¢�ªüõ �Ñ��õ �î�� ´±Æ÷ T ö�õ¥� ö��� ýÂ�Â� ö���õ �÷�Þ÷ Ý¹� Çþ��ê� � � ß��»Þû .Àª��üõ.À��þüõ Çþ��ê� Q ö�õ¥�



�úªø¤ Âþ�¨ �� ü�øÂµ÷� ý��±õ Â� ©¥�Â� üþ�Ø�÷ ý�ûö�õ¥� ö��� �Æþ�Öõ : : : : : : : : : : : : : 1060/1 ¼Î¨ ¤¢ R ø Kmn üµ¡���Øþ ý�ûö�õ¥� ö��� :3 ñøÀ�n = 10 n = 20ß�È÷�� ��®Âê K(m = 3) R K(m = 7) RUniform 0=096 0=099 0=103 0=101A1=5 0=15 0=14 0=27 0=24A2 0=23 0=22 0=49 0=40B1=5 0=084 0=10 0=092 0=14B2 0=10 0=13 0=15 0=24B3 0=13 0=19 0=18 0=30C1=5 0=15 0=20 0=19 0=28C2 0=19 0=34 0=23 0=57Tukey(l = 0=585) 0=088 0=10 0=090 0=12Tukey(l = 2=82) 0=086 0=095 0=096 0=13(1+ u)k; k = 2 0=13 0=12 0=20 0=17(1+ u)k + (2� u)k 0=33 0=40 0=65 0=70(k = �2)
0/05 ¼Î¨ ¤¢ Q ø T ö¤�Ö� ý�ûö�õ¥� ö��� :4 ñøÀ�n = 10 n = 20ß�È÷�� ��®Âê Q T Q TNormal 0=048 0=053 0=049 0=051Chisq(1) 0=653 0=770 0=878 0=984Chisq(3) 0=289 0=281 0=476 0=635Chisq(5) 0=210 0=178 0=321 0=386Exponential 0=397 0=449 0=621 0=830Gamma(2) 0=234 0=216 0=380 0=496Gamma(3) 0=177 0=150 0=280 0=327Weibull(2) 0=119 0=086 0=159 0=146Beta(2;1) 0=021 0=145 0=073 0=320Beta(3;1) 0=014 0=223 0=034 0=493Beta(2;3) 0=097 0=058 0=116 0=073Beta(4;2) 0=026 0=072 0=035 0=128



107 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ü��ì�÷ ù¢���Üä �®¤ ,ü��ì�÷ ù¢���Üä ý¢�ûýÂ�ð�¹�µ÷ ø ¶½� 6ý��±õ Â� ´¡���Øþ ø üþ�Þ÷ ,ñ�õÂ÷ âþ¥�� �¨ ý�Â� ©¥�Â� üþ�Ø�÷ ý�ûö�õ¥� ö���ö��� ý�¤�¢ �ûö�õ¥� ßþ� �î Àª ù¢�¢ ö�È÷ ø �Æþ�Öõ ÂÚþ¢ ý�ûö�õ¥� � � ü�øÂµ ÷��� �Æþ�Öõ ¤¢ �¹�µ÷ ßþ� âì�ø ¤¢ .À�µÆû ùÀª �Æþ�Öõ ý�ûö�õ¥� �� ´±Æ÷ ýÂµÞî�¤ ü�øÂµ÷� ý��±õ Â� ý�ûö�õ¥� Âð� ø ´¨� ´¨¤¢ �ó�Öõ ßþ� ¤¢ �ÂÎõ ý�ûö�õ¥�,8´¨�¨-öø ,7Â �� î ,6é� ÷Â � Þ¨�-éøÂð�Þ Ü î ö�»Þû ÂÚ þ¢ ý� ûö� õ¥� � ��Æþ�Öõ 12ö�Æ��ø ø 11Å�Þ÷�ø-Âõ�Âî ,10Ù��ó¤�¢-ö�¨¤À÷� ,9ÂÔ»¨�-ß�µÆÜØ��êßþ� Â� ø À�µÆû ýÂµú� ö��� ý�¤�¢ ü�øÂµ÷� ý��±õ Â� ý�ûö�õ¥� �î Àþ¢ Ý�û��¡ Ý��îý� � ± õ Â � ý�ûö�õ¥� ���Ö õ ö�ðÀ �Æ þ� ÷ �î ý¤�Î ÷�Þû ,À ÷¤�¢ ýÂ �Â � � ûö�õ¥�ø ºþø¢�¢ ø 1992 ,ö�¤�ØÞû ø üÞ�û�Â�� ñ�·õ ý�Â�) .À÷�ù¢�¢ ��¹÷� �¤ ¤�Ø�þ� ü�øÂµ÷�ý�Â� �ú�� ��� �¹�µ÷ �î ´¨� ö� ùÀ�û¢ ö�È÷ ü÷�þ�� ñ�·õ .(À���±� �¤ 1981 ,ßó�õ¤À÷øÂ� ÂÚþ¢ ý�ûö�õ¥� ý�Â� ø Àª��üõ ´¨¤¢ ´¡���Øþ ø üþ�Þ÷ ,ñ�õÂ÷ âþ¥�� �¨.Àª�±÷ ¤�ÂìÂ� ´¨� ßØÞõ ü�øÂµ÷� ý��±õ.Óó� ´¨���Normal(�; �2); f(x) = 1p2�� expf� (x� �)22�2 g �1 < x < +1Skew Distriutions :Exp(�); f(x) = 1� expf�x� g 0 � x <1Gamma(�; �); f(x) = 1�(�)�� x��1 expf�x� g 0 � x <1Beta(�; �); f(x) = 1B(�; �)x��1(1� x)��1 ; 0 � x � 1 ; B(�; �) = �(�)�(�)�(�+ �)Weibull(�; �); f(x) = ��� x��1 expf�(x� )�g 0 � x <16 Kolmogorov-Smirnov7 Kuiper8 Van-Soest9 Finkelstein-S
hafer10 Anderson-Darling11 Cramer von Mises12 Watson



�úªø¤ Âþ�¨ �� ü�øÂµ÷� ý��±õ Â� ©¥�Â� üþ�Ø�÷ ý�ûö�õ¥� ö��� �Æþ�Öõ : : : : : : : : : : : : : 108Chi� Square; f(x) = 1�( v2)2v/2 )x(v2 )�1 expf�x2g 0 � x <1Lognormal; f(x) = 1p2��x expf� (log x� �)22�2 g 0 � x <1Half �Normal; f(x) = ( 2p2�� ) expf�(x� �)22�2 g 0 � x <1Half � Cau
hy; f(x) = 2�(1+ x2) 0 � x <1Long � tailed Symmetri
 Distributions (Kurtosis > 3) :Logisti
; f(x) = (1� ) expf�x��� g(1+ expf�x��� g)2 �1 < x < +1Cau
hy; f(x) = 1�� : 11+ (x��� )2 �1 < x < +1Student t; f(x) = �((v + 1)=2)�(v=2) : 1p�v (1+ (x2v ))�(v+1)=2 �1 < x < +1Short � tailed Symmetri
 Distributions (Kurtosis < 3) :Uniform; f(x) = 1b� a a � x � bAk; f(x) = k(1� x)k�1 0 � x � 1Bk; f(x) = � 2k�1kxk�1 0 � x � 0:52k�1k(1� x)k�1 0:5 � x � 1Ck; f(x) = � 2k�1k(0:5� x)k�1 0 � x � 0:52k�1k(x� 0:5)k�1 0:5 � x � 1Tukey; Generated as [ul � (1� u)l℄=l ; u is uniform(0;1)(1+ u)k + (2� u)k; u isUniform(0;1)(1+ u)k; u isUniform(0;1)
.� ´¨�����¤� µ¨¢ ¥� ùÂ � è ø Û± þ�ø ,ü þ�Þ ÷ ,ñ� õÂ ÷ À � ÷� õ éøÂãõ ý¤� õ� ý�ûâ þ¥� � ý�Â �� � rweibull ø rnorm ��¤�µ¨¢ ñ� · õ ¤�Î � .Ý � � îüõ ù¢�Ô µ¨� R ý¤�õ� ¤�� ê��Â ÷üþ�ûâþ¥�� ý�Â� �õ� .¢ø¤üõ ¤�Ø� Û±þ�ø ø ñ�õÂ÷ âþ¥�� ¥� ù¢�¢ À�ó�� ý�Â� °��Â�ÛþÀ± � � �Ìì ¥� À þ� � ´¨� ùÀõ� Óó� ´¨�� � ¤¢ �î Tukey ø Ck ,Bk ,Ak À� ÷� õý�Â�).Ý�Æþ��� �¤ ÂÑ÷ ¢¤�õ âþ¥�� ¥� ù¢�¢ À�ó�� �õ�÷Â� Å³¨ ø ù¢Âî ù¢�Ôµ¨� öø¤�ø¥� ù¢�¢ À�ó�� üÚ÷�Ú� �¹�þ� ¤¢ ñ�·õ ö���ä �� .(À���±� 2002 ,§�¤ ÂµÈ�� ��½�®��



109 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ü��ì�÷ ù¢���Üä �®¤ ,ü��ì�÷ ù¢���Üä ý¢�ûÝþ¤�¢ .Ýþ¤ø�üõ ´¨À� �¤ Bk âþ¥�� â��� �Àµ�� .Ý�û¢üõ �Âª �¤ Bk âþ¥��FBk (x) = ( 2k�1xk 0 � x � 0:51� 2k�1(1� x)k 0:5 � x � 1.Ýþ¤�¢ öø¤�ø ÛþÀ±� ��Ìì ¥� ù¢�Ôµ¨� ��u = 2k�1xk ) x = kr u2k�1u = 1� 2k�1(1� x)k ) x = 1� kr1� u2k�1.¢Âî À�ó�� Bk âþ¥�� ¥� ù¢�¢ ,n ýù��¿ó¢ ¢�Àã� �� ö���üõ Âþ¥ �õ�÷Â� ×Þî �� ñ��BB=fun
tion(n,k)fx=
()for(i in 1:n)fu=runif(1)if(u < 0.5) x[i℄ = (u=2k�1)1=kelse x[i℄ = 1� ((1� u)=2k�1)1=kgreturn(x)gü÷�Â½� ¯�Ö÷ ñø� �õ�÷Â� ñ�·õ ý�Â� �Àµ�� ö¢�� üþ�Þ÷ ö�õ¥� ö��� �±¨�½õ ý�Â�.¢�ªüõ �±¨�½õ ö�õ¥� ö��� �ø¢ �õ�÷Â� Í¨�� Å³¨ ,ù¢�Þ÷ �±¨�½õ �¤ ö�õ¥�:ñø� �õ�÷Â�alpha=0.10;n=20;B=10000;k
=
();m=4for(b in 1:B)fx=sort(rexp(n));h1=log(mean(x))+1;h2=vasi
ek(n,m,x)kmn=-h2+h1k
=
(k
,kmn)
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=quantile(k
,1-alpha)q
 :�ø¢ �õ�÷Â�alpha=0.10;n=20;B=10000;k
=
();m=4for(b in 1:B)fx=sort(rweibull(n,2));h1=log(mean(x))+1;h2=vasi
ek(n,m,x)kmn=-h2+h1k
=
(k
,kmn)gpow=length(k
[k
 > q
℄)/Bpow ö� ¤¢ �îvasi
ek=fun
tion(n,m,x)fhv=
();x=sort(x)for(i in 1:n)fi1=i-m;i2=i+mif(i1 <= 0)fi1=1g;if(i2 >= n)fi2=ngv=(x[i2℄-x[i1℄)*n/2/mif(v==0)hv[i℄=0g else fhv[i℄=log(v)ggreturn(mean(hv))g
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