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ÝOÞ�ßáàWÞ�â>ã�ä�åÁæ�ä6ç�è�é¢ê�ã¡ê�æWçzâ¢ëxì�ß�é�àní<îðï�ñ�ò/ê�óáë¢ô}ì�ã"ä	ß�ô/èðàWä�æWë�â�æ�å>ê�æ�çTâ�ë�ì�ã�ädô�ì�Þ¢è�ì/è�ä6ã¡é¢ã�ìrõ�æ�ä6ö�ã"÷©ì6æ�àWã�ì�Þ¢ã�äBø
è�éF÷ùõ Þ�ß�êdÞúÞ¢èEûWã�èüô}æ�åªìrõ�è�ä�ã�ã�é�û�ßáä6æ�é¢çzã"é@ì�ì�ÞFè3ìHè�ó�óáæ3õðônà�ß�û�ã"éúèüê�æ�çTâ�ë�ì6è3ì6ßáæWé¢è�ó�ì6èWô}öQì6æþý>ã
ô}â¢óáßáì�ë�â
ß�éWì6æ9â¢è�ä}ìdôðì6Þ¢è3ì�è�ä6ã�ã"ûEè�óáëFè3ì�ãB÷
æ�éSçzæWä�ã�ì�Þ¢è�é�æ�é¢ãTñ�ï¡ÿ�ô�ßáçnë�ó�ìdè�é�ã"æ�ë¢ô�ó�������Þ¢ß�ô�ê�è�é�ó�ã"è�÷
ì�æ�÷�ä6è�çTè�ì�ß�ê
ä6ã"÷xë¢ê�ì�ß�æ�é¢ô�ßáé�ì6Þ�ã�ì6ßáçTã�é�ã�ãB÷xã"÷�ì6æ#ê�æWçTâ�óáã�ì�ã¡ê�æ�çTâ�ëxìdè3ì6ßáæWé¢ô�øEß�é�ê�æWçTâ¢è�ä6ß�ô�æ�é�ì�æ#ä�ë�é¢é�ßáé¢à ì�Þ�ã"ç æ�é�èðô�ß�é�à�ó�ã
ñ�ï¡ÿ���ï1è�ädè�ó�óáã"ó���é�æWâ�â�ß	� 
 íÁï��
��ï���ò/ß�ô1è©ý>æ�æ�ì6è�ý�ó�ãðñ�� ì6Þ¢è3ì�è�óáó�æ3õðô/ë¢ô}ã"ä6ô/õ ßáì�Þ�èEû�ã"ä6è�à�ã¡ê�æ�çTâ�ëxì6ßáé¢à�ô�ö�ßáó�ó�ô
ì�æ�ê�ä6ã"è3ì6ã�è�îðï�ñ ê�óáëFôrì6ã�äðß�é
û�ã"ä���óáßáì}ì6óáã�ì�ß�çzã���è�ý>æ�ë�ì Ç�� çTßáé�ëxì6ã"ô�����Þ�ã�ê�æWçTâ�ëxì�ã"ä6ôðë¢ô}ãB÷¬ßáé�èHï��
��ï��
ê�ó�ë¢ô}ì�ã"ä¦ç�è��©ýFã�Þ�ã�ì6ã�ä6æ�àWã�é�ã"æ�ë¢ô"øBè�é¢÷�ì6Þ�ã�ê�óáëFôrì6ã�ä/ß�ô�ì�ã"çzâ>æ�ädè�ä���øBß�é�ì�Þ¢ã�ô�ã�é¢ô�ã1ì6Þ¢è3ì	é�æ�ì6Þ�ß�é�à#ß�ô�ß�é¢ô}ì6è�óáó�ã"÷�æWé
ì�Þ¢ã�ê�æWçzâ¢ëxì�ã"ä6ôðì�Þ¢è�ì�è�ä6ã�ë¢ô�ã"÷¬ß�é
ì�Þ�ãnê�ó�ë¢ôrì6ã�ä��¡ì�Þ¢ã��¬è�ä6ã�é�æ�ì�è�ó�ì6ã�ä6ã"÷¬ß�é�è�é��9õ�è�������Þ�ë¢ô"ø�åÁæWä#ã���è�çzâ¢óáãWø
ì�Þ¢ãJê�æ�çTâ�ëxì6ã�ädô�ß�éOèSë�é�ß�û�ã�ädô�ß�ì��Qê�æWçzâ¢ëxì�ã"änä6æ�æ�ç ì�Þ¢è�ìTè�ä�ã9ë¢ô}ãB÷¥åÁæWäzô}ì�ë¢÷�ã�é@ì6ô��	õ�æWä�öQ÷xë�ä6ßáé¢à�ì�Þ¢ãJ÷�è��
ê�è�é�ý>ãTê�æ�é�û�ã"ä}ì6ã"÷¬ß�é@ì�æ�èJîðï�ñ ê�ó�ë¢ô}ì�ã�ä�åÁæ�ä�é�ß�à�Þ@ì�ì�ß�çzãzä6ã"ô�ã"è�ädêdÞ¬õ�æWä�öLø>õ ß�ì6Þ�æ�ë�ì�è! >ãBê-ì6ßáé�à9ì�Þ�ã"ßáä�ë¢ô�ã�ý��
ô}ì�ë¢÷xã"é@ì6ô�ì6Þ�ã�é�ã���ìð÷�è��"�

��Þ�ß�ô¡é¢æ�ì�ã©÷xã"ô6ê�ä6ß�ýFãBô¡õ Þ¢è�ì�ï��#��ï�� ß�ô"ø�Þ�æ3õ ßáì�õ�æ�ä6öxô�øWÞ�æ3õ ì�æzô}ã�ì�ßáì�ë�âJè�é¢÷Hë¢ô}ã�ß�ìBø�è�é¢÷Hâ�ä�ãBô}ã"é@ì6ô¡è�é
ã���è�çzâ¢óáã æ�åLÞ¢æ3õOßáì�ê�è�éTýFãðëFô}ãB÷�ì6æ�è�ê"ê�ã"óáã"ä6è�ì�ã è%$
æ�é@ì6ã�ñ�è�ä6óáæ�ô}ì�ë¢÷&�zæ�å¤è�ý>æ�æ�ì6ô}ì�ädè�âzì6ã"ô}ì�ß�é�à�â�ä6æ�ê�ã"÷xë¢ä�ã"�
��Þ�ã¬ß�éWì6ã�é@ì�ß�æ�é ß�ôzì�æQç�è�ö�ãJã"ê�æ�é�æWçTã�ì�ä6ß�ê�ß�è�é¢ôzèEõ�è�ä�ã�æ�å�ì�Þ�ã
ã���ß�ô}ì�ã�éFê�ãJæ�å©ì�Þ�ãJì�æ�æWóðè�é¢÷úì�æQà�ß�û�ãJý¢èWô}ß�ê
ß�éxåÁæ�ä6ç�è3ì�ß�æ�é æ�å�Þ¢æ3õ�ì6æ¥ë¢ô}ãSß�ìBøðè�ó�æ�é�àQõ ßáì�Þ â>æ�ß�é@ì�ã�ädôTì6æùè�÷�÷xßáì�ß�æ�éFè�ó#ô�æ�ë�ädê�ãBôTæ�å�ß�éxåÁæ�ä6ç�è3ì�ß�æ�é'� ñ�ä6ã�ã"ó
í Ò����)( ò�â�ä6ã"ô�ã�é@ì6ô�èW÷�÷xßáì�ß�æ�é¢è�ó1ã���è�çTâ�ó�ã"ô�æ�å�â¢è�ä6è�óáó�ã�ó1â¢ä�æWà�ädè�ç�ô�è�é¢÷þä�ãBô}ë¢ó�ìdô�ì�Þ¢è�ì�ç�è���ýFã9æ�å�ßáé@ì�ã"ä�ãBôrì�ì6æ
ã"ê�æ�é�æWçTã�ì�ä6ß�ê�ß�è�é¢ô"ø¡è�éF÷ùì6Þ¢è3ì�õ�ã�ä6ã�æWýxì6è�ßáé�ãB÷úæWéOèüï��#��ï��'ê�ó�ë¢ô}ì�ã"ä��*��Þ�ã
ã���è�çTâ�ó�ãJâ�ä�ãBô}ã"é@ì�ã"÷Oß�éúì6Þ�ß�ô
â¢è�âFã"ä�èWô¡õ�ã�ó�ó|è�ô¡ì�Þ�ã©ã���è�çTâ�ó�ã"ô¡åÁä6æ�ç�ñ�ä6ã�ã�ó	í Ò����)( ò1è�ä�ã©è�ó�ó>ê�æ�é@ì6è�ßáé�ãB÷�æ�é9ì�Þ�ã©ó�è3ì�ãBôrì�û�ã"ä6ô�ß�æ�é�æ�å|ì6Þ�ã�ñ����

+ éüõ Þ¢è3ì©åÁæ�ó�óáæ3õðô +�, ä6ô}ì�à�ß�û�ãzè�çTæWä�ãT÷xã�ìdè�ß�óáãB÷þ÷�ã"ô6ê�ä6ßáâxì6ßáæWéSæ�å�õ Þ¢è�ì�ï��
��ï���ß�ô�è�é¢÷SÞ�æ3õ(ßáì�õ�æWä�öxô��
��Þ�ã"é + ÷xãBô�ê�ä�ß�ýFã�ì6Þ�ã�ô�ã�ì6ë�â¬â�ä�æxê�ã"ô6ô�����Þ�ã�åÁæWë�ä�ì�Þ
ô}ãBê-ì6ßáæWéJàWßáûWã"ô è�é�ã��xè�çTâ�óáã�ì6Þ¢è3ì#ô�Þ�æ3õðô�Þ�æ3õ è-$
æ�é@ì6ã
ñ�è�ä6ó�æ�ô}ì�ë¢÷&��ì6Þ¢è3ì	ß�é@ûWæ�ó�û�ãBô Ò ø ���¢Ç ø ���"� é�æ�é�ó�ß�é�ã"è�ä¦æWâxì�ß�çTß	.Bè3ì�ß�æ�éFô�ç�è���ý>ã�ê�æ�çTâ�ó�ã�ì�ãB÷�ß�énó�ã"ô6ô�ì�Þ¢è�é�/©Þ�æ�ë�ädô"ø
õ Þ�ã"é�ßáì õ�æWë�ó�÷9ì6è�ö�ã©ä�æWë�à�Þ¢ó	�10 � Þ�æWë�ä6ô�ì6æTê�æ�çTâ�ó�ã�ì6ã�ä6ë�é�é�ß�é�àTæ�éJèTô}ß�é�à�ó�ã�ê�æ�çTâ�ë�ì�ã�ä2����Þ�ã , åªì�Þ
ô�ã"ê�ì�ß�æ�é
â�ä6æ3û�ß�÷xãBô#è9ä�ã�åÁã�ä6ã�é¢ê�ã�ì�æJè�÷�÷xßáì�ß�æ�éFè�ó/ßáéxåÁæWä�ç�è�ì�ß�æ�éSè�ýFæWëxì©ô�æ�åªìrõ�è�ä6ã�ê�æWéWìdè�ß�é�ã"÷�æ�é
ì6Þ�ãnï��
��ï�� ñ���ø|è�é¢÷
ì�Þ¢ã�ô}ß	��ì�Þ
ô}ãBê-ì6ßáæWé�àWßáûWã"ô�ßáé�åÁæ�ä6çTè�ì�ß�æ�é¬è�ý>æ�ëxìðô�ßáçTß�ó�è�ä â�ä6æ!3rã"ê�ì6ô��
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ï1è�ädè�ó�óáã"ó���é¢æ�â�â�ß	��ß�ô�èHçTæx÷xß , ã"÷
ûWã�ädô}ß�æ�é
æ�å1ì�Þ�ã-��é�æWâ�â�ß	� ; ÷xß�ôrì6ä�ß�ý�ëxì6ßáæWé�æ�å1ì6Þ�ã-<>=�ÿ@?�ßáé�ë&�
æWâFã"ä6è�ì�ß�é�à
è�éF÷
ô}æ�åªìrõ�è�ä�ã�ô���ô}ì�ã"çA����é�æWâ�â�ß	�Jß�ôðè�ñ�� ßáç�è�à�ã�ì�ÞFè3ì#ç�è��JýFã�÷�æ3õ é�óáæ@è�÷xãB÷�è�é¢÷Jì�Þ¢ã�é�ý�ë¢ä�é@ì ì�æ�è�ñ����
��Þ�ãnä�ãBô}ë�óáì�ß�é�àJñ���ê"è�é
ý>ã�ë¢ô�ã"÷¬ì6æ9ý>æ�æ�ì©è�ê�æWçzâ¢ëxì�ã"ä#æ�å1ì6Þ�ã + ÝB�
C Ò è�ädêdÞ�ßáì�ãBê-ì�ë¢ä�ã D ����é�æWâ�â�ß	�¬ê�æ�é@ì6è�ßáéFô
Þ¢è�ä6÷xõ�è�ä6ãH÷xã�ì�ã"ê�ì�ß�æ�é è�é¢÷ùè�ëxì�æWç�è3ì�ß�ê9ê�æ�é , à�ë�ädè3ì6ßáæWéþì6æ�æ�ó�ô�ì6Þ¢è3ì�÷xã�ì6ã�ä6çTßáé�ã9ì�Þ�ã¬ê�æWçTâ�ëxì�ã"ä�� ônà�ädè�â�Þ�ß�ê�è�ó
÷xß�ô}â¢ó�è���ì���âFãWø¢ì6Þ�ãné¢ã�ìrõ�æ�ä6ö@ß�é�àHê"è�äd÷�ô ß�é¢ôrìdè�ó�óáãB÷|ø>ã�ì6ê�����Þ�ß�ô�â�ä�æxê�ã"ô6ô æ�é�ó��¬ç�è�ö�ãBô ë¢ô�ã�æ�å1ì�Þ�ãzê�æ�çTâ�ë�ì�ã�ä2� ô
ñ�ï¡ÿ è�éF÷�EðÝ�$F�Lì�Þ¢ã�Þ¢è�ä6÷n÷xß�ô}ö|í ôdò¦è�ä6ã�é�æ�ì/ëFô}ãB÷�ë�é�ó�ã"ô6ô¦ì�Þ�ã�ë¢ô�ã�ä	êdÞ�æ�æWô�ã"ô�ì�æ�÷xæ�ô}æG�IH�é¢ê�ã¡ì6Þ�ã ê�æWçzâ¢ëxì�ã"ä
ß�ô�Þ¢è�óáì�ãB÷|øxß�ìðß�ô�ßáé¬ßáì6ô�æWä�ß�à�ß�é¢è�óLô}ì6è3ì6ã�����Þ�ë¢ô"øJ��é�æ�â¢â�ßK�9ê"è�éJýFã�ë¢ô�ã"÷9ì�æTä6ë�éL<>=#ÿM?¤ß�é�ë&�9æ�é¬èTê�æWçzâ¢ëxì�ã"ä
ì�ÞFè3ìðÞ¢èWô�ß�ìdô ã�é@ì�ß�ä6ã©ÞFè�äd÷�÷xß�ô�öHæxê�ê�ë¢â�ßáãB÷¬è�é�æ�ì�Þ�ã"ä�æWâFã"ä6è�ì�ß�é�à�ôN�xô}ì�ã"çO�

ï��#��ï�� ß�ôHèüçzæx÷xß , ê"è3ì�ß�æ�é æ�å�ì6Þ�ãP��é�æ�â¢â�ßK� ñ�� ßáç�è�à�ãJì�Þ¢è�ì9è�÷�÷¢ôHô}æ�åªìrõ�è�ä�ãJé�ã"ã"÷xãB÷úì6æ¥âFã"ä}åÁæWä�ç
â¢è�ä6è�óáó�ã�ó¢ê�æ�çTâ�ëxìdè3ì6ßáæWé¢ô¡èWô�õ�ã�ó�ó>èWô1ì�æ�æWó�ô�åÁæ�ä¡ädè�â¢ß�÷�ê�æ�é , àWë�ädè3ì�ß�æ�é�è�é¢÷�ê�ä6ã"è�ì�ß�æ�é�æ�å¤ènîðï�ñ ê�óáë¢ô}ì�ã"ä���H�é¢ê�ã
QNRTSVUWSVXYXYZ�X\[I]�^:_�_�` acbBSNdfe!ZGg	UWZ�Z�X dIh�^Ni']�XY^�SVh�Z�h�g�Uj^:bAkml2Znl�^:b�Z�_oSVp:ZGS�k q�r:rVsTtvu:u�s�wVx�yVr�z�{�|�w�}T{~y��Vu#�!��x�y:y��:u���w:x�w��:��y����:��z�s:s!��� �

� l�`Y��_oSVp:Z�SVXY�m^�_�UW^N�2`Yh2ZN�cS�kW�2km^:Uj`\SVX��!S��2�mZ�U�g�^:Uj��b>�oSV]2h>SVh�h�` kW`Y^:]oSVX�`Y]�g�^:UjbBS�km`Y^:]"�� q�r:rVsTtvu:u��:�:�T{��:��z�s:s�yVxJ{���yVr�u�����z�s:s!����u2�#����y:���Ny��G{�q�r��o�
�:� ^:�Wkf` gJ]�^VkISVXYX)h�Z��m��km^:_%��^:b�_��2kWZ�UW�'kml�S�kIloS���Z��:��e�` kc��Rn�'�fe�d� ~]�kWZ�XJSV]�h>¡ �%¢ i'`YXYX"i�^:Uj�£_�Uj^:_!Z�UWX d�if` kWl>RJ¤v[�RG¥��
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ì�Þ¢ã°¯�ç�è�ô}ì�ã"ä�é�æx÷xã:¯Tß�ô�ý>æ�æ�ì�ãB÷üë¢ô}ß�é�àJì�Þ¢ã�ñ���ø�è¬ê�æ�é , àWë�ädè3ì�ß�æ�éüô�ê�ä�ß�âxì�ß�ô�ë¢ô}ãB÷�ì6æ
ýFæ�æ�ì©ì6Þ�ã�ä6ã�ç�è�ß�é�ß�é�à
¯rô}ó�èEû�ã�¯�é¢æ�÷�ã"ô�æ�å�ì6Þ�ã�ê�ó�ë¢ôrì6ã�ä�è�ê�ä�æ@ô�ôðì�Þ�ãzé�ã�ìrõ�æ�ä6ö ± ����Þ�ãTô}ó�èEû�ã�é�æx÷xã"ô©ä6ã"ê�ã"ßáûWã�ì6Þ�ã�ß�ä�æ�â>ã�ädè3ì�ß�é�à9ô��xôrì6ã�ç
åÁä6æ�ç�ì�Þ¢ã�ï��#��ï�� ñ��nøxõ Þ�ß�êdÞ�ß�ô�ß�é9ì6Þ�ã�ñ�� ì�ädè��zæ�å¤ì�Þ¢ã©ç�èWôrì6ã�ä�é�æx÷xã���Ý#ëxì�æWçTè�ì�ß�ê#ÞFè�äd÷xõ�è�ä�ã�÷xã�ì6ã"ê-ì6ßáæWé
è�ó�ô�æ�æxê�ê�ë�ädô	æ�énì�Þ�ãðô�ó�èEûWã�é¢æ�÷�ã"ô"ø�è�é¢÷�åÁæ�ä	ì6Þ�ß�ô1ä�ãBè�ô�æ�é¤øBì6Þ�ã��nçTè���ýFã�Þ�ã�ì�ã�ä6æ�àWã�é�ã"æ�ë¢ô"ø3õ ßáì�Þ�÷xß	 >ã"ä�ã"éWì�ñ�ï¡ÿ
ì���âFãBô�ø	÷xß	 >ã"ä�ã"é@ì�é�ã�ìrõ�æ�ä6öSê"è�äd÷�ô�ø¦ã�ìdê!�L��Þ�ãTå è�ê�ì�ì�ÞFè3ìnè�óáó1ì6Þ�ã�ê�æ�çTâ�ëxì6ã�ädô�ßáéQì6Þ�ã9ê�óáë¢ô}ì�ã"ä�ä6ã"ê�ã�ß�û�ãzì�Þ�ã"ßáä
, ó�ã"ô��xôrì6ã�ç�ôðåÁä6æ�ç ëFô}ß�é�àHì6Þ�ã�ô�è�çTãTñ�� ã�é¢ô�ë�ä6ã"ô#ì�Þ¢è�ì�è�óáó	æ�å�ì�Þ�ãTê�æWçTâ�ëxì�ã"ä6ô�ß�é�ì�Þ¢ãzê�óáë¢ô}ì�ã"ä�Þ¢èEû�ã�èWê�ê�ã"ô6ô
ì�æTã��xèWê-ì6ó	�Tì6Þ�ã�ô�è�çTã©ô�æ�åªìrõ�è�ä6ã���H�é¢ê�ã©ì6Þ�ã�ô}ó�èEû�ã�é�æx÷xã"ô è�ä�ã©ýFæ�æ�ì�ã"÷¤ø¢èn÷�ßáä6ã"ê�ì�æ�ä���æ�é�ì�Þ¢ã©ç�èWôrì6ã�ä�é�æx÷xã�ß�ô
ô�Þ¢è�ä6ã"÷¬è�ê�ä�æ@ô�ô�ì6Þ�ã�é�ã�ìrõ�æWä�ö9õ ß�ì6Þ�è�ó�ó|ì�Þ�ãzô}ó�èEû�ã�é�æx÷xãBô�ø>ô}æTì6Þ¢è3ì�ë¢ô}ã"äðâ�ä6æ�àWä6è�çTô�è�é¢÷
÷�è3ìdè�ê�è�éJý>ã�ç�è�÷�ã
èEû3è�ß�ó�è�ý�ó�ã�ì6æ�è�ó�ó|ì�Þ�ã�é¢æ�÷�ã"ô æ�å¦ì6Þ�ã�ê�ó�ë¢ô}ì�ã�ä2����Þ�ß�ôð÷xß�ä6ã"ê-ì6æ�ä���ç�è��HýFã�æ�é¬è�ÿ�²&³ çzã"çTæ�ä��9ôrì6ß�êdöLøxì6æHèEû�æWß�÷
ë¢ô�ßáé¢àTì�Þ�ãnçTèWôrì6ã�äðé¢æ�÷�ã�� ô Þ¢è�äd÷
÷xß�ô}ö�ßáé�è�é���õ�è�������Þ�ß�ô�÷xß�ä�ãBê-ì�æWä��9çTè��Jý>ã�ä�ã��XëFô}ãB÷�ã"û�ã"ä���ì6ßáçTãnï��
��ï��
ß�ô�ëFô}ãB÷|ø¤ô}æJõ�æ�ä6ö¬è�é¢÷�ä6ã"ô�ë�óáì6ô©ç�è��¬ýFã�ô}ì�æ�ä6ã"÷
ì�Þ�ã"ä�ãWø�è�é¢÷þè�÷�÷�ß�ì6ßáæWé¢è�ó	ô}æ�åªìrõ�è�ä�ãnâ¢è�êdö3è�à�ã"ôðì�Þ¢è�ì�è�ä6ã�é�æ�ì
æ�é9ì�Þ�ã�ñ�� ç�è���ýFã©ßáéFôrìdè�ó�óáãB÷�ì�Þ¢ã�ä6ã�����Þ�ã©ã�é@ì�ß�ä�ã©ô}ã�ì�ë�âJä6æ�ëxì6ßáé�ã�ß�ô�çTæ�ëFô}ã��Xý¢èWô}ãB÷|ø�è�é¢÷9ß�ô�÷xã"ô�ß�à�é�ãB÷�ì�æzý>ã
èHô�ßáçTâ�ó�ãnè�é¢÷L´@ë�ß�êdöJèWôðâ>æWô6ô}ß�ý�ó�ã��ðÝðé
ã��xâFã"ä�ß�ã�é¢ê�ã"÷¬ë¢ô�ã�ä©ê�è�é�ê�æ�çTâ�ó�ã�ì6ã�ì6Þ�ã�ô�ã�ì�ë¢â�â�ä6æ�ê�ã"ô6ô ß�é�óáãBô�ôðì�Þ¢è�é
, ûWã©çTß�é�ëxì�ãBô��

ï1è�ädè�ó�óáã"ó���é¢æ�â�â�ß	��ß�ô#åÁæ�ê�ë¢ô�ã"÷
æWé�â¢è�ädè�ó�ó�ã�ó¦ê�æ�çTâ�ëxì6ßáé¢à9ë¢ô�ßáé¢àHì�Þ¢ã°$
ãBô�ô6è�àWã�ï1è�ô6ô}ß�é�à + é@ì�ã"ä}å èWê�ãJíj$
ï + ò
ô�âFãBê�ß , ê�è�ì�ß�æ�é¤ø�ì�Þ�æWë�à�ÞOì�Þ¢ã
ï	è�ä6è�óáó�ã�ó�µ�ßáä�ì�ëFè�óB$�èWêdÞ�ßáé¢ãQí ï�µ�$þòTß�ô9è�ó�ô}æQô}ë¢â�âFæWä}ì6ã"÷��¶��Þ¢ãP?�Ý�$¸·o$
ï + ø
$
ï + ñ�î�ø�è�é¢÷ æWâFã"éT$
ï + ß�çTâ�óáã"çTã�é@ì6è�ì�ß�æ�é¢ô9æ�å�ì�Þ�ã¸$
ï + ô�âFãBê�ß , ê�è�ì�ß�æ�é è�ä�ã�ß�é¢ê�óáë¢÷�ã"÷ æWé ì�Þ�ãþï��
��ï��
ñ��¹�T��Þ�ã"ô�ã�è�ä6ã�ó�ß�ý�ä6è�ä�ß�ã"ô�æ�å1ê�æWçTâ�ßáó�ã"÷
ñ è�é¢÷OºcH£EI��EðÝ�=0åÁë�éFê-ì�ß�æ�éFô õ Þ�ß�êdÞ�ç�è���ý>ã�ßáé¢ê�óáëF÷xã"÷Jß�é�ë¢ô�ã�ädô��
â�ä6æ�àWä6è�çTôzì6æOè�óáó�æ3õ�ì6Þ�ãSëFô}ãþæ�å�çTã"ô6ô�è�à�ã
â¢èWô�ô�ßáé¢àùýFã�ìrõ�ã"ã�é ê�æ�çTâ�ëxì6ãSé�æx÷xãBôHì6æúè�êdÞ�ß�ã�ûWã
â¢è�ädè�ó�ó�ã�ó�ß�ô�çA�
îðß�à�Þ¢ã�ä�ó�ã�û�ã"ó1â�ä6æ�à�ädè�çTçTß�é�à9ó�è�é�àWë¢è�àWã"ô�ê�è�éüè�ó�ô�æ¬ç�è�ö�ãzë¢ô�ã�æ�å�$
ï + ø|ì6Þ�ä�æWë�à�Þüý�ß�é¢÷xß�é�à¬åÁë�é¢ê�ì�ß�æ�é¢ô�ì�Þ¢è�ì
â�ä6æ3û�ß�÷xãðèWê�ê�ã"ô6ô1ì�æ�ì�Þ�ã�óáæ3õ�ã�ä¡óáã"û�ã�ó|ñ è�é¢÷1ºIH£EI��EðÝ�= åÁë�é¢ê-ì6ßáæWé¢ô�ê�æ�é@ìdè�ß�é�ã"÷Tß�é9è�àWßáûWã�é�ß�çzâ¢óáã"çzã"é@ì6è3ì6ßáæWé
ó�ßáý�ädè�ä����I��Þ�ã�ï��
��ï�� ñ�� ê�æWé@ì6è�ß�é¢ô�$
ï + ��ã�é¢è�ý�óáãB÷�û�ã"ä6ô�ß�æ�é¢ô1æ�åc<>=#ÿ»H©ê-ìdèEû�ã ¼ ø�E ½ è�é¢÷�ï��@ì�Þ¢æ�é���H�é�ã�æ�å
ì�Þ¢ã©èW÷xû3è�é@ì6è�à�ã"ô¡æ�å¤ë¢ô�ß�é�àzè�Þ�ß�à�ÞHó�ã�ûWã�óLó�è�é�à�ëFè�à�ã#ß�ô¡ì�Þ¢è�ì�ì6Þ�ã©ë�é¢÷xã"ä�ó���ßáé�ànâ¢è�ädè�ó�ó�ã�ó�ß�ô�ç æ�å¦è�â¢ä�æWà�ädè�ç çTè��
ý>ã�è�ó�çzæ@ôrì ã"éWì6ßáä6ã�ó��HÞ�ß�÷�÷xã"éJåÁä�æWç,ã�é¢÷Jë¢ô�ã�ädô�íXñ�ä6ã�ã"ó<ø Ò����)( ò:�
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Ý�÷xã�ìdè�ß�óáãB÷ùì6ëxì�æWä�ß�è�ó õ ßáì�Þ ç�è�é��ùô6ê�ä6ã�ã"é¢ô}Þ¢æ�ì6ônì6Þ¢è3ìHô�Þ�æ3õðôzÞ�æ3õ ì�æ¥ô�ã�ì�ë�â èüê�ó�ë¢ôrì6ã�ä�õ ßáì�Þ ï��#��ï���ß�ô
èEû3è�ß�ó�è�ý�ó�ã�è3ì Ã&Ä�Ä)Å�ÆNÇ�Ç)ÈTÉ�Ê!Ë�ÅTÌ�ÅTÈ�ÍGÎIÏmÍJÈ�ÅJÈJÉcÏNÊ!Í�ÐTÇoÅJÌ!ÅTÈ!ÍTÇ)Ì!Ñ)ÒJÌ�Ñ)Ä)ÒTÌ�ÍJÇ"Ó�Ô�Ó�ÏNÕ�Ö�ÏmÃ&Ä!× ����Þ¢ã�ô}ã�ì�ë�âSâ�ä�æxê�ã"ô6ô
ß�ô ÷xæ�é�ã�ë¢ô�ß�é�à�ènàWä6è�â�Þ�ß�ê�è�óFß�é@ì�ã�ä�å è�ê�ã©ì�Þ¢è�ì�ß�ô ß�é�ßáì�ß�è3ì�ãB÷9ëFô}ß�é�à�è�éJã�é@ì�ä��Hß�é9ì6Þ�ã���ã"ô�öWì6æ�âJçTã�é�ë�ó�ß�ôrì2����Þ�ß�ô
ô�ã�ì�ë¢âJâ¢ä�æxê�ãBô�ô�Ø

•
÷xã�ì6ã"ê-ìdô�é�ã�ìrõ�æ�ä6öHê�è�ä6÷¢ô�ø�è�é¢÷�ê�æ�é , à�ë�ä6ã"ô�èzâ�ä6ßáû3è3ì6ã�é�ã�ìrõ�æ�ä6ö�ë¢ô�ßáé¢ànì6Þ�ã�ô�ã�ó�ã"ê-ì6ã"÷�é�ã�ìrõ�æ�ä6öHê�è�ä6÷

•
â�ä�æWçTâxì6ô�ì6Þ�ã�ë¢ô}ã"ä�åÁæ�ä�ì6Þ�ã�é�ë�ç�ý>ã�ä æ�å	ê�æ�çTâ�ëxì6ã�ädô¡ì6æ�ßáéFê�ó�ë¢÷xã�ß�é9ì6Þ�ã�ê�ó�ë¢ô}ì�ã�äBø�è�éF÷9åÁæWä�ì�Þ�ã©ì���â>ã�æ�å
é�ã�ìrõ�æ�ä6öHê�è�ä6÷�ô�ì6Þ¢è3ì#è�ä�ã�ì�æ�ý>ã�ë¢ô�ã"÷

•
ýFæ�æ�ìdô�ì�Þ�ã�ô�ó�èEûWã�é�æx÷xãBô�è�ê�ä6æWô6ô¡ì�Þ�ã�é�ã�ìrõ�æWä�öLø@ë¢ô�ßáé�àzì6Þ�ã�ï���Ù ê�è�â¢è�ý¢ßáó�ß�ì6ßáãBô�æ�å�ì6Þ�ã�ß�ä é�ã�ìrõ�æWä�ö�ê�è�ä6÷¢ô

•
çzæWë�é@ì6ô�èTçTèWô�ô�ôrì6æ�ädè�àWã�÷�ã�û�ß�ê�ã�åÁæ�ä�ë¢ô�ã�è�ô#õ�æWä�ö�ß�é�à�ô}â¢èWê�ãWøFè�éF÷L=�º�²
ô�Þ¢è�ä6ã"ôðè9÷xßáä6ã"ê�ì�æWä���æ�é¬ì�Þ¢ã
÷xã�û�ß�ê�ã�õ ßáì�Þ�è�ó�ó�æ�å	ì�Þ�ã�é¢æ�÷�ã"ô ß�é¬ì�Þ�ãnê�ó�ë¢ôrì6ã�ä2����Þ¢ã�ç�è�ô6ôðôrì6æ�ädè�àWã�÷�ã�û�ß�ê�ã�ç�è���ý>ã�è�ÿ�²J³0ô}ì�æWä6è�à�ã
÷xã�û�ß�ê�ã�ø�ì6æ�èEû�æ�ß�÷HëFô}ß�é�àTì�Þ¢ã�Þ¢è�äd÷9÷xß�ô�öLí<ô6ò�æ�å¦ì6Þ�ã�ç�è�ô}ì�ã"ä�é¢æ�÷�ã��
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•
ê�æ�â¢ßáãBô�è�é�ë�çnýFã"ä¡æ�å¤ã���è�çTâ�ó�ãðâ�ä6æ�à�ädè�ç�ô/åÁæWä�ñ�ø�ºcH£EI��EðÝ�=�ø&H©ê�ì6èEûWãðè�é¢÷Tæ�ì�Þ�ã"ä�ó�è�é�àWë¢è�àWã"ô/ì6æ�ì�Þ¢ã
õ�æWä�ö�ß�é�ànô�â¢è�ê�ã

•
çzæWë�é@ì6ô#ì�Þ�ãTô�Þ¢è�ä6ã"÷
õ�æ�ä6ö�ßáé¢à9÷xß�ä�ãBê-ì�æWä��¬æWéSè�ó�ó	æ�å�ì6Þ�ãzô�ó�èEû�ã�é�æx÷xãBô����©è3ìdè9è�é¢÷�â�ä6æ�àWä6è�ç�ô â�ó�è�ê�ãB÷
ßáé�ì�Þ�ã�õ�æ�ä6ö�ßáé¢àz÷xß�ä6ã"ê-ì6æ�ä��Hè�ä6ã�èEûEè�ßáó�è�ý¢óáã�ì�æHè�óáó|æ�å�ì�Þ¢ã�é�æx÷xã"ô æ�å�ì6Þ�ã�ê�ó�ë¢ô}ì�ã�ä2�

•
æ�âxì6ßáæWé¢è�ó�ó	��ô�ã"ê�ë�ä�ãBô�ì6Þ�ã�ê�ó�ë¢ô}ì�ã�ä�ý��HêdÞ¢è�é�à�ß�é�à�âFè�ô6ô}õ�æ�äd÷�ô¡è�é¢÷HàWã�é�ã"ä6è�ì�ß�é�à�é¢ã�õëE�²�Ý0öWã��xô"ø�ô�ænì�Þ¢è�ì
ß�ì¡ý>ã"ê�æ�çTã"ô¡ô�è�åÁã ì�æ�ê�æ�é�é�ãBê-ì�ì6Þ�ã#ê�óáë¢ô}ì�ã"ä1ì�æ�ì�Þ�ã + é@ì6ã�ä6é�ã�ì2�I��Þ¢ß�ô�è�óáó�æ3õðô	åÁæWä¡ô}ß�çTâ�ó�ã ì�ädè�é¢ô}åÁã�ä¡æ�å¤÷�è3ìdè
æ�é@ì�æTè�é¢÷Jæ� �æ�å/ì�Þ�ã�ê�óáë¢ô}ì�ã"ä��

��Þ�ãTçTæWô}ì©ß�çTâFæWä}ìdè�é@ì�Þ¢è�äd÷xõ�è�ä6ã�ä�ã2´@ë�ßáä6ã�çTã"éWì©åÁæ�ä�è9ì�ä6æ�ë�ý¢óáã��<åÁä6ã�ãnã��xâFã"ä�ß�ã�éFê�ãzß�ô©ì6Þ¢è3ì©ì�Þ�ã�ô�ó�èEûWã�é�æx÷xãBô��
é�ã�ìrõ�æWä�öùê"è�äd÷�ôzýFã�ê"è�â¢è�ý�óáãJæ�å�ý>æ@æ�ì�ß�é�à¥è�ê�ä�æ@ô�ô�ì�Þ�ã
é¢ã�ìrõ�æ�ä6ö íÁï���Ù ý>æ�æ�ì-ò:�¶��Þ�ß�ôTß�ôzì6Þ�ã�ê�èWô}ãJåÁæWäTè�óáó
é�ã"õ�ã"ä�é¢ã�ìrõ�æ�ä6öTê"è�äd÷�ô"øWì6Þ�æ�ë¢à�ÞHì6Þ�ã©åÁã"è�ì�ë�ä6ã�ç�ë¢ô}ì æ�åªì�ã"é�ý>ã�ã�é¢è�ý�ó�ã"÷HëFô}ß�é�ànì�Þ�ã�ê�æ�çTâ�ëxì6ã�ädô��&³ + H>²Hô�ã�ì6ë�â
ä6æ�ëxì6ßáé�ãBô�� + ìðß�ô â>æWô6ô}ß�ý�ó�ã�ì�æTõ�æ�ä6ö9è�ä6æ�ë�éF÷Hì6Þ�ß�ôðä�ã2´Wë¢ßáä6ã�çTã�é@ìBøxý�ëxìðý>ã�à�ß�é�é�ß�é�à�ë¢ô�ã�ädô è�ä6ã�è�÷xû�ß�ô}ãB÷Hì6æHôrìdè�ä�ì
õ ßáì�ÞüçTèWêdÞ�ß�é�ã"ô�ì�ÞFè3ì�ê�è�éSý>æ@æ�ì�ë¢ô}ß�é�àJï���Ù��'��Þ�ãTçTæWô}ì©ß�çTâFæWä}ìdè�é@ì�ô}ì�æWâ�â�ß�é�àJý�óáæxêdö
ß�éSì6ã�ä6ç�ô�æ�å�ë¢ô�ã�ädô��
ö�é�æ3õ ó�ã"÷xàWãnß�ô�÷xã�ì6ã�ä6çTßáé�ß�é�àJì�Þ¢ã�çzæx÷xã"ó�ô�æ�å�é¢ã�ìrõ�æ�ä6ö�ê�è�äd÷�ô©ë¢ô�ã"÷þý���ì�Þ¢ãTê�æ�çTâ�ëxì6ã�ädô�ßáéüì6Þ�ãHê�ó�ë¢ô}ì�ã�äBø�ô�æ
ì�ÞFè3ìðì6Þ�ã�ê�æWä�ä6ã"ê�ì�çTæx÷xë�ó�ã"ôðçTè���ýFãnô}ã"óáãBê-ì�ãB÷Jßáé¬æ�äd÷xã"ä�ì�æHý>æ�æ�ì ì�Þ¢ã�ô}ó�èEû�ãBô�è�ê�ä6æWô6ô�ì�Þ�ã�é�ã�ìrõ�æ�ä6öì����æ , é¢÷
æ�ë�ì�õ ÞFè3ì�çTæ�÷�ã�ó1æ�å�é�ã�ìrõ�æ�ä6ö�ê�è�ä6÷þèJà�ß�û�ã�éüê�æWçzâ¢ëxì�ã"ä�ë¢ô}ãBô�ø�æ�é�ãzç�è��Sê�æWé¢ô}ë¢ó�ì�ì�Þ¢ãzß�éxåÁæWä�ç�è3ì6ßáæWéSç�è�÷�ã
èEû3è�ß�ó�è�ý�ó�ã#ý��Tì�Þ�ã�æWâFã"ä6è�ì�ß�é�àzô��xôrì6ã�ç�ì6Þ¢è3ì ß�ô�ß�é¢ô}ì6è�óáó�ã"÷�æ�é9ì�Þ�ã�ê�æWçTâ�ëxì�ã"ä"ø�æWä�ßáå/÷�æ�ë�ýxìdô�âFã"ä6ô�ß�ôrìBø@ý>æ�æ�ì�ì�Þ¢ã
ê�æWçTâ�ëxì�ã"ä ë¢ô�ßáé�àzì6Þ�ã�ï��#��ï�� ñ���øFè�é¢÷Jã���è�çzß�é�ã©ì�Þ¢ã�æ�ëxì6â�ëxìðæ�å¦ì�Þ�ã�è�ëxì�æWç�è3ì�ß�ê�ê�æWé , à�ë¢ä6è�ì�ß�æ�é9â¢ä�æxê�ãBô�ô��

Ý�ì#ì6Þ�ß�ô�â>æ�ß�é@ì"ø>ì�Þ¢ãzê�óáë¢ô}ì�ã"ä�ß�ô�ä�ãBè�÷&��ì�æ�ë¢ô}ãnåÁæ�ä�â¢è�ädè�ó�ó�ã�ó	ê�æ�çTâ�ë�ì�ß�é�àT�>��Þ�ã�õ Þ¢æ�ó�ã�â�ä6æxê�ã"ô6ô ìdè�öWã"ô#è�é
ã��xâ>ã�ä6ßáã"é¢ê�ãB÷zë¢ô}ã"ä�è�ý>æ�ëxì , û�ã çTßáé�ëxì6ã"ô�ì�æ�ê�æWçTâ�óáã�ì�ã"�c��Þ�ã ç�èWôrì6ã�ä�é�æx÷xã ÞFè�ô	ì6Þ�ã + ïùè�÷�÷�ä�ãBô�ô Ç2íWÒ � Ç�î 0J� � � Ç ø
è�éF÷¥ì�Þ¢ã�é�æx÷xãBô�ÞFèEû�ã + ï�è�÷�÷�ä�ãBô�ô�ã"ô�ì�Þ¢è�ìzä6ë�éùë�âúì�æ Ç�í@Ò � Ç�î 0T� � �

X
ø�õ Þ�ã"ä�ã

X
ß�ô�ì�Þ¢ã9ì6æ�ì6è�ó�é@ë¢ç�ý>ã�äzæ�å

é�æx÷xãBôTßáéOì�Þ�ã
ê�óáë¢ô}ì�ã"ä�í
X ≤ 200)

�ÜÙ�è�êdÞúæ�å#ì6Þ�ã
é�æx÷xã"ôzç�è��ùý>ã
è�ê�ê�ã"ô6ô}ãB÷ùë¢ô�ß�é�àSì6Þ�ã
é¢è�çzãBô¹ËJÊ)ï&È
x
ø

x = 1, 2, ..., X.
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1 ÷ Ø�Õ�Û�ù�ÚO8�Ü�Ø�Õ

��Þ�ã�ã���è�çzâ¢óáã�â�ä6ã"ô�ã�é@ì�ãB÷�Þ�ã"ä�ã�ß�ô1èW÷�÷xßáì�ß�æ�é¢è�ó�ã�û�ß�÷�ã�é¢ê�ã�æ�å¢ì6Þ�ã�õ�ã"óáó	�Xö�é�æ3õ é�å è�ê-ì	ì6Þ¢è3ì	ì�Þ¢ã�ê�æ�çTâ�ëxìdè3ì6ßáæWé¢è�ó�ó	�
÷xã"çTè�é¢÷xß�é�à¬õ�æWä�ö¬ß�çTâ�óáß�ã"÷þý�� $
æWéWì6ã�ñ�è�ä�ó�æ¬ôrì6ë¢÷xß�ã"ô�ê�è�éSý>ã�ô}â>ã"÷üë�âQê�æWé¢ô}ß�÷xã"ä6è�ý�ó	�¬ßáå�ßáì�ß�ô�÷xæWé�ãTæ�éüè
ê�ó�ë¢ô}ì�ã"ä�æ�å#ê�æ�çTâ�ëxì6ã�ädô��Sï	è�ä6è�óáó�ã�ó���é�æWâ�â�ß	�þß�ônèSä6è�â�ß�÷QçTãBè�é¢ô�æ�åðàWè�ßáé¢ßáé�àþè�ê�ê�ã"ô6ô�ì6æSô}ëFêdÞúè�ê�ó�ë¢ô}ì�ã"ä�� + ì
ç�è���ý>ãðë¢ô�ã"÷zæ�é�ýFè�é�öxô	æ�å¤ê�æ�çTâ�ëxì6ã�ädô	ì�Þ¢è�ì�è�ä6ã�ì�ã"çzâ>æ�ädè�ä6ß�ó	��ß�÷xó�ã�ø@õ ß�ì6Þ�æ�ë�ì�÷xß�ô}ä6ë�âxì6ßáé�à�ì6Þ�ã�ß�ä¡é¢æ�ä6çTè�óxë¢ô�ã
õ Þ�ã"é�ì6Þ�ã���è�ä6ã©é¢æ�ìðß�÷xóáã"�

��Þ�ã�ï��
��ï�� ñ�� ê�æWéWìdè�ß�é¢ô¡è�é�ë�ç�ý>ã�ä�æ�å�è�÷¢÷xß�ì6ßáæWé¢è�ó>ã���è�çzâ¢óáãBô�� + ì�è�ó�ô�æ�ê�æ�é@ì6è�ßáé¢ô¡ã"èWôN�nì�ænë¢ô}ã©ô�ê�ä�ß�âxìdô
ì�ÞFè3ì�è�óáó�æ3õOæWé�ã ì6æ�çTæ�÷�ß�åv�nì�Þ�ã�ñ�� ßáì6ô�ã�óáårø@ô�æ�ì�ÞFè3ì�èW÷�÷xßáì�ß�æ�é¢è�ó�â�ä6æ�àWä6è�çTô1è�é¢÷T÷�è3ìdè�ç�è���ý>ã#â>ã�ä6ç�è�é�ã"éWì6ó	�
è�÷¢÷xã"÷��¡ñ�æWéWì6ä�ß�ý�ëxì6ßáæWé¢ô�ì�æzì�Þ¢ã©â¢ä�æ�3rã"ê-ì�ß�éJè�ä�ã�õ�ã"ó�ê�æ�çTã��¡ñ�ä6ã"è3ì6ßáé¢àné�ã"õ ã���è�çzâ¢óáãBô�øxõ ä6ß�ì6ßáé¢àz÷xæxê�ë�çTã�é@ì6è!�
ì�ß�æ�é�ø¢è�é¢÷�ã���ì6ã�é¢÷xß�é�àzì�Þ¢ã�åÁë�é¢ê-ì6ßáæWé¢è�ó�ßáì���è�ä6ã�è�ó�ó¤âFæ@ô�ô�ß�ý�ßáó�ßáì�ß�ã"ô��
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��Þ�ß�ô�ô}ãBê-ì�ß�æ�é�ý�ä6ßáã��T��çTã�é@ì�ß�æ�é¢ô�ô�æ�çTã�ä6ã"ô�æ�ë¢ä6ê�ã"ô�ä6ã�ó�ã�û3è�éWì�ì�æzâ¢è�ädè�ó�ó�ã�óLê�æ�çTâ�ë�ì�ß�é�à�ì6Þ¢è3ìðè�ä�ã©ê�æ�é@ìdè�ß�é�ã"÷�æWé
ì�Þ¢ã�ï��
��ï�� ñ���ø¢è�óáæWé�àzõ ß�ì6Þ�ÿ�EB?¦ô�ì�Þ¢è�ìðâ�ä�æ3û�ß�÷xã�è�÷�÷xßáì�ß�æ�éFè�ó|ß�éxåÁæ�ä6ç�è3ì�ß�æ�é'�

57698 :<;>=)?�@BADC EGF�FIHKJML/L�N�N�NPORQ/S�F
T>UWVXOMQ#Y�Z [
<©é�ë°H©ê-ìdèEû�ã�ß�ô/èðÞ�ß�à�Þ�ó�ã�ûWã�ó@ç�è3ì�ä6ß	��â¢ä�æWà�ädè�çTçTßáé�à ó�è�é¢à�ë¢è�à�ã	ì�ÞFè3ì	ß�ô¦çTæWô}ì�ó���ê�æ�çTâ¢è�ì�ß�ý�óáã�õ ß�ì6Þ¹$�Ý���?¦Ý�³
í Ã&Ä�Ä)Å�ÆNÇ�Ç]\)\)\�Ïj×ìÌ"Ä)Ã^\JÊ"Í)_TÎIÏ�É!Ê�× ò:� $SÝ���?�Ý�³�ô�ê�ä�ß�âxì6ôzàWã�é�ã"ä6è�óáó��Qä�ë�éOë�é�çTæx÷xß , ã"÷Oæ�é®H©ê-ì6èEûWã�ø	ì6Þ�æ�ë�àWÞ
ì�Þ¢ã��zçTè���å è�ß�ó¢ßáåFì6Þ�ã��zç�è�ö�ã�ë¢ô�ãðæ�åìC�ä6÷nâ¢è�ä�ì���åÁë¢é¢ê-ì6ßáæWé¢ô	ì�ÞFè3ì�è�ä�ã�é�æ�ì�èEû3è�ß�ó�è�ý�óáã�ß�éüH©ê-ì6èEûWã��/Ý ê�æWóáó�ã"ê�ì�ß�æ�é
æ�å1è�÷¢÷9æWéJô�æ�åªìrõ�è�ä6ã#åÁæWä�H©ê-ìdèEû�ã©ß�ô èEû3è�ß�ó�è�ý�ó�ã�è3ì Ã&Ä)Ä)Å�Æ�Ç�Ç"ÊTÉoÄJÌ%+&È�ÏVÎ�ÊoÑ&ÍnÉ!È"ñ�Ê"Í"ÐJÈ�ÏmËJÈ�Ä �

`badcfe
chgji C E/F�F�HKJML�L�N/N�NPOMklT#mon^m/H�pqOMQ#Y�Z [
?�Ý�$ð·o$�ï + ß�ô�è�é ßáçTâ�ó�ã�çTã"éWìdè3ì6ßáæWé æ�å�ì6Þ�ãSã"é@ì�ß�ä�ã¸$
ï + � Ç � Ò ô�âFãBê�ß , ê�è�ì�ß�æ�é¤ø#è�é¢÷ çnë¢êdÞ æ�å�ì�Þ�ã¸$
ï + � Ò
ô�âFãBê�ß , ê�è�ì�ß�æ�é��I$
ï + ��³úåÁæ�ä�<>=#ÿ H©ê�ì6èEû�ã�ß�ô�ý��n÷�ã�å è�ë¢ó�ì�ê�æ�çTâ�ß�ó�ã"÷zóáß�é�ö�ß�é�à�ì�æ¹?�Ý�$¸·o$
ï + ø�ì�Þ�æWë�à�ÞTßáì�ê�è�é
ý>ã�ê�æ�çTâ�ß�ó�ã"÷�óáß�é�ö�ßáé¢àTì�æTæ�ì6Þ�ã�ä ß�çTâ�óáã"çTã�é@ì6è�ì�ß�æ�é¢ô��

chgri C E/F/FIHKJML�L#N�N�NBn)s/t�p�uvOwmoS�xqO�T#tBk�OyZWQ�UzL�m/H�p [
$
ï + ß�ô�è9ô}ì6è�éF÷�è�äd÷JåÁæ�ä�çzãBô�ô6è�àWã�â¢èWô�ô�ßáé¢àT�B$
ãBô�ô6è�àWã�â¢è�ô6ô�ßáé�à�ß�ô�æ�é�ãnçzãBè�é¢ô#æ�å�â¢è�ä6è�óáó�ã�ó�ß�.�ß�é�à�â�ä6æ�à�ädè�ç�ô��
?¤ß�ý�ädè�ä6ßáãBô�ì�Þ¢è�ìðßáçTâ�ó�ã�çTã�é@ìðçTã"ô6ô6è�à�ã�â¢èWô�ô�ß�é�à�ì6Þ¢è3ì#èW÷xÞ�ã"ä�ã©ì�æTì6Þ�ã�$
ï + ô}ì6è�éF÷�è�äd÷�ê"è�é¬ý>ã�æ�âxì6ßáçTß�.�ã"÷�åÁæWä
ý>ã"ô}ì�â>ã�ä�åÁæ�ä6çTè�é¢ê�ã#æ�é�â¢è�ä}ì6ß�ê�ë�ó�è�ä¡â�ó�è3ì�åÁæ�ä6ç�ô���²�æ�åªìrõ�è�ä6ã�ì�ÞFè3ì�ë¢ô}ãBô�$
ï + ê�è�é9ýFã©ê�æ�çTâ�ß�ó�ã"÷�ó�ßáé¢ö@ß�é�à�ì6ænè�é)�
æ�å/ì�Þ¢ã©ß�çTâ�ó�ã�çTã�é@ì6è�ì�ß�æ�é¢ô"ø¢è�é¢÷9ß�ô�ì6Þ@ëFô�âFæWä}ìdè�ý�ó�ã�è�ê�ä6æWô6ô�â�ó�è3ì}åÁæWä�ç�ô��

http://www.octave.org
http://www.mathworks.com
http://octave.sourceforge.net
http://www.lam-mpi.org
http://www-unix.mcs.anl.gov/mpi
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chgri�~�� C E/F�FIH�JML�L�N�N/NBn)s�t�p�uvOwm�S�x�O�T#tzk�O�ZWQ#U�L�m/HoplL�m/HopIS�E [
$
ï + ñ�î,ß�ô�è�é�æ�ì6Þ�ã�ä�õ ß�÷xã"ó	�)��ë¢ô}ãB÷üßáçTâ�ó�ã�çTã�é@ìdè3ì�ß�æ�éQæ�å�ì6Þ�ãü$
ï + ô}ì6è�é¢÷�è�äd÷�� $
ï + ��³ ê"è�éQýFãHê�æ�çTâ�ß�óáãB÷
ó�ßáé�ö�ß�é�àzì�æ $
ï + ñ�î�ø�ß�é¢ô}ì�ã"èW÷Jæ�åc?¦Ý�$ð·!$
ï + �

chgri%��� C E/F�FIH�JML�LlT>FBSqO�sGZ�YPO�V
xILl�/T>UBp#VlYBn)��p)tzL�mGH�p�F�����V#t
Z [
$
ï + ��³©ø@ý��¹º�ã"ä�é#��é¢÷xã�.�³�è�ó�÷xæ�çTã"ä�æ����B�$��� í Ò!�"� /@ò�ø�ß�ô¡è�ô�ã�ì�æ�å|ý�ß�é¢÷xß�é�à�åÁë�é¢ê�ì�ß�æ�é¢ô¡åÁæ�ä�<>=#ÿçH©ê�ì6èEûWã�ì�Þ¢è�ì
è�ó�ó�æ3õ0ë¢ô�ã�æ�å�$
ï + åÁë�é¢ê-ì6ßáæWé¢ôðß�é¢ô�ß�÷�ã°H©ê-ìdèEû�ã�ô�ê�ä�ß�âxìdô�����Þ�ß�ôðß�ôð÷xæ�é¢ã�ý��Jê�ä�ãBè3ì�ß�é�à�ê�æWçTâ�ßáó�ã"÷
÷J�@éFè�çTß�ê"è�ó�ó	�
ó�æWè�÷�ã"÷ÜH©ê-ìdèEû�ãTåÁë�éFê-ì�ß�æ�éFô�ì6Þ¢è3ìTê�è�ó�ó�ì6Þ�ã¬ñ(åÁë�éFê-ì�ß�æ�éFô�â�ä6æ3û�ß�÷�ã"÷Qý��üè�é $
ï + ß�çTâ�ó�ã�çTã�é@ì6è�ì�ß�æ�é¥ó�ßáý¢ä6è�ä��"�
$
æ@ôrì ë¢ô�ã�ädô�õ ßáó�ó¤é�æ�ì é�ã�ãB÷9ì6æTýFã�ê�æ�é¢ê�ã�ä6é�ã"÷�õ ß�ì6ÞJì�Þ�ã�÷xã�ì6è�ßáó�ô�æ�å	Þ�æ3õ ì6Þ�ß�ô ß�ô ÷�æ�é�ã"�

�z� A/� chgji C E/F/FIHKJML�L#N�N�NPOMQ�HWV#t�n^mGH�p�OMQ#Y/ZWL [
æ�â>ã�éG$
ï + ß�ô�èüé�ã�õ�ßáçTâ�ó�ã�çTã"éWìdè3ì6ßáæWéOæ�åðì�Þ�ãP$�ï + � Ò ô}ì6è�éF÷�è�äd÷�� $�ã�ç�ý>ã�ädôzæ�å�èþé�ë�çnýFã"äTæ�å�â¢ä�ã"û@ß�æ�ëFô
â�ä6æ!3rãBê-ì6ô�ì�Þ¢è�ì�ß�çzâ¢óáã"çzã"é@ìO$
ï + ÞFèEû�ã�õ�æ�ä6ö�ãB÷ùì6æ�à�ã�ì�Þ�ã"äHì6æúê�ä6ã"è�ì�ã
ì6Þ�ß�ô9é�ã�õ ß�çTâ�ó�ã�çTã�é@ì6è�ì�ß�æ�é�� + ìJß�ô
â�ä6æ3û�ß�÷xãB÷HæWé�ì6Þ�ã�ï��#��ï�� ñ��nøxì�Þ�æWë�à�Þ¬ê�ë¢ä�ä6ã�é@ì�ó��Hé�æTã��xè�çTâ�óáãBô�æ�å/ß�ìdô ë¢ô�ã�è�ä�ã�èEû3è�ß�ó�è�ý�ó�ã��

g���c C E/F�FIH�JML�L�N�N/NPORS�x)m�OMQ#Yltzk�OyZWQ�U�L�H/UlmBL [
��Þ�ã¬ï1è�ädè�ó�óáã"ó�µ�ßáä�ì�ëFè�óB$�èWêdÞ�ßáé¢ã�ß�ôTèSâ¢è�ä6è�óáó�ã�ó�ß�."è3ì6ßáæWéùçTã�ì6Þ�æx÷ùì6Þ¢è3ì�ß�ôz÷�ßK Lã�ä6ã�é@ìTåÁä�æWç $
ï + � + ìHè�óáó�æ3õðô
ç�è�êdÞ�ß�é�ãBô�æ�å#÷�ßK Lã�ä6ã�é@ìnè�ä6êdÞ�ßáì�ãBê-ì6ë�ä�ãBô�ì6æ�õ�æWä�öSì�æWà�ã�ì6Þ�ã�änßáéúâ¢è�ädè�ó�óáã"óW�P��Þ¢ã�ä6ã9è�ä6ãHé�æ�ã���è�çTâ�ó�ã"ô�æWé¥ì�Þ¢ã
ï��#��ï�� ñ��(è�ìðâ�ä�ãBô}ã"é@ì��

� ¿�Ü�� Ü�ù�Á�× 9J×	Ø���6 Û¡Öf8
��Þ�ß�ônô�ã"ê�ì�ß�æ�é¥çTã�é@ì6ßáæWé¢ônô�æ�çTãHâ¢ä�æ�3rã"ê-ìdô�ì6Þ¢è3ìTê�è�é¥àWßáûWãHä6ã�ó�è3ì�ß�û�ã"ó	�üädè�â�ß�÷¥è�ê"ê�ã"ô6ô�ì6æþèSî#ï�ñ ê�ó�ë¢ô}ì�ã"ä�åÁæWä
â¢è�ä6è�óáó�ã�óLê�æWçzâ¢ëxì�ß�é�à¢ø�è�é¢÷Hé¢æ�ì�ãBô�ì�Þ�ã©ä�ã"óáã"û3è�é@ì�÷�ßK Lã�ä6ã�é¢ê�ã"ô�õ ßáì�ÞJä�ãBô}â>ã"ê�ì�ì6ænï��#��ï��¹�Jº�æ�ä ô�æ�çTã#ëFô}ãBô�ø�æ�é¢ã
æ�ä	è�é¢æ�ì�Þ¢ã�ä	æ�å�ì6Þ�ã"ô�ã�â�ä�æ�3rã"ê�ì6ô¦çTè���ý>ã è#çTæWä�ã�è�â�â�ä6æ�â¢ä�ß�è3ì6ã1ì�æ�æ�ó�ì6Þ¢è�énß�ô/ï��#��ï��¹� + é�â¢è�ä}ì6ß�ê�ë�ó�è�ä"ø�è©ê�ó�ë¢ô}ì�ã"ä
ê�ä6ã"è�ì�ãB÷Sõ ßáì�ÞQï��#��ï�� ß�ô�ì�ã"çzâ>æ�ädè�ä����1��Þ�ß�ô�ß�ô�ê�æWé@ûWã�é�ß�ã�é@ì�ß�éQê�ã�ä�ì6è�ßáéQê�ß�ä6ê�ë�ç�ôrìdè�é¢ê�ã"ô"ø|ý�ëxì�ß�éQæ�ì6Þ�ã�ädô�è
çTæ�ä6ã�âFã"ä�ç�è�é¢ã�é@ì ç�ë�óáì�ß�ë¢ô�ã�äðê�ó�ë¢ô}ì�ã"ä çTè��9ýFã�÷xãBô}ß�ä6ã"÷ � �

��~�~�� C E/F�FIH�JML�L��BS/S��vORS�x�O�s�t�p�O�Vl�lszL [
��Þ�ã-³�æ@æ�ì6è�ý�óáã�ñ�óáëFôrì6ã�ä�ñ�� ß�ô�ì�Þ�ãzçTæWô}ì�ô�ß�çzß�ó�è�ä©â�ä�æ�3rã"ê�ì#ì�æJï��#��ï���� + ì�â�ä6ã��u÷�è3ì6ã"ô�ï��
��ï��   øLè�é¢÷�è�ó�ô�æ
è�ó�ó�æ3õðôðë¢ô�ã�æ�å�$
ï + è�é¢÷
ï�µ£$ó����Þ�ãzçTè�ßáéþ÷xßK Lã�ä6ã�éFê�ã�ß�é�ì6Þ�ãnìrõ�æHâ¢ä�æ�3rã"ê-ìdô#ß�ô#ì�Þ¢è�ì�ì6Þ�ã¹³ðñ ñ�� â�ä6æ!3rã"ê�ì
åÁæxê�ë¢ô�ã"ô�æ�ézì�ãBè�êdÞ�ß�é�à©ì�Þ�ã�ê�ä6ã"è3ì6ßáæWézè�é¢÷zë¢ô�ã æ�å|ê�ó�ë¢ôrì6ã�ädô�ø�õ Þ�ßáó�ãðï��#��ï�� ô�ß�çzâ¢ó	�nçTè�ö�ãBô1è�ê�ó�ë¢ôrì6ã�ä�èEû3è�ß�ó�è�ý�ó�ã
åÁæ�ä/ë¢ô�ã�èWôf´@ë�ß�êdö�ó	��è�éF÷�ô}ß�çTâ�ó���è�ô¤ß�ô/âFæ@ô�ô�ß�ý�óáã"�f��Þ�ë¢ô"ø�ô}ã�ì�ë�ânè�é¢÷nê�æ�é , à�ë�ädè3ì6ßáæWé�æ�åG³ðñ ñ��Oß�ô	ê�æWé¢ô�ß�÷xã"ä6è�ý�ó��
ó�ã"ô6ô è�ëxì6æ�ç�è3ì6ã"÷�ì6Þ¢è�éJß�ô�ì�Þ�ã�ê"è�ô�ã�õ ßáì�ÞJï��#��ï����¢Ý#ó�ô�æ¢øJ³ðñ ñ�� ë¢ô�ã"ô�ì6Þ�ã%?¤ß�é�ë&� Ò � /T� �Hö�ã"ä�é¢ã�óXøxõ Þ�ß�êdÞJÞ¢èWô
ê�æWé¢ô�ß�÷xã"ä6è�ý�ó���óáãBô�ô ô�ë�â�â>æ�ä�ì�åÁæ�ä é�ã"õ�ã"ä Þ¢è�äd÷xõ�è�ä6ã#ì6Þ¢è�é¬÷xæ�ã"ô�ì6Þ�ã Ò � î � �9ö�ã"ä�é¢ã�ó|ë¢ô�ã"÷�ý��Hï��#��ï����
¡£¢ ^:Uj�B`Y]�_2UW^:p:UjZ��m�'`Y��h�`YUWZ��#kWZNh�km^�SVXYXY^�iLb���X km`Y_2XYZf���WZ�UW�'��]�h�Z�U'RT¤~[�RG¥�� � l�`Y����^:��XYh�e�Zc^VgJ���mZci'l�Z�]BkmZNSV�
l2`Y]�p � RG T`Y]S���^:b�_��2kWZ�U�X\SVe�^:UWS�kW^:Ujd��!g�^:U�Z#a2SVb�_�XYZ:� ¢ l�Z�]�kWl�`Y��i'`YXYX"e!Z���^:b�Z�S��WkmSVe�XYZIg	Z�S�kW��UjZ�`Y�']2^Vkfd�Z#k'��]2^�i'])�¤ � l2Z�`Y]�` km`\SVX���Z�UW�W`Y^:]£^VgGRT¤v[�RT¥Ai�SV�'UWZ�XYZNSV�mZ�h>`Y]�¥:��]�Z:�!�����V§��

http://www-unix.mcs.anl.gov/mpi/mpich
http://atc.ugr.es/javier-bin/mpitb_eng
http://www.open-mpi.org/
http://www.csm.ornl.gov/pvm/
http://bccd.cs.uni.edu/
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¦ : ~�§©¨ C EGF�FIHKJML/L�N�N�NPO�YWQ/S�ªzx/SIk�sBx�FWVlY�xqOMQ>Y�Z�L [
EBH�ñ���²�ß�ô èn÷�ß�ô}ì�ä6ßáý¢ëxì�ß�æ�éJæ�åI?¤ß�é@ëJ��ô}â>ã"ê�ß�è�óáß�.�ãB÷�ì6ænì6Þ�ã�ê�ä6ã"è�ì�ß�æ�é9æ�å¦â>ã�ä6ç�è�é�ã"éWìBøxç�ë�óáì�ß	��ë¢ô}ã"ä îðï�ñ ê�ó�ë¢ôN�
ì�ã"ä6ô�� + ì¡ß�ô¡è�ê�æ�çTâ�ó�ã�ì6ã#è�éF÷�åÁë¢óáó	�<åÁãBè3ì6ë�ä�ãB÷�÷xß�ôrì6ä�ß�ý�ëxì6ßáæWé¤ø�õ ßáì�Þ ´@ë�ã"ë�ßáé¢à�è�é¢÷zçTæ�é¢ß�ì6æ�ä6ßáé�à�â¢èWêdö3è�à�ãBô��cE æxêdöxô
ß�ô�ô�ß�çzß�ó�è�ä�ì�æzï��
��ï�� ß�éHì6Þ¢è3ì�ì�Þ¢ã�ô�ó�èEû�ãðé�æx÷xãBô�ýFæ�æ�ì è�ê�ä�æ@ô�ô�ì�Þ�ã�é�ã�ìrõ�æWä�özë¢ô�ßáé¢ànï���Ùðø�è�éF÷�ì�Þ¢ã�ß�ä , óáãBôN�xôN�
ì�ã"ç�ô�è�ä6ã�æWýxì6è�ßáé�ãB÷ùåÁä6æ�ç ì�Þ�ã¬ç�è�ô}ì�ã"äzé¢æ�÷�ã��þ��Þ�ã�÷xß	 >ã"ä�ã"é¢ê�ãJß�ôzì6Þ¢è3ì�ì6Þ�ß�ô , óáãBôN�xô}ì�ã"ç ß�ôTçTæWä�ãJã"èWô}ß�ó	�
çTæx÷xß , è�ý�ó�ã�ô}ß�é¢ê�ã�ßáì�ß�ô�é�æ�ì�æWéüè�ñ��¹� + é¢ô}ì6è�ó�ó�è3ì�ß�æ�éüæ�å�EBH�ñ���²
ß�ô�ä6ã"è�ô�æ�éFè�ý�ó��
ôrì6ä6è�ßáàWÞWì�åÁæ�ä6õ�è�ä6÷¤ø>ý¢ëxì�ß�ô
ê�æWé¢ô�ß�÷xã"ä6è�ý�ó��HçTæ�ä6ã�ê�æ�çTâ�ó�ß�ê"è3ì6ã"÷�ì�Þ¢è�é¬ß�ô�ì6Þ�ã�ë¢ô�ã�æ�å	ï��#��ï����nEBH�ñ���²Hß�ôðèTû�ã"ä���è3ì}ì6ä6èWê-ì6ßáûWã©æWâxì�ß�æ�éJåÁæWä
çTßáàWä6è�ì�ß�é�ànì�æHèzâFã"ä�ç�è�é�ã�é@ìðê�ó�ë¢ô}ì�ã�ä ß�é¢ô}ì6è�óáó�è3ì6ßáæWé��

« ?W¬�A�­�®�¯w°rC E/F�FIHKJRL�L�N�N�NKO£N
TlYGVlNIszk#±zn�SIk�sBx�FWVlYvOMQlY�Z [
�Qè�ä6ã�õ ë�óáå>ß�ô¡è�âFè�êdö3è�àWã�ì6Þ¢è3ì�è�÷�÷�ô�æ�ézì�æ�è�ézã��xß�ô}ì�ß�é�à�?¤ß�é�ë&�Tßáé¢ô}ì6è�óáó�è3ì6ßáæWé��
�üè�ä�ã"õ ë�ó�å|è�ó�ó�æ3õðô	é�æx÷xã"ô	ì6æ�ý>ã
ý>æ@æ�ì�ãB÷Hë¢ô�ßáé¢à�ï���Ùðø�3rë¢ô}ì èWô�÷�æ@ãBô¡ï��
��ï��¹�xÝ#ô�ß�ì�ì�Þ¢ã�ê"è�ô�ãðæ�åcE�H�ñ���²|ø�ì6Þ�ã , óáãBôN�xô}ì�ã�ç�ì6Þ¢è3ì�ß�ô¡â�ä6æ3û�ß�÷�ã"÷
ì�æzì6Þ�ã�ô}ó�èEû�ã�é�æx÷xã"ô�ß�ô ê�æWé@ì6è�ß�é�ãB÷9æWé9ì6Þ�ã�Þ¢è�äd÷�÷�ß�ô�öHæ�å¦ì�Þ�ã�ç�èWôrì6ã�ä�é�æx÷xã�����Þ¢ß�ô�Þ¢èWô�ì�Þ�ã�èW÷xû3è�é@ì6è�à�ã�ì�Þ¢è�ì
ì�Þ¢ã�ê�ó�ë¢ô}ì�ã"ä�� ô¡ê�æ�é , àWë�ädè3ì�ß�æ�éTç�è��zçzæWä�ã#ã"è�ô�ß�ó	�zýFã�çTæ�÷�ß , ãB÷��W�üè�ä�ã"õ ë�óáårøWß�é9ê�æWçTçzæWé�õ ß�ì6ÞHï��#��ï���ø�÷xæ�ã"ô
é�æ�ìðë¢ô}ã©ì6Þ�ã�Þ¢è�äd÷J÷xß�ô�öxô æ�å¦ì�Þ�ã�ô�ó�èEû�ã�é�æx÷xã"ô"øxõ Þ�ã"ä�ãBè�ô�EBH�ñ���²H÷xæ�ãBô�����Þ�ë¢ô}�Qè�ä6ã�õ ë¢ó�å/çTè��9ýFã�ëFô}ãB÷Hì6æ
ê�ä6ã"è�ì�ã�èðì6ã�çTâ>æ�ädè�ä���ê�óáëFôrì6ã�ä	ßáénì�Þ¢ã�ô6è�çTã�õ�è���ì6Þ¢è3ì1ß�ô¦â>æWô6ô�ßáý�ó�ã�õ ß�ì6Þnï��#��ï��¹�$�üè�ä�ã"õ ë�ó�å�� ô1÷xß�ô6è�÷xû3è�é@ìdè�à�ãWø
ê�æWçTâ¢è�ä6ã"÷�ì�æ©ï��
��ï���ø�ß�ô¦ì�Þ¢è�ì1è>?�ßáé�ë&��÷xß�ô}ì�ä6ßáý�ë�ì�ß�æ�ézç�ë¢ô}ì1ýFã�ß�é¢ôrìdè�ó�óáãB÷�ì6æ#ì6Þ�ã�ç�è�ô}ì�ã�ä	é�æx÷xã"� ô	ÞFè�äd÷�÷xä6ßáûWã
, ädôrìBø|è�é¢÷¬ì6Þ�ãP�üè�ä�ã"õ ë�ó�å�âFè�êdö3è�àWã�ç�ë¢ô}ì#ì6Þ�ã�éþýFãzß�é¢ôrìdè�ó�óáãB÷�è�éF÷�ê�æWé , à�ë¢ä�ãB÷����Qè�ä6ã�õ ë�óáå�ß�ô�÷xãBô}ß�à�é¢ã"÷¬ì6æ
õ�æ�ä6ö�õ ß�ì6ÞAEðï�$A��ý¢è�ô�ã"÷A?¤ß�é�ë&��÷xß�ô}ì�ä6ßáý�ë�ì�ß�æ�é¢ô��

http://www.rocksclusters.org/
http://www.warewulf-cluster.org


{ ©�É å É�æf­#Íç¬¡Í�Î}|�«�Ñ Ì�© Ç2�

²´³$µ�¶%·r¸º¹�»¼»R»l½ ¾�¿RÀMÁ]Â'µR³<Ã�Ä-Á)Ã�¿$Å$µ<ÆMÇR³]ÈRÃr³$µ�¶%È¼É¼ÆMÇRÅ'ÉMÃ�¿^·
Ê´Â^·RË�³$µ�¶^·�¸<¹�»¼»¼»l½ ¾j¿¼ÀMÁ]Â]µR³�ÃMÄrÂ'Ã¼Ã$·�Å¼³¼Ç�¶<³$µ�¶%È¼É¼ÆMÇRÅ'ÉMÃ�¿^·
Ì´¿�¸�¹�Í>½ ¾Î·MÇ�Á]¶%ÈMµ<·¼É�Ï$µ
ÐÑÉ�Å$µM³]Ë¼È$É£Á)É�Å�¸ÒÍR»l½ ¾ÎÈ$É£Á)É�Å�Ó$Ô$Õ¼Ö�É�Å$µR³$ÇMÅ'ÉRÃ�¿^·l×KÉ�ÄrØ^É�Ål×PÅMØ'µ�ÙR³$ÇMÚ�É¼·Û¿%ÃMÅjÀ%·MµRÙ
Ü´¿^·RÈMÇRÝ$µ]·�¸<¹�Þl½ ¾-Ø%Ã�ÚjÁ^Ç�¿]ß<·RÈRÇMÝ$µr¿%ÃMÙ$µ$·¼à
á´¿%Ë�¶'Ã¼Ã¼ÈRµRÙ�¸<¹�»l½ ¾Ò·RÈRÇRÝ$µ$·jÙ]ÃrÅMØ%É¼·âÁ^Ç�¿$ßÎ³$µ�¶^·ÛÂ'µRÄ]ÃM³¼µ<·Mµ�¿]Ù'Éy¿]ãÎ³$µ]·yÀ%ÈMÅ'·�Â'Ç$Æ�ä�Å]ÃÛÁ%Ç]·�Å$µR³
åæÃ�À]ÅRÄ'ÉRÈRµÒ¸ çwÂ%Ã¼ÃMÅ]·�Å¼³$Ç�¶'ËMÅ$µ]·�Å$ËR»¼è$ËMÄ¼µ�Â%Ë¼éR»R»¼êIç ½ ¾�ÚRØ'µR³$µrÅ]ÃjÚ$³'É�Å$µ�³$µ]·yÀ%ÈMÅ'·
ëìÁ)Ã�¿$Å$µ]ÆMÇR³$È¼ÃIí ç�Â%Ã¼ÃMÅ]·�Å¼³$Ç�¶'ËMÅ$µ]·�Å]·�ç ×Kî�¿/×XÂ%·RËM³$µ�¶%·I×KÉ�Å$µR³$Ë¼È$É£Á�É�Å)ï>×ð³$µ�¶^·>×ñÃ�À]Å¼Ä'ÉRÈMµ/×ò¿^·RÈRÇRÝ¼µ]·>×ð¿%Ë�¶%ÃRÃ¼ÈRµRÙ)ó�½

?�ß�ô}ì�ß�é�à Ç Ø	ç�ê]ô ã���è�çTâ�ó�ã�CJ� ç



{ ©�É å É�æf­#Íç¬¡Í�Î}|�«�Ñ Ì�© ÇWÇ

º/ß�à�ë�ä6ã Ç Ø�E ãN3rã"ê-ì6ßáæWéJåÁä�ã2´Wë¢ã�é¢ê�ßáãBô�û�ã�ädô�ë¢ô�é�æ�çTß�é¢è�ó¤ô�ß	."ã�ø�è�óáó|ä6ã�â�ó�ß�ê�è3ì6ßáæWé¢ô�íÁä6ã�âFô�õ Ç��"��� ò

 0

 0.1

 0.2

 0.3

 0.4

 0.5

 0.6

 0.7

 0  0.05  0.1  0.15  0.2  0.25  0.3  0.35  0.4  0.45  0.5

re
je

ct
io

n 
fre

qu
en

cy

nominal size

HO true, asymp.
HO true, bootstrap

HO false, asymp.
HO false, bootstrap

45 degree

º/ß�à�ë�ä6ã Ò Ø�E ãN3rã"ê-ì6ßáæWéJåÁä�ã2´Wë¢ã�é¢ê�ßáãBô�û�ã�ädô�ë¢ô�é�æ�çTß�é¢è�ó¤ô�ß	."ã�ø�ä6ã�â¢óáß�ê�è�ì�ß�æ�é¢ô�õ Þ�ã"ä�ã
β > 0.9

íÁä6ã�âFô�õ Ç��"î ò

 0

 0.1

 0.2

 0.3

 0.4

 0.5

 0.6

 0.7

 0.8

 0.9

 0  0.05  0.1  0.15  0.2  0.25  0.3  0.35  0.4  0.45  0.5

re
je

ct
io

n 
fre

qu
en

cy

nominal size

HO true, asymp.
HO true, bootstrap

HO false, asymp.
HO false, bootstrap

45 degree



Í�«�éc«¡ÍB«¡ËnÑc«�© ÇEÒ

ö 6�ýo6�×c6 ÕJÛ�6�8

, Ç�. ³�ä�ë¢êdÞ¢ã�ø�$ó�1í Ò���� C@ò Ý é�æ�ì6ã�æWéSã�çný¢è�ä6ädè�ô6ô}ß�é�à�ó��9âFè�ädè�ó�óáã"ó¦ê�æWçTâ�ëxì6è�ì�ß�æ�éþë¢ô}ß�é�à�æ�â>ã�éT$
æ@ô}ß	��è�é¢÷ H��|ø
õ�æWä�ö�ß�é�àzâ¢è�â>ã�äBøJº/ßáé¢è�é¢ê�ß�è�ó�$Sè�ä6ö�ã�ìdô�<©ä�æWë�â¤øJ?¤æWé¢÷xæWéA²xêdÞ¢æ@æWó|æ�åIÙ¡ê�æWé�æ�çTß�ê�ô��

, Ò¼. �#æ�æWä�é�ß�öLø#÷G� Ý��áøn��� º��Fî#ã�é¢÷xä��¬è�é¢÷L=��n²�Þ�ã"â�Þ¢è�ä6÷Qí Ò����@Ò òðñ�æ�çTâ�ë�ì6è3ì6ßáæWé¢è�ó�ó��"��ß�éWì6ã�é¢ô�ß�û�ã�ã"ê�æ�é�æWçzã�ì�ä6ß�ê"ô
ë¢ô�ßáé�àOè¥÷xß�ô}ì�ä6ß�ý�ëxì�ãB÷ ç�è3ì�ä6ß	�)��â�ä6æ�àWä6è�çzçTß�é�àüó�è�é�à�ë¢è�à�ãWø}øzù�úû��ü¼ý�üyþ�ù)ú ÿy�]� ��� ����ý��'ÿ�� ú ü���ýjü��-�ûù��
	�ü��'�]�
� üRÿ�ú ���
� ü����Gü����'ü���� � � � ú ��ý���øJC î"� ø ÇBÒ / ( � ÇBÒ�î�î �

, C . �#æ�æWä�é�ß�öLø�÷G� Ý��áøT�¹� º��>îðã"é¢÷xä���è�éF÷O=��n²�Þ¢ã�â�Þ¢è�ä6÷Qí Ò!���)( ò�ï1è�ädè�ó�óáã"ó¤ê�æWçzâ¢ëxì6è�ì�ß�æ�éJßáé
ãBê�æ�é¢æ�çTã�ì6ä�ß�ê�ô�Ø1è
ô}ß�çTâ�ó�ß , ãB÷Sè�â�â�ä6æWè�êdÞ�øTÙB����æ�é@ì�æWà�Þ�ß�æ�ä6à�ß�ã"ô�í ã"÷���ò��v�������yüMü���ü���ø � � �]�û�������zü�� þ����ðú �"!������ � �ñ�$� ú ýy� ú ÿ�ýdø
$�è�ädê�ã"ó��#ã"ö�ö�ã�ä2�

, / . º�ã"ä�é���é¢÷xã�.°³�è�ó�÷xæWçzã"ä�æFøI÷T�B�����$� ��ø�í Ò���� /@ò�$
ï + ì6æ�æ�ó�ýFæ��
åÁæWä�H©ê�ì6èEûWã�øìµ1ã"ê�ï	è�ä�� � /Fø�µ�è�ó�ã�é¢ê�ß�è¢ø'²�â¢è�ßáé¤ø
÷�ë¢é�ã Ò 0!�
C �nÒ!�"� /Fø Ã&Ä�Ä)Å�ÆNÇ�Ç)Ì"ÄnÉcÏ
Ñ&Ð�Í�Ï#ÈTÎ�Ç�#�$)Ì%+Gò!È�ÍJÇTò�Ë�+�ÈTÎ�Änò�Ð&ÌTÉ)ò!Ê�ËJÇ!ÅJÌ�Å&È"ÍnÎ!Ç�%&ÈTÉ�&JÌ"Í�Õ"Ö�Ï
Å�ï�ñ

, (¼. îðæWä�æ3õ ßáì�.Wø^÷G�>í Ò!�"��Ç ò���Þ�ã#ý>æ�æ�ìdôrì6ä6è�â¤ø'�b�������yüRü(��ü��*)}ÿyü��>ü��K��� � ú ÿ�ý-ø&µ1æ�óm� ( ø�÷T� ÷G�@î#ã"êdö�ç�è�é9è�é¢÷ ÙB� ÙB�
?¤ãBè�çTã�äBøxã"÷�ô���ø&Ù�ó�ô�ã�û�ß�ã�ä�²xê�ßáã"é¢ê�ã�³£� µ���ø>ñ�Þ�� (WÒ øxâ�â��GC Ç2(�í �#C ÒWÒ 0J�

, î$. $�è�ê���ßáé¢é�æ�é¤ø>÷T�/í Ò����WÒ ò-øn³�æ�æ�ì6ô}ì�ädè�â¬ßáé�åÁã�ä6ã�é¢ê�ã�ßáéSã"ê�æWé�æ�çTã�ì�ä6ß�ê"ô�ø|ñ�è�é¢èW÷xß�è�é-÷�æWë�ä�éFè�ó¤æ�å�Ù¡ê�æWé�æ�çTß�ê�ô"ø
+-, ø î�Ç�( � î / ( �

http://atc.ugr.es/~javier/investigacion/papers/VecPar04.pdf

	Introduction
	Description
	Setup and use
	Monte Carlo study of a bootstrap test
	Conclusion
	A selective list of resources
	Similar projects

