
���������
	��
���������������������������! "��	#����$&%'�������(�����*)'�+�����-,.��	�,�)0/1�2��3��

4 �����-,.56)0�2���7�2���8�9/:$������;�2���8/����6�<��	#�
�=���>�
���?�8�+�0�@���:�1���8�� "�9	BA

CEDGFIHKJ�LMFBN�HOL�PQLMF�R�SUTWV&XYLMFBNQLMFZS

[9\2]Z^M_a`Wbc\�dQ`OeMfhg#ij\�k�`W_mljkn^Mi=^Mdpo�qresbc]ptY`W\2_!g#dYuslvdp\2\�_wlvdpu

x�yp\8zKdpl|{s\�_w}ml|`•~�eMfh€#\2_mbcesdQ`

•rtY_mivljdpuM`mesd=‚G€#\2_mbcesdQ`KƒQ„†…QƒQ„E‚pz9‡Eˆ

‰�ŠŒ‹†•6Ž#‰�•••

‘9’”“2•—–w“�–m˜U’�™!˜Ušœ›Œ“2•ž’�™wŸ� 
’¢¡¤£¥šž’¥Ÿ&¦Œšž›#™w§m’� 2’¥Ÿ2–mšž˜UšžŸ�§9™a•ž§m–w¨

•—š©¦—ª�›«šœŸ8¦—ª�’�¬Z™•­W’¥•ž’¢¦# �–m›#™ašœŸ¯®
°pª�’�™a•œ§w–w•—š©¦—ª�›±™w �™a“2¦—šž­W’¥•©²

¬p’¢šœ§wª�˜�¦—ª�’Œ³´–wšœŸ&¦”šžŸµ¦—’¶•U¨Œ™wŸ� <šžŸµ¦U•·™a˜U£•™w•ž’!˜´¦·™a¦—šž˜´¦—šž£¥˜�–a¸h �’¢¦·™wšž•

£¥–&’¢¡¤£¥šž’¥Ÿ&¦—˜¥®=¹=š©•—’¥£¢¦�£¥–w•U•—’¢•º™»¦—šž–mŸ¼–a¸G 2’¢¦·™ašœ•Q£¢–&’¢¡Œ£¥šž’¥Ÿ&¦—˜?™a£¢•—–m˜U˜

˜U£•™a•œ’¢˜sšž˜†½2˜U’• �¦—–¾˜U’¥•ž’¥£¢¦M¦—ª2’Q˜Ušž§mŸ�š©¿�£•™wŸ&¦s£¢–&’¢¡Œ£¥šž’¥Ÿ&¦—˜¥®QÀjŸµ¦U•·™a˜U£•™w•ž’

˜´¦·™a¦—šž˜´¦—šž£¥˜E™a•—’Z½2˜U’• ?¦—–=™m 2™w“�¦—šœ­m’¥•©²•›Œ–µ �š©¸Á²?¦—ª�’Y£¥–&’¢¡Œ£¥šž’¥Ÿ&¦—˜¥Âm½�˜´¨

šžŸ�§?™ÃŸ�’¢¬8ª�–w›Œ–m§w’¥Ÿ�’¥š©¦j²•›Œ’¥™w˜U½2•—’w®QÄ�Ÿ2•œšžÅW’Y’¢Æ�šœ˜´¦—šžŸ2§?™w•ž§m–a•—š©¦—ª�›

½�˜UšžŸ2§”“�™a•·™w›Œ’¶¦U•—šœ£6›Œ–µ 2’¢•œ˜¥Â+“�•—šž–w•?ÅµŸ�–•¬¾•ž’• �§m’¤™aŸn �’¥˜´¦—šž›#™a¦—šž–wŸ

–w¸Ç“�™a•·™a›Œ’¢¦—’¢•—˜�™a•—’�Ÿ2–w¦�Ÿ�’¥’¥ 2’• +®0È�’¢¬"³´½2˜´¦—š©¿n£•™»¦—šœ–wŸ'šž˜”“�•—–w¨

­µšœ 2’• �¸É–a•?¦—ª�’h£·ª�–wšž£¥’¤–w¸G¦—ª�’ŒÊ ›Œ–w˜´¦=•—’¥§w½�•œ™a••Ë+¬Z™•­W’¢•œ’¶¦6 2’¢•—šž­W’• 

¸Á•—–w›1ÌG¨|˜U“2•œšžŸ2’¥˜¥®Í°pª�’Gšž›Œ“�•ž’¥›Œ’¥Ÿ&¦·™a¦—šž–wŸ?šœ˜M˜Ušœ›Œ“2•ž’Y™aŸn ?’¢¡Œ£¥šž’¥Ÿ&¦•Â

¬¾š©¦—ª�™�“�’¢•U¸Á–w•—›#™wŸ2£¥’Œ£¥–w›Œ“n™a•·™aÎ�•ž’¤¦—–�•—’¥˜U½2•ž¦—˜ÇÎ&²K˜´¦·™a¦—’¢¨|–w¸º¨j™a•U¦

›Œ’¢¦—ª2–µ 2˜¥®

ÏnÐ9Ñ¢Ò

•6Ž#Ó¤ÔrÕ�•••

Ñ

Ó

Ò

Ö

­W’¢••¦—ª�’”•º™a˜´¦� 2’¥£¥™m 2’wÂY¬Z™•­W’¢•œ’¶¦U¨jÎ�™w˜U’• 8›Œ’¢¦—ª�–µ �˜•¸Á–w•Œ¦—ª�’�•—’¢¨

›Œ–»­m™a•M–a¸GŸ2–mšž˜U’•¬¾š©¦—ª2–m½2¦ÃÎ�•ž½�•U•—šœŸ2§Œ¦—ª�’Çšž›Œ“�–w•U¦·™wŸ&¦B¸É’•™»¦—½2•—’¥˜�šœŸ

˜Ušž§mŸ�™w•ž˜?ªn™•­W’Ç•—’¥£¥’¥šž­W’¥ !™#§w•—’¥™a¦Ç �’•™w•s–a¸Z™»¦U¦—’¥Ÿ&¦—šœ–wŸ†®=°E²�“�šž£•™a•œ•©²&Â

šž›Œ“�–w•U¦·™aŸµ¦�¸É’•™»¦—½2•—’¥˜•™a•—’Œ£·ªn™»•·™w£¢¦—’¢•—šž×¥’¥ ¼Î&²O•º™»•—§m’Œ¬Z™•­W’¢•œ’¶¦Ç£¥–w¨

’¢¡Œ£¢šœ’¢Ÿµ¦—˜Ã™w£¶•—–m˜U˜Ã¦—ª2’Ç˜U£•™w•ž’¥˜6Â�¬¾ª�šž•ž’6›Œ–m˜´¦B–w¸Í¦—ª�’?Ÿ2–mšž˜U’6“�–»¬Y’¢•

šž˜�£¥–wŸ2¿�Ÿ�’• r¦—–#˜U’¥­W’¶•·™w•M¿�Ÿ�’Ç˜U£•™w•ž’¥˜¥Â+¦—ªµ½�˜¾¸Ø™a£¥šž•žšž¦·™»¦—šžŸ�§r¦—ª2’6˜U’¢“2¨

™a•·™»¦—šž–mŸ�–a¸M¸É’¥™a¦—½2•—’¶¨|•—’¢•º™»¦—’• r£¥–&’¶¡Œ£¥šž’¥Ÿ&¦—˜¾™wŸ� ”Ÿ�–wšž˜U’¢¨Ù•—’¥•œ™a¦—’• �£¥–w¨

’¢¡Œ£¢šœ’¢Ÿµ¦—˜¥®�¹=–mŸ2–mª2–”™aŸn OÚm–wª�Ÿ�˜´¦—–wŸ�’”Û Ü»ÝÍ“�šž–mŸ2’¥’¢•—’• �¦—ª2’•½2˜U’•–a¸

¦—ª2•—’¢˜Uª�–m•œ �šœŸ2§9šžŸ�˜Ušž§mŸ�™w•Ã 2’¥Ÿ2–mšž˜UšžŸ�§�®Þ°pª2’�§m’¢Ÿ�’¢•·™a•Ã“�•—–&£¥’• 2½�•—’

¸É–a•�¬p™»­m’¥•ž’¢¦U¨|În™w˜U’¥ ! �’¥Ÿ�–wšž˜UšœŸ2§�™w•ž§m–a•—šž¦—ª2›Œ˜�£¥–wŸ�˜Ušž˜´¦—˜=–a¸E¦—ª2’?¸É–m•©¨

•ž–•¬¾šœŸ2§2ß=àMáwâ·ãGäwâUårãGäwæwç¢èœç¶é¾éØâUäaê�ëºì¥áwâ·íhîYïKá•åað ñYò—äwéØðÙáaê>á´ìhåWç¶é|äwðØè

ò—á»çÉó�ò¢ð|ç¶ê2éØë—î¾ô·ê2æwç¶â¶ë¢ç¤ãYäaæwç¢èœç¶éBéØâ´äwê�ëºì¥áaâ¶í•®Œ°pª�’•£¶ª2–mšž£¥’¤–a¸Y¦—ª2’

¬Z™•­W’¢•œ’¶¦=™aŸn r¦—ª�’?˜U–a¨|£•™w•ž•ž’• �˜Uª2•—šžŸ�Åw™w§w’Ç–w•Ã›Œ–µ 2š©¿n£•™»¦—šž–mŸ�–w¸Í¦—ª2’

£¥–&’¢¡¤£¥šž’¥Ÿ&¦—˜=™a•—’?¦j¬p–Œ–w¸Q¦—ª2’Ç£¢•—š©¦—šœ£¥™w•s£¥–w›Œ“�–mŸ2’¥Ÿ&¦—˜BšžŸr¦—ª2šž˜Ã“�•—–w¨

£¥’¥˜U˜¥®

õ�™w•ž•œ™a¦Q™wŸn Çö�ª�–wŸ�§?Û ÷wÝW¿2•—˜´¦MšžŸ&¦U•—–µ 2½2£¥’• �¦—ª2’E£¢–m›Œ“�•ž’¢¦—’Í›•½�•©¨

¦—šž˜U£•™w•ž’Z’• �§m’p•—’¥“�•—’¥˜U’¥Ÿ&¦·™a¦—šž–wŸh–w¸n˜Ušœ§wŸn™a•œ˜E½�˜UšžŸ2§=ø&½n™w �•·™a¦—šž£p˜U“2•žšœŸ2’

¬Z™•­W’¢•œ’¶¦—˜¥®9°pª2’¢²9˜Uª2–»¬Y’• 9¦—ªn™»¦h›•½�•©¦—šž˜U£•™w•ž’�’• 2§w’¥˜h£•™aŸ>Î�’” �’¢¨

¦—’¥£¢¦—’¥ Þ™wŸ� :£·ªn™»•·™w£¢¦—’¢•—šž×¥’¥ :¸Á•—–w›ù¦—ª�’9•ž–&£•™a•h›#™aÆ�šž›#™>–w¸¤¦—ª2’

¬Z™•­W’¢•œ’¶¦¤¦U•·™wŸ2˜´¸É–w•—›�®
°pª�™a¦Œšœ 2’¥™!¬Z™a˜#™m �–m“2¦—’¥ >Î&²�úÃ½:ç¶éhäwèœû

Û©ü¥ýmÝ†šžŸ”¦—ª2’¥š©•¾˜Ušœ›Œ“2•žšž¿�’• r™a•ž§m–w•—š©¦—ª2›þ¦—–h•—’¥›Œ–»­W’=™w � �šž¦—šž­W’Ã¬¾ª�š©¦—’

ÿ

™w½2˜U˜Ušœ™wŸ<Ÿ2–mšž˜U’����†‘

ÿ

È��6¸º•—–m› ˜Ušž§wŸn™w•ž˜¥®'ÀjŸ�˜´¦—’•™w 8–a¸=£•™a•ž£¥½2¨

•œ™a¦—šžŸ�§Œ¦—ª2’��¯šž“�˜U£·ª�š©¦—×Ç’¢Æ�“�–mŸ�’¢Ÿµ¦—˜6Û ÷aÝs¦—–Œšœ �’¥Ÿ&¦—šž¸º²�’• �§m’¥˜¥Ânú�½8ç¶é

ämèœûs“2•—–w“�–m˜U’• 6½�˜UšžŸ�§�£¥–w•U•—’¥•œ™»¦—šœ–wŸŒ–w¸n¬p™•­W’¥•ž’¢¦E£¥–&’¢¡Œ£¢šœ’¢Ÿµ¦—˜E™a£¢•—–m˜U˜

™m »³U™a£¥’¥Ÿ&¦B˜U£•™w•ž’¥˜B¦—–Œ 2šž˜´¦—šžŸ�§w½�šž˜Uª�˜Ušž§mŸ2šž¿�£•™wŸ&¦B’• �§m’¥˜¾¸Á•—–w›-Ÿ�–mšž˜U’m®

�
	��
	����������
�����������
	��� "!#�$�����&%('*),+.-0/�12�(�43,�
��!5�768��9 :<;(=�>�?�@BA

@�@BA�CDA�@�?�E�@

FB’¥£¥’¥Ÿ&¦—•©²&ÂHGn™a§mª�šžªK™wŸ� JIµ›Œš©¦—ª�Û ýwÝÍªn™•­W’6£¥–m›•Î�šžŸ�’• r¦—ª2šž˜=˜U£•™w•ž’¢¨

˜U“�™w£¥’�›Œ’¶¦—ª�–µ 9¬¾š©¦—ª
˜´¦·™»¦—šœ˜´¦—šž£•™a•¾˜U“n™a¦—šœ™a•� �–m›#™wšžŸ8™wŸ�™w•©²�˜Ušž˜¤¦—–

™a£¶ª2šœ’¢­W’?Î�’¢¦U¦—’¢•B’• �§m’?•ž–&£•™w•žšž×•™»¦—šœ–wŸ!™wŸn �Ÿ�–wšœ˜U’?•—’¥›Œ–»­w™w•Ø®

I&¦·™a¦—šž˜´¦—šž£•™w•¾›Œ–µ 2’¢•œšžŸ2§!–a¸¾¬Z™•­W’¥•ž’¢¦Œ£¢–&’¢¡Œ£¥šž’¥Ÿ&¦—˜¤šž˜Œ™aŸ�–w¦—ª2’¢•

šž›Œ“�–w•U¦·™aŸ&¦Ã“�•—–&£¥’¥˜U˜BšžŸ�›Œ’¢¦—ª�–µ �˜p¸É–a•�Ÿ2–mšž˜U’?•—’¥›Œ–»­m™a•EÛ KaÝYÛ LaÝpÛ M•Ý|®

�B•œ•m˜U½�£·ª=›Œ’¢¦—ª�–µ �˜†“�•—–»­�šœ �’Q§m–&–µ 6 2’¥Ÿ2–mšž˜UšžŸ�§¾šžŸÇ™p›Œ’•™wŸ�¨j˜—ø&½�™a•—’• µ¨

’¢•U•—–a•��|õNIPO8�†˜U’¥Ÿ2˜U’mÂm›Œ–w˜´¦—•©²Ç 2½2’E¦—–Ã™B‘'šž’¥Ÿ2’¢•s¿�•ž¦—’¶•—šœŸ2§Ã“�•—–&£¥’¥˜U˜

šžŸ�¦—ª2’”¬Z™•­W’¢•œ’¶¦r �–m›#™ašœŸ¯®RQÃ–»¬Y’¥­W’¢••Âp“n™a•·™a›Œ’¢¦—’¢•Œ’¢˜´¦—šœ›#™»¦—šž–mŸ†Â

•—’•ø&½2šž•—šžŸ2§h¦—ª�’=˜U–w•ž½2¦—šž–mŸ�–a¸QŸµ½�›Œ’¢•—šž£•™a•+’•ø&½n™a¦—šž–wŸ�˜¥Â2šœ˜¾£¥–w›Œ“�½�¦·™a¨

¦—šž–mŸ�™w•ž•©²O’¢Æ�“�’¥Ÿ�˜Ušž­W’w®SI�šžŸ�£¥’6™a£¥£¥½2•·™»¦—’h’¥˜´¦—šž›#™»¦—šœ–wŸ�šž˜�Ÿ�’¢£¥’¥˜U˜—™a•U²

¸Á–w••§m–&–µ 9 �’¥Ÿ�–wšœ˜UšžŸ2§2Âs¦—ª�™a¦Ç£¥–w›Œ“�½2¦·™»¦—šž–mŸ¼šž˜ÇŸ�–a¦Ç’•™w˜Ušž•©²¼™»­m–mšœ �¨

™aÎ�•ž’m®G°pªn™»¦Z¦—ª�’¥Ÿ#£¢•—’•™»¦—’¥˜Z¦—ª�’ÃÎ�–w¦U¦—•ž’¥Ÿ�’¢£¶Å¤¸Á–w•Z•—’•™a•ž¨Ù¦—šž›Œ’=™a“�“2•œš©¨

£•™»¦—šž–mŸ�˜¥®

ÀjŸr¦—ª�šž˜B“n™w“�’¶••Â�¦—ª�’?£·ª�–wšž£¥’•–a¸Q¦—ª�’=¬p™»­m’¥•ž’¢¦Ã•—’¢“2•—’¥˜U’¥Ÿ&¦·™»¦—šœ–wŸ

™aŸn 6¦—ª2’p›Œ’¢¦—ª2–µ Ç½2˜U’• •šžŸ•›Œ–µ 2š©¿n£•™»¦—šž–mŸh–a¸�¬p™»­m’¥•ž’¢¦E£¥–&’¢¡Œ£¥šž’¥Ÿ&¦—˜

™»•—’Ã•—’¢¨|’¢Æ2™w›ŒšžŸ2’• ¯®s‘¼’Ã“�•—–»­�šœ �’ÃŸ2’¢¬¼³v½�˜´¦—š©¿n£•™»¦—šž–mŸ”¸Á–w•Z–w½2•p•—’¢“2¨

•—’¥˜U’¢Ÿµ¦·™»¦—šž–mŸr¬¾ª2šœ£·ª�½2˜U’¥˜p¬Z™•­W’¥•ž’¢¦—˜Ã 2’¶•—šœ­m’• #¸º•—–m›*ÌG¨|˜U“2•œšžŸ2’¥˜¥®8�

Ÿ2’¢¬1›Œ’¢¦—ª2–µ rÎn™a˜U’• �–mŸ¤³v–mšžŸ&¦=šžŸ&¦—’¢•U¨Z™aŸn �šžŸ&¦U•·™w˜U£•™a•ž’•˜´¦·™»¦—šœ˜´¦—šž£¥˜

šž˜Z“2•—–w“�–m˜U’• Œ¸É–a•¾›Œ–µ 2š©¸Á²�šžŸ�§Ç¦—ª�’� 2’¢¦·™ašž•¯£¢–&’¢¡Œ£¥šž’¥Ÿ&¦—˜¥®8Gsš©•—˜´¦¾™wŸ� 

˜U’¥£¢–mŸn �˜´¦·™»¦—šž˜´¦—šœ£¢˜=–w¸E �’¢¦·™wšž•M£¢–&’¢¡Œ£¥šž’¥Ÿ&¦—˜=™»•—’Ç½�˜U’• ”¬¾š©¦—ª2–m½2¦B•—’¢¨

˜U–a•U¦—šœŸ2§8¦—–8“n™»•·™w›Œ’¢¦U•—šž£!›Œ–µ 2’¥•ž˜¥®TI�šžŸ�£¢’KŸ2–8£¢–m›Œ“�½�¦·™a¦—šž–mŸ'šž˜

Ÿ2’¥’• 2’¥ !¸É–a•6“n™a•·™a›Œ’¢¦—’¢•?’¢˜´¦—šœ›#™»¦—šž–mŸ†Â†¦—ª�’•£¥–m›Œ“2½2¦·™a¦—šž–wŸn™w•ÍÎ2½2•U¨

 �’¥Ÿ�šž˜hª�šž§wª�•©²¼•—’• �½�£¥’¥ ¯®�‘9’#˜U’¥’#¦—ªn™»¦•¦—ª2’#“�’¢•U¸É–a•—›#™wŸ�£¢’�–wÎ2¨

¦·™ašœŸ2’• K£¢–m›Œ“n™»•—’¥˜?­W’¢•U²�¸É™•­W–w•·™aÎ�•©²O¬¾šž¦—ª!¦—ªn™»¦?–w¸p¦—ª2’h˜´¦·™»¦—’¢¨|–w¸Á¨

™»•U¦�™a•ž§m–w•—š©¦—ª2›Œ˜•Û LaÝGÛ MaÝÙ®

U¯Ð

•�V4W ‰YX�X?Ž#ÓZX?Ž

Ñ

‰?•�W�Ž[W\X?Ž[W?‹.W

Ò

•Z‰?•

Ñ

Ó

Ò

°pª2’?£¶ª2–mšž£¥’=–a¸Í™wŸr™w“�“�•—–m“�•—šº™»¦—’�•—’¥“�•—’¥˜U’¥Ÿ&¦·™a¦—šž–mŸr–w¸sšž›#™a§m’¥˜¾£•™aŸ

Î�’�¸É½�Ÿ� �™a›Œ’¥Ÿ&¦·™w•pšžŸ>¦—ª�’r˜U–w•ž½2¦—šž–mŸ
–w¸Ã˜U“�’¥£¥š©¿n£r¦·™a˜UÅ�®]G�–w•¤¦—ª2’

£¥•œ™a˜U˜�–w¸h 2’¥Ÿ2–mšž˜UšžŸ�§<™a•ž§m–w•—š©¦—ª2›Œ˜� 2šž˜U£¥½2˜U˜U’• cª2’¢•—’mÂÃ–w•U¦—ª2–m§m–wŸn™a•

¬p™»­m’¥•ž’¢¦Í•—’¥“2•—’¥˜U’¢Ÿµ¦·™»¦—šž–mŸhšž˜QšžŸn™a“�“�•—–m“2•—šœ™»¦—’Z 2½2’G¦—–Ã¦—ª2’G¸É™w£¢¦Q¦—ª�™a¦

Ÿ2–¾•—’¥™w•©¨|­m™a•œ½2’• =¬Z™•­W’¥•ž’¢¦—˜M£•™wŸÇªn™•­W’Í–a•U¦—ª�–m§w–mŸ�™w•žš©¦v²6™wŸ� =˜´²�›Œ›Œ’¢¨

¦U•U²6“2•—–w“�’¢•U¦—šž’¥˜Í˜Ušž›h½�•©¦·™aŸ�’¥–w½�˜U•©²&®Q°pª2’p•—’•ø&½�š©•—’¥›Œ’¥Ÿ&¦Q–a¸�šž˜U–w¦U•—–m“&²

¸Á–w•!–m“�’¢•·™»¦—–w•—˜Ošž˜Ošœ›Œ“�–a•U¦·™wŸ&¦O™a•œ˜U–
¸É–w•!›Œ–w˜´¦�§w•·™w 2šž’¥Ÿ&¦U¨|În™w˜U’¥ 

’• �§m’• 2’¢¦—’¢£¢¦—šž–mŸ�›Œ’¢¦—ª2–µ 2˜¾½�˜U’¥ �šœŸr’• 2§w’¢¨|“2•—’¥˜U’¢•—­µšžŸ�§# �’¥Ÿ�–wšž˜UšœŸ2§

™a•œ§w–w•—š©¦—ª�›Œ˜¥®OÀjŸ�™m 2 2š©¦—šž–mŸ¯ÂE™w˜••—’¥™w•žšž×¥’• �Î&²¼›#™aŸµ²O•—’¥˜U’¥™a•—£·ª�’¢•—˜

Û KaÝÙÂW–»­W’¶•—£¥–m›Œ“2•œ’¶¦—’Y•—’¥“2•—’¢˜U’¥Ÿ&¦·™a¦—šž–mŸ2˜Y™»•—’ZÎ�’¢¦U¦—’¢•Í˜U½�š©¦—’• 6¦—ªn™wŸ•–w•U¨

¦—ª2–m§m–wŸn™a•n•—’¥“2•—’¥˜U’¢Ÿµ¦·™»¦—šž–mŸ�˜GšžŸ#™w“�“2•žšœ£¥™a¦—šž–mŸ2˜p˜U½�£·ª#™w˜Y 2’¥Ÿ2–mšž˜UšžŸ�§2Â

’¢¦—£w®

Ö

½2•Q“�•—–m“�–w˜U’• 6›Œ’¶¦—ª�–µ Ç½2¦—šž•žšœ×¢’¥˜Q£¥½�Î2šž£pÌG¨|˜U“�•žšžŸ�’¢˜s¬Z™•­W’¥•ž’¢¦—˜

¦—–
›#™wšžŸ&¦·™wšžŸc¦—ª2’¼šž˜U–w¦U•—–w“&²&®

Ö

­W’¶•—˜—™w›Œ“�•žšžŸ�§8šž˜�½�˜U’• 0¦—–
–wÎ2¨

¦·™ašœŸ#¦—ª�’BŸ�’¢£¥’¥˜U˜—™a•U²¤£¥–&’¢¡Œ£¥šž’¥Ÿ&¦Z£¢–w•U•—’¥•œ™a¦—šž–wŸ”¬¾š©¦—ª�šžŸ”™wŸn Œ™a£¢•—–m˜U˜

˜U£•™a•ž’¥˜¥®



U¯ÐØÏnÐ��������	�
���
�

Ô

�	���
���	�����
�����

Š��¶‹��

�
�����	�

ÀvŸ9¦—ª2’Œ˜U’¢¦U¦—šžŸ�§O–w¸�õ�™a•œ•œ™»¦#™wŸ� >ö+ª2–mŸ�§�Û ÷wÝÙÂQ¦—ª2’�˜U£¥™w•žšžŸ�§O¸É½�Ÿ2£¢¨

¦—šž–mŸ�šž˜B™h˜U›Œ–&–a¦—ª”¸É½2Ÿ�£¢¦—šž–wŸ��P� �<�¶Â�£·ª�–w˜U’¥Ÿ�™w˜Z¦—ª2’=£¥½�Î2šž£?˜U“�•žšžŸ�’m®

°pª�’•¬Z™•­W’¥•ž’¢¦6šž˜?¦—ª�’•¿2•—˜´¦Ç–w•· �’¢•6 2’¢•—šž­w™a¦—šž­W’¤–a¸!�P� �7�¶®h‘9’h’¥›¤¨

“�ª�™w˜Ušž×¥’¼¦—ª2’K¸É™w£¢¦�¦—ª�™a¦�¦—ª�šž˜�£·ª�–wšž£¥’9šž˜�£¥–mšžŸ2£¥šœ 2’¥Ÿ&¦�¬¾š©¦—ª:¦—ª2’

“2•—–w“�’¢•U¦v²'¦—ª�™a¦�¦—ª2’¼˜U–w•œ½�¦—šž–mŸÞ–a¸¤•—’¥§w½�•œ™a•—šž×¥’• cŸµ½�›Œ’¢•—šž£•™a•Ç 2š©¸Á¨

¸É’¶•—’¥Ÿ&¦—šº™»¦—šž–mŸ<“�•—–mÎ�•ž’¥›Œ˜hšœ˜Œ¦—ª2’r£¥½2Î�šž£�˜U“�•žšžŸ�’¼Ûžü#"wÝÙ®<‘9’�•—’¥£•™a•œ•

¦—ª�’#ÅW’¶²9’•ø&½n™»¦—šž–mŸ�˜•šžŸ9¦—ª�’� 2’¢•—šž­w™a¦—šž–mŸ>–a¸B¬p™•­W’¥•ž’¢¦—˜¤Î�™w˜U’• 9–wŸ

ÌG¨|˜U“�•žšžŸ�’¢˜
Û©ü•ÜaÝ|ß Gsš©•—˜´¦•Âh¦—ª�’>ÌE¨j˜U“2•žšœŸ2’>–w¸�–w•· �’¢•¼ŸÞšœ˜!§m’¢Ÿ�’¢•U¨

™a¦—’¥ �Îµ²%$'&<ü¢¨Ù¸Á–m•œ �£¥–mŸµ­W–w•œ½�¦—šž–mŸ�–a¸Q¦—ª�’ÇÌG¨|˜U“�•žšžŸ�’Ç–a¸G–a•· 2’¢•("rÂ

)�*

� �<�,+

)�-/.0)�-/.�1#1#12)�-

� �<�¶Âw¬¾ª�’¢•—’

)�-

� �<�sšž˜E¦—ª2’ZÎ�–»Æ6¸É½2Ÿ�£¢¦—šž–wŸ

¬¾š©¦—ª¼¦—ª�’h˜U½�“�“�–a•U¦#Û43�5

687

5

6

�¶®ŒÀj¦Çšž˜ÇÅµŸ�–•¬¾ŸK¦—ª�™a¦6ÌG¨|˜U“�•žšžŸ�’¢˜•™»•—’

9

¨Ù•—’¢¿�Ÿ�’•™aÎ�•ž’m®O°pª�™a¦•šž˜¥ÂE¸Á–w•

9

+ K&ÂQ¬p’#ªn™•­W’Œ¦—ª2’¤¦v¬p–a¨|˜U£•™w•ž’

’•ø&½n™»¦—šž–mŸ†Â

)

*

� �<�:+<;�=

>

?A@,B

=

KDC

*

6

�FE �

)

*

��KG�'3�EP�

7

�IHIJ

7

¬¾ª�’¶•—’'C

*

6

šœ˜?¦—ª2’Œ 2šž˜U£¢•—’¢¦—’#ÌE¨j˜U“2•žšœŸ2’Œ–w¸Z–a•· 2’¢•6Ÿ!¬¾šž¦—ªK’¢Æ�“n™aŸ2¨

˜Ušž–mŸ¼¸É™w£¢¦—–a•[KKÛ©üwü¥ÝÙ®r°pª2’¢•—’¢¸Á–w•—’mÂ

)
*

� �<�=ø&½�™w•žš©¿n’¥˜6™w˜•™r˜U£•™a•žšœŸ2§

¸É½2Ÿ�£¢¦—šž–wŸ†®Œ°pª2’¤£¥–a•U•—’¥˜U“�–mŸ� 2šžŸ�§r¬p™•­W’¥•ž’¢¦Çšž˜?–mÎ�¦·™wšžŸ�’• O¦—ª2•—–w½�§mª

 2š4K+’¢•—’¢Ÿµ¦—šœ™»¦—šœ–wŸ

L

*

� �<�,+NM

)�*

;

5

��KG�<�

M

�

+ K�Û

)

*

��K��O&

ü

K

��3

)

*

��KG�P3

ü

K

�jÝ

7

™wŸ� 8šž˜¤•—’¢¸Á’¢•U•—’• >¦—–¼™a˜¤¦—ª�’RQEäaê�êTSDUjáWV2ç¶âUäwé|áaâAU|è ðYXWç!ãGäwæwç¢èœç¶é

ìWZµê�ò¢éØðØáwê�Û©ü•ÜmÝÙ®ÍÀ|¦¾šœ˜Z’¥™w˜Ušž•©²r­W’¶•—šž¿�’• �¦—ª�™a¦p¦—ª2’?™w˜U˜U–&£¢šº™»¦—’• �ª�šž§wª2¨

“n™a˜U˜Z¿n•©¦—’¢•Bšž˜¾¦—ª2’�¬p’¢•œ•©¨|ÅµŸ�–•¬¾Ÿr¿2•—˜´¦U¨j–a•· 2’¢•B �š4K+’¢•—’¥Ÿ�£¢’=–m“�’¢•·™»¦—–w•

¬¾š©¦—ª�™hª�™w•©¸Q½�Ÿ2š©¦¾˜Uª�š©¸Á¦•®

°pª�’Í£·ª�–wšœ£¢’Y–w¸µ¦—ª2’E˜´²�Ÿ&¦—ª�’¢˜Ušœ˜†˜U½�Î2˜U“n™w£¢’¥˜Mšž˜MŸ2–w¦M½�Ÿ�šœø&½�’w® G2–w•

˜Ušž›Œ“�•žšž£¥š©¦v²&Âµ¦—ª�’�˜´²2Ÿ&¦—ª2’¥˜Ušž˜Z˜U½�Î�˜U“�™w£¥’\[ ]�šž˜¾£¶ª2–m˜U’¥Ÿr¦—ª2’=˜—™w›Œ’=™w˜

¦—ª�’Ç™aŸn™a•ž²�˜Ušž˜B˜U½�Î�˜U“�™w£¥’^]¤®Y°pª�’¢•—’¢¸Á–w•—’mÂ�¦—ª�’?˜´²�Ÿ&¦—ª�’¥˜Ušž˜¾•ž–»¬¾“�™w˜U˜

¿n•©¦—’¢•
[

_

šž˜6¦—ª2’Œ˜—™w›Œ’�™w˜Ç¦—ª�’#™aŸn™w•©²�˜Ušž˜h•ž–•¬¾“n™a˜U˜h¿n•©¦—’¢•

_

®O°pª2’

˜´²�Ÿ&¦—ª�’¥˜Ušž˜Bª�šž§mª2“n™w˜U˜¾¿n•©¦—’¢•B¸É–a•Ã¦—ª2’Ç˜U½�Î�˜U“�™w£¥’`[ a £¥™wŸ�Î�’?¸É–w½�Ÿn 

½�˜UšžŸ2§>¦—ª2’O“�’¢•U¸É’¥£¶¦�•—’¥£¥–wŸ�˜´¦U•—½�£¶¦—šœ–wŸ0£¥–mŸ2˜´¦U•·™wšžŸ&¦9Û©ü•ÜwÝÙ®�ÀvŸ'–w½2•

™wŸ�™w•©²�˜Ušž˜M¬p’E½�˜U’E£¥½�Î2šž£GÌE¨j˜U“2•žšœŸ2’Y™aŸn ?š©¦—˜s �’¢•—šž­m™»¦—šœ­m’Í¦—–¾§w’¥Ÿ�’¢•·™»¦—’

¦—ª�’�•ž–•¬¾“n™a˜U˜”¿�•ž¦—’¶•

_

™aŸn 
¦—ª2’!ª2šž§mª�“�™w˜U˜#¿n•©¦—’¢•'b�®c‘9’�Ÿ�–a¦—’

ª�–•¬Y’¥­W’¢•¾¦—ªn™»¦Z¦—ª�’Y³v½�˜´¦—š©¿n£¥™a¦—šž–mŸ�“�•—–a­µšœ 2’¥ ”Î�’¥•ž–•¬0¸É–w•Ã½�˜UšžŸ2§ŒÌG¨

˜U“�•žšžŸ�’¢˜Bšž˜B­m™a•žšº #¸É–a•=™aŸµ²�–a•· 2’¢••®

U¯Ð U¯Ðdce���#�
�Yf:gD�T�
�
h0�jikh0�'�
le�

Š��¶‹��

�
�����

•

l�h���gD�

Gsšž§2®ZüB˜Uª�–•¬¾˜Y¦—ª2’¾˜U“�’¥£¢¦U•·™?–w¸

_

5

.

b

6

¬¾ª2’¢•—’

_

5

™aŸn mb

6

™»•—’B¦—ª2’

¿�•—˜´¦G•ž’¥­W’¥•2•ž–»¬¾“�™w˜U˜Z™aŸn h˜U’¢£¥–mŸ� ¤•œ’¢­W’¥•nª2šœ§wª�“�™w˜U˜G™wŸn™a•©²2˜Ušž˜E¿n•©¦—’¢•—˜

šžŸ�ä�éØâ´áDZµë¾™w•ž§w–w•—š©¦—ª�›@Û ÷aÝÙ®Y‘¼’6–wÎ�˜U’¢•—­m’=¦—ªn™a¦¾¦—ª2’?˜U“�’¥£¢¦U•—½�›*–a¸

_

5

.

b

6

ÂP�Ù™a˜Q™w•ž˜U–¾¦—ª�’G 2’¢¦·™ašž•&˜U“�’¥£¢¦U•—½�›c˜´¦—’¥›Œ›ŒšžŸ�§G¸Á•—–m›Þ™w•ž•&–w¦—ª2’¢•

•ž–•¬¾“n™w˜U˜Ç•ž’¥­W’¢•œ˜��¶ÂMÎ�’¥ªn™•­W’¢˜=•žšœÅm’h¦—ª�’•–m“2¦—šž›#™a• Gn™a•—šœ �¨
Iµšœ›Œ–wŸ�£¥’¢•œ•žš

Ÿµ½�›Œ’¢•—šž£•™a•E 2š4K+’¢•—’¥Ÿ&¦—šœ™a¦—–a•”Û naÝÙ®�°pª�™a¦6šž˜¥ÂM¦—ª�’h˜U“�’¥£¢¦U•—½�› šž˜Ç•žšžŸ2¨

’•™»••šžŸ¼¦—ª2’¤•ž–•¬¾“n™w˜U˜6•—’¥§mšž–wŸ¼¬¾š©¦—ª�™r˜Uªn™»•—“� 2’¢£•™¥²KšžŸ¼¦—ª2’¤ª�šž§wª

¸Á•—’¥øµ½2’¥Ÿ�£¶²�“�™a•U¦•®Þ°pª�šž˜r™a§W™ašœŸ0“�•—–a­µšœ 2’¢˜�­m’¢•—š©¿n£•™»¦—šœ–wŸ<¸É–a•”¦—ª2’

½�˜U’?–a¸Í¬Z™•­W’¥•ž’¢¦¾•—’¥“�•—’¥˜U’¥Ÿ&¦·™a¦—šž–mŸ�Î�™w˜U’• �–wŸ�ÌG¨|˜U“�•žšžŸ�’¢˜¥ßY¦—ª�’=¿2•—˜´¦

 2’¶•—šœ­w™a¦—šž­W’O–a¸•£¢½�Î�šž£KÌG¨|˜U“�•žšžŸ�’¥˜r™a•—’!–m“�¦—šœ›#™a•Ã¸Á–w•r•—’¢§m½�•œ™»•—šœ×¢’• 

 2š4K+’¢•—’¢Ÿµ¦—šœ™»¦—šœ–wŸr¸É–a•�’¥ 2§m’Ç �’¢¦—’¥£¢¦—šž–wŸršžŸ�Ÿ�–wšž˜´²r˜Ušž§mŸ�™w•ž˜6Ûžü#"wÝÙ®

�Ã˜�¸Á½2•U¦—ª�’¶•�³v½�˜´¦—š©¿n£¥™a¦—šž–mŸ1¸Á–w•� �’¥Ÿ�–wšž˜UšœŸ2§'½�˜UšžŸ�§<¬p™•­W’¥•ž’¢¦—˜

În™a˜U’• �–wŸ0ÌG¨|˜U“�•žšžŸ�’¥˜¥Â¾¬p’�£¢–mŸ�˜Ušœ �’¢•ršž›#™a§m’�•—’¥˜´¦—–w•·™»¦—šž–mŸ'½�˜UšžŸ2§

 2š4K+’¢•—’¢Ÿµ¦6¬Z™•­W’¢•œ’¶¦—˜¥®9À´ �’•™w•ž•©²&ÂQ¦—ª�’�§m–m™w•Zšž˜•¦—–�•—’¥£¢–a­m’¢•h¦—ª2’” �’¢¨

¦·™wšž•+În™aŸn �˜Y¬¾š©¦—ª�–m½�¦Z’¢•U•—–a••®Y°pª�™a¦¾šž˜¥Âµ¦—ª�’B¿nŸn™a•�•ž–»¬0“�™w˜U˜Zšž›#™w§w’

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
0

0.2

0.4

0.6

0.8

1

1.2

1.4

w / p

M
ag

ni
tu

de
 o

f s
pe

ct
ru

m

bior5.5
sym8
spline

Gsšž§m½2•—’¤üwß,I�“�’¥£¢¦U•·™•–w¸

_

5

.

b

6

�Ø˜U’¥’?¦—’¢Æµ¦ �E¸É–a•Ã¦j²2“2šž£•™w•+¬Z™•­W’¥•ž’¢¦—˜

˜Uª2–m½�•œ OÎ�’h �’¥­W–wšº �–a¸p™a•œ•E �’¢¦·™wšž•Ø®=‘9’6›Œ’•™a˜U½2•—’Ç¦—ª�šž˜�’AK+’¢£¢¦?’¢Æµ¨

“�’¢•—šž›Œ’¥Ÿ&¦·™a•œ•©²�Î&²r£¥–mŸ2˜Ušº �’¢•—šžŸ�§”™�ýa¨|•œ’¢­W’¥•Q �’¥£¥–m›Œ“�–w˜Uš©¦—šœ–wŸ†®Ç°pª2’

™a“�“2•—–•Æ�šž›#™a¦—šž–mŸ�Î�™wŸ� �–w¸Í¦—ª�’ÇŸ�–wšž˜´²�˜Ušž§mŸ�™w•Í™a¦Ã•ž’¥­W’¥•Mý#™wŸn r¦—ª2’

ýh 2’¢¦·™ašœ•ž˜pÎ�™wŸ� 2˜G¸º•—–m›�¦—ª2’Ã–a•—šž§mšžŸn™a•†˜Ušž§mŸ�™w•¯™a•—’Ã½�˜U’• ¤¸Á–w•Z•—’¥£¥–wŸ2¨

˜´¦U•—½2£¢¦—šž–mŸ†®¾‘¼’?½�˜U’Ç¦—ª�’^nµü�KŒÆInµü�KpoMç¶ê�äÇšœ›#™a§m’?¬¾š©¦—ª �†‘

ÿ

È

¬¾š©¦—ªPqI+ K�"�®s‘¼’p–mÎ�¦·™wšžŸ¤™(r,IµÈ\F>–w¸nýW÷�® L L= �ÌÃÂwý$M&® Kµü¾ 2Ì9™wŸ� 

n»ý2® nw÷O �ÌÞ¸Á–w•#ësSwímtmîvu¢ðÙáwâAw&û
wŒ™wŸ� yxzUÙëFV�è ðÉê�ç=¬p™•­W’¥•ž’¢¦—˜Ç•—’¥˜U“�’¥£¢¨

¦—šž­W’¥•©²&®�È�–a¦6˜U½2•—“2•—šž˜UšžŸ�§w•©²&Âs¦—ª�’¤¬p™»­m’¥•ž’¢¦Ç•—’¥“2•—’¥˜U’¢Ÿµ¦·™»¦—šž–mŸ�½�˜UšžŸ2§

ÌG¨|˜U“2•œšžŸ2’¥˜h§wšœ­m’¥˜•¦—ª2’�Î�’¢˜´¦••—’¥˜U½2•©¦•®�Iµšž›Œšœ•œ™»•¤™aŸn™w•©²�˜Ušž˜¤™»¦¤–w¦—ª2’¢•

•ž’¥­W’¢•œ˜G–w¸† 2’¢£¥–m›Œ“�–w˜Ušž¦—šž–wŸ¤²2šž’¥•œ h¦—ª2’Z˜—™w›Œ’¾£¥–mŸ2£¥•ž½�˜Ušž–mŸ¯®,{Y’¶¦E¸Á½2•U¨

¦—ª2’¢•ršžŸ2˜Ušœ§wª&¦r–wŸ<¦—ª�’OÌG¨|˜U“�•žšžŸ�’O£·ª�–wšœ£¢’K£•™aŸ<Î�’�¸É–w½�Ÿn <šžŸ�¦—ª2’

¸É™w£¢¦—–a•—šœ×¥™a¦—šž–mŸ�–a¸s˜U£•™a•žšœŸ2§•¸Á½�Ÿ�£¶¦—šœ–wŸ�˜Z™a˜Y•—’¥“�–a•U¦—’• ŒšœŸ!Û©ü(KaÝÙ®
G2•—–w›

™#Ÿ�’¢¬Þ­µšœ’¶¬¾“�–mšžŸ&¦•Â+Ä�Ÿ�˜U’¶•=™aŸn OÌY•ž½�•—’¥“2•—’¥˜U’¢Ÿµ¦=™Œ˜U£•™w•žšžŸ�§#¸É½2Ÿ�£¢¨

¦—šž–mŸ#™a˜E¦—ª2’Z£¥–mŸµ­W–w•ž½2¦—šž–mŸ¤–a¸†™=ÌG¨|˜U“�•žšžŸ�’ �É¦—ª�’p•—’¢§m½�•œ™»•Y“�™a•U¦ �Q™wŸ� 

™¤ �šž˜´¦U•—šœÎ2½2¦—šž–mŸ �É¦—ª�’�šž•U•—’¢§m½�•œ™»•Ã“�™a•U¦ �¶®ÍÀ|¸M¦—ª�’� 2šž˜´¦U•—šžÎ�½�¦—šœ–wŸr“�™a•U¦

šž˜�£·ª�–w˜U’¥ŸO™w˜¾¦—ª�’6 �’¥•©¦·™h¸É½�Ÿ2£¢¦—šž–mŸ¯Ân¬p’?¬¾šž•ž•M¿nŸ� �™¤˜U’¢¦Ã–w¸¾Ë ›Œ–m˜´¦

•—’¥§w½�•œ™a••Ëw˜U£•™a•œšžŸ2§Ã¸É½2Ÿ�£¢¦—šž–wŸ•£¥–wŸ�˜Ušž˜´¦—šžŸ�§Ã–w¸2–mŸ�•©²?¦—ª2’E•—’¥§w½�•œ™a•Í“�™a•U¦•®

ÀjŸ¼–w¦—ª2’¢•Ç¬p–a•· 2˜¥ÂM¦—ª2’rË š©•U•—’¥§m½2•º™»•h“�™a•U¦—˜¥Ë†–w¸p¦—ª2’¤˜Ušž§mŸ�™w•p™»•—’Œ•ž’¢¸Á¦

šžŸK¦—ª2’h �’¢¦·™wšž•ÍÎn™aŸn �˜�¦—–”Î�’•½�˜U’• OšžŸ!¦—ª2’h˜Uª�•—šœŸ2Åm™a§m’•–m“�’¢•·™»¦—šœ–wŸ

–a¸Q¦—ª�’=£¥–&’¶¡Œ£¥šž’¥Ÿ&¦—˜¥®

‘9™•­W’¥•ž’¢¦ •œ’¢­W’¥•Íü •ž’¥­W’¥• K •ž’¥­m’¥•MÜ •ž’¥­W’¥•¯ý

˜´²�›'| KD|µ® L K Üaý2® L}" ý~"�® L M ýW÷µ® L L

Î�šž–w•Wn&® n K Lµ® " L Ü}nµ®žü(K ý2üm® K�" ý$M&® Kµü

ÌG¨|˜U“�•žšžŸ�’ Ü~n&® "aý ý�üm® L}| ý~|�® K5L naý�® nw÷

°s™aÎ�•ž’Ãüw®0OQÆ�“�’¢•—šž›Œ’¥Ÿ&¦·™w•WÎ�–w½�Ÿn �˜,�Fr8I�ÈSF9šžŸh 2Ì*�
�Ø˜U’¥’E¦—’¢Æµ¦ �

•¯Ð

‹.VrŽ

Ñ¶ÒI€

‰%• WþÓZX�W�Ž#‰?•

Ñ

Ó

Ò

úÃ½�ç¶éÃämèœû?½�˜U’• 2š©•—’¥£¶¦?£¥–w•U•—’¢•º™»¦—šž–mŸ¼–a¸Y¬p™»­m’¥•ž’¢¦—˜=£¥–&’¢¡¤£¥šž’¥Ÿ&¦—˜Ç™a¦

™w a³U™a£¥’¥Ÿ&¦Ã˜U£•™w•ž’¥˜B¦—–Œ 2šž˜´¦—šžŸ�§w½�šž˜Uª�šž›Œ“�–w•U¦·™wŸ&¦¾’• �§m’¥˜¾¸Á•—–w›*Ÿ�–mšž˜U’m®

�B˜••—’¥“�–a•U¦—’• ¯ÂÍ¦—ª�’¶²9Ÿ�–a¦—šž£¥’• 9¦—ªn™»¦h¦—ª�’¢šž•h›#™w˜UÅ!¿n•©¦—’¢•—˜•¬Y–w•—ÅW’¥ 

¬Y’¥•ž•�›#™wšžŸ�•©²h¸Á–w•Zšž›#™a§m’¥˜E¬¾šž¦—ª#˜Uª�™a•—“#Î�–m½2Ÿn �™»•—šž’¥˜¥Âµ˜U½�£·ª�™w˜Zõ F

šž›#™w§w’¥˜¥®E°pª�’¶²¤’¥Ÿ2£¥–m½2Ÿµ¦—’¶•—’• ¤ 2š©¡Œ£¢½�•©¦v²6¬¾ª�’¥Ÿ¤¦U•—’¥™a¦—šžŸ�§?˜U›Œ–&–a¦—ª

¸Á’•™a¦—½�•—’¥˜ÃšžŸ�šž›#™a§m’¥˜ÇÛ©ü¥ýWÝÙ®Í‘9’?™»•—§m½2’Ç¦—ª�™a¦Z¦—ª2’=•—’•™w˜U–wŸ�¸É–w•¾¦—ª�™a¦

’AK+’¢£¢¦?¬Z™a˜=¦—ª�’¥š©•6 2’¢“�’¥Ÿn �’¥Ÿ�£¥’6–mŸ!–mŸ2•©²KšžŸ&¦—’¢•—˜U£•™a•ž’¤£¥–w•U•—’¢•º™»¦—šž–mŸ

¸Á–w•¤¦—ª2’�˜U’¢•œ’¢£¢¦—šž–mŸ8–w¸Ã 2’¢¦·™ašž•p£¥–&’¢¡Œ£¢šœ’¢Ÿµ¦—˜¥®¼ÀvŸ&¦U•·™w˜U£¥™w•ž’”£¢–w•U•—’¥•œ™a¨

¦—šž–mŸc¬Z™a˜!šž§wŸ�–w•—’¥ ¯® IµšžŸ�£¥’9˜Ušž§wŸ�š©¿n£•™aŸ&¦O£¥–&’¢¡Œ£¥šž’¥Ÿ&¦—˜O™»•—’>™w•ž˜U–

£¥–a•U•—½�“�¦—’• 9Î&²¼Ÿ2–mšž˜U’mÂEš©¦•¬Y–m½�•œ >™w“2“�’•™a••Ÿ�’¢£¥’¥˜U˜—™a•U²¼¦—–�›Œ–µ 2š©¸Á²

¦—ª2’¥› ™w˜p™a“�“�•—–m“2•—šœ™»¦—’m®s‘9’¾Ÿ2–w¦—’¾ª�’¢•—’Z¦—ª�™a¦E¦—ª�’Zú�½h’¢¦p™a•Ø®œÂµ“�•—–w¨

£¥’¥ 2½2•—’Bšž˜p˜Ušž›Œšž•º™»•p¦—–Ç¹=–mŸ2–mª2–w¨jÚm–mª2Ÿ�˜´¦—–wŸ�’mË ˜pª�™a•· ¤¦—ª2•—’¥˜Uª2–m•œ 2šžŸ2§

›Œ’¢¦—ª2–µ KšžŸK¦—ª�™a¦Ç½2Ÿn 2’¢˜Ušž•—’¥ ¼ 2’¶¦·™wšž•G£¢–&’¢¡Œ£¥šž’¥Ÿ&¦—˜6™a•—’¤•—’¥›Œ–»­W’¥ ¯®



�Ã•ž˜U–0Ë ªn™a•· '¦—ª2•—’¢˜Uª�–m•œ �šœŸ2§2ËBšž˜�½�Ÿ2šž¸Á–w•—› ¬¾šž¦—ª0•—’¥˜U“�’¥£¶¦�¦—–8¦—ª2’

¬¾ª�–w•ž’Œ˜U£•™w•ž’mÂÍŸ2–w¦6™m 2™w“�¦—’• !¦—–r¦—ª2’¤•ž–&£•™w•GÎ�’¥ªn™•­µšž–w••® IµšœŸ2£¥’mÂMšœŸ

›Œ–m˜´¦YŸn™»¦—½2•·™w•�šž›#™a§m’¥˜¥Âµ¦—ª�’Ã˜Uªn™»•—“�Ÿ�’¢˜U˜p–w¸M’• 2§w’¥˜p­w™a•U²ŒšžŸ” 2š4K+’¢•U¨

’¥Ÿ&¦Q•—’¥§wšœ–wŸ�˜¥Âµ™B½�Ÿ2šž¸Á–w•—›1¦—ª�•—’¥˜Uª�–w•º 6šž˜EŸ2–w¦E™a“�“2•—–w“2•—šœ™a¦—’w®0Q�’¥Ÿ2£¥’mÂ

˜U“n™»¦—šœ™w•ž•©²!™m �™a“2¦—šž­W’Ç¦—ª2•—’¥˜Uª2–m•œ 2šžŸ2§#¦—’¢£¶ª2Ÿ�šœø&½�’¥˜Bªn™•­W’ÇÎ�’¥’¥ŸO“�•—–w¨

“�–m˜U’¥ ¼Û KaÝYÛ L»ÝYÛ ýmÝGÛ MaÝÙ®

‘9’�“�•—–m“�–w˜U’>¦—–'½2˜U’9¦—ª�’>šžŸ&¦U•·™w˜U£•™a•œ’>£¥–a•U•—’¥•œ™a¦—šž–mŸ –w¸� �’¢¨

¦·™wšž•?£¥–&’¶¡Œ£¥šž’¥Ÿ&¦—˜¥Â�¦—ª�™a¦�šž˜¥ÂÃ¦—ª�’!’¥˜´¦—šž›#™a¦—’• ' �’¢•—šž­m™»¦—šœ­m’K–a¸•¦—ª2’

˜U›Œ–&–w¦—ª2’• <˜Ušž§mŸ�™w•ØÂ�¦—–>’¥Ÿ2ªn™wŸ2£¥’�¦—ª�’Ošœ 2’¥Ÿ&¦—š©¿n£¥™a¦—šž–mŸ0–w¸•’• �§m’¥˜¥®

I�šžŸ2£¥’”’¥™w£·ª>¸Á’•™a¦—½�•—’r£¥–a•U•—’¥˜U“�–mŸ� 2˜h¦—–!™OÎ�•ž–&£·Å9–w¸Ã£¥–&’¢¡Œ£¢šœ’¢Ÿµ¦—˜¥Â

¬p’?¬Y–w•—Å”¬¾š©¦—ª�Î2•œ–&£·Åµ˜¥Â�¬¾ª2šœ£·ª�šž˜ÃŸ�™a¦—½�•·™w•MšžŸr¦—ª2’Ç˜U’¥Ÿ�˜U’Ç–w¸Í“�•—’¢¨

˜U’¢•—­µšžŸ�§h¦—ª2’�¸É’¥™a¦—½2•—’¢˜¥®G‘¼’=½�˜U’=¦—ª2’=ª�–w›Œ–m§m’¢Ÿ�’¥š©¦v²�›Œ’•™a˜U½2•—’¤Û©ü¥Ý

_

Û

9

7

$�Ý/+

��������Û

9

7

$�Ý03������&Û

9

7

$�Ý �

6

&�ý��

6

���

Û

9

7

$�Ý

��������Û

9

7

$�Ý	&	�����&Û

9

7

$�Ý �

6

7

¬¾ª�’¶•—’
� ��� +���
��

*��

a

���

Û

9

7

$�Ý��

�

a

���

Û

9

7

$�Ý����

�

Û

9

7

$�Ý

 2’¢Ÿ�–w¦—’¢˜Ç¦—ª2’Œšž›#™w§m’#™aŸn ya

�

Û

9

7

$�ÝZ �’¥Ÿ�–a¦—’¥˜?¦—ª�’# �’¢¦·™wšž•Y£¢–&’¢¸Á¨

¿n£¢šœ’¢Ÿµ¦—˜¥® �ØÀjŸ¼–m½�•Ç’¢Æ�“�’¢•—šž›Œ’¥Ÿ&¦—˜¥ÂM¦—ª2’h¬¾šžŸn 2–•¬�˜Ušž×¥’¥˜?¸É–a• KDnw÷rÆ

K}na÷Bšž›#™a§m’¥˜M™a•—’E£¶ª2–m˜U’¥Ÿ6™w˜

�

|

7

ý

7

Ü��p¸Á–w•M¦—ª�•—’¥’¢¨|•ž’¥­W’¥•W 2’¥£¥–w›Œ“�–m˜Uš©¨

¦—šž–mŸ¯® �6Àj¦Gšœ˜Y’•™w˜´²¤¦—–6­W’¢•—š©¸º²¤¦—ªn™»¦G¦—ª2šœ˜Yª�–m›Œ–w§m’¥Ÿ2’¥š©¦v²h›Œ’•™w˜U½�•—’Ãšž˜

 2šž›Œ’¥Ÿ2˜Ušž–mŸ�•ž’¥˜U˜Ã™wŸ� �Ÿ�–a•—›#™w•žšž×¥’• ¯®*OÍÆ�“�’¢•—šž›Œ’¥Ÿ&¦·™w•+•—’¥˜U½2•ž¦—˜Ã˜Uª�–•¬

¦—ªn™»¦Y¦—ª2šœ˜G›Œ’•™w˜U½�•—’B•—’¥™w£·ª�’¥˜BüÃ¬¾ª2’¥Ÿ�™Ç“2š©Æ2’¢•nšž˜pŸ�’•™»•p’• �§m’¥˜p™wŸn 

•—’•™a£¶ª2’¥˜�"�¸Á–w•Ç’• �§m’¢¨Ù¸Á•—’¢’h•—’¥§mšž–wŸ�˜¥®•ÀvŸ!–m½2•?™w•ž§m–a•—šž¦—ª2›�Â†¦—ª2’hª2–w¨

›Œ–m§w’¥Ÿ�’¢šž¦j²>›Œ’•™w˜U½�•—’

_

šž˜#½�˜U’• 
™m 2™w“2¦—šž­W’¢•ž²>¦—–K§m’¥Ÿ2’¢•·™a¦—’�¦—ª2’

Ÿ�’¶¬�›#™a˜UÅ+Â

9
���

E

*��! 

+

9
���

E�"$# %'& �´ü�3)( �*&

_

&

9
���

E�"+# %�&,(�Â

¬¾ª�’¶•—’

9
���

E
"+# %

šž˜Z¦—ª�’�›#™w˜UÅŒ½�˜U’¥ ”Î&²#ú�½9ç¶éZämèœûs¦—–¤˜U’¥•ž’¥£¢¦¾¦—ª2’

£¥–&’¢¡¤£¥šž’¥Ÿ&¦—˜¥ÂZ™wŸ� 	(d+.-

B�/�021

5
-

šž˜Œ™wŸ8’¥›Œ“2šž•—šž£•™a•Z›Œ’•™w˜U½�•—’r–a¸

¦—ª�’••·™a¦—šž–�–w¸Y¦—ª�’h½2˜U’¤–w¸pšœŸ&¦—’¢•—˜U£¥™w•ž’#™wŸ� KšžŸ&¦U•·™w˜U£•™a•œ’#˜´¦·™»¦—šœ˜´¦—šž£¥˜¥®

Àj¸Q¦—ª2’ÇŸ�–mšž˜U’6•ž’¥­W’¥•�q

*

šž˜�•œ™a•—§w’mÂ3(Œ™w“2“2•—–m™w£·ª�’¥˜v"54n¦—ªµ½�˜¾¦—ª�’?½2˜U’

–w¸YšžŸµ¦U•·™a˜U£•™w•ž’#˜´¦·™a¦—šž˜´¦—šž£¥˜6 2–w›ŒšžŸn™a¦—’¢˜¥Âs™aŸn �¦—ª�’h›Œ–µ �š©¿n£•™»¦—šœ–wŸ¼šž˜

Ë ªn™»•· ¯Ëž®Œ‘'ª�šž•ž’¤¦—ª�’hŸ�–mšž˜U’#•ž’¥­W’¥•Íšž˜Ç˜U›#™w•ž•ØÂ6(”™w“�“�•—–W™a£¶ª2’¥˜?¦—–¼ü�4

¦—ª�’¢Ÿ†Âs¦—ª2’�šžŸ&¦—’¢•—˜U£•™a•ž’r˜´¦·™a¦—šž˜´¦—šž£¥˜h 2–m›ŒšžŸ�™a¦—’¥˜¥ÂE™aŸn ¼¦—ª�’#›Œ–µ �šž¿2¨

£•™»¦—šœ–wŸ
šž˜�Ë ˜U–a¸Á¦•Ëž®]Iµšœ§wŸ�š©¿n£¥™wŸ&¦ r8I�ÈSFþ§W™ašœŸ2˜Œ™a•—’”™w£·ª�šž’¥­m’• �½�˜´¨

šžŸ�§�¦—ª�šž˜•™m 2™w“2¦—šž­W’�›Œ–µ 2š©¿�£•™a¦—šž–mŸ¯®OÀvŸ>™aŸ�šœŸ� 2’¥“�’¢Ÿn 2’¢Ÿµ¦6˜´¦—½� �²

Û |wÝÙÂsšžŸ&¦U•·™w˜U£•™a•ž’�£¢–w•U•—’¥•œ™a¦—šž–wŸ8šž˜Ç½�˜U’¥ ¼šžŸ9™r˜U–a¨j£¥™w•ž•ž’• �ímZ�è éØðÉë¶ò—ämèœç

ë—éØâWZ2ò¢é Zµâ—çréjç¶ê2ë¢áaâ¶®!°pª�™a¦•›Œ’¢¦—ª�–µ ¼šž˜6£¥–m›Œ“2½2¦·™»¦—šœ–wŸn™a•œ•©²KšžŸµ¦—’¢Ÿ2¨

˜Ušž­W’¤•—’•ø&½�š©•—šžŸ�§�¦—ª�’Œ �’¢¦—’¢•—›ŒšžŸn™»¦—šž–mŸ¼–a¸¾’¥šž§m’¥Ÿµ­w™w•ž½�’¢˜¥® OÍ­W’¥Ÿ!˜U–2Â

¦—ª�’%r8I�ÈSF�“�’¢•U¸Á–w•—›#™wŸ2£¥’ �ÙÜ}"µ® "O 2Ì*�Çšž˜•Ÿ�–w¦•™a˜h§m–&–µ >™a˜•¦—ªn™»¦

™w£·ª�šž’¥­m’•  �ÙÜ�üw®žü� �Ì*�=Î&²O–m½�•h™w �™a“2¦—šž­W’Œ›Œ–µ 2š©¿�£•™a¦—šž–mŸ¼˜U£¶ª2’¥›Œ’mÂ

¸É–a•¾¦—ª�’?Ÿ�–wšž˜´²4�¯’¥Ÿn™6šœ›#™a§m’ �ØšžŸ�“2½2¦zr8I�ÈSF�+ K Kµ®žü6 �Ì*�¶®

ÀvŸŒ˜U½2›Œ›#™a•U²&Âa¦—ª�’¾Ÿ�’¶¬' 2’¢Ÿ�–mšž˜UšžŸ�§•™w•ž§w–w•—š©¦—ª�›�šœ˜Y™w˜Y¸Á–m•ž•ž–•¬¾˜¥ß

7

G2–w•U¬Z™»•· �¦U•·™wŸ2˜´¸É–w•—›�®68p™w•ž£¥½2•º™»¦—’Yª2–m›Œ–m§w’¥Ÿ�’¢šž¦j²�›Œ’¥™w˜U½2•—’¢˜

_�9

Û

9

7

$+Ý†¸É–a•Ã’¥™w£·ª�˜U£•™w•ž’m®

7

ÄÃ˜U’h¦—ª�’h£¥–w•U•—’¥•œ™»¦—šœ–wŸ�–w¸p¦j¬p–�£¢–mŸ�˜U’¢£¥½2¦—šž­W’¤˜U£¥™w•ž’¥˜Ç¦—–r˜U’¢¨

•ž’¥£¶¦Í˜Ušœ§wŸ�š©¿n£¥™wŸ&¦E 2’¢¦·™ašž•�£¢–&’¢¡Œ£¥šž’¥Ÿ&¦—˜�4&ÄÃ˜U’Y¦—ª�’Gª�–m›Œ–w§m’¥Ÿ2’¢¨

š©¦j²�›Œ’•™w˜U½�•—’h™w �™a“2¦—šž­W’¥•©²�¦—–�›Œ–µ 2š©¸Á²�¦—ª2’•˜U’¢•œ’¢£¢¦—’• K£¢–&’¢¸Á¨

¿�£¥šž’¥Ÿ&¦—˜¥®

7

ÀjŸµ­W’¢•—˜U’Ã¦U•·™aŸ�˜´¸Á–w•—›�®

:MÐ

W<;YX�W�Ž

Ñ>=

W

Ò

•Z‰@?:Ž[W=‹†Õ
?+•h‹

°pª�’hŸ�’¢¬�¦—’¥£·ª�Ÿ2šœøµ½2’•¬p™w˜6™w“2“�•žšž’• !¦—–”˜U–m›Œ’¤˜´¦·™aŸn �™»•· Kšž›#™w§w’¥˜

�Ø˜—™w›Œ’B™a˜�Û MaÝ �Q¬¾š©¦—ªY�†‘

ÿ

È'™a¦p 2š4K+’¢•—’¥Ÿ&¦G•ž’¥­W’¥•ž˜¥®8I�šžŸ2£¥’¾˜U•œšž§wªµ¦—•©²

 2š4K+’¢•—’¢Ÿµ¦h­W’¢•—˜Ušž–mŸ2˜¤–w¸B¦—ª�’¢˜U’”šž›#™w§w’¥˜¤’¢Æ�šž˜´¦Œ™aŸn �•œ™w£·ÅµšœŸ2§K£¢–m›¤¨

“�•ž’¢¦—’¢Ÿ�’¥˜U˜6šžŸK¦—ª�’¤•—’¢“�–w•U¦—’• ¼’¶Æ2“�’¶•—šœ›Œ’¢Ÿµ¦·™a•E �™a¦·™µÂs¬p’#£¥–w›Œ“n™»•—’

–m½�•Ã•—’¢˜U½�•©¦—˜B¬¾š©¦—ªr¦—ª2’?¸É–m•ž•ž–•¬¾šžŸ�§�’¥˜´¦·™wÎ2•œšž˜Uª2’• � 2’¥Ÿ2–mšž˜UšžŸ�§Œ›Œ’¢¦—ª�¨

–µ 2˜¥ß'ãÍð|ç¶ê�ç¶â+AK¸É½2Ÿ�£¢¦—šž–mŸ0šž›Œ“�•ž’¥›Œ’¢Ÿµ¦—’¥ �šžŸcõ4�G°*�.��ÌÃÂ I&‘0°

¹=’¢¨|Ÿ2–mšž˜UšžŸ�§Z¬¾š©¦—ª?˜U–w¸Á¦U¨Ù¦—ª�•—’¥˜Uª�–w•º �šžŸ�§¾šžŸ6õ4�G°*�.��ÌÃÂ5I&¦U•—’¥•œ™�Ë ˜†‘<šœ’¢Ÿ�’¢•

5 10 15 20 25 30 35
15

20

25

30

35

40

input PSNR (dB)

ou
tp

ut
 P

S
N

R
 (

dB
)

House 256 x 256

Portilla02TR
proposed
wiener2
soft-thresh
Xu94

Gsšž§m½�•—’ KµßE–mÎµ³´’¢£¢¦—šž­W’Ç£¥–m›Œ“�™a•—šž˜U–mŸ��Øª2–m½2˜U’(�

Noisy (s = 50) -- PSNR = 14.1347dB Soft -- PSNR = 27.0089dB

wiener2 -- PSNR = 26.1354dB proposed  -- PSNR = 28.454dB

Gsšž§m½�•—’6Ü�ßÍ˜U½�Îµ³´’¢£¢¦—šž­W’?£¥–m›Œ“�™a•—šž˜U–mŸ ���†’¥Ÿ�™��

¬p™»­m’¥•ž’¢¦Q›Œ’¢¦—ª2–µ ¤Û LaÝ|Âw™aŸn �¦—ª�’E›Œ’¢¦—ª2–µ =“2•—–m“�–w˜U’• ?Î&² rs–w•U¦—šž•ž•œ™¤ç¶é

ämè¯Û M»ÝÙ®�ãÍð|ç¶ê�ç¶â+A6šž˜BÎn™w˜U’¥ r–mŸO™w �™w“�¦—šž­W’?•ž’•™w˜´¦Ã˜—ø&½n™a•—’¢˜Ã˜U›Œ–&–a¦—ª2¨

šžŸ�§�®�À|¦¤½�¦—šœ•žšž×¥’¥˜¤¦—ª2’”¿2•—˜´¦#™wŸ� >˜U’¢£¥–mŸ� 
–w•· �’¢•Œ˜´¦·™»¦—šœ˜´¦—šž£¥˜#’¥˜´¦—š©¨

›#™»¦—’• ¤½�˜UšžŸ�§Ç™=•ž–&£•™a•n¬¾šžŸn 2–•¬
¬¾šž¦—ª�™=“�•—’• 2’¢¿�Ÿ�’• •˜Ušœ×¢’B¸Á–w•p’¥™w£·ª

“2šžÆ�’¥•Ø®ÃÀvŸO–m½�•�’¶Æ2“�’¶•—šœ›Œ’¢Ÿµ¦—˜¥Â�¬p’6£¶ª2–&–m˜U’•¦—ª2’Ç–m“2¦—šž›#™a•M¬¾šžŸn 2–•¬

˜Ušž×¥’CB1¸º•—–m› ¦—ª�’6˜U’¢¦ÇÜEDFBGD�üwümÂ¯În™a˜U’• O–mŸ r,IµÈ\F�­w™w•ž½�’¢˜ �

HJI6KIJ + KD"�LNM�b

5
-

6POPO

Q


�R

�

�¶® G2–w•Q¦—ª�’Y˜U–w¸Á¦U¨Ù¦—ª�•—’¥˜Uª�–w•º �šžŸ�§?›Œ’¢¦—ª2–µ ¯Â

¬Y’r£·ª�–&–m˜U’!Ë ˜´²2›'|µËs¸É–a•# 2’¢£¥–m›Œ“�–w˜Ušž¦—šž–wŸ†®�FB’¥˜U½2•ž¦—˜6¸Á•—–w› –w¦—ª2’¢•

’¢Æ�“�’¢•—šž›Œ’¥Ÿ&¦—˜¾™»•—’Ç 2š©•—’¥£¢¦—•©²r™m 2–w“2¦—’• #¸Á•—–w›*•—’¢“�–w•U¦—˜ÇÛ MaÝYÛ L»Ý|®

ÀjŸ Gsšž§2® KµÂ¯¦—ª�’•ª�–m½2˜U’hšž›#™w§w’4��K}na÷�ÆJKDnw÷���¬¾š©¦—ªK 2š4K+’¢•—’¥Ÿ&¦

Ÿ2–mšž˜U’�•ž’¥­W’¥•ž˜#šž˜Œ½�˜U’• >¸É–w•�£¥–w›Œ“n™»•—šœ˜U–wŸ†®<°pª�’�“�•—–m“�–m˜U’¥ 
¦—’¥£·ª2¨

Ÿ2šºø&½2’¼˜Uª�–•¬¾˜!™
§a•—’•™a¦—’¶• r,IµÈ\FI–»­W’¢•9ë¶á´ì¶éFUÙéNSµâUç¶ëPS�ámèžåwðÉê�TwÂ¤ú�½

ç¶é#äwèœû:›Œ’¢¦—ª�–µ +ÂB™wŸ� :ãÍð|ç¶ê+ç¶â$AK™a¦r™w•ž•�Ÿ2–mšž˜U’O•œ’¢­W’¥•ž˜¥Â¾¬¾ª�šž•ž’Kš©¦

šž˜Œ˜´¦—šž•ž•Ã£¥–w›Œ“n™»•·™wÎ�•ž’r¦—–O¦—ª�’�•—’¥˜U½�•©¦—˜Œ–wÎ2¦·™wšžŸ2’• 
Î&²\rs–a•U¦—šœ•ž•œ™'ç¶é

ämèœûžÂQ¬¾ª�šž£¶ª8™»•—’�¦—ª2’�Î�’¢˜´¦••—’¥˜U½2•©¦—˜••—’¥“�–a•U¦—’• 9šžŸ>¦—ª2’#•œš©¦—’¢•·™»¦—½2•—’m®

°pª2’6•—’•™a˜U–mŸ�¦—ª�’Ç“�•—–m“�–m˜U’¥ O›Œ’¶¦—ª�–µ ”¸É™a•—’¥˜�™#•žš©¦U¦—•ž’6¬Y–w•—˜U’Ç¦—ªn™aŸ

¦—ª2’”•œ™a¦U¦—’¶•Œšž˜•¦—ªn™»¦h¦—ª2’�¦—’¢Æµ¦—½�•—’�“�™a•U¦—˜•šœŸ�¦—ª2’”šž›#™w§w’r™»•—’rŸ2–w¦

’•™a˜Ušž•ž²”˜U’¥“�™a•·™a¦—’¥ �¸Á•—–w›-Ÿ�–wšœ˜U’�šœŸ”’• 2§w’¢¨Ù•—’¥•œ™a¦—’• ” 2’¥Ÿ2–mšž˜UšžŸ�§Œ™a•ž§m–w¨

•—š©¦—ª�›Œ˜¥®U8Y–mŸµ­W’¢•—˜U’¢•ž²&ÂG›Œ–w•—’#£¥–w›Œ“�•ž’¢Æ�˜´¦·™»¦—šž˜´¦—šœ£¥™w•¾›Œ–µ 2’¥•ž˜h™a•—’

Î�’¢¦U¦—’¶•Z’•ø&½�šž“�“�’¥ Œ¦—–6˜U–m•ž­W’Ã˜U½�£·ª”“�•—–mÎ2•œ’¢›Œ˜¥®Í°s™wÎ2•ž’ KÇ£¢–m›Œ“n™»•—’¥˜

¦—ª2’#•—’¢˜U½�•©¦—˜6¸Á–w•¤ 2š4K+’¢•—’¥Ÿ&¦6šž›#™w§m’¢˜6¸Á–w•h¦j¬p–�¿2Æ2’¥ KŸ�–wšž˜U’”•ž’¥­W’¢•œ˜¥®

‘¼’¤™w•ž˜U–”–mÎ�˜U’¶•—­W’¤™�˜Ušœ›Œšž•œ™a•?™m 2­w™wŸ&¦·™a§m’hšžŸK™”˜U½2Î�³v’¥£¢¦—šž­W’h£¢–m›¤¨

“�™a•—šž˜U–mŸ¯®•ÀjŸ Gsšœ§w½2•—’hÜ#¬Y’h˜U’¥’6¦—ªn™a¦�¦—ª�’Ç•—’¥£¥–mŸ2˜´¦U•—½�£¢¦—’¥ !šž›#™w§w’

½2˜UšœŸ2§!¦—ª2’r“�•—–m“�–m˜U’¥ 8›Œ’¢¦—ª2–µ 9“2•—’¥˜U’¶•—­W’¥˜¤˜Ušž§mŸ2š©¿n£•™aŸµ¦h¸É’•™»¦—½2•—’¥˜

™aŸn �šž˜h­µšž˜U½n™w•ž•©²�“2•œ’¥™w˜—™wŸ&¦hšœŸ>£¥–w›Œ“n™»•—šœ˜U–wŸ�¬¾šž¦—ª'ãÍð|ç¶ê�ç¶â+Ar™wŸ� 



ë¶á´ì¶éFUÙéNSµâ—ç¶ë!S2áwèžåwðÉê2T#®

õr’¢¦—ª2–µ 2˜ �¯’¥Ÿn™ Ìp™a•—Î ÌY–W™»¦—˜ rs’¢“�“�’¢•—˜

q

*

K}n K}n nD" n�"

Ÿ2–mšž˜´² K�"�®žü•÷ K�"�®žüGn ü¥ý�®žü(M ü¢ý2®žü•÷

¬¾šœ’¢Ÿ�’¢• K K�|�® |�ü K»ý2® KD| KwÜµ® M}n KaÜ�® nµü

I&¦U•—’¥•œ™rÛ LwÝ K5L�® nwÜ KDnµ®žü�L � �

“�•—–m“�–m˜U’¥  K5L�® nµü KDnµ® "}| K}n&® M K K»ý2® K M

rs–w•U¦—šž•ž•œ™�Û M»Ý Üµüm® Mµü K5L�®žü•Ü Kw÷µ® Üm÷ KDnµ® Lm÷

°s™aÎ�•ž’ Kµ® r8I�È\F �ØšžŸ� 2Ì*�G¸É–a•= �š K+’¶•—’¥Ÿ&¦¾šœ›#™a§m’¥˜

°pª�’O£¥–w›Œ“�½�¦·™a¦—šž–mŸ�™w•B£¥–m˜´¦r–w¸?¦—ª�’O–»­W’¢•—£¢–m›Œ“�•ž’¢¦—’�¬p™•­W’¥•ž’¢¦

¦U•·™wŸ2˜´¸É–a•—›�šž˜��Z��� K � K � �¶Â&¬¾ª�’¶•—’�� šž˜E¦—ª�’¾Ÿµ½�›hÎ�’¶•G–a¸¯˜U£•™w•ž’¥˜

™wŸ�  � KJ�

7

K � �h™a•—’�¦—ª�’r 2šž›Œ’¥Ÿ�˜Ušž–wŸ8–a¸�¦—ª2’ršž›#™w§w’m®

Ö

½2•¤Ÿ2’¢¬

›Œ–µ 2š©¿�£•™a¦—šž–mŸ#›Œ’¢¦—ª2–µ Œ™w•ž˜U–hª�™w˜Y¦—ª2šž˜Y•ž–•¬'£¥–m›Œ“2½2¦·™»¦—šœ–wŸn™a•n£¥–m˜´¦•®

ÀvŸ�–m½2•Qõ4�G°*�.��Ì�šž›Œ“�•ž’¥›Œ’¥Ÿ&¦·™»¦—šœ–wŸ†Â¢–mŸ6™p¹=’¥•ž• r 8�¬¾š©¦—ªŒüm® M

ÿ

Q�×

ÀvŸ&¦—’¥•�rÍý 8 rÍÄ•Âµ¦—ª�’�•—½2Ÿ”¦—šž›Œ’ �Ù™aÎ�–m½�¦¾ªn™w•©¸Q˜U“�’¢Ÿµ¦¾šžŸ�¦—ª�’?™aŸn™w•©¨

²�˜Ušž˜¾™wŸn #˜´²�Ÿ&¦—ª�’¥˜Ušž˜p˜´¦—’¥“2˜��p™a•—’=•ž’¥˜U˜p¦—ª�™wŸOü
" 8 rEÄ:˜U’¥£¥–mŸ� 2˜p¸Á–w•

K}na÷6Æ KDnw÷hšž›#™w§w’¥˜ �Ø•ž’¥˜U˜Z¦—ªn™aŸ”ý}"C8 rÍÄ:˜U’¢£¥–mŸ� 2˜p¸É–a•(nµü�K6Æ%nµü�K

šž›#™w§w’¥˜��¶®

�¯Ð

•hÓ

Ò

• ?YÕ�‹

Ñ

Ó

Ò

°†•·™w 2š©¦—šž–mŸn™a•W¬Z™•­W’¥•ž’¢¦U¨|Î�™w˜U’• =šž›#™w§w’E 2’¥Ÿ2–mšž˜UšžŸ�§B™w•ž§m–a•—š©¦—ª�›Œ˜Mšœ �’¥Ÿ2¨

¦—š©¸Á²”™wŸ� ”×¥’¶•—–¤–m½�¦Z¦—ª�’=šž›#™w§w’�¬Z™•­W’¢•œ’¶¦Ã£¢–&’¢¡Œ£¥šž’¥Ÿ&¦—˜B 2½2’Ã¦—–h¦—ª2’

Ÿ�–wšž˜U’m®¼‘¼’�˜U“�’¢£¥š©¿n£•™a•œ•©²8™w � �•—’¢˜U˜•¦—ª�’�šž˜U˜U½�’�–w¸B¬Z™•­W’¥•ž’¢¦h˜U’¥•ž’¥£¢¨

¦—šž–mŸ�™aŸn O¦—ª�’Œ’¢¡Œ£¢šœ’¢Ÿµ¦6›Œ–µ �šž¿�£•™a¦—šž–wŸ¼–w¸Z¬p™•­W’¥•ž’¢¦6£¥–&’¢¡Œ£¢šœ’¢Ÿµ¦—˜¥®

�Ã˜¾ª�™w˜BÎ�’¥’¥Ÿ�§w’¥Ÿ�’¢•·™a•ž•ž²�™w£¥£¢’¥“2¦—’• �šžŸ� �’¥Ÿ�–wšž˜UšœŸ2§#“2•—–mÎ2•ž’¥›Œ˜¥Â2¬Y’

¦—–&–Œ½�˜U’=¦—ª2’?–»­W’¢•—˜—™w›Œ“2•ž’• ”•—’¥“�•—’¥˜U’¥Ÿ&¦·™a¦—šž–mŸ¯®Y‘¼’?§mšž­W’?Ÿ�’¶¬8³v½�˜´¨

¦—š©¿n£•™»¦—šž–mŸr¸Á–w•¾¦—ª�’=£·ª�–wšž£¥’?–w¸s¦—ª2’hË ›Œ–m˜´¦Z•—’¥§w½�•œ™a••Ë�¬Z™•­W’¢•œ’¶¦•®Y°pª2’

˜U½�£¢£¥’¥˜U˜h–a¸B–m½2••›Œ’¢¦—ª2–µ ¼Î�’¥Ÿ�’¶¿�¦—˜?¸Á•—–w›«Ÿ2–w¦•–mŸ�•©²K¦—ª�’Œ“2•—–w“�’¢•

•—’¥“�•—’¥˜U’¥Ÿ&¦·™a¦—šž–mŸ>Î2½2¦•™w•ž˜U–�¦—ª�’#½2¦—šž•žšž×•™a¦—šž–wŸ
–a¸E³v–mšžŸ&¦hšžŸ&¦—’¢•U¨=™wŸn 

šžŸ&¦U•·™w˜U£•™a•œ’r˜´¦·™a¦—šž˜´¦—šž£¥˜Œ–w¸� 2’¢¦·™ašž•Z£¥–&’¢¡Œ£¥šž’¥Ÿ&¦—˜¥®8°pª2’”½�¦—šœ•žšž×•™»¦—šœ–wŸ

–w¸M™Ç˜Ušœ›Œ“2•ž’Ãª2–m›Œ–m§w’¥Ÿ�’¢šž¦j²¤›Œ’•™a˜U½2•—’BÎ2•—šžŸ�§w˜p˜Ušž§mŸ2šž¿�£•™wŸ&¦Z§m™wšžŸ�šœŸ

“�’¢•U¸Á–w•—›#™wŸ2£¥’m®QÀj›Œ“�•ž’¥›Œ’¥Ÿ&¦·™»¦—šœ–wŸh–a¸¯¦—ª2’ZŸ�’¢¬�™w•ž§w–w•—š©¦—ª�› šž˜G˜Ušž›¤¨

“�•ž’mÂm•—’¥˜U½�•©¦—˜G™a•—’¾­µšœ˜U½�™w•ž•©²¤“2•œ’¥™w˜—™wŸ&¦Y™wŸ� h£¥–m›Œ“�™a•·™aÎ�•ž’Z¦—–�¦—ªn™»¦Y–a¸

˜´¦·™a¦—’¶¨j–a¸Á¨j™a•U¦�™w•ž§w–w•—š©¦—ª�›Œ˜¥®

�¯Ð

Ž[W	� WÃŽ[W

Ò

•�W=‹

Û©ü¢Ý I+® �BŸn 2–�Â�
vÀj›#™w§m’Ã¿n’¥•œ #£•™a¦—’¥§w–w•—šž×•™»¦—šœ–wŸ�™wŸ� �’¥ 2§m’
�a£¥–a•—Ÿ�’¢•

 2’¢¦—’¢£¢¦—šž–mŸþ¸Á•—–w›
§a•·™m �šœ’¢Ÿµ¦
£¥–»­w™a•—šœ™wŸ2£¥’mÂ � ô���������âUäaê�ë¢û

���Ãï�ô·Â�­W–w•Ø®7K KµÂnŸ2–2®&KµÂ2“�“¯®†ü�M La¨—ü�L}"�Â7G�’¥Î†® K�"}"}"µ®

Û K»Ý I+®

ÿ

® 8Yªn™aŸ�§�ÂnÌÃ®�{G½�™wŸn ”õK®��G’¶¦U¦—’¢•—•žšÙÂ�
�I�“n™»¦—šœ™w•ž•©²r™w �™a“2¨

¦—šž­W’”¬p™»­m’¥•ž’¢¦Œ¦—ª2•—’¥˜Uª2–m•œ 2šžŸ2§!¬¾š©¦—ª�£¢–mŸ&¦—’¢Æµ¦¤›Œ–µ �’¥•žšœŸ2§K¸Á–w•

šž›#™w§m’p 2’¥Ÿ2–mšž˜UšžŸ�§2Â �•ô���������âUäwê2ë¢û2ô·í¤ä�T&ç��Zâ´á•ò¶ç¶ë—ë—ðÉê�TwÂ&­W–m•Ø®

L�Â2Ÿ�–�®&LµÂn“�“¯®+üGn}n K»¨—üGnaÜ�üwÂ.I�’¥“�¦•®&K�"}"D"�®

Û ÜaÝ ¹h®S�E®Ã¹=–mŸ2–mª2–'™wŸ� :À¶®�õK®�Úm–mª2Ÿ�˜´¦—–wŸ�’mÂ�
vÀv 2’•™a••˜U“�™a¦—šœ™w•

™m 2™w“2¦·™»¦—šž–mŸÇÎ&²�¬Z™•­W’¢•œ’¶¦Q˜Uª2•—šžŸ�Åw™w§w’mÂ ��x¾ðØáwí#ç¶éØâ·ðYXmäwÂa­W–w•Ù®
|�ümÂ

“�“¯®2ý�K}n•¨jý~n}n&Âsü�L Lwý2®

Û ýwÝ GY® Gn™a§mª�šžª"™aŸn "õK® Iµ›Œšž¦—ª¯Â�
P8Y–m›•Î�šžŸ�šžŸ2§'˜U“n™a¦—šœ™a•#™wŸn 

˜U£•™w•ž’¢¨|˜U“�™w£¥’�¦—’¥£·ª�Ÿ2šœøµ½2’¥˜h¸Á–w•#’• �§m’� �’¢¦—’¥£¢¦—šž–mŸ>¦—–¼“�•—–»­�šœ �’

™”˜U“�™a¦—šœ™w•ž•©²9™w �™a“2¦—šž­W’hŸ2–mšž˜U’¤¿n•©¦—’¢•—šžŸ2§�™w•ž§w–w•—š©¦—ª�›�Â �Kô������

��âUäaê�ë¢ûMô·í¤ä�T&ç��pâUá•ò·ç¶ë—ë—ðÉê2TwÂn­W–m•Ø®¯ümümÂ2Ÿ�–�®&LµÂ<Iµ’¥“2¦•® KD"D"�K&®

Û n»Ý Q•® G�™a•—šœ �™wŸ� ]OZ®:rs®
Iµšœ›Œ–wŸ�£¥’¢•œ•žšØÂ�


Ö

“�¦—šœ›#™a•ž•ž²K•—–w¦·™»¦—šœ–wŸ2¨

’•ø&½�šž­w™a•—šœ™wŸ&¦c 2š©•—’¥£¶¦—šœ–wŸn™a•¼ �’¢•—šž­m™»¦—šœ­m’1ÅW’¢•—Ÿ2’¥•ž˜¥Â � ÀjŸIô�Q:U

Q��Ãô��pÂ�“�“¯®7K�"�M»¨
K&ü¥ý2Â �?šœ’¢•ÙÂ

ÿ

’¢•—›#™aŸµ²&ÂPIµ’¥“2¦•®¯ü�L L�M&®

Û ÷aÝ I+®

ÿ

®+õ�™w•ž•œ™a¦6™wŸ�  I+®¯ö�ª�–wŸ�§2Â!
!8Yªn™a•·™a£¢¦—’¢•—šž×•™»¦—šœ–wŸ¼–a¸Y˜Ušž§w¨

Ÿn™a•ž˜¾¸º•—–m›-›•½�•©¦—šž˜U£•™w•ž’=’• �§m’¥˜¥Â �”ô������"��âUäaê�ë¢û#���Bï�ô·Â�­W–m•Ø®

ü¥ý�ÂnŸ2–2®&MµÂn“2“†® Mµü#"a¨
MwÜ KµÂ+Úw½�•©²Oü�L L Kµ®

Û M»Ý Ú2® rs–w•U¦—šž•ž•º™µÂ!�•®#Iµ¦U•—’¥•œ™�ÂÃõK®YÚ2®E‘�™ašœŸ&¬Z•—šž§mª&¦•ÂB™aŸn ROZ® rs®

I�šž›Œ–wŸ�£¥’¥•ž•žšØÂ$
jÀv›#™a§m’0 2’¢Ÿ�–mšž˜UšžŸ�§Þ½�˜UšžŸ�§

ÿ

™w½�˜U˜Ušœ™aŸ-˜U£•™w•ž’

›Œš©Æµ¦—½2•—’¥˜¤šžŸ8¦—ª�’r¬p™»­m’¥•ž’¢¦” 2–m›#™ašžŸ†Â �%�+çUò$Sµê�ðØò·äwè'&¾çkV�áwâ·éØÂ

°#F\KD"}" K»¨k|mÜµümÂ+ÈÃ’¢¬ {Y–a•—ÅŒÄ�Ÿ�šž­W’¶•—˜Ušž¦j²&Â I�’¥“�¦•®&K�"}" Kµ®

Û |aÝ rs®HI�£·ª�’¢½�Ÿn �’¢•—˜¥Â'
|‘�™•­W’¥•ž’¢¦U¨|În™a˜U’• �’¥Ÿ�ª�™wŸ2£¥’¥›Œ’¥Ÿ&¦Ã™wŸ� ! �’¢¨

Ÿ�–wšž˜UšœŸ2§Ã½2˜UšžŸ�§¾›h½2•ž¦—šž˜U£•™a•ž’G˜´¦U•—½2£¢¦—½2•—’Q¦—’¥Ÿ2˜U–w••Â �(�pâUá•ò»û&ô������

ô�QMô��pÂ2­m–m•Ø®�ÀUÀUÀY“�“†®Tna÷ La¨ n M KµÂ<KD"}" Kµ®

Û LaÝ)�•®\I&¦U•—’¥•œ™�Â*
j¹=’¥Ÿ�–wšž˜UšœŸ2§<­µšœ™8Î2•œ–&£·Å'‘'šž’¥Ÿ�’¶•�¿n•©¦—’¢•—šžŸ�§
šžŸ

¬Z™•­W’¢•œ’¶¦= �–m›#™wšžŸ¯Â �hšœŸ,+mâUå-� Zµâ´áWV2çUäwêRQEáaê2Twâ—ç¶ë—ë•á´ìÃïKäwéNS�U

ç¶íŒäaéØðÙò¢ë—Â�Ìp™»•—£¥’¥•ž–mŸ�™�Â+Úm½2•©²NK�"}"}"µ®

Û©ü
"»Ý.�•®=°M–w•U•—’
™wŸ� �°�® �6® rs–m§w§mšž–2Â/


Ö

Ÿ�’• 2§w’
 �’¢¦—’¥£¢¦—šž–wŸ†Â �

ô������0��â´äwê�ë¢û����Bï�ô?Ân­W–m•Ø®�|µÂ�Ÿ�–�®HKµÂn“�“†®¯ü¥ý�M»¨—ü•÷wÜ�ÂMõ�™a••®

ü�LD|m÷µ®

Û©ümü¶Ý�õK®ÍÄ�Ÿ2˜U’¢••Â8�6®2�Ã•œ �•—–w½�Î�šp™wŸn >õK®
OE 2’¢Ÿ†Â�
´ÌG¨|˜U“2•œšžŸ2’”˜Ušž§w¨

Ÿn™a•Y“�•—–&£¥’¥˜U˜UšžŸ�§�ßPrQ™»•U¦•À1�µ°pª2’¥–w•U²&Â �¼ô������2��â´äwê�ë¢û�3�ð Twênämè

�pâUá•ò·ç¶ë—ë·ðÁê2TwÂ�­W–w•Ø®�ý�ümÂnŸ2–2®&KµÂ�“�“†®8| Kµü¢¨k|wÜmÜ�Â7G�’¥Î†®+ü�L LmÜµ®

Û©ü(K•Ý�õK®+Ä�Ÿ2˜U’¢•?™aŸn O°�®¯ÌY•ž½†Â4
|‘�™•­W’¥•ž’¢¦Ã¦—ª�’¥–a•U²O 2’¢›•²�˜´¦—š©¿n’• +Â �

ô������%��âUäaê+û#3�ð Twê�ämè��pâUá•ò·ç—ç¶ë—ðÉê2TwÂ2­W–m•Ø®8n&ümÂµŸ�–�®PKµÂµ“2“†®&ý�MD"a¨

ý~|wÜ�Â<G2’¥Î†® KD"D"mÜµ®

Û©ü•Ü»ÝP{h® ¨krs®Q‘�™aŸ�§2Â5
vÀj›#™w§w’”•—’¥“�•—’¥˜U’¥Ÿ&¦·™a¦—šž–mŸ8½�˜UšžŸ2§¼›h½2•©¦—šœ˜U£¥™w•ž’

 2š4K+’¢•—’¢Ÿµ¦—šœ™a•B–w“�’¢•·™a¦—–a•—˜¥Â �'ô������6��â´äwê�ë¢û¾ô·íŒä�T&ç.�Zâ´á•ò¶ç¶ë—ë U

ðÉê�TwÂ�­W–w•Ø®0|µÂnŸ�–�®†ü�KµÂ2“�“¯®†ü�M}n M•¨—ü(M M&ümÂ�¹�’¥£m®¯ü�L L L�®

Û©ü¥ýaÝP{h®sú�½†ÂQÚ2®EÌÃ®s‘¼’•™•­W’¢••ÂÍ¹h®QõK®0Q�’•™»•—•©²&ÂEÚw••®žÂp™aŸn �Ú2® �¯½†Â


j‘9™•­W’¥•ž’¢¦Ç¦U•·™wŸ2˜´¸É–w•—›I �–m›#™ašœŸO¿n•©¦—’¢•—˜¥ß6™�˜U“n™»¦—šº™a•ž•ž²K˜U’¥•ž’¥£¢¨

¦—šž­W’�Ÿ�–wšž˜U’�¿n•©¦U•·™a¦—šž–mŸ
¦—’¥£¶ª2Ÿ�šœø&½�’mÂ ��ô������7��âUäwê2ë¢ûÃô·í¤ä�T&ç

�pâUá•ò·ç¶ë—ë·ðÁê2TwÂ�­W–w•Ø®nÜµÂnŸ�–�®n÷µÂ�“2“†® Maý�M»¨
M}n�|�Â�ÈÃ–»­+®¯ü�L Lwý�®


