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suzwzw�TzP�~z�vx|ws~zwvx�?{ ý v¿|_q8�u�?��¢Ss |_v�{��Ñt�|wzwvx{B�?tP}�s~zwv¿�?su}Ö��z��?��|_qBs ÷ � ÍSsut�|,�T�x�?�?z�vx|_q���v�t�s~�Ö�
¢B�x�Ç�?s~}M|_�Ö�?¢�|_v���v��usÒ|wqBs�tw�BÍ��CÍ6�T{�} ý s~vx�?qF|_v�{��?tÕ�Btwvx{B�Ötwvx�j�B���E|_s~} {��?v�tW�atw¢Ôs~su�=q/Ïù�:v��
{6�����x�T¥?|_qBs��j�B�¿|_v�� Í6�T{B}ÐtW��tW|_su� vxt^s �T�����6��|ws~}Ò�B{B}Bsuz^���Tzwvx�?�Bt {B�?vxt��Ðs~{F�Óv�z��?{B��s~{F|_tuÏ öf�Bz
s
��¢Ôs~z�v���s~{F|=���¤zwsutw�B�¿|_tjt��B�?�?sut�|ws~} |_q6�E|Õ�?�Bz��j�B�x|wv�� Í6�T{B}ÿ��z_�T��s ý �?zwþÿ�¦��{M�T�=qBv�s �?s"|wqBs
ÍÔs~tW|*tw�BÍg� Í6�T{B}�¢Ôs~zW���?zw�Ò�T{B�us���|D�T���Ôsu���T�x�6��|_su}�{B�?vxt���s~{F�Óv�z��?{B��s~{F|_tuÏ�ôYv¿|_q�vx}Bs¦�T�Ôs~{�}g�
¢Ô�?v�{F|wt~¥Pv¿|��Ò�Tv�{F|=��v�{Bt�|_qBsÖt_���Òs@�?z�ÍÔsu|�|_suzH¢Ôs~zW���?zw�Ò�T{B�us8|_q6��{$�a���B�x��� Í6�T{B} tW�Ót�|_su�
��|��Ò�Tt�|js ���T���6�E|_s~}K{B�?v�tW�Ksu{F��vxzw�?{��Òsu{V|wt~Ï8ôYv¿|_qa{B�T{g�Cvx}Bs¦�T� s~{�}g�C¢Ô�?v�{F|wt~¥.v¿|j¢Ôs~z����Tzw��t
t���v��TqV|w�x� ý �Tzwtws,|_qB�T{H�Ð���B�x��� Í6�T{B}"tW�Ót�|_su� �?{(zws¦���m{B�?v�t�s~tr|_qB��| ý s4su���T�x�6��|ws~}/Ï
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ÞÄß-Þ à áÖâ2ã�ä�å�â2ã^á�æaçºè énê ë ì�í�â§ã	î[ï�åÀæ�ð ñ òªóõô

�*�?ÍB�BtW|_{BsutwtQ�B{�}Bs~zQ{B�Tv�t��4su{V�Óvxzw�?{B��s~{F|Qvxt.�T{Õvx�Ò¢Ô�?zW|=�T{F|×v�t�tw�Bsrsu{B�~�?��{V|ws~z�s~}Ðv�{j�u�Bzwz�s~{F|
�T��|_�?�Ò��|_vx�Õtw¢Ôs~su�=q zws~�u�?�?{Bv¿|_vx�?{ ¨ n����9©�t��Ót�|ws~�HÏ�n���� z�s~tws~�Tzw�=q�s~zwtj�T���Qt�q6�TzwsÑ�H�u�?�Ö�
���?{�}Bz�s¦�T�ö�.o×��Í��Bv��x}��Õtw¢Ôs~s~�=qHzwsu�~�?�T{Bv��us~z ý qB�?t�s,¢Ssuz����?z��Ñ�T{��~s��T¢�¢Bzw�F���=qBs~tr|_qB��|*�T�
qV�B�Ò�T{BtuÏQnP�x|wqB�?�B�Tq ý s��~�T{B{B��|��T{Bt ý s~zD|wqBsf�V�Bsut�|_vx�?{(zwvx�?qF|D{B� ý ¥�|wqBs~z�sf�Ñ�¦�ÒÍSsPtw�?��s
qBvx{F|_t~ÏPorqBsjqBvx{V|fv�t*�6zwtW|f|_�"ÍÔsu|�|_suzf�B{B}BsuzwtW|=�T{B}ÖqB� ý qV�B�Ò�T{Btf¢Bz����us~t�t��T{B}@z�s~�~�T�?{Bv��us
t�¢Ssus~�=q/Ï�orqBsu{/¥ ý s����?z��j�B���E|_s�������}�s~� ý qBvx�=q"v���vx|_��|_sutQtw¢Ôs~s~�=q(¢Bz����us~t�twv�{���v�{ÒqV�B�Ñ��{Bt
vx{���{��E|w|_su�Ò¢�|r|_����|w|_�Tv�{�|wqBs,qÓ���Ñ�T{(¢Ôs~zW���?zw�Ò�T{B�usTÏ Ì t*vx|*¢Ô�?twt�v�ÍB�xsf|_�Ð}B�Ð|_q6�E|
v
ç s | ý sus~{�|_qBs*�?s~�Tzwt^�T�Q©Çê�©-®���{B}�©Çê
}T¨�¥Ó�P�TzW�?s �Ñ����su|w�=qBs~z^�T{B}ÒqBv�t �~�T����s~�T�?�Bsut�t�|_��}g�

vxs~} qV�B�Ò�T{ tw¢Ôs~su�=q�zwsu�~�?�T{Bvx|wv��?{ ¨ �f���$©Òs
��qB�T�Bt�|wvx�Ts~�x� ��| ç su���R�º�TÍ�t~Ïø f�Bzwvx{B�K|_qB��|
¢Ôs~z�v��Ó}/¥é��twsuzwv�sutf�T�Q�xv�tW|_s~{�v�{B�Òs	��¢Ssuzwvx�Òsu{V|wt ý s~z�sÕ�¦�Tz�zwv�su}��?��|¦Ï Ì {�|_qBsutwsjs
��¢Ôs~z�v���s~{F|_tu¥
|wqBsÑvx{B¢B��|4tw¢Ôs~su�=q �~�?{F|_�Tv�{Bvx{B�H{B�?{g� tws~{�twsÑ�u�?{Bt��?{6�T{F|&�e�?� ý s~��� �~�?{�tw�?{6��{V| ¨ £^õ�£+©4tW���x�����
ÍB�xs~t ý s~z�s��x� ý �C¢6�Tt�twsu}��TzQqBv��?q��C¢6�Tt�twsu}Ò�E|Q}BvÅÃSs~z�s~{F| twvx�?{6�T�w� |_���C{B�?vxtws�z_�E|_v��Tt~Ï:orq�s�z�s¦�Tt��?{
�T�Ô�Bt�v�{B�P{B�?{g� tws~{�tws�£^õ�£MtW�Ó������ÍB��sut:v�t×|_��z�s~���[�TsD|_qBs¤�~�?{F|_s
�Ó|_�6�T�6vx{����?z��Ñ��|wv��?{�|w���Ñ�Tþ�s
t��Bzws�|wq6��|���vxt�|_su{Bs~z�tP�?{��x�HÍ6�Tt�s~}8�?{ ý q6��|P|wqBsu��qBs~�Tzw}8|w�Ñv�}�s~{F|_v¿� ��|_qBsjtW�Ó������ÍB��sut~Ï*orqBs
z�s¦�Tt��?{$�����6�¿|_suzwv�{��K|_qBsÖt�¢Ssus~�=q�t�v��?{B�T�fv�t"|w�ù�T{6�T�¿�g�us8|_qBsÖqV�B�Ò�T{Yv�{F|_su���xv��?vxÍBv��xvx| �a��|
}Bv�Ãésuzwsu{V| �x� ý � ¢6�Tt�t¤�T{�}ÒqBvx�?qg� ¢6�TtwtQ��z�s~�V�Bs~{��u��Í6�T{B}�t~ÏQnP�x��su{�Ï	Ñ§Ò�Ó�Ô��?�Ç�TsP�,}Bs |=�Tvx��s~}Ð}Bs
�
t��~zwvx¢�|_vx�?{Ð�?{Ð|_qBs��f��� ��{6�T�x�Ót�v�t�÷ ©^øeÏ:orqBs��Ò�Tvx{ÕqBv��?q���v��TqV|.v�t.|_q�s�vx{B}Bs~¢Ôs~{�}Bs~{F|&� �=q6�T{B{�s~�
����}�s~�/�T��qV�B�Ò�T{Bt^�
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�Qo��Ó¢Bv��~�T�m�j�B�¿|_v�� Í6�T{B}"�T¢B¢Bz��F�T�=q/Ï

ù ½ ù�úJû/ù-ü ¨ ©?Ïx©-©
ý qBsuzws�sf}�s~{B�T|ws~tD|wqBsfs~z�zw�?z¤z_��|wsf�T�m|_q�sP���B���w�CÍ6��{B}Ñt�¢Ssus~�=q��T{B}/¥ ù�ú �T{B} ù-ü }Bs~{��T|_sf|wqBs
suzwzw�Tz4zw��|_sut ý vx|_qÖ|_q�s��x� ý �C¢6�Tt�t4�T{B}ÿqBv��?q��C¢6�Tt�t,tw¢Ôs~s~�=qKzws~t�¢Ssu�u|wvx�?su�x�TÏ�¡��?z�s~�Ç�?suz~¥º|_qBvxt
su�Ó�B��|_vx�?{@qB�?�x}BtP���?z�su�?suz��8���T�x�Bs���� |wqBsj�u��|_��ÃK��zws~�V�Bsu{B�~vxs~tuÏ Ì |�t�qB� ý t�|_q6��|P|_qBsjsuzwz��?z
}B��sj|_�(��� ý �C¢B�Ttwt,�T{�}ÿq�v��?qg� ¢6�Tt�tP�6�x|ws~z�v�{B����zwsÕv�{�}Bs~¢Ôs~{B}�s~{F|¦ÏÕn�����su{8v�{F|ws~zw¢�zwsu|ws~}ÿvx|�|_�
��s¦�T{"|wq6��|¤qÓ���Ñ�T{�tr��v�tW|_su{Ñ|_�jvx{B}Bsu¢Ssu{B}Bs~{F|*t�su|_t*�T�º¢�qB�?{Bsf��s~��|_�Bz�s~tDvx{�s¦�T�=q�t��BÍg� Í6�T{B}
�T{�}@¢Bzw�Ó�~sutwtwvx{B�"|_q�s~� v�{B}Bsu¢Ssu{B}Bsu{V|w�x�T¥/�B¢8|_�Ò|_qBsj¢Ô�?vx{V| ý qBs~z�sj|_qBs �@�Tz�s�z�s~�~�T�jÍBv�{�s~}
�?¢�|_v��Ò�T�x�x�"|w��¢Bzw�Ó}B�B�usj|_qBsÕ¢Bq��?{BsÕs~tW|_vx�Ñ��|ws~tuÏ�n�{B�T|_q�s~z�v���¢B�xv��¦�E|_v��T{�vxtP|_q6�E|�qV�B�Ñ��{Bt
�~�T{�z�s~�u�?�?{BvÅ�~s,tw¢Ôs~su�=q��~�Tzwzwsu�u|w�x��v¿��suvx|wqBs~z*tw��Íg�CÍ6��{B}Bt*�¦�T{H¢Bz��[�Óvx}Bs4�Ð�u�?zwz�s~� |P��{Bt ý s~zuÏ
ç �Tt�s~}a�T{g|_q�sÑ�B{B}�s~zwtW|=�T{�}Bv�{B���T�*�P���4¥ ç �T�Bzw���Tzw}�Ï	ÑýÒ�Ó�Ô(�T{B}K��s~z��Ñ��{BtwþF�¢Ï	ÑýÒ�Ó�Ô

¢Bz��?¢Ô�?twsu}Ö�Ñ�j�B�¿|_v�� Í6�T{B}��T��|w�?�Ò��|_vx�4t�¢Ssus~�=qÖzwsu�~�?�T{Bvx|wv��?{ ¨ ¡ ç n����$©P�T¢B¢�zw�F�T�=q ý q�v��=q
|wzwv�su}�|_��v���vx|=�E|_s�|wqBs4�f���¸¢�zw�Ó�~s~t�t~Ï^��su�~su{V|w�x�T¥h|wqBv�t*��¢B¢Bzw�?�T�=q�qB�Tt�ÍÔs~su{H���T�B{B}H�Btws ���B�
vx{ vx�Ò¢Bz��Ç��vx{B�Özw�?Í��Bt�|w{Bs~t�tÑ�B{B}�s~zÑ{��?v�tW�Ms~{F�Óv�zw�T{B�Òsu{F|¦Ï Ì {ù|_qBsuv�z��T¢B¢Bz��F�T�=q/¥^|_qBs(���B���
��z�s~�V�Bs~{��u�ÐÍ6�T{�}Òvxt.}Bvx�Óvx}Bs~}Ðv�{F|w�4t��BÍg� Í6�T{B}Bt �T{�}Ò��t�¢Ssus~�=qÑz�s~�u�?�?{BvÅ�~s~zQvxtQÍB�Bvx�x|.���?z:s¦�T�=q
t��BÍg�CÍB�T{B}/Ïp f��zwv�{��Kzwsu�~�?�T{Bvx|wv��?{/¥¤}Bs~�uv�twvx�?{BtÑ��z��?� v�{B}�vx�Óv�}B�B�T�*tw�BÍg� Í6�T{B} z�s~�u�?�?{BvÅ�~s~z�t
�Tz�s8zwsu�~�?��ÍBv�{Bsu} |_�M�Tz�zwvx�Ts@��|H�K�6{B�T�P}Bsu�~vxtwv��T{Y��|�tw�T�Òs@¢Bq��?{Bsu|wv���þ���vx{B�?�Bvxt�|_vx�(��su�Ts~� Ï
�:vx�?�Bz�sÕ©?Ïx©,}Bsu¢Bv�� |_tr|_q�s~v�zr���B�x|wv��CÍB�T{B}��T¢�¢Bzw�F���=q/Ï
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�:vx�?�Bz�sK©?Ï §g�Kö�¢�|_v��Ò�T�*t�|_��|_s�|_z_��{Btwv¿|_v��T{ ¢Bz��T�6��sutÑ���?z�|_qBs ý �?zw}�¦T�?{Bs^¦ vx{ ���B�x���CÍB�T{B}/¥
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ÞÄß
ÿ è é�å�âÕå���� â§é�����áÖâ��ýænâ§ã^å�í	�Õá�
Pë ì�í�â§ã	î[ï�å�æ�ð ñ òªóõô

ç sutwvx}Bs~t�|_qBs�tw�B¢B¢Ô�?zW|P��zw�T��¢Bt��Ó�=qB���C�T�~�T�Bt�|wv���s �Óv�}Bsu{B�~sutf�T���P���4¥ ý sj�¦��{�twsusjtw�T�Òs4�T�
su{B�?v�{�s~s~z�v�{B�Ðz�s¦�Tt��?{Bt*tw�B¢�¢S�?zW|_vx{B�Ðtw�B�=q��T¢B¢Bz��F�T�=qu�

©TÏ Ì {Ð�?su{Bs~zw�T�e¥Ft�¢Ssus~�=q"t�v��?{B�T��tQ��zwsr{B�T|�su�V�6�T���¿�j�u�?zwz��B¢�|_su}Ñ���~zw�TtwtQ��zwsu�Ó��s~{B� �ÐÍ6�T{B}BtuÏ
Ì {ct��?�Òs t�¢Ssu�~v��T�j�¦��tws~tu¥Õ|_qBs {B�Tv�tws �Ò�¦�¸s �?s~{øÍSs ÍB�T{B}g� ��v���vx|ws~}/Ï� fsu�~v�t�v��?{�t
��z��?� |_q�s"�B{Bz�s~��v��TÍB�xs-þ�{B�Tv�t���tw�BÍ��CÍ6�T{�}Btj�¦��{aÍSsÒ}Bs	� s~��¢Bq6�Tt�v��us~} �T{�}azwsu����|wvx�?su�x�
z�s~�xv��TÍB�xs-þ��u��s~�T{8tw��Íg�CÍ6��{B}Bt4s~��¢Bq6�Tt�v��~su}g}��Bzwvx{B�H|wqBsÐzwsu�~�?�jÍ�v�{6��|wv��?{@tW|_su¢/Ï"yQzw���
�Óvx}Bs~}j|wq6��|.z�s~�xv��TÍB�xs^t��BÍg� Í6�T{B}Bt:�~�?{F|=��v�{Õtw�
�Ò�uv�su{V|.v�{����?z��Ñ�E|_v��T{/¥[}Bs~�u��}Bvx{B���T�6|wqBs
t�¢Ssus~�=qMtwvx�?{6�T� �Ò�Ç�ÿ{B��|jÍÔs"tws �?s~z�s~�¿�av���¢6�Tvxzwsu}/Ï Ì {a|_qBs���¢B¢Ssu{B}Bvw�é¥:tw¢Ôs~�u|wzw�B��t
���r�(tw�BÍBt�su|��T�r{B�?vxtwsut4s
�Ó|_z_���u|_su}K��zw�T� |_qBs ÷ ö Ì ��è§°$�CêF§�}6��|=��Í6�TtwsÒ�Tz�sÒt�qB� ý {/¥
}�s~���?{Bt�|wz_��|wv�{B��|_q6�E|f{B�?vxtwsutPs	���us~¢�|f|wqBs ý qBv¿|_s�{B�?v�t�s�q6�¦�Tsj{B�?{g� �B{Bv¿���?zw��}Bvxt�|wzwv��
Í���|_vx�?{a�T�uzw�?t�t���z�s~�V�Bs~{��u�?Ï��6�?z4|wqBs�t_�T��sÑt�¢Ssus~�=q twvx�?{6�T� ¥�v¿|4�¦�T{aÍÔs��~�?z�zw�B¢�|ws~}
}�vÅÃSs~zwsu{F|_�x���E|D}Bv�Ãésuzws~{F|^��zws~�V�Bsu{B�~vxs~tDÍF��}Bv�Ãésuzws~{F|¤{B�?v�t�s~tuÏ Ì {"�T|_q�s~z ý �?z�}Bt~¥Ó|_qBsuzws
�Ò�¦�"s
��vxt�|�tw�T�Òs,tw��Íg�CÍ6��{B}Bt ý qBv��=q��Tz�s4�xs~t�t���Ãésu�u|_su}�ÍF�(t��?�Òs�{��?v�t�s,|C�Ó¢Ôs~tuÏ

§ÓÏ���{B}Bsuz�|_qBsÒ���B���w�CÍ6�T{�}gqBvx}B}Bsu{ù¡��Tzwþ��Ç�a����}Bsu��vx{B� ¨ �f¡8¡c©4��z_�T��s ý �?z�þÔ¥�|_z_��{Btwvw�
|wv��?{�tQ�T�/t��BÍg�CÍB�T{B}�v�{����?z��Ñ�E|_v��T{Õ�Tzwsr���?z��~su}�|w��ÍÔs*t��Ó{B�=qBz��?{Bv��us~}/Ï ��� ý su�Ts~zu¥�tw��Íg�
ÍB�T{B}�|wz_�T{�twvx|wv��?{�tm�¦�T{4|=�Tþ�s^¢B���T�~s ��|×}Bv�Ãésuzwsu{V|×|_vx�Òsutº�Tt×twqB� ý {jvx{��:vx�?�Bz�sr©?Ï §ÓÏ.öf{
|wqBsf�u�?{F|_z_��z��?¥�v�{"���B�x|wv��CÍB�T{B}"��¢B¢Bzw�?�T�=q/¥�t��BÍg� Í6�T{B}(�TtW�Ó{B�=qBzw�T{V�"�¦�T{�ÍÔs��T�x��� ý su}
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ý q�v��=qH�Ñ�¦�"z�s~t��B�x|�v�{(���?zws,���~�~��z_��|ws4���Ó}Bs~�xv�{B�j����|wqBs,tw¢Ôs~s~�=q�twvx�?{6�T� Ï

x�Ï� fv�Ãésuzwsu{V|���s¦��|w�BzwsutÒ��{B}M�Ò�Ó}Bs~�xv�{B�8�Tzw�=qBv¿|_su�u|_��zws~tÐ�~�T{MÍSs"|_�Tv��x�?z�� �Ñ�T}�s�|w�@s¦�T�=q
t��BÍg� Í6�T{B} ���?z"���?z�s��6s
��vxÍB��s8�T{B}Y�T�u�~�Bzw��|_s@����}�s~��vx{B�K����t�¢Ssus~�=q su�Ts~{F|_t�|_qB��|
�Ó�~�u�Bz"vx{ s¦�T�=qYtw��Íg�CÍ6��{B}/Ïø�h�Tz"v�{BtW|=�T{��~sT¥��B{B}�s~z"|_q�sÖ�f¡8¡ ��z_���Òs ý �?z�þh¥�|wqBs
{V�B��ÍSsuz��T��tW|=��|ws~t(�T{�}Y|wqBsÖt�|_��|_s8|wz_�T{Bt�vx|wv��?{ ��zw�=qBv¿|_s~� |_�Bz�s~t(�¦��{ ÍÔsÖ}Bs~t�v��?{�s~}
t�¢Ssu�~v��T���¿�Ò���?zrs~�T�=q�t��BÍg� Í6�T{B}/Ï

ÞÄß�� è é�å�âAå���� â2é�� ë ì�í�â2ã
î[ï�å�æ�ð ã	���§ì���� ô

orqBz�s~s4v�t�tw�Bsut���zws,�~�?�����?{B�x�Ò�V�Bs~z�v�su}�vx{H}�s~twvx�?{Bvx{B�Ð�����B�x|wv��CÍB�T{B}"tW��tW|_su�ª�
©TÏ ­sZ�N�� V Ng` d �a�tQTZ-K�IlK�ILY[`�I]\�\ V N
Ì |�v�t*�?{�s��T��|_qBs4���?t�|��=q6�T�x��s~{��?v�{B�Ðvxtwtw��s�vx{�}Bsutwvx�?{Bv�{��Ñ�Ð�?�Ó��}H�j�B�¿|_v�� Í6�T{B}�tW�Ót��
|ws~�HÏ Ì | ý �?�B�x}"ÍSsu�~�?��sPs~�Ttwvxs~zDv¿� ý sfþV{Bs ý |_qBsP}Bv�tW|_zwvxÍB��|wv��?{��T�º{B�?vxtws����~zw�Ttwt¤|wqBs
��z�s~�V�Bsu{B�u��tw¢Ôs~�u|wzw�B�øÍSs ���?zwsuq6�T{B}�� Ì {Õzws~�T��v¿|C�?¥[|_qBs¤�?¢�|_vx�Ñ���?��zws~�V�Bsu{B�u�j¢6�Tz�|wvx|wv��?{Bt
�=qB�T{B�?sutf�T�u�~�?z�}Bv�{B�Ð|_��}Bv�Ãésuzws~{F|�s~{F�Óv�z��?{B��s~{F|_tuÏ*��s~z�sT¥6|_q�s�¢6��z_�T��su|ws~zwt��Tz�s4|wqBs
|w�T|=���S{V�B�jÍÔs~z¤�T�ºtw�BÍ��CÍ6�T{�}Bt*�T{B}"|wqBs~vxz^��zwsu�V�Bs~{B� ��z_��{B�?s~tuÏQnP�¿|_qB�?���?q"{B�Õ}Bs �6{Bvw�
|wvx�Ts@�~�?{B�u���Bt�v��?{ �~�T{ ÍÔs@}Bz_� ý {Yzwsu�F�Tzw}�v�{B�a|wqBs~vxz"�?¢�|wv��Ò�T��t�su|�|_v�{��?t"�~��zwzwsu{F|_�x�T¥
t��?��sDzwsutws¦��zw�=qBsuzwt�}Bsu|ws~z��Òvx{Bs¤|_q�s~��Í6�Ttwsu}Ð�?{j|_qBsrqV�B�Ò�T{Õ���B}Bvx|w�?z���t��ÓtW|_s~� tw�B�=q
��t*|wqBs,�~z�vx|_vx�¦�T�SÍ6�T{B}��T{B}�|wqBs,�Òsu�/��zws~�V�Bsu{B�u�TÏ

§ÓÏ ¡£N d Y[j m I"`:Q_K�ILY[`aI]\�\ V N�\ ��� YgfEQ�`,i � X:N Z�NT�
�Óv�{B�us.|_qBsQ��zwsu�V�Bs~{B� �4v�tm}Bv¿��vx}Bs~},vx{V|w�rtw�BÍ��CÍ6�T{�}Bt~¥E|_qBs�{Bs
��|×�V�Bsut�|_vx�?{4v�t/|_q�s ý �¦�,�T�
z�s~�u�?�jÍBvx{Bv�{B��t��BÍg� Í6�T{B}�v�{����Tzw�Ò��|_vx�?{�|w����zwzwv¿�?s*��| ���?�x�?Í6�T��}Bs~�uv�t�v��?{/Ï.��s~z�sT¥Vtw��Íg�
ÍB�T{B}(v�{����Tzw�Ò��|_vx�?{Ò|w��ÍÔs�zwsu�~�?��ÍBv�{Bsu}(�¦�T{H�Òs~�T{�t�|wzws~�T�Òt*�T���T�u�?�BtW|_v��f��s~��|_��zws~tu¥
�xv�þ�s~��vxqB�Ó��}Btu¥�¢�qB�?{Bsu�Òs�þ ý �Tzw}Htws~�V�Bsu{B�~sutf�?zr�T|wqBs~z*¢Ô�?twt�v�ÍB�xsf���?zw��t~Ï
orq�s�¥�qB� ý ¦��V�Bs~tW|_v��T{Õzwsu��suzwt.|w��}Bsu�Óv�t�v�{B�f�T{Õ�?¢�|wv��Ò�T�V�~zwv¿|_suzwv��T{jtw�f|wq6��|.t��BÍg� Í6�T{B}
tW|_z�s¦�T��t*�Tzws�z�s~�u�?�jÍBvx{Bs~}(�?¢�|wv��Ò�T���¿�?Ï×orqBsª¥ ý qBsuzws^¦��V�Bs~tW|_vx�?{�z�su��suzwtD|_����| ý qB��|
��{Bvx|mt��BÍg� Í6�T{B},v�{����?zw�Ò��|_vx�?{f��zwsQzwsu�~�?��ÍBv�{Bsu}�tw�B�=q��Tt/|_q�sQt�|=�E|_s-þE¢BqB�?{Bsu�Òs�þ�t��Ó�x���TÍB�xs-þ ý �?z�}
��{Bvx|~Ï

z



x�Ï U \	�:` d X:Z�Y[`r� q \�\ V N �ý� X:Ng`�K�Y�Z�N d Yrj m I"`:NT�
�*s~t�s¦�Tz��=qBs~z�tQqF��¢Ô�T|wqBs~t�v��~s^|_q6��|:tw�BÍ��CÍ6�T{�}Bt.�Ò�Ç�,z��B{Õ�TtW�Ó{B�=qBzw�T{B�?�Bt��x�Õ��{B}�|_q�s~zws
�
���Tzws�vx| �Ñ�¦�ÐÍÔsP��}����T{F|=�T�?su�?�Bt |_��z�s~�u�?�jÍBvx{Bs�t��BÍg� Í6�T{B}Bt^v�{�|_qBvxt ý �¦�?ÏQnPt^twqB� ý {
vx{ �:vx�?�Bz�sg©?Ï §�¥D|wz_�T{Bt�vx|wv��?{Bt�ÍÔsu| ý s~s~{YtW|=��|ws~t"vx{ tw�BÍ��CÍ6�T{�}Bt"�Ó�~�~��z"��|Ñ}BvÅÃSs~z�s~{F|
|wv���s~tuÏ ÷ �T|wv��us"|_q6��|���t��Ó{B�=qBz��?{B�?�Bt�zwsu�~�?��ÍBv�{6�E|_v��T{ v�tj|_z�vx�Óv����^v¿� ý s(�?{B�x�K}Bs¦���
ý v¿|_qÒv�tw�T����|ws~} ý �?z�}�zws~�u�?�?{Bv¿|_vx�?{�|_�Ttwþ�zwsu�~�?��ÍBv�{Bvx{B����|¤|wqBs ý �?zw}��xsu�Ts~�Ôtwv�{��~sP|wqBs
ý �?z�}�ÍS�?��{B}6�Tz�v�s~tD�Tzws�twv���¢B�¿��|wqBsfÍÔs~�?vx{B{Bvx{B�j�T{�}�s~{B}Bvx{B��|wv���sTÏ Ì {"|wqBv�t^�¦�Tt�sT¥Bv¿|
vxtDzwsu}B�B�us~}�|_�Õ¢Ôs~zW���?zw��v�{B��}Bs~�u��}�v�{B�Õvx{B}Bvx�Óvx}B�6�T�x�x�j���?z^s¦�T�=q(t��BÍg�CÍB�T{B}H�T{B}�|_q�s~{
z�s~�u�?�jÍBvx{6��|_vx�?{Ò���Tz^|_q�s ý qB�?�xsP��|�|_s~zw�T{B�usTÏ ��� ý su�?suz~¥Ô�TtW��{��=qBzw�?{��?�Btrzwsu�~�?��ÍBv�{6���
|wv��?{ ý vx���éÍÔs~�u�?��s��Ð�=q6�T�x��su{B�?v�{��Õv�twt��Bs,v�{(�~�T{V|wv�{V�B�?��t�t�¢Ssus~�=q�z�s~�u�?�?{Bv¿|_v��T{Ht�v�{B�us
|wqBsH}Bs~�u��}Bsu} ý �?zw} ÍÔ�?�B{�}6�Tzwvxs~t��T�fs~�T�=q t��BÍg�CÍB�T{B} �Bt��6�T�x�x� }Bv�Ãésuz~Ï ôYqB��| ý s
{�s~s~}Õvxt:���Òsu�=q6�T{Bvxtw�£þT�T�x�?�?zwv¿|_qB�$tw�B�=qj|wq6��|�tw�BÍ��CÍ6�T{�}BtQ�Tz�s¤t��Ó{B�=q�zw�?{BvÅ�~su}Ð��|:|wqBs
ÍÔ�?�B{�}6�Tzwvxs~t,�T�¤tw�?��sÐzws~�u�?�jÍBvx{6��|wv��?{Ö�B{Bv¿|,ÍB��|��T|_q�s~z ý vxtws�zw�B{g�TtW��{��=qBzw�?{��?�Btw�¿�
ý v¿|_qBvx{"|_qBs,�B{�vx|¦Ï

ÞÄß�� � é�����ã	��� áÄå�í�åÀæ�ð ���2á���á�� �ýð òWáhí^ìcâ2ã^á�æ!�

n�t�|wvx|_�xs~}/¥�|_qBs,�?�F���m�T�:|wqBs�|_qBsutwv�t�v�tr|w�Òvx�Ò¢B�xs~��s~{F|*�Ð�j�B�¿|_v�� Í6�T{B}�t�¢Ssus~�=q8z�s~�u�?�?{Bv¿|_v��T{
tW��tW|_su��Ï Ì*ý v�����tw¢6��zwsÐ�Ò�Tt�|,s�ÃS�?zW|_t�v�{ÿ�T}�}Bzwsutwtwvx{B��|_qBsÐz�s~�~�T�jÍBv�{B��|_vx�?{@v�t�tw�BsÐ�T{�}ÿ|wqBs
�TtW�Ó{B�=qBzw�T{V�Hvxtwtw��sTÏ
Ì^ý �?�B�x}��xv�þ�sP|_��qBv��TqB��vx�?qF|¤|_q�s4tW�Ót�|_su�����B{B� |_v��T{6�T��v¿|_vxs~tD��t*���T����� ý t��

©TÏ �JY[`rK�I]` V Y V \Ä\^�2N N d XÕZ�N d Y�S[`tIlK�ILYr` fhILK�X Q�\��:` d X,Z�Y[`,Y V \hZ�N d Y[j m I]`,Q_K-I]Y[`
£¤�T{V|wv�{V�B�?��tDtw¢Ôs~su�=qHz�s~�u�?�?{Bv¿|_v��T{Ñv�t �?su{Bs~zw�T���¿����Í6�Tt�v��Pz�s~�V�Bvxzws~��s~{F|D���Tz¤zwsutws~�Tzw�=q
�Tzfzws~�T��� ��vx��s��T¢B¢���v��~��|_vx�?{�}�s~¢B�x�[�Ó��s~{F|¦Ï�¡��?z�s~�Ç�?suz~¥º|_qBs�t��Ót�|ws~�ûtwq��?�B��}8|_�TþTs��T}��
���T{F|_�T�?s,�T�×|_qBs4�TtW��{��=qBzw�?{��?�Bt�zws~�u�?�jÍBvx{6��|wv��?{��T��tw��Íg�CÍ6��{B}Bt~Ï
n�{F�(�¦�T��v�����ÍB��sP��zw�T��s ý �?zwþgv
orq�s,�T{Bt ý s~zrvxt ��è^�ÔÏB�f¡�¡û�u�?��¢S�?t�vx|wv��?{Ð��z_�T��s ý �?z�þÔ¥ ý qBv��=q ý vx���hÍSsP}Bv�t��~�Bt�tws~}
vx{$}�su|=��v���v�{Y����|_suzH�=qB�T¢�|_suzwtu¥4vxt(¢Bzw�?¢Ô�?t�s~}¸��tH|wqBsgÍB�T�=þ
�CÍÔ�?{BsÖ��z_�T��s ý �?zwþ ���Tz
"�#%$ Ñ'& $)()#%(+*,*.- ÏyÏ "�/10 Ï "�#324$ &lÑ'& #%$ �T{B} Ò *657$�"�/�08#%$�#%(9*:0 Ï "�#%;�< & $ Ò�Ñ'& #%$ Ï@orqBs(v�}Bs~�

}



   1    2    3

   1    2    3

  1,1   1,2   1,3

  2,2   2,3

  3,3  3,2  3,1

  2,1

HMM Composition

= >@?BADCFEHGBIKJML�NPO�ORQTS4U,VWSBX3>ZY8>@SB[,S7\]Y.^_S`Jba.XFY8c7Y8EdXfegE6\hYFaiY8S7ajC3>g?4k+YlXFADm
ajm)c4[DnoNPO�O�Xf^p>@Y3k
c`U,c%q
>gU�ADUrc4XFs�[DQ�kMC3SB[9soeg>@U,>ZYfS4\tY.^uS,X�Y�c7Y3ETXTI

S7\vY3kDE:\wC8c7U,E6^_SBCFxy>@X�Y8SzQTS4U�mD>g[ME:X3ADm�a.m)c4[Mn{NPO�O�X�>g[9Y3SzczXF>g[D?4egE|QdSBU�V}SBXF>@Y3E
NPO�O~^pkMSBX3EHXFY�c%Y8ETX�c4CFE�QdC3ETc7Y8Edn�m9soQTSB[MX3>gnMETC3>@[D?,c4ege�VWSBXFX3>gmMegE�QTSBU�mD>g[)c%Y8>gS4[DX�S4\
XFADm
ajm)c4[Dn,XFY�c%Y8ETXP�i��ETE�= >g?BAMC3E�G4I�J9��I���kDEvQ�k)c4C3c4QdY3ETC3>@XFY3>gQTXlS4\�c�QdSBU�V}SBXF>@Y3EpN�O�O
>@X�Y8k)c%Y��DC3XFYT��^uSBCFn,mWSBAD[DnDc4C3>@ETXlS4\�ETc4Q�k|XFADm
ajm)c4[Dn,N�O�O�Xfc4CFEvX�s�[DQ�kDC3S4[D>g�dETn�c4A�a
Y3SBU,c7Y8>@Q	c4e@e@sBI���ETQTS4[Dn��}c4XFs�[DQ�kDCFSB[DSBAMX�Y8C3c4[DXF>@Y8>@SB[oS4\�XFADm
ajm)c4[Dn�XFY�c%Y8ETX�>gXvc4e@egS�^_Edn
nMADC3>@[D?znDETQdS
nD>@[D?�>g[�Y8kDEoQTS4U,VWSBX3>ZY8E�N�O�O XFY8c7Y8EoXFV)c4QTE7I��
>@[DQTE�Y8kME�QdSBU,VWSBX�a
>ZY8EoNPO�O >@X�c4egXFS�c7[{NPO�O��lQTS4[+Y3>g[+ADSBAMX�XFV}EdETQ�k�CFETQdSB?B[D>ZY8>gS4[�Q	c4[�m}EoCFE	c4nD>@e@s
VWETC�\wSBC3U�ETnoADXF>g[D?`Y3C8c4nD>ZY8>@SB[)c4e}X3VWETETQ�k�nDETQdS
nM>g[D?�c4e@?BSBC3>ZY8kDU�XTI
� ADC�VDC3Edeg>gU�>g[Dc4CFszCFETX3AMe@Y8X`S4[1Y8kDE�QdSB[D[DEdQdY8Edn{�����������.�v��QTSBCFVDADX`X3kMSb^uETn�Y8kDc7Y
Y3kDEH^_c	s�Y3k)c7Y�Y8C8c7[DX3>ZY8>gS4[�VDCFSBm)c4mM>geg>ZY8>@ETXpc4CFE�QTS4U,VDA
Y8ETn�Q	c4[!c% �EdQdY�VWETC�\wSBC3U,c4[DQdE
AM[DnDETClY8kME�N�O�O¡QTS4U,VWSBX3>ZY8>@SB[�\wC8c4U�Ed^uSBCFxWIl=¢>gC3X�Y	�B^uE�\wSBAM[Dn,Y3k)c7YlY8kDE�kDETAMC3>gX�Y8>@Q
S7\}XF>gU�VDe@sHc4XFX3ADU�>g[M?�AD[D>@\wS4C3U£Y8C8c7[DX3>ZY8>gS4[�VDCFSBm)c4mD>@eg>ZY8>gEdX¢>@[�Y8kDE�QdSBU�V}SBXF>@Y3EfN�O�O��
^pkM>gQ�k�>gXtc�QTSBU�U,S4[�VMC8c4Q6Y8>gQdE�>g[�¤�¥�¥�¦4NPO�O§k9s�mDCF>gn�XFs�XFY3ETU�XT�BQTc4[HQTc4ADXFEunDEd?BC8cba
nDc7Y8>@SB[y>@[1V}EdCF\wSBCFU|c7[DQTE�^pkDET[�c4X�s�[DQ�kDC3S4[+s1>gX�c7egegS�^uETn�I��
ETQdSB[Dn���Y3kDSBXFE|¨7c4egADEdX
c7C3E:XFAD?B?BEdXFY8Edn�Y8S!mWE:ET>ZY8kDEdC�©�ª%«P¬W­�®�¯3°`±�²�ª%«�®h³)¯6´h²�µ6­M¶T·�¶�¸4¹W°1©�ª%­�¹)®�¯6²�·g¬M¸4²�®hµ�SBC
²8¯6·.®'²F¸4´h¹�¯3°�ADXF>g[D?`Y3kDE�ºuO~c4e@?BSBC3>ZY8kDU�I

» I�¼`½t¾b¿'ÀyÁ)ÂlÃbÄ�ÅBÆ}À!Ç¢¿ÉÈÊÁM¾b¿wÆWÈ
Ë



n�{B�T|wqBs~z���s¦��|w�Bzws�v�tQ|_qB��|¤t��BÍg� Í6�T{B}"vx{����?z��Ñ��|wv��?{Ð��zws�zws~�u�?�jÍBvx{Bs~}Òv�{Ò�T{ #�- Ñ'& ; Ò�Ó
t�s~{Bt�sTÏ
��� ý v
ç �K}Bs �6{Bvx{B�@�T{a�T¢�|_vx�ÒvÅ�¦��|wv��?{Ö�~z�vx|ws~zwvx�?{g|w�?�?s |_qBsuz ý vx|wq ��|wz_�Tvx{Bv�{B���T�x�?�?zwv¿|_qB�H¥
t��BÍg� Í6�T{B}Öv�{����?zw�Ò��|_vx�?{��~�T{ÖÍSsÕz�s~�u�?�jÍBvx{Bs~} ¥��?¢�|_v��Ò�T�x�x��¦BÏ Ì {Ö�?�Bz�¢Bz�s~�xv���v�{6�TzW�
s
��¢Ssuzwv���s~{F|~¥ ý s,tW|_�B}Bvxs~}����Tzwvx�?�BtDþVvx{B}Btr�T�×�?¢�|wv���v��~��|_vx�?{Ñ�uzwvx|ws~z�v���t��B�=q���tr�Òvx{Bv��
���B�O�~���Ttwt�vx�6�~��|_vx�?{�s~zwz��?z ¨ ¡8£Dè © ¥��Ò����v��j��� �j��|w�6�T�6vx{����?zw�Ò��|wv��?{ ¨ ¡8¡ Ì ©��T{B}
�Ò����v����B� ��vxþTsu��v�q����Ó} ¨ ¡c�,© ý vx|_qgtw¢Ôs~�uv��T� �~�?{�t�|_zw�Tv�{F|~Ï�è.���T���B��|_su}K�?{ÿ|_qBsÒv�tw���
����|_su}8o Ì   Ì | Ì o����~�?z�¢B�Bt~¥ ý sj���?��{B}8|_q6�E|P|_q�sjzwsu��v���ÍBv��xvx|C�"����tw�BÍg� Í6�T{B}�t~¥mzwsu¢Bzws
�
t�s~{F|_su}@ÍF�H|wqBs~vxz ý suv��?qF|_tu¥S�~�T{8ÍÔs�}�su|_suzw��v�{Bsu}�s	Ãésu�u|_v¿�?su�x�H�Btwvx{B��Ì�Í¢ÎÐÑ 0 Ò4& $ & $�2
ý v¿|_q * & ;`( Ó�Ò�Ñ�Ï3Ï $�# & *65`*.- ÏyÏ "�/ v�{BtW|_s¦��}H���:�u��s¦��{Ht�¢Ssus~�=q/Ï

ÞÄß�Ð � é�����ã	��Ñµìcâ§í�ã�æ��

orqBs,|_q�s~twvxt*v�tr�?��|w��vx{Bs~}(�Ttr���?�x��� ý t^�
©TÏ �ÀX:QT�:K-N Z ~u��q \�\ V N q��§� YgfEK�Y�Z�N d Yrj m I"`:Nª\ V,ms�5m Q�`,i,\��
Ì {�|_qBvxtP�=q6�T¢�|_s~zu¥é���Tzwvx�?�Bt��T¢B¢Bz��F�T�=qBsutf�T� /)#%Ò |w�"zwsu�~�?��ÍBv�{Bs�tw�BÍ��CÍ6�T{�}Bt��Tz�s�zws
�
�Óvxs ý s~}(v�{Ñ|wqBsft�s~�u|wv��?{Ñ�T�×zws~����|_su} ý �?zwþVt~Ï^��s �?suz_�T�/�T¢�|_vx�ÒvÅ�¦��|wv��?{Ð�~z�vx|ws~zwv��4|w�j�6{B}
|wqBs8t��BÍg�CÍB�T{B} ý suv��?qF|wv�{B�?t ý suzws@su���T�x�6��|ws~} v�{ |_qBs8¢�zws~�xv���v�{6��z�� s
��¢Ôs~z�v���s~{F|_tuÏ
yQz�s~��vx�Òvx{6�TzW�8zwsutw�B�¿|_t�twqB� ý s~} |_q6�E|j�T���?{B�H|_qBs"¡8£Dèr¥.¡�¡ Ì �T{B}M¡c� �uzwvx|ws~z�v���¥
Ì1Í¢Îø|_�Bz�{Bs~}Y�?��|Ò|_� ÍÔs�|_q�s8�Ò�Tt�|�s	Ãésu�u|_v¿�?s@�?{�sTÏcnP{B��|_qBsuzÑ�����u�Bt"vxtÑ|_�a��tws
* & ;`( Ó�Ò�Ñ Ï3Ï $�# & *65�*.- ÏyÏ "�/ }B��zwv�{��Ð|wz_�Tvx{Bv�{��Õv�{(�?zw}�s~zD|_��q6�¦�?s,�?�Ó�Ó}Hz�s~t��B�x|wt~Ï

§ÓÏ �ÀX:QT�:K-N Z �u��q \�\ V N q-q��t� X:Ng`�K�YCZ�N d Y[j m I]`,Nc\ V,ms�5m Q�`,i,\��
Ì { |_qBvxtÒ�=q6��¢�|_suz~¥r���Tzwvx�?�BtÒ�T¢B¢Bz��F�T�=qBsut"�T� Ò / Ï $ |w�azwsu�~�?��ÍBv�{BsHtw��Íg�CÍ6��{B}Bt��Tz�s
}�v�tw�u�Btwt�s~}avx{ÿ|wqBsÑt�s~� |_v��T{g�T�Dzws~����|_su} ý �?z�þÓtuÏ"õ �Tzwvx�?�Bt ý �Ç�Ótj���D�~�T�Ò¢B��|_v�{��H|wqBs
|wz_�T{�twvx|wv��?{Õ¢�zw�?Í6��ÍBv��xvx|_vxs~t×�T�S�~�?��¢S�Ttwvx|ws*�f¡8¡Ht^��{B}�|wqBs*s�ÃSs~� |^���é}Bv�Ãésuzwsu{V|^�TtW�Ó{g�
�=q�zw�?{F�(��vx�Òv¿|_t ý suzws4v�{F�?sut�|wv��F��|ws~}Hv�{�|_q�s4¢�zws~�xv���v�{6��z���s	��¢Ôs~zwvx�Òsu{F|_t~Ï

x�Ï �ÀX:QT�:K-N Z �,� � N�k[N�M]Y��tj�N�`rKÀY�� Q�` U \	�:` d X:Z�Y[`:Y V \�� V MLK-I �5m QT`ti b �:\�K-N�j
��Y[ZP�JYr`[K�I"` V Y V \ b �2N N d X�¡nN d Y�S[`tIlK�ILYr`

ë



Ì { |_qBvxtÑ�=q6�T¢�|_s~zu¥�ÍB�Ttwsu} �?{ |_q�s�¢Bz�s~��vx�Òvx{6�TzW� zwsutw�B�¿|_tÑ�TÍ�|=�Tvx{Bs~} v�{ £¤qB�T¢�|_suz(§
��{B}ÿ£¤q6�T¢�|ws~zýx�¥ ý sÕvx�Ò¢���s~��s~{F|ws~}8��{Ö�Tt��Ó{B�=qBz��?{B�?��t4���B�x|wv��CÍB�T{B}�tW�Ót�|_su� ý vx|wq
t��BÍg� Í6�T{B} ý s~vx�?qF|_t��?¢�|_vx�ÒvÅ�~su}��Bt�v�{B��|_qBs t�|wzwvx{B���CÍB�Ttwsu}Õ¡8£DèÖ�~z�vx|_suzwvx�?{/ÏºorqBs^���������
ÍB�T{B}Õ�T{�}Õ�j�B�x|wv�� Í6�T{B}4t��Ót�|ws~��t ý suzwsDs ���T���6�E|_s~}��?{����Tzwvx�?�Bt�{B�?v�tW�4s~{F�Óv�zw�T{B�Òsu{F|_t
ý v¿|_q(v�}�s¦�T� þ�{B�?{g� v�}Bs~�T�Ôs~{B}g� ¢S�Tv�{F|_tuÏ

z�Ï �ÀX:QT�:K-N Z ¬u� �JY[`rK-Z�I m�V K�ILY[`t\ÀQT`ti¢­ V K V Z�N � Y�Z e
Ì {�|wqBv�tm�=q6��¢�|_suz~¥ ý s��F�¦�?s �rtw�B���Ò�Tz����T�Ó|_qBs��~�T{V|wzwvxÍB��|_vx�?{Bt/����|wqBs.|_qBsutwvxtº|w� ý �Tz�}Bt
|wqBsfnf��� �u�?���j�B{Bv¿|C���T{B}�tw���?�?s~tW|_su}�¢S�?t�twvxÍB��s�����|_�Bz�sPs
��|ws~{Bt�v��?{�tr�T�º�?�Bz^�j�B�x|wv��
ÍB�T{B}(��z_�T��s ý �?zwþhÏ

®



< × Ç¾Ø @CB ¹ Ó

Ú FCF ¸ B ÚÕÔ Ö =�× @C= ¹ B Ý =RØ È ³ > B

F ¸ ÈÚÙÄÈ Ç > Û ¹ B Ý = · > ³¢Û B ¹ F�Ü

ÿWß-Þ Ý:æWâ��2áPð�ì!Þ â§ã^á�æ

orqBsÐ�?�?�T�:�T��|wqBv�t��=q6��¢�|_suz4vxtP|_�(vx{V�Ts~tW|_v��?��|_sj|wqBsÕ�Òs |_qB�Ó}Bt��T� z�s~�~�T�jÍBv�{�v�{B�"t��BÍg� Í6�T{B}
z�s~�~�T�?{Bv��us~z�t~Ï��:vxzwtW|_�x�T¥ ý s ý v��x�.�Òsu{F|_v��T{ÿt��?��s��u�Bzwz�s~{F|Õ��¢B¢Bzw�?�T�=qBs~t�v�{@|_q�sÒt�s~�u|wv��?{g�T�
z�s~���E|_s~} ý �TzwþVt~Ï,�Ós~�~�T{B}B�x�T¥ ý s ý vx���º¢Bzwsutwsu{V|f}BvÅÃSs~z�s~{F|f�?¢�|_v���v��~��|_vx�?{��~z�vx|ws~zwv����T{8��vx{Bs¦�Tz
�u�?�jÍBvx{6��|_vx�?{��T��tw�BÍ��CÍ6�T{�}����T���C�xv�þTsu��vxqB���Ó}BtÔv�{�|_q�s t�s~� |_v��T{��T��¢Bzwsu��vx�Òvx{6�Tz���s
��¢Ôs~z�v���s~{F|_tuÏ
orqBsÿ�?¢�|wv���v��~��|_vx�?{ �~z�vx|_suzwv�� �Tzwsÿ�Òvx{Bv����B� �u���Tt�twv¿�6�¦��|wv��?{Ysuzwzw�Tz ¨ ¡8£Dè © ¥*�Ñ����vx�j�B�
�j��|_�6�T�Vvx{����?zw�Ò��|wv��?{ ¨ ¡�¡ Ì ©��T{�}��Ò����v��j�B�p�xv�þ�s~��vxqB�Ó��} ¨ ¡c�,© ý vx|wq�t�¢Ssu�~v����Ó�u�?{BtW|_z_��v�{F|
�?{�t��BÍg� Í6�T{B} ý s~v��TqV|wt~Ï yQzwsu��v���v�{B�Tz��Ðz�s~tw���x|_trt�qB� ý su}�|wq6��|D|wqBs4¡8£Dè �uzwv¿|_s~z�v��?{Ò|_�Bz�{Bs~}
�?��|H|w� ÍÔsÿ|wqBsÿ�Ò�?tW|Hs�ÃSs~�u|wvx�TsTÏ ¡��?z�s~�Ç�?suz~¥,vx|(vxtH���T�B{B}Y|_q6��|�vx|(vxt(�~zw���~v����,|w� ��tws
t�v��j�B����|_su}�{��?v�tW��tw¢Ôs~su�=q@v�{BtW|_s¦��}��T�:�~��s~�T{�t�¢Ssus~�=q8|w�Ò¢Ôs~zW���?zw��|wqBs�|wz_�Tvx{Bv�{B�Õt�v�{B�us�|wqBs
ý s~vx�?qF|_t*s~tW|_v��Ò��|ws~}���zw�?�Î�~��s~�T{(}6��|_����zws,{B�T|*�?¢�|_v��Ò�T�S�B{B}Bsuz�{��?v�tW��s~{F�Óv�z��?{B��s~{F|_tuÏ

ÿWß
ÿ óß�ýí^åJâ �ýð è á��là��

Ì {�|wqBv�t�twsu�u|wv��?{/¥ ý s ý v��x�mv�{F�?sut�|_vx�F��|ws�t��?�Òs��~�Bz�zwsu{V|f�T¢B¢Bz��F�T�=qBsutf�T�Qz�s~�u�?�jÍBvx{Bv�{B��tw��Íg�
Í6��{B}Bt~ÏQorq�sJÓá&gâ�Ï	Óá& /)#�# Ï 0 Ï "�#%;�< & $ Ò�Ñ'& #%$ Ò -9-W08# Ò "�/ v�t �,�~�?�����?{��T¢B¢Bz��F�T�=q�s	��¢B���Tzws~}ÒÍF�
z�s~tws~�Tzw�=q�s~zwt�v�{Kz�s~�us~{F|��Ts¦�Tz�t~Ï(orqBv�t��T¢B¢Bz��F�T�=qg�¦�T{gÍSs����Bz�|wqBs~z4}Bvx�Óvx}Bs~}gv�{F|_���CÓá& $ Ï5Ò 0
�?z $�#%$)ã Óá& $ Ï5Ò 0 zwsu�~�?��ÍBv�{6�E|_v��T{ tW|_z_�E|_s~�Tv�s~tuÏ¸öP|wqBs~zÒ{Bs ý �¿� ¢�zw�?¢Ô�?twsu} �T¢B¢�zw�F�T�=q�s~t��Tz�s

ê



ÍBz�v�s6�B��}Bsutw�~z�v�ÍÔs~}��Tt ý su��� Ï

äfå.äfå�æ ç�è�é�êtëFè�ì�ípípî�ïðêÊñ]íuò�ó�è�ô�õ ö)è�íuô�÷ùø�ø�ú)í�õ�ñ}ì
orqBvxtQ�T¢B¢�zw�F�T�=q ý �TtQ¢Bz��?¢Ô�?twsu}�ÍF� ç �?�Bz����Tz�}ªÏ	ÑtÒ�Ó�ÔQ�T{B}Ð��suzw�Ò�T{Bt�þV�öÏ	ÑtÒ�Ó�ÔQo×��}Bsutw�~z�v�ÍÔs
|wqBs~vxz*�T¢B¢Bz��F�T�=q(���?zw�Ò�T���¿�?¥ ý s��6z�t�|�}Bs �6{Bs��

°���t��j���B�x��� Í6�T{B}(�T�u�?�BtW|_v����Ts~�u|w�?z*twsu�Ó��s~{B�usTÏ
ô �Tt*�T{��T�~�T�Bt�|wv�������}Bsu� ¨�ý �?z�}��?z*t�s~{F|_su{B�~s�©
ûHü ��t*|wqBs)��� |wqHt�s~�?��s~{F|��T�,°
û�ýü �Ttr|_qBs)��� |wq�twsu�?�Òsu{F|P�T�,°c�~�Tzwzwsutw¢Ô�?{B}Bvx{B�Ð|_�Õ|_qBs,þ
� |wq�t��BÍg� Í6�T{B}
þoü �Tt��Õ����}Bsu�m�Tt�tw�Ó�~v��E|_s~} ý v¿|_q û�ü
þ ýü �Tt*�Ð����}Bsu�m�Tt�tw�Ó�~v��E|_s~} ý v¿|_q û ýü
�ø�Ttr|_qBs�|w�T|=�T�é{Ó���jÍSsuz*�T�:t��BÍg� Í6�T{B}Bt
orqBsu{/¥6|_qBs,���T���C�xv�þTsu��vxqB���Ó}��T�t°c�Tvx�?su{Hô v�t��

ÿ������ ¨wû�� þ © ½	��

����� ��� ��ü�� Ë ÿ������ ¨hûHü�� þoü © ¨ §�Ïx©-©
�6�?z:s~�T�=qÕtwsu�?��s~{F|¦¥?|wqBsDt�|_��|_vxt�|wv��¦���Óz�s~�u�?�jÍBvx{6��|_vx�?{����6|_qBsDt��BÍg� Í6�T{B}BtQvxt:¢Ôs~zW���?zw��s~}/Ï

o ý �Òz�s~�u�?�jÍBvx{6��|_vx�?{(�T¢B¢�zw�F�T�=q�s~t��Tzws,�~�T�Ò���?{u�
©TÏ Á I]`,N QTZhZ�N d Y[j m I]`:Q_K�ILYr`

�mvx{Bs¦�Tzézws~�u�?�jÍBvx{6��|wv��?{ft�v���¢B�x����s¦�T{�tº� ý suv��?qF|_su}�t��B�¸�T�Ót��BÍg�CÍB�T{B},���?���C��vxþTsu��v�q����Ó}Bt
�Tvx�?su{H|wqBs,t_�T��s�twsu�?��s~{F|��T�:t�¢Ssus~�=q8t�v��?{B�T�eÏ�¡���|_qBsu�Ñ�E|_v��~�T���¿�?¥

ÿ������ ¨hû�ü�� þ�ü © ½ ��
ý � Ë�� ý ÿ������ ¨wû ýü � þ ýü © ¨ §�Ï §�©

ý q�s~zws � ý vxt�|_qBs����?���C��vxþTsu��v�q����Ó} ý s~vx�?qF|_v�{��H���?z�|wqBsÒþ
�e|_qKt��BÍg� Í6�T{B}/Ï Ì |��~�T{KÍÔs
|wzws~��|_su}¸�Tt�� zwsu��v��TÍBv��xvx|C�ù��s¦�Tt��Bzws���¡��?zwsgzwsu��v���ÍB��s8t��BÍg� Í6�T{B}Bt�}Bs~t�s~z��Tsa����zw�?suz
ý s~vx�?qF|_tuÏ

©¦¨



§ÓÏ � Y[` � Á I]`:N�Q_ZnZ�N d Y[j m I"`:Q_K�ILY[`
¡H�B�x|wv�¢B�xs����¦�?s~z^¢Ssuzw�us~¢�|wzw�?{ ¨ ¡c�ºy ©^v�t �~�?�����?{B�x�j�Btwsu}"|_��z�s~�u�?�jÍBvx{Bs�t��BÍg� Í6�T{B}
�x�?��� ��v�þ�s~�xv�qB�Ó��}�t~ÏmôKs ý vx���é}�v�tw�u�Btwt*|_q�v�t*�T¢B¢�zw�F�T�=qH���?zws�vx{(|wqBs,{Bs	�Ó|�twsu�u|wv��?{/Ï

Á I"`:N QTZ£¡£N d Y[j m I"`:Q_K�ILY[` b K-Z�Q_K-N S[I]N�\
ç ��tws~}��?{�|wqBs���ÍS�Ç�?s��j�B�¿|_v�� Í6�T{B}(¢6��z_�T}Bvx�?�H¥Btws �?s~zw�T�:z�s~�u�?�jÍBvx{6��|_vx�?{(t�|wz_��|ws~�?vxs~t�q6�¦�?s
ÍÔs~su{H|wzwv�su}�|_��s~t�|wv��Ò��|_s�|_qBs,tw��Íg�CÍ6��{B} ý s~vx�?qF|_t"! � ý$# Ï
©TÏ ¿�� V QTM f�N�ILSrX[K�I"`:S&%tQ d�d�V Z�Q d � f�N�ILSrX[K�I"`:S Q�`,i b � ¡ fÀNgILS[XrK�I]`,S
èQ�V�6�T� ý s~vx�?qF|_vx{B�Õtw�=qBsu�Òs4v�t¤�?{Bs,�T�º|_qBs,t�v���¢B��sut�|*�T¢�¢Bzw�F���=q(|w� ý suv��?q�|_q�s�zws~�xv����
Í�v���v¿|C�Õ�T�mt��BÍg� Í6�T{B}BtuÏ�nP�~�u�Bz_���u� ý s~vx�?qF|_vx{B��t��=qBs~��sfv�t^Í6�Tt�s~}��?{Ñ|wqBsP{��?zw�Ò�T��vÅ�~su}
t��BÍg� Í6�T{B}Bt('r�T�u�~�Bzw�T�~vxs~t~Ï � ÷ � ý s~v��TqV|wv�{B� t��=qBs~��s@�Bt�s~t�|_qBs@{��?zw�Ò�T��vÅ�~su} tw��Íg�
ÍB�T{B} � ÷ �*t ý qBvx�=q �TzwsÒ�T��|w�?�Ò��|_vx�¦�T�x�x��s~t�|wv��Ò��|_su}/Ï�orqBsutws ý s~vx�?qF|_v�{���t��=qBs~��s~t
ý s~z�sj|_z�v�s~}@ÍF�8��s~z��Ñ��{BtwþF��Ï	Ñ�Ò�Ó�Ô�÷ §�øQ�T{�}ÿö�þE� ý �GÏ	Ñ�Ò�Ó�Ô�÷ x�ø Ï���twvx{B�"|_qBsutwsÐtwvx�Ä�
¢���s�zws~�u�?�jÍBvx{6��|wv��?{�tw�=qBsu�Òsut~¥höfþE� ý �PÏ	Ñ�Ò�Ó�Ô�t�qB� ý su}H��twvx�?{Bv¿�6�¦�T{F|^v���¢Bzw�Ç�Ts~��s~{F|
�Ç�Ts~z�|_qBsr���B�x���CÍB�T{B}Õzwsu�~�?�T{Bv��us~z ý qBsu{Ò|_q�s��6z�t�| Í6�T{�} ý �Tt �~�?z�zw�B¢�|ws~}�ÍF���T{��T}B}Bvw�
|wvx�Ts��x� ý � ¢6�Tt�t ý qBv¿|_s�{B�?v�t�sTÏ��V|=��|ws	�C�xsu�Ts~�Ôzws~�u�?�jÍBvx{6��|wv��?{ ý ��t¤¢Ôs~z����Tzw��s~}Ñvx{Ò|wqBs~vxz
s
��¢Ssuzwv���s~{F|wt~Ï

§ÓÏ �JY[`,itIlK�ILYr`:Q�M�N�`rK�Z�Y�����f�N�I]S[XrK-I"`:ScQ�`,i�j V K V Q�M2I"`:�7Y�Z�j�Q_K�ILY[`�f�N�ILSrX[K�I"`:S
orq�v�t,tw�=qBsu�ÒsÒv�t�vx{Btw¢Bvxzwsu}gÍF�@|_q�sÒvx{����?zw�Ò��|wv��?{�|wqBs~�Tz��Ö�T{�}g|_z�v�su}ÿÍF�göfþE� ý � Ï	Ñ
Ò�Ó�Ô+÷ x�ø Ïg¡���|_q�s~�Ò��|_vx�¦�T�x�x�?¥×|_qBsÑ�~�?{B}�vx|_vx�?{6�T��su{V|wzw�?¢F� ���r|_qBs ý qB�T��s"tW|=��|ws"tw¢6���~s
�Tvx�?su{��Õt��BÍg�CÍB�T{B}H�?ÍBtwsuz�����|wv��?{��?su�u|w�?z�vxt^�

) ¨+*,� � ý- © ½ . /� ü10 ¨+2�ü
� � ý- © ÿ���� ¨ 0 ¨+2�ü
� � ý- ©5© ¨ §�Ï x
©

�T{B} 0 ¨32�ü
� � ý- ©54 0 ¨ � ý- �62�ü ©7 /ü 0 ¨ � ý- �82�ü © ¨ §�Ï;z�©
ý q�s~zws * }Bs~{��T|_sut�|_q�s ý qB�?�xsÒtW|=��|wsÑt�¢6�T�~s�¥ 2�ü:9;* �T{B} � ý- vxt4|wqBsÑ�?Í�tws~zW����|_vx�?{
�Ts~� |_�?z���|,|_vx�Òsj|4v�{Öt��BÍg�CÍB�T{B}KþhÏ"��v�{B�usÐs~{F|_z��?¢F�Ö�Òs~�Ttw�Bz�s~t4�B{B�us~z�|_�Tv�{F|C�T¥:tw��Íg�
ÍB�T{B} ý s~vx�?qF|_t��Tzws�t��B�?�?sut�|_su}�|_��ÍÔs^vx{V�Ts~z�tws~�¿�,¢Bzw�T¢S�?zW|_vx�?{6�T�T|w��t��BÍg� Í6�T{B}�s~{F|_z��?¢F�

©T©



��{B}Ñ|_q�s~{�{B�?z��Ñ����v��us~}Ð|_�jt��B� �B¢Ñ|_�j�ÐÏ��*s~�~�T�jÍBv�{B��|_vx�?{ ý �TtD¢Ôs~zW���?zw��s~}"��|¤|wqBs
tW|=��|ws,��su�Ts~� Ï
n�{Ms	�Ó|_su{Btwvx�?{ ���P�u�?{B}Bv¿|_v��T{6�T� s~{F|_z��?¢F� ý suv��?qF|_vx{B�@v�tj|wqBs��j��|w�6�T�Dvx{����?z��Ñ��|wv��?{
ý s~vx�?qF|_vx{B��¢Bzw�T¢S�?t�s~}ÖÍF�ÖöfþE� ý ��Ï	Ñ$Ò�Ó�Ô�÷ z�ø Ï Ì {V|w�Bvx|wvx�Ts~�x�T¥/tw��Íg�CÍ6��{B} ý v¿|_q@qBvx�?qBsuz
�~�T¢6�TÍ�v���v¿|C��vx{Özws~}��B�~vx{B�H|wqBsÐt�|_��|_sÐs~{F|wzw�?¢F�g��� |_suz�zwsu�~s~v¿�Óv�{B���T{Ö�?ÍBt�s~z�����|wv��?{ÿtws
�
�V�Bsu{B�~sÐt�qB�?�B�x}@}Bs~t�s~z��TsÐ�Ò�?z�s ý s~vx�?qF|¦Ï���su�~�?�jÍ�v�{6��|wv��?{ ý ��t�¢Ssuz����?z��Òsu}@��|f|wqBs
tW|=��|ws,��su�Ts~� Ï ¡���|_q�s~�Ò��|_vx�¦�T�x�x�?¥

) ¨+*,� û ý © ½ .=<� - /� ü 0 ¨32�ü$> � ý- © ÿ���� ¨ 0 ¨+2�ü�� � ý- ©5© ¨ §�Ï0}�©
) ¨3* © ½ . � ü 0 ¨+2�ü © ÿ���� ¨ 0 ¨+2�ü ©5© ¨ §�Ï �
©

?r¨3* � û ý © ½ ) ¨+* © . ) ¨3*,� û ý © ¨ §�Ï ë�©

� ý ½ @ ?r¨+* � û ý ©7 �ý ?r¨+* � û ý © ¨ §�Ï ®
©
ý q�s~zws û!ý ½ ! � ý Ë >BACABAC> � ý< # v�t^|_qBs��?Í�tws~zW����|_vx�?{�twsu�Ó��s~{B�us��T�×tw��Íg�CÍ6��{B}(þ"�T{B} @
vxt*�Õ�~�?{BtW|=�T{F|~Ï

x�Ï � I]`tI]j V j d M]Q�\^\�I�D d Q_K�ILY[`aN Z�Z�Y[ZFE5�D�J¿HG K-Z�Q�I]`tI]`,S
��{B��vxþTs�|_q�s��TÍÔ�Ç�?s4tw�=qBsu�Òsut~¥Ôtw�BÍ��CÍ6�T{�} ý s~v��TqV|wtf�Tz�sª¥��?¢�|wv���v��~su}T¦ÕÍ6�Tt�s~}��?{�|wqBs
¡�£Dè �~z�vx|_suzwvx�?{ ý qBv��=q ý �Tt��T¢B¢B�xv�s~}�ÍF�H£¤suzwvxt_�Tzw�ªÏ	Ñ/Ò�Ó�Ô,÷;}�øeÏ ç sutwvx}Bs~tu¥B|_qBvxtr�~zwv¿|_s
�
z�v��?{�q6�T}8ÍÔs~su{@�T¢B¢���v�su}�ÍÔsu���?z�s�vx{��6{B}�v�{B�"tW|_z�s¦�T� ý s~v��TqV|wtfv�{H|_qBsj�T�B}Bvx��� �Óv�t��6�T�
t�¢Ssus~�=qaz�s~�u�?�?{Bv¿|_v��T{ÿ¢�zw�?ÍB�xs~� ÍF�ÿy×�T|=�T��v���{B�?t£Ï	Ñ9Ò�Ó�Ô)÷ ��øeÏ Ì {a¡�£Dèp|wz_�Tvx{Bv�{��B¥m�
��v�t��~���Ttwt�vx�6�~��|_vx�?{ �Òs~�Ttw��zwsHv�t�}Bsu�6{�s~} �T{�} �gt�v��?���?vx}a���B{B�u|wv��?{ùv�tÒ�T¢B¢���v�su} |_�
s ���T���6�E|_s"|_q�s�¥Wtw�T� |5¦ÿsuzwz��?z~Ï ¡���|wqBs~�Ò��|wv��¦�����x�T¥:|_q�sHs
��¢Ssu�u|_su} ��v�tw�u���Tt�twv¿�6�¦��|wv��?{
suzwz��?zrv�tr�?v¿�?su{�ÍF�[�

I � 0 ù�JLK�ù�M ION�N � N ½ IQP ÷ *SR � � � R M ¨ M ¨wû ©&©�ø ¨ §�Ï ê
©
ý qBs~z�s M ¨hû © ½ ���T�UTV W ©

Ë . © �XZY�9ü ùC[]\�^ PS_a`cb de
Ë3f ` . � ü�¨hû © ¨ §ÓÏx©Ç¨
©

*SR � � � R M ¨ M © ½ ©
©hg ù�ikj ^mlonqp _ ¨ §ÓÏx©?©-©

¡ü}Bs~{��T|_sut�|_��|=�T�m{V�B�jÍÔs~z��T�:�Ò�Ó}Bs~�xt~¥h�T{�} � ü�¨hû ©Dv�t*�Bt��6�T���¿�"|_q�s��x�?�Ð��v�þ�s~�xv�qB�Ó��}
���t°��?v¿�?s~{�|wqBs)��� |_q(����}�s~� þoü ¥�veÏ sTÏ ÿ����:� ¨hû�� þoü © Ï

©Ç§



} ¨ ° ©×�Òs~�Ttw�Bz�s~t.q�� ý ¥W�1��z5¦P|wqBsD�~�Tzwzwsu�u|Q���Ó}Bs~���:v�t���z��?�cvx|wtý¥��Ç�?suz_�T�x��¦f�u�?��¢Ss |_v�{��
���Ó}Bs~�m}Bsu{B�T|ws~}�ÍF��|wqBs4�Bzwt�|�|_suzw���T�:} ¨ °ý© Ïsr�v�tr|wqBs�¢B�Tz_�T��su|ws~zr|_���~�T{V|wzw�?�m|wqBs
¢B�Tz�|wv��~vx¢6��|wv��?{Õ�T�m�T���6�u�?�Ò¢Ôsu|wv�{B�4����}Bsu��tuÏ:ôYqBs~{trÐ|ws~{B}�t^|_��v�{��B{Bvx|C�T¥ ý sP�~�T{"t�s~s
|wq6��|,|_q�s�z�s~t��B�x|wv�{B�a¥��Ç�?suz_�T�x��¦(����}Bsu�.v�t,t�v���¢B�x�H|_qBs����T�H�xv�þ�s~��vxqB�Ó��}��T�¤|wqBsÒÍÔs~tW|
���Ó}Bs~�m���Ò�?{��Ð�T���/�u�?��¢Ss |_vx|w�?zwtuÏ

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

-20 -15 -10 -5 0 5 10 15 20

S
ig

m
o

id
(d

)

d

Shape of the Sigmoid Function

gamma = 0.3
gamma = 1.0

uwvLxzyq{|vC}�~(����}���{|vC�L�Sv����O�L{�vC}�~������
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

-20 -15 -10 -5 0 5 10 15 20

S
ig

m
o

id
(d

)

d

Position of the Sigmoid Function

theta = 0
theta = -10
theta = 10

u��|x&y�{�vC}�~��h��}Q�L�(��� �+� ��}�v����Q�|{|vC}�~��o�
���w�
�q������� � �h¡ �¢��£¥¤
�w¦t§��q¨q©�ª��w¤
¨

«Q¬c�H­��¢�
£®¤
�¢¦:§��c¨q©(ª��¢¤
¨¯©C¤
¨kª�°��¢¨q­±ªCý�¤t²�°���°�£®�(ª��(��­±¨�°�£®�C³ ´:µ1°�¨c¦F¶��hµ·©C¤�¨¸ª���¤
³w­
ª�¬q�"­�¬q°�²��"¤�§�ª�¬q�"­��w�
£®¤
�¢¦®§��q¨q©(ª��¢¤
¨"ý±¬c�¢³¢�¹¶º¦q�(ª��C��£¥�w¨q�C­Q� ª�­Z²»¤
­�� ª��w¤
¨¼°�³w¤
¨q�ºª�¬q�
¬c¤
��� � ¤
¨kª|°�³S° � �¢­(�º�z�¢�
�q���½��� �¾�¢³w³¢�q­oª���°$ª��C­¿ª�¬q�¾©|¬q°�¨q�
�½�¢¨·­�¬�°�²»�½°�¨q¦1²»¤
­�� ª��¢¤�¨F¤�§
ª�¬q�½­��w�
£¥¤��¢¦À§��q¨c©(ª��w¤
¨Á°�­"ª�¬q�¾Â�°�³w�q�¾¤�§hª�¬q�½²�°���°�£®�(ª��(��­�©|¬�°�¨c�
�C­(�Ñ÷¿¤�ª��w©C�Ãª�¬q°�ª
ª�¬q�·­�¬q°�²��F°�¨q¦Ä²�¤�­��wª��¢¤
¨Å¤�§�ª�¬q�·­��¢�
£®¤
�w¦Æ§��q¨c©(ª��w¤
¨Ä° Ã �C©�ª¼ª�¬q�F� � ©C�¢�(¨q©(´Ç°�¨q¦
� Ã �(©(ª��wÂ
�(¨q�C­�­¾¤�§¿ÈFÉ è ª���°��w¨q�¢¨q�c�:Ê�§rýË�¥£t° þ �t� ª�­O­�³w¤
²��½ª�¤Ì¤¯­�ª��(�C²Í¤
�O²»¤
­�� ª��¢¤�¨
ª�¤�¤¼§�°��¹°ÇýË°B´·§���¤
£Îª�¬q�¾²»¤
²q�q³¢°�ª��w¤
¨·¤�§�¦:¨ °ý©�Ï ª�¬q�½¨Ì�c£ÃÐ��(��¤�§�ª���°��w¨q�¢¨c�:­�°�£®²q³w�
& $�Ñ4# Ó Ñ Ï3Ï ý±�w³¢³cÐ»�QÂ
�(��´½­�£¥°�³w³+� ö ¨®ª�¬q�±¤�ª�¬q�(��¬�°�¨q¦ Ï � §�ª�¬q�±­�³w¤
²��Q�w­Sª�¤Ì¤ � °�ª Ï ÈÀÉ è
ª���°��w¨q�¢¨c��ý±�¢³w³�Ð��"Â��C��´�­�³¢¤Çý���Ò±�C�k°���¦q�¢¨c�½ª�¬q��­���ª�ª��w¨q�
­±¤�§z²�°���°�£¥��ª��(��­ Ï�� �w� Ï	Ñ+Ò�Ó�Ô
¬q°�­Q°º¦q��ª|°��w³¢�(¦:� � ²q³¢°�¨�°�ª��¢¤
¨:¤�§&¬q¤Çý;ª�¤¾©|¬q¤Ì¤
­��,ª�¬q�C£Ó°�²q²q��¤
²q���Ô°�ª��C³w´½¤�¨¼­�²»�B° þ �C�
���C©(¤
�
¨q� ª��¢¤�¨ ÷ÖÕ�ø �
× §Øª��(��¦q��Ù�¨q�w¨q�Hª�¬q� £®�¢­�©C³¢°�­�­��wÙ�©C°�ª��w¤
¨½£¥�C°�­��q���,°�¨q¦¥ª�¬q� ­��¢�
£®¤
�w¦½§��c¨q©(ª��¢¤
¨¥²q��¤
² �
�(��³ ´ Ï ª�¬q�½� � ²»�C©�ª��(¦U£¥�w­�©(³Ô°�­�­��wÙq©B°�ª��¢¤
¨F�(����¤
���¢­�£¥�w¨q�¢£®� � �C¦FÐk´Fª�¬q�®�
��°�¦c�¢�C¨kª�¦q� �

� x



­�©C�(¨¸ª ²q��¤�©(�C¦q�q�����
ÉË�(���w­�°���° Ï	Ñ)Ò�Ó�Ô ���C²»¤
��ª��C¦�ª�¬�°�ª±���C©(¤
�
¨q� � �C��­rý±�wª�¬�­��qÐ � Ðq°�¨q¦�ý��C�w�
¬kª�­Qª���°��¢¨c�C¦�¤
¨
©(³¢�C°�¨t­�²��(�C©|¬"ý�¤
� þ �C¦:��Â
�C¨"ý�¤
��­�� ª�¬�°�¨®ª�¬q� ­��¢£®²q³w�Q©C¤
¨q­oª|°�¨kª^ýË�(�¢�
¬kª��w¨q�º­�©|¬q�C£®�
°$ª±°ºÂ
�(��´¼³w¤[ý ¡ ÷ Ò ¨oÚ � ��Û�¦qÜ ©9÷{}�ø ��«Q¬q�(´¼²»¤
�w¨¸ª��C¦�¤
�cªËª�¬�°�ªZ­��qÐ � Ð�°�¨q¦�ý��C�w�
¬kª�­
­�¬q¤
�q³w¦t¬�°BÂ��,Ð»�C�C¨¥ª���°��¢¨q�(¦t�q­��¢¨q�H¨q¤
�¢­o´½­�²»�C�(©|¬:ª�¤Ã°�©|¬q�¢��Â
�¹°OÐ���ª�ª��C�Ë���C©(¤
�
¨q� ª��¢¤�¨
��°�ª����

� Yr` � M"I]`,N QTZh¡nN d Y[j m I]`,Q_K-I]Y[` b K-Z�Q_K�N�S��
¡ ¤�£¥�Z���C­��B°���©|¬q�C��­�Ð»�C³w�¢�(Â��C¦¾ª�¬q°�ª�¨q¤
¨ � ³¢�w¨q�B°������(©C¤
£ºÐq�¢¨�°$ª��¢¤�¨Ã¤�§»­��qÐ � Ð�°�¨c¦®�w¨c§�¤
��£t°�ª��¢¤
¨
¤Ì©C©(�q�����C¦¾�¢¨H¬¸�q£t°�¨q­C� ¡ �¢¨q©(�QÈ �&Ý ©B°�¨º£¥¤Ì¦q�C³Ì°�¨k´H¨q¤
¨�Þ�³¢�w¨q�B°���§��q¨c©(ª��w¤
¨q­�ª�¬q�(¤
����ª��¢©C°�³¢³ ´ Ï
� ªº¬�°�­ºÐ»�C�C¨U°�²q²q³w�¢�C¦ß�¢¨Áª�¬q�¥­��qÐ�Þ�Ð�°�¨q¦à���C©(¤
£ÃÐq�w¨�°�ª��¢¤
¨Á�¢­�­��q� ÷8á�ÏzâcÏ � Ï�ã�ø �ÀÜZ°�­��¢©C°�³¢³ ´ Ï
ª�¬q�FÈåä Ý ©(¤
¨kª|°��w¨q­®°�¨Æ�¢¨q²q��ª¥³¢°B´
�C� Ï ¤
¨q��¤
�½£®¤
����¬q�w¦q¦q�(¨Å³¢°�´��C�Bæ�­ © °�¨q¦ç°�¨Æ¤
�cª�²c�cª
³¢°�´��C�(� ¡ �q²q²»¤
­��Àª�¬q�À���C©(¤
�
¨q� ª��w¤
¨Æª�°�­�èÆ©C¤�¨¸ª�°��¢¨c­�È é�¤
��¦Ç£®¤�¦c�C³¢­¥°�¨q¦Åª�¬q�F­o´Ì­�ª��(£
©(¤
¨kª|°��w¨q­±êë­��qÐ�Þ�Ð�°�¨q¦q­Qé±¬q�w©|¬¯°����"���C©C¤�£ÃÐq�¢¨c�C¦¯°�ªZª�¬q�¹éË¤���¦¯³¢�(Â��C³��c­��¢¨c�tÈåä Ý �q«Q¬q�(¨ Ï
ª�¬q���¢¨q²q��ª±³Ô°B´
�(�Q©C¤
¨kª|°��¢¨q­ ÈíìÃêë�¢¨q²c�cª�­¿°�¨q¦¼ª�¬q��¤
�cª�²c�cª¿³Ô°B´
�(�Q©C¤
¨kª|°��¢¨q­ Èî¤
�cª�²q�cª�­(�
ï¿¤�ª��w©C��ª�¬�°�ªSÈÀä Ý ª���°��¢¨q�w¨q�±�¢­z°�©(ª���°�³¢³ ´O° è¸�¢¨c¦º¤�§�¦c�¢­�©(���w£¥�w¨�°�ª�� Â
��ª���°��¢¨c�¢¨q�q� × ­�²»¤
�¢¨kª��C¦
¤
��ª,Ðk´FÉË�C���w­�°���° Ï	Ñ Ò�Ó�Ô¢Ï ÈFÉZðÇ©C���wª��C���w¤
¨À©C°�¨ÀÐ»�º­��¢£Ã�c³Ô°�ª��C¦¯�q­��w¨q�tª�¬c�º©C³¢°�­�­��¢©C°�³&Ð�°�©|è
Þ
²q��¤
²�°��
°�ª��w¤
¨�°�³¢��¤
��� ª�¬q£ñª�¤½ª���°��¢¨:ª�¬q�HÈÀä Ý±÷ ��Û ø �

ò ¨q�F�w­�­��c�åé�¤
��ª�¬�¨q¤�ª��¢©C�w¨q�à�w­®ª�¬�°�ªt­��¢¨c©C�·Èåä Ý ¤
¨c³w´Æ¦q�C³w�wÂ��C��­¥²�¤�­�ª��(���w¤
�¥²c��¤
Ð�°�Þ
Ðq�w³¢� ª��¢�(­,��°�ª�¬q�(�¹ª�¬�°�¨ß³w�¢è��(³¢�w¬q¤�¤Ì¦ Ï °�©(¤
¨kÂ
�(��­��w¤
¨à�w­"���(óÌ�c�¢���(¦Áª�¤¼ÙqªO�¢¨kª�¤:ª�¬q�½³¢�¢è��C³w�¢¬q¤Ì¤�¦
§���°�£¥��éË¤���ès�
äfå.äfåjä ô�ö)ì�êÊúðïðêÊñ]íuò�ó�è�ô�õ ö)è�í_ô�÷ùø�ø�ú)íuõ�ñWì�ê&õ
ö¿�C��£¥°�¨q­�èk´ Ï	ÑÀÒ�Ó�Ô �¢¨kÂ
�(­�ª��¢�k°�ª��C¦ç°�³¢³Q²»¤
­�­��¢Ðq³w��­��qÐ�Þ�Ð�°�¨q¦Å©C¤
£ºÐq�¢¨�°$ª��¢¤�¨q­¾�q­��w¨q�àÈÀä Ý
£®�C���
�¢¨q��¤
¨ß°�­�´Ì­�ª��C£÷é±�wª�¬ß­��(Â
�(¨U­��cÐ�Þ]Ð�°�¨q¦q­ ÷8á�ø �t«Q¬c�C���¥°����®ª�¤�ª|°�³w³w´F��ø . � ½ ��� Õ
²»¤
­�­��¢Ðq³w��­��qÐ�Þ�Ð�°�¨q¦H©C¤
£ºÐq�¢¨�°$ª��¢¤�¨q­C�&«Q¬q�(�¢�&���(­��q³ ª�­�¬q¤�éË�(¦ºª�¬�°$ª�ª�¬q�C�����Lù��¢­�ª�­S°�ª�³w�B°�­oªz¤�¨q�
­��qÐ�Þ]Ðq°�¨q¦Ã©(¤
£ÃÐq�w¨�°�ª��w¤
¨�é±¬q�¢©|¬Ã©C°�¨º´Ì�¢�(³¢¦º° Â
�(��´H�
¤�¤Ì¦O���C­��q³wª��¢¨Oª�¬q��²q���(­��C¨c©C�Q¤�§�­oª���¤
¨q�
ª�¤
¨q�¿¨q¤
�¢­�����Èå°�ú�¤
��� ª]´ÃÂ
¤�ª��±éZ°�­��q­��(¦¥ª�¤H©(¤
£ÃÐq�w¨q�±¦q�C©(�¢­��w¤
¨q­�§���¤
£ûª�¬q�¿�¢¨q¦c�wÂÌ�¢¦q�q°�³q­��cÐ�Þ
Ð�°�¨q¦H©(¤
£ÃÐq�w¨�°�ª��¢¤
¨q­(� ò ¨c�h�w£¥²»¤
�oª|°�¨kª��w­�­��c���w¨�ª�¬q�C�w����ù�²»�C���w£¥�(¨kªz�w­�ª�¬�°�ª&� ª&�¢­&¨q�(©C�C­�­�°��o´
ª�¤Hª���°��¢¨½ª�¬c�¹ÈÀä Ý ©C¤������(­�²»¤
¨q¦q�w¨q��ª�¤Ã°O­��qÐÌÞ]Ð�°�¨c¦:©C¤
£ºÐq�¢¨�°$ª��¢¤�¨¾�¢¨q¦q� ÂÌ�¢¦q��°�³¢³w´º°�¨q¦®ª�¬q�w­

�Cü



²q��¤�©(�C¦q�c���"�¢­�ó¸�q�wª��,ª��w£¥�LÞ]©C¤�¨q­��q£®�¢¨c�q��Ò±�C©(�C¨kª�³ ´ Ï È¯�q³wª�� Þoý�°��q­�­��¢°�¨tö,ÈFÈ æ+ÈFýOÈFþ�¬q°�­
Ð»�C�(¨Í²q��¤
²»¤
­��C¦ÿÐk´Uö °��
�C¨ Ï	Ñ�Ò�Ó�Ô ª�¤·���C²q³¢°�©C�®ª�¬q�¯Èåä Ý �¢¨ßª�¬q�t§��c³¢³h©C¤
£ÃÐc�¢¨�°�ª��¢¤
¨ß¤�§
­��qÐ�Þ]Ðq°�¨q¦q­ ÷ �
� ø ��«Q¬c�Z¬q�¢��¬q³¢�w�
¬kªz�w­�ª�¬�°�ª�­��qÐ�Þ�Ð�°�¨q¦®ÈÀýHÈ ©C°�¨ÃÐ»�Z¦q�(���wÂ��C¦Ã§���¤
£ °,­��w¨q�
³w�
§��q³w³ Þ�Ð�°�¨q¦¯ÈFýOÈî�q­��w¨q�®£t°����
�¢¨q°�³¢� � °�ª��¢¤
¨¾§���¤�£Óª�¬q��£®�¢­�­��¢¨c�¾¦�°�ª|°Ãª�¬q�C¤
�o´ ÷ ��� ø �

ò ¨q�¿¦q�¢­�°�¦cÂ�°�¨kª|°����¿¤�§ ª�¬c� ³w�¢è��(³¢�w¬q¤�¤Ì¦Ã���C©C¤�£ÃÐq�¢¨q°�ª��w¤
¨½©C¤
£®�C­�§���¤
£ûª�¬q� °�­�­��q£®²cª��w¤
¨
¤�§Ë­��qÐÌÞ]Ð�°�¨c¦à�¢¨c¦q�C²»�C¨q¦c�C¨q©(���:«Q¬q�½§��B°$ª��q���¥���C©C¤�£ÃÐq�¢¨q°�ª��w¤
¨1°�²q²q��¤k°�©|¬�æ3��ÉQþ"éË°�­O²q��¤$Þ
²»¤
­��(¦ßÐk´ ò è$°BéZ° Ï	ÑRÒ�Ó�Ô ª�¤¯°�¦q¦q���C­�­Hª�¬c�¢­"�¢­�­��q� ÷���ø �®«Q¬c�¥�w¦q�B°¼�¢­"ª�¬�°�ª"ª�¬c�®­��qÐ�Þ�Ð�°�¨q¦
°�©(¤
�q­oª��¢©HÂ
�C©�ª�¤
��­º°����Ã���C©C¤�£ÃÐq�¢¨c�C¦1�¢¨®ú��Ìù�ª�°�²»¤
­�� ª��¢¤�¨FÐ���§�¤
���¾£®¤Ì¦q�C³z�C­�ª��¢£¥°�ª��w¤
¨��"«Q¬q�w­
°�²c²q��¤k°�©|¬¥­��¢£®²q³¢� Ù��C­�ª�¬q�±���(©C¤
£ºÐq�¢¨�°$ª��¢¤�¨¾�¢­�­��q�¿°�¨q¦¾ª�¬c�¿©(¤
�����C³¢°�ª��w¤
¨½°�£®¤
¨q�"­��cÐ�Þ]Ð�°�¨q¦q­
©C°�¨åÐ»��£¥¤Ì¦q�(³¢�C¦ �

ÉË�C���¢­�°���° Ï	Ñ+Ò�Ó�Ô ²q��¤
²»¤
­��C¦1°�¨À°�³¢�
¤����wª�¬q£Óª�¤:���(©C¤
£ÃÐc�¢¨q�O²q¬q¤
¨c�C£®�Ã­��(óÌ�c�C¨q©(�C­�²q��¤$Þ
²»¤
­��(¦ÿÐ¸´à�¢¨q¦c�wÂÌ�¢¦q�q°�³�­��qÐ�Þ�Ð�°�¨q¦q­¾�w¨kª�¤·°F�
³w¤
Ð�°�³h²q¬q¤�¨q�C£®�¼­��(óÌ�c�C¨q©(� ÷ � ��ø �ßö ¤�éË��Â
�(� Ï
ª�¬q�O°�³¢�
¤����wª�¬q£ ¦q�(ª�°��¢³ �¢­Q¨q¤�ª¿©(³¢�B°���³w´¥²q���C­��(¨kª��C¦ �

× ¨:°�²q²q��¤k°�©|¬¼©B°�³¢³¢�(¦t°H²q��¤
Ðq°�Ðq�¢³w�¢­oª��¢©Q����°�²q¬c�¢©B°�³»£®¤Ì¦q�C³�æ Ý ýHÈÀþ�¬q°�­ËÐ»�C�(¨¼²q��¤
²»¤
­��C¦
Ðk´��"°�¤
�q¦q� Ï	Ñ�Ò�Ó�Ô�÷ �Bü ø �OÜZ°�­��¢©C°�³¢³ ´ Ï �wª,�q­��(­¹ª�¬q�¾ÜË°�´��C­��Ô°�¨1¨q��ª]éË¤
��è¸­�§�¤��,£®¤�¦q�(³¢�w¨q�¥ª�¬q�
£Ã�c³wª��aÞ]Ð�°�¨q¦ Ý ýOÈ °�¨q¦º�cª��¢³w� � �(­�ª�¬q��°�­�­�¤�©(�Ô°�ª��C¦H©C¤
£®²q�cª�°�ª��w¤
¨�°�³k°�³¢�
¤
���wª�¬q£¥­�ª�¤ ²»�C�o§�¤
��£
� � ©(�¢�(¨¸ª:³¢�B°���¨q�w¨q�U°�¨c¦Ç���C©(¤
�
¨q� ª��w¤
¨��;Ê]¨�ª�¬q�F¦c�¢���(©(ª��C¦ Ý ýOÈ §���°�£®�(é�¤
��è	æ�� Ý ýOÈFþ Ï
�w¨¸ª��C��°�©(ª��¢¤
¨ÅÐ���ª]éË�(�C¨;­��qÐ�Þ�Ð�°�¨q¦c­:©B°�¨ÇÐ»�À£®¤Ì¦q�C³w�C¦çÐk´ç°�¦q¦q�w¨q�àª���°�¨q­��wª��¢¤
¨q­®Ð»�(ª]é��C�C¨
¨q¤Ì¦q�(­zÐ»�C³w¤
¨q�
�w¨q�Qª�¤,¦c� Ã �C���(¨kª�­��qÐ�Þ]Ðq°�¨q¦q­(� × ¨c¤�ª�¬q�(�z§��C°�ª��q�����w­�ª�¬�°�ª�� ªz¦c¤��(­z¨q¤�ª����Có¸�q�¢���
°U���C©C¤�£ÃÐq�¢¨q°�ª��w¤
¨ç­oª��C²Çé±¬q�w©|¬Ä�¢­:�
�(¨q�C��°�³¢³ ´Æ¨q�C©(�C­�­�°���´Ä�w¨çª�¬c�·©C¤
£®£¥¤�¨ç£Ã�q³ ª��aÞ]Ð�°�¨c¦
°�²c²q��¤k°�©|¬��
× ¨Á°�²c²q��¤k°�©|¬ß©C°�³¢³w�C¦·°¼²q��¤
Ð�°�Ðq�w³¢�w­�ª��w©H�c¨q�¢¤
¨·£®¤Ì¦q�C³S¬q°�­"Ð��(�C¨Á²q��¤�²�¤
­��C¦1Ðk´ÁÈå�w¨q�

Ï	Ñ�Ò�Ó�Ô�÷ � ã�ø ��«Q¬q�¾�¢¦q�C°t�¢­ ª�¤:£®¤�¦c�C³zª�¬q�Ã­��qÐ�Þ]Ðq°�¨q¦·§��B°�ª��q���(­¹�q­��¢¨q��°�¨�� ò Ò
	:¤
²»�C��°�ª�¤��
�w¨q­�ª��B°�¦·¤�§h°:©(¤
£®£¥¤
¨�� × ï��
	:¤
²»�C��°$ª�¤
�(�"«Q¬q�¾�q¨q�w¤
¨F£®¤�¦q�(³z©|¬q°���°�©�ª��(��� � �C­¹ª�¬q�¾��°�¨ÌÞ
¦q¤�£¥¨q�(­�­Q¤�§�ª�¬c�"­��qÐ�Þ�Ð�°�¨q¦�©(¤
�����q²cª��w¤
¨¼Ð�°�­��C¦¯¤
¨:ª�¬c�O�c¨q�¢¤
¨¼¤�§z��°�¨q¦q¤�£Ó�(Â��C¨kª�­ °�¨q¦��w­
©(³Ô°��w£¥�(¦:ª�¤½¤ Ã �C�±��¤
Ðc�q­�ª�¨q�C­�­¿ª�¤¥²�°���ª��¢°�³�§����Có¸�q�(¨q©(´¯©C¤������c²cª��w¤
¨ Ï ���Có¸�q�¢���¢¨q�½³w�wª�ª�³¢� ¤
�Q¨q¤
è¸¨q¤�é±³¢�(¦q�
�O°�Ð»¤
�cª±ª�¬c�O¨c¤
�¢­��"©|¬�°���°�©(ª��(���w­�ª��w©C­(�

� ã



ÿWß�� ���l�Rí�ã�ë ã�æ�å���� �����y��� ã^ë �ýænâ��

äfå���å�æ � í�öDè���õ öDè�í_ô
«Q¬q�å°��w£í¤�§¿ª�¬q���Lùc²»�C���¢£®�C¨kª�­½�w­½ª�¤1�¢¨kÂ
�(­�ª��w�k°�ª���ª�¬q��©C¤
£®£®¤
¨q³w´ß�q­��C¦ç¤�²cª��w£¥� � °�ª��¢¤
¨
©(���wª��C���Ô°O§�¤���ª���°��¢¨c�¢¨q�H­��qÐ�Þ�Ð�°�¨q¦:é��C�w�
¬kª�­Q�q­��¢¨q� * & ;`( Ó�Ò�Ñ Ï3Ï $�# & *65�*.- ÏyÏ "�/ �c¨q¦q�C��ª�¬q�¹³w�¢¨�Þ
�C°�� ���C©(¤
£ÃÐq�w¨�°�ª��w¤
¨¼§���°�£®�(é�¤
��è»��«Q¬q�º©(��� ª��C���Ô°½°����Oª�¬q� ; & $ & ;`(�;R" Ó�Ò *�* & � " Ò�Ñ'& #%$ Ï 0�0�#%0� Ì1Í¢Î��$Ï ;���� & ;`(
;�;`( �'(!�#" & $�$	#%0�;��#� & #%$ � Ì�Ì&%'� °�¨q¦ ;���� & ;`(�;(" &gâ*) " & /)#�# Ï � Ì,+-� é±�wª�¬
­�²��(©C�Ô°�³z©(¤
¨q­�ª���°��w¨kª,¤
¨À­��qÐ�Þ�Ð�°�¨q¦åéË�(�¢�
¬kª�­(�,«Q¬q�º°�¦cÂ�°�¨kª|°��
�º¤�§�ª�¬q�H³¢�¢¨c�B°��±���(©C¤
£ºÐq�¢¨�°�Þ
ª��¢¤
¨�§���°�£®�(é�¤
��è¼�¢­Qª�¬�°$ª,� ª±�¢­¿­��¢£®²q³w�¹ª�¤®�¢£®²q³¢�(£¥�(¨¸ªC�Ë«Q¬q�O���C°�­�¤�¨F¤�§S�c­��¢¨c�¥­��¢£Ã�q³¢°�ª��(¦
¨q¤��¢­�´t­�²»�C�(©|¬À�¢­ËÐ��(©B°��q­��Oª�¬q�¹é��C�¢��¬¸ª�­±�C­�ª��¢£¥°�ª��(¦¼§���¤
£ ©C³w�B°�¨�­�²»�C�(©|¬F°����"¨q¤�ª±¤
²�ª��¢£¥°�³
�q¨c¦q�C�±¨q¤
�w­�´¼�(¨kÂ��w��¤
¨c£¥�(¨¸ª�­C�
äfå���åjä � ê�öDì�ípî"õ
Ê]¨"ª�¬c�¢­�­��(©(ª��¢¤
¨ Ï é���é±�¢³¢³�§�¤
��£Ã�q³Ô°$ª���ª�¬q�hÈFÉZð Ï ÈFÈåÊ °�¨q¦HÈÀät°�²q²q��¤
°�©|¬q�C­&¤�§Ì�(­�ª��w£t°$ª��¢¨c�
ª�¬q��­��qÐ�Þ�Ð�°�¨q¦�é��C�¢��¬¸ª�­C�
.0/�12/�35423 687�9!:�:�/ D<; 9>=?/�@A1CB
DEDE@AD8BF:G=E/�3H9>=E/I@A1J@-KMLN/�1�OP9>DRQS4�T�UVTW9X12Y[Z\OP/�]A^_=?:
��¤
�Q­��¢£®²q³¢�w©C�wª]´ Ï éË��é±�¢³w³ ¤
¨q³ ´:­�¬q¤�é �C­oª��w£t°�ª��¢¤
¨:§�¤���£Ã�q³¢°�­Z�w¨:é±¬q�¢©|¬¯­��qÐÌÞ]Ð�°�¨c¦¯é��C�w�
¬kª�­
¦q�(²��(¨q¦Ç¤
¨q³ ´Æ¤
¨çª�¬c�À­��cÐ�Þ]Ð�°�¨q¦Ä°�¨q¦�¨c¤�ª:¤
¨Åª�¬q�å£¥¤Ì¦q�C³¿¨q¤
�½ª�¬c�F­�ª�°�ª��a`,ª�¬q�å³Ô°�ª�ª��(�
©C°�¨F�B°�­��¢³ ´�Ð��H¦q�C���wÂ��C¦·�¢¨À°t­��w£¥�w³Ô°���§�°�­�¬q�w¤
¨��,Èå¤Ì¦q�C³aÞ]�¢¨c¦q�C²»�C¨q¦c�C¨kª¹­��qÐ�Þ]Ðq°�¨q¦Àé��C�w�
¬kª�­
°����t£®¤
���¥�¢¨kª��(���(­�ª��w¨q�ÀÐ»�C©C°��q­��¼�¢¨à£®¤
­oªÃ²q��°�©(ª��¢©B°�³h­�©C�(¨�°����w¤
­ Ï ª�¬q�t­��qÐ�Þ�Ð�°�¨q¦Ué��C�w�
¬kª�­
¬�°BÂ��Fª�¤UÐ»�F¦q��ª��C��£¥�w¨q�C¦ #%$X" & $ ) �q­��w¨q�UÂ
�(��´ç§���éÎ°�¦�°�²cª�°�ª��w¤
¨ç¦q°�ª|° Ï °�¨c¦Ç£¥¤Ì¦q�C³aÞH¤
�
­oª|°�ª���Þ]¦c�C²»�C¨q¦q�(¨kª,­��qÐ�Þ]Ðq°�¨q¦åé��C�w�
¬kª�­±£¥°�´t¨q¤�ª¿Ð»�O�(­�ª��¢£¥°�ª��(¦¯���C³w�Ô°�Ðq³ ´
�

¡ �q²c²�¤
­��¾éË�½¬�°BÂ
�½° @ Þ�­��qÐ�Þ�Ð�°�¨q¦1�w­�¤
³¢°�ª��(¦�Þ�é�¤
��¦À���C©(¤
�
¨q� ª��w¤
¨F­�´Ì­oª��C£îé±� ª�¬1°tÂ�¤�Þ
©C°�Ðq�q³¢°���´1¤�§Mb é�¤
��¦q­(��«Q¬q�¥²c��¤
Ð�°�Ðq�¢³w�wª]´F¤�§±°�¨à��ª�ª��(��°�¨c©C�,ûdc Ï Rfe �
>L��>CABABA�>hg Ï Ð��LÞ
³w¤
¨q�
�w¨q�ºª�¤½ª�¬c�O©(³Ô°�­�­
i�ü é±�wª�¬�­��qÐ�Þ�Ð�°�¨q¦å£¥¤Ì¦q�(³¢­
j+ü � ý Ï-k eë�
>L��>BACABA(> @ Ï �¢­Q�
� Â
�(¨åÐk´

� æhûdc�� i�ü(þle �m
ý �_n � æwûdco��j+ü � ý þ � ý > æ+�Ì�w����þ

é±¬q�(��� Û®Ú � ý Ú �O°�¨q¦ ��ý �_n � ý eû� æ+�Ì�w� � þ
��o



°�­�­��q£®�¢¨c�,­��cÐ�Þ]Ð�°�¨q¦Ã�¢¨c¦q�C²»�C¨q¦c�C¨q©(���qpß��é±�w³¢³k¦q�(¨q¤�ª�� � æhûdc��ri�ü�þ�Ðk´ � c ü�°�¨q¦ � æhû�c���j+ü � ý þÐk´ � c ü ý Ï °�¨q¦�ª�¬q�(�¢�Q³w¤
��Þ]³w�¢è��C³¢�w¬q¤Ì¤�¦q­�Ðk´ts<c ü"°�¨c¦us<c ü ý ���(­�²»�C©(ª��wÂ��C³w´���«Q¬¸�q­ Ï éË�O¬�°BÂ
�
� c ü e �m

ý �_n � c ü ý � ý æ+�Ì�w�Bükþ
°�¨q¦�>vs<c ü e ��

ý �_n � ý s�c ü ý A æ+�Ì�w� ã þ
«Q¬q�,£¥�w­�©C³¢°�­�­��wÙ�©C°�ª��w¤
¨®£¥�C°�­��q��� M æwûdcØþh�¢­hª�¬q�(¨:�
� Â
�C¨¼Ðk´®ª�¬q� ³¢¤
�$Þ]³¢�wè��(³¢�¢¬c¤�¤Ì¦Ã¦q�xw �(���C¨c©C�
Ð»�(ª]é��C�(¨:ª�¬q� £¥�C°�¨t³w�¢è��(³¢�w¬q¤�¤Ì¦¾¤�§�°�³¢³�©(¤
£¥²»�(ª��¢¨q��é�¤
��¦q­Ë°�¨q¦tª�¬q�¿³¢�¢è��C³w�¢¬q¤Ì¤�¦¾¤�§�ûdc����+�����

M æwûdcØþleÄ³¢¤
� TV W �b . � �XQY�9ü>y � 0 æzs<c X þ b de . s<c üºA æ+�Ì�w�?o
þ
«Q¬q�À£¥�w­�©C³¢°�­�­��wÙ�©C°�ª��w¤
¨ÿ£¥�C°�­��c���F�w­¥­�£¥¤Ì¤�ª�¬c�C¦��q­��¢¨q�Áª�¬q�À­��¢��£¥¤
�w¦Í§��q¨q©(ª��¢¤
¨ Ï ÿ æ M þ,e
�E{ ! �-|:��ù�²&æ . µ M |�¶�þ # Ï ª�¤"¤
Ðcª|°��¢¨Ãª�¬c�Q�C£®²q�¢���¢©B°�³Ì³w¤
­�­S§��c¨q©(ª��¢¤
¨ Ï~} Xq�I� e n� 7 c ÿ æ M æwûdc�þ�þ
é±¬q�(����� ¦q�C¨c¤�ª��(­¿ª�¬q�"ª�¤�ª�°�³�¨¸�q£ÃÐ»�C�±¤�§�ª���°��¢¨q�w¨q�¾�cª�ª��C��°�¨q©(�C­C�

«�¤¥�(¨q­��q���º²»¤
­�� ª�� Â�� ª]´t¤�§ � ý £®�C¨kª��w¤
¨q�C¦¯�¢¨¯ð�ó¸¨��¢æ+��� � � þËª�¬c��¤
�q��¬q¤
�cª±ª�¬c�O¤�²cª��w£¥� � °$Þª��¢¤
¨®²q��¤Ì©C�(­�­ Ï éË� ¨q�C�(¦tª�¤º²��(��§�¤
��£ñ²�°���°�£¥��ª��C��ª���°�¨q­o§�¤
��£¥°�ª��w¤
¨¾é±¬q�¢©|¬t¬�°�­�ª�¬q�±§�¤
³¢³w¤�éZÞ
�w¨q�½²q��¤
²»�C�oª]´A�

� ý e y � ý7 �ý �_n y � ý æ+�Ì�w� Õ þ
é±¬q�(��� � ý �¢­Zª�¬q�"ª���°�¨q­�§�¤���£®�C¦�éË�(�¢�
¬kª¿¤�§z­��qÐ�Þ�Ð�°�¨q¦¯ès�ï ¤�ª��¢©(�,ª�¬q°�ª±ð�ó¸¨��Ôæ3��� � Õ þË¦q��Ù�¨q�C­Qª�¬q�"£t°�²q²q�¢¨c�Ã¤�§ � ý�� � ý °�¨q¦¼ª�¬q�"¤�²cª��w£¥� � °�ª��¢¤
¨²q��¤
Ðq³w�C£Ó�w¨¼ª�¬q�"ª���°�¨q­o§�¤
��£®�C¦�²�°���°�£®�(ª��(�Q¦q¤
£¥°��¢¨¼�w­Q�q¨q©(¤
¨q­�ª���°��w¨q�C¦ Ï �xw � ýd�e Ûc>C�
�pß�H°�³¢­�¤½���Có¸�q�¢���"ª�¬q��£¥°�²q²q�w¨q�¾¤�§ � ý�� � ý �¢¨c�wª��¢°�³¢³ ´
�Spß�O©|¬c¤�¤
­��#�

� ý e ÿ���� æ � ý þ æ+�Ì�w� á þ
­��q©|¬ºª�¬q°�ªSð�ó¸¨��¢æ+��� � Õ þ��¢­&­�°�ª��w­�Ù��(¦���«Q¬q���Có¸��°�ª��¢¤
¨º°�³¢­�¤ �w£¥²c³¢�¢�(­ ª�¬q°�ª � ýd�e;Ûc>B�h�¢¨q� ª��Ô°�³¢³w´��«z°�è¸�¢¨q�½¦q�(���wÂ�°�ª��wÂ���é±� ª�¬����(­�²»�C©�ª ª�¤½ª�¬q� k Þ�ª�¬�­��qÐ�Þ�Ð�°�¨q¦�é��C�¢��¬¸ª Ï � ý Ï é��O¬�°BÂ
��-} X2���� � ý e �� � c � ÿ� M ��� �_n � M æI�dc�þ� � � � � �� ��� > æ+�Ì�w� â þ

é±¬q�(��� �-�� M e µ � æ M æI�dc�þ�þ�� � . � æ M æI�dcØþ�þ�� °�¨c¦ æ+�Ì� ��Û
þ� � �� �N� e �2� æ�� . �q� þ �w§ Ð�e	è °�¨q¦ æ+�Ì� ����þ
� Õ



� � �� �N� e . �q�L� � � § Ð �e;è °�¨c¦ æ+�Ì� �
��þ
� M æ��dc�þ� �2� e 7u�XZY�*� y�� 0 æzs<c X þ(æ � s<c X� �2� . � s<c��� �q� þ7 �XZY�*� y�� 0 æzs<c X þ æ+�Ì� � � þ

é±¬q�C��� � s<c X� �q� e s<c X � æ+�Ì� ��ükþ
¡ ª�°���ª��¢¨q�¯§���¤
£=°�¨U�w¨q�wª��Ô°�³��
�c�C­�­º¤�§ �2� é±¬q�(���¼ÛJ� �2� � �¼°�¨q¦Uª���°�¨q­o§�¤
��£®�¢¨c�å� ª

ª�¤ �l� �q­��¢¨q�®ð�ó¸¨��¢æ+��� � á þ Ï é��O£t°B´¼�q­��º°½�
��°�¦q�¢�(¨kª�Þ]¦c�C­�©(�C¨kª,°�³¢�
¤����wª�¬q£ ª�¤®�
�(ª °½Ð���ª�ª��(�
�(­�ª��w£t°$ª��Q¤�§»ª�¬q�±­��qÐ�Þ]Ðq°�¨q¦½éË�(�¢�
¬kª�§�¤
�Sª�¬c�ºæ K |1��þ]Þ+ª�¬¾� ª��C��°�ª��w¤
¨Ã§���¤�£ �wª�­��C­oª��¢£¥°�ª��Ë§���¤
£
ª�¬q� K Þ�ª�¬�� ª��C��°�ª��w¤
¨��

��� ^ - n n3_ e ��� ^ - _ .�� -<� �-}�� �I�� � ��� æ+�Ì� � ã þ
é±¬q�(��� � � �¢­Zª�¬c�O³w�B°���¨q�¢¨c�¾��°�ª��H°$ªQª�¬q�F¡�Þ�ª�¬å� ª��(��°�ª��¢¤
¨��

���w¨�°�³¢³ ´ Ï � � �¢­®ª���°�¨q­�§�¤���£®�C¦�Ð�°�©|èÅª�¤ � � �q­��w¨q�Íð�ó¸¨��¢æ+��� � Õ þt°$§Øª��C�®ª�¬q�À�
��°�¦c�¢�C¨kªoÞ¦q�(­�©(�C¨kª¹²q��¤�©(�C¦q�c����©C¤
£®²q³w�(ª��(­C�
.¢9>£�/�35423 .04�=E4�9X7F¤G1WK�@-D¥3H9>=?/�@A1¢9X1WY\.¢9>£�/�35423 LN/I¦-OP7z/�^W@§@SY(BF:G=E/�3H9>=?/�@A1@-K�LN/�1WO¨9!DtQS4�TSU©TW9X1WYªZ\OP/�]A^_=E:
ò ¨q�¾£¥°B´·°�³w­�¤¼�C­oª��w£t°�ª��ºª�¬c�¾­��qÐ�Þ�Ð�°�¨q¦1é��C�¢��¬¸ª�­"Ðk´·¤�ª�¬c�C�"£®�B°�¨q­(�ºÊ]¨·ª�¬c�½§�¤�³¢³¢¤�é±�w¨q� Ï
é��Oé±�w³¢³�Ðq���w�G«q´¼¦c�¢­�©(�q­�­Qª]é�¤t©(¤
£¥£®¤
¨¼£®�(ª�¬q¤�¦c­C�.0.¢¤¬BF:G=?/z3H9 =E/�@A1

«Q¬c�Ã£Ã�cª���°�³��w¨c§�¤
��£t°�ª��¢¤
¨�Ð»�(ª]é��C�(¨à°�¨·��ª�ª��(��°�¨c©C�8�dc�°�¨c¦1°�³¢³�ª�¬c�Ã£¥¤Ì¦q�(³¢­f­�e® j§n°¯°jX±�¯�²�²�²�¯°j ��³ �¢­Q¦q��Ù�¨q�(¦F°�­´�æI�dc�`V­Qþvµ s<c��·¶Í³¢¤�� � �b �¸�q¹ n y��*º æ�s<c � þ � æ+�Ì� �#o
þ
°�­�­��c£¥�w¨q�½�Có¸��°�³�²q���¢¤
��­Z§�¤
�±°�³w³ ª�¬q��b éË¤���¦q­(�h«Q¬¸�q­ Ï ª�¬q�HÈFÈåÊ�©C��� ª��(���¢¤�¨¼�¢­}��2� c»e ¸ c ´�æI�dc¼`©­Qþ °�¨c¦ æ+�Ì� � Õ þ�-}��2� c�>� � e ¸ c�½ ��<¹ n y��*º æ�s�c � þ(æzs<c�� � ¶Js�c � � þ½ ��<¹ n y��*º æ�s<c � þ æ+�Ì� � á þ
°�¨q¦Àª�¬c�º¤
²cª��¢£¥°�³�é��C�¢��¬¸ª�­¹£¥°�´¯Ð»�H§�¤
�c¨q¦FÐk´F°®�
��°�¦q�¢�(¨¸ªoÞ]¦q�(­�©(�C¨kª�°�³w�
¤
��� ª�¬q£ °�­
�w¨åÈFÉZðÅª���°��¢¨c�¢¨q�q�

� á



ï¿¤�ª��w©C�tª�¬�°�ªÃª�¬q�¼�C­oª��w£t°�ª��¢¤
¨Á§�¤
��£º�q³Ô°�­ Ï ð�ó¸¨��Ôæ3���m� á þº°�¨c¦Åð�ó¸¨��¢æ+��� � â þ�§�¤
�½ÈFÈåÊ
°�¨q¦ßÈFÉZð	ª���°��¢¨c�¢¨q�t°����ÃÂ��C��´F­��¢£®�¢³¢°��C�"«Q¬c�®£¥°��w¨F¦q�¾w��C���C¨q©(�½�¢­,ª�¬q�½°�¦q¦q� ª��w¤
¨�°�³
ª��C��£À¿ÂÁ¿°Ã ¦c�q�Qª�¤¹ª�¬c�Z­�£®¤�¤�ª�¬q�w¨q�¹¤�§sª�¬c�Q³¢¤
��Þ�³¢�wè��C³w�¢¬q¤Ì¤Ì¦"¦q�¾w��C���C¨q©(�QÐ¸´ºª�¬q�Z­��¢�
£®¤
�w¦§��c¨q©(ª��¢¤
¨��.0L(BF:Â=E/z3Ä9>=E/I@_1
Ê]¨Å²q���w¨q©C�w²q³¢� Ï ª�¬q�¯­��qÐ�Þ�Ð�°�¨q¦ÆéË�(�¢�
¬kª�­¥©C°�¨q¨q¤�ª¥Ð»�å¦q��ª��(��£®�¢¨q�(¦�°�¨�°�³w´¸ª��w©B°�³w³w´ÁÐk´
ª�¬q�¿£t°$ù��w£Ã�q£¾Þ]³¢�wè��(³¢�¢¬c¤�¤Ì¦H£®�(ª�¬q¤Ì¦ Ï ­��¢¨c©C�,� ª�é±�¢³¢³c­��¢£®²q³ ´¾�
�wÂ��,°�³¢³cé��C�w�
¬kª�­�ª�¤Hª�¬q�
­��qÐ�Þ�Ð�°�¨q¦:é±� ª�¬:ª�¬c�¹¬q�¢��¬q�C­oªZ²q��¤
Ð�°�Ðq�w³¢� ª]´½�w§�é��"°�­�­��q£®� ½uÅ� ¹ n � � eë����ö ¤�éË��Â
�(� Ï� §�¤
¨q� �¢­hé±�¢³¢³w�¢¨q�"ª�¤º�¢£®²»¤
­��¿©C�(��ª|°��¢¨:©(¤
¨q­�ª���°��w¨kª�­Z¤
¨¥ª�¬q�¿éË�(�¢�
¬kª�­ Ï ª�¬c�C¨�ÈÀä1�C­oª��aÞ
£¥°�ª��¢¤
¨:¤�§z­��qÐ�Þ�Ð�°�¨q¦�éË�(�¢�
¬kª�­Q�¢­Q²q³¢°��q­��wÐq³¢���S��¤
�Z�Lùc°�£¥²c³¢� Ï �¢¨Æ� �?oa� Ï-Ç ��ö �(��¨�°�¨q¦q¤
­��q�
�
�(­�ª��C¦À©(¤
¨q­oª���°��¢¨kª�­±�¢¨¼ª�¬q�"§�¤
��£

Å¸� ¹ n � �ÂÈ eû�~¯ É5Ê ��² æ+�Ì� � â þ
«Q¬c�O­�¤
³¢��ª��¢¤�¨:ª�¤½ª�¬q�w­Q©C¤
¨q­oª���°��¢¨q�(¦FÈåäà©C���wª��(���w¤
¨¼�¢­� � e æ ½ c s<c�� � þHËÌ°Í ËÎ ½ Å�q¹ n æ ½ c s<c�� � þ ÌÌÂÍ ËÂÏ ËÌ ² æ+�Ì� � Û
þ
«Q¬c�Í£t°��w¨ ¦q��°Bé±Ð�°�©|è ¤�§½ª�¬q�Í£¥��ª�¬q¤Ì¦ �w­Àª�¬�°$ªFª�¬q�à©C¤
¨q­oª���°��¢¨kª·¤
¨ ­��qÐ�Þ�Ð�°�¨q¦
é��C�w�
¬kª�­��¢­"¨c¤�ª�éË�(³¢³�ú��q­oª��wÙq�C¦ Ï °�¨q¦1�w­O�w£¥²»¤
­��C¦·�¢¨Á°�¨Á°�¦Á¬q¤Ì©½£t°�¨c¨q�C�(�¾Ê]¨Áª�¬q�
§�¤�³¢³¢¤�é±�w¨q�Ã��ù�²»�C���¢£®�C¨kª�­ Ï éË��é±�¢³w³ ©|¬q¤Ì¤
­���¨Ðe ���

ÑÓÒ��MÒ¼� Ô�Õ�ÖX×FØÙ
O¨DEK�@-D¥3H9X1 ; OÚ.¢O*=?D¥/ ;
¡ �w¨q©C�"� ª±�¢­Q°�¨¯�w­�¤
³¢°�ª��(¦:éË¤���¦¯���C©(¤
�
¨q� ª��w¤
¨:ª|°�­�è Ï éË���q­��C¦�ª�¬q�"é�¤
��¦å°�©C©(�q��°�©(´:ª�¤®©(¤
£¾Þ
²�°����"ª�¬q�"§��q³w³ Þ�Ð�°�¨q¦¼°�¨q¦å£º�q³wª�� Þ]Ðq°�¨q¦:­o´�­oª��(£¥­(�

«Q¬q�H°�©C©(�q��°�©(´��¢­Q¦c�(Ù�¨q�(¦F°�­G�Û
ÜÂÜÂÝ-Þaß¨ÜÂà e ág â ��Û�Û*ã æ+�Ì� � ��þä¢å Þ#æèç�Þ¥Þ å Þé}Fß ¡ y e ��Û
Û*ã ¶ Û
ÜÂÜÂÝ-Þaß¨ÜÂà æ+�Ì� � ��þ
é±¬q�(���Hö �¢­Qª�¬c�O¨¸�q£ºÐ��(�¿¤�§�¬q� ª�­±°�¨c¦Àï �w­Zª�¬q��¨¸�q£ÃÐ»�C�±¤�§�éË¤���¦q­(�

� â



ê DE9X/�1W/z1�]Ä9!12YëBfì>9X7�4W9>=?/�@A1�6�@-DEíq4W:pß�¥©|¬c¤
­��®ª�¬q��î¢­�¤
³Ô°�ª��C¦Á«QÊ��¹Êoý�Ê]« ¡ ©C¤~ï�²!ðq­��a� Õ ��ª�¤åªVï�°#îw¨Á°�¨q¦Hñ�Â�°�³òð�°$ª©ñ½¤~ð!ïO­�´Ì­�ªVñC£¯�
«Q¬!ñ¹ªVï�°#îw¨!î¢¨>óH­ ñ(ª±©C¤�¨¸ª�°#î¢¨>ñC¦ ã
ã £¥°�³¾ñ ­�²_ñC°�è#ñGï�­Qé±¬!î¢³¾ñ ª�¬!ñ,ª©ñ(­�ª±­ ñ(ªQ©(¤
¨kª|°#îw¨!ñC¦�°�¨c¤�ª�¬!ñGï
ã o¾£¥°�³òñ,­�²AñB°�èañ�ï�­Gô
Q�/�]A1�9X7·ÙõDE@ ; OP:�:�/�1W]ÄöSD¥@A1_=�O 1WY÷ ×�ø °�³ ´�­ î¢­Zé
î ø!ù!ú é(û î � ña�
ü ãaý û

÷[þ ïVÿ ý ñfï©ÿ��Vñ#�
ü�Û
Û
ö �÷[þ ð���� Þ��Xÿ ø!ù ÿ�� ú ð!û��©î��
	#ñ���� ú ïG��ü�
�� þ���� |ûð ø ñ�ï ó��
÷�� ð���Þ��!ÿ ø!ù ÿ�� ú ð>û��©î���	~ñ���� ú ï��No�� þ���� |ûð ø ñ�ï ó����Añ�ï
ûVð��ÌÞ��Xÿ ø>ù
�� !ñ ø ð ý �_ñGï ú�! � þ"��� ûéî øÄú ð!ï ý ð����Vî Þ��Xÿ ø!ù û��Pû��©ñ ý ÿ ø!ù �# !ñ ! ð��$�aÞ��Xÿ ø>ù û��Pû��©ñ ý

é·ÿ#û%�# !ñ û©ÿ ý ñ�� ú�ý ÿ#î ø �©ÿ#î ø ÿ�ï ñ�ÿ#û ú~ø ÿ����¾ñ&� ú~ý �Xÿ#ï îòû ú~ø �_ñ��]é·ñGñ ø �' !ñ ý ôöSDEO)(§4WOP1 ;�* Ù
9!D?=E/�=E/I@A1pÄñ
ð!û ñ ù �# >ñ���ï î��©î���ÿ��+�Xÿ ø!ù û'��ÿ��òñ,� ú �Xÿaï��©î-�©î ú~ø �' !ñ ! ï ñCó¨ð!ñ ø ����î ø � ú û ð���Þ��!ÿ ø!ù ûÓñ�ÿ��. ú�!
é% !î��. / !ÿ#û
ñCó¨ðXÿ�� ø ð ý �Añ�ï ú�! ��ï î��©î���ÿ��0�Xÿ ø!ù û�ô213�]é ú Þ��Xÿ ø!ù û��Pû��©ñ ý é·ÿ#û�î ø 	~ñGû��Vîòó*ÿ��Vñ ù ô

ü#ô þ ð���� Þ��Xÿ ø!ù �Nü�Û
Û54tü
ükÛ
Û�ö �

Pô þ îòïVû��MûVð6��Þ��Xÿ ø!ù ��ü�Û
Û54Ðü�Û á Û
ö �� ô � ñ�� ú#ø!ù û ð���Þ��Xÿ ø!ù ��ü�Û
Û�Û74¼ü
ü
Û
Û
ö �

8u. . 9�D ; ^W/I=?O ; =E4�DEO
: ø �' !îòû�ûVî ý �6�òñtïVñ�� ú ó ø î��©î ú~ø �hÿ#û�è<;Mî-��îòû�ïVñ�ÿaû ú~ø ÿ����òñ=� ú � ú~ø û��©ï©ÿaî ø ÿ��$� ! ð��$�aÞ��Xÿ ø!ù ÿ ø!ùû ð���Þ��!ÿ ø!ù ö��>�,û?� ú �Añ
û��VïVî$���#�-�@�¾ñ ! ��ÞA� ú Þ�ïVî¾óB C�D;
é% ú �¾ñ�Þ+é ú ï ù&ýèúPù ñ��òûE !ÿ�	Pî ø ó¬ûVîaù�û��hÿ��Vñ�ûÿ ø>ù=!Iú ð>ï¿ýõÿ#ð>ûVûVîòÿ øtý îaùF�©ð!ï ñ�û��Añ�ï
û��©ÿ��©ñaô
ê DE9X/�1W/z1�]�6�@A1WY2/�=E/I@_1
1G�$�H�# >ñ ! ð���� Þ��!ÿ ø!ù ÿ ø!ù ûVð���Þ��Xÿ ø!ù ö��>�,û,é·ñGïVñ7�©ï©ÿaî ø ñ ù é
î-�# JI " ) ��K û'�Añ�ñ��. �ð!ûVî ø ó��' !ñ
ðL�vÿ��òó ú ïVî��' ý ô


�M



ÙõDEOPíW9!DE9>=E/I@A1[@-K Q�/�3Æ4W7I9>=?OPYON,@A/z: * Q§í�O¨O ; ^
ï ú îòû��dû'�Añ�ñ��. :éNñ�ï ñP�GïVñ�ÿQ�©ñ ù�!Iú ïL�Vï©ÿ#î ø î ø ó��# !ñ�ûVð���Þ��Xÿ ø!ù é·ñGîòóB C�©û ! ï ú#ý ú~ø ñ�ÞAR ! �# ú�! �' !ñ
�Vï©ÿ#î ø î ø ó ù ÿQ�hÿ ú�! ÿ�� ú ð6�¿ü á ûVñ�� ú~ø!ù û,S ï©ÿ ø!ù>ú~ý �-�T�!î��|è#ñ ù ô � î ø �Gñ ú#ø ��� ú#ø ñ�û ð���Þ��Xÿ ø!ù
éNñ�î¾óB C���Xÿ#ïVÿ ý ñ��©ñGï�é·ÿ#ûÓñ�û��©î ý ÿ��Vñ ù ;Ìé·ñG�# ú ð>óB C�?�# XÿQ�
ÿ8û ý ÿ����_ÿ ù ÿ��6�©ÿ��©î ú~ø û ñ�� ý ÿ����Añÿ ù ñCó¨ðXÿ��Vñ8ÿ��-�# ú ð!óB U�# >îòûZé·ÿ#û ø>ú ���# !ñ ý ÿ#î øU!Iú ��ð>û�î ø �# !î¾ûMñ�ù)�_ñGïVî ý ñ ø ��ô
Q�4WTSUVT29X1WYWV�O ; @_3�T2/z1�9>=E/I@A1
� ð6��Þ��Xÿ ø!ùÄù ñ�� úPù î ø ó¼éÓÿ#û ù!ú~ø ñ�î ø!ù î-	 î ù ðXÿ������,ÿ ø>ù �' !ñ�î¾ï&� ú ó�Þ��òîwè#ñ��¾î$ úPúPù ûQé·ñGïVñ�ïVñ�� ú~ý Þ
�!î ø ñ ù �òî ø ñ�ÿaï'���èÿ����' !ñ"é ú ï ù �òñ�	#ñ��zô
ÑÓÒ��MÒYX Z\[^],_SÕa` ×�[XÕ
ã�â M
ö � � ú~ø ñ ø>ú îòû ñ�;Qé% !î��Vñ�; ý ü�M â ÿ ø!ù �Xÿ����6�òñ ø!ú îòûVñGûtéNñ�ïVñb�. ú ûVñ øc!Iú ïèñ�	aÿ��¾ðXÿ��©î ú~ø ô
� ïGd�û ! ï ú~ý 
�M ù � ù>ú é ø � ú M ù �Ué
î��' �ÿÚû��Vñ���ûVî � ñ ú�! ã¥ù �Íé·ñGïVñ&ñ�	aÿ��¾ðXÿ��Vñ ùe!Iú ï�ñ�ÿ��. ø!ú îòûVñ����F�Añ#ôL�� !ñ
�!ï ú ��ñ ù ð!ï ñ�î¾û��ü#ô,�Wï©ÿaî ø �# !ñ ! ð���� Þ��Xÿ ø!ù ÿ ø!ù û ð���Þ��Xÿ ø!ù,ýèúPù ñ��òûMð!û î ø óf���¾ñ�ÿ ø û��_ñGñ��. �ô

Pô þ ú ïMñ�ÿ��. ø!ú îòû ñ&���)�Añõÿ ø!ù � ïPd �÷ Ý ï ñ��XÿaïVñ
�# !ñ ûVî ý ð��òÿ��©ñ ù&ø!ú îòû��U�©ïVÿ#î ø î ø ó¬ÿ ø!ù �Vñ�û��©î ø ó�û ñ��Vû�ô÷ �2ïVÿ#î ø �# >ñõû ð���Þ��Xÿ ø!ù é·ñGîòóB C�©û
ð!û î ø óg�' !ñ5� � ð�;h�i�/:Mÿ ø!ù �Àäj��ïVî-�©ñGïVî ÿ ô÷ ðk	aÿ��¾ðXÿ��Vñ7�' !ñ ! ð���� Þ��Xÿ ø!ù ;>î ø!ù î-	Pî ù ðXÿ��SûVð���Þ��Xÿ ø!ù û
ÿ ø!ù �# !ñ ý ð��-�©îaÞ��Xÿ ø>ù û��PûoÞ

�©ñ ý û¾é
î��' û ð���Þ��Xÿ ø!ù é·ñGîòóB C�©û ù ñGïVî-	~ñ ùJ! ï ú~ý �# !ñ/� � ð�;l�>�/:.;l�Àä ÿ ø!ùð ø î !Iú ï ý éNñ�î¾óB C�©î ø óf��ïVî-�©ñGïVî ÿ ô
ÑÓÒ��MÒ�m n�Õ&õ!×&o�Öqõ÷ B�£Sí�O¨Da/�3HOP1_=d¤Qp ê @A1�OÐ9>=Uq+r^s<8=tpÄñ@RXï û��f�. !ñ��.u#ñ ùOv  !ñ ø ú#ø ���w�# >ñURXïVû��¬ûVð��Fx��Xÿ ø>ùyv ÿ#ûg� ú ïVï ð��6�©ñ ù �z�Jÿi�Xÿ ø>ù x

�¾î ý î��Vñ ùÆø!ú îòû ñ�S ÿi� ú#ø ñ ú�!P{�| M
ö � ô}�uð��-�©î-x��Xÿ ø!ù ïVñ�� ú ó ø î � ñGïVûg� ú#ý �!î ø ñ ù ûVð6�)x
�!ÿ ø!ùUvNú ï ù �òî�u#ñ��òî$ ú úPù û2�òî ø ñ�ÿ#ï����f�Añ !Iú ï ñPR ø ÿ�� ù ñ���îòû î ú~ø û v ñGïVñ ý ÿ ù ñaô~�� !ñFïVñGûVð��-�î¾ûMû' ú�v
ø î ø þ îòó#ð!ïVñ

Pô�
 ô


Pü



0

10

20

30

40

50

60

0 5 10 15 20 25 30

W
o

rd
 E

rr
o

r 
R

a
te

 (
%

)

SNR (dB)

590Hz Tone

MMI-WL
ML-WL

MCE-WL
1:1-WL

FB-clean
B1-clean
B2-clean

þ î¾ó~ð!ï ñT
 ô�
 ��d�ñ�� ú ó ø î��Vî ú~ø ïVñGûVð��-�©û v î-�# {�| M�ö � � ú~ø ña�Rö��ve ! ð��$��x��Xÿ ø!ù ;��T�Äe»ûVð6�)x
�Xÿ ø!ù ü ú~ø �-�B;l�f�ëe û ð��)x��!ÿ ø!ù 
 ú~ø ���B;N. 6�B�UVZ L e v·ú ï ù x��òñ�	#ñ��
ïVñ�� ú~ý �!î ø ÿQ�©î ú#ø
v î-�# i� �?� x ù ñGïVî�	#ñ ù>v ñ�î¾óB C�©û�;_.0.¢¤°U Z L e v·ú ï ù x��¾ñ�	#ñ���ïVñ�� ú~ý �>î ø ÿ��Vî ú~øTv î-�# b�i�/:Axù ñGïVî-	~ñ ù/v ñGîòóB C�©û�;§.0L<UVZ L e v·ú ï ù x��¾ñ�	#ñ���ïVñ�� ú~ý �>î ø ÿ��Vî ú~ø�v î��' >�/�Hx ù ñ�ï î�	#ñ ùiv ñ�î¾óB C�©û
� ø e


þ�;��^p��#UVZ L e vNú ï ù x��òñ�	~ñ���ï ñ�� ú#ý �!î ø ÿ��©î ú~øUv î��' ,ñ(ó¨ðXÿ�� v ñ�îòó� z�Vû�ô

� î ø �Gñ ú~ø �-���# !ñ�R!ïVû��
ûVð��)x��Xÿ ø!ù î¾ûP� ú ïVï ð��6�©ñ ù ;h�' !ñéûVñ�� ú~ø>ù û ð��)x��Xÿ ø!ù�ý ÿ#î ø �©ÿ#î ø ûó ú úPù �Añ�ï !Iú ï ý ÿ ø �Gñ
ð ø!ù ñGïÓÿ���� �6� d
û v  !î��òñ��# >ñ ! ð����-x��Xÿ ø!ù ïVñ�� ú ó ø î � ñ�ï�� ûÓÿ�����ð>ï©ÿ����ù ñ�ó~ïVÿ ù ñ�û v î��# T� ú�v ñGï �6� dõô)1 ý�ú~ø ó��' !ñ ý ð��-�©î�x��Xÿ ø>ù ï ñ�� ú ó ø î � ñ�ï û�;��Añ�ï !Iú ï ý ÿ ø �Gñî¾ûa� úPú ï v  !ñ ø �# !ñGîòï�ûVð6�)x��Xÿ ø!ù�v ñ�îòó� z�VûqÿaïVñlûVñ��<ñCó¨ðXÿ�� ú ï ù ñ�ïVî-	~ñ ù �C�5�i�@�©ïVÿ#î ø î ø ó�;
v  >î$�òñG� �?�L� �i�/:Ax ù ñGïVî-	~ñ ùUv ñ�î¾óB C�©ûNó~î�	#ñ,�' !ñP !î¾óB !ñGû��·ÿ����Gð!ï©ÿ����~ô<pW !ñ ø@v ñP� úPú uÿQ�G�' !ñ8û ð��)x��!ÿ ø!ù>v ñ�îòó� z�Vû !Iú ð ø!ù �C�/�' !ñ5	aÿ#ï î ú ð>û ý ñ��' ú ù ûfî ø �qÿ����òñ�
 ôxüB;H� �?�
�Vï©ÿ#î ø î ø ó
îòû ý�ú ï ñMñGw_ñ����Vî�	#ñ%�' Xÿ ø �# >ñ ú �# !ñGïVû2�C�¬ó~ïVÿ ù ðXÿ������ ý�ú 	Pî ø ó ýèú ïVñ v ñ�î¾óB C�©û
! ï ú~ý �' !ñ&RXïVû���ûVð��)x��Xÿ ø!ù � ú �# >ñõû ñ�� ú~ø!ù û ð��)x��Xÿ ø!ù ÿ#û��# !ñ �6� d ù ñ���ïVñ�ÿ#ûVñGû�ô
�� >ñuï ñ�ûVð6���©û�ûVñGï�	#ñÚÿ#û�ÿb�# !ñ ú ïVñ��©î$��ÿ��Mð����Añ�ï�� ú ð ø!ù ú~ø  ú�v ó úPú ù�ý ð��-�©î�x��Xÿ ø>ùï ñ�� ú ó ø î-�©î ú#ø ��ÿ ø �_ñFð ø!ù ñ�ï,�Xÿ ø>ù x��¾î ý î��©ñ ùRø!ú îòûVñGû�ô


�




�2ÿ����¾ñP
Pô¾ü~� �  Xÿ ø ó~ñGûNî ø�v ñ�î¾óB C� ú�! �# !ñ%RXï û��NûVð��)x��Xÿ ø!ù ÿ#û �6� d ù ñ���ïVñ�ÿ#ûVñGûÓð!û î ø ó {�| M
ö �
� ú~ø ñ ø!ú î¾ûVñ#ôL�/� ± ý ñ�ÿ ø û ø e�
¬ÿ���� ú ï ù î ø óg� ú � ó ø ô � 
 ô�
 | þ

�w�Q� �6����� ���+� �B�+� �����+� ���B�+� �B���+� �B���+�
� �?� M ô¾ü {�| M>ôxüBü � M>ôxü �B� M ô¾ü?oB� M>ô�
�MBM M>ôÖü � �
�i�/: M ô�
 üDM M>ô�
 ü 
 M>ôxü � � M ô¾ü 
 � M>ôxü~ü | M>ô { MBM
�i� ± M ô o>üDM M>ô oC
#o M>ô o � M M ô oC
ao M>ô o>ü�M M>ôÖü�ü!ü

÷ B�£Sí�O¨Da/�3HOP1_=d¤?¤Qp~Nb¡d¤EQ§B�¢RU.r+�
: ø ïVñ�ÿ��òî�����; ø>ú îòû ñ�û ú�! �©ñ ø û'�!ï ñ�ÿ ù&ú 	~ñGï
ÿ v î ù ñ
û'�Añ����©ï ð ý ô<pÄñP�Añ�ï !Iú ï ý ñ ù ÿ8ûVñ�� ú�!ñLù)�_ñGïVî ý ñ ø �Vû v î��# U�' !ïVñGñ����F�_ñGû ú�!2ø>ú îòû ñ�û ! ï ú~ý �' !ñ � ò : �6�~£ x | 
 ù ÿ��©ÿ��Xÿ#û ñd� ü � �z�
v  >î��©ñ�; ý ü�M | ;2ÿ ø!ù �Xÿ������òñ ø!ú î¾ûVñaôRpW !î��Vñ ø>ú îòû ñèÿ ø!ù �Xÿ������òñ ø!ú î¾ûVñèÿ#ïVñ��. ú û ñ ø
�Añ���ÿ#ð!û ñ¤�# !ñ���ÿ#ï ñ ú�! �Vñ ø ñ ø � ú ð ø �Vñ�ïVñ ù î ø ïVñ�ÿ��¥�¾î ! ñ�;§ÿ ø>ù�ý ü�M |èø!ú î¾ûVñéï ñ��!ï ñ�û ñ ø �©ûÿ ý�ú ïVñ&�. !ÿ#ï©ÿ����©ñGïVîòû��©î�� ø!ú îòû ñ#ô

0

10

20

30

40

50

60

0 5 10 15 20 25 30

W
o

rd
 E

rr
o

r 
R

a
te

 (
%

)

SNR (dB)

babble noise

MMI-WL
ML-WL

MCE-WL
1:1-WL

FB-clean
B1-clean
B2-clean

þ î¾ó~ð!ï ñ

 ô � �2d�ñ�� ú ó ø î��Vî ú~ø ï ñ�ûVð6���©û v î-�# ��Xÿ����6�òñ ø!ú î¾ûVñ#ô

 �



0

10

20

30

40

50

60

0 5 10 15 20 25 30

W
o

rd
 E

rr
o

r 
R

a
te

 (
%

)

SNR (dB)

m109 noise

MMI-WL
ML-WL

MCE-WL
1:1-WL

FB-clean
B1-clean
B2-clean

þ îòó#ð!ïVñ

PôÖü!�2d
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ÑÓÒ��MÒA¦ §©¨�õ6_�×¹õ�õ�¨�]EªpÄñ
 XÿD	~ñ
�# !ñ !Iú ��� ú�v î ø ó ú �!ûVñGï�	aÿ��Vî ú~ø û ! ï ú~ý �' !ñ ïVñ�û ð����Vû
û' ú�v
ø î ø þ îòó#ð!ïVñ7
 ô { 46
Pô � ô
÷¬« ñ�ï !Iú ï ý ÿ ø �Gñ ú�! �# >ñ ! ð����-x��!ÿ ø!ù ï ñ�� ú ó ø î � ñ�ï ù ï ú �!û ù ïVÿ#û��Vî$��ÿ��$��� ú#ø ��ñE�' !ñ �6� d ! ÿ��$�òû
�Añ�� ú�v ü {¥ù ��ô

÷ pW >ñ ø �' !ñNî ø!ù î-	 î ù ðXÿ��*û ð��)x��Xÿ ø!ù ï ñ�� ú ó ø î � ñ�ï û� !ÿ�	#ñÓûVî ý î�� ÿ#ïh�_ñGï !Iú ï ý ÿ ø ��ñ�;aÿ����*ïVñ��­xú ó ø î � ñ�ï û�; ! ð6�$�-x��Xÿ ø!ùõú ï ý ð��-�©î-x��Xÿ ø!ù
v î��' v ñ�î¾óB C�©û¥�Vï©ÿ#î ø ñ ù �z� ù îxw§ñGïVñ ø � ý ñ��# úPù û�;
 !ÿ�	#ñ�û î ý î$�òÿ#ï·ÿ�����ð>ï©ÿ��Gîòñ�ûGô

÷ ö ú�v ñ�	~ñ�ï�; v  !ñ ø �' !ñ¤�Añ�ï !Iú ï ý ÿ ø ��ñ ú�! �' !ñ�� vNú ûVð��)x��Xÿ ø!ù ï ñ�� ú ó ø î � ñ�ï û ù î-	~ñ�ï ó~ñ�û�;
�' !ñdÿ������ ÿaî ý ñ ù ÿ ù 	aÿ ø �hÿ#ó~ñ ú�!Ný ð����Vî-x��!ÿ ø!ù ï ñ�� ú ó ø î � ñ�ï ûFûVñ��©û î ø î ! �# !ñéû ð��)x��Xÿ ø!ù
v ñ�î¾óB C�©û�ÿaïVñl�Vï©ÿ#î ø ñ ù5v î��# ¤�>�/: ú ï~� �?� ���# !ñ��8ñÂw§ñ����Vî�	~ñ���� v ñGîòóB 5�# !ñE� vNú �Xÿ ø!ù û
� ú ñ ý �� !ÿ#ûVî � ñ ý�ú ï ñ ú~ø �# !ñ ýèú ï ñ ïVñ��¾î ÿ��6�òñ
�Xÿ ø!ù `�ÿ ø!ù �# !ñGîòï,�_ñGï !Iú ï ý ÿ ø ��ñõîòû�ÿ��
�¾ñ�ÿ#û���ÿ#û
ó úPú ù ÿ#û��' Xÿ�� ú�! �# !ñ
�Añ�û��fû ð��)x��!ÿ ø!ù ïVñ�� ú ó ø î � ñGï�ô÷�� ð��)x��!ÿ ø!ù®v ñ�î¾óB C�©û ù ñ�ï î�	#ñ ù®! ï ú~ý �>�=: ú ï/� �?� �©ïVÿ#î ø î ø ó�ïVñGûVð��-�,î ø ûVî ý î�� ÿ#ï
�Añ�ï !Iú ï ý ÿ ø �Gñ#`+� �?� xA�©ïVÿ#î ø ñ ù=v ñ�î¾óB C�©û
ó~î-	~ñËú ð!û���û��òîòó� z�'�����_ñ��'�Vñ�ï%�_ñGï !Iú ï ý ÿ ø ��ñaô

ÑÓÒ��MÒ�¯ °}]Eª�_ao ×¹õ�¨�]Eª
± ð!ï<ñLù)�_ñGïVî ý ñ ø �Vû<û' ú�v �# XÿQ�<ûVð6�)x��Xÿ ø!ù¤v ñGîòóB C�Vû ù ñ�ï î�	~ñ ù¤! ï ú~ý � �?� ú ï2�>�=:a�Vï©ÿ#î ø î ø ó
��ÿ ø ñGw_ñ����Vî�	#ñ����Hñ ý �� Xÿ#û î � ñ@�# !ñ ý�ú ï ñRïVñ��òîòÿ����òñ�ûVð6�)x��Xÿ ø!ù û�ô � ð��!û ñ�²¨ð!ñ ø � ý ð��-�©î�x��Xÿ ø>ùû��_ñGñ��. Úï ñ�� ú ó ø î��Vî ú~ø �C�T�¾î ø ñ�ÿ#ïÓï ñ�� ú#ý �!î ø ÿ��©î ú~ø&ú�! û ð��)x��Xÿ ø!ù �òî�u#ñ��¾î$ úPúPù ûÓÿ�� vNú ï ù �òñ�	~ñ��ï ñ ù ð��Gñ�û vNú ï ù x'ñ�ï ï ú ï�x'ïVÿ��©ñ � p � d þ"�C�Rü�� ô | ã ú#ø ÿD	~ñ�ïVÿ#ó~ñ ú 	#ñ�ï¥�' !ñ ! ð����-x��Xÿ ø!ù ïVñ�� ú ó ø î � ñGï
�Vï©ÿ#î ø ñ ùTv î��' ����òñ�ÿ ø û'�Añ�ñ��. �ô��û î ø ó�ûVî ý ð��òÿ��©ñ ùõø>ú îòû��Fû'�Añ�ñ��. �� ú ñ�û��©î ý ÿ��VñlûVð��)x��Xÿ ø!ù
v ñ�îòó� z�Vû2î¾û�ñ�ûVû ñ ø �©îòÿ��z�_ñ���ÿ#ð>ûVñ
�' !ñ v ñ�î¾óB C�©ûéñGû��©î ý ÿQ�©ñ ù ð!ûVî ø ói���òñ�ÿ ø û'�Añ�ñ��. ÿaïVñ ø>ú � ú �)�©î ý ÿ���ð ø>ù ñ�ï ø!ú îòû��Æñ ø 	Pîòï ú#ø xý ñ ø �©ûGô

: ø �# !î¾û=�>ïVñ��¾î ý î ø ÿaï�� î ø 	~ñGû��Vîòó*ÿ��Vî ú~ø ; ú ð>ï ý ð����Vî-x��!ÿ ø!ù¬! ïVÿ ý ñ v·ú ï'u�ÿ ù>ù ïVñGûVûVñGû/�' !ñï ñ�� ú#ý �!î ø ÿ��©î ú~ø î¾ûVû ð!ñ¬ÿ ø!ù �# !ñ8ÿ#û�� ø �. !ï ú~ø �Úî¾ûVûVð>ñ ú~ø î¾û ú �òÿ��©ñ ù=vNú ï ù ï ñ�� ú ó ø î-�©î ú#ø ô,d�ñ­xó*ÿaï ù î ø ó/�' !ñ�ïVñ�� ú~ý �!î ø ÿQ�©î ú#ø îòû ûVð!ñ�;lûVð��)x��Xÿ ø!ùev ñ�î¾óB C�©û¬ÿaïVñ ù ñGïVî-	~ñ ù ð!û î ø ó/�# !ñ�� �?�
�GïVî��Vñ�ï î ú~ø�v î��# ����¾ñ�ÿ#ï���� ù ñ�R ø ñ ùUvNú ï ù � ú~ý �_ñ��©î-� ú ï û�ô~d
ñ�ó~ÿ#ï ù î ø ó5�' !ñ
ÿaû�� ø �. !ï ú~ø ��îòû ûVð!ñ�;


 {



û î ø �Gñ,�' !ñ vNú ï ù � ú ð ø!ù ÿ#ï îòñ�ûNÿ#ï ñG���òñ�ÿaï'��� ù ñ�R ø ñ ù ; ûVð��)x��Xÿ ø!ù ÿ#û�� ø �. !ï ú~ø �@��ÿ ø �Añ�ñ�ÿ#ûVî����ÿ��. >îòñ�	#ñ ù �z�ÚûVð��!û ñ�²¨ð!ñ ø �éûVð��)x��Xÿ ø!ùÆù ñ�� úPù î ø ó>ô¾ö ú�v ñ�	~ñGï�;��!ï ú �6�òñ ý û v î$���<ÿ#ï îòû ñ v  !ñ ø
v ñMñ�ùF�©ñ ø!ùdú ð!ï ý ð����Vî-x��!ÿ ø!ù
! ï©ÿ ý ñ vNú ï'u
� ú � ú~ø �©î ø ð ú ð!û<û��_ñGñ��. �ïVñ�� ú ó ø î-�©î ú~ø � ��� d,þ ù ð!ñ
� ú �' !ñ !Iú �$� ú�v î ø óéï ñ�ÿ#û ú~ø ûG�

ü#ô,: ø ��� d
;a�' !ñ�ïVñ�� ú ó ø î-�©î ú~ø5ú ð6�#�>ð6�©û�ÿ#ïVñdð!û ðXÿ�������û ñ ø �©ñ ø ��ñGû�ô=�� !ñ�ï ñ !Iú ï ñ�; ù ð!ïVî ø ó
�' !ñ�� �?� �©ï©ÿaî ø î ø ó ú~ø û ð��)x��Xÿ ø!ù=v ñGîòóB C�©û�; v ñ ý ÿD�&ïVñ�²¨ð!îòï ñ�û ñ ø �©ñ ø ��ñ¤� ú~ý �_ñ��©î-x
� ú ïVûGô�ö ú�v � ú�ú �6�hÿ#î ø �# !ñõÿ��6�!ï ú �>ïVî ÿQ�©ñFûVñ ø �©ñ ø ��ñ�� ú~ý �_ñ��©î�� ú ïVû·î ø ��� dG³


Pô,: ø ��� d7; v·ú ï ù � ú ð ø!ù ÿ#ïVî¾ñ�ûéÿaïVñ ø>ú � v ñ���� ù ñ�R ø ñ ù ô>�� !ñ�ï ñ !Iú ï ñ�;�î-� ý ÿD� ø>ú �¤�Añ
�VïVî-	 îòÿ��+� ú ÿ���� ú�v ÿ#û�� ø �. !ï ú~ø �#ôZö ú�v � ú ÿ ù!ù ïVñGûVû��# >ñFûVð��)x��Xÿ ø!ù ÿ#û�� ø �. !ï ú#ø �tî¾ûVû ð!ñî ø ��� dP³pÄñ v î��$�H�>ïVñ�û ñ ø � ú ð!ï�ÿ����!ï ú ÿ��. !ñGû ú�! ÿ ù>ù ïVñGûVûVî ø ó��' !ñ�û ñ5�>ï ú ���¾ñ ý ûMî ø �# >ñ ø ñ�ùF�%� v·ú

�. Xÿ��6�©ñGïVû�ô


ao
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Ð�Ñ�Ò ÓaÔTÕ~Ök×�ØbÙbÚ%Õ~Û�×�Ô

�� !ñ ó ú ÿ�� ú�! �' !îòû?�. !ÿ��6�©ñGïMîòû?� ú î ø 	~ñGû��©î¾ó*ÿ��VñP�# !ñ û ð��)x��!ÿ ø!ù ÿ#û�� ø �. >ï ú~ø �tîòû ûVð!ñaô þ îòï û��#�-�B;
v ñ v î$�$� ý ñ ø �©î ú~ø ��ð!ï ïVñ ø ��ÿ��6�!ï ú ÿ��. !ñ�û
î ø �' !ñFûVñ����Vî ú~øtú�! ïVñ�� ÿ��Vñ ùUvNú ï'u¨û�ôL�� !ñ ø ;Xî ø �' !ñ
�!ï ñ��¾î ý î ø ÿ#ï���ñ­Ü6�Añ�ï î ý ñ ø �©û�; v ñ¬ÿ#ïVó#ð!ñ ù �' Xÿ��fÿ��$� ú�v î ø óèÿ#û�� ø �. >ï ú~ø ��ÿ ýèú~ø óRûVð6�)x��Xÿ ø!ù ûû� ú ð�� ù î ý �!ï ú 	#ñ=�' !ñÐû��Pû��©ñ ý �Añ�ï !Iú ï ý ÿ ø �Gñ/� ú~ý �Xÿ#ïVñ ùOv î-�# O�' !ñÐû�� ø �. !ï ú#ø!ú ð!ûU��ÿ#ûVñaô
« ïVñ��òî ý î ø ÿ#ï��èïVñGûVð��-�©û
ûVð>ó~ó~ñ�û��©ñ ù �# !ÿ���ÿ��$� ú v î ø ó¬ÿ ý ÿ Ü>î ý ð ý ÿ#û�� ø �. !ï ú~ø � ú�!<ú~ø ñõû��hÿ��Vñî ø ÿ ý ð����Vî-x��Xÿ ø!ù û��Pû��©ñ ý î ý �!ï ú 	#ñ�ûFï ñ�� ú ó ø î��Vî ú~ø �_ñGï !Iú ï ý ÿ ø ��ñ ú~ø � ú �# w���òñ�ÿ ø û'�Añ�ñ��. ÿ ø>ù ÿ ù>ù î��Vî�	~ñ v  >î��©ñ ø>ú îòû ñ�ÿQ� ü�M ù ��ô
Ð�Ñ­Ý Þàß&á�â5Õ¥ß&Ø ã ×�Ö2äTå

d
ñ�û ñ�ÿ#ï��. !ñ�ï û� !ÿ�	#ñT C�)� ú �' !ñ�û î$æ�ñ ù �# Xÿ��éûVð��)x��Xÿ ø!ù �Vï©ÿ ø ûVî��Vî ú~ø û ú ����ð>ïéÿ#û�� ø �. !ï ú~ø>ú ð!û'�-�ÿ ø>ù �# !ñGïVñ !Iú ïVñ
î-� ý ÿD���_ñFÿ ù 	aÿ ø �hÿ#ó~ñ ú ð!ûE� ú �Añ�ï !Iú ï ý ÿ#û�� ø �. >ï ú~ø!ú ð!ûMïVñ�� ú~ý �>î ø ÿ��Vî ú~øèú�!û ð��)x��!ÿ ø!ù ûGôi�,îòïVó� Xÿ !Iú ï îPç�è&é�ê-ë=�Añ�ï !Iú ï ý ñ ù û ú#ý ñèÿ ø ÿ��-�PûVîòû7�Xÿ#û ñ ùJú#ø �©ïVÿ ø û î��©î ú~ø � ÿ#ó#ûÿ ý�ú~ø ó5û ð��)x��!ÿ ø!ù û�ïVñ�� ÿ��Vî�	~ñU� úb! ð��$��x��Xÿ ø>ù ôe�� !ñGîòïdïVñGûVð��-�©û�ûVð!ó~ó#ñ�û��Vñ ù �# Xÿ��dû ð��)x��Xÿ ø!ù
�Vï©ÿ ø û î��Vû
ÿ#û�� ø �. !ï ú~ø!ú ð>û'���H� ü | �zô

� ú î ø � ú ï'� ú ï©ÿ��Vñéÿ#û�� ø �. !ï ú#ø ��;��uîòï óB Xÿ !Iú ï î%ç�è,é�ê-ë�ÿ������¾îòñ ù �# !ñfìP�>�í� ú~ý � ú ûVî��Vî ú~øý ñ��' ú ù î ø=v  !î$�. Úû ð��)x��Xÿ ø!ù ìP�>�uûFÿaïVñ�� ú~ý �!î ø ñ ù � ú@!Iú ï ý � ú#ý � ú ûVî-�©ñ7ì��i�uûd� ü | �zô

��



1 ý ÿQÜ î ý ð ý ÿaû�� ø �. !ï ú~ø �/�¾î ý î��L� ú#ø û��Vï©ÿ#î ø � v ÿ#û
î ý � ú ûVñ ù � ú î ø 	#ñ�û��Vîòó*ÿQ�©ñ
î-�©ûMñGw_ñ���� ú~øï ñ�� ú ó ø î��Vî ú~ø �_ñGï !Iú ï ý ÿ ø ��ñÓÿ ø!ù � ú ÿ����òñ�	 îòÿ��©ñL�# !ñ·û��hÿQ�©ñ�x�ñ�Ü)��� ú ûVî ú~ø îòû ûVð!ñaô~1 ø ÿ��-�©ñGï ø ÿ��Vî�	#ñý ñ��' ú ù ð!ûVî ø ó�� vNú x��¾ñ�	~ñ�� ù � ø ÿ ý î��P�!ï ú ó~ï©ÿ ýèý î ø ó v ÿ#û
ÿ��¾û ú ñ­Ü)��� ú ï ñ ù ô2ì ú�v ñ�	~ñ�ï�;^� ú �# ý ñ��' ú ù ûNû� ú�v ñ ù �Añ�ï !Iú ï ý ÿ ø �Gñ ù ñ�ó~ïVÿ ù ÿ��Vî ú~ø�ú~ø � ú �' @���¾ñ�ÿ ø ÿ ø!ù ï ñ�	#ñ�ï'�Añ�ïVÿ ø �Mû'�Añ�ñ��. �ô
� ñ�ï îòûVÿ#ï©ÿTç�èké�ê-ëk�!ï ú � ú û ñ ù ÿ ø ñ�î��Gîòñ ø �·ÿ ù ÿ��6�hÿ��Vî ú~ø�ú�! �# !ñ%� v·ú x��òñ�	~ñ��0ï « ÿ��òó ú ïVî��' ýÿ ø>ù �# >ñ@�òñ�	~ñ��-x��>ð!î$� ù î ø ótÿ��òó ú ï î��' ý � ú î ø � ú ï�� ú ïVÿ��©ñ�ÿ#û�� ø �. !ï ú#ø �Äî ø �# !ñGîòï ý ð��-�©î�x��Xÿ ø>ùû�� û��©ñ ý �ð
�M¥�zô¥1P�-�# ú ð!óB ��' !ñ�� ù î ùéø>ú �~� ú~ý �!ÿ#ïVñL�# !ñMÿaû�� ø �. !ï ú~ø!ú ð!û ý ð6���©î�x��Xÿ ø!ù û��Pû��©ñ ý

v î-�# e�# >ñ&û�� ø �. !ï ú~ø!ú ð!û�û��Pû��©ñ ý ù îòï ñ����'����;2�' !ñ��Hû' ú�v ñ ù �# XÿQ��
B�~ã5x�ñBñ*ã ú�! û ð��)x��Xÿ ø!ù
! ïVÿ ý ñGû v ñGïVñ�ÿ#û�� ø �. >ï ú~ø!ú ð!û
ÿ���� ú ï ù î ø óf� ú �# !ñ ûVð6�)x��Xÿ ø!ù ÿ��òîòó ø!ý ñ ø �©û�ô

�Ðÿ��VûVð ù ÿjç�è%é�ê-ë��!ï ú � ú û ñ ù ÿ ø ÿaû�� ø �. !ï ú~ø!ú ð!û�x��Vï©ÿ ø û î��Vî ú~ø ìP�>� � 1k�Ex�ì��>�iò8�ó
 ü��zô
�� !ñ ýèú �Vî�	aÿ��Vî ú~ø îòû��# Xÿ����# !ñ/�©ï©ÿ�ô ñ���� ú ïVî¾ñ�û ú�! �# !ñÚî ø!ù î-	 î ù ðXÿ�� ! ñ�ÿ��©ð!ï ñ�û ý ÿD� ø>ú �U�Añû�� ø �. !ï ú~ø>ú ð!û�ô/ï
î¾w_ñ�ï ñ ø � ! ï ú~ý �' !ñ�� ú~ø 	~ñ ø �©î ú#ø ÿ��lì��>� �Vï©ÿ#î ø î ø ó�;Wÿuû'��ÿ�� ÿaï5ìP�>� î¾û
�Vï©ÿ#î ø ñ ùy!Iú ïdñ�ÿ��. ! ñ�ÿ��Vð!ïVñ ù î ý ñ ø ûVî ú~ø ôJ�� !ñ ø ;l�# !ñ,û��©ÿ��©ñGûèî ø �' !ñuû���ÿ��òÿ#ïfì��i�uû�ÿ#ï ñ
�!î ø!ø ñ ù î ø � ú ÿ ø � x'û��hÿ��Vñ7ì��>�õ�Xÿ#û ñ ùÐú#ø �

ç �óö�¡ ß ¡ y æ*ÝAÞaß ¡�÷�åEÉ_�<ø ü
ö�¡ ß ¡ y ¡ Þ#ß É�öD÷�¡�÷�åEÉ º Þ åQù ß ù.÷ � ÷�¡ à ² ��ú ô¾ü�ò

�� !ñ,ïVñGûVð��-�©î ø ój1k�Ex�ì��>�,û�ÿ#ï ñ,ï ñ�xA�©ï©ÿaî ø ñ ù ô¬�� !î¾û ý ñ��# úPù ý ÿD��ÿ��¾û ú �_ñuÿ������¾îòñ ù î øû ð��)x��!ÿ ø!ù ÿ#û�� ø �. !ï ú~ø �,îòûVû ð!ñ#ô
d
ñ���ñ ø �#����; � ú �.u}ç�è?é�ê-ë·ÿ ø!ù�û�ú ð ø óbç�è?é�ê-ël !ÿ#û%�!ï ú � ú û ñ ù ÿ ý ñ��' ú ù ��ÿ��$�òñ ù � úPú ûVñ����

� ú ð����¾ñ ù ìP�>�uû8�ð
�
¥��� ú ��ÿ��)�©ð!ï ñ7�' !ñ8ÿaû�� ø �. !ï ú~ø � ú�!qù î¾w_ñ�ï ñ ø � ù ÿ��hÿdû��VïVñ�ÿ ý ûGôE:���ó~ñ ø xñGï©ÿ��¾î$æ�ñGûFû��©ÿ ø!ù ÿ#ï ù ì��>�uû�ÿ ø!ù �' !ñf� ú~ý � ú ûVî��Vñgì��i�uû8ÿ ø!ù ��ÿ øÆù ñ�ï î�	#ñ ú �# !ñGï
ì��>�
���F�Añ�ûg�Xÿ#û ñ ù�ú~ø �' !ñ ù ñ�R ø î��Vî ú~øJú�! � ú ð��6�òî ø ó ý ÿQ�©ïVî���ñGû !Iú ï��' !ñ@�Vï©ÿ ø û î��Vî ú~ø �!ï ú �!ÿ��!î$�¾î-x
�Vîòñ�û�ÿ ø>ù �' !ñ ú �!ûVñGï�	aÿ��Vî ú~ø �!ï ú �Xÿ��!î��òî��VîòñGû�ô ± ø ñ ý ÿ ô ú ïg�!ï ú ���òñ ý ñ ø � ú ð ø �Vñ�ïVñ ù îòûg�' !ññ­Ü6�6� ú û î ú~øtú�! �Xÿ#ïVÿ ý ñ��©ñGïVû
î ! �# >ñ5ìP�>�uû�ÿ#ïVñ
 !î¾óB ��-�@� ú ð����¾ñ ù ô


 �



Ð�Ñ.Ð ü�Ö2ß�áDÛDý ÛDÔ>â�Ökþ ÿ����}ß�ÖLÛ�ý ß&ÔUÕkå

�MÒ��MÒ�� � ]�Ö�¨
	��qÖ�¨�]Eª�
¢Ô���]N×&o�`������Gª�_���[^]Eª����8Õ��
Õ�o Ø��Â×&oL]L[���� �"!
1G���# ú ð!óB �# >ñ ú ï ñ��©î���ÿ�������;Nÿ ø ÿ#û�� ø �. !ï ú#ø!ú ð!û ý ð����Vî-x��!ÿ ø!ù û�� û��©ñ ý û� ú ð�� ù �Añ�ï !Iú ï ý ÿ��
�¾ñ�ÿ#û��8ÿaû v ñ����lÿ#ûõÿ,û�� ø �. !ï ú#ø!ú ð!û�û��Pû��Vñ ý ;qûVî ø ��ñdî ! û�� ø �. !ï ú~ø �ÄîòûFï ñ�ÿ������>�>ïVñ ! ñGïVï ñ ù ;2ÿ øÿ#û�� ø �. !ï ú#ø!ú ð!ûõû��Pû��Vñ ý ý ÿD�ÚûVî ý �6��� ! ÿ��$���Xÿ��.ui� ú �# !ñ¬û�� ø �. !ï ú~ø>ú ð!û ý�úPù ñ#ô�ì ú�v ñ�	~ñGï�;
�' !ñ ú ��� ú û î��©ñ8îòûfñ ý �>îòïVî���ÿ������ !Iú ð ø!ù î ø �ð
 ú �¼ô
: ø �# >îòûP�. !ÿ��6�©ñGï�; v ñ¬û��Vð ù �i�' !ñ¬ñGw_ñ���� ú�!
�Vï©ÿ ø û î��Vî ú~ø �!ï ú �!ÿ��!î$�¾î��Vîòñ�û ú~ø �' !ñdÿ#û�� ø �. !ï ú~ø>ú ð!û ïVñ�� ú~ý �>î ø ÿ��Vî ú~øuú�! ûVð6�)x��Xÿ ø!ù ì��>�uûGôpÄñbRXïVû�� ø!ú �©î$�Gñb�# Xÿ���;fî ø �!ïVÿ����Vî$�Gñ�;P�Vï©ÿ ø û î��Vî ú~ø �!ï ú �Xÿ��>î$�òî-�©î¾ñ�û ú�!�! ð����-x��!ÿ ø!ù û��Pû��©ñ ý ûÿ#ï ñ ú �6�hÿ#î ø ñ ù ñ�î-�# !ñGï ! ï ú~ý # é%$�&('*)iç�ê$I,+yè.-'é%/ K / K10 �ð
Qñ#� ú ï��z��û î ý �����HûVñ��'�©î ø ów�# !ñ ý
$ K / 243*-5&gê76P� ú �# >ñõï ñ��Gî$�!ï ú ��ÿ�� ú�! �# !ñ ø ð ý �Añ�ï ú�!2ú ð6�Vó ú î ø ódÿ#ï'�Gû ú�! ÿ¬û��hÿ��Vñ#ô2�� !ñ
� ÿ����©ñGï
��ÿ#ûVñ�îòû
� ú#ýèý�ú~ø �-�Úð!û ñ ù î ø  C�F�!ï î ù 1 �P�P� ì��i� û��Pû��Vñ ý û�ôU�� >ñ ý ÿ#î ø ô ð!û��©î-R^��ÿ��Vî ú~ø ûÿ#ï ñ#�

ü#ô%�' !ñ8ñ­Ü)� ú~ø ñ ø �©îòÿ�� ù ð!ï©ÿQ�©î ú#øÐý�ú ù ñ��Sî ý ���òî���î-�#����î ý ���¾îòñ ù�!Iú ï�ÿ ø ì��>� îòû ø!ú �P� ú ï�xï ñ����48

Pô�ñ ý �>îòïVî���ÿ�������; ý ÿ ø �T�Añ ú �6�òñ ù î ù,ø>ú ��R ø!ù �# !ñ ý  !ñ���� ! ð��Sÿ ø � v ÿD�98_ÿ ø!ù
ú ô%�' !ñ ù � ø ÿ ý î��
ï©ÿ ø ó#ñ ú�! �©ï©ÿ ø ûVî-�©î ú#ø �!ï ú �Xÿ��>î$�òî-�©î¾ñ�û�ÿ#ï ñ ý ð��. �û ý ÿ����òñ�ï~�' Xÿ ø �' Xÿ�� ú�!ú �!ûVñGï�	aÿ��©î ú~ø �!ï ú �Xÿ��!î��òî��VîòñGû�ô
�� ¨ð!û�;Mî ø ú ð!ïèû��©ð ù �B; v ñ v î��$�Óî ø 	#ñ�û��©îòó~ÿ��©ñ=� ú �# v ÿD�Pû ú�! ûVñ��'�©î ø ój�' !ñ��©ï©ÿ ø ûVî-�©î ú#ø

�!ï ú �Xÿ��>î$�òî-�©î¾ñ�û�ô�� ú ÿD	 ú î ù ñ­Ü)��� ú û î ú~øÆú�! �# !ñdû��hÿ��Vñèû��Xÿ���ñ�î ø ìP�>� � ú~ý � ú û î��©î ú~ø ; ú#ø ���
� vNú x��!ÿ ø!ù û��Pû��©ñ ý û v ñGïVñéû��©ð ù îòñ ù ô·pHñ�ÿ��¾û úf!Iú �$� ú v ñ ù �# >ñ5�!ï ú �Gñ ù ð>ïVñ8î ø �ó
 ú �qÿ ø!ù 	aÿ#ï�xî¾ñ ù �' !ñ ý ÿQÜ î ý ð ý ù ñ�ó~ï ñ�ñ ú�! ÿ#û�� ø �. !ï ú#ø � � î ø �©ñGï ý û ú�!
ø ð ý �Añ�ï ú�! û��hÿQ�©ñ�û#ò�î ø ñ�ÿ��. ñ­Ü6�Añ�ï î ý ñ ø �,� ú î ø 	~ñGû��©î¾ó*ÿ��Vñ;:� ú�v=< ÿ#û�� ø �. !ï ú~ø>ú ð!ûG�' !ñ ý ð����Vî-x��Xÿ ø!ù û�� û��©ñ ý û� ú ð�� ù �Añð ø>ù ñ�ï��# >îòû ! ï©ÿ ý ñ vNú ï�uAô
�MÒ��MÒ�Ñ � Õ�Ö>��]%`?
A@�� � °}]CB Ø�]D��¨�Ö^¨�]lªFEco
Gl]L[+¨'Ö>�HB
ìP�>� � ú~ý � ú û î��Vî ú~ø ÿ��òó ú ïVî��' ý îòûSû î ý î$�òÿ#ï^� ú « ÿ#ïVÿ��$�¾ñ���� úPù ñ�� � ú#ý �!î ø ÿ��©î ú~ø � « � � òl�ó
 { �zô
« � � îòû ú ïVî¾ó~î ø ÿ��$���&ÿ������¾îòñ ù � ú&ø!ú îòûVñ5� ú~ý �Añ ø ûVÿ��©î ú~øiv  !ñGïVñdÿU���¾ñ�ÿ ø û��_ñGñ��. ý�ú ù ñ��qî¾û


 |



� ú~ý �!î ø ñ ù�v î��' Úÿ ø!ú îòû ñ ý�úPù ñ��H� ú û î ý ð��òÿ��©ñ ÿI: ø!ú î¾û�� < û'�Añ�ñ��. ýèúPù ñ��zô��uî¾ïVóB !ÿ !Iú ïVîLç�è
é�ê-ë
ÿ������¾îòñ ù �' !ñéÿ��òó ú ï î��' ý � úRý ð6���©î�x��Xÿ ø!ù 1 � d �ó
 ú �Wî ø�v  !î��. ÐûVð6�)x��Xÿ ø!ù ì��i�uû
ÿ#ï ñï ñ�� ú#ý �!î ø ñ ù î ø ÿèû î ý î$�òÿ#ï ý ÿ ø!ø ñ�ï%� ú�!Iú ï ý ÿ�� ú~ý � ú ûVî��Vñ�ìP�>� û ú ÿ#ûG� ú ÿ���� ú�v ÿ#û�� ø x
�. !ï ú~ø!ú ð>û�û��hÿQ�©ñ?�©ïVÿ ø û î��©î ú~ø û ú�! �# !ñE	aÿ#ï î ú ð>û<ûVð��Fx��Xÿ ø>ù û�ô þ ú ï"�# !ñMûVÿ�u#ñ ú�! � ú~ý ���òñ��©ñ ø ñ�ûVû�;
v ñ5�>ïVîòñÂ«�� ù ñ�û'�GïVî��_ñ
�# !ñõÿ��¾ó ú ï î��# ý �Añ�� ú�v ô

   1    2    3

   1    2    3

  1,1   1,2   1,3

  2,2   2,3

  3,3  3,2  3,1

  2,1

HMM Composition

JLKNMPO>QSRUT�VNWPXCY�Z[ZF\^]P_a`9]%bcKNdcKe]Pfg]ihjdlkC]mT*nlb�d,oidcRqpNRrhsd�n�dt]*nlQcKNMPuvdwbcOyx�nlxzoif>{|Y�Z;Z�b}k=KNdcu
o(_~o*��Ke_�O>_�o%bS�1f>\,uyQc]Pfv��peKN_~K�d�]%h�dlk�]~b�d,oidcR^b^V

��]�KepNpeO>b�dtQto*dtRmdtuyR;Ke{yR4oy�wY}Z[Z \r]P_~`�]PbSKNdtKN]Pf�Keb~o%`>`>pNKeRr{"dc]�o�dlk�]in�xzo%f>{�b��1bSdtRr_
\r]Pf>bcKNbSdcKef>M|]%h=dlk�]�T*nlb�d,oidcRmpeR�hsdSn�dc]inlQSKeMPuvdUbcO>x1nlxzo%fy{�Y}Z[Z�bao%b�bSu>]�k=f�KNf�JLKeM%O>QcR�TyVNW%�
o%pNpe]�k=KefyMUo�_~o*��Ke_�O>_�o%bS�1f>\,u>QS]Pfv�m]%h9dlkC]�bSd,o*dtR^brV��lf~dtuyKebD\4o%bSR%��dcu>R�\^]P_a`9]%bcKNdcR�Y�Z[Z
\^o%f�u>o��%R;Ti��������\^]P_a`9]%bcKNdcRgbSdtoidtRrbc�>���.�c�� �¡5��WI¢£�S�l ¤¢¥Ty��k=u>RrQcR¦bSd,o*dtR¦�H]%h}dcu>R
§ QSbSd�bcOyx�nlxzoif>{[Y}Z[ZFQSR^\^]%_�x>KefyR^bwk=KNdcu¦b�d,oidcR} ~]%h¨dcu>R�bcRr\^]Pf>{;bcO>x�n�xzo%f>{�Y�Z;Z�V�J©]%Q
KNf>bSdto%f>\^Ri�yo*dDdcu>R�\^]P_a`9]%bcKNdcR=bSd,o*dtR��ªTy�4W�¡��PdtuyR�dtuyKeQc{«b�d,oidcR}]%h9dtu>R § Qcb�dCbSO>x�n�xzo%f>{�Y�Z[Z
QSR^\^]%_�x>KefyR^b�k=KNdcu[dtu>R § QcbSd�b�d,oidcR(]%h�dtu>R(bSR^\r]Pf>{�bcO>x�n�xzo%f>{�Y�Z;Z�V¬�lf|dtu>R(\r]P_a`9]PbSKNdcR
Y}Z[Z���dtu>RrQcR|o%QSR¦dlk�]�­®Kefy{>b�]%h�\^]P_a`9]%bcKNdcR�b�d,oidcR^brX|bS�1f>\,u>QS]Pf>]PO>bg]%Q�o%b��1f>\,u>Qc]%f>]PO>b
b�d,oidcR^b^V¯��hUo%pNp}Y}Z[Z�b�o%QSR[bSdcQcKe\�dtp���pNRrhsd�n�dt]*nlQcKNMPuvd«k=KNdtu�dcu>R[bco%_~R;f1Oy_�x9RrQm]%h�b�d,oidcR^b
k=u>KN\,u�o%QcR}f1Oy_�x9RrQcRr{¦bSO>\^\rR^bSbcKN�%R^p��mh°Qc]P_±peR�hsdCdc](QcKeM%u®d^�1dcu>R^f¦o�b��1f>\,u>Qc]%f>]PO>b=bSdtoidtRHu>o%b
dcu>Rah°]%Qc_ �°�c�t��¡�oif>{IoifIo%b��1f>\,u>Qc]%f>]PO>b�b�d,oidcR«Keb�QcRr`>QcRrbcR^fvdcR^{²xv���.�S�l 1¡��t�«³�´ ©V�µ�]%dcKe\rR
dcuzoid�bcO>x1nlxzo%fy{>bjo%QSRCoiOydt]P_~oidcKe\4oipepN��b���fy\,u>Qc]PfyKe¶^Rr{«oid·dtu>RDx�R^MPKNf>f>KefyM�oif>{�Rrf>{>KefyM�b�d,oidcR^b

T%¸
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ÅvÀÇÆ��vÈeÉyÀ�ÅaÊð�ÄÃ
� ��� ¹�º)��¿������ ¹»ËLÈÌ¿®À �.� �#� ÉyÀ �ü M ú {

 M ú {
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ú M ú {
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 {
ñ M ú {
ñ ü ú ü 
 ü~ü
ñ 
 � ü Í 
 {

�2ÿ����¾ñ ú ô¾üPÎ&� ú �©ÿ�� ø ð ý �Añ�ï ú�! û��hÿ��Vñ�ûUÏ ÿ ø!ù �©ï©ÿ ø ûVî-�©î ú#ø ûqÐ !Iú ï
	aÿ#ï î ú ð>û ø ð ý �_ñGïVû ú�!û ð��)x��!ÿ ø!ù û�ÿ ø!ùtý ÿQÜ î ý ð ý ÿ#û�� ø �. >ï ú~ø �=�òî ý î-�©û�Ñ
ô
�!ð)�Óÿ#û�� ø �. !ï ú#ø!ú ð!û?�!ÿ��# !û�î ø ûVî ù ñ%�' !ñP� ú~ý � ú û î��Vñ ýèúPù ñ��-ÿaïVñ�ÿ��$� ú v ñ ù�ù ð!ï î ø ó ù ñ�� úPù î ø ó>ô

: ø ó~ñ ø ñGï©ÿ�� ; !Iú ï
ÿaÒ/x��Xÿ ø!ù û��Pû��Vñ ý ; v ñ ù ñ ø!ú �©ñ&�# !ñ
� ú óg�òî�u#ñ��¾î$ úPúPù�ú�! ÿf� ú~ý � ú û î��Vñû��hÿ��Vñ � ÷�Ó°¯�²�²�²�¯'÷ Å ò�ÿ#û·ÑCÔÖÕ Ë
×ÙØÙØÙØ × ÕÛÚÝÜ>ÿ ø!ù �# >ñL� ú ó��òî�u#ñ��òî$ ú úPùfú�! û��©ÿ��©ñ2÷ªÞ�î ø ûVð6�)x��Xÿ ø!ù�ß ÿ#û·Ñ ÕÛà ô: ø �' !îòûP�' !ñ�û îòû�;h�# !ñ�� ú ó��òî$uañ��¾î$ úPú ù,ú�! ñ�ÿ��. w� ú~ý � ú ûVî��Vñ8û��hÿ��VñéîòûfÿU�òî ø ñ�ÿ#ï,� ú~ý �!î ø ÿQ�©î ú#øú�! �# >ñ7� ú óg�òî�u#ñ��òî$ ú úPù û ú�! �' !ñ
� ú ï ïVñ�û�� ú#ø!ù î ø óèû ð��)x��!ÿ ø!ù û��hÿQ�©ñ�ûrÎ
Ñ ÔáÕ Ë�×ÙØÙØÙØ × ÕÛÚÝÜ ø Å¸Þ ¹ Ó � Þ4Ñ Õ àé¯ ��ú ô�
�ò

v  !ñGïVñ � Þ ù ñ ø!ú �©ñ�û%�# >ñ v ñ�î¾óB C�©î ø ó ú�! û ð��)x��Xÿ ø!ù;ß û©ÿ��Vîòû ! �Pî ø óg�# !ñ
� ú#ø û��Vï©ÿ#î ø �
Å¸Þ ¹ Ó � Þ,ø ü�² ��ú ô ú ò

�� !ñ%�©ïVÿ ø ûVî-�©î ú~ø �!ï ú �Xÿ��!î��òî-�©îòñGû ú�! ÿ&� ú~ý � ú ûVî-�©ñ�ìP�>� ��ÿ ø �_ñ%� ú#ý �!ð)�©ñ ù ÿ#û !Iú ��� ú�v û^Îßyâäã Ëlå æ æ æ å ã Ú¬ç å â è Ëlå æ æ æ å è ÚÝç ø é ÅÞ ¹ Ó ß ã à å è à½�êlë^ì ß âäã Ëlå æ æ æ å ã Ú ç å í ��ú ôðñCò
v  !ñGïVñ ß ã à å è à î¾ûP�# !ñ¤�Vï©ÿ ø ûVî��Vî ú~ø �!ï ú �!ÿ��!î$�¾î���� ! ï ú~ý û��hÿ��Vñg÷îÞ�� ú û��hÿQ�©ñ�ï4Þ¬î ø û ð��)x��Xÿ ø!ù�ßÿ ø>ù¦ð î¾û?�# !ñ ûVñ�� ú�! û��hÿ��Vñ�û%�# XÿQ� � ÷�ÓÂ¯�²�²�²�¯'÷ Å òE�Vï©ÿ ø û î��Vû?� ú ô:��Fî¾û ú �C	Pî ú ð!ûG�# Xÿ��Fÿ#û��# !ñ ø ð ý �_ñGï ú�! ûVð6�)x��Xÿ ø!ù û ÿ ø!ù �' !ñ ù ñGó~ïVñGñ ú�! ÿ#û�� ø �. !ï ú~ø �î ø ��ï ñ�ÿ#û ñ�;)�' !ñ ø ð ý �_ñGï ú�! û��hÿ��Vñ�ûMÿ ø>ù �©ïVÿ ø ûVî-�©î ú~ø ÿaï'��û·î ø ÿ5� ú~ý � ú ûVî��Vñ,ì��>� î ø ��ï ñ�ÿ#û ñ�û

ú ü



ù ïVÿ#û��Vî$��ÿ��$�-�,ÿ#ûfû� ú�v
ø î ø �2ÿ����¾ñ ú ôxüB;§ï ñ�²¨ð!î¾ïVî ø ó ý�ú ïVñ5� ú~ý �!ð6�©ÿ��©î ú~øÐù ð>ïVî ø ó ù ñ�� úPù î ø ó>ô
� ú ÿ��$�òñ�	Pî ÿ��Vñ@�# !ñ=�!ï ú ���òñ ý ; ú~ø ñ ý ÿD�Cî ý � ú ûVñtÿ ý ÿQÜ î ý ð ý ÿaû�� ø �. !ï ú~ø �¬�¾î ý î���ô þ ú ïñ­Ü!ÿ ý ���¾ñ�; v î-�# ÆÿT�òî ý î���Ñ�;a� ú~ý � ú ûVî-�©ñéû��hÿ��Vñ�û � ÷
ÓÂ¯�²�²�²G¯#÷ Å òG�# Xÿ�� ûVÿ��©î¾û ! �/�# !ñ !Iú ��� ú�v î ø ó� ú~ø!ù î-�©î ú#ø ÿ#ïVñ
�!ï ð ø ñ ù Îý ÿQÜ ® ÷�Ó°¯�²�²�²�¯'÷ Å ³ ¶ ý î ø ® ÷
Ó°¯�²�²�²�¯#÷ Å ³ Ê Ñ ��ú ô { ò
�MÒ��MÒî� Ô�Õ�ÖX×FØÙ�ñ®òÇó�ô©ò*õIöz÷�øPñ[ù�ñvú�ò*ûªø
üÄñ ð!ûVñ ù �# >ñ vNú ï ù ÿ�����ð!ïVÿ����T� ú � ú~ý �Xÿ#ï ñ��# !ñ ! ð����-x��!ÿ ø!ù ÿ ø!ùtý ð6���©î�x��Xÿ ø!ù û��Pû��Vñ ý û�ô

�� !ñ�ÿ����Gð!ï©ÿ����tîòû ù ñ�R ø ñ ù ÿ#ûrÎÛ
ÜÂÜÂÝ-Þaß¨ÜÂà ø á ¶C´
Ï â ü�MBM*ã ��ú ô Í òä¢å Þ#æèç�Þ¥Þ å Þ�ýFß ¡�þ ø ü�MBM*ã ¶ Û
ÜÂÜÂÝ-Þaß¨ÜÂà ��ú ô���ò

v  !ñGïVñ
ì�îòûl�' !ñ ø ð ý �Añ�ï ú�!  !î��Vû�;):�îòûl�' !ñ ø ð ý �Añ�ï ú�! î ø û ñ�ï��©î ú#ø ûÓÿ ø>ù � îòûL�# !ñ ø ð ý �_ñGïú�!"vNú ï ù ûGô
ê òÇözû.÷�ûª÷·ÿ�ö>÷����fìyö�����öyú�û.ô�÷	�Uô©òEí
���
üÄñ
�. ú ûVñ7�# !ñ
� ú~ø!ø ñ����©ñ ù ��:�ï�:�
&:�� � � ú ï'�!ð>û�� ü ����� ú �Vï©ÿ#î ø ÿ ø!ù ñ�	aÿ��òð!ÿ��©ñ ú ð>ï�û��Pû��©ñ ý
!Iú ï?�' !ñ !Iú �$� ú�v î ø óéï ñ�ÿ#û ú~ø ûrÎ

ü#ô,:���î¾û
ÿdû��_ñ�ÿ�u#ñGï�î ø!ù ñ��_ñ ø!ù ñ ø � ù ÿ��©ÿ��Xÿ#û ñ#ô

Pô � ú �òÿ ø ó~ð!ÿ#ó~ñ ý�ú ù ñ���îòûFï ñ�²¨ð!î¾ïVñ ù ô��� !ñGïVñ !Iú ïVñ�;qÿ ø �w�Añ ø ñ�R�� ù ð!ñf� útý ð��-�©î�x��Xÿ ø>ù
�Vñ��. ø î$²¨ð!ñ�û v î$���)�AñMû' ú v
ø ���¾ñ�ÿ#ï����8ÿ ø!ùdø!ú �lû� Xÿ ù!ú�v ñ ù �C�¤�# !ñMñ��§ñ���� ú�! � ÿ ø ó~ðXÿ#ó#ñý�úPù ñ��¾û�ô

ú ô,:��lî¾û�ÿ
û ý ÿ����F	 ú ��ÿ��!ð��òÿ#ï��5�hÿ#û�uAô � î ø �GñMî��qîòû<û î ý ���òñ�; v ñ���ÿ ø � ú~ø ��ñ ø �Vï©ÿ��Vñ ý�ú ï ñ ú~ø
�' !ñ ý ð����Vî-x��!ÿ ø!ù îòûVû ð!ñ�ûGôk� ú ïVñ ú 	#ñ�ï�;B�' !ñÓñ­Ü6�6� ú û î ú~ø�ú�! û��©ÿ��©ñNû'�Xÿ���ñ v î��$� ø!ú �¥�_ñL� úPúû ñ�	#ñ�ïVñ v  >ñ øUv ñ
ñ�Ü)��� ú ïVñ ù î��_ñ�ï ñ ø �
ÿ#û�� ø �. !ï ú~ø �@�òñ�	#ñ��¾û�ôk�� !ñGïVñ !Iú ïVñ�;>ñ�Ü)�_ñGïVî ý ñ ø �Vû
��ÿ ø �_ñ&��ÿ#ïVï îòñ ù,ú ð6�
î ø ÿ ý�ú ï ñ ý ÿ ø ÿ#ó~ñ�ÿ����òñFÿ ýèú ð ø � ú�! �Vî ý ñ#ô
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� ú û©ÿD	#ñ¤�# !ñ¤� ú~ý �!ð6�hÿQ�©î ú#ø �©î ý ñ�î ø �' !îòûG�!ïVñ��òî ý î ø ÿ#ï���û��©ð ù �B; v ñ ú~ø �-�uð>ûVñ ù �' !ñý ÿ��¾ñ��©ïVÿ#î ø î ø ó�ÿ ø!ù �©ñ�û��©î ø ó5ûVñ��Vûf� ú~ø �hÿaî ø î ø óbñz
 ú { ÿ ø!ù ñ ú ü~ü ù î¾ó~î��8û��VïVî ø ó~ûéïVñ­xû��_ñ����Vî�	~ñ����#ô
� û.ÿ�÷·ö��·ÙqòÇô øPñ����4û.÷�ÿÄö ò*ô�÷9ú4ñ�÷��
üÄñ
 Xÿ ù �# !ñ !Iú ��� ú�v î ø ó ù îòó~î-�hÿ��AûVî¾ó ø ÿ��h�!ï ú ��ñGûVûVî ø ó�ûVñ����©î ø ó~û^Î÷ 1 ø ÿ��-� û îòû v î ø!ù!ú�v û î$æ�ñiÎl
�M ý û÷[þ ïVÿ ý ñfï©ÿ��Vñ%Î
ü�MBMBì,æ÷[þ ð����-x��Xÿ ø!ù ÿ�� ú ð!û��©î��
	#ñ���� ú ïrÎ�ü�
�� þ������Æ� ø ñ�ï ó�� � ï
ñ����©ÿ � 1P����ñ��¾ñ�ïVÿ��©î ú~ø÷�� ð��)x��!ÿ ø!ù ÿ�� ú ð!û��©î��
	#ñ���� ú ïrÎ Í � þ"������� ø ñ�ï ó�� � ï
ñ��-�hÿ � 1G����ñ��òñGï©ÿ��Vî ú~ø �_ñGïû ð��)x��Xÿ ø!ù

1fó~ÿ#î ø ;C�' !ñ ø ð ý �Añ�ï ú�! � þ���� û·î ø�ú ð!ï ý ð����Vî-x��!ÿ ø!ù û��Pû��©ñ ý ÿ ø!ù�! ð��$��x��Xÿ ø>ù û��Pû��©ñ ý
v ñ�ï ñ�û î ý î$� ÿaïL� ú�ý ÿ#î ø �©ÿ#î ø ÿ¬ï ñ�ÿ#û ú~ø ÿ����¾ñ&� ú~ý �Xÿ#ï îòû ú~ø �_ñ�� v ñGñ ø �' !ñ ý ôö òÇñ)(���ñ1÷�ø * Ù�ö>ò�úÇûsúÇû°ô�÷
1�ûMñ�Ü)��� ÿaî ø ñ ù î ø �!ï ñ�	Pî ú ð!û��. Xÿ��6�Vñ�ï û�; v ñõð>ûVñ��# >ñ&��ïVî-�©î���ÿ��<�Xÿ ø!ù û���ÿ��¾ñ�� ú �Xÿaï��©î-�©î ú~ø �' !ñ
! ï ñ�²¨ð!ñ ø ���5î ø � ú ûVð��)x��Xÿ ø!ù û�;�ñ�ÿ��. ú�!2v  !î��. j Xÿaû ÿ ø ñ�²¨ðXÿ�� ø ð ý �_ñGï ú�! �GïVî-�©î$��ÿ��"�Xÿ ø!ù ûGô
13� vNú x��Xÿ ø!ù û��Pû��©ñ ý îòûMî ø 	#ñ�û��©îòó~ÿ��©ñ ù ôü#ô þ ð����-x��Xÿ ø!ù ÎNü�MBM54@ñBñCMBM�ìGæ

Pô þ îòïVû��MûVð6�)x��Xÿ ø!ù Î�ü�MBM54Ðü�M � MBì,æ
ú ô � ñ�� ú#ø!ù û ð��)x��Xÿ ø!ù Î�ü�MBM�M74TñBñBMBMBìGæ

8�ù´ù 9mòiø���û°ú�ñ1ø%ú��·òÇñ
± ø ÿdû î ý ���òñfïVñ�� ú ó ø î-�©î ú~ø �hÿ#û�u<;Xî-�
îòûMï ñ�ÿ#û ú~ø ÿ����¾ñ&� ú � ú~ø û��©ïVÿ#î ø ÿ���� ! ð����-x��!ÿ ø!ù ÿ ø!ù ûVð6�)x
�Xÿ ø!ù ì��>�,ûE� ú �Añ
û��©ïVî����'���f�òñ ! ��xA� ú x�ïVîòó� z��; v  ú �¾ñ�x vNú ï ù�ýèúPù ñ��òûE !ÿ�	Pî ø óéûVî�Üèû��hÿQ�©ñ�ûÓÿ ø!ù
!Iú ð>ï�
õÿ#ð>ûVûVîòÿ øtý î�ÜF�©ð!ï ñ�û%�_ñGïMû��©ÿ��©ñaô
ê òÇözû.÷�ûª÷·ÿ �Uô�÷��¨ûsúÇû°ô9÷
1G�$� ! ð����-x��Xÿ ø!ù ÿ ø!ù û ð��)x��Xÿ ø!ù ì��>�,û v ñ�ï ñ7�Vï©ÿ#î ø ñ ùTv î��' eI�ê$ç'é K û��_ñGñ��. �ô

ú�ú



� ��!#"$!¨öz÷��WVmñ1øPô9õ%!¨ûª÷·öyúÇû°ô�÷
: ø �# >îòûfû ñ��Vð��H;��# !ñ v  ú �òñ­x ù î¾ó~î�� � vNú ï ù òG� ú#ý � ú ûVî-�©ñgìP�>�uû v ñ�ï ñ��GïVñ�ÿ��©ñ ù ô � ð��)x��!ÿ ø!ù
� ú ó�x��¾î$uañ��òî� úPú ù û v ñ�ï ñ�ï ñ�� ú#ý �!î ø ñ ù �òî ø ñ�ÿ#ï���� v î��' �ñ�²¨ðXÿ��XûVð6�)x��Xÿ ø!ù�v ñ�î¾óB C�©ûNÿ��k�# >ñ�û��hÿ��Vñ
�¾ñ�	~ñ��¼ô
�MÒ��MÒYX Z\[^],_SÕa` ×�[XÕü#ô,�Wï©ÿaî ø �# !ñ ! ð����-x��Xÿ ø!ù ÿ ø!ù û ð��)x��Xÿ ø!ù ïVñ�� ú ó ø î$æ�ñGïVû
ð!û î ø ó����¾ñ�ÿ ø û'�Añ�ñ��. �ô

Pô � ï ñ�ÿ��Vñ%� ú~ý � ú ûVî��Vñ�ì��i�uû v î��# �ÿ ý ÿQÜ î ý ð ý ÿ#û�� ø �. !ï ú~ø �f�¾î ý î�� � ÑLò�;FM'& Ñ(& {
� Ñíø M ÿ ø!ù Ñíø { ï ñ ! ñ�ï=� ú ÿ !Iú ï'�Gñ ù û�� ø �. !ï ú~ø>ú ð!û�û��Pû��©ñ ý ÿ ø!ù ÿ ! ð��$�-�zxÿaû�� ø �. !ï ú~ø!ú ð!ûtû�� û��©ñ ý ïVñGû'�Añ����Vî�	#ñ����6ò°ôÆ: ø ÿ����G��ÿ#ûVñGû�;G�' !ñÚû ð��)x��!ÿ ø!ù û��©ÿ��©ñ ú �Fxû ñ�ï�	#ÿQ�©î ú#ø � ù6! � û v ñGïVñ ø>ú � ý�úPù î�RXñ ùèù ð!ïVî ø ó7�' !ñ�ìP�>�à� ú~ý � ú û î��©î ú~ø ô"�� !ñ�ï ñ
ÿ#ï ñ
!Iú ð!ï�� ú ûVûVî����òñ&��ÿ#ûVñGû�î ø �# !î¾ûMû��©ñ��¬Î

÷J� Ü)�Añ�ï î ý ñ ø ��:,Î*)�3*&,+�$)è�ç5�©ï©ÿ ø ûVî-�©î ú#ø �!ï ú �!ÿ��!î$�¾î��Vîòñ�û ú�! � ú~ý � ú ûVî-�©ñTìP�>�uûð!ûVî ø ó��' !ñ�î¾ïMûVð��Fx��Xÿ ø>ù � ú ð ø �©ñGï'�Xÿ#ï��©û v  !î$�. v ñ�ïVñõûVñ��q$ K / 243*-5&gê76¥ô÷J� Ü)�Añ�ï î ý ñ ø �f:':,Î.-,ç�'�è.-�é%/ K �©ï©ÿ ø ûVî-�©î ú#ø �!ï ú �Xÿ��!î��òî-�©îòñGû ú�! � ú~ý � ú ûVî��VñUìP�>�uûû��hÿaï��©î ø ó ! ï ú~ý �# !ñ û ñ��'�Vî ø ó#û ú�! � Ü)�_ñGïVî ý ñ ø �,:hô÷J� Ü)�Añ�ï î ý ñ ø �%:':�:,Î/)�3*&,+�$Fè�çL�©ïVÿ ø û î��©î ú~ø �!ï ú �Xÿ��>î$�òî-�©î¾ñ�û ú�! � ú~ý � ú ûVî��Vñ�ìP�>�uûð!ûVî ø ó7�' !ñ�î¾ïlûVð��)x��Xÿ ø!ù � ú ð ø �Vñ�ï��Xÿ#ï��Vû v  !î��. v ñ�ï ñ,�Vï©ÿ#î ø ñ ù �C� # é%$�&('*)iç�ê$I,+
é�ê 0 3*-�/ ès+1&¬ô÷J� Ü)�Añ�ï î ý ñ ø �
:10�Î2-,ç�'�è.-�é%/ K �©ï©ÿ ø ûVî-�©î ú#ø �!ï ú �Xÿ��!î��òî-�©îòñGû ú�! � ú~ý � ú ûVî��Vñ¤ìP�>�uûû��hÿaï��©î ø ó ! ï ú~ý �# !ñ û ñ��'�Vî ø ó#û ú�! � Ü)�_ñGïVî ý ñ ø �,:�:':hô

ú ô � 	aÿ��¾ðXÿ��©ñ%�# >ñ ý ð��-�©î-x��Xÿ ø!ù û�� û��©ñ ý û v î-�# ��' !ñ !Iú ð!ïE��ÿ#ûVñGûMÿ�� ú 	#ñFÿ ø!ù ÿ��$�+� ú ûVû î$���¾ñÿaû�� ø �. !ï ú~ø �/�¾î ý î��Vû ú~ø ���¾ñ�ÿ ø û��_ñGñ��. �ÿ ø>ù�v  >î��©ñ ø!ú îòûVñ ÿQ� ü�M ù ��ô
�MÒ��MÒ�m n�Õ·�!×&o�Ö>�ö2���3�4"5!�öz÷���Vmñ������°ú��þ ð����-x��!ÿ ø!ù ìP�>�uû v ñ�ïVñ�R!ïVû����Vï©ÿ#î ø ñ ù ð>ûVî ø ó¤�# !ñ����òñ�ÿ ø �©ïVÿ#î ø î ø ó ù ÿ��hÿ>ôk:��Óó*ÿD	~ñõÿ v·ú ï ùñGïVï ú ï8ï©ÿQ�©ñ ú�! ú ô�M>ü?ã ú#ø �# !ñU���òñ�ÿ ø �©ñGû��¬û ñ��dÿ ø!ù ü { ô Í ã ú~ø �# >ñ ø!ú î¾û��w�©ñGû��¬û ñ�� v î��' 

ú ñ
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 ô | M � � ü ú ô��~ãfò 
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 ô � � � � ü 
Pô { ãfò 
Pô ú � � x�� ôóñz
~ãfò
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 ô | 
 � � üDñ>ô { ãfò 
Pô ú � � x�� ôóñz
~ãfò

{ � þ ð�������1fû�� ø ��ò 
 ô |C{ � � ü { ô��~ãfò 
Pô ú � � x�� ôóñz
~ãfò
�2ÿ����¾ñ ú ô�
�Î � Ü)�Añ�ïVî ý ñ ø �
:,ÎSã ü ú ï ù ñ�ï ï ú ïFïVÿ��©ñGû ú~ø ���¾ñ�ÿ ø û��_ñGñ��. �ô5�� !ñg�Añ�ï'�Gñ ø �hÿaó~ñ�ûî ø �>ï©ÿ��.uañ��fÿ#ïVñ ñ�ï ï ú ïMï ñ ù ð6���©î ú~ø û
ïVñ�� ÿ��Vî�	#ñ�� úg!Iú ï'�Gñ ù û�� ø �. !ï ú~ø � � Ñ ø MBòÂô

þ ï ú~ý �# !ñ ï ñ�ûVð6���©û��©ÿ��!ð��òÿ��©ñ ù î ø �qÿ��6�òñ ú ô�
�ÿ ø!ù ú ô ú ; v ñ !Iú ð ø!ù �# XÿQ�
÷ :��<îòû¥�Añ ø ñ�R^�Gî ÿ��F� ú ï ñ�x��Vï©ÿ#î ø �Vï©ÿ ø û î��Vî ú~ø �!ï ú �!ÿ��!î$�¾î��Vîòñ�ûWÿ ! �Vñ�ï¥ì��>� � ú#ý � ú ûVî-�©î ú~ø î øý ð����Vî-x��!ÿ ø!ù ï ñ�� ú ó ø î��Vî ú~ø û��Pû��Vñ ý ô¥�� !ñ2�Añ�ï !Iú ï ý ÿ ø ��ñ v î��# ï ñ�x��Vï©ÿ#î ø ñ ù �Vï©ÿ ø ûVî��Vî ú~ø ûÿaïVñ ÿ�� v ÿD�PûG�Añ����©ñGï%�' Xÿ ø �# !ÿ�� v î��# tð ø î !Iú ï ý �©ïVÿ ø û î��©î ú~ø ûGô
÷ : ø ýèú û��f��ÿaûVñ�û�;
ÿ ø!ù ��ñ�ï��hÿ#î ø ���Hî ø �# !ñ=��ÿaûVñ v î��# ïVñ­x��Vï©ÿ#î ø ñ ù �©ïVÿ ø ûVî-�©î ú~ø �!ï ú �Fxÿ��!î$�¾î��©î¾ñ�û�;�ÿ#û�� ø �. !ï ú~ø!ú ð>û¬ïVñ�� ú~ý �!î ø ÿ��Vî ú~øÆú�! û ð��)x��!ÿ ø!ù û¤�>ï úPù ð���ñGû ý ð��. }�_ñ��'�©ñGïï ñ�� ú ó ø î-�©î ú#ø ô
÷ : ø ÿ��$�h��ÿ#û ñ�û�;<�òî ý î-�©î ø óéÿ#û�� ø �. !ï ú#ø �=� ú ÿ ý ÿQÜ î ý ð ý ú�!<ú~ø ñ û��hÿ��Vñ�ó~î-	~ñGû,�' !ñ5�Añ�û��ï ñ�û ð����Vû~S ÿ�� ú ð)�l
�M*ã\ï ñ ù ð����©î ú~ø î øgv·ú ï ù ñGïVï ú ï�ï©ÿ��Vñ � ü � dPò ú 	~ñGïNû�� ø �. !ï ú#ø!ú ð!ûï ñ�� ú~ý �!î ø ÿ��©î ú~ø&ú�! ûVð��Fx��Xÿ ø>ù û�ô
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 ü ú ô���ñ � x©ü { ôóñ¨ãfò ü#ü~ô Í � � xhü � ô Í ãfò
ú ü ú ô�� { � x©ü { ô ú ãfò ü#ü~ô Í�� � xhü � ô { ãfò
ñ ü ú ô��B� � x©ü { ô�
~ãfò ü#ü~ô��Pü � xhü � ô ú ãfò

{ � þ ð�������1fû�� ø ��ò ü ú ô�� Í � x©ü { ô ú ãfò ü#ü~ô Í�� � xhü � ô { ãfò
�2ÿ����¾ñ ú ô ú Î � Ü6�Añ�ï î ý ñ ø �L:':,ÎPã´ü ú ï ù ñGïVï ú ï�ïVÿ��©ñGû ú~øèø>ú îòû��¬û'�Añ�ñ��. v î��' uü�M ù �Rÿ ù!ù î��Vî�	#ñ
v  !î-�©ñ ø!ú îòû ñ#ô=�� !ñU�Añ�ï���ñ ø �©ÿ#ó~ñ�û¬î ø �!ïVÿ��.u#ñ���ÿ#ïVñèñ�ï ï ú ï�ïVñ ù ð����Vî ú~ø û�ïVñ�� ÿ��Vî�	~ñf� ú/!Iú ï'�Gñ ùû�� ø �. !ï ú~ø � � Ñeø MCòÂô
�,K�í�ñ1ò*û.õIñ1÷9úMLNLNLO6PL�Qwpz8�ù¯ù �Uô�õHí�ô8�4ûsúÇû°ô9÷R9:�4û.÷·ÿ � �2!2"$!¨ö>÷����S;~ûsú�� ê òÇözû.÷�ñ��ê òÇöz÷��4ûsúÇû°ô9÷ ÙUòÇô=!�ö>!Lû��.û°úÇû°ñ��
�� !ñ�ïVñGûVð��-�©û v ñ�ï ñ5�©ÿ��!ð��òÿ��©ñ ù î ø �2ÿ����òñ ú ôóñRÿ ø!ù �2ÿ����òñ ú ô { ô��� !ñ !Iú �$� ú�v î ø óg� ú î ø �Vûfÿ#ï ñ
vNú ï��' ø>ú �©î ø ó>Î

÷�� ú#ý �XÿaïVî ø ó��2ÿ����òñ ú ô�
�ÿ ø!ù ú ôóñ�;!ÿ ø>ù �qÿ��6�òñ ú ô ú ÿ ø>ù ú ô { ; v ñ ø>ú �©î���ñP�' Xÿ��?� ú~ý x
� ú û î��©ñ@ì��>�,ûéó~ñ ø ñ�ï©ÿQ�©ñ ù ! ï ú~ý ûVð��)x��Xÿ ø!ùCý�úPù ñ��¾û v  !ñGïVñGî ø �©ïVÿ ø û î��©î ú~ø �>ï ú �Xÿ x
�>î$�òî-�©î¾ñ�ûéÿaïVñUTÓÿ#ð ý x�üÄñ����. e�©ïVÿ#î ø ñ ù ú ð6�#�Añ�ï !Iú ï ý �# !ñGîòïg� ú ð ø �©ñ�ï��Xÿ#ï��©û�ó~ñ ø ñGï©ÿ��Vñ ù
! ï ú~ý û ð��)x��!ÿ ø!ùRý�úPù ñ��¾û v î��# �ð ø î !Iú ï ý �©ïVÿ ø ûVî-�©î ú~ø �!ï ú �!ÿ��!î$�¾î��Vîòñ�û�;#ï ñ�ûVð6���©î ø óõî ø ÿ øñGïVï ú ïMïVñ ù ð����Vî ú~ø,ú�! ÿ�� ú ð6�G
�M*ã�ô

÷�� �hÿ#ï��©î ø ó ! ï ú~ý ûVð��)x��Xÿ ø!ùÆý�ú ù ñ��òû v î-�# VTÓÿ#ð ý x�üÄñ����. >�©ïVÿ#î ø ñ ù �©ï©ÿ ø ûVî-�©î ú#ø û�;H�' !ñ
�Añ�ï !Iú ï ý ÿ ø �GñÓó*ÿ��f�Añ�� v ñ�ñ ø ì��i�Í� ú~ý � ú û î��Vî ú~ø�v î-�# g� ú~ý �>ð6�©ñ ù ÿ ø!ù ïVñ�xA�©ïVÿ#î ø ñ ù
�Vï©ÿ ø ûVî��Vî ú~ø �!ï ú �Xÿ��>î$�òî-�©î¾ñ�û�î¾û ø!ú�v û ý ÿ��$�A;��' ú ð!óB 7�# !ñL� ÿQ�'�©ñGï ý ñ��# úPù î¾û2û��©î��$�¨ÿ�� v ÿD�Pû
�Añ����©ñGï�ô

÷ 1 ø!ú �' !ñ�ï ý ÿ#î øHù îW�§ñGïVñ ø ��ñ ! ï ú~ý � Ü)�Añ�ï î ý ñ ø �g:YX :':Fîòû7�# XÿQ� ø!ú�v ÿ#û�� ø �. !ï ú~ø �ú�!lýèú ï ñ7�' Xÿ øÚú#ø ñéû��©ÿ��©ñ ù!ú ñ�û ø!ú �� !ñ��$��ÿ ø � ý�ú ïVñ&S ²¨ð!î-�©ñ5� ú �# >ñ ú ��� ú ûVî-�©ñ�;_î-�
ú Í
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q � twê)x�êX~ � �Y� �|�´� ��vLx S x f)� ½ � ��� � ��� � x�Ç ����� � � { \ ~ �����9Ä �C� � ½6� � � Ú­� ��~�} ÅE���ãÚ­� }Ü½´�ÜÛ
Ä�� �L�ð���Â~�~ ��� \ ~ ����� ���Ü½´� � ��� � �Y� ±³�´¦�¢�«�«6®|¤µ��¶- �¦*Ê9£µ¬�«Ù�´�Ô���Q����£*«e�����|£¥¤§¦-���|Ì'Í³¦-��¡
Ê¾«e�´«e�!¢�«9¦-�Ë¯)¢�¦-°á e£¥¤§¢� �â�¨�ª�«�«�¢�¬^â³�|��®Ã¨º¤Ü¶|���|Ì�±X�´¦�¢�«� � e¤µ��¶ �Âr W�W ß x

q T twñ²x S"� ½ �|� � � � � � � ��� f x S x�ñ �´�-Å � � � �C� ��� � � �Y� � ½´�Ü·�~ßå �6� �Y�L�Y� �ò�>Å)f)ÚòÚ ��½ � ~ �|�
Ö 
 � � �L~u�^½´� ÅE��� { � ��� � Û§ó��C� ��� }��R��~u~ ��� \ ~ �u��� ���C½6� � ��� � �Y� ±³�´¦�¢�«�«6®|¤µ��¶- ×¦*Ê�£E¬�«Æ�´���Ô�
�e��£<«e�����|£¸¤§¦-���|Ì"Í³¦-�¾Ê¾«e�´«e�!¢�«�¦-�ë¯)¢�¦-°^ e£¸¤§¢� �â�¨�ª�«�«�¢�¬^â��|��®9¨º¤Ü¶|���|Ì�±³�´¦�¢�«� � e¤µ��¶ ��r W�W ß �
· � }§x T �L����xºÒ Z Ò|Ò V Ò Z Ò T x

W|ï



q Z twê)x[�Âx�ô�� � �^ê)x f x^ô�~u~>� + x^ê ���|� �^y)x f x�v ��� � � � � ���9{wxUÖ×x \ � �6~�� Ä ~ �G� � � {õ��½ � � ÉÙ� �
Ú �C��� �9�L� Ö �6�G��� � �C� ��� � � �Y� � ½´�Ü·�~�å �´� �C���Y� �ßÅE�|� �R��~ � Õ|~ � \ ~ �u��� ���C½6� � ��� �Nö�¦-°R�����|Ì
¦*Êã¯)¢�¦-°á e£¥¤§¢6�|Ì�¨�¦�¢e¤§«e£¥îË¦*Êã¯)í�«e��¤§¢6� ���L��x T Ò Z�V�T » ß ��v � � ���|�GÉ r W�W^� x

q ß t f x f ~ �6�÷� ���6Õ É ���Âx|å×� Ä�� ~ �'� } � � � �L� Ú x SÆ� ·|~u}§� � å ���'�|� ����{M� \ � � S��|� ½6� � }C} É ê ��� Û
�6� �L½´~��Ý�R��~u~ ��� � � �C� ±³�´¦�¢�«�«6®|¤µ��¶- �¦*Êß£µ¬�«w�e��£<«e�����|£¸¤§¦-���|ÌXÍ³¦-�¾Ê¾«e�´«e�!¢�«ë¦-�ð¨�ª�¦�Ï^«e�
Ð��|��¶|°���¶�«)±X�´¦�¢�«� � e¤µ��¶ ��Ñ � ½ ��Ä ~ � r W|W�T x

q W tw�Âx�å×� ÄL� ~ �X� } �ø� �L� f x f ~ �6�÷� ���GÕ É � � � ��Ä Û Ä�� ���éy � �G~u� \ ~ ����� ���Ü½´� � � �>Å ¿ � �Y� É
�R��~u~ ��� � � �Y� ±X�´¦�¢�«�«6®|¤µ��¶- M¦*Êz£E¬�«'�´�Ô���ù�e��£<«e�e���|£¥¤§¦-���|Ì"Í³¦-�¾Ê¾«e�´«e�!¢�«M¦-��¯)¢�¦-°^ e£¸¤§¢� �â
¨�ª�«�«�¢�¬^âÔ�|��®÷¨º¤Ü¶|���|Ìº±³��¦�¢�«� � e¤µ��¶ �L{)� � �Y}�r W|W^Z x

qsr ï twê)xÔêX~ � �Y� �|�´� �'vLx S x fz� ½ � �!� � ��� � x�Ç ����� � � å �A�X�|� ��� � ñM} ��Ä�� }�Ñ��L½´� � � B¾� ½6� � �
� ��� ~ � ~ ÅE���ÔÚ­� }C½´�èÛ Ä�� ���÷�R�Â~�~ ��� \ ~ ����� ���Ü½´� � ��� � �Y� ±³��¦�¢�«�«6®|¤µ��¶- )¦*Êz£µ¬�«��³°R�´¦�ª�«6�|�
Í³¦-�¾Ê¾«e�´«e�!¢�«w¦-�©¨�ª�«�«�¢�¬úÍ³¦-í²í²°R��¤§¢6�|£¥¤§¦-�ú�|��®c��«�¢�¬��!¦-ÌY¦6¶|î �Âr W�W�W x

qsr�rutÎ{wx fz�|� ~�� � ���Ø{wx Ú­�|�6� �C�u� � ê ��� � �|� �Y� � � �|ÅMf)ÚòÚ Ö 
 �Â~ � ½6� � �C½ �KÚ ô S Ö 
 Û
��~ � ½6�9�Y�Ý½ � ~ÁÇ � }C}'ê ���wÄ �Y� � ½´� � � Ú­� }Ü½´�ÜÛ Ä�� ���ø{)��� �6�^�|��� ½ � \ ��ÄL� �G½ß{�� \ � � �C�
±³�´¦�¢�«�«6®|¤µ��¶- �¦*Ê×£µ¬�«×����£*«e�����|£¥¤§¦-���|Ì�Í³¦-�¾Ê¾«e�´«e�!¢�«�¦-��¨�ª�¦�Ï^«e��Ð��|��¶|°L��¶�«'±³��¦�¢�«� � e¤µ��¶ �
¹ ï�ï|ï x

qsrA¹-t Ú x�ê �R� Õ>~|��{Ùx Ú­�|�6� �C�u� � ��� S x�ñ � ~u~u�!� �6Ú �Y�G�6�Y� � � � ½ � å�~ ��� ���CÈ � ~u� ÅE��� \ ��Ä�� �1½
�R��~u~ ��� \ ~ ����� ���Ü½´� � ��� � �C� ±³�´¦�¢�«�«6®|¤µ��¶- ÷¦*ÊÙ£E¬�«��������û�e��£<«e�����|£¸¤§¦-���|Ì³Í³¦-�¾Ê¾«e�´«e�!¢�«
¦-�Ë¯)¢�¦-°á e£¥¤§¢� �â�¨�ª�«�«�¢�¬^â³�|��®Ã¨º¤Ü¶|���|Ì�±X�´¦�¢�«� � e¤µ��¶ �Âr W�W^Z x

qsr�Ò>twê)x�êX~ � �Y� �|�´� ��vLx S x f)� ½ � ����vLxºÇ³x Ú©�|� �§� � �L� � x�Ç ���L� � �´Ú­� }C½´�èÛ Ä�� ����ê � �^½´�C� �L��� �
�R��~u~ ��� \ ~ �u��� ���C½6� � ��� � �Y� ±X�´¦�¢�«�«6®|¤µ��¶- ²¦*ÊÎ£µ¬�«Î�³°��´¦�ª�«6�|�ØÍ³¦-�¾Ê¾«e�´«e�!¢�«²¦-�à¨�ª�«�«�¢�¬
Í³¦-í²í²°���¤§¢6�|£¸¤§¦-�ò�|��®c�Â«�¢�¬��!¦-ÌY¦6¶|î �!r W|W^Z x

qsr¾»|tÙç²x � �|��� ���¸� � xÔÇ ����� � � �L�õê)x�{)�^½ � �C��~|� � {J¿z~ � {z��� �G�^�|���éÅE����Ú­� }Ü½´�èÛ Ä�� �L�
�R��~u~ ��� \ ~ ����� ���Ü½´� � �©y � �6~�� � � S��6��Ä��>Ä �Y}C�Y�G½6� � ñ �´� � � � �¾� } Ú­� ��~�}Y�u� � �Y� ±³�´¦�¢�«�«6®|¡
¤µ��¶- ß¦*Ê9£µ¬�«�����£*«e�����|£¥¤§¦-���|ÌÔÍ³¦-�¾Ê¾«e��«e�!¢�«ß¦-�c¨�ª�¦�Ï^«e�àÐ��|��¶|°L��¶�«Ù±³�´¦�¢�«� � e¤µ��¶ �!¹ ï�ï�ï �
· � }§x�r��L����xºÒ^¹ W�V Ò�Ò^¹Rx

W r



qsr � twv|� Ú �C� �Ã� ���òÇ³x	vLx�� � �C½ � � � { S��6��Ä��>Ä �Y}C�Y�G½6� �)� ��� � � Ú­� �L~u} ÅE��� � ��Ä Û Ä�� ��� Ä�� �G~u�
\ ��Ä�� �1½³�R�Â~�~ ��� \ ~ ����� ���Ü½´� � ��� � �Y� ±³�´¦�¢�«�«6®|¤µ��¶- �¦*Ê�£µ¬�«X�������k����£*«e�����|£¥¤§¦-���|Ì�Í³¦-��¡
Ê¾«e�´«e�!¢�«9¦-�Ë¯)¢�¦-°á e£¥¤§¢� �â�¨�ª�«�«�¢�¬^â³�|��®Ã¨º¤Ü¶|���|Ì�±X�´¦�¢�«� � e¤µ��¶ ��¹ ï�ï�ï x

qsr T twvLx f ~ � � � ��� � � �´Ú©�A
 � �9��� ô��CÕ|~u}C� ����� � + ~�� ��� ½´�C� �Î�|Å � É � �|� � � ���Â~�~ ��� Ç�~ � ½ ��� ~��
ÅE��� ê � f)ÚòÚ �R��~u~ ��� \ ~ ����� ���Ü½´� � ��� � �Y� ±³��¦�¢�«�«6®|¤µ��¶- M¦*Ê�£µ¬�«'�������Ý�e��£<«e�e���|£¥¤§¦-���|Ì
Í³¦-�¾Ê¾«e�´«e�!¢�«ú¦-�N¯)¢�¦-°á e£¥¤§¢� �âÃ¨�ª�«�«�¢�¬^â÷�|��®Ý¨º¤Ü¶|���|Ì�±³�´¦�¢�«� � e¤µ��¶ ��r W�W^Z �����!x)rA¹ T�Z�V
rA¹ Z>ï x

qsr Z t \ x	ñ²x^ô�~ � � �|� ��� � { � � ½ �|Ä�� �6~ ÅE��� �R��~ � Õ|~ � Û<À<���L~u��~u����~��^½ � � � �Ü½ \ ~ �u�|� ���C½6� � �!� � �C�
±³�´¦�¢�«�«6®|¤µ��¶- �¦*Êã£E¬�«'�������k�e��£<«e�e���|£¥¤§¦-���|Ì$Í³¦-�¾Ê¾«e�´«e�!¢�«M¦-�Ã¯�¢�¦-°^ e£¥¤§¢� �âÆ¨�ª�«�«�¢�¬^â��|��®
¨º¤Ü¶|���|Ì�±³�´¦�¢�«� � e¤µ��¶ ��r W ß »�x

qsr ß tw�R� � � � } S��G�R� ~u�G�6�Y� � À<� ÅE���6�÷� ½´� � �²y � �6~|� �G� ½6½6� Ý	ü|ü �6��� Ä x � � � ~|x¼~u� � ü �6��� Ä x � ½ � }¸� � r W�W^� x
qsr W tÙ¿Ùx Ú � �6�����-ÅE��� �¸� ¯þýò°�Ìs£¥¤µ¡1ÿ��|��®ø¯Xª^ª��´¦u��¢�¬é£<¦à¯)°R£<¦-íÃ�|£¸¤§¢�¨�ª�«�«�¢�¬���«�¢�¦6¶|��¤µ£¸¤§¦-� �

S�� x � xR½ � ~u�6�C�u� � ���C·|~ � �6�C½ É��|Å ê � }C� ÅE��� ��� �Î� ½�yX~ � Õ>~u}Y~ É �ºyX~ � Õ>~u}Y~ É ��êX{ÙxC� � ~ � xÂr W�W ß x
q¼¹ ï twê)x$êX~ � �Y� �|�´� � � x�Ç �|��� � � �L�ðvLx S x f)� ½ � ��� � {z� É � �����G� � É �Y� �9� }Ü½´�ÜÛ Ä�� ���©�6��~u~ ���

� ~ �u��� ���C½6� � ��� � �C� ±³��¦�¢�«�«6®|¤µ��¶- �¦*ÊX£E¬�«��������c�e��£<«e�����|£¸¤§¦-���|ÌÂÍ³¦-�¾Ê¾«e�´«e�!¢�«z¦-�w¯)¢�¦-°á e¡
£¥¤§¢� �â�¨�ª�«�«�¢�¬^â³�|��®Ã¨º¤Ü¶|���|ÌÂ±³�´¦�¢�«� � e¤µ��¶ �º¹ ï|ï�ï �R· � }§x�¹�������x�r�r�¹Rr V r�r�¹>»�x

q¼¹Rrutw�Âx Ú©� ½6� � � � � Ú x"¿ � Õ � �§� f x�� � � �Ã� � � � �´� � � ���ð�Âx�� �|�^�¾É^�|�÷� � � {)� É � ���L�6� � �|� �1Û
å �´� ���G�C½6� � � f)ÚòÚ � � �Y� ±³�´¦�¢�«�«6®|¤µ��¶- w¦*Ê�£µ¬�«)�������K����£*«e�����|£¥¤§¦-���|Ì�Í³¦-�¾Ê¾«e�´«e�!¢�«9¦-�
¯)¢�¦-°á e£¥¤§¢� �â�¨�ª�«�«�¢�¬^â³�|��®÷¨º¤Ü¶|���|Ìº±X�´¦�¢�«� � e¤µ��¶ �º¹ ï�ï�ï x

q¼¹�¹-t f x[vLxU¿ ��� Õ � ���Ù�Âx[vLx�� ��� � � � � ô �R� �6~u} É ê ��� ��}Y~�� f)ÚòÚ � ÅE��� {�� \ � � �Y� ±³�´¦�¢�«�«6®|¤µ��¶- 
¦*Ê'£µ¬�«Ô����£*«e�����|£¥¤§¦-���|Ì!Í³¦-�¾Ê¾«e�´«e�!¢�«ã¦-�÷¨�ª�¦�Ï^«e�²Ð��|��¶|°���¶�«³±X�´¦�¢�«� � e¤µ��¶ ��¹ ï�ï�ï �-· � }¸x|ÒR�
����x�ru»^Ò V r¾» T x

q¼¹|Ò>tÙ¿Ùx Ú � �6�����>ÅE��� � � �L�K¿Ùx Ú­���G�^� ��� � � �R� ��~ �÷��� ô � ½6~ � Ý Ö 
 ��} ��� �C� � {)� É � ���L�6� � É
�Y� Ú�� }C½6�ÜÛ*y � ���%�R��~u~ ��� \ ~ �u�|� ���C½6� � �!� � �C� ±X�´¦�¢�«�«6®|¤µ��¶- c¦*Êò£µ¬�«��-£µ¬N�³°R�´¦�ª�«6�|�
Í³¦-�¾Ê¾«e�´«e�!¢�«w¦-�©¨�ª�«�«�¢�¬úÍ³¦-í²í²°R��¤§¢6�|£¥¤§¦-�ú�|��®c��«�¢�¬��!¦-ÌY¦6¶|î �Âr W�W�W x

W ¹



q¼¹>»|tÙô�x[Ö×x�y �|�L� �^åMx S ~e½ � �C~|�Rñ²xL� ��� }Y~��u� � ����¿Ùx + ~u�Y�G�u� � { Ú©�A
 � � � B¾� ½6� � �²å"~ ��� ���YÈ � ~
Ñ �u�����6� �Y� � �C�ð½ � ~Ë��½ � ½´�Y�1½´� �¾� }�{)� � } É �6�C� �|ÅãS��6�|Ä��|Ä �C}Y�Y�1½´� � Ç � � � ½´� � ��� �>ÅzÚ©�|� Õ � ·
ê ��� �C���u� �ð¯)�����|Ì[ 9¦*Ê)ýà�|£E¬�«eíÃ�|£¥¤§¢6�|Ì�¨º£��|£¥¤Y e£¥¤§¢�  �L· � }¸x�»�r����L��x�r T » V r Z r��Âr W^Z|ï x

q¼¹ � tÎ{wx S x'ó �>�6�^�
� ��� \ xUç²x Ú­�R�|� ~|� �6f �Y���L~u� Ú©�|� Õ � · Ú�� ��~�} � ~ �u�|� � � �6�Ü½´� � � �|Å
�R��~u~ ���Ë� ���Ë¿ � �Y�6~>� � �Y� ±³�´¦�¢�«�«6®|¤µ��¶- Î¦*Ê)£µ¬�«ã�´�Ô���Ø����£*«e�����|£¥¤§¦-���|Ì"Í³¦-�¾Ê¾«e��«e�!¢�«Î¦-�
¯)¢�¦-°á e£¥¤§¢� �â�¨�ª�«�«�¢�¬^â³�|��®÷¨º¤Ü¶|���|Ìº±X�´¦�¢�«� � e¤µ��¶ ��r W�W�ï ���L��x ß » ��V ß » ß x

q¼¹ T tÙô�x \ �|Ä �C��~ �z� ���òy)x f x�v ��� � � ��� °���®^�|í�«e��£��|Ì[ ß¦*ÊÎ¨�ª�«�«�¢�¬���«�¢�¦6¶|��¤µ£¥¤§¦-� � S�� ~u�^½´� � ~
f)� }Y}§��r W�W ÒLx

q¼¹ Z twvLx-v � ��È ��� ��y)x Ú©� Õº� � ���Ùy)x \ ~ � ·|~u��� � { \ �|Ä�� �G½�{)} ����� �C½ �L�%ÅE����+ø��� �wy ��� �L� �|�GÉ
� ~�½6~ � ½´� � �Î�C�Î½ � ~ S�� ~u�G~u� � ~ �|Å ¿ � �C�6~|� �²�´���Ô�û���G�|�L u��¢e£¥¤§¦-�L ×¦-�²¨�ª�«�«�¢�¬w�|��®×¯)°�®|¤§¦
±³�´¦�¢�«� � e¤µ��¶ �R· � }§xº¹R��� � x�ÒL�����!x�» ï�TAV »LrA¹R��v � } É r W�W »�x

W Ò


