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� ��7�� ���������#$80�&#����� �4�'��� �����9$ 
� + ��� ,.--#��/1����� ������!���$8�h�
$A��&#$j������� ���*��!��9$��)
���#$ !�� 
���*�����#� �'���6�#$��?�����*&�#�

����� �2,.-#� �������#
?� �9$ ,h��������9$

���ÇG¢
	���Ç ¨� zKs~�N} ���k��yk�|Tw�zT|~� � vK|~�N��k«w � v®ª¦vWq{t�s~|uk vW}~} � zu� g k?� �k�| �k � vxt�k#}�zKs � t�� zT�uw�k\|Tw�q�zK| � k
¬z � l�sut�k�� � k�l�q�� � vxwyq{zT|NzK}uwyq�l�vxt�k���k�w���zTs~� � zK}~w�qrl�vWt{k\� ivS}~v � wyq � � k�t�v²¬zK|~��w�q�zK|��z��suw � � k �y� k�s � �Os �
t�k�� � zK|~| �k�k\�hvW�O��zu��q �k�k ivSs�|uk�l�z � �k�t�q��Ovxwyq{zT| � zK|~| �k�k µ�� v � ��zK|~�yw � s~��wyq{zT|j����k��9l�q�� � vxw�q�zK|��h} � k\|~|uk\|Kw
k\|?��zTl�}uw�k�w�zKs~w�k��ºt�k���} � zT} � q �k�w �k\�	k�wºt{qrl�q{wOvxw�q�zK|��º°Gsuq zK|Tw �k�w �k�q�|���z � }�z ���k�k\� � vW|~�ºtrvSl�z � �k�t�q��Ovxwyq{zT|
k�w�trv�¬zK|���w�q�zK|��z��suw��Z��zKl�l�k�}~v � k��Gk\l�}ut{k�t�� k��uw�k\|~�yq{zT|N³�|uq�k � s � q��O}�zT��q�w�q{¬ � � k�| � k��Kq��yw � k�l�k\|Kw���t�k��
�yzKs � ��k�� iv��y}�k���w � k�t�qrl�q�w �kW�~trv���zK| � q{wyq{zT|�vKsG�2t�q�l�q�w�k\�hk�|#�Os � ¬dvK��kK�ut{k\� � zK|~| �k�k\�¹l�sut�w�qr}ut{k\����k�wy� µ{µ�µ
� k�w�wyk?l �k�w g z � zWt�zW�Wq�kNk��yw²k�|~�Osuq�w�kvW}~}~t{qr°Gs �k�kvKs ��vW� � � s~|uk«l�z � �k�t{qr�Ovxw�q�zK| }~v � t�� vW}~} � z®�uq�l�vWw�q�zK|� k ¶ z � | }utrs~� � vWq����hv®ªWk��#s~|~k � k�»�k���w�q�ªGq{w �k � k\} ���k��yk�|Tw �k�kN}�v � s~|uk«� � q{t�t{k � k«}�zKq�|TwO� � q{¼ � vW��wyvK|KwO� µ
� |��zK|~�yw � suq�wºvWq�|~�yq � k���¬z � l�sut�k�� � k�l�q�� � vxw�q�zK|°Gs~vK|Tw�q�wyvxwyq{ªKk � k Á q � � g~g zW¼)�yzKs~� � zT}uw�qrl�vxt�k�����°Gsuq
} � zu��s � k\|Kw<s�|uk.��zK|~|uk � k\��wyq{wOsuw�q�zK| � k\�<vWl�}ut�q�wys � k\� � vW|~� � k��;��q � ��zT|~�ywyvW|���k��Iw ��ik��Iª¦v � q �k�k�� ÂÅk��uw�k\|~�yq{zT|
³Z|uq{k � s � qr�O}�zT��q�w�q{¬ � � k�| � k��Wqr��w � k\l�k\|Tw��x�yzKs � ��k � kh�y}�k���w � k	t{qrl�q{w �kW�xk�wy� µ{µ�µîÃ k�w�}�zKs � s�|uk	t�v � �Kk��TvWl�l�k
� k�} � zT}~vx�Tvxw�k\s � �ºÂÅªGq{wyk��O��k � k ���k�¬ �k � k�|~��k Ã3µ
� Ë�£\¢�É3§����Ç ¨ l�q�� � vxwyq{zT|j�uq�|TªKk � ��q�zK|���qr�yl�qr°Gsuk



���������
	������������������������������������ ��������!"��� ��#�$&%'�� ��������!)(*���,+
-�-.�/10
$2���&�3�4�5�����������6�87��,���3����2# �

9 : ��� � �2
?&#,¹� �����

� k�trvxw�q�ªWk�t{����zGzK|�vx¬w�k � w g khqr|Tw � z � s~��wyq{zT|�zW¬jw g kht�k�vK��w � �O°Gs~v � k�� vW}�} � zTvW� g w�z�qr|TªWk � �yq{zT|��T� ¶ vWl���k ���
�Kk � k�w�vxt�Â�� � � �TÃ �uq�w ´ vK� � k���zK�K|uq<;�k � �T�>=AvWq{t�t{�¯Â�� � �W� Ã@? � �BA vK| � f v � vK|KwyzWtrv~Ây� � �WmK� ÃC? �BD A w g vWw9w g k
� � v � q�k�|Tw;zW¬�w g k � vxwOvºl�qr��³�w'¬ds~|���w�q�zK|�w g k�� ´ k � k	s~��k � wyz:��vxtr��s~t�vWw�k	��k\v � k � v��yw � zK|u� � k��O��k\l��utrvW|~��k
´ q�w g � k��O}�k\��wyq{ªKk�t��?w g k ´ v®ªKk�k\°Ts�vxw�q�zK| � k�ªWk � �yk�w�qrl�k�l�q�� � vxwyq{zT|¯vK| � w g k Á q � � g~g zx¼ l�q�� � vxwyq{zT|FE
w g k�v � ��zWqr|Twhk�°Gs~vxwyq{zT|#zx¬ w g k���zK|Tw � zKt<w g k�z � � ´ vW�h|uzKw g qr|u�2��suw9w g k��~vW�4·�} � zK}~vW�Kvxwyq{zT|2zW¬�w g k � k �
�yq � s~vxt`�uvW| � ��zKw g w g k�� � v � q{k\|Kw¹vW| � w g k:l�q�� � vxw�k � �yk���wyq{zT| ´ k � k�zT�uwyvWq�|uk � �T�ÂÅ�yt�q{� g wyt{� � q½¼Ik � k�|Tw Ã
��z �O� k�t{trvxwyq{zT|2zW¬'w g k�¬z ��´ v � � vW| � �~vK�4· ´ v � � } � zT}~vx�Tvxwyk � ³�k�t � � µ	fhg q�� � k���zW�T|uq{wyq{zT| ´ vK�	w g k��~vW�yq��
zW¬hw g k2�Ov®�Gq�|~�HGKl�q{� � vWw�q�zK|)q���w g k2³ � �yw��yw�k�} zW¬hq�|TªWk � �yq�zK|IG)ÂÅ��¬ ? ��D AdÃ3µ � w�zK}�k�|uk � w g k ´ v®�¯w�z«|uk ´
s��yvW�Wk��.zx¬<w g k ´ v®ªWk9k\°Gs~vxwyq{zT|Sl�q{� � vWw�q�zK|j�Kq�|�}~v � w�qr��sutrv � q�|Sq{wyk � vxw�q�ªWkºl�q�� � vxwyq{zT|²vxt��Wz � q�w g lN� ´9g qr� g
��zKsut � w g k\|N��k�s~| � k � ��wyzTz � vW�	l�qr|uq�l�q<;�vWw�q�zK|#vxt��Wz � q�w g l�� µ
ous � } � qr��qr|u�Kt{�K�xw g k�t{k\vW�yw � �y°Gs~v � k\�'vK}~} � zKvK� g w�z�w g k Á q � � g�g zx¼�l�q�� � vxwyq{zT| g vK�¸|uk�ªWk � ��k�k\|�k��~}ut�zWq�w�k �
�y�u��wyk�l�vxwyq���vxt�t{� µSfhg k � k�vW�yzK|)l�v®�«��k2��sut�wys � vWt3E��yq�|���k²w g k � v ´ |)zx¬KJºk�zK} g �u�yq������;w g k Á q � � g~g zx¼
l�q�� � vxwyq{zT| g vW�	��k�k\| � k�ªWk�t{zT}~}�k � vK�	vW|2vWw�wyk�l�}uw	w�z²�yzWt�ªWkºvK|2qr|Tw�k�� � vxtZk�°Gs~vxwyq{zT| � k�trvxwyq�|u��w g k � q½¬ �
¬ � vW��w�k � ³�k�t � vxw.v:}�zWqr|Tw.qr|Tw�k � q�z � w�z�w g kºk�v � w g wyz�w g k � q½¼ � vW��wyk � ³�k�t � vxw�w g kº�Os � ¬dvK��khzW¬Iw g k9k\v � w g �
vK| � g k\|~��kSwyz?w g k � vWwyv µ#© k2l�k�|Tw�q�zK| qr| � k�¬k � k\|~��k\��v#¬k ´ }~vK}�k � ��q�|¿w g qr��t�q�|uk ´ k g v®ªWkS��k�k\|
t�zGzK·Tqr|u��vxw��T�~s~w.w g k�� � k\} � k��yk�|Tw�zK|ut���vW|�qr|G³�|uq�w�k\��qrl�vxtI}~v � w�zx¬<w g k��Kk�zK} g �u�yq���vxtut�q{wyk � vxwOs � k�zK|�w g q��
�Os~�G��k\��w µML }~} � z®�Gqrl�vxwyk�t�� vWw�w g kN�OvWl�k�w�qrl�k ´9g k � kNl�q�� � vxwyq{zT| ´ vK��t�q�|�·xk � w�z¯w g kN� � v � q�k�|Tw�zW¬
w g k � vxwOv�l�q���³�w�¬ds~|~��w�q�zK|j� ¶ k��Gtr·Tq�|Ây� � �xmS�I� � ��D Ã�� k���zK�K|uq<;�k � w g k��yw � zK|u��wyq{k\�¹w g vWw�w g k Á q � � g~g zx¼
l�q�� � vxwyq{zT| g v � ´ q{w g w g k�q�|TªWk � �yq�zK|�zx¬¸v��Wk\|uk � vxt�qN;�k � � v � zK|Nw � vW|~��¬z � l µ�fhg qr��vWt{t�z ´ k � vS} � k���qr�yk
l�vWw g k\l�vWw�qr��vWt�vW|~vWt{�u�yq��¸zx¬jw g k � k\��zKt�s~w�q�zK|���vK}~vW��q{w���zx¬jw g k Á q � � g~g zW¼�l�q{� � vWw�q�zK|j�T�~suw.q��K|~z � k � w g k
t�k�vK��w � �O°Gs~v � k��¹��zT|~|uk\��w�q�zK| µ¸fhg q��9q�|Tw�k�� � vxtjk\°Ts�vxw�q�zK|NvW}�} � zTvW� g�g vW�h} � z � s~��k � }�zT}~sutrv �PO q�|TªWk � �yq�zK|
¬z � l�sutrv�GNvxqrl�k � vxw � k��yw�z � qr|u��w g k²w � sukSvKl�}~t{q�wys � k²zx¬	w g k � k�»�k\��wyz � �ºqr|)w g k�l�q�� � vxwyk � ��k\��wyq{zT|~���
t�qr·xk�w g k:zT|uk��	zW¬RQ�zu� g k � w��?Â�� �W� � Ã � Á k g z�vW| � ¶ k�� � zTs~|«Ây� � �W� Ã vW| � ¶ t�k�qr��wyk�qr|«Ây� � � �WÃ4µ
fhg k��yk¹qr|TªWk � �yq{zT|�¬z � l�s~t�v�v � k	k��ywyvW�~t{qr� g k � ¬z � v���qr|u�Wt�kh� g zWw vW| � v � k	zK}uwyq�l�vxt~s�| � k � w g k � k�t�vWw�q�ªWk�t{�
�yw � zK|~� g �u}�zKw g k\��qr�	zx¬ qr|G³�|uq�w�k�vK}�k � wOs � k:vK| � g q{� g ¬ � k�°Gsuk\|~���2t{qrl�q{w:Â3Qºq � vK�:��zTs � ��k Ã4µ

� |Nw g q��9}�vW}�k � � ´ k�wyvK·xk�¬dsut�tAv � ª¦vW|TwyvW�Wk�zx¬Aw g k:t�q�|~·G�9��k�w ´ k�k\|�l�q�� � vxwyq{zT|�vK| � t�k�vK��w � �O°Gs~v � k��CE
S q�|�w g k	³ � �ywA¬zKs � �yk���w�q�zK|~��� ´ k � k�ªWk�t{zT}�vº�Wk�|~k � vxtul�k�w g z � zWt�zW�W��¬z � w g k � k � q�ª¦vxw�q�zK|�zx¬Zl�q�� � v �
w�q�zK|2¬z � l�sutrv:¬ � zKl w g k � vxwOv�l�qr��³�w�¬ds�|~��wyq{zT|UT Â�VXW,Y Ã Â g k � kZV � k�|uzKw�k��¹w g k:} � zT}~vx�Tvxwyz � �¦¬z �
k��~vWl�}ut�k�w g k:�Ol�zGzKw g }~v � w�zW¬;w g k��yt�z ´ |uk��O���GvW| � Y�qr�	v�ªKk���w�z �¹´9g qr� g � k��O� � q���k��¹w g k � k�»�k�� �
w�q�ªGq{w��?zW¬�w g k²l�k � qrs~l Ã E:v¦¬wyk ��� k\��zK�K|uq<;�qr|u�2w g k²}�zGz ��� k��yw�q�wys~w�q�zK|¯zx¬�vKl�}~t{q�wys � k��:} � z¦ªGq � k �
�T�2w g k���qrl�}ut{k\��w O � � v � q�k�|Tw	l�q�� � vxwyq{zT|IG

[]\C^`_Ka6b T Â�VXW'c Ã W
´ k��ywyvWw�k:vW| O qrl�vx�Kq�|u��} � q�|���qr}ut{kBG~� ´9g q�� g � k�³Z|uk��9v O � k��O��k\|Kwhl�q�� � vxw�q�zK|2G [ �T�

[d^feg[>\C^h_ieMa6b T Â�VXW,c Ã
´9g k � k e qr��v � qrvx�KzK|~vWt<l�vWw � q½�Nzx¬�}�zT��q�w�q�ªWk ´ k�q�� g wO�:Âdw g k�ªWk\��wyz � [ qr�9v � k\�y��k�|Tw � q � k\��wyq{zT|
¬z � T ´ q�w g�� k��O}�k���w'w�z@Y�vWwRY ^ c�� g k�|~��k�q�wy� |~vKl�k Ã3µ � ¬���zKs � ��k�w g k	��k��yw'� g zKq���k¸¬z � e ´ zTsut �
��khw g kh}~�yk�s � z � qr|TªWk � �yk¸zx¬Zw g kkjºk��O��qrvW|ml¿Â�V Ã ^on�pn b p

T Â�VXW,c Ã �WvK�'q�|�w g vWw���vW�yk¹w g k	¬z � l�sut�v9¬z �

ÝAÝ8ãXq ���4ÿ�û



m � $���� - �������&�h��� ���K�
����
	
	 ���$2���,���k!N��#�#���

[ l�q�l�qr�4·G�¸v:°Gs~vW�yq � � k ´ w�zT|��yw�k\}�¬z � w g k9��zKt�suwyq{zT|�zx¬Iw g k9t�k�vK��w � �O°Gs~v � k��'} � zK�ut�k�l µ'¶ suw¸w g q��
q��º��zTl�}�suwyvWw�q�zK|~vWt{t���s~|�v¦¼Iz � � vW�ut�kW����z ´ k:qr| � qr��vxwyk g z ´ w�z � k�w�k � l�qr|uk�v ´ k�q�� g w e�� ´9g qr� g
} � z¦ªTq � k\�ºw g k²��k\��w � q�vW�WzK|�vxt vW}~} � z®�uq�l�vWw�q�zK|wyzNw g k�q�|TªKk � ��k�zx¬.w g k�j�k\�y�yqrvW| µ�fhg k²��z �O� k�� �
}�zT| � qr|u�?l�q{� � vWw�q�zK| [�� ^ e��
[ \ qr����vxt�t{k � vK|)zK}uwyq�l�vxt¸°Gs~vK|Tw�q�wyvxwyq{ªKkSl�q{� � vWw�q�zK| µ � zWw�qr��k
w g vWw��u�T�²��zK|���w � s~��w�q�zK|j� [�� ´ q�t�tZ��kºzT}uw�qrl�vxtIs~| � k � vK|T��¬k\vxwOs � k�vW| � vW}~} � z®�uq�l�vWw�q�zK| ´9g qr� g
g vW����k�k�|)q�|���z � }�z � vxw�k � qr|)w g k � k�³�|~q{wyq{zT|¯zW¬¹w g k � vWwyvl�q���³�w T Â3VXW�Y Ã ���Os~� g vK��l�s~t{wyq�� g zWw
� vxwOv~�~�~vK| � � t{qrl�q{wyk � �yzKs � ��kK�G³�|uq�w�k�vW}�k � wys � kK�~�ys � ¬dvW��k:��zTs~| � v � �S��zK| � q�w�q�zK|<�~k�wO� µ�µ{µ

S q�|#w g k:trvW�yw	¬zKs � �yk���w�q�zK|~��� ´ k�vW}~}~t{��w g k�vK��z¦ªKk�l�k�w g z � zKt{zK�W�Swyz²w g k���vW�yk ´9g k � k:w g k � vxwyv
l�q���³�w T Â�VXW,Y Ã q��h��zKl�}~suwyk � w g�� zTsu� g v ¶ z � |�� � v®�u�	vW}~} � z®�uq�l�vWw�q�zK| ´ q�w g w g k � k�»�k���w�q�ªTq�w��
zx¬ w g k�l�k � q�s�l � k�} � k��yk�|Tw�k � �T�2vK|�v �y� v®��zx¬ � q{¼ � vW��w�qr|u�²}�zKq�|Twy� µ
© k�� g z ´ w g vWw�w g k���z �O� k\�y}�zK| � q�|~����trvW�O�.zW¬ � k��O��k\|Kw¹l�q{� � vWw�q�zK|�¬z � l�s~t�v��T} � z¦ªGq � k � w g k�} � z �
}�k �¸´ k�q�� g w e vW| � w g k�} � zK}�k � ³�t�w�k � qr|u��vK| � vWl�}ut�q{wOs � k���z �O� k\��w�q�zK|�zx¬Iw g k � vxwOv�v � k9� g zK�yk�|j�
��zT|KwOvxqr|~��w g k Á q � � g~g zx¼2l�q{� � vWw�q�zK|~� µ'� |�}�v � w�qr��sutrv � �Ww g k9vW��z¦ªWk � l�k�|Twyq{zT|~|uk � O qr|TªWk � �yq{zT|�¬z ���
l�sutrv�G�¬z � v²�yq�|u�Kt{k�� g zKw9�KvWw g k � ��k�t{zT|u�Sw�z²w g k���t�vK�y�hzW¬ � k��O��k�|Tw�l�q�� � vxwyq{zT|~�¹¬z � w g qr� ¶ z � |
� � v®�?vW}~} � z®�uqrl�vWw�q�zK| µ�fhg k�| ´ k � k�w�k � l�qr|uk²w g k�zT}uw�qrl�vxt ´ k�q�� g w e�� qr|«w g vxw���t�vK�y���<vW| �
v���zKl�}~suwOvxwyq{zT|~|~vxt�t��²t{k\�y�¹k��~}�k�|~�yq�ªWk��ys~��zK}~w�qrl�vWt ´ k�q{� g w��e�� µ¸fhg k:��z �y� k��O}�zK| � qr|u��zT}uw�qrl�vxt
vW| � �ys���zT}uw�qrl�vxt�°Gs~vW|Tw�q�wyvWw�q�ªWk Á q � � g~g zW¼ l�q�� � vxw�q�zK|�� [�� vW| � �[�� v � k g k�|~��k�k��u}�k���w�k � w�z�Wq�ªWkK�~�K�N��zT|~��w � s���w�q�zK|<�~v²��k�w�w�k �9� k��yw�q�wysuwyq{zT|�zW¬'w g k�vWl�}ut�q�wys � k\�hw g vW|Nw g k���t�vK�y�yqr��vxt O q�|TªKk ���
��q�zK|¯¬z � l�sut�v�G~�Aq�| }~v � wyq���sut�v � ¬z � l�sut�w�qr}ut{k�� g zKw:�KvWw g k � vW| � ³�|uq�w�k�vW}�k � wys � k µ � s~l�k � q���vxt
� k\�ys~t{wO�	q{t�t�s���w � vWw�k�vW| � ��zK|G³ � l w g q��9k��~}�k\��wOvxw�q�zK| µ

fhg�� zTsu� g zTsuw:w g k2}~vW}�k � � ´ k g v®ªWk²wyvK·xk\|)v?� � k�vxw:��v � k²w�z?w � vK�4· � z ´ |¿vK|K�)��qrl�}ut�kSk��~}ut�q���q{w � k �
}�k�| � vW|~��k2zW¬	w g k ´ k�q�� g wO��vW| � l�q{� � vWw�q�zK|~�:zT| w g k#} � zK}~vW�KvWw�z � V Â`�yl�zGzWw g ��t�z ´ |uk\�y� Ã3µ?fhg qr��q��
ªKk � ��qrl�}�z � wOvW|Tw�q�|w g k�vW}~}ut�qr��vxwyq{zT|~� ´ k g v®ªWk�q�|¯l�qr| � � ´9g k � k�w g k�l�q�� � vxw�q�zK|?zK}�k � vxw�z � qr��s���k �
qr|~�yq � k�v�t{zGzK}S¬z � w g k � k�w�k � l�q�|�vxw�q�zK|2zx¬ V��uvK��qr|2l�q�� � vxwyq{zT|²ªWk�t{zu��q�w��²vW|~vWt{�u�yq��¸¬z � k��~vWl�}ut�k µXL �¹v
� k��Osut�w�zW¬¸w g qr����v � kW�ZzKs � ³�|�vxt��ys���zT}uw�qrl�vxt °Ts�vW|Tw�q�wyvWw�q�ªWk Á q � � g~g zx¼ l�q{� � vWw�q�zK|#¬z � l�sut�vSq���� g z ´ |
wyz«} � z¦ªGq � kSv«�WzGz � � k\��qrl�sutrvxwyq{zT| zx¬ � vWwyvz¦ªKk � vtrv � �Wk � vW|~�Wk²zx¬�} � zT}~vx�Tvxw�z � ��v � zTs~| � w g k�zK|uk
´9g q�� gNg vW�h��k�k\|#s~��k � w�z²��zTl�}�suw�k:w g k ´ k�q{� g wy���e�� µ

� � ��� ���*��$��#� ���#
%7�� �:
?���º���8� �6��7�� ��� �����

� w ´ q�t�t.��kS��zK|TªWk\|uq�k�|Tw�w�z � k\�y� � qr��k�w g k²k�v � w g wyz?��kSvK|~vxt��u��k � �T�?q�wy��} � zT}~vx�Tvxw�z � ªKk���w�z � V vW| �
q�wy� � k�»�k\��w�q�ªGq{w��#ªKk���wyz � Y µ�� k���w�z � V¾}~v � vKl�k�w � q<;�k���w g k�} � zK}~vW�Kvxwyq{zT|Nzx¬¸k�|~k � �W�)Â¬z � vW|«vW��zTs~�yw�qr�
l�z � k�tÅ� V"s~�ys�vxt�t{� � k�³�|uk\�ºw g k²�yl�zGzWw g }~v � w�zx¬¹w g k��yt{z ´ |uk\�y� Ã �<vK| � Y2w g k � q{¼ � vW��w�q�zK|«zx¬.k\|uk � �W�
Â`s~�Os~vxt�t{� Y � k�³�|uk\�	w g k � zKsu� g z � �yl�vxt�t ´ v®ªWk�t{k\|u�Ww g }~v � w	zx¬'w g k:k\v � w g l�vxw�k � qrvxt<} � zT}�k � wyq{k\� Ã4µ
© k � k�¬k � wyz ? � A ¬z � v��Kk�|uk � vWt � q��O��s~�O�yq{zT|2zW¬Aw g k�} � zT}~vx�Tvxw�z ���x� k�»�k���w�q�ªGq{w�� � k\} � k��yk�|TwyvWw�q�zK|j�GvW| � w�z
¬z � l�sutrv�Â �T�WÃ ��k�t�z ´ ¬z � w g k	��vW�yk.zW¬Zv ¶ z � |�� � v®��¬z ��´ v � � l�z � k�t�q�|~� µ � |~��k	v9¬z ��´ v � � l�z � k�t�t�q�|u�
} � zu��k � s � k g vK����k�k�|«� g zK�yk�|j� ´ k�� g vxt�t � k\|uzWwyk��T� �"!$# b w g k���zWt�t{k\��w�q�zK|#zW¬¸���u|Tw g k�w�qr� � vWwyv%�'& # (!$# b Â
) Ã
�Kk�|uk � vWw�k � vxw¹�Wk�zT} g zT|uk+*R¬z � � g zWw-,¹�uvW| � �K�%.�w g k���zWt�t{k\��w�q�zK|Szx¬A��z �O� k\�y}�zK| � q�|u� � k���z � � k �²� vxwyv
.�& # ( Â/) Ã3µ

���'Ý�� ß



���������
	������������������������������������ ��������!"��� ��#�$&%'�� ��������!)(*���,+
-�-.�/10
$2���&�3�4�5�����������6�87��,���3����2# D

fhg k�¬z � l�sut�v�¬z � w g k���zKl�}~suwOvxw�q�zK|2zx¬;w g k����u|Tw g k�w�qr� � & # (!$# b Â
) Ã s~| � k � w g k ¶ z � | � � v®�²vW}~} � z®�uq�l�v �
wyq{zT|¯v � k��Kq{ªKk�|?qr|"ÂÅ� �WÃ Â`� �TÃ ��k�t�z ´ vK| � k��ywyvW�~t{qr� g k � q�| L }�}�k\| � q{�"� µ�fhg k���t�vK�y�yqr��vxt � vWwyv#l�q���³�w
¬ds�|~��wyq{zT|NvK�y�yzu��qrvxwyk � wyz²w g k²Â3VXW�Y Ã k\v � w g }~v � vWl�k�wyk � �¹q��	w g k�|

T'Â3VXW�Y Ã ^ �
� � . _ � !$# b ��� ^ �

���
&
� (

���
\
Â
. & # ( Â
) Ã _ � & # (!$# b Â/) Ã�Ã � . )
	 Â�� Ã

� w�qr�.s�| � k � �yw�zGz � g k � khw g vxw .�vW| � � !�# b � k\} � k\��k\|Tw'w g k � vWwyv�vW| � ���u|Tw g k�w�qr���¸vx¬w�k � vW|T��} � k�t�qrl�qr|~v � �
w � k\vxwOl�k\|TwSÂ � k\��zT|KªKzWtrsuw�q�zK|<�'��zKl�}�k\|~�Ovxw�q�zK|)¬z � �Wk�zKl�k�w � qr��vWt.�O} � k\v � qr|u� µ{µ�µ vW��qr| ÂÅ� �WÃ ��k�t�z ´ ¬z �
k��~vWl�}ut�k Ã�g vW�h��k�k\|#vW}~}ut�q�k � µ

� w¹q�� ´ k�t�tZ·G|uz ´ |Sw g vWw�w g kºzT�G��k���w�q�ªWk�¬ds~|~��wyq{zT|UT Â3VXW�Y Ã q���zx¬;t�q�w�w�t�k:} � vW��wyq���vxtZs~��kº¬z � w g k ´ v®ªWk �
¬z � l qr|TªWk � �yq{zT|²zx¬;w g k � vxwOv�.��Gq�|N}~v � w�qr��s~t�v � ��k���vWs~�yk�zW¬;q{wO�	l�sut�w�qr}ut�k�t�zu��vWtZl�qr|uq�l�v ´ q�w g2� k��O}�k���w
wyz2w g k�} � zT}~vx�Tvxw�z � V µ j�z ´ k�ªKk � �~¬z � vS³~�uk � } � zT}~vx�Tvxwyz � V��XT Â�VXW,Y Ã�g vW��v2|uqr��k���k g v®ªGq{zTs � vK�ºv
¬ds�|~��wyq{zT|«zW¬�w g k � k�»�k���wyq{ªGq�w��gY E�q{w�qr�:vxtrl�zT��w:°Gs~v � � vWw�qr��vWtÅ�jvW| �¯� k\}~v � wy�º¬ � zKl °Gs~v � � vxw�qr��q�w��#zK|ut��
��k���vWs~�yk�zx¬¹w g kS} � k��yk�|���k�zx¬hl�sut�w�qr}ut�k � k�»�k���w�q�zK|~� µ�� z � k�z¦ªKk � �Iq{w:qr� ´ k�t{t�·T|~z ´ |j�;�yq�|~��k ? � �BA vW| �
? ��m A �~w g vxwhq�wy�	� � v � q�k�|Tw ´ q{w gN� k��O}�k���w	wyz�Y�qr�9v�l�q�� � vxwyk � ��k\��wyq{zT|2zW¬Aw g k � vxwOvIE

�NÇ����� £��Ë�������� -.����I���,��� ���� \ E .�� [ \ ���,�� ��- ������� � �5 ��- �M�,��� �'+ �3��� �4�
�F# �I��+��M� #M�
7��,���������&�3	 �m�87��,���3�������I���,��� ���� �����)�]��2!�� � �! 

[>\C^ _Ka6b T Â3VXW,c Ã Â �KÃ
" �
�'� [ \ � #*+���!�!N���]�4-.�C7��,�������
�)��	 �6�87��,��� ����#���+��3���� �����- �6�����5� .$# �4��->��- �i�&�'��I��7 ��� �� V&%

fhg qr�	��zT|~��k\}uw.zW¬;� � v � q�k�|Tw � l�q�� � vxw�q�zK| g vK��|uzKw¹��k�k\|SªKk � ���Os~����k��O��¬ds~tIs�|Kwyq{tj|uz ´ ¬z � w g k � k��yq{�T|
zW¬Il�q�� � vxwyq{zT|~�A¬ � zTl v:} � vW��w�qr��vxt~}�zWqr|Tw�zx¬IªGq{k ´(' w g k � k\vW�yzK|�¬z � w g q��¸q���w g vxw.q{w¸s~�Os~vWt{t����Kq{ªKk�� v�ªWk � �
}�zGz �º� k\��wyq{wOsuw�q�zK|#zW¬¸w g k�vWl�}ut�q{wOs � k��ºzx¬¸w g k�l�q�� � vxwyk � k�ªKk�|Twy��Â � k�k�}?k�ªWk\|KwO�hw�k\| � wyz2��k��yw � zK|u�Kt{�
vWw�wyk�|Gs~vxwyk � Ã4µ oGz²� � v � q�k�|Tw � l�q{� � vWw�q�zK| ´ k � k�k�vK��q�t�����k�vxwyk�|�T�2w g k��yz � ��vWt{t�k � Gxqr|TªWk � �yq{zT|²¬z � l�s~t�v�G
zW¬ ? �W� A ? D A ¬z � k��uk�l�}ut�kW� ´9g qr� gS´ k � k��~vW�yk � zK|�v���v � k�¬dsutIqr|TªWk � �yq{zT|j�Gq�|�w g k g q�� g ¬ � k�°Gsuk�|����²t�q�l�q�w��
zW¬¹w g k>Jºk\|uk � vxt�qN;�k � � v � zK| fA� vW|���¬z � l vK}~}�k�v � qr|u�#q�|)w g kSt{qr|uk\v � qN;�k � q�|Tw�k�� � vxt�k\°Ts�vxw�q�zK|¯¬z � w g k
� q½¼ � vK��wyk � ³�k�t � ��vK| � �Kv®ªWk�v²l�s~� g ��k�w�wyk �9� k��yw�q�wys~w�q�zK|Nzx¬'w g k�vKl�}~t{q�wys � k��hzW¬ l�q�� � vxw�k � k�ªWk�|TwO� µ

jºz ´ k�ªWk � �K��zKl�}~v � k � w�z�w g qr�	��trvW�O��qr��vWt�vW}�} � zTvW� g �Tw g kº� � v � q{k\|Tw � l�q�� � vxwyq{zT| g vW��w g k�v � ª¦vK|KwOvx�Kk
zW¬I»�k��uqr�uq{t�q�w��)E��T����zK|���w � s~��w�q�zK|j�Kq{w�q��¹�~vK��k � ��zKt{k�t{��zK|�w g k � vWwyv�l�qr��³�w¸¬ds~|~��w�q�zK| T Â3VXW�Y Ã �~vK| � ��z�q��
vK�ut�k�w�z�wyvK·xk�qr|Tw�z�vW����zKs~|Tw¹vW|T��qr|G¬z � l�vxwyq{zT| ´9g qr� g2g vK����k�k\|²qr|~��z � }�z � vxwyk � qr|Kwyz]T Â3VXW�Y Ã w g~� zKsu� g
w g k�l�z � k�t�t{qr|u�²�yw�k�} E

S ª¦v � q�vK�ut{k:�~vK�4·T� � zKs~| � V
S �ys � ¬dvK��k:��zTs~| � v � ����zK| � q{wyq{zT|
S ³�|uq�w�k�|Gs~l���k � zx¬ � g zKwy�hvK| � w g k�q � t�zu��vxwyq{zT|~�
S ¬z � k\vW� g � g zKw��u³Z|uq{wyk�|Gs~l���k � zW¬ � k���k�q�ªWk � �¹vW| � w g k�q � t{zu��vWw�q�zK|~�

ÝAÝ8ãXq ���4ÿ�û



� � $���� - �������&�h��� ���K�
����
	
	 ���$2���,���k!N��#�#���

S �~vW| � � t�qrl�q�w�k � ´ v®ªKk�t�k�w�Âdq{¬ q�whqr�h·T|~z ´ |�� Ã
S } � k�t�q�l�qr|~v � � � k\��zK|TªKzWtrsuw�q�zK|�vW| � vWl�}ut�q{wOs � k\�9��z �y� k���w�q�zK|SzW¬'w g k � vWwyv
S k�wO� µ�µ{µ

oGzKl�kºzW¬;w g k��yk�¬k\vxwys � k\���Gt�q�·Wk�¬z � k��uvKl�}ut{k�w g k�vK}�k � wOs � k�k�¼Ik���wy�h� � k\vxw�k � �T�²w g kº³�|uq�w�k:|Gs~l���k � zW¬
� g zKwy�	vW| � � k\��k�q{ªKk � ���Gv � k�ªKk � � � q½ÀS��sut{w��uq½¬ |uzWw	qrl�}�zT�y�yq��~t{kK�uw�z�wyvW·Wkºqr|Tw�z�vW����zKs�|Kw¹qr|Sw g k���t�vK�y�yqr��vxt
vK}~} � zKvK� gjµ

� s � zK�G��k\��wyq{ªKk¸q�|�w g qr�<³ � �yw;}~v � w<zW¬~w g k¹}~vW}�k � q��Aw�z � k�³�|~k�v9l�k�w g z � zWt�zW�K��¬z � w g k���zK|~�yw � s~��wyq{zT|
zW¬�°Gs~vW|Twyq{wOvxw�q�ªWk�l�q{� � vWw�q�zK|~��� ´9g qr� g«� k�wOvxqr|~��w g kSv � ª¦vW|TwyvW�Wk���zx¬	��zKw g vW}~} � zKvK� g k�� Eh»�k��uq��uq�t�q{w��?zW¬
� � v � q�k�|Tw � l�q{� � vWw�q�zK|j�GvW| � v��WzGz � � k��yw�q�wys~w�q�zK|Nzx¬'w g k�vKl�}~t{q�wys � k��hzW¬ l�q�� � vxw�k � k�ªWk�|TwO� µ

© k � k�ªKzWwyk�w g k:w g�� k�k�|uk��uwh}~v � vx� � vK} g ��w�z²w g k � k��O� � qr}uw�q�zK|�zx¬'w g qr�9l�k�w g z � zWt�zW�K�)E
S w g k9³ � �yw¸�yw�k�}�qr��w g k9qr|Kw � z � s���w�q�zK|�zW¬Iw g k9��zT|~��k\}uw¸zW¬ � k\�y��k�|Tw � l�q�� � vxw�q�zK|<� ´9g qr� g q��¸v:�yt�q{� g w
�Wk\|uk � vxt�qN;\vxwyq{zT| zW¬�w g vxw2zx¬:� � v � q�k�|Tw � l�q�� � vxw�q�zK| ' q�w�} � z � s~��k��Sv trv � �Wk?��t�vK�y��zW¬�l�q�� � vxwyq{zT|
zK}�k � vxwyz � ��� ´9g qr� g"� k�wOvxqr|~�²w g k»�k��Gqr�uq�t{q�w��"zx¬:� � v � q�k�|Tw � l�q�� � vxw�q�zK|����.��suw2vxtr�yz¾��zK|TwOvxqr|~�SvW�
�y}�k���q�vWt;��vK��k\�¹w g k O q�|TªWk � �yq�zK|²¬z � l�sutrv�G�zx¬ ? �W� A vW| � ? D A×µ

S q�|)w g k²��k\��zK| � �yw�k�}<� ´ k²� g vxt�t�} � zK}�zK�yk�vN�Ks~q � k�t{qr|uk�¬z � w g k²��k�t{k\��w�q�zK|<�<q�|¯w g q���trv � �Wk���trvW�O���
zx¬hzK|~k � k��O��k\|Tw � l�q�� � vxwyq{zT|~� ´9g qr� g } � z¦ªGq � k��:v?�WzGz � � k��yw�q�wys~w�q�zK| zx¬	w g k�l�q{� � vWw�k � k�ªWk\|KwO���
�T� � k�°Gsuq � qr|u��w g vWwhq{w�w � q{k\�hw�zSl�qrl�qr�4·SzT|uk � k ´ w�zT|N�yw�k\}�¬z � w g k:q�|TªKk � ��q�zK|�zx¬kT Â�VXW�Y Ã¹´ q�w g
� k\�y}�k���whw�zPY���wOv � w�qr|u��¬ � zKl Y ^ c µ oGs~� g v�l�q{� � vWw�q�zK| ´ q{t�t;��k���vWt{t�k � °Gs~vW|Tw�q�wyvWw�q�ªWk µ

S q�|)w g k²w g q � � �yw�k\}j� ´ k²� g vWt{t�qr| � qr��vWw�k g z ´ w�z�yk�t�k���w��;qr|«w g kS��trvW�O��zx¬ � k��O��k\|Tw � l�q�� � vxwyq{zT|~���
w g k�zK|uk ´9g q�� g l�qrl�qr�4·G��vxw���k\��wSÂÅq�| v��k\|~��k ´ k2� g vxt�t.l�vW·WkS} � k���qr�yk Ã w g k � k ´ w�zT|¿��wyk�} E
�ys�� g v�l�q�� � vxw�q�zK| ´ q{t�t;��k���vWt{t�k � vW|NzK}~w�qrl�vWt<°Gs~vW|Tw�q�wyvWw�q�ªWk:l�q{� � vWw�q�zK| µ

� � ��$A,h����� �*��7�� ���������#$

=Ak�w�s�� � k\|uzWwyk��K����w g k��O}~vK��k:zx¬ � k�»�k\��wyq{ªGq�w��2ªWk\��wyz � �kY µh¶ �N��zK|���w � s~��w�q�zK|j�&Y�}�v � vWl�k�w � q<;�k\�hw g k
� zKs~� g }~v � w � z � �yl�vWt{t'�y��vxt�k�ª¦v � q�vWw�q�zK|~� � zx¬¸w g k�k\v � w g }�v � vWl�k�wyk � � µ jºk�|~��k�w�z�vW|T�#ªWk���w�z � [ zW¬
� ´ k���vW|#vW�O�yzG��q�vWw�k�w g k�q�l�vW�WkW��q�|#w g k²Â g z � q<;�zT|Twyvxt � q��ywyvK|~��k Ã�� Â � k�}~w g�Ã � zKl�vxqr|j�~zW¬'w g k � zKsu� g
}�v � w9zx¬�w g k�k�v � w g }~v � vWl�k�w�k � � µ oTz ´ k�q�|Tw � z � s~��k�v2|~k ´ q�l�vW�Wqr|u�2} � q�|���qr}ut{kK�Z��vW�yk � zK|#w g k � vxwyv
l�qr��³�w	¬ds~|~��wyq{zT|MT«zK|~t{� E

�NÇ����� £��Ë���� �
	�� �
#
+����&� ���P� 7���� 7*�&�����)+�� �&!<�� � �����
���>����� � �m� #�� �)��$.�)+ �3���� T Â3VXW�Y Ã�� ���,��� ��+��3��	
�B�4�
�]����+�� �� [ �� � � #P�H�6�87��,��� ���H���P� 7��]��P��- �6#���� #��6��+>����� � . � �����)�g��2! �H� �6�4� � #P�U���
#
+����&�
�����,��+��3����6�
�� T Â3VXW�Y Ã # �4��-H�,��# �I��+�� �5 Y ��� Y ^ c � � % � %  

T Â�VXW,c ��� [ Ã�� T Â�VXW,c Ã �
�� � #��P��!�! ���)�$�7�- ÂÅ� Ã
��*��0
$.������!N���&�3! �

� [ W a b T Â�VXW'c Ã���� � c Âdm Ã

���'Ý�� ß



���������
	������������������������������������ ��������!"��� ��#�$&%'�� ��������!)(*���,+
-�-.�/10
$2���&�3�4�5�����������6�87��,���3����2# �

��
� [ W [>\ � � � c Â5D Ã

# -.�
�'� � W � � �,���&�,�
#��
�)� ��- ��#�+'��!N���k�)�,B��$2+ � ��� ��- ���,���k��+ �����B�4�
�P#5�I��+�� � ���)� [>\ � #���- �K7��,���������&�3	
�6�87��,��� ���P#���+��3���� ��*��� � �2�4�3���� � %

fhg k9l�zKw�q�ª®vWw�q�zK|�¬z � w g qr� � k�³�|uq�w�q�zK|�q��.��t�k�v � E<q{¬ [ �yvWw�qr��³�k��	ÂÅ� Ã �Kw g qr�¸l�k�vK|~��w g vxw � [ �Wk\|uk � vxwyk
v��y�G|Tw g k�wyq�� � ´9g q�� g ��zT|Twyvxqr|~�¹k�ªKk�|Twy� ´9g qr� g�´ q{t�t<�ys��~��w � vK��w	}~v � w�qrvxt�t��W�Gq�|¯Â�� Ã �u¬ � zKl .�qr|Nz � � k � w�z� k�� � k�vK��k>T"E�w g qr��l�k�vK|~��w g vWw:w g k � k�»�k���wyz � ��q�| [ v � k�t{zu��vWw�k � vWw�w g k � q{� g w:}utrvW��k�w�z#�Wk\|uk � vxwyk
�yzKl�k�zx¬'w g k�k�ªKk�|Twy�	zW¬ .&E��~suwhw g k � k�qr�h|uz��Ks~v � vK|Tw�k�k���zT|~��k � |uqr|u��w g k:vKl�}~t{q�wys � k��:Â`vW�~�yzWtrsuw�k�vW| �
� k�trvxwyq{ªKk Ã zx¬ w g k:k�ªWk\|KwO�	q�| [ µ

� ¬º��zKs � �ykW� w g qr��q�l�vW�Wqr|u�¯} � qr|~��qr}ut�k2qr��°Gsuq�w�k ´ k\vW·Z�¸vW| � w g k � k#v � k2vK|¿q�|u³�|uq�w��¿zx¬ºl�q�� � vxw�k �
�yk���w�q�zK|~� [ zW¬jv��Wq�ªWk�|�wyq�l�k���k\��w�q�zK| . ´9g qr� g �yvWw�qr��¬�NÂÅ� Ã �IÂdm Ã z � Â5D Ã � � |2}~v � w�qr��sutrv � �xw g k�� � v � q{k\|Tw
l�q�� � vxwyk � �yk���w�q�zK| []\ zx¬ � k�³�|~q{wyq{zT|��¹qr�'v�l�q�� � vxw�k � qrl�vW�Wk¹q�|�w g k	�yk�|���k	zx¬�w g qr� q�l�vW�Wqr|u��} � qr|~��qr}ut�kW�
vK�

� []\ W [>\ � � ^ � [>\ � � � c 	
fhg k�l�zK�yw�|~vWwys � vxt ´ v®��wyz�zT�uwyvWq�|Sv�l�q{� � vWw�k � q�l�vx�Kkºs~�yqr|u��w g q��¹qrl�vx�Wqr|u��} � qr|~��q�}�k�qr�¹w g k\|Sw�z

} � k\l�sut�w�qr}ut��Sw g k:� � v � q�k�|Tw � l�q{� � vWw�k � ��k\��wyq{zT| [ \ �T�2v����ul�l�k�w � qr��}�zK�yq�w�q�ªWk�l�vxw � q{� e �~vK��E
� eg[ \ W [ \ ��� � c Â �TÃ

� zTl�}~v � q�|~�2Â5D Ã vW| � Â �TÃ.´ k��yk�k�w g vxw [ ^ eU[ \ ´ q�t{tj��k:v�l�q�� � vxw�k � �yk���w�q�zK|2vK�	��zGzK|�vW� eg[ \ q��
|~zWw	z � w g zK�WzT|~vxtIw�z [ \ � ´9g q�� gN´ q�t{t<��k:w g k���vW�yk�¬z � vxt�t � k�vK��zT|~|~vW�~t{k�� g zWqr��k\�	zx¬ e µ
fhg k�l�vxw � q{� e � ´9g qr� g l�vW}~��w g k � k�»�k���wyq{ªGq�w��N�O}~vK��k ��q�|Tw�z2q{wO��k�t½¬��Zq���k��uw � k�l�k�t{�Nt�v � �Kk µ¹� |#z � � k �
wyz�t�qrl�q�w�w g k²vKl�zTs~|TwºzW¬ ´ z � · � k�°Gsuq � k � qr|?³ � �yw�� g zTzT��qr|u� e vK| � �yk���zK| � ��zKl�}~s~w�qr|u� eU[ \ � ´ k
� g vWt{t � k��yw � q���w	zKs � ��k�t½¬'w�z�w g k���zK|���q � k � vxwyq{zT|SzW¬ � qrvx�KzK|~vWtjl�vWw � q���k�� e µ fhg q��ht�k�v � �hs~�	wyz²w g k

�NÇ����� £��Ë���� � �4-.�6��.���,���5�� � E . � [ ���,�� �4-.�m����� � �  ��- �m�,��� �'+ �3��� �4�
�P# �.��+'�m� #m�]���
#
+����&�3	
�6�87��,���3����]��#�#
B+������ �'���5Z��- �i����� �Z�6� # � ����$.�)+ ������ T Â�VXW�Y Ã ���)� � @�4-.�K������7 ��)��!��I�#��4������� �6�87��,���3����# ���87�->�����3���� e � �! 

[ ^ eg[>\ # �4��- [>\C^ _Ka6b T'Â3VXW,c Ã Â �WÃ
" �
�'� [ � #�+���!�!N��� ��- �6���
#�+'���&�3	 �6�87��,���5����#
��+ ������M����4-.�m����� � . # �4�4-H�4-.� �)�,��I��7 ��� �� V&%

jºk�|~��kW�~zT|~��k�w g k � vxwOv�l�qr��³�w	¬ds~|~��wyq{zT|MT'Â3VXW�Y Ã	g vK�h��k�k�| � k�³�|uk � �T�2wOvW·Tq�|~��qr|Tw�zSvW����zTs~|Tw¹vWt{t
w g k � k�°Gsuq � k � ¬k\vxwys � k²zW¬¹w g k2} � zK�ut�k�l q�|)w g k²¬z �y´ v � � l�z � k�t�t{qr|u���'w g k � kSv � k�vK�:l�vW|T� � k\�y��k�|Tw �
l�q�� � vxwyq{zT|~��vK��}�zK�yq�w�q�ªWk � q�vW�WzT|~vxtZl�vWw � q���k�� e zT|Sw g k � k�»�k���w�q�ªTq�w��²�y}�vW��k�� © k�wOvW·xk�v � ª¦vK|KwOvx�Kk�qr|
w g k�|uk��uw:}~v � vx� � vK} g zx¬�w g qr� � k�� � k�k�zx¬.¬ � k�k � zTl w�zNk�| g vK|~��k�w g k � k��yw�q�wys~w�q�zK|?zW¬.w g k�vKl�}ut{q�wys � k��
zW¬Aw g k�l�q{� � vWw�k � k�ªKk�|Twy� µ

ÝAÝ8ãXq ���4ÿ�û



� � $���� - �������&�h��� ���K�
����
	
	 ���$2���,���k!N��#�#���

� : �����º� $'�����%�:$ � 7�&��
� �'�602&#����� �4�'�����4��� �6��7�� ���������

� z � v �Kq{ªKk�|"} � zT}~vx�Tvxwyz � V��	w g k«��k��ywS}�zK�O��qr�ut�k?l�q�� � vxwyk � q�l�vW�Wkzx¬�w g k � vxwOv�.¾qr�²w g k¿ÂÅt{k\vW�yw �
�O°Gs~v � k�� Ã qr|TªWk � wyk � �yk���w�q�zK| �Y ´9g qr� g l�q�|~q�l�q<;�k��ZT Â3VXW�Y Ã z¦ªWk � w g k � k�»�k���w�q�ªTq�w��S�O}~vW��k�� ' q{wh�Ovxwyq���³�k��
w g k�³ � ��w	z � � k � |uk���k��O�yv � �S��zK| � q�w�q�zK| E

amb T Â�VXW �Y Ã ^ c ÂÅ� Ã
L � T2qr�¸vWt�l�zK�yw¸°Gs~v � � vWw�qr��vxtGqr|�w g k � k��O}�k���w�wyz YG�Kw g k9l�q�|uqrl�qN;�k � �Yº��vK|���k9k\��wyq�l�vWw�k � � ´ q�w g v�ªWk � �
�KzGz � vK}~} � z®�Gqrl�vxwyq{zT|«Â`vW| � |uz2vK}~} � z®�uq�l�vxwyq{zT|�vWw9vxt�t ´9g k\|#v²t{qr|uk\v � qN;�k � ¬z �y´ v � � l�z � k�t<qr��s���k �
vK�:¬z � k��uvKl�}ut{k2w g k ¶ z � | � � v®� vK}~} � z®�uq�l�vxwyq{zT| Ã �T�¿}�k � ¬z � l�qr|u�?zK|~k � k ´ w�zT|¾��wyk�}¾�ywyv � wyq�|~�
¬ � zKl Y ^ cIE

l¿Â3V Ã �Y�� _Ka6b T Â3VXW,c Ã Â �TÃ
´9g k � k�w g k j�k\�y�yqrvW|

l¿Â3V Ã ^��
� T
� Y � Â3VXW,c

Ã W Ây� c Ã

qr��v2�O°Ts�v � k�l�vxw � q{�l�vK}~}uqr|u�2w g k � k�»�k���wyq{ªGq�w��N�O}~vK��k � qr|Tw�z2q�wy�yk�t{¬ µ L �mT¿q���vxtrl�zK�yw�°Gs~v � � vWw�qr��vxt
´ q�w g#� k��O}�k\��whwyz�YT� l¿Â3V Ã¹´ q{t�t<qr|} � vW��wyq���k:��k��yk�l�q � � k�³�|uq�w�k�}�zK�yq�w�q�ªWk µ.¶ s~w9q{w ´ q�t�tA|uzKwhq�|N�Wk\|uk � vxt
��k	q�|TªKk � w�qr�ut{kK�WvW�A¬z � k��~vWl�}ut�kh� g vW|u�Kq�|~��w g k � k�»�k���w�q�ªTq�w�� Y�qr|�v � k�vK� ´9g qr� g v � k¹|uzKw�q{t�trs~l�q�|~vWw�k � �T�
vK|T��� g zKw ´ q�t{t g v®ªKk�|uz�k�¼Ik���w¹zK|Sw g k����u|Tw g k�w�qr��� !$# b E��Os~� g }�k � wys � �~vWw�q�zK|~��v � k�qr|Sw g k�|Gsut�t��O}~vK��k�zW¬
l¾Â�V Ã � ´9g qr� g²g k�|���k���zK|TwyvWq�|~�.|uzK| � ;�k � z:ªKk���w�z � � µ oTz:k\°Ts�vxw�q�zK|#Â �TÃ g vW��qr|²�Wk\|uk � vxt~l�vK|K���yzWtrsuw�q�zK|~�
�Yu�GvW| � zK|uk g vW��w�z��y}�k���q½¬�²w g k�zT|uk�zT|uk�qr��q�|Tw�k � k\��wyk � qr| µ � |2vK�~�yk�|~��k9zx¬;vK|K�²v�} � q�z � q�qr|G¬z � l�vxwyq{zT|
zT| �Yu�'q�w:q�� � k�vK��zT|~|~vK�ut{k�w�z?�yk�v � � g ¬z � w g k²qr|KªKk � w�k � �yk���w�q�zK| �Y�� ´9g qr� g �AvKl�zT|u�vxt�t.�yzWtrsuw�q�zK|~��zW¬
Â �TÃ � g vW�	w g k��Ol�vWt{t�k��ywh��k\l�q � |uz � l � �Y � � � k�³�|uk � �T� E

� Y � � � ^ �	� Y�W�Y ��� W Ây�W� Ã
´9g k � k � qr�:v � q�vW�WzK|�vxt�l�vxw � q{� ´ q{w g k\|Tw � q{k\�ºtrv � �Wk � w g vK|«z � k\°Gs~vxt�wyz>;�k � z��<vK| � �Os~� g w g vWw:w g k
|Gsut�tr�y}~vK��k\�¸zx¬ l¿Â�V Ã vW| � � g v®ªKk�zT|ut{��w g kC;�k � z�ªWk\��wyz � q�|���zKl�l�zK| µ � ¬A��zKs � �ykW�TzK|uk���vW|2s~��k � ^
� � k�|Tw�q�w��W�u�yz�w g vWw � Y � � ��zKq�|~��q � k�� ´ q�w g w g k�s~�Os~vxtI|uz � l � Y � �G�~suw ´ k�� g vxt�tZ�yk�kºq�|²w g k�vW}~}ut�qr��vxwyq{zT|
wyz Á q � � g~g zx¼¯l�q�� � vxw�q�zK|#w g vxw�q{w���vW|��k�qr|Tw�k � k\��wyq�|u�²wyz�s~�yk�vS�yk�l�q � |~z � l � � � v � vW}uwyk � w�z�w g k
jºk��O��qrvW| l¾Â�V Ã3µ fhg qr�Al�qr|uqrl�s~l � ��k\l�qr|uz � l �yzWtrsuw�q�zK|��Y � zx¬<Â �TÃ qr�A�Wq�ªWk�|:�T�:v9}~�yk�s � zWqr|TªWk � �yk l¿Â�V Ã�
�
zW¬ l¿Â3V Ã E

�Y � � _ l¿Â3V Ã 
� a6b T Â�VXW'c Ã Ây� �KÃ
© k� g vxt�t	s���kNw g kN¬z � l�sut�vWw�q�zK|CÂ�� �TÃ zW¬�w g k � k ´ wyzK|"��wyk�}¿¬z � w g k#k��yw�qrl�vxwyq{zT|¾zx¬�w g k#qr|TªWk � w�k �
� k�»�k���wyq{ªGq�w��)�yk���w�q�zK| �Y � vW��v�Ksuq � k2¬z � w g kN� g zWqr��kSzW¬9w g kN}�zT��q�w�q�ªWk � q�vW�WzT|~vxt¹l�q�� � vxwyq{zT| ´ k�q{� g w
l�vWw � q½� e qr|Nw g k � k\�y��k�|Tw � l�q{� � vWw�q�zK| [ E

[ ^`_ie a6b T Â3VXW,c Ã Ây��� Ã
¶ �2��zKl�}~v � qr|u�NÂ�� �TÃ vW| � Â��\� Ã.´ k�v � k�t�k � w�z�w g k�E

���'Ý�� ß



���������
	������������������������������������ ��������!"��� ��#�$&%'�� ��������!)(*���,+
-�-.�/10
$2���&�3�4�5�����������6�87��,���3����2# �

�NÇ����� £��Ë���� ��� -.�Z���
#
+����&� �m�87��,���3����H��I�
�'��� ��K��#�#�B+
�����5���m�5������ � �6� #�� ����$.� +��3���� T'Â3VXW�Y Ã ���)�
��- �C����� 7���)��!��I�#��4�������C�m�87��,�������� # ���87�- �R�����3���� e � #K��0
$2���&�3�4�5���������K�m�87��,���3����]� �i��- � # ���87�- � �P��	
�3���� e � #Z��� �����)�,"��������3����U� 6�4-.� �2#��
$2������&������#�� l¿Â3V Ã 
� ��@�4-.�C- �
#'#������ l¿Â�V Ã ��C��- �  %�����+ �������
��$.� +��3���� # �4�4->�,�
#5�I��+�� �5 Y ����� ���, �,� � ��+ �����B�4� � %

oTz��Kq{¬ ´ k�v � k9�Wq�ªWk\|²v�|uzKq��yk�t�k��O� � vWwyv�.��Wk\|uk � vxwyk � � ´ q{w g } � zK}~vW�Kvxwyz � V��G�T��v:wyq�l�k � k�»�k���w�q�ªTq�w��
ªKk���w�z � Y�� b	��
 �'v°Ts�vW|Tw�q�wyvWw�q�ªWk²l�q{� � vWw�q�zK|?zW¬ . ´ q{t�t.} � z � s~��kSv#l�q�� � vxw�k � �yk���w�q�zK| [ ´9g qr� g q��:vK|
vK}~} � z®�uq�l�vxwyq{zT|¿w�z¿w g k?l�q�|~q�l�s~l �yk�l�q � |uz � l �Y�� qr|TªWk � wyk � ��k\��w�q�zK| ´9g qr� g q{wO��k�t½¬�q���ªKk � � ��t�zK�ykW�
qr|?w g k²v � k�v2q{t�t�s�l�qr|~vWw�k � �T�w g k²� g zWwO���IwyzNw g k�w � suk � k�»�k���w�q�ªTq�w����k\��wyq{zT|gY�� b��
 µ oGzN°Gs~vK|Kwyq{wOvxwyq{ªKk
l�q�� � vxwyq{zT|~� ´ q{t�t;wyk�| � w�z � k��yw�q�wys~w�k�} � zK}�k � t��Sw g k�vKl�}ut{q�wys � k��hzW¬ l�q�� � vxwyk � k�ªKk�|Twy���uw g k�°Gs~vWt{q�w��2zW¬
w g qr� � k��yw�q�wysuwyq{zT| � k�}�k�| � q�|u�«zx¬9��zTs � �yk²zx¬hw g k�°Gs~vWt{q�w��«zW¬	w g k2vK}~} � z®�Gqrl�vxwyq{zT|«zW¬ l¾Â�V Ã 
� �T�)w g k� q�vW�WzK|�vxtjl�vxw � q{� e �

L � ´ k:� g vxt�t<�yk�k:qr|2w g k�vW}~}~t{qr��vWw�q�zK|�w�z Á q � � g~g zx¼?l�q{� � vWw�q�zK|j�uw g k j�k\�y�yq�vK|]l¾Â�V Ã w�k\| � �hwyzS��k
�yw � zK|~�Wt��N��zK|~��k�|Tw � vxwyk � vxt�zK|~�Sq{wO� � q�vW�WzT|~vxt`��w g qr�º��zK|~��k�|Tw � vxwyq{zT|#q�|~� � k\vW�yq�|~� ´ q{w g w g k�|Gs~l���k � zW¬
� g zKwy�:vW| � w g k � k\��z � � qr|u�Nzx¼j��k�w µ j�k�|���k²q�wy�:}~�yk�s � zWqr|KªKk � ��kPl¿Â3V Ã 
� ��vW|)��kSvK}~} � z®�uq�l�vxwyk � �T�«v� q�vW�WzK|�vxtjl�vxw � q{� e ´ q{w g v � k�trvxwyq{ªKk�t��S�WzGz � } � k\��qr��q�zK| µ

© k���zK|~��t�s � k²w g qr��}�v � vx� � vW} g �T�¯�Kq{ªGqr|u�?v?��zK|~�yw � s~��wyq{ªKk ´ v®�«w�z � k���zW�K|~qN;�k²w g vWw�v}�zT��q�w�q�ªWk
� q�vW�WzK|�vxtjl�vxw � q{� e q��hvK|NvK}~} � z®�uq�l�vxwyq{zT|²w�z l¾Â�V Ã 
� µ Jºq�ªWk\|�v � k��Tsutrv � qN;\vxw�q�zK|2}~v � vWl�k�wyk ��� � c~�
´ k³ � �yw � k\}utrvW��kk\°Gs~vxwyq{zT| Â �TÃ Â ´9g qr� g�g vK�2l�z � kw g vK| zK|~k«��zKt�s~w�q�zK| Ã �T�"q{wO� � _ � k��Tsutrv � qN;�k �
ªKk � ��q�zK| E

Â5l¿Â�V Ã � ���¹Ã �Y � # � ^ _Ka6b T Â3VXW,c Ã Ây��m Ã
´9g q�� g#g vK�9v²s~|uqr°Gsuk��yzWtrsuw�q�zK|#vW�����T� g �u}�zWw g k��yq�����w g k�|Gsut�t��O}~vW��k��	zW¬Xl¾Â�V Ã vK| � � g v®ªWk�zK|~t{�Nw g k
;�k � z�ªKk���w�z � qr|N��zKl�l�zK| µ¸fhg k�| ´ k�·G|uz ´ |<�G¬ � zTl w g k:w g k�z � �2zx¬ � k��Tsutrv � qN;\vxw�q�zK|«ÂÅ��¬ ? � c AdÃ ��w g vWw

�Y � # � � �Y � qr| � ´9g k � k � � c Ây�BD Ã

fhg q��h� g z ´ �¹w g vWw�Â3l¿Â3V Ã � ���¹Ã���� q��	vK|�vK}~} � z®�Gqrl�vxwyq{zT|²zx¬'w g k�}~�yk�s � zWqr|TªWk � �ykCl¿Â3V Ã 
� �T�2v��y�Gl �
l�k�w � q���}�zK�yq{wyq{ªKk � k�³�|uq�w�k�l�vWw � q½� µ � ¬ ´ k:|uz ´ �ys~����wyq{wOsuw�kSÂy��m Ã qr|Tw�z#Â��\� Ã.´ k�³�| � w g vWw�E

[ ^ e Â3l¿Â3V Ã � � �	Ã �Y � # � 	 Ây� �TÃ

oGz?w g k � k��O��k\|Tw � l�q�� � vxwyk � �yk���w�q�zK| [ ´ q{t�t¹��k���t{zT��k2w�z �Y � # � ��vW| � g k�|~��k2wyz �Y��'��vK���yzTzT|¿vW��w g k
}�zK�yq�w�q�ªWk � qrvx�KzK|~vWt ´ k�q�� g w2l�vxw � q{� e qr��v¿�KzGz � t�k�¬wNqr|KªKk � ��kzW¬�w g k)}�zT��q�w�q�ªWk � k�³Z|uq{wyk¯l�vxw � q{�
l¾Â�V Ã � ��� E

e Â5l¿Â�V Ã � ���¹Ã ��� Ây� �WÃ

ouvxw�qr��¬�Tqr|u�?Ây� �KÃ �Wq�ªWk\��vS��zK|~�yw � s~��wyq{ªKk ´ v®�2zx¬.� g zK�yq�|u�²w g k � q�vW�WzK|�vxt;}�zK�yq{wyq{ªKk�l�q{� � vWw�q�zK| ´ k�q�� g wy�
e qr|#�ys~� g v ´ v®�2w g vWw [ ^ _ieMa b T'Â3VXW,c Ã q��hv²°Gs~vK|Kwyq{wOvxwyq{ªKk�l�q�� � vxw�q�zK|�zx¬'w g k��yk�qr�Ol�qr� � vWwyv . µ

ÝAÝ8ãXq ���4ÿ�û



�Bc � $���� - �������&�h��� ���K�
����
	
	 ���$2���,���k!N��#�#���

� � � ���������*��! 02&#����� �3� ��� �����5�*��7�� ��� �����

© k2�Os~}~}�zK�ykSqr| w g qr��}~v � vW� � vW} g w g vxw ´ kS·G|uz ´ w g k jºk��O��qrvW| l¿Â3V Ã�� w g qr� ´ q�t{t¹��k2w g k2��vW�yk�¬z �
k��~vWl�}ut�k9q�|Sw g k�vW}~}ut�qr��vxwyq{zT|�w�z�w g k Á q � � g~g zx¼#l�q{� � vWw�q�zK|��Wq�ªWk\|�q�|²w g kº�yk���zK| � }�v � w¸zx¬jw g kº}~vK}�k � �
´9g k � k�zT|uk g vW�:v#�yq�l�}ut�kS��t�zK�yk � ¬z � l ¬z � l�sutrv�¬z � w g k²k�t�k�l�k�|Twy��zW¬kl¾Â�V Ã�� vW| � ´ k²��k\v � � g ¬z �
w g k���k��yw9l�q�� � vxwyq{zT| ´ k�q�� g whl�vxw � q{� e q�|#v���k\|~�yk ´ k�l�vW·Wk�|uz ´ } � k���qr�yk�E

�NÇ����� £��Ë���� � � ������� ��- �H�����5�U�6� # � �R��$.� +��3���� T Â�VXW�Y Ã ��� � �4��# " �
#'#������ l¿Â3V Ã�� � � c ��� �U�
������7 �� ��!&�.�#��4�3�����*�����3���� � � ��- �6������7 �� ��! �m�87��,�������� # ���87�- � e�� � #*��)�3���P��! � �*���)� ��2! ��� �! � � e�� Â3l¾Â�V Ã � ���¹Ã _ � ������� e Â3l¿Â3V Ã � ���¹Ã _ � ���

�
��m��!�!R����� 7���)��!R�����3����+���# e Ây��� Ã

jºk � k � ��� qr�	w g k�l�vWw � q½�N|uz � l±vW�O�yzG��q�vWw�k � w�z²w g k � ��� ªWk\��w�z � |uz � l>E
� �
	 � � ^ �ys�}��������� � �
	�� � ������ � ^ l�v¦��� � ������� � � � Ây� �TÃ

fhg q���|uz � l g vW�º��k�k�|?� g zT��k\|#q�|?z � � k � wyz2k\|~�ys � k�vK|k�vK���#�yzWtrsuw�q�zK|#zW¬¸w g k�} � zT�ut�k�l Â���� Ã � ´9g qr� g
qr�	�Wq�ªWk\|��T�?Â`��k�k L }~}�k�| � q½�#��¬z � w g k�} � zTzW¬ Ã E

��¤¦Ë��¸ËZ¢ � £��Ë � ��� � ������� T Â�VXW,Y Ã�� � ��� � � � ��� � �)�� 
 � ^"!$#&%� � � l¿Â�V Ã � # # �� l¿Â3V Ã � # � � � � � �(' ^ ��W � W 	 	 	<W*) 	 Â � c Ã

� -.�
�M�4-.�m��)�3���P��! �6�87��,�������� # ���87�- � e�� � #i7������
��% �  
�,+ ��� !8���)�
# ' # - ���,�- � � � � ��� # - ���,� l¿Â�V Ã � ��� � #*����� 7���)��!"����6���)���)�  

e �� ^ �-.�Â5l¿Â�V Ã � # � � ��� � Ã Â � � Ã
� ��+ ��� ! ���)�
# ' # -.�
�'�� � � � � ��� # -.�
�,� l¿Â3V Ã � � � � #Z� �� ������7 �� ��!X����m��� ���&�  

e �� ^ c 	 Â �W�KÃ
� -.�
�  

[ � ^`_ie � a b T Â�VXW'c Ã Â � � Ã
� #���- ��#��$�7�- �k��)�3������! 0�$2���)���4� ���3�����
! ���6�87��,��� ����#���+��3���� � # -���+
-H#
����� #�� ��#� 

� [ � _ �Y � # � ����� l�v¦��0/ ��1 243�5 �  ' Â � m Ã

# -.�
�'� �Y � # � � #Z�4-.� �,� 7�$.!N����� �B���������&�, ��������3���� � 7��������M% � 	 ��6 6��Z�4-.� �6���2���6$.�m	 � 	 �)���� ���&�����
�5���
�'� � ��+��3���B�4� � �Y � %

���'Ý�� ß



���������
	������������������������������������ ��������!"��� ��#�$&%'�� ��������!)(*���,+
-�-.�/10
$2���&�3�4�5�����������6�87��,���3����2# �K�

fhg kS} � zT}�zT��q�w�q�zK| Â�� Ã qr�:w g kS�~vW�yqr��¬z � w g k � k��yq{�T|¯zW¬�zT}uw�qrl�vxt¸l�q{� � vWw�q�zK| ´ k�q{� g wy� µ�� | l�vW|T�
�yq�wys~vWw�q�zK|j�Aw g k jºk��O��qrvW|Ml¿Â3V Ã vxt�zK|uk ´ q�t{t¹|uzWw���k � qrvx�KzK|~vWt � zKl�qr|~vW|Tw�vxw�vK|T�?t{qr|ukÂÅw g qr� ´ q�t{t¹��k
w g k���vW�yk2qr|¿w g k�vW}�}ut{qr��vWw�q�zK|¿wyz«w g k Á q � � g�g zx¼ l�q{� � vWw�q�zK|¿} � k��yk�|Tw�k � ��k�t{z ´ºÃ4µ¯� |¾w g vWw���vK��kK��q{w
´ q�t�t'��k�|~k���k\�y�Ov � �Nw�z#s~��k�v2|uzT| � ;�k � z � k��Tsut�v � q<;�vWw�q�zK|Nw�k � l ���9µ ��� zKl Â � c Ã Â � m Ã zK|uk���k�k��ºk�vW�yq�t{�
w g vxw�� ´9g k\|«w g k²��q<;�k � zx¬�w g qr� � k��Ksutrv � q<;�vxwyq{zT|w�k � l qr|~� � k\vW�yk����jw g k�k �O� z � ��k�w ´ k�k�| [�� vW| � �Y � # �� k�� � k�vK��k\� µh¶ suw�vxwºw g k��yvKl�k�w�qrl�k�w g k�k �O� z � ��k�w ´ k�k\|��Y�� # � vK| � �Y �¯q�|~� � k\vW�yk��9vK��v���zK|���k\°Ts~k�|~��k
zW¬9Â���D Ã3µZL �WzGz � � g zWqr��k�zx¬.w g k � k��Tsut�v � q<;�vWw�q�zK|#wyk � l8� g zTsut � w�k�| � w�zN�~vxtrvW|���k�w g k��yk�w ´ z2k �y� z � � µ
L ��w g qr��q��ºªWk � � � q{ÀS��sut�wºwyzNvK� g q�k�ªWk�} � vWw�qr��vWt{t��W� ´ k��yq�l�}ut��?} � k��yk�|Twºv � k��Ksutrv � qN;\vxwyq{zT| ´9g q�� g«g vW�
} � z¦ªKk�|Swyz ´ z � · ´ k�t�t<qr|�zTs � |Gs~l�k � q���vxtIk��~}�k � q�l�k\|KwO��E

� ^ � W � � ^ � #&%� � �
l¿Â3V Ã � # # � Â � D Ã

´9g q�� g k�|~�Os � k���w g vxw�l¿Â3V Ã � ��� qr� � qrvx�KzK|~vWt � zKl�q�|�vW|Tw:vxw�vxt�t�t�q�|uk\���'vW| � t�k�v � ��w�z#w g k²zT}uw�qrl�vxt
´ k�q�� g w E

e �� ^ Â3l¿Â3V Ã � # � � � #&%� � �
l¿Â3V Ã � # # � Ã ��� 	 Â �x�TÃ

� zWwyq���k�w g vxwhw g qr� ´ k�q{� g w¹qr�9�yq�l�}ut��Sw g k:q�|TªKk � ��k�zx¬ w g k�l�vK�y�	trs~l�}�k � j�k��O�yq�vK|]l¿Â3V Ã �
� |�w g k	¬zKs ��� k�l�vxqr|uqr|u����k\��w�q�zK|���� ´ kh� g vxt�t~vW}~}ut���w g k9vW��z¦ªWk	l�k�w g z � zWt�zW�W�:wyz�w g k9��zK|~�yw � s~��wyq{zT|

zW¬�vW|CzK}uwyq�l�vWt�vK| � �Os~��zK}uwyq�l�vWt�°Gs~vK|Tw�q�wyvxwyq{ªKk Á q � � g~g zx¼ l�q{� � vWw�q�zK|j�º�~vW�yk � zK|�w g k zK�G��k\��wyq{ªKk
¬ds�|~��wyq{zT|gT Â�VXW,Y Ã vW�O�yzG��q�vWw�k � w�z�w g k ¶ z � | � � v®��¬z �y´ v � � l�z � k�t�t{qr|u���GvK| � �Kq{ªKk�|Gs~l�k � q���vxt � k��Osut�wy�
´9g q�� g q{t�trs~��w � vWw�k:w g k���zT|~��w � s���w�q�zK|�vW| � q�wy�h}�k � ¬z � l�vW|~��k�� µ

� � -#��
���'� �6��$ �#� �K&�#,¹� ����� &�#
��� ��-#���±����� � � ���2$ ���2�
�� ���#�������������

© k � k�³�|uk�|uz ´ w g k�¬z ��´ v � � l�z � k�t{t�qr|u�2vW| � w g k � vxwOv²l�qr��³�w9¬ds~|���w�q�zK| ´9g q�� g ��vW����z � � qr|u�²wyzSw g k
� k��Osut�wy�	zW¬Aw g k�} � k�ªGq{zTs~�	}~v � vx� � vK} g � ´ q{t�t;��k:w g k��ywyv � wyq�|u�²}�zWqr|Tw�¬z � w g k���zK|~�yw � s~��w�q�zK|�zx¬AzT}uw�qrl�vxt
vK| � �ys~��zK}~w�qrl�vWt;°Gs~vW|Twyq{wOvxw�q�ªWk Á q � � g�g zx¼?l�q{� � vWw�q�zK| µ

© k²��zK|���q � k � v2l�k � q�s�l ´ q{w g ·G|uz ´ |«��zK|���wOvW|Tw � k�|~�yq{w��K�IwyvW·Wk�|«k�°Gs~vxt wyz2zK|~k�¬z � �yqrl�}~t{qr��q�w��W�
vK| � s~�yk.vht�q�|~k�v � q<;�k � vK��zTs~��wyq���¬z �y´ v � � l�z � k�tZÂ ¶ z � |:vW}~} � z®�uqrl�vWw�q�zK| Ã4µ<fhg k��yt�z ´ |uk��O�
	�qr�;�O}ut�q{wyw�k �
qr|Tw�z�q�wy�9�Ol�zTzKw g vW| � � zKsu� g }~v � wO��E

	 ^ 	 / ��	 b
vK����z � � q�|~�9w�z�w g k¹¬ � k�°Gsuk\|~������zK|Tw�k\|Kw'zx¬�w g kh�yzKs � ��kºÂÅ�4¬ ? �BAÃ �WvW| � }~v � vWl�k�w � qN;�k � �T�:w g k	} � zT}~vx�Tvxw�z �
ªKk���w�z � V vW| � � k�»�k\��w�q�ªGq{w���ªWk\��w�z � Y�vW�¹¬zKt{t�z ´ � E

� 	 / ^ V
	 bK^ !� Y ��� Â � _ � � Ã W Â �K�WÃ

ÝAÝ8ãXq ���4ÿ�û



� � � $���� - �������&�h��� ���K�
����
	
	 ���$2���,���k!N��#�#���

´9g k � k ´ k g v®ªKk�s~�yk � �ZvW�9s~�Os~vWtÅ�~w g k��Ol�zTzKw g }~v � whzW¬'w g k��yt{z ´ |~k��O�9vW�hw g k�} � zK}�vx�KvWw�z � s~|�·T|~z ´ |
qr|?� g v � �Kk:zx¬ � k\�y� � qr�uqr|u�Sw g k�·Tqr|uk�l�vxwyq���zx¬¸w g k�k\|uk � �W�K�ZvK| � ´9g k � k�w g k � k�»�k���wyq{ªGq�w���zW¬¸w g k�k�v � w g
qr� � k\} � k��yk�|Tw�k � �T�2v�¬dvWl�q{t��SzW¬'�O��vxwyw�k � qr|u��}�zWqr|Twy��� t{zu��vWw�k � vxw	w g k:|uz � k��	zW¬Av � k\��wyvK|u�Ks~t�v � � � q �
Â`��k�k�³��Ks � k#� Ã4µ Jºq{ªKk�| V"vK| � YG� ´ k ´ vW|Tw�w�z��zTl�}~suw�k²w g kS�y�G|Tw g k�wyq�� � vWwyv � & # ( � k\��z � � k � vWw�v
�Kk�zT} g zK|~k�* ¬z � v2� g zKwºvxw�}�zKq�|Tw���zTs � ��k�,RÂ�³��Ts � k�� Ã4µ oTz ´ k�t�q�|uk\v � qN;�k�w g k�vK��zKs���wyq���k�°Gs~vxwyq{zT|
v � zTs~| � w g k��Ol�zTzKw g �~vK�4·K� � zTs~| � V ^ 	 / µ
fhg k�qr|~��q � k\|Tw	³�k�t ����� Â � W ) Ã �Wk\|uk � vxwyk � �T�Sw g k��yzKs � ��k�qr|�w g k��Ol�zTzKw g l�k � qrs~l �yvWw�qr��³�k\��E

	 �/ � � ���
� ) � _�� ��� ^
	 Â/) Ã � Â � _ � & Ã W Â � � Ã

´9g k � k�E
	 Â
) Ã qr�hw g k���vW| � � t�q�l�q�w�k � �yzKs � ��kº¬ds~|~��w�q�zK| Â �x�TÃ

fhg k��O��vWw�wyk � k � ³�k�t ��� & Â � W ) Ã ��z �y� k��O}�zK| � qr|u��w�z�w g k � k�»�k���w�q�ªTq�w�� Y��yvWw�qr��³�k�� E
	 �/ � � � &

� ) � _�� � & ^ _ � �
�
	 / # � Y � �

� ���
� ) � � Â

� _ � � Ã W Â`��c Ã

´9g k � k�E
Y � ^ �O��vWw�w�k � qr|u�²vWl�}ut�q�wys � k:zW¬ }�zWqr|Twh�y��vxw�wyk � k � � 	 Â`�~� Ã

�¹°Ts�vxw�q�zK|��:Â � � Ã vW| � Â`��c Ã ÂÅ}utrs~�ºv � k\°Ts�vxw�k�qr|uq�w�qrvxtAvK| � ��zKs~| � v � �2��zT| � q�w�q�zK|~� Ã � k�w�k � l�q�|~k�w g k
�O��vWw�wyk � k � ³�k�t ��� & ´9g qr� g q�� � k���z � � k � vxw	w g k:�Wk�zT} g zT|uk�� * µ� q�|�vxt�t{�K�	s���qr|u�¿w g k g q�� g ¬ � k\°Gsuk�|~��� vK���ul�}uw�zKw�qr�vW}~} � z®�uqrl�vWw�q�zK|CÂÅ}~v � vx�Gqrvxt � v®�u� Ã ¬z � w g k
�yzWtrsuwyq{zT|²zx¬.Â � � Ã vK| � ÂÅ��c Ã ÂÅ��¬ L |~|~k��uk���vW| � ? �\� AdÃ �Gw g k��y�u|Tw g k�w�qr���yk�qr�yl�zW� � vKl � k���z � � k � vxw.wyq�l�k
)�vxwh�Kk�zK} g zK|uk * � s � q�|u��w g k�� g zWw+,¾q��h�Kq{ªKk�|��K� E

� & # (�� Â
) Ã ^ �
�
Â�V � Ã

/ Y � 	 & # (� ,�� ��� /�� Â
) _�� & # (� Ã W Â`� �KÃ

´9g k � k�E
S w g k	t�z ´ k � �O� � qr}uw )��:�ywyvK| � �A¬z �@O w � s~k¹vKl�}~t{q�wys � k G~�¦k\l�} g vW�yq<;�qr|u�ºw g k¹¬dvW��w'w g vxw'w g q����y�u|Kw g k�wyq��
w � q{k\�hw�z�qrl�q{wOvxw�k:w g k:w � suk:vWl�}ut�q�wys � k � vxwyv µ

S w g k:k��~}�zT|uk�|Tw���zW¬ V � wyvK·xk\��w g k:ª¦vxtrsuk��
� ^ �4. � q�| � _�� W�� ^ �hqr|�� _�� Â`�W� Ã

vW| � g vK�h|uzWw g qr|u��w�z � z ´ q�w g w g k��Os~�~�O� � qr}uw���s~�yk � w�z � k\|uzWwyk��yl�zGzWw g °Gs~vK|Tw�q�w�q�k�� �
S w g k�¬dvK��w�z � Â�V � Ã

/ ^ Â 	 / # � Ã / ��zKl�k\�.¬ � zKl w g k�w�k � l 	 /9qr|2w g k � q�� g w �×g vK| � �yq � k�zW¬�Â`��c Ã vW| �
¬ � zTl w g k�¬dvW��w�w g vxw��uq�| �¦� Q��Gw g k�vxwyw�k\|Ts�vxw�q�zK|²¬dvW��wyz � ��k�w ´ k�k�| ,¿vW| � ��q��¹} � zK}�z � w�q�zK|~vWt�w�z
	 ���p/ # � µ

���'Ý�� ß



���������
	������������������������������������ ��������!"��� ��#�$&%'�� ��������!)(*���,+
-�-.�/10
$2���&�3�4�5�����������6�87��,���3����2# �\�

G

M

 S

H

Θ
G

M

� q��Ks � k���E fhg k:�Wk�zKl�k�w � �²zW¬'w g k�} � zK�ut�k�l
ÝAÝ8ãXq ���4ÿ�û



��m � $���� - �������&�h��� ���K�
����
	
	 ���$2���,���k!N��#�#���

S 	 & # (� � k�} � k��yk�|Tw�w g k�}~v � w�zx¬	w g kSvWw�w�k\|Gs~vxwyq{zT|¯zW¬-,Cw�z * w g�� zTsu� g � ´9g q�� g � k\}�k\| � �:zT|
w g kS} � zT}~vx�Tvxw�z � V ^ 	 / zT|ut��?w g~� zKs~� g w g k²w � v®ªWk�t w�qrl�kSvK| � �Wk�zTl�k�w � �zx¬¹w g k � v®�u� µ6L |T�
k��~}ut�q���q{w � k�}�k�| � vK|~��k:zT| V � g vK�h��k�k�|�¬dvW��w�z � k � zTsuwhvW| � w � vW|���¬k �y� k � q�|Tw�z#Â3V � Ã

/ E
	 & # (� ^ m � � ( ��zK� � ( � � & # (� Â`�xm Ã

´9g k � k � � ( qr�9w g k�ªWk � wyq���vxtjw � v®ªWk�tjw�qrl�k�¬ � zKl±�Kk�zT} g zK|~k *�wyzSw g k�¬ � k�k��ys � ¬dvW��kW� � (� q���w g k
k�l�k � �Wk\|~��k:vK|u�Wt�k�ÂÅ�yk�k�³��Ks � k�� Ã vK| � ´9g k � k � & # (� q�� � k�³�|uk � q�| L }�}�k\| � q{�¯�:vW| �#� k\}�k\| � �
zK|ut��2zT|2w g k�l�vxwyk � q�vWt<} � zK}�k � w�q�k��hvxw , vW| � *�vW| � zT|Nw g k:�Kk�zKl�k�w � q�� � q�ªWk � �Kk�|~��k���k�w ´ k�k\|
, W�� vW| � � W�* µ

S ,¹Â
) Ã � k��O� � q���k��9w g k�� g vK}�k:zW¬ w g k ´ v®ªWk�t�k�w9�yq��K|~vWt � v � q�vWw�k � �T��w g k��yzKs � ��kW�~vW| � ´9g q�� g } � z �
}~vx�Tvxwyk��	qr|2w g k��yl�zGzWw g l�k � qrs~l ' q{whqr�h�Kq{ªKk�|2�T� E

,¹Â/) Ã ^ 	 Â/) Ã q�|�� _�� W , � ��� � � Â
) Ã ^ 	 Â
) Ã qr| � _�� Â`��D Ã
vW| � ´ k:� g vWt{t<�Os~}~}�zK�yk�q�|Nw g k���k\°Gsuk�tjw g vxw

� ,?q��hw g~� k�k�w�qrl�k��9��zK|Tw�qr|GsuzKs~�yt�� � k � q�ª®vK�ut�kW�~vW| �
w g vxw ,¹Â/) Ã ^ cº¬z � ) � c:vW| � ) ��� & W ´9g k � k � & � c�q��9w g k � s � vWw�q�zK|�zx¬Aw g k��yzKs � ��k

Â`� �TÃ

S � & # (� q��	w g k:w � v®ªWk�tIw�qrl�k�¬ � zKl ,¿wyz%* w g~� zTsu� g � µ
� zWwyq���kw g vWw�� ´9g k�|"w g k«�yt{z ´ |uk\�y���Ol�zTzKw g �~vK�4·K� � zTs~| � 	 / q��S��zK|~�ywyvK|Tw��¹w g k\| ¬z � l�sutrv Â`� �TÃ q��
k��~vW��w µ

oGs�}~}�zT��k�|uz ´ w g vxw ´ k¸v � k �Wq�ªWk\|�v¹¬dvWl�q{t���zx¬uw � suk¸vWl�}ut�q�wys � k�� g zKw � �KvWw g k � ��k\��w�q�zK| . �� ^ Â
. & # (�� Ã
´9g q�� g"´ k ´ vK|Kw²wyz l�q{� � vWw�k µ�� | z � � k � wyz ��zTl�}~v � k#w g qr�2�yk���w�q�zK| ´ q{w g w g k¯���u|Tw g k�w�qr���k\��wyq{zT|
� �� ^ Â/� & # (�� Ã � k�³Z|uk � �K� Â`� �TÃ � ´ kN}�k � ¬z � l zK| ��zWw g �yk���w�q�zK|~��v«} � k�t{qrl�q�|~v � � w � k\vxwyl�k\|Kw µ¿© k
� k�³�|uk�¬z � k�vK� g �yzKs � ��k , vW| � k�vK� g �Kk�zK} g zK|uk�*6E

. & # ( Â
) Ã ^�� ( Â
) Ã
	�� . & # (�� Â
) Ã W � & # ( Â
) Ã ^���( Â
) Ã	�� � & # (�� Â/) Ã Â`� �WÃ
´9g k � k�E

�� � � (	Â/) Ã ^ ) / ^ vWl�}ut�q{wOs � k���z �y� k���w�q�zK|S¬dvW��wyz � ¬z � w g k���zKl�}�k\|~�Ovxw�q�zK|�zx¬
w g k:�Kk�zKl�k�w � q���vxtj�y} � k\v � qr|u�	 ^ l�qr��³�w	³�t�w�k � Âd¬z � v�}~v � wyq�vWt � k���zK|TªWzKt�s~w�q�zK|SzW¬Aw g k � vxwOv�¬z � k��uvKl�}ut{k Ã 	

Â`�W� Ã
© k�� g vWt{tI��vWt{t . & # ( Â
) Ã vW| � � & # ( Â
) Ã w g k�l�qr��³�w�³�t�w�k � k �S� vxwOv�vK| � �y�u|Kw g k�wyq�� µ�fhg kº�yk�qr�yl�qr�º�yk���w�q�zK|~�

. ^ Â
. & # ( Ã W � ^ Â
� & # ( Ã Â`� �TÃ
v � khw g k9zT|uk ´9g qr� g k�|Tw�k � qr|�w g k � k�³�|uq�w�q�zK|#Ây� Ã zW¬jw g k � vxwyv�l�qr��³�w�¬ds~|~��w�q�zK| T Â3VXW�Y Ã � ´9g qr� g q���|uz ´
}�k � ¬k���w�t�� � k�³�|uk � µ

���'Ý�� ß



���������
	������������������������������������ ��������!"��� ��#�$&%'�� ��������!)(*���,+
-�-.�/10
$2���&�3�4�5�����������6�87��,���3����2# ��D

� + ��� ,.--#��/ 
��$A,h����� �6��7�� ���������#$

© k � k���vWt{t�³ � �yw#w g k ��t�vK�y�yqr��vxt:vK}~} � zKvW� g w�z Á q � � g�g zx¼ l�q�� � vxw�q�zK| E"�Kq{ªKk�|Rv ��zWt�t�k���wyq{zT| . �� ^
Â/. & # (�� Â
) Ã ��vxt�t ,"W *6W ) Ã zW¬A�yk�qr�yl�qr� � vxwyv��Gq{wO� Á q � � g zx¼?l�q�� � vxw�k � �yk���w�q�zK| [�� qr�	�Wq�ªWk\|j�uvxwhvW|T�S}�zWqr|Kw
�O��vWw�wyk � k � � �~�T�«Âdw g k�s~}~}�k � �O� � q�}uwO� e ��wOvW| � ¬z �POyÁ q � � g~g zW¼ G Ã E

[ � � ^ �
&
� ( Â 	 � Ã & # (��� &

# ( Â � & # (�
Ã ÂÅm�c Ã

´9g k � k � &
# ( Â
) Ã qr�hw g k:w � suk:vWl�}ut�q{wOs � k � vWwyv�³�t�w�k � k � vK| � vKl�}ut{q{³�k � ¬z � l�q{� � vWw�q�zK| E

� &
# ( ^�� �( 	 � � � Â/. & # (�� Ã � / � ÂÅm�� Ã

´ q�w g E�� � ���( Â
) Ã ^ Á q � � g~g zW¼vKl�}ut{q�wys � k���z �y� k���w�q�zK|²¬dvK��wyz �
� � ^ Á q � � g~g zW¼N³�t{wyk � s~�yk � w�zS}�v � w�qrvxt�t{� � k���zT|TªWzWt�ªWkºÂ
. & # (�� Ã � /�� Â O �O}uqr·Tq�|u� G Ã
� ^ �&. � qr| � _�� z ��� q�|�� _�� Â`vW�hqr|)ÂÅ�W� Ã�Ã

ÂÅm �KÃ

vK| � ´9g k � k�Â 	 � Ã & # (� q���w g k�vxw�wyk�|Gs~vWw�q�zK|¬dvK��wyz � vW�O��zu��q�vWw�k � w�zNw g k , � ��vW| � � � * � v®�u���
´9g q�� g q����y}�k���q½³���zW¬Aw g k�� g zK�yk�| Á q � � g~g zx¼?l�q{� � vWw�q�zK|2¬z � l�sutrv µ

fhg k�¬z � l�sutrv�Âdm�� Ã ��z �O� k\�y}�zK| � � w�z�w g kº��s �O� k\|Kw�s~�yvW�WkhzW¬Iw g k Á q � � g~g zx¼Nl�q�� � vxwyq{zT|j� ´9g k � k9w g k
� vxwyv�v � k � k � q{ªKk � zK|uk g vWt½¬¹Âdqr| �¦� Q Ã z � zK|uk�ÂÅq�|N� � Q Ã wyq�l�kW��w g k\| � k\��zT|KªKzWt�ªWk � vW| � ��z �y� k���w�k � ¬z �
�Kk�zTl�k�w � q���vxtj�O} � k\v � qr|u����k�¬z � k:��k�q�|u�Sl�q�� � vxwyk � µ

fhg k¯� g zWqr��kN¬z � w g k«vWw�wyk�|Gs~vxwyq{zT| ¬dvW��wyz � �#Â 	 � Ã & # (� ��vK| � vK|u�WkN¬ � zKl w g k«l�zK�ywS�yq�l�}ut�kzK|uk
ÂyÂ 	 � Ã & # (� ^ � � Ãj´9g k�|�zK|ut���w g k	} g vK��k¸zW¬~w g k	�yq{�T|~vxtKq��AwyvK·xk�|�q�|Tw�z�vW����zKs�|Kw��®w�zºl�z � k.�yzK} g q��yw�qr��vWw�k �
¬z � l�sutrv�vxqrl�k � vWw � k��yw�z � qr|u���Kq�|2w g k�l�q{� � vWw�k � �yk���w�q�zK| [�� �Gw g k�vWl�}ut�q{wOs � k��¹zW¬;l�q�� � vxwyk � k�ªWk\|KwO���
qr| ´9g qr� g ��vK��k	¬z � l�sut�vSÂdm�c Ã q�����vWt{t�k � v O w � suk9vWl�}ut�q�wys � kBG�l�q{� � vWw�q�zK|�z � vW| O qr|TªWk � �yq{zT|�¬z � l�sutrv�G µ
ous~� g ¬z � l�sut�vWk g v®ªWk#��k�k�| � k � q{ªKk � �¸¬z � w g kl�q�� � vxw�q�zK| zx¬ºv)�yq�|u�Kt{k� g zWw � �Tvxw g k � �¸�T�¾v¯��v � k�¬dsut
qr|TªWk � �yq{zT|j��qr| w g k g q{� gG� ¬ � k\°Ts~k�|~���¿t{qrl�q{w��.zx¬�w g k#qr|Tw�k�� � vWt�k\°Gs~vxwyq{zT| �Ovxw�qr��³�k � �T�¿w g k � q{¼ � vW��w�k �
³�k�t � µ � z � k��~vWl�}ut�kW�uq{¬ ´ k:� g zGzK�ykW�uqr|#� � QmE

� �( Â
) Ã�� ��W¹Â 	 � Ã & # (� ^ m � � ( ��zK� � ( � 	 �(	 & � ÂÅmK� Ã

´9g k � k 	 & � vK| � 	 �( v � k�w g k�vxwyw�k\|Ts�vxw�q�zK|¬dvW��wyz � ��qr|?w g k�¬ � k�k � �y}~vK��k6J � k�k\|#¬ds~|~��w�q�zK|~���<vW�º�Wq�ªWk\|
�T�¿Â �¦�TÃ zW¬ L }�}�k\| � q{� �W�<w g k�| Âdm c Ã qr�:v � qr�O� � k�w�k�ªWk � �yq�zK|?zW¬�w g k�q�|TªWk � �yq�zK|#¬z � l�sut�v¯Â�� �TÃ zx¬ ? � A �
´9g q�� g q{wO��k�t½¬ qr�hk�°Gsuq�ª¦vxt�k�|Tw	w�z²k�°Gs~vWw�q�zK|¯Â5D Ã zW¬ ? �W� A ��vK| � w�z�¬z � l�s~t�v  zx¬ ? D A E

[ � � ^ V � � ( m � � ( ��zT� � ( � Â � &�V & � �( V (
Ã �p Â	� � � . ��( Ã�
 Â � & # (� Ã ÂÅmWm Ã

´9g k � kiV ^ 	 / qr�.w g kº} � zT}~vx�Tvxw�z � vW| � � &� vW| � � �( w g kº�Wk�zKl�k�w � qr��vWt � q�ªWk � �Wk\|~��k\� µ'fhg kº��t�vK�y�yqr��vxt
O q�|TªKk � ��q�zK|�¬z � l�sutrv�G�ÂÅmWm Ã q��;ª¦vxt�q � ¬z � w g k.l�q{� � vWw�q�zK|�zx¬~�yq�|~�Wt�k.� g zWw��Tvxw g k � zT|ut{�K�¦vW| � qr�<k\��wOvW�ut�q�� g k �

ÝAÝ8ãXq ���4ÿ�û



� � � $���� - �������&�h��� ���K�
����
	
	 ���$2���,���k!N��#�#���

s�| � k � w g k g �u}�zWw g k��yq��<w g vWw<w g k���q��K|~vWtxqr� � k���z � � k � vxw<vWt{tT�ys � ¬dvW��k¸}�zKq�|TwO�;vW| � qr|�w g k g q�� g ¬ � k�°Gsuk�|����
vK}~} � z®�uq�l�vxwyq{zT|SÂÅq�|�zKw g k � w�k � l����Kw g k�k�¼Ik���w�zW¬�³Z|uq{wyk�vW}�k � wys � k	zx¬Iw g k � vxwOv:vW| � ³�|~q{wyk9�~vW| � ´ q � w g
zW¬Aw g k���zTs � ��k:v � k�|~zWwhwyvK·xk\|2qr|Tw�z²vW����zKs�|Kw Ã3µ

© k � k�wOs � |?|uz ´ w�z�w g k�vW}~} � zTvW� g �~vK��k � zK|w g k � vxwyv�l�q���³�wº¬ds~|~��wyq{zT| µ�© k�k��~}ut�q���q{wº¬z � w g q��
w g k � k\�y��k�|Tw�l�q�� � vxwyq{zT|~� vW�O��zu��q�vWw�k � �x�K� � k�³�|~q{wyq{zT|����xw�z�w g k � vxwOv�l�qr��³�w'¬ds~|~��wyq{zT|NÂ�� Ã Â`� �KÃ Â`� �TÃ zW¬
w g k ¶ z � |�� � v®�u�hvW}~} � z®�uqrl�vWw�q�zK|j�~vK| � qr|KªKk��yw�q��KvWw�k�w g k�q �º� k�t�vWw�q�zK|~� ´ q�w g w g k���t�vK�y�yqr��vxt Á q � � g~g zx¼
¬z � l�sutrv2ÂÅm�c Ã vK| � ÂdmWm Ã3µ

© kS�ys�}~}�zT��k�¬ � zKl |uz ´ zT|«w g vxw � k���z � � q�|~�2w�qrl�k � �;vK| � w g kS�yk�wO��zx¬ � q½¼ � vW��wyq�|~�#}�zWqr|Twy� � �
�yzKs � ��k�� ,¾vK| � �Wk�zK} g zT|uk��-*�v � k�� g zK�yk�|N�ys~� g w g vxw�E

� � l�v¦�
� # & # (��

� & (��� � � & ÂÅm D Ã

´9g k � k � & qr�:w g k � s � vxwyq{zT|¯zW¬¹w g kS} � zK}~vW�KvWw�qr|u� ´ v®ªWk�t{k�w ,¹Â
) Ã Â`�4¬:ÂÅ� D Ã ÂÅ� �TÃ�Ã4µ2fhg qr� ´ q�t{t�k�|~�Os � kw g vxw�¬z � k�vK� g �yzKs � ��k%, ´ k g v®ªKk�vWw:k�vK� g �Wk�zK} g zK|uk%* vN��zKl�}ut�k�wyk²q�|G¬z � l�vWw�q�zK|¯zK|¯w g k ´ v®ªWk\�
� q½¼ � vK��wyk � �K��k�vK� g �O��vxwyw�k � k � � µ

© k��Os~}~}�zK�yk�vWt��yz�w g vWwhw g k ´ k�q�� g wO� � (	Â/) Ã ¬z � w g k�vWl�}ut�q�wys � k���z �O� k���wyq{zT|Sqr|Nw g k � vWwyv�l�q���³�w
¬ds�|~��wyq{zT|N�Ovxwyq���¬� E

� (¯ª¦v � q�k��	��t�z ´ t��2��zTl�}�v � k � wyz²w g k��yq��K|~vWt . & # (�� ÂÅm �TÃ
� | � k � w g k\��k�w ´ z g �u}�zKw g k\��qr���Tw g k�� � v � q�k�|Tw¹zx¬ T'Â3VXW�Y Ã�´ q�w g#� k\�y}�k���w�wyzPY�vxwkY ^ c�qr���Kq{ªKk�|j�~vWw¹v
�Kq{ªKk�|N}�zKq�|Twh�O��vxwyw�k � k � � �~�K�«ÂÅ�4¬ L }�}�k\| � q{� �TÃ

? _Ka6b T Â�VXW'c Ã5A � ^ Â�V � Ã
/ �
&
� ( 	 & # (��� &

# ( Â � & # (�
Ã ÂÅm �WÃ

´9g k � k � &
# ( Â
) Ã qr�hw g k�l�q�� � vxwyq{zT| � ³�t{wyk � k ��� vxwOv � k�³�|uk � �K� E

� &
# ( ^ � �( 	 � 	�� ,�� ��� /�� � . & # (�� ÂÅmK� Ã

z � k�°Gsuq�ª®vWt{k\|Tw�t��

� &
# ( ^�� �( 	�� 	 � 	 � � � /�� � Â
. & # (�� Ã � /�� ÂÅm �TÃ

´9g k � k 	 q���w g kº³�t�w�k � s~�yk � q�|2w g k � vxwOv�l�q���³�w�ÂÅ��¬.ÂÅ� �WÃ�Ã �uvW| � ´9g k � k �ºq���w g kºk��u}�zK|~k�|Tw � k�³�|uk � qr|
Â`�W� Ã3µ

=AzTzT·Tq�|u�:vWw'w g k	¬z � l�s~t�v�Âdm �WÃ ¬z � w g k9� � v � q{k\|Tw�� ´ k	�yk�khw g vxw�q�wy� � q�� g w ��g vW| � �yq � k g vW� w g k��yvKl�k
�yw � s~��wys � k���vW��w g k Á q � � g~g zx¼¾l�q{� � vWw�q�zK|«vWt{�Kz � q{w g l ÂÅm�c Ã E�w g k²� � v � q{k\|TwºzW¬CT vWw�}�zKq�|Tw:�y��vxwyw�k � k �
� qr��zT�uwyvWq�|~k � �T� l�q�� � vxwyq�|~�«vxw � � ´ q�w g v«} � zK}�k � vxw�wyk�|Gs~vWw�q�zK| Â�V � Ã

/ 	 & (� ��w g kNl�q�� � vxwyq{zT|
³�t{wyk � k �#� vxwOv � (

� k\��z � � k � vWwhk�vK� g �Kk�zK} g zK|uk�*�vxw�v�wyq�l�k�k\°Ts�vxtj¬ � zKl w g k�w � v®ªKk�tjw�qrl�k�E.�yzKs � ��k
, � �O��vxwyw�k � k � � � �Wk�zK} g zT|uk *��~vW| � �T�S��wOvW�4·Tq�|~��vWt{tIw g k��yk�°Gs~vK|Tw�q�w�q�k��hvxw¹k�vK� g }�zWqr|Tw�� z¦ªWk �
w g k��yzKs � ��k\�¹vK| � � k\��k�q�ªWk � � µ
fhg k � k�trvxwyq{zT|S��k�w ´ k�k�|2w g k Á q � � g~g zx¼l�q�� � vxwyq{zT|SvW| � w g kº� � v � q{k\|Tw.zx¬Aw g k�zK�G��k\��wyq{ªKk�¬ds~|���w�q�zK|S¬z �
w g k ¶ z � | � � v®�SvK}~} � z®�uq�l�vxwyq{zT| ´ vW� � k���zK�K|uq<;�k � ³ � �yw9�K� ? ��m A`µ

���'Ý�� ß



���������
	������������������������������������ ��������!"��� ��#�$&%'�� ��������!)(*���,+
-�-.�/10
$2���&�3�4�5�����������6�87��,���3����2# � �

=Ak�w�s~��|uz ´ ��zT|~��q � k � w g k � k��O��k�|Tw � l�q�� � vxw�q�zK|vK�y�yzu��qrvxwyk � w�zNw g k��OvWl�k � vxwyv�l�q���³�w�vW| � w�z�v
�Kq{ªKk�| � qrvx�WzT|~vxtj}�zK�yq{wyq{ªKk:l�q�� � vxwyq{zT| ´ k�q�� g w e E

[ ^`_ie a6b T Â3VXW,c Ã Â D�c Ã
´9g q�� g q�� g k�|~��k��Wq�ªWk�|<�~vxwhk�vK� g }�zWqr|Twh�y��vxw�wyk � k � � �~�T�)E

[ � ^ e � Â3V � Ã
/ �
&
� ( 	 & # (��� &

# ( Â � & # (�
Ã Â Du� Ã

´ q�w g � &
# ( �yw�q�t{tT�Wq�ªWk\|:�T��ÂÅmK� Ã z � Âdm �TÃ3µ � zKl�}~v � qr|u��Â Du� Ãj´ q{w g Âdm c Ã � g z ´ �;w g vWw.Â Du� Ã q��'v Á q � � g~g zx¼

l�q�� � vxwyq{zT|²¬z � w g k�¬zWt�t�z ´ q�|u�²� g zKq���k��¹zx¬ 	 � W ��� vW| � � � E
Â 	 � Ã & # (� ^ e � Â3V � Ã

/ 	 & # (� Â D �KÃ

� �( Â/) Ã ^ � (	Â/) Ã � Â Dx� Ã

� � ^ 	�� 	�� 	 � � � /�� Â D¦m Ã
oGz ´ kS��vWt{thÂ Du� Ã v Á q � � g~g zx¼ � k��O��k�|Tw � l�q�� � vxw�q�zK|<� ´9g k � k�w g k ´ k�q�� g w e � vxw:k�vK� g �O��vWw�wyk � k � �
��vW|N��k�v � ��s~�yw�k � ¬ � k�k�t{� µ�fhg k�� g zWqr��k�zW¬ e � ´ q�t�t;��k � q��O��s~�O�yk � q�|Nw g k�|uk��uw9�yk���wyq{zT| µ

© kh��zKl�}~v � k	|uz ´ w g kh} � k�t�q�l�qr|~v � �:w � k�vWwyl�k�|Twy�¹ÂÅm�� Ã vW| � ÂÅm �TÃ vW}�}ut{q�k � w�z�w g k � vxwyv�wyz�} � k�}�v � k
w g k�l±¬z � l�q�� � vxw�q�zK|2q�|Nw g k���trvW�O��qr��vWtjvW| � t�k�vW�yw � �O°Ts�v � k��¹vW}~} � zKvK� g k�� µ

�¹°Ts�vxw�q�zK|?Â5Dx� Ã �Osu�K�Wk��ywy�.w g vWw�w g k�vWl�}ut�q{wOs � k���z �O� k���wyq{zT| ���( Â
) Ã w�z���k�s~�yk � ´9g k�|S} � k\}~v � q�|~�� vxwyv�¬z � w g k Á q � � g�g zx¼«l�q�� � vxw�q�zK|�� g zKsut � ��k�) � Â¬z � � � Q � vWwyv Ã z � )�Âd¬z �9�®� Q � vWwyv Ã4µ
� zT|~��k � |uqr|u��w g k�} � k�t{qrl�q�|�v � ��³�t{wyk � q�|~�²zx¬Aw g k � vWwyv~�;Â5D¦m Ã �ysu�K�Wk\��wO��wyzSs~�yk�v�³�t{wyk � � � � k�trvxw�k �

wyz2w g k��yzKs � ��k�¬ds~|~��wyq{zT| 	 µº� |?w g k���s �y� k�|Tw�} � vW��w�qr��k�zx¬ Á q � � g~g zx¼)l�q�� � vxwyq{zT| � � qr�º� g zT��k\|�ys�� g
w g vxwhq�w9}�k � ¬z � l��hv O �y}uqr·Tq�|~� � k���zT|TªWzWtrsuwyq{zT| �Gzx¬ w g k��yq{�T|~vxtI�Kk�|uk � vWw�k � �T� � k�»�k\��w�z � � µ � |Nz � � k � w�z
k��~}ut{qr��q�w g z ´ w g q�����vK|¿��k�vW� g q�k�ªKk � �T�)v} � zT}�k � � g zKq���k²zx¬ 	 � ´ k²³ � �yw���zTl�}�suw�kSw g k�� g vK}�kSzW¬
w g k��yq��K|~vWt;�Wk\|uk � vxwyk � qr|zKs � l�z � k�t �T�Nv�}ut�vK|uk ´ v®ªWk � k�»�k\��wyz � ' �T�#w g k�l�k�w g z � zx¬¸qrl�vW�Wk\���Zw g k
� k�»�k���wyk � ��q��K|~vWthÂdq µ k µ w g k²�ys�l zx¬	vxt�t � q½¼ � vW��wyk � ��q��K|�vxtr����zKl�qr|u�2¬ � zKl vxt�t�w g k²}�zWqr|Kw � q{¼ � vK��w�z � �
l�z � k�t{q<;�qr|u�¿w g k � k�»�k���w�z �4Ã�g vW�Sw g k?�OvWl�k?� g vW}�k ,¹Â
) Ã�'ºg k\|~��kw g k?��q��K|�vxt � k���z � � k � vxwSv �Wq�ªWk\|
�Kk�zT} g zK|~k *�|uk�v � w g k�¬ � k�k:�Os � ¬dvW��k g vK�hv�� g vK}�k�, � � � Â/) Ã ��q µ k µ �~s~�yq�|~�ÂÅ��D Ã

. & # (�� Â/) Ã � �� k�»�k���wyz � � #
� # 	 � /�� Â
) Ã Â D�D Ã

=Ak�whs~�h|uz ´ � g zTzT��k�w g kº³�t{wyk � 	 qr|2w g k � vxwOv�l�qr��³�wh�Os~� g w g vWw¹q�wh}�k � ¬z � l��	v O �O}uqr·Kqr|u� � k���zK| �
ªKzWtrsuw�q�zK|2G�zW¬¹Â/. & # (�� Ã ��� � �u¬z � �yzKl�k�z � � k � zW¬ � k � q�ª¦vxwyq{zT|�� µ �Z� zTl Â5D�D Ã w g qr�hqrl�}ut{q�k��9w g vWw�E	 � 	 � / � � � ^ ��� Â D �TÃ
´9g k � k ��� q��hv��~vK| � � t{qrl�q{wyk � Q�q � vW�º¬ds~|~��w�q�zK| µ
fhg k�|Nw g k���z �O� k\�y}�zK| � q�|~��l�q{� � vWw�q�zK|2³�t�w�k � � � qr�h�Wq�ªWk\|��T� E

� � ^ 	�� 	 � 	 � � � /�� ^ 	 � � � � � � � � 	 Â D �WÃ

ÝAÝ8ãXq ���4ÿ�û



�\� � $���� - �������&�h��� ���K�
����
	
	 ���$2���,���k!N��#�#���

fhg k�vK��wyq{zT|2zW¬'w g q��h³�t{wyk � zT|«Â/. & # (�� Ã � /�� qr�	�Wq�ªWk\|��T�gE

� � � 	 � � /�� ^ � � � 	 � ��� � � � 	 � � /�� ^ � � � 	�� 	 � � / � ��� � � 	 Â Dx� Ã
� zTl�}~v � q�|~� ´ q�w g Â5D �TÃ � ´ k��yk�k�w g vxw���q½¬ ´ k:� g zT��k � ^ Ây� � � Ã . � �uzT|uk g vW�ZE

� � � 	 � / ^ � � � � � W
´9g q�� g � g z ´ ��w g vxw � � }�k � ¬z � l���vxtr�yzNv¯Âdt�k��O� � k�l�vK| � qr|u� Ã �O}uq�·Tqr|u� � k���zK|TªWzKt�suwyq{zT|?zW¬ºÂ
. & # (�� Ã � /�� µ© k��Os~l�l�v � q<;�k�w g q��	qr|Nw g k

��¤¦Ë��¸ËZ¢ � £��Ë � � � � - �P�)�,���.���,���3���� ��
� &
# ( Â
) Ã ���'�� ��- � �3��$2� ���C�&!8�4��$2���U�����5� . & # (�� Â/) Ã % ����- �

+�!N��#'#���+���!"�,��+���� �.�
# 	 6 �  	 6�� ]��6�4-.� (����'+�-�- �/1�6�87��'���3����F+����F%'�m�m���6��+������>�����4-.�6!N����#
��	 #�0�$2���,�
#
�����)�, ��+�-g% ��+
- B�#���� 7 ��� 	��	� ����U���K�)! �4�3$2���*+�����,��+��3������
��+�� �� � (	Â
) Ã ^����( Â
) Ã	��� � ��� � � � !N�5���	 # -���+
- �I�
�4�
����*#@�i�I���
�3����! ����+���2���!8$I������ �� Â/. & # (�� Ã � � � � /�� � � � Â
) Ã 	 ��- �C!N���3� �
�@�'0�$.������!N���)+��C- �!N����� 7
#
�3����+�� P#����I#�$g��&! ��� ����- �6����� � ���,�@7����)���,��� ���]% � �&!<���)�*�,��� �'+ � ���# %

f zS��zT|~��trs � k�w g q��9}�v � vx� � vW} g²´ k � k�³�|uk

e
��

� ^ �

V � Â 	 & � Ã �
^ � � V �

V &
� &� Â D �TÃ

´9g k � k�w g k�s~}�}�k � �O� � q�}~w ��±�ywyvW| � �9¬z � Oy� |TªWk � �yq{zT| � z � l�s~t�v�G~�)V ^ � 	���m�vW| � V & ^ w g k��yl�zGzWw g
�yt�z ´ |uk��O�	vxwh��zTs � ��k , µ�µ{µ¸fhg k\|2zT|uk g vK�	w g k

��¤¦Ë��¸ËZ¢ � £��Ë � � � % � - �6(*���,+�-�- �/ ���
#
+����&� �6�87��,���3����2# 	�� �  �,����$2+'�
# � ��� � 	 � ��� �Z�
�� �]#���� 7�!N�
#�-.�� 7����4-.�
� � �
�����- �P+�-.���+��
# � (	Â/) Ã�� ��W 	 ��# ��� 	����  � ���)� e � ^fe ��
�

��� � � ������� 	����  � �  ��- �
���&������#�����P�
����6$.!N� 	 6�6  ���������� � � ��� � � %

© k�wyvW·Wk�|uz ´ v � ª¦vW|TwOvx�WkK��qr|¯w g k�|uk��uw:�yk���wyq{zT|j�jzx¬�w g k � k�� � k�k�zW¬.¬ � k�k � zKl e � v®ª¦vxq�t�vK�ut�k�qr|
w g k � k�³�|uq�w�q�zK|Nzx¬ v Á q � � g~g zx¼ � k��O��k�|Tw � l�q�� � vxw�q�zK|2w�z�³�| � w g k���k\��w9}�zK�O�yq��ut�k:zK|~k µ

� � ��� ������!8���#
 $ &()����� ������! + ��� ,�--#��/ 02&#����� �3� ��� ����� �*�3�
7�� ���������#$

© k�vW}~}ut��?|uz ´ wyz�w g k ¶ z � | � � v®� � vxwOv�l�qr��³�w�¬ds~|���w�q�zK| T Â�VXW,Y Ã � k�³�|uk � �T� Â�� Ã Â`� �WÃ ÂÅ� �KÃ w g k
} � zT}�zT��q�w�q�zK|)� ´9g qr� g } � z¦ªGq � k��hzT}uw�qrl�vxtA� g zWqr��k��h¬z � w g k�l�q�� � vxwyq{zT| ´ k�q�� g w e � vWw9k�vK� g � q½¼ � vW� �
wyq�|~��}�zWqr|Tw�� µ

���'Ý�� ß



���������
	������������������������������������ ��������!"��� ��#�$&%'�� ��������!)(*���,+
-�-.�/10
$2���&�3�4�5�����������6�87��,���3����2# � �

L ���~�T�S��zT|~�yw � s~��wyq{zT|j�Kw g k ¶ z � | � � v®��vK}~} � z®�Gqrl�vxwyq{zT|�q��¹t�q�|uk\v �¹´ q�w g2� k��O}�k���w¹w�z�w g k � k�»�k���wyq �
ªGq�w�� YG� ´ k:��vW| � k\|uzWwyk��K� � Â�V Ã w g k���z �O� k\�y}�zK| � q�|u��¬z �y´ v � � l�z � k�t5E

� !$# bK^ � Â�V Ã Y 	 Â � c Ã

jºk�|~��k:w g k jºk��O��qrvW|�zx¬ T ´ q�w g#� k��O}�k\��w	w�z�YG��vK� � k�³�|~k � q�|)Ây� c Ã �uq��9zx¬Aw g k�¬z � l
l¿Â3V Ã ^ � Â�V Ã � � Â�V Ã 	 Â � � Ã

� ¬	��zTs � �ykW� � Â�V Ã q��:v g su�Wk²l�vxw � q{�«zW¬¹�yqN;�kÂ��ºzx¬¹w�qrl�k � vxwOv Ã
� Â��ºzx¬	}�zKq�|Tw��O��vxwyw�k � k � � Ã � ´9g zK�yk
��zWtrs~l�| � � vW�O��zu��qrvxwyk � wyz²�y��vxw�wyk � k � � qr�	l�v � k�zx¬ vxt�tZw g k�w�qrl�k��yk���w�q�zK|~�¹�Kk�|uk � vWw�k � �T�2v � k�»�k�� �
wyq{ªGq�w�� Y ^ � � ��zT|KwOvxqr|uqr|u�²v��yqr|u�Wt�k:�y��vxw�wyk � k � vxw9}�zWqr|Tw�� ´ q�w g vWl�}ut�q�wys � k:zT|uk µ

fhg kFj�k��O�yq�vK| l¾Â�V Ã qr�?w g k�| v ÂÅt{k\�y�?��suw«�yw�q�t{t Ã#g su�Wk¾l�vWw � q½�Rzx¬S��q<;�k Â��Nzx¬S}�zWqr|Tw«�y��vxwyw�k �
� k � � Ã�� Â���zx¬º}�zWqr|Tw��O��vWw�wyk � k � � Ã � ´9g zK�ykN��zWtrs~l�| l � vK�y�yzu��qrvxw�k � w�z¿�O��vWw�w�k � k � � q����Kq{ªKk�|¾�T�
l � ^ � Â3V Ã � � Â3V Ã � � ��q{kK��s~�yq�|u��w g k � _ ) 	 ��zKt�s�l�| � � zx¬ � Â�V Ã E

l � ^ � Â3V Ã � � � Â �K�KÃ
z �

� l � ^`_Ka b T Â�VXW,c Ã
¬z � w g k � vWwyv . ^ � �

Â � � Ã

fhg q��¹�Wq�ªWk\��v���qrl�}ut�k�qr|Tw�k � } � k�wOvxwyq{zT|²zx¬;w g k@j�k��O�yq�vK| E q{wO� � _ ) 	 t�q�|~kºz � ��zWtrs~l�|Sqr��w g k�� � v � q�k�|Tw �
l�q�� � vxwyq{zT|?zx¬	w g kS��k�q��Ol�q����yk���wyq{zT|«�Kk�|uk � vWw�k � �T�«v#s~|uq�w � q{¼ � vK��w�qr|u�}�zWqr|Kw � µ�� |)zWw g k � wyk � l����
w g k���k�q��Ol�q���vW��°Gsuqr�yq{wyq{zT|?} � zG��k��O�h¬zKt{t�z ´ k � �T�vS� � v � q{k\|Kw � l�q�� � vxwyq{zT|�w � vK|~��¬z � l��ºvSzT|uk � }uq{�Gk�t � k �
»�k���wyq{ªGq�w�� � � vxw ��qr|Tw�z�w g k � _ ) 	 t�q�|~k�z � ��zKt�s~l�| l � zx¬<w g kKjºk��O��qrvW| l¾Â�V Ã3µXL � ´ kº� g vxt�t��yk�k
qr|?w g k²|Gs~l�k � q���vxt � k\�ysut�wy��� l � q���Â`} � zT}�z � wyq{zT|~|~vWtAwyz Ã v2�~vK| � � t{qrl�q{wyk � Qºq � vW��¬ds~|~��wyq{zT|¯��k�|Tw�k � k �
vWw �1Ew g k O w g qr�4·G|uk��O�,G¯zx¬�w g qr��¬ds~|���w�q�zK|"�Kq{ªKk���w g k � k\��zKt�suwyq{zT| }�z ´ k � zx¬�w g k?��zKl��~q�|uk � � vxwyv
vK��°Gsuqr��q�w�q�zK|�� l�q{� � vWw�q�zK|¯} � zu��k � s � kW�<vK| � w g k O vKl�}ut{q�wys � k GNzx¬�w g qr��¬ds~|~��w�q�zK| ´ q{t�t¸vxt�t�z ´ �<vW� ´ k
� g vWt{t<�yk�k:� g z � w�t��W�uwyz � k�wyk � l�qr|uk:vW|NzT}uw�qrl�vxt<l�q{� � vWw�q�zK| ´ k�q{� g w e � vxw9}�zWqr|Kw�� µ

� w	qr�.k\vW�y�W�u�T�Sv � q � k\��w	��vWt���sut�vWw�q�zK|j�Gwyz�zK�~wyvxqr|²¬ � zKl k\°Gs~vxwyq{zT|~��Ây� Ã ÂÅ� �WÃ ÂÅ� �TÃ � k�³�|uqr|u�>T'Â3VXW�Y Ã
vN��t�zK�yk � ¬z � l8¬z � l�sutrv²¬z � w g k�k�t�k�l�k\|Kw l¿Â3V Ã � # � zx¬.w g kPj�k\�y�yq�vK|«vK�y�yzu��qrvxw�k � w�z#�O��vxwyw�k � k � � �
vK| ��� E

l¿Â�V Ã � # � ^ Â3V � V�� Ã
/ �
&
� ( 	 & # (� 	 & # (� � (hÂ � & # (� Ã � (	Â � & # (� Ã������ Â � & # (� _�� & # (� Ã Â � m Ã

´9g k � k
� ^ 	�� ,�� ��� /�� 	 Â � D Ã

� |¿z � � k � wyz«vW}~}~t{�¿} � zK}�zK�yq{wyq{zT|"�Sw�z � k�w�k � l�qr|uk2w g k2zT}uw�qrl�vxt ´ k�q{� g wO� e��� �
´ k2q�|TªWk\��wyq{�Tvxwyk

³ � �yw9w g k � qrvx�KzK|~vWt � zKl�qr|~vW|���kW�ZzK|v2t{qr|uk�z � ��zWtrs~l�| � ��zW¬�w g kmj�k��O�yq�vK| l¿Â�V Ã4µ�¶ k���vWs~�yk � �	�
g vW�¹vxt ´ v®�u�.v�l�v¦�uqrl�s~l vKl�}~t{q�wys � k�vWw c��Tw g k:l�v¦�uq�l�s~l zx¬Aw g k�}�k\vW·�qr|Sw g k:��zWtrs~l�| l � zW¬;w g k
jºk��O��qrvW|�qr�¹vxt ´ v®�u�¸t�zu��vWw�k � vWw � �Gq µ k µ zT|²w g k � qrvx�KzK|~vWt µ�� zKw�qr��k�w g vxw�w g qr�¹q�l�}ut�q�k���w g vWw � k�»�k\��w�z � �

ÝAÝ8ãXq ���4ÿ�û



� c � $���� - �������&�h��� ���K�
����
	
	 ���$2���,���k!N��#�#���

´ q�t�t�vxt ´ v®�u����k?q�l�vW�Wk � ��qr| � k��O��k\|Kw � l�q�� � vxwyq{zT|~���¹vxwP;�k � z � � � zT�y�yqr|u�K��zx¬�w g k?l�q�� � vxwyk � ��k\��wyq{zT|~� µ
� zWwyq���kºvxtr�yz�w g vxw¹w g qr�¹q��¹v��KzGz � ��wOv � w¸¬z � � qrvx�KzK|~vWt � zTl�qr|~vK|~��k�E'w g k�k�t�k�l�k�|Tw.zT|Sw g k � q�vW�WzK|�vxt�zW¬
l¾Â�V Ã v � k�vxt ´ v®�u�htrv � �Wk � w g vK|w g k�zx¼ � � q�vW�WzT|~vxt<k�t{k\l�k�|Twy� µ j�z ´ k�ªKk � ��w g q��ºqr�º|uzKwº�OsGÀS��q�k�|Tw��IvW| �
qr|�¬dvK��w l¾Â�V Ã¸´ q{t�tZ|~k�ªWk � ��k � qrvx�KzK|~vWt � zTl�q�|~vK|Tw�E ��k\��vWs���kºw g k���q<;�kºzx¬<w g k�� � q � ¬z � w g k��y��vxw�wyk � q�|~�
}�zWqr|Twy� g vK�Awyz:��k	� g zK�yk�|��yl�vWt{t�k � w g vW|�w g kh�y}�vxw�qrvxt ´ v®ªWk�t{k\|u� g w�� ´9g qr� g � k�w�k � l�qr|uk�� w g k O wyq��4·G|uk\�y�'G
zW¬¸w g k�}�k�vW·#qr|?w g k���zWtrs~l�|gl � �jw g qr��}�k\vW· ´ q�t{t�vxt ´ v®�G�º��zT|KwOvxqr|j�I��k\��q � k�w g k�}�zKq�|Tw � q{wO��k�t½¬��<v
��zKs~}~t{k�Âdzx¬wyk�|¯m Ã zx¬�|uk�q{� g ��z � �ºzx¬�� ´ q�w g vWl�}ut�q{wOs � k\�ºzW¬.w g k��OvWl�k�z � � k � zx¬.l�vx�T|uq{wOs � k�vW� �
q�wy�yk�t{¬�� ´9g qr� g } � k�ªWk\|KwO�	w g k���zWtrs~l�|Hl � w�z²��k � q�vW�WzK|�vxt � zKl�qr|~vW|Tw µ

oTz¯zK|uk g vW��w�z � k��yz � w:w�z � k��Ksutrv � q<;�vxwyzK|¯w�z)vW}~}ut�� } � zT}�zT��q�w�q�zK| � µ«fhg kN� g zWqr��k?Â � D Ã ¬z � w g k
� k��Tsutrv � qN;\vxw�q�zK|�}~v � vWl�k�w�k ����� t�k�v � �	w�zSvW|NzT}uw�qrl�vxt;l�q�� � vxw�q�zK| ´ k�q�� g w e���

´9g qr� g q��9w g k:qr|TªWk � �yk
zW¬Aw g k���z �y� k��O}�zT| � qr|u� � q�vW�WzT|~vxtIw�k � l zx¬'w g k�l�vW�O� � trs~l�}�k � j�k��O�yq�vK|]l¿Â3V Ã E

e �� ^ Â3l¿Â3V Ã � # � � �� %� � � l¿Â3V Ã � # � � Ã ��� Â �W�TÃ

� w ´ q�t{t�vW}�}�k\v � q�|«w g k�|Gs~l�k � q���vxt � k��Osut{w���k\��wyq{zT|?w g vxw�w g k²� g zKq���k2Â �K�TÃ ¬z � e � t�k�v � ��wyzNv��WzGz �
� k��yw�q�wys~w�q�zK|¯Âdqr|#w g k:q�t{trs~l�qr|~vxwyk � v � k�v�zx¬���zTs � �yk � Ã zW¬ ��zWw gN� k�trvxwyq{ªKk�vK| � vW�~�yzWtrsuwyk�vKl�}ut{q�wys � k��hzW¬
l�q�� � vxwyk � k�ªWk\|KwO� µ�¶ �«��zT|~�yw � s~��wyq{zT| � vW| � w g q���qr��zK|~k��yw � k�|~�Ww g zx¬¹w g k�t�k�vK��w � �O°Gs~v � k���vW}~} � zTvW� g
wyz�l�q�� � vxw�q�zK| � e��� wyvK·xk���q�|Twyz�vW����zTs~|Tw�w g k � q{¼ � vW��w�q�zK|k�¼Zk\��wO� � s~k�wyz2w g k�³�|uq�w�k�t�k�|u�Kw g zW¬.w g k
� k���z � � qr|u� � k�ªGqr��kW�Tw g k9ª¦v � q�vWw�q�zK|�q�|Sq{t�t�s�l�qr|~vWw�q�zK|²��vKs~�yk � �T��w g k9ª¦v � qrvW�ut�k9|Gs~l���k � zx¬<� g zWwy� ´9g qr� g
q�t�t�s~l�qr|~vxwyk	w g k9}�zWqr|Tw �O��vWw�wyk � k � ���®w g k � k�»�k���w�qr|u���Os � ¬dvW��k¹��zK| � q�w�q�zK|�|uk\v � w g k	�Kk�zK} g zK|uk\���¦w g k¹³�|uq�w�k
��vW| � ´ q � w g zW¬Aw g k���zTs � ��k�¬ds~|~��w�q�zK|j�~w g k:ª¦v � q�vK�ut�k���vW�4·T� � zKs~| � V µ{µ�µ
jºz ´ k�ªWk � � w g kN} � k�t�qrl�qr|~v � � � k�w�k � l�q�|�vxw�q�zK| zx¬ e��� �T� ¬z � l�sut�v Â �K�TÃ qr��ªWk � � w�qrl�k��zK|��ys~l�qr|u���
��k���vWs~�yk�zx¬ w g k:�Os~l�l�vxw�q�zK|<�u¬z � k\vW� g � �uz¦ªWk � w g k � q{¼ � vW��w�qr|u��� � q � µ

� |²z � � k � wyz � k�³Z|uk�v���zKl�}~suwOvxw�q�zK|�vxt�t{��v¦¼Iz � � vW�ut�k9�Os~��zT}uw�qrl�vxt ´ k�q{� g w �e��� �
´ kh¬dvW��w�z � q<;�k	³ � ��w

qr|:w g k.¬z � l�sutrv:Â � m Ã ¬z � l¾Â�V Ã � # �¹�¦w g k¹}~v � w ´9g q�� g � k�}�k�| � � �yw � zK|u�Kt{��vW| ��� q � k\��w�t���zK|:w g k	��s �O� k\|Tw} � zT}~vx�Tvxw�z � V �T� ´9� q{wyq�|u�&E
l¿Â�V Ã � # � ^ Â3V � Ã � / ����� Â5c Ã l b�
�� Â�V Ã � # � Â �T�WÃ

´9g k � k�w g k � k � s~��k � j�k\�y�yq�vK|]l b�
�� qr�	�Wq�ªWk\|��T�

l b
�� Â3V Ã � # � ^ Â V �V �
Ã / �
&
� ( 	 & # (� 	 & # (� � ( Â � & # (� Ã � ( Â � & # (� Ã � ��� Â � & # (� _ � & # (� Ã

����� Â5c Ã 	 Â � � Ã

fhg k:³ � ��w�vK| � w g k�trvW�ywh¬dvW��w�z � zx¬hÂ � � Ã v � k���t�zK�yk:w�z2zT|uk ´9g k\| � q�����t�zK�yk:w�z � �IvW| � w g k � k\l�vWq �
|~q�|u�S¬dvW��wyz � � � k\}�k\| � zT| V¿zK|ut��Nw g~� zKsu� g 	 & # (� ÂÅq{k�w g~� zKs~� g w g k�k�l�k � �Kk�|~��k�vW|u�Kt{k�� ( � vW| � w g k
�Kk�zTl�k�w � q�� � q�ªWk � �Kk�|~��k � & # (� vK�h� g z ´ |2qr|)ÂÅ�xm Ã�Ã �~vW| � � (	Â � & # (� Ã3µ

fhg k\| ´ k � k\}ut�vK��kºw g k�¬dsut�t<l�vW�O� � t�s�l�}~q�|u��zx¬.Â �W�GÃ �T�Sv�}~v � w�qrvxtZzK|uk�t�q�l�q�w�k � w�z�w g k�|~z � k��¹zx¬Av
|~k�q�� g ��z �yg zTz ��� � zx¬ � �~vW| � � g zK�yk�w g k��Os~��zK}uwyq�l�vxt ´ k�q{� g wO� �e��� } � zK}�z � w�q�zK|~vWt�wyz²w g k�qr|TªWk � �yk
zW¬Aw g k � qrvx�WzT|~vxtIzW¬'w g k�}~v � w�qrvxt�t��St�s�l�}�k � jºk��O��qrvW| E

�e �� ^ Â�V � Ã � � / �e �b�
�� # � W Â �W�TÃ

���'Ý�� ß



���������
	������������������������������������ ��������!"��� ��#�$&%'�� ��������!)(*���,+
-�-.�/10
$2���&�3�4�5�����������6�87��,���3����2# � �

´9g k � k
�e �b�
�� # � ^ � � �������� � l b�
�� Â�V Ã � # � � � ��� 	 Â � c Ã

fhg kh�Os~��zK}uwyq�l�vxt Á q � � g~g zx¼S°Gs~vK|Kwyq{wOvxwyq{ªKk¹l�q�� � vxw�q�zK|���z �O� k��O}�zT| � qr|u��wyz�w g kh� g zWqr��k e � ^ �e���qr|)Â5D~� Ã q��	w g k�| E

�[ � � ^ Â3V � Ã �
/ �e �b�
�� # � � & � ( 	 & # (� � &

# ( Â � & # (�
Ã Â � � Ã

� | z � � k � ¬z � w g kNl�q{� � vWw�q�zK|¯¬z � l�sutrv Â � � Ã wyz � k��yw�z � kSvxw���k\��w�w g k�vK�~�yzWtrsuw�kSvKl�}~t{q�wys � k���zW¬9w g k
l�q�� � vxwyk � k�ªKk�|Twy���Ww g k��O��vxt�qr|u����zGk�ÀS��q{k\|Kw��²qr|#Â � c Ã qr��k�ª¦vxtrs~vWw�k � vK� ¬zWt�t�z ´ ��EA�Wq�ªWk�|�v���zWt�t{k\��wyq{zT|�zW¬
� vxwyv�.2Âd¬z � k��~vWl�}ut�k�w g k�zK|ukºw�z���k�q�|TªWk � wyk � Ã � ��qr� � k�w�k � l�qr|uk � �T� � k�°Gsuq � q�|u��w g vWw.w g k��y�u|Kw g k�wyq��
� ^ � Â�V Ã �[�� � k��yqrl�sutrvxwyk � ¬ � zKl .#s~�yq�|u��w g k�v � } � q{z � qA�Ksuk\�y�KV¾zx¬�w g k�} � zK}~vW�Kvxwyz � qr��vW����t�zK�yk�vW�
}�zK�O�yq��ut�k2wyz«w g k � vxwyv . µ�L ���Sq�����t�k�v � t��¿} � zT}�z � wyq{zT|~vxt.w�z �<�¸w g qr��vKl�zKs~|Twy��w�z ��k\v � � g ¬z � w g k
l�qr|uqrl�s~l zx¬�v�°Gs~v � � vxw�qr��¬ds~|~��wyq{zT|j� ´9g q�� g q��9�Wq�ªWk�|��T�)E

� ^ ��Â
��W . Ã . � � � � Â �x�KÃ
´9g k � k���q���w g k � k��yqrl�sutrvxwyk � �y�u|Kw g k�wyq�����z �O� k\�y}�zK| � q�|u�2w�z � ^ �W�jvK| � ´9g k � k2ÂKW Ã qr��w g k²�O��vWt�v �
} � z � s~��w	q�|Nw g k � vxwOv��O}~vK��k µ

© k���zK|~��t�s � kºw g qr�¹�yk���w�q�zK|S�T�²�yzKl�kº��zKl�l�k�|Twy��zK|2w g k ´ v®��w g k��Os~��zK}uwyq�l�vxt Á q � � g�g zx¼°Gs~vW| �
wyq{wOvxwyq{ªKk	l�q�� � vxwyq{zT| � k\}�k\| � � zK|�w g k	��s �O� k\|Kw�} � zK}�vx�KvWw�z � V ^ 	 / µ fhg qr� q��O�Osuk	q�� ªKk � �:q�l�}�z � wyvW|Tw qr|
�yq�wys~vWw�q�zK|~� ´9g k � k9w g k�l�q�� � vxwyq{zT|�q��¹s~�yk � qr|~�yq � k�v�t�zGzK}�¬z � w g k � k�w�k � l�qr|~vxwyq{zT|²zx¬<w g k�} � zT}~vx�Tvxw�z �
Â`vW�¹¬z � k��~vWl�}ut�k�q�|l�q�� � vxwyq{zT|2ªKk�t�zG��q{w���vW|~vWt{�u�yq�� Ã �~vK�	zK|uk � zGk\�h|uzWw ´ vW|Twhw�z g v®ªWk�w�z � k���zTl�}~suw�k
w g k ´ k�q{� g wO� �e�� k�vW� g w�qrl�k�w g k�} � zK}�vx�KvWw�z � q��	� g vK|u�Wk � µ'© k g v®ªKk���v � k�¬dsut{t���¬dvW��w�z � k � zKsuw�q�|�w g q��
}�vW}�k � vK|K� � q � k���w � k\}�k\| � vW|���k ´ q�w g¿� k��O}�k\��w:w�z«w g kS} � zK}�vx�KvWw�z � �;�yz#w g vWw�qr| w g k²³Z|~vxt�¬z � l�sutrv
Â �W�GÃ � Â � c Ã ¬z � w g k��Os~��zK}uwyq�l�vWt l�q�� � vxwyq{zT| ´ k�q{� g wO� �e��� �Iw

g k � k � s���k � ´ k�q{� g w �e��b�
�� � k�}�k�| � ��zT|
V ^ 	 /�zK|ut��w g~� zKs~� g ·Tqr|uk�l�vWw�qr��vK| � �Kk�zKl�k�w � q���°Ts�vW|Tw�q�w�q�k���Âdw � v®ªKk�t'w�qrl�k��:vW| � �Wk�zKl�k�w � qr��vWt � q �
ªKk � �Wk\|~��k Ã E;w g k��ykº°Gs~vK|Tw�q�w�q�k��.��vW|²��kº��zKl�}~suwyk � ´ q�w g w g kºq�|uq�w�qrvxtZ�Ks~k��O��zx¬<w g kº} � zK}�vx�KvWw�z � �W�yw�z � k �
vK| � ·Wk�}uw ��zT|~�ywyvW|Tw ´9g q�t{k V2qr� l�z � q{³�k � � ´9g k � k\vW�Aw g khvWl�}ut�q�wys � k�¬dvW��w�z � ���&.uÂ�V � Ã � / v � k.k�ª¦vWt�s~vWw�k �´ q�w g w g k���s �O� k�|Twh} � zT}~vx�Tvxwyz ��µ

� zWw�qr��k�vxtr��z�w g vxwhw g k���trvW�O��qr��vWtjq�|TªKk � ��q�zK|S¬z � l�sutrv#ÂdmKm Ã �Wq�ªWk\�hv O qr|TªWk � w�k � G���k\��w�q�zK| [�� � } � z �
}�z � w�q�zK|�|uk�txwyziV � µ'fhg q��;q��;w�z���k.��zKl�}~v � k � wyz9w g k��ys~��zK}~w�qrl�vWt Á q � � g�g zx¼�°Gs~vK|Tw�q�wyvxwyq{ªKk � l�q{� � vWw�q�zK|Â � � Ã�´9g qr� g q��h} � zK}�z � w�q�zK|�|~vxtIw�z#�4.GÂ�V � Ã / E�w g q��h� g z ´ �¹w g vWw	w g k:qr|TªWk � �yq{zT|�¬z � l�sutrv�ÂdmWm Ã.´ q{t�t<|uzWw} � z¦ªGq � k�v��WzGz � � k�t�vWw�q�ªWk�vWl�}ut�q{wOs � k�zx¬ �y��vxw�wyk � k � � ´9g k�|#v���vW�4·T� � zKs~| � V ´ q�w g �yw � zK|u�Kt{�²ª¦v � �Gq�|~�
�yt�z ´ |uk��O�¹q��hs~�yk � µ

� � ���*� �S&���º����,h��!"� �9$'&!4�'$

� |Sz � � k � wyz�wyk��yw.w g k � q{¼Zk � k\|Tw�vW�O�Os~l�}uw�q�zK|~�¹vW| � vxt��Wz � q�w g l�� � k��O� � q���k � qr|Sw g kº} � k�ªGq�zKs~����k\��wyq{zT|~���
´ k ´ q�t�t;³ � �yw���zKl�}~suwyk�zK|~k�t�q�|uk�zx¬¸w g k6j�k��O�yq�vK|zx¬iT)¬z � � q{¼Zk � k\|Tw�|Gs~l���k � �ºzx¬.� g zWwO� µ�fhg k\| ´ k
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� g vWt{tZ��zKl�}~v � khw g k��Os~��zK}uwyq�l�vxtIvW| � zK}uwyq�l�vxt ´ k�q{� g w¸l�vWw � q½� �e�� vW| � e�� �G� g z ´ w g k�q � � q½¼Ik � k�|~��k��
´ q�w g w g k ´ k�q�� g w9l�vxw � q{� e ��
 zx¬ w g k���trvW�O��qr��vWt<qr|KªKk � ��q�zK|S¬z � l�sutrv~��vW| � q�t{trs~�yw � vxwyk:w g k�°Gs~vWt{q�w��2zW¬
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�� vWw�v2³ � �yw:�Ksuk\�y�ZV \ zx¬	w g kS} � zT}~vx�Tvxw�z � � q½¼Ik � k�|Tw�¬ � zKl
w g k���s �y� k�|Tw	} � zT}~vx�Tvxwyz � V µ{µ

fhg kS|Ts�l�k � qr��vWt¸vW}~}~t{qr��vWw�q�zK|~�:v � k²�~vK��k � zT|¯w g k ¶ z � |�� � v®�G�º¬z ��´ v � � l�z � k�t�t�q�|u� � k��O� � q���k � qr|
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} � z®�uqrl�vWw�k � ´ q�w g v�w�k�� g |uq�°Gsuk:zW¬ }�v � v¦�uq�vWt � v®�u� µ
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´9g k � k e � ´ q�t�t<��k�k�q�w g k � w g k�zT}uw�qrl�vxt e��� �Kq{ªKk�|��K�Â �W�GÃ z � v��Os~��zK}uwyq�l�vxt �e��� �Wq�ªWk�|��T�Â �W�GÃ �
Â � c Ã �uz � w g k ´ k�q�� g w e ��
� zW¬'w g k:��trvW�O��qr��vWtjq�|TªWk � �yq�zK|²¬z � l�sutrv µ
fhg k � k�w�k � l�qr|~vxwyq{zT|�zW¬�w g k¹zT}uw�qrl�vxt e���

� k�°Gsuq � k��Aw g k9��zKl�}~suwOvxw�q�zK|�zx¬Zw g kkj�k\�y�yqrvW|�zW¬RT � ´9g qr� g q��
ªKk � ��k��~}�k\|~�yq{ªKk�qr| � � � w�qrl�k:vW| � l�k\l�z � � µ � |Sz � � k � wyz���k�vK�ut�kºwyz���zKl�}~suwykºw g k��yk ´ k�q�� g wO��� ´ k
s���k�v��Ol�vxt�tZ�y�u|Kw g k�wyq��º��vK��k µ fhg k��Os � ªWk����O}~vW��k�qr����zKl�}�zT��k � ´ q�w g � c�c�c:l zx¬ ´ vxwyk � vW| � ��c�c�c�l
zW¬�k\v � w g �¹w g k?vW��°Gsuqr�yq{wyq{zT| � k�ªGq���k?��zT|KwOvxqr|~� � m � k���k�q�ªWk � � ´ q{w g D�c l zW¬ � k���k�q�ªWk � qr|Tw�k � ª¦vxt`�	w g k
zW¼I�yk�w9��k�w ´ k�k\|2w g k��yzKs � ��k�vW| � w g k�³ � ��w � k���k�q�ªWk � qr� � c�c�l vW| � w g k�� g zWwhqr|Tw�k � ª¦vxtjqr� � D�l µ.fhg k
qrl�l�k � ��q�zK|�zx¬jw g kº�yzKs � ��k9vK| � w g k�vW��°Ts~q��yq{wyq{zT| � k�ªGqr��k9qr�9�Bc:l µ fhg k � k�»�k���w�q�ªGq{w���q�� � qr�y� � k�w�q<;�k � zT|
v�� � q � ��zK|���wyq{wOsuw�k � ´ q�w g?� D�l �T�«��D�l � k\��wOvW|u�Tsut�v � ��k�t�tr� µ¸� |#w g q��hk��~vWl�}ut�kW�u¬z � k�vW� g � g zWw�� ´ k
s���k�v2� � q � zW¬9��m c�c²l �T�#��c�c�c²l Â D � �T� � c�c²}�zKq�|TwO� Ã � ´9g q�� g qr�9k��~vW��wyt{���k�t�z ´ w g k���zTs � ��k�vW| �
w g k�vK��°Gsuqr��q�w�q�zK| � k�ªGq���k�vW| � ¬zWt�t{z ´ �hw g k�q � � q��O}utrvW��k\l�k�|Twy� � s � q�|u�2w g k��ys � ªWk��«ÂÅw g qr��qr�9k\°Gsuq{ª¦vWt{k\|Kw
wyz���zK|~�yq � k � v�³~�uk � �Kt{zT�~vxtI� � q � ¬z � vWt{tIw g k:� g zKwy�	vW| � w�z²s~�ykW�G¬z � k�vW� g � g zKw��~v�l�vW�O·�q�|�z � � k � w�z
k�t{qrl�q�|�vxw�k	w g khq�|u»�suk�|���khzx¬Zw g k � q��ywyvK|Kw¸�O��vWw�wyk � q�|u��}�zWqr|KwO� Ã4µ � z � w g k9��zTl�}�suwyvWw�q�zK|�zx¬ e�� vW| � �e�� �
´ k�zK|ut��?��zTl�}�suw�k�w g kPjºk��O��qrvW|¯��zGk�ÀS��q�k�|TwO�ºzT|«v�� � q � Â � �T�¿� cN}�zKq�|Twy��}�k � � g zWw Ã ��zKv � �yk � w g vK|
w g k � k�»�k���w�q�ªTq�w���� � q � vK| � k\��wyq�l�vxwykºw g k�l�qr�O��qr|u�*jºk��O��qrvW|2��zGk�ÀS��q�k�|TwO���T��t{qr|uk\v � qr|Tw�k � }�zWtrvxwyq{zT| µ � |
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w g k:¬zKt{t�z ´ q�|~�²k��~vWl�}ut�k�����w ´ zS} � zK}~vW�Kvxwyz � �	v � k�s~��k � E�v2��zK|���wOvW|Tw9} � zK}~vW�Kvxwyz �¹´ q�w g w g k�ªWk�t{zu��q{w��
k\°Gs~vxtuwyz²�BD�c�cºl � �hÂdw g khªWk�t{zu��q�w���zW¬Zw g k ´ vxw�k �3Ã vK| � vºt�qr|uk�v � } � zK}~vW�Kvxwyz � ª¦v � �Tqr|u��¬ � zKl ��D�c�c�l � �
vWw�w g k�w�zT}2zW¬;w g k � k�»�k\��wyq{ªGq�w��²� � q � w�z�m�c�c�c�l � �	vWw�w g k:��zKw�w�zTl µ¸fhg k�¬ds~|~��wyq{zT| � ^ , � � � � ´9g qr� g
vK}~}�k�v � �¹q�|Nw g k j�k\�y�yq�vK|S¬z � l�sutrv~�uqr�hv���vW| � � t�q�l�q�w�k � Q�q � vW�º¬ds~|���w�q�zK| ´9g q�� g t�vK��wO� c µ cW��� µ
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depth (m) x−axis (m)

a − a line for 1 shot
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depth (m) x−axis (m)

b − a line for 100 shot

� q��Ks � k � E L t�qr|uk�zW¬ jºk��O��qrvW|²l�vWw � q½� ´ q{w g v���zK|~�ywyvK|Kw�} � zT}~vx�Tvxwyz � ÂdzT|�w g kºt{k�¬w�� ´ k���zT|~��q � k � zK|ut��
�:� g zWw��uzK|Nw g k � q�� g w��j�Bc�c�� g zWwy� Ã

fhg k	³��Ks � k ��� k\} � k��yk�|Twy�	Â ´ q{w g w g k9��zK|~�ywyvK|Kw¸} � zT}~vx�Tvxw�z �3Ã w g kht{qr|uk9zW¬Zw g k j�k\�y�yq�vK|���z �O� k��O}�zT| � qr|u�
wyz�v � q½¼ � vW��wyq�|~��}�zWqr|Kw�t{zu��vxw�k � vxw¹w g kº��k\|Tw�k � zx¬<w g k � k�»�k���w�q�ªTq�w���� � q � ÂÅvW�.w g k�k�t�k�l�k\|KwO�.zW¬<w g k�t�q�|uk
zW¬Aw g k j�k\�y�yq�vK|�v � k�qr| � k��uk � �T�Sw g k�}�zKq�|TwO� � q½¼ � vW��wyz � �¹zx¬ w g k � k�»�k\��w�q�ªGq{w��2� � q � �uw g qr�	t{qr|uk:qr�hl�zT��w
|�vxwys � vWt{t�� � k�} � k\��k\|Kwyk � vK�ºvS¬ds~|~��wyq{zT|?zT|w g qr��� � q � Ã E	zK|«w g k�t{k�¬w�� ´ k���zT|~�yq � k � zT|ut{� ��� g zKw�ÂÅw g k
³ � �yw�zx¬9w g k«�Bc�c� g zWwO� Ã � zK| w g k � q{� g w��	� c�c� g zKwy� µ � z � � c�c� g zKwy��� w g kN��q<;�kSzW¬9w g k � k�»�k���w�q�ªTq�w��
� � q � q����W� D�cl �K� ��c�c�c#lN� g z ´ k�ªWk � �;¬z � k\vW� g � g zWw�� ´ kSzT|ut{� ��zT|~�yq � k � w g k2}~v � w�zW¬	w g qr��� � q �
Ây��m c�c�l±�T�S��c�c�c�l Ã.´9g qr� g qr�¹k��~vW��w�t��S��k�t{z ´ w g k:��zTs � ��kºvK| � w g k:vW��°Ts~q��yq{wyq{zT| � k�ªTqr��k�ÂÅvK| � w g k�|
w g k²zWw g k � }~v � w�zW¬�w g k²� � q � g vW�:|~zNqr|G»�s~k�|~��k Ã3µ L ��q{w g vW�:��k�k�|¯k��~}utrvxqr|uk � vK��z¦ªKkW�jw g k�j�k\�y�yq�vK|
g vW�:vW|)qrl�}�z � wOvW|Tw:ª¦vxtrsuk²zK|)w g k � q�vW�WzT|~vxt¸�~s~w:q{w�qr��|uzKw�v � zKl�qr|~vW|Tw � qrvx�KzK|~vWt¸l�vWw � q½� E:qr| w g k
w ´ z²��vK��k\���~w g k � vxw�q�z ! � %� � � l � � � . � l � � � qr���uq��W�Kk � w g vW|)�W��vK| �#� k�� � k\vW�yk��h�yt{z ´ t�� ´9g k\|#w g k|Gs~l���k � zx¬¸� g zWwO�hqr|~� � k�vK��k\��Â¬z � ��� g zWw���q{wºq��hk\°Gs~vxt<wyz]D�c�vK| � ¬z � �Bc�c�� g zWwO�hw�zSm�� Ã4µ � ¬¸��zTs � �ykW�
w g k�}�k�vK·�qr�¸|~v �y� z ´ k �'´ q{w g � c�c�� g zKwy�9Â`v:��qrl�q{trv � ��k g v®ªGq{z � zu����s � � ´9g k�|�w g k�|Gs~l���k � zx¬ � k\��k�q{ªKk � �
qr|~� � k\vW�yk�� Ã ����suw�w g k�|Gs~l���k � zW¬�|~zK| � ;�k � z²wyk � l�����k���zTl�k��9trv � �Wk ��µ	� z � k�z¦ªWk � �~w g k�wyk � l���v � zKs�| �
w g k � q�vW�WzT|~vxt¹}�zKq�|Tw�vxt ´ v®�u� g v®ªWkSw g kN�OvWl�k�z � � k � zx¬ºl�vx�T|uq�wys � k#vW��w g k � qrvx�KzK|~vWt.wyk � l q�wy�yk�t{¬ µ
� z � w g k\��k � k\vW�yzK|~���WzT|uk�|uk�k � ��w�z�}�k � ¬z � l v���k � wOvxqr|²vWl�zKs�|Kw�zx¬;l�vW�O� � trs~l�}uqr|u�SÂdq�k�wyz � k��Tsut�v � q<;�k Ã
��k�¬z � k�k\��wyq�l�vxwyq�|~��w g k ´ k�q�� g wy��Âd¬z � l�sutrvNÂ �W�TÃ �jÂ �K�TÃ �jÂ � c Ã�Ã3µ

ÝAÝ8ãXq ���4ÿ�û
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1435

3685
0

2.5

depth (m) x−axis (m)

a − the inverse of the diagonal for 1 shot
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0

0.049

depth (m) x−axis (m)

c − the optimal weight matrix for 1 shot
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57

depth (m) x−axis (m)

c − the ratio for 1 shot

725

3100

1435

3685
0

0.14

depth (m) x−axis (m)

b − the inverse of the diagonal for 100 shot
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3100

1435

3685
0

0.0032

depth (m) x−axis (m)

d − the optimal weight matrix for 100 shot

725

3100

1435

3685
0

44

depth (m) x−axis (m)

f − the ratio for 100 shot

� q��Ks � k.�2E fhg k��Os~��zK}uwyq�l�vWt�ÂÅw�zK} Ã vK| � zK}~w�qrl�vWt ´ k�q�� g w.Â`l�q �~� t{k Ã l�vxw � q{�:vW| � w g k�q �'� vWw�q�z�ÂÅ��zWwyw�zKl Ã
ÂÅzK|�w g k:t�k�¬w�� ´ k:��zK|���q � k � zT|ut{�¯�:� g zKw��uzT|�w g k � q{� g w��I� c�c�� g zWwO� Ã
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fhg k � k�¬z � k ´ k9|uz ´ ��zTl�}�v � kW� ´ q�w g w g k9��zK|���wOvW|Tw�} � zT}~vx�Tvxwyz � �¦w g khzT}uw�qrl�vxt ´ k�q�� g w�l�vxw � q{� e��
�Kq{ªKk�|N�T�«Â �K�TÃ Âdw g k:q�|TªWk � �yk�zx¬ w g k � q�vW�WzK|�vxt<l�vxw � q{���~suq�t�w��T�²¬dsut�tAl�vW�O�htrs~l�}uq�|~�²zx¬ w g k jºk��O��qrvW| Ã
vK| � w g kS�Os~��zK}uwyq�l�vWt ´ k�q{� g w�l�vWw � q½� �e � . �)¬z � � � ^ � � � ÂÅq µ k µ w g kSqr|TªWk � �yk�zW¬¹w g k � qrvx�WzT|~vxtzW¬hw g k jºk��O��qrvW| Ã ÂÅ�yk�k²¬z � l�sutrv Â �W�GÃ Â � c ÃyÃ3µfhg k²³��Ts � k���� µ v��'� µ �j� � µ �SvK| � � µ � � g z ´ w g k��ykSw ´ z
´ k�q�� g wO�j¬z � �.vW| � � c�ch� g zKwy�.Âdqr|:z � � k � w�z9zT�uwyvWq�|�v9��q��K|~q½³���vW|Tw<� � vK} g �\w g k¹}~v � wy�;zx¬~w g k.� � vW} g ��t�zK�yk
wyzw g kS��zKs�| � v � q�k�� g v®ªKk���k�k\|¿�ys�}~} � k��O��k � Ã3µS© k � k�l�v � ·w g vxw:w g k�q � � g vW}�k���v � k²°Gsuq�w�k2�yq�l�q�t�v � E
q�w2�yk�k\l��Sw g vWw e�� ��vW| ��k � k � s���k � ¬ � zKl �e�� . ���T�"v¿�y��vxtrv � l�s~t{wyq�}ut�qr��vxwyq{zT| µ^f z¾} � z¦ªWk#w g q��
vK�y�Os~l�}uwyq{zT|j� ´ k � qr�y}~t�v®�K��qr|#w g k�³��Ks � k���� µ k�vW| � � µ ¬���w g k � q�ªTqr�yq{zT| Âdw�k � l8�T��wyk � l Ã zx¬�w g k��yk�w ´ z
´ k�q�� g wO� µ �¸�~��k\}uwA|uk\v � w g k�wyzK}�zW¬�w g k�� � q � �¦w g k���v � k¹vxtrl�zT��w } � zK}�z � w�q�zK|~vWt µAfhg k¹��zKs�| � v � �:k�¼Ik���wy�
��zKl�k9¬ � zKl w g kº¬dvW��w¹w g vxw	w g k � k�»�k\��w�q�ªGq{w��²� � q � g vK�¸³Z|uq{wyk � q�l�k\|~��q�zK|���E�|uk\v � w g k���zTs~| � v � q�k����Gw g k
�yk�w�zW¬�w g kS�y��vxw�wyk � q�|~�N}�zWqr|Twy� ´9g qr� g g v®ªWk�vxtrl�zK�yw�w g k²�yvKl�k�w � v®ªKk�t w�qrl�kSvW��w g k � q�vW�WzT|~vxt�}�zWqr|Kw
��k���zKl�k��¹�Ol�vWt{t�k � �G��z�w g vxw¹w g kºwyzWwyvWtZl�vK�y� � k�� � k\vW�yk��¸vWw¹�Os~� g }�zWqr|Twy�.¬dvW�yw�k � w g vW|²w g k�}�k\vW·�ª¦vxtrsuk µ
f �u}uqr��vxt�t��W��w g q��²��vW| ��kNzK�~�yk � ªWk � zK| w g k#w�zT}¾zW¬�w g k#� � q � �¸��k���vKs~�yk�w g k|uzK| � ;�k � z«w�k � l���zK| v
t�qr|ukºzW¬<w g k@j�k\�y�yqrvW|S} � qr|~��qr}~vxt�t�����z �O� k\�y}�zK| � w�z��O��vWw�wyk � q�|u��}�zKq�|TwO��vK��z¦ªKk9w g k � qrvx�KzK|~vWt�}�zWqr|Kw�ÂÅ�yk�k
³��Ks � k �KÃ3µ.� |#z � � k � w�z � k � s~��k:w g k��yk���zTs~| � v � �2k�¼Ik���wO��� ´9g k�|Nw g k��Os~��zT}uw�qrl�vxt ´ k�q�� g wO�hv � k�s���k �
qr|?w g k²l�q{� � vWw�q�zK|j�Zq{w�qr��|uk���k��O�yv � �Nw�z#��zT|~��q � k � v � k�»�k���w�q�ªGq{w��#� � q � t�v � �Kk � w g vK|?w g k�qr|TªWk\��wyq{�Tvxw�k �
v � k\v�vK| � wyz:s~��k	zT|ut{��w g k9}~v � w'zx¬Zw g k9l�q�� � vxwyk � �yk���w�q�zK|���z �y� k��O}�zT| � qr|u��wyz�w g qr� q�|TªKk��yw�q��Kvxwyk � v � k�v µ
� |2w g qr� ´ v®�W� ´ k���vK| � k�}utrvW��k�w g k���zKl�}~suwOvxw�q�zK|2zx¬;w g k�zK}uwyq�l�vWt ´ k�q�� g wO� e�� �T�²w g k���zKl�}~suwOvxwyq{zT|
zW¬<w g k��Os~��zT}uw�qrl�vxt ´ k�q�� g wy� �e � µ fhg q��¹qr��|Gs~l�k � qr��vxt�t���ªKk � ��qrl�}�z � wOvW|Tw��yqr|~��k�w g k���zTl�}~suwyvWw�q�zK|²zW¬
w g k�zT}uw�qrl�vxt'l�vWw � q½�#trvW�ywy��� g zKs � ���~¬z � w g qr�ºk��~vWl�}ut�kSÂdzT|v � zK|TªKk��N�K�xm c ´ q{w g zK|uk�} � zu��k��O��z �3Ã �
´9g k � k�vW�¹w g k���zTl�}�suwyvWw�q�zK|�zx¬ w g k��Os~��zK}uwyq�l�vxtAl�vWw � q½��t�vK��wO�	zK|ut�� �x� �yk���zK| � k\� µ
© q�w g w g k�t�qr|uk�v � } � zK}�vx�KvWw�z � �uw g k � vxwyq{z e�� . �e�� � ´ q�w g �e�� w g k�q�|TªWk � �yk:zx¬¸w g k � q�vW�WzK|�vxt;zW¬¸w g k
jºk��O��qrvW|<�Tqr�h|uzKw¹°Gsuq�w�k:��zT|~�ywyvW|Tw�ÂÅ�yk�kº³��Ks � k�m µ v Ã4µ fhg k � k�¬z � kW�Gw g k:�ys~��zK}~w�qrl�vWt ´ k�q{� g w	l�vxw � q{� �e��
g vW�9wyz���k�qrl�} � z¦ªWk � qr|z � � k � wyz2zK�~wyvxqr|?v���k�w�w�k � vK}~} � z®�uq�l�vxwyq{zT|#zx¬¸w g k�}���k\s � z � qr|KªKk � ��k�zW¬.w g k
jºk��O��qrvW| µ�fhg qr�ºqrl�} � z¦ªWk�l�k\|Kwºq�� � k�vWt{q<;�k � �T�?k�|~t�v � �Kq�|u�2w g k²|uk�q{� g ��z �Og zGz � � � zx¬��%zK| ´9g qr� g
w g k2}~v � wyq�vWt.l�vW�O�:trs~l�}uq�|~�?q���}�k � ¬z � l�k � µ oTzqr|~�yw�k\v � zx¬ � � ^ � � � � ´ k2s~�ykS|uz ´ ¬z � � � v
�O°Gs~v � khzx¬¸Â � ' �¿� Ã � }�zWqr|KwO���Os � zKs~| � q�|~� � µ'© k � k�|uzKw�kº�T� �e � � � �� w g k���z �y� k��O}�zT| � qr|u���Os~��zT}uw�qrl�vxt
´ k�q�� g wO� µ�L �WzGz � � g zWqr��k ´ zKsut � ��k²w�z� g zGzT��k ' �Os~� g w g vWw �e � � � � . e�� qr��vWt�l�zK�yw:��zT|~��wOvW|Tw�z¦ªWk �w g k � q{¼ � vW��w�qr|u�²� � q � µ j�z ´ k�ªKk � � ´ k � zT| � w ´ vW|Tw	w�zS��zKl�}~suwyk:w g k:zT}uw�qrl�vxt ´ k�q�� g w e�� ���yq�|���k:q�whq��
wyzGz�k��~}�k�|~�yq{ªKk µ oTz�� ´ kº��zKl�}~s~w�kº�Os~����k��O�yq{ªKk�t���w g k ´ k�q{� g wy� �e � � � � ¬z � ' ^ cIW���W � 	 	 	WvW| � ��wyzK} ´9g k\|
w g k � vxwyq{z �e � � � � � � . �e � � � � ��k\��zTl�k\�9vxtrl�zK�yw9��zT|~��wOvW|Twhz¦ªWk � w g k�� � q � zx¬ � q{¼ � vW��w�qr|u�2}�zWqr|KwO� µ�� |#w g k
k��~vWl�}ut�k ´ q{w g w g k�t{qr|uk�v � } � zK}�vx�KvWw�z � �¦w g q��.t{k � w�z�w g kº� g zWqr��k ' ^ �W�GvW| � zT|uk���vK|²� g k��4·�zK|�³��Ts � k
m µ ��w g vxwAw g k � vWw�q�z �e � � � � . e�� qr�;vxtrl�zK�yw;��zT|~�ywyvW|Tw µ<© k¹|uzWwyq���k¸w g vxw;w g k��yq<;�k¸zW¬~w g k¹��k�w � � � k�l�vWq�|~�
�Ol�vxt�tÅ�G�yq�|~��kºw g k�q�l�}�z � wyvW|Tw�ª®vWt�s~k���zx¬<w g kCjºk��O��qrvW|Sv � k���t�zK�yk9w�z � qrvx�KzK|~vWt�}�zWqr|KwO� µ�fhg k � k�¬z � kW�Tw g k
z¦ªKk ��� ��zK�yw	w�z2��zKl�}~suwyk �e � � � � qr���Ol�vWt{t µ9� |w g k�k��~vWl�}ut�kW��w g k���zKl�}~suwOvxwyq{zT|zx¬ �e � \ � �Z^ �e�� trvW�ywy�
�W� ��k\��zT| � k����;w g kSzT|ukSzx¬ �e � � � � � m � �yk���zK| � k\���Aw g k2zK|ukSzW¬ �e � � � � � �W� ��k\��zK| � k���vK| � w g k�zK|uk²zW¬
e�� �¸� g zTs � � µ � |¿z � � k � w�z¯��k�kSw g k � q{¼Zk � k\|~��k\� ´ q�w g w g k2��trvW�O�yq���vxt¸qr|TªWk � �yq{zT|«¬z � l�sutrv ÂdmWm Ã �
´9g q�� g qr��zK}uwyq�l�vxt¸¬z � zT|uk²� g zKw�vW| � ¬z � v2¬ds~t{t�zx¼j��k�w�vW| � ¬ � k\°Gsuk�|~��kS��z¦ªKk � vx�Wk�Âdw g kS��wOvW�4· ´ q�w g
� k��O}�k���w¹w�z�w g k�� g zWwO�	l�s~�yw¹��k:l�v � k�v¦¬wyk �y´ v � � Ã � ´ k g v®ªWk�� g z ´ | e ��
 qr|Sw g kº³��Ks � k@D µ v2Âdqr| � Q��
e ��
� ^ ��V � &�

Ã3µ © k��yk�k9w g vxw�� ´ q{w g zKsuw¹vWl�}ut�q{wOs � k���z �y� k���w�q�zK|�¬dvW��w�z � Â � (	Â/) Ã ^ � Ã �Gw g qr� ´ k�q{� g w
qr� � q½¼Ik � k�|Tw9¬ � zKl8w g k�zT}uw�qrl�vxt;z � �Os~��zK}uwyq�l�vxt¹Â³��Ks � k��~�Zt�k�¬w Ã zK|~k�� µh� | � k�k � w g k�l�vxw � q{� e ��
 q��
zT|ut���} � zT}�z � wyq{zT|~vxt~wyz � &� Âdw g kº�Kk�zTl�k�w � q���vxt � q{ªKk � �Wk\|~��k���k�w ´ k�k\|²w g k��yzKs � ��kºvW| � w g k��y��vxw�wyk � q�|~�
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depth (m) x−axis (m)

a − the ratio with the inverse of the diagonal
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0

18

depth (m) x−axis (m)

b − the ratio with the partial mass lumping

� q��Ks � khm2E fhg k � vxw�q�z���k�w ´ k�k�|�w g k��Os~��zT}uw�qrl�vxt ´ k�q{� g wO��vW| � w g k9zK}~w�qrl�vWt ´ k�q�� g wy� ´ q�w g w g k9t�q�|~k�v �
} � zT}~vx�Tvxw�z � EAzK|�w g k:t�k�¬w �e�� . e�� �~zK|�w g k � q�� g w��e � � � � . e��
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depth (m) x−axis (m)

a − weights of classical inversion formula
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0.5

depth (m) x−axis (m)

b − suboptimal weights with correction amplitude factor

� q��Ks � k D.E fhg k ´ k�q�� g wy�:zW¬¹w g k2��t�vK�y�yq���vxt�qr|TªWk � �yq{zT|?¬z � l�sut�v ÂÅzK| w g kSt�k�¬w Ã vW| � w g k2�Os~��zT}uw�qrl�vxt
´ k�q�� g wO� ´ q�w g vK|�vKl�}ut{q�wys � k���z �y� k���w�q�zK|²¬dvK��wyz � k�°Gs~vWtjw�z ) � � � ÂÅzK|Nw g k � q�� g w Ã
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}�zWqr|Tw¹�yk�k�Â5D �TÃ�Ã � ´9g k � k�vK�¸w g k��Os~��zK}uwyq�l�vWt ´ k�q�� g wO� �e�� ÂÅq�|TªKk � ��kºzx¬<w g k � q�vW�WzK|�vxt�zW¬;w g kCjºk��O��qrvW| Ã
qr�S} � zK}�z � w�q�zK|�vxt	w�z � &� vK| � Â ! ( Â � �( Ã�����Ã��� Â � �( q��²w g k?�Kk�zKl�k�w � q���vxt � q�ªWk � �Wk\|~��k��k�w ´ k�k\|
w g k²�y��vxwyw�k � qr|u�N}�zWqr|Tw:vW| � w g k � k���k�q�ªWk �4Ã ÂÅ�yk�kNÂ �W�GÃ �¸Â � c Ã vK| � vW}~}�k�| � q½� L�Ã3µ<fhg k � k\�T�W�<w g k � k�k\}
� k�»�k���wyz � �ºv � k���k�w�wyk � l�q�� � vxw�k � ´ q�w g w g k²�Os~��zT}uw�qrl�vxt ´ k�q�� g wy���<�yq�|~��k�w g k��¯��zKl�}�k�|~�Ovxwyk�¬z � w g k
vWw�wyk�|Gs~vxwyq{zT| ´9g qr� g2g vK�.zu����s � k �S� s � qr|u��w g k��~vW�4·G} � zK}�vx�KvWw�q�zK|���k���vKs~�yk�zx¬Aw g kº³�|uq�w�k�vW}�k � wys � k�zW¬
w g k � k���z � � q�|u� � k�ªTqr��k µ
� | � Q���zK|uk���vW|#|uzKw�qr��k:w g vxw e ��
 zT|�zT|uk��yq � kK��vK| � �e�� ´ q�w g ��( ^ � )¹zK|Nw g k�zWw g k � �yq � kSÂÅ�yk�k
³��Ks � kCD Ã¸g v®ªWk9v���qrl�q{trv � ��k g v®ªGq{z ��µ j�z ´ k�ªKk � w g k��yk�w ´ z ´ k�q�� g wy��} � z¦ªTq � k9w ´ z � q{¼Ik � k�|Tw�l�q�� � vxw�k �
�yk���w�q�zK|~�¹�yq�|~��kW� ´ q�w g e ��
 �u|uz�vKl�}ut{q�wys � k:��z �O� k���wyq{zT|�¬dvW��w�z � qr�	s~��k � zT|Sw g k � vWwyv�Â ´9g k � k\vW��� ´ q�w g
�e�� �~w g qr�	¬dvW��w�z � qr� � ) Ã3µ

� |�z � � k � wyzºwyk��yw;w g k¹�Os~��zK}uwyq�l�vWt Á q � � g~g zx¼�l�q{� � vWw�q�zK|���z �O� k\�y}�zK| � q�|u�hwyzºw g k ´ k�q{� g wO���e � � � �¦�

lasoyo (Realisation R/D/I+)   -   galva.vs

� q��Ks � k � E fhg k:w � s~k � k�»�k���wyq{ªGq�w��
´ k g v®ªWk���suq{t�wh���u|Tw g k�w�qr� � vxwOv�s~�yqr|u��w g kº¬z � l�sutrvSÂ`� �KÃ¸´ q�w g w g k � k�»�k���w�q�ªGq{w��²ªKk���wyz � � k��O� � qr��k � qr|
³��Ks � k � ÂÅw g k�� � k�»�k���wyz � � g v®ªWk�w g k��yvKl�k�vKl�}ut{q�wys � k Ã vK| � w g k:t�q�|~k�v � } � zT}~vx�Tvxw�z ��µ fhg k�³��Ts � k �
� g z ´ ��w g k � k��Osut{w�zx¬ºw g kl�q{� � vWw�q�zK|¿zW¬�w g k � vWwyv«¬z � � c�c«� g zWwO� ´ q�w g w g k�Os~��zK}uwyq�l�vxt ´ k�q�� g wy�
�e � � � � ´ q�w g � ^ � µ�© k«|uzKw�qr��kw g vxw²w g k � k�»�k\��w�z � �²v � k#t�k��O�S� g v � } qr|"w g k¯l�q�� � vxwyk � ��k\��wyq{zT|
Â`��k�k�³��Ks � k²� µ v Ã4µ�f z#q�l�} � z¦ªWk�w g k�vK}~} � z®�uq�l�vxwyq{zT|?zW¬�w g kSvW�~�yzWtrsuw�k²vKl�}~t{q�wys � k���� ´ k � k��yqrl�sutrvxwyk
�yk�qr�Ol�zK� � vWl��I¬ � zKlRw g q��'��wOvW�4·Wk � �¦l�q{� � vWw�k � ��k\��wyq{zT|j�¦vW| � ³Z| � w g k¹�O��vWt{qr|u�h¬dvK��wyz � � ^ � � # � �

� � # � � ^ c 	 � � µ
© q�w g w g qr����zGk�À²��q{k\|Tw���w g k � vxwyq{z � � !$#����� �� � !$# \ � ^ c 	 Dx�#Â �[�� qr�hw g k��ywyvW�4·Wk � ��l�q�� � vxwyk � �yk���wyq{zT| Ã � ´9g qr� g
l�k\vW|~�ºw g vWw�w g k � k\��qrl�s~t�vWw�q�zK|k��u}~t�vWq�|~� � ��� zx¬�w g k � vxwOv2qr|?w g k � � |uz � l zK|«w g k � vxwOv��O}~vK��k µ
© kS��vK|¯��zKl�}~v � kK�<zK|¯w g k�³��Ks � k²� µ v~�<w g k²w � vW��k���Âdt�zu��vWw�k � vWw���D�c�c�l Ã zx¬	w g k²w � suk � k�»�k���w�q�ªTq�w��
vK| � w g k�l�q�� � vxwyk � �yk���wyq{zT|SvW| � �KzT|²w g k�³��Ts � kº� µ �j�Tw g k�w � vW��k���� � zW¬<w g k�� g zWw D�c:zx¬Aw g k � vxwOv�vW| �
w g k � k��yq�l�sutrvxw�k � ��k�q��Ol�zW� � vWl�� Ejw g kºvWl�}ut�q{wOs � k���v � k9��z �y� k���w�t�� � k\��wyz � k � Âdw g k � q{¼Ik � k�|~��k��¸��k�w ´ k�k\|
w g k2}�k�vK·?ª¦vxtrsuk���v � k�t�qr·xk�t�� � sukSw�z«w g kS�O} � k�v � q�|u�zW¬¹w g kSk�ªWk�|TwO�:q�|)w g k2l�q{� � vWw�k � �yk���w�q�zK| vW| �
w g k � k��yq�l�sut�vWw�k � �yk�qr�yl�zK� � vWl�� Ã4µ²fhg kS|Gs~l�k � q���vxt � k��Osut{wO�:� g z ´ w g vxw�v � k\�y��k�|Tw�l�q{� � vWw�q�zK| ´ q�w g

ÝAÝ8ãXq ���4ÿ�û
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lasoyo (Realisation R/D/I+)   -   galva.vs

� q{�Ts � k � E fhg k���wOvW�4·Wk � �ul�q{� � vWw�k � �yk���w�q�zK|

5.5

1.5

data resimulated

tim
e 

(s
)

b − seismogram

4000

1000

true migrated

de
pt

h 
(m

)

a − reflectivity

� q��Ks � k:�IE � |�w g k�t{k�¬w��~w g k���zTl�}�v � q��yzK|N��k�w ´ k�k�|Nv�w � vW��k�zW¬'w g k:w � suk � k�»�k\��w�q�ªGq{w��NvW| � w g k��yvKl�k
zT|uk�zW¬.w g k�l�q�� � vxw�k � ��k\��wyq{zT|«vW| � zK|w g k � q�� g w��Iw g k���zKl�}~v � qr��zT|��k�w ´ k�k�|?v�w � vW��k�zx¬ � vxwOv2vW| �
w g k��OvWl�k�zK|uk�zx¬ � k��yq�l�sut�vWw�k � �yk�qr�yl�zW� � vKl��

���'Ý�� ß



���������
	������������������������������������ ��������!"��� ��#�$&%'�� ��������!)(*���,+
-�-.�/10
$2���&�3�4�5�����������6�87��,���3����2# �W�

w g k²�ys���zT}uw�qrl�vxt ´ k�q�� g wy��} � z¦ªTq � k\��vN°Gs~vW|Twyq{wOvxw�q�ªWk�l�q{� � vWw�q�zK|¯vxw�vN�Ol�vxt�t � � � z¦ªWk ��� ��zK�yw µ�fhg q��
��s���wyq½³�k\��w g k2|~vKl�k2zx¬	w g kN�ys~��zK}~w�qrl�vWt Á q � � g~g zx¼ °Gs~vK|Kwyq{wOvxwyq{ªKkSl�q�� � vxwyq{zT| ´ k²�Tv®ªWk�w�z¬z � l�sutrv
Â � � Ã3µ

� wºq���qr|Kwyk � k��yw�qr|u�Swyz2ªGq��Os~vWt{q<;�k g z ´ w g k�°Gs~vxt�q{w��Nzx¬¸w g k � k\��qrl�sutrvxwyq{zT|#zx¬.v � vxwOv .��Wk�|~k � vxw�k �

1500 4000 6500
0.55

0.56

0.57

0.58

0.59

0.6

velocity (m/s)

� q��Ks � k � E fhg k��O°Gs~v � k � l�qr��³�w���k�w ´ k�k�|?w g k � vxwOv2vK| � w g k�q �º� k��yq�l�sutrvxw�q�zK|vK�ºvS¬ds~|~��w�q�zK|zW¬.w g k
��zWwyw�zTl ªWk�t�zu��q�w��¿s~��k � wyz«k��yw�qrl�vxwyk�w g kN�Os~��zK}uwyq�l�vWt ´ k�q�� g wNÂ � vK� g k � t�q�|~k Ã z � w g k#�Os~��zT}uw�qrl�vxt
´ k�q�� g wO�¹vK| � w g k�vKl�}ut{q�wys � k���zGk�ÀS��q{k\|KwO��Â � zKw�wyk � t{qr|uk Ã3µ

�T�«�yzKl�k�w � sukS}~v � vKl�k�w�k � V ��q���vx¼Zk\��wyk � ´9g k�|)w g k2�ys���zT}uw�qrl�vxt � k � s~��k � ´ k�q�� g wy�:vK| � }�zK�O�yq��ut��
vWt��yzSw g k�vKl�}ut{q�wys � k���zTk�ÀS��q�k�|Tw�v � k�k�ª¦vxtrs~vxwyk � vWwº�yzKl�k�vK} � q{z � qA�Ksuk\�y�KV \ � � q½¼Ik � k�|Tw9¬ � zKl V ��	joTz
´ k g v®ªWk��zK|~�yq � k � k � v � vW|~�WkNzx¬:v � } � q�z � q	�Ksuk\�y�yk��6V \ �	l�v � kzW¬�ªKk�t�zG��q{wyq{k\��zK�uwOvxqr|uk � �T� t�q�|~k�v �
qr|Tw�k � }�zWtrvxwyq{zT|«��k�w ´ k�k�|)w g kS�ys � ¬dvK��k�ªWk�t�zu��q�w��?zx¬��BD�c�cNl � �:vW| � v#��zKw�wyzKl ªKk�t�zu��q�w����«� g zK�yk�|¯qr|
w g k���D�c�c ��� D�c�cºl � �¸qr|Kwyk � ª¦vxt`�TvK| � v � vxwyv .��Kk�|uk � vWw�k � ´ q�w g w g k � vKl�}S��z �y� k��O}�zT| � qr|u�:w�z���zKw�wyzKl
ªKk�t�zu��q�w���� ^ m c�c�c�l � � µ
© k � q��O}utrv®�ºzT|�³��Ks � k.�hw g k��O°Gs~v � k � l�qr��³�w T Â�V � W�Y ^ [�� Ã ��k�w ´ k�k�|:w g k � vWwyv9vK| � q�wy� � k\��qrl�sutrvxwyq{zT|
vK�hv�¬ds~|~��wyq{zT|Nzx¬ w g k���zWwyw�zKl±q�|uq�w�qrvxt;�Ksuk\�y�	ªKk�t�zG��q{w����Sq�|Nw ´ z���vW�yk�� E

S � vW� g k � t{qr|uk�E	w g k�l�q�� � vxw�q�zK| [�� qr�º}�k � ¬z � l�k � ´ q�w g?� k � s���k � ´ k�q�� g wO�9k�ª¦vWt�s~vWw�k � ´ q{w g w g k
q�|~q{wyq�vWt'�Tsuk��O�iV \ Â`vWl�}ut�q{wOs � k���zGk�ÀS��q�k�|TwO�ºvK| � �Izx¬.��zKs � ��k�w � v®ªWk�t � w�qrl�k\�9��k�qr|u�2k�ª®vWt�s�vxw�k � vxw
w g k:w � s~k�} � zT}~vx�Tvxwyz � V � Ã

S � zWwyw�k � t�q�|~k�E�w g k�l�q�� � vxwyq{zT| [�� qr�h}�k � ¬z � l�k � ´ q�w gN� k � s~��k � ´ k�q�� g wO�¹vK| � vKl�}ut{q�wys � k:��zGk�¬ �
³���q�k�|TwO��k�ª¦vxtrs~vxwyk � ´ q�w g w g kºqr|uq�w�qrvxtI�Ksuk\�y� V \ ÂÅw � v®ªWk�t � w�qrl�k\����k�qr|u��zx¬A��zKs � �ykº�yw�q�t{tIk�ª¦vWt�s~vWw�k �
vxwhw g k:w � suk:} � zK}~vW�Kvxwyz � V � Ã

fhg k�w � v®ªWk�t � w�qrl�k���v � k���z �y� k���w�k�t�����zKl�}~s~w�k � q�|Sw g k�l�q{� � vWw�q�zK|²�yw�k�}���� ´9g k � kºw g kºw � suk�} � zT}~vx�Tvxw�z �
qr��s~��k � qr|«��zWw g ��vW�yk����I��z�w g vWw�w g k � k�»�k\��wyz � ��v � k���z �O� k\��w�k�t{�Nt�zG��vxwyk � qr|w g k��ywyvK�4·xk � �Zl�q�� � vxw�k �
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�yk���w�q�zK|~� µ jºk�|~��kW�Tw g khª¦v � qrvxwyq{zT|~�'zx¬"T�v � k	zK|ut�� � sukhw�z:w g khª¦v � q�vWw�q�zK|~� qr|�w g k9vKl�}~t{q�wys � k9zx¬Il�q�� � v �
wyk � vW| � � k��yq�l�sut�vWw�k � k�ªKk�|Twy� � s~k¹wyz�w g kh� g vK|u�Wk\�Aqr| � k � s~��k � ´ k�q�� g wy� vK| � vKl�}ut{q�wys � kh��zGk�ÀS��q�k�|TwO� µ
© k�|uzKw�qr��kK��qr|N³��Ks � k�����w g vxw9w g k��#v � k��Ol�vxt�tÅ��t{k\�y�hw g vW| � � µhfhg q��ºl�k�vW|��9w g vxw9w g k � k��yq�l�sutrvxw�k �
�yk�qr�Ol�zK� � vWl � k�l�vxqr|~����t{zT��k	w�z�w g k � vWwyv~�KvW���yzTzT|�vK��w g khw � v®ªWk�tGwyq�l�k��.v � k ´ k�t�t � ·G|uz ´ |j�Wk�ªWk\|�q{¬jw g k
� k � s~��k � ´ k�q�� g wO�	zx¬�w g k�°Ts�vW|Tw�q�wyvWw�q�ªWk�l�q{� � vWw�q�zK|NvW| � w g k�vWl�}ut�q�wys � k���zGk�ÀS��q�k�|TwO�9v � k���zTl�}�suw�k �
´ q�w g v��~v � } � zK}�vx�KvWw�z ��µ

fhg k � k�¬z � kW�~w g qr�9vxt�t{z ´ �	wyz2��zT|~�yq � k � q�|v�³ � �yw�vW}~} � z®�uqrl�vWw�q�zK|2w g k � k � s~��k � ´ k�q�� g wO�hvW| � vWl �
}~t{q�wys � k���zGk�À²��q{k\|Twy�9vK�9qr| � k�}�k�| � k�|Tw�zT|Nw g k�} � zT}~vx�Tvxwyz � ¬z � v�ªWk�t�zu��q�w��NvK|~vxt��u��qr� ´ q�w g zTsuw�t�zK�yq�|~�
w g k�°Gs~vW|Twyq{wOvxw�q�ªWk:� g v � vK��wyk � zx¬ zKs � l�q�� � vxw�q�zK| µ

9�� � ���#,9!�&#$ �����

� ��qr|u��w g k�t{k\vW�yw � �y°Gs~v � k\�9vW}�} � zTvW� g w�zNl�q{� � vWw�q�zK|j� ´ k g v®ªWk � k�³Z|uk � v2�Wk\|uk � vxt'l�k�w g z � zKt{zK�W��¬z �
w g k���zK|~�yw � s~��w�q�zK|Nzx¬¸zT}uw�qrl�vxtAvK| � �Os~��zT}uw�qrl�vxt °Gs~vW|Tw�q�wyvWw�q�ªWk�l�q�� � vxw�q�zK|�����zK|~��k�w g k�¬z �y´ v � � l�z �
� k�t�t{qr|u�#vW| � w g k²|uz � l8q�|«w g k � vWwyv�l�qr��³�w g v®ªWk���k�k\|¯� g zK�yk�| µ�¶ � � k�³�|~q{wyq{zT|j�jw g k\��k�l�q{� � vWw�q�zK|~�
v � k�zT}uw�qrl�vxt;s~| � k � w g k��OvWl�k:�y}�k���q½³Z��vxwyq{zT| ´9g q�� g v � k:s~�yk � qr|Nw g k���zK|~�yw � s~��w�q�zK|�zx¬ w g k:¬z ��´ v � �
l�z � k�t¸vW| �)� vxwOv#l�qr��³�w��'vW��¬z � k��~vWl�}ut�k��yzKs � ��k ´ q�w g ³�|uq�w�kS��vW| � ´ q � w g � � k\��k�q�ªWk � � ´ q�w g ³�|uq�w�k
vK}�k � wOs � kW�G³�|uq�w�k�|Gs~l���k � zx¬�� g zWwy��� � k\��zK|TªKzWtrsuw�q�zK|�vW| � k�°Gs~vWt{q<;�vWw�q�zK|�zx¬ � vxwOv µ�µ{µ

© k g v®ªWk�vW}~}ut�q�k � w g qr�hl�k�w g z � zKt{zK�W��w�z�v ¶ z � | � � v®�u�¸¬z �y´ v � � l�z � k�t{qr|u� ´ q{w g v��y��vxw�wyk � q�|~�
vK}~} � z®�uq�l�vxwyq{zT|#zx¬¸w g k � k�»�k���w�q�ªTq�w��W�jvK| � w�z#v � vxwyvNl�q���³�w � k�³Z|uk � zK|?l�sut{wyq�� g zKw�³�|~q{wyk�vK}�k � wOs � k
� vxwyv�� ´ q{w g } � k�t{qrl�q�|�v � �²³�t�w�k � qr|u�²vW| � vWl�}ut�q{wOs � k���z �O� k\��w�q�zK| µ � s � ³Z| � qr|u�K�9v � k�E

S vW|T����t�vK�y�yqr��vxt Á q � � g~g zx¼Nl�q�� � vxwyq{zT|�¬z � l�sutrv���vW|���k���k�k�|²vK��v � k��O��k\|Kw Á q � � g~g zW¼2l�q�� � vxwyq{zT|
¬z � vN} � zK}�k � t{� � k�³�|uk �)� vxwyvNl�q���³�w�¬ds~|���w�q�zK| µ��¹� zT}�zT��q�w�q�zK| � �Kq{ªKk��ºw g kS} � k\��qr��k � k�t�vWw�q�zK|~�
´9g qr� g2g v®ªKk9w�z���k��yvWw�qr��³�k � qr|Sw g k�} � k�}�v � vxw�q�zK|�zW¬;w g k � vxwOv�qr|Sw g k�w ´ z�vK}~} � zKvW� g k���q{¬;w g k��
v � k�w�z²��k:k\°Gsuq{ª¦vWt{k\|Kw µ

S L �ys~��zK}~w�qrl�vWt9°Gs~vW|Tw�q�wyvWw�q�ªWk Á q � � g~g zW¼ l�q�� � vxwyq{zT|¾��vK| ��k�zT�uwyvWq�|~k � �K�¾l�sut�w�qr}ut{�Gqr|u� w g k
� � v � q�k�|Tw.l�q�� � vxwyk � �yk���wyq{zT| []\ # � vxw.�O��vWw�w�k � k � ���T��v ´ k�q{� g w �e��� zT�uwyvWq�|~k � �T��q�|TªWk � wyq�|~�
w g k � q�vW�WzT|~vxtjzW¬'w g k�}~v � w�qrvxt�t�� � trs~l�}�k � jºk��O��qrvW| µ.fhg k���zTl�}~suwyvWw�q�zK|Nw�qrl�k � k�°Gsuq � k � ¬z � w g k
��vWt���sut�vWw�q�zK|�zx¬�w g k��yk ´ k�q�� g wO�;qr� �yl�vxt�t µ � s � |Gs~l�k � q���vxt � k\�ys~t{wO�A� g z ´ w g vxw w g k\��k	�Os~��zT}uw�qrl�vxt
´ k�q{� g wy�.vWt{t�z ´ w g k��OvWl�k�°Gs~vWt{q�w���zW¬ � k\��wyq{wOsuw�q�zK|�zW¬jw g k�vWl�}ut�q{wOs � k��.q�|�w g kºl�q�� � vxwyk � ��k\��wyq{zT|
vW�	w g k�¬dsut�t{��zK}uwyq�l�vxt ´ k�q{� g wO��� ´9g qr� g v � k:��zKl�}~s~wyvxwyq{zT|~vxt��Sl�s�� g l�z � k�k��~}�k�|~�yq{ªKk µ

S fhg k�q�|Tw � z � s~��w�q�zK|¯zx¬ � k � s~��k � ´ k�q�� g wy� �e��b�
�� # � �
´9g qr� g � k\}�k\| � l�vxqr|ut{�zT|«w g k��Wk�zKl�k�w � �

zx¬�� g zWwO�����yzKs � ��k\��vW| � � k\��k�q{ªKk � �:�~suw�t{q�w�wyt{k�zK| w g k�} � zK}~vW�KvWw�z � V�vK| � ��vW|¿��k2k�ª¦vWt�s~vWw�k �
} � k�t�q�l�qr|~v � ��s~�yq�|~��vº³ � �yw � zKs~� g �Ksuk\�y� V \ zx¬&V��Tvxt�t{z ´ �'wyz�s~��k	w g k9�ys���zT}uw�qrl�vxt�°Gs~vK|Kwyq{wOvxwyq{ªKkÁ q � � g~g zW¼Nl�q�� � vxw�q�zK|�z¦ªKk � v:trv � �Wk � vW|~�Wkhzx¬;} � zT}~vx�Tvxw�z � � ´9g q�t�kºl�vxqr|Twyvxqr|uqr|u��w g kº°Gs~vWt{q�w���zW¬
w g k�vKl�}ut{q�wys � k � k\��wyq{wOsuw�q�zK|#vK| � zW¬ � k��yqrl�sutrvxwyq{zT| µ
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Unit é de recherche INRIA Rennes, Irisa, Campus universitaire de Beaulieu, 35042 RENNES Cedex
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