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p�wOsqp�rom$��u'��uJro�xp��Cr{uJ��s{kXvxw�vJ�Bs ~ p�p��Xp���s{rqvJw1m"��rqp�|=knwzsqv
�1rovJs{vxw�m�rokn��v�� ~ p�s{p�|Av � u+s���uJro�xp uJw1�x�Xp�m �MuJm�kX� s ~ p�rqp � p�rqp
mqvx� p
mo�=u+�n� � ~ uJrq|A��p�wzsqp�r�vJr
��p�wzs{p�rom � k�s ~ kXw�s ~ p �1rovJs{vJwG¢�£�*ovxr(�Jp�w uJw�| ��kn� ~ u+rq| ��p���w1�
uJw��1rqvx�Bvxmop�|�s ~ u+s's ~ p�p��Xp��8�
s{rovxw1m��
kX� ~ s ~ u��Jp � vJ�1w1��p�|�v � s{kXwO����kXs{m�knw1mokn|1p s ~ p��1rovJs{vxw�m$� ��~ kn� ~ ��p���w1�
uJw�|�� �1� p�|
) ��u+ros{vJw1m�¢ * } vL� ~ p���� ��u+ros{vJw kn|�p�uJm�uJ�zuJkXw1mos�vJs ~ p�r�p �8�1�nuJw�u+sqknvxw1m ��� vxrop
|1p�s�uJkX�np�|A� p�u:�
mq��rqp�� p�wzsqm � p�rqp
�=uJ|�p=u+s   ¡gh�� v��xp�r�s ~ p=w1p8��s�� �Jp
�xp�uJrqm�¢ � w � ! ¦ � � ��~ p�w rqp�mq�1��s{m�vJ�
s ~ p�mop���vxw1| �H�xp�w1p�r{u+sqknvxw p �8�Bp�rokn� p�wzs{m � p�rqp���vJ�
�1�Xp�sqp �1p��xp�rt�Os ~ kXw1�
mop�p��
p�|�s{v � p ��vx� knw1�
�1� �O��uJr(��m�¢ }�~ p�wO�1� � p�rom mo�1�x�xp�mosqp�| s ~ u+s �
u+sos{p�r�knw s ~ p��1rqvJsqvxw knm���vxw1��p�wzs{rqu+s{p�|9kXw
� �1� ~ mq�
uJ�n�Xp�r���uJrts{kn���np�m$��s ~ p��O��uJr��Om�¢ � s � uJm�p�mq�Bp���k�uJ�X�X� uJ���2p�uJ�nkXw1� s ~ u+s��O��uJr��Omlm ~ vx�1�X|
� p'|1knmo��v��xp�rqp�| �1moknw1� s ~ knm�sqp�� ~ w1kX�O�1p�uJm�s ~ p'wO�1���np��1m�vJ�;s ~ p u4s{vx� � uJm�|�knmq��v��xp�rop�|�knw!s ~ p
m{u+�
p � u�� �Imqk �8s��=�xp�u+rqm�p�uJro�nknp�r�¢

}�~ p�rqp � uJm�u�s ~ p�vxrqp�s{kX��uJ�Bv � *op���s{kXvxw!s{v s ~ pl�O��uJr(�=� v8|�p�� � ~ v � p �xp�r�¢ � s ��knvx�nu+s{p�|=s ~ p
y u+�1�nk5p8�8���n��mqknvJw ��rqknw���kn���np � ��~ kn� ~ mts�u+sqp�m's ~ u4s w1v#s � v���uJrts{kX���np�m � kXs ~�~ uJ�X� �Hknwzs{p��xp�r�mq�1kXw
��u+w�v8�����1�z��s ~ p�m{uJ� p�mts�u+sqpJ¢l��vxr�p ��uJ� �1�Xp �Is ~ p ����� � uJro�Jvxw�� ��~ kn� ~ � uJmlmq���1�2vJmqp�|�sqv
��vJw1mqkXmos�vJ�1s ~ rqp�p kn|1p�wzs{kn��uJ�O�1���O��u+r��Om5knw s ~ p�m{u+�
p mos{u+s{p � � uJmMkXw1��vxw�mqknmts{p�wOs � kXs ~ s ~ p y uJ�1�nk
�1roknw1��kn�1�XpJ¢ � w � !# � � � mq��uJr�!'rqp�p�w � p�rq�#�1rovx�2vJmqp�|�u=mqvx�X��s{kXvxw�s ~ u+s � uJm'�nu+s{p�r�p���u � vxrqu+s{p�|
� ����rqk�s (�mq� ~ � !'p��X� � �LuJw1w�uJw1|'&�p�knw1rokn� ~ ¡gp���s � ���np�r�¢ }�~ p�� mq���x�xp�mts{p�| s ~ u+s5�O��u+r��Om"��uJroro��u
w1p � �O��uJwzs{�1� wO�1� � p�r |1� �1� p�| ) ��vx�nvJr * uJw1| s ~ u+s ��vx�Xvxrq�Xp�mqm[��vx� � kXw�u+s{kXvxw1m5v+�G�O��uJr(��m uJrop
s ~ p vxw1����mts�u � �np mts�u+sqp�m�¢ }�~ knmlkX|1p�u
�1rqv���kn|1p�|�s ~ p � uJmqkXm��Cvxr3'�1uJwzs{�1� � ~ rqvx� v�|���w�uJ� kn��m
, 3 ��i�0 ��s ~ p ���1rqrop�wzs{��� uJ����p���sqp�|L�
u+s ~ p��
u+s{kX��uJ�B|1p�mq��rokn��sqknvxw�vJ�ds ~ p�mts{rovxw1� knwzs{p�r{uJ��s{knvJwG¢
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3 ��i knm�s ~ p�s ~ p�vxrt��vJ�5s ~ p�mts{rovxw1�=kXwzs{p�rquJ��sqknvxw �Is ~ p �C�1w1|�uJ� p�wzs{uJ�g�Cvxrq��p�s ~ u+s � knw1|�m
�O��uJr(��m s{vx�Jp�s ~ p�r s{v��Cvxrq� ~ uJ|1rqvJw1m�¢ 3 ��i � uJm
��vxw1mts{ro�1��sqp�|NkXw9uJw1uJ�nvx�+� s{vA�O��uJwzs{�1�
p��Xp���s{rqv�|���w�uJ� kn��m�, 3	�[i�0��Ms ~ p��O��u+wOsq�1� s ~ p�vxro� vJ��s ~ p�p��np���s{rovx�
uJ�xw1p�s{kn�!�CvJrq��p+¢ 3	�[i
|1p�mq��rok � p�m'kXwOsqp�rquJ��sqknvxw1m�vJ�[�nkX� ~ s � kXs ~ �
u+sqsqp�rlu+w1|�s ~ vxmop vJ� � ~ uJro�xp�|���u+ros{kX���Xp�m � k�s ~ vxw�p
uJw1v+s ~ p�r�¢ � s rqp�mos{m vxw s ~ p�kn|�p�u's ~ u+s � ~ u+rq�xp�|=��uJrts{kX���np�m"knwzs{p�r{uJ��s � � p��
k�sqs{kXw1� uJw1|
u � movxr � �
knw�� � ~ vJs{vJw1m�¢

� w 3	�[i �5s ~ p�rqpLuJrqp#s � v �+uJ�n��p�m��Cvxr p��Xp���sqrqkX� � ~ uJrq�xp ���Bvxmqk�s{k'�Jp uJw1|9w�p��zu+sqk'�JpJ¢ } v
p �8�1�nuJknw s ~ p � p ~ u��8kXvxr#vJ���O��uJr��Om knw 3 ��i ��s ~ p�rqp uJrop�s ~ rop�p�|1k �?p�rqp�wzs�s����2p�m�v+����vx�nvxr
� ~ uJro�xp ��uJ�X�np�|�rqp�| �g�xrqp�p�w��duJw1| � �X�1pJ¢ �[uJ� ~ ��vx�Xvxrl��uJwAv������1r uJm ��vJ�nvxrlvJr uJwzs{kn��vx�nvJr�¢?h��n�
v � mop�r �xp�|L��uJrosqkn���np�m�u+rqp ��vx�XvxrC�Hw1p��8s{r{u+�Gv � *op���s{m�¢ }�~ p���uJrqp p�kXs ~ p�r��np���s{vJw1m$����u+ros{kX���Xp�m � kXs ~
w1v���vx�nvJr�� ~ u+rq�xp�m�knw1mokn|1p s ~ p����Mvxr ~ u+|1rqvxw�m�¢D&�uJ|1rqvJw1m�v������1r knwAvxw1p!v+��s � v � u���m�¢ � w
� uJrt�xvxw�m$�"s ~ p
s ~ rop�p#�O��uJr(��m u+rqp!p�uJ� ~ vJ��uL|1k �?p�rqp�wzs���vx�nvJr$�"uJw�| uL��vx� � knw�u4s{knvJw vJ��s ~ p
s ~ rqp�p���vx�Xvxrqm �1rov8|1����p�m!uA��uJrts{kX���np#s ~ u+s!kXm
w�p���sqr{uJ�E¢ � w9�
p�mqvxw1m ��s ~ pLuJwzs{kX��vx�Xvxr�vJ�'s ~ p
uJwzs{kX�O��uJr��=w1p���sqr{uJ�Xk)(�p�m�s ~ p���vx�nvJr�vJ�Ms ~ p �O��uJr��
s{v �1rqv�|1�1��p�u ��u+ros{kX���Xp�s ~ u4s�knm�w1p���s{rquJ� ¢

� wL��vxwzs{rquJmos�s{v 3	� i � ��~ p�rqp s ~ p�� ~ vJs{vxw�m�p8��� ~ uJw1�xp�|�uJrqp p��np���s{rokn��u+�n�X�
w1p���s{rquJ� ��s ~ p
�x�X�1vxw1m�v+�?3���i ��uJrqrt�=��vx�nvxr � ~ uJro�xpJ¢ ��vxw1mop��O�1p�wOsq�X� �B�J�n�1vxw�m�knwzsqp�r{u+��s�|1kXrqp���s{��� � kXs ~ p�uJ� ~
vJs ~ p�r�uJm � p��X��u+m � k�s ~ �O��u+r��Om�¢�! �X�1vxw1m���u+rqro� u �
k ��s{�1rop
vJ��u���vJ�nvxr�uJw1| uJw uJwzsqkn��vJ�nvxr
vJ�5u |1k �?p�rqp�wOs4�Oknw�|�uJw1| ��u+wL� ~ uJw��xp�vJw1p���vx�nvJr�� ~ uJrq�Jp�kXwOsqv uJw1vJs ~ p�r�¢���vxr�p ��uJ� �1�np ��kX�Mu
� �X�1p��O��uJr(�=u � mqvxr � m�u��J�n�1vxw!uJw1| � p���vx�
p�m�rqp�|��8s ~ p�w!s ~ pl�x�X�1vxw
��uJrorqknp�|!vxw1p��1w1kXs�vJ�;rqp�|
� ~ uJro�xp�uJw1| vxw1p �1w1k�s�vJ�MuJwzs{k � �n�1pl� ~ uJrq�xp+¢

}�~ p�mos{rop�w1�+s ~ v+��s ~ p�p��np���s{rovxw ��� ~ vJs{vJw9knwzsqp�r{u+��s{kXvxw knm � ~ uJrquJ��sqp�rok)(�p�| � � s ~ p���w1p8�
mosqrq�1��s{�1rop#��vxw�mos�u+wOs � � �� ���

¢ }�~ p#knwzs{p�r{uJ��s{kXvxw vJ��s � v�� ~ uJrq�Jp�| ��uJrts{kX���np�m�v������1rqm�kXw u
mqp�rqkXp�m vJ� �1rqv���p�mqmqp�m�vJ� knw���rqp�uJmqkXw1����vx� �1�Xp �8kXs��J¢ � w s ~ p mqkn� �1�Xp�mos ��uJmqp �;vxw1�X��vxw1p ��knrts{��uJ�
� ~ v+s{vxw�knm�p �8� ~ uJw1�Jp�|G¢ � w u!mop���vJw1| ��vJrq|1p�r���rqv���p�mom$�gs � v ��kXros{�1uJ�M� ~ vJs{vxw�m uJrqp kXw �xvx� �xp�|?¢
}�~ p�rqp�uJrop�uJw�kXw���w1k�s{p w���� � p�r5vJ�B�1rov8��p�mqmop�m[uJw�| �CvxrMp�uJ� ~ �np��xp���vJ�I��vx� �1�Xp �8kXs�� �xu��)uJ��s{vxr�vJ�
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|1p���rop�uJmop�m�s ~ p[��vxwzsqrqk � ��s{kXvxw'vJ��s ~ p[�1rqv���p�mqm�¢ }�~ �1m �zu+� sqp�r;u��Cp � �Xp �Jp��nmgs ~ p[��vxwzs{rok � �8s{knvJw

knm�w1p��x�nkX�xk � �XpJ¢;3 ��i kXm�rop��
uJr��4u � ����rqp�mqknmts�uJwzs�s{vLs ~ knm�uJ�1�1rovzuJ� ~ ¢ }�~ p!mts{rqp�w1�Js ~ vJ��s ~ p
knwzsqp�r{u+��s{kXvxw�kXm���uJrquJ� p�s{rok)(�p�| � �Ls ~ p mts{rqvJw1�#��vx���1�nkXw1�=��vxw1mos{uJwzs ����¢ }�~ p�� ~ uJr{uJ��s{p�rqknmts{kX�
�Cp�u4s{�1rop�vJ�1s ~ p�mosqrqvxw��lknwzs{p�r{uJ��s{kXvxw knm;s ~ u+sMs ~ p�mosqrqvxw��l��vx���1�nkXw1����vxw1mos{uJwzs[|1p���rqp�uJmqp�m[uJmMs ~ p
|1kXmos�u+w1��p � p���vx� p�m mq�
uJ�X�np�r"mov�s ~ u+s �O��uJr��Om�uJrqp�u � �Xp�sqv�� v��xp��Crqp�p��X� � k�s ~ kXw�s ~ p ~ uJ|1rovxw1m�¢
h�s[|1kXmos�u+w1��p�m u+w vJrq|1p�r5vJ�2�=uJ�Jw1kXsq�1|1p�mo�=u+�n�np�r�s ~ uJw � �C� , s ~ p�r{u+|1kn�1mMvJ�Is ~ p��1rovJs{vxw 0��xs ~ p
mosqrqvxw��L��vJ�1�1�nkXw1� ��vxw1mts�uJwzs�knm�p �2p���s{k'�Jp���� � p�u2�I¢ � wAs ~ u+s��Xkn� kXs{p�|�rqp��xkn� p �d�2p�rosq�1r � u4s{knvJw
s ~ p�vxrt� � vxr��Om�¢[£ ��s"�Cvxr5�nuJrq�xp�r5|1kXmos�u+w1��p�m ��~ p�rop���vxw���w�p�� p�wzs knmMs ~ p�|1vx� knw�u+sqknw1���1rqv���p�mqm �
����knm�p��?p���s{k �xp��X����u+rq�xp+¢

h ��knrts{��uJ�2� ~ vJsqvxw�knm���rqp�u+s{p�| |��1rqkXw1� uJw�knwzs{p�r{uJ��s{kXvxw � p�s � p�p�w�s � v rqp�uJ�?�1uJrosqkn���Xp�m�vJr
|1�1roknw1�!s ~ p |1p���u���vJ� u�rop�uJ�M��uJrosqkn���np�uJw�|AkXml�xvxw1p ��~ p�wAs ~ p��1rov8��p�mqm�knm�v �Jp�r�¢ }�~ p |�knmC�
s{kXw1��sqknvxw � p�s � p�p�w�u�rqp�uJ�I� ~ vJsqvxw!u+w1|=u ��knrosq��uJ��� ~ vJs{vxw
knm[knw s ~ p � �H�
vx� p�wzsq�1� sqr{uJw1mt�Cp�r�¢
h rqp�u+�B� ~ vJs{vJw ~ uJm�� � ����uJw1| � � ���
	�� � � � ��� � ¥ ¢ }�~ p�p�w�p�rq�+�
v+�;u ��kXros{�1uJ�I� ~ vJsqvxw
knm'w�vJs rqp���u+sqp�|�s{v�k�s{m'� vx�
p�wzs{�1� knw�s ~ p mquJ� p � u���uJml�CvJr'rqp�u+�5� ~ vJsqvxw1m�¢ � w1mosqp�uJ|��;s ~ p
p�w�p�rq�+��vJ��s ~ p��8kXrosq��uJ�O� ~ vJsqvxw kXm�|1p�s{p�rq� knw1p�| � ����vxw1mop�r �+u+sqknvxw�vJ��p�w�p�rq�+� uJw�|�� vx�
p�wzs{�1�
uJ�1���nknp�|!s{v s ~ p rop�uJ��s{knvJwG¢

����� � � � ������ ���������� ��� � ��� � ��� $ � !	�

h�����vxro|1knw��Ls{vLs ~ p   s{uJw1|�u+rq| ��v�|1p�� �Ms ~ p�rop#uJrqp!u�s{vJs{uJ� vJ��mqk � �O��u+r�� �Iu��xvxrom;,)�1���
|1v � w��5mts{rquJw1�xp �5� ~ uJro���ds{vx���MuJw1| � vJsos{vx� 0'uJw1| p�kn� ~ s�mq�Bp���knp�m�vJ���x�X�1vxw1m�¢ }�~ p=�1� u+w1|
|1v � w ���1uJr��Om�uJrqp s ~ p �nkX� ~ s{p�mts'�O��uJr(��m�uJw�| ~ u��Jp
u+�1�1rqv �8kn�
u+sqp��X� s ~ p�m{uJ� p��=u+mqm�¢ }�~ p
mosqr{uJw��xp����1uJr�� kXm"mqvx� p ��~ u+s �
vxrop��=u+mqmqk �xp�s ~ uJw�s ~ p��1�
uJw1| |1v � w
�O��u+r��Om�¢ }�~ p�� ~ uJro���
� vJsqsqvx� uJw1| s{vx� �O��uJr(��m �?kXw�vxro|1p�r�vJ�Mknw1��rqp�u+mqknw��
�
uJmqm �BuJrqp mqkX�xw1k�����uJwzsq�X�#� vxrqp �
uJmqmok'�Jp
s ~ uJw!s ~ u+w�s ~ plmts{r{u+w1�xp'�O��uJr(�B¢ ��vxw8��w1p�� p�wzs�vJ�d�O��uJr(�Om�kX�
���nknp�m s ~ u+s � p'��u+w1w1vJs�kXmqvx�nu+s{p
s ~ p�� s{v'� p�uJmo�1rqp s ~ p�knrM�
uJmomqp�m"kXw�u�|1kXrqp���s � u��x¢ }�~ p��=uJmomqp�m5� �1mts � p kn� �1�nkXp�|�knw1|�knrqp���sq�X�
�CrqvJ� mq��u+sqsqp�rqkXw1� p �8�2p�rqkX�
p�wOsqm�¢
h�m�u rop�mo�1�Xs$�g���1uJr����
uJmqm �
u2�Jp�m�mop�w1mop=vxw��X� ��~ p�w vxw�p
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3l��uJr(� �LuJmom
�1� � ¢�$+� � � p��
|1v � w �:� ¦ ��p��
mosqr{uJw��xp ! $ � ¤ $ ��p��
� ~ uJro� � ¢ ¤ $ � ¥ ¢ ¥ ! ! p��
� vJsqsqvx� �1¢ ¤J¥ � ¥ ¢ ¥z¦ ! p��
s{vJ� �6¦ ��¢ ¤ � ��¢"� ! p��
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mq�Bp���kX��p�m p ��uJ��sq�X��s ~ p��1rov8��p�|1�1rop �1mqp�| sqv |�p���w1p k�s�¢ }�~ p � uJrqp��O��uJr(���
uJmqmop�m�uJrqp��Jk'�xp�w
knw } u � �Xp � ¢ � uJw�|�m ~ vx�1�X| � p's�u2�+p�wLuJm�knw1|�kn��u4s{k'�Jp'vxw1���x¢

� w!u+|1|1kXsqknvxw�sqv�s ~ p��1rovJs{vJwA@ m s ~ rop�p�rqp�mqkn|�p�wzs��O��uJr(�Om$�8s ~ p�rop�kXm u�mqp�u�vJ����kXros{�1uJ���O��uJr��
uJwzs{kX�O��uJr����1uJknrom s ~ u+s ��vxw1mts�uJwzsq�X� � �nkXw�� kXwOsqv�u+w1|=vx�8s�vJ�?p �8knmts{p�w���plkXw s ~ p��1rovJs{vJwG¢ }�~ p�mqp
��uJkXrqm
vxrqkX�xknw�u4s{p#�Crqvx� s ~ p��x�X�1vxw �8knuAs ~ p��C�1w1|1uJ�
p�wzs�uJ�$3 ��i �xp�rts{p8�?¢ }�~ p�mqp�� ~ vxmosq�X�
��uJrts{kX���np�m��1mo��uJ�X�X� �+uJw1knm ~ knw uLs{knwz� �Cr{uJ��s{kXvxw vJ��u�mop���vxw1|�� � ��s kXs @ m��Bvxmomqk � �np
s ~ u+s s ~ p��
mos{u���uJrovx�1w1|��nvxw��=p�w�vx�1� ~ sqv=kXw ���1p�w1��p�s ~ p�mts{ro�1��sq�1rqp v+�5s ~ p��1rqv+s{vxwG¢�h�sl�Xv � p�w1p�rq�xkXp�m �
s ~ p�mqp���uJkXrqm uJrop�p8���Bp���s{p�|9s{v � p �
uJ|1p��1�]�1rqp�|1vx� knw�uJwzsq�X� v+�l�1����|1v � wNuJw1| mosqr{uJw1�Jp
�O��uJr(��m�¢ }�~ p ~ p�u���knp�r��O��u+r��OmluJrop �np�mom��Xk%�+p��X�
s{v �Cvxrq� mqknw���p s ~ p�� uJrqp mqkX�xw1k�����uJwzsq�X�#� vxrqp
�
uJmqmok'�xp+¢ }�~ p �1� u+w1| |1v � wA���1uJr��Om�kXw s ~ p mqp�u�uJrqp |1k  ���1��s�sqv�|�knmosqknw1�J�1knm ~ �Crovx� s ~ p
�+uJ�np�w1��p��1��uJw1|=|1v � w#���1uJr��Om�¢ }�~ ��m$��s ~ plmosqr{uJw��xp��O��uJr(�
��rqv���kn|1p�m�u��1w1kX�O�1p � kXw1|1v � vxw
s ~ p�mop�u uJw1| �np�w1|1m�kXsqmqp����;s{v mosq�1|��x¢

}�~ p���� p8���Bp�rokn� p�wzs mop�p ��m�s{v�|1p�s{p�rq� knw1p s ~ p
��vxwzsqrqk � ��s{kXvxw vJ��s ~ p
mos{rquJw1�xp
�O��uJr��
s{v�s ~ p
� ~ uJrq�Jp#uJw1| �
uJ�xw�p�s{kX�
|�knmosqrqk � ��s{kXvxw1m � kXs ~ knw s ~ p
w������np�vxwG¢ }�~ p#�
v+s{k'�+u+sqknvxw��CvJr
s ~ knm��nknp�m�kXwAp8�8�2p�rqkn� p�wzs{uJ� p���kn|1p�w1��p=s ~ u+s�mq�1�J�xp�mts{m�s ~ u+s�mos{rquJw1�xp
�O��uJr��Om ��vxwzs{rok � ��sqp sqv
vJs ~ p�r��1rovx�2p�rosqknp�m�v+��s ~ p w������np�vxw���kXw1���X�1|1knw����
vx� p�wzsq�1���8�=u+mqm�uJw1| mq��knwG¢   p���sqknvxw � ¢"��¢ �
|1kXmq����mqmqp�m�s ~ p�mosqr{uJw��xp��O��uJr(����vxwzs{rok � �8s{knvJw�s{v s ~ p�wO�1���Xp�vxw<@ ml� vx� p�wzs{����¢ }�~ p mosqr{uJw1�Jp
�O��uJr(�L��vJwOsqrqk � ��s{kXvxw1m�sqv!s ~ p�wO�1���np�vxwA@ m'�=uJmom'uJw1|�mo�1knw�uJrop |1kXmq����mqmqp�|AkXw   p���s{kXvxw1m � ¢"��¢ ¤
uJw1| � ¢"��¢"���1rqp�mq�Bp���s{k'�Jp����x¢
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}�~ pAmos{rquJw1�xp8���O��uJr(����vxwzs{rok � �8s{knvJw sqv s ~ pAwO�1���np�vJwA@ m��
vJ�
p�wOsq�1� knm�v � s�uJkXw1p�| � �
mosq�1|���knw�� |1p�p��NkXw1p��nuJmosqkn�#�np���s{vJw mo��u+sos{p�roknw1��¢���p�u+mq�1rop�� p�wzs{m
vJ�'|1p�p��9kXw1p��nuJmosqkn�#�Xp���sqvxw
mq��u+sqsqp�roknw1� �Xp�uJ| s{v�u�|1p�sqp�rq� knw1u+s{kXvxw
v+�gs ~ plmts{ro�1��sq�1rqp��C��w1��sqknvxw1m ��~ kn� ~ |�p�mq��rqk � p'u+mq�Bp���sqm
vJ��s ~ p#�O��u+r�� mosqrq�1��s{�1rop�vJ��s ~ p�wO�1���Xp�vxwG¢   s{ro�1��sq�1rqp��C�1w1��s{knvJw1m uJrqp#|�p��Bp�w1|1p�wzs=vxw s ~ p
£�*ovxr(�Jp�w�mq��uJ�nkXw1� �Ju+rqk�u � �np � � 9 ��;:�<>= � ��~ p�rop � � kXm�s ~ p �:��� vx�
p�wzs{�1� s{r{u+w1mo�Cp�r�mo���1uJrqp�|��
?�@ kXm�s ~ p'w������np�vxw��=u+mqm$�1uJw1|BA!knm�s ~ p'p�w1p�rq�J�=s{r{u+w1mo�Cp�r��
p�uJmq�1rop�|�knw
s ~ p'rop�mos��CrquJ�
p�vJ�
s ~ p s{uJrq�Jp�s�¢ }�~ p £�*ovxr��+p�w mq��uJ�nkXw1���+uJrqknu � �np�knm'|1kX�
p�w1mqkXvxw1�Xp�mqmluJw1|�knm'kXwOsqp�ro�1rqp�s{p�|AuJm's ~ p
� vx�
p�wzs{�1� �Cr{uJ��s{knvJw ��uJrorqkXp�| � � s ~ p#mts{ro�1��� �O��uJr�� knw s ~ p#knw���w�kXs{p=�
vx� p�wzsq�1�U�CrquJ�
p
,1C ��D E uJw�|FA3D E 0�¢ }�~ p�wO�1���np�vxw��O��u+r��#mosqrq�1��s{�1rop�kXm�|�p�mq��rqk � p�| � �#s ~ p�knw�|1k'��kn|���uJ�
y u+ros{vJw#ilknmts{rqk � ��sqknvxw ���1w1��s{kXvxw1m�G?, � 0��IHG ,�� 0��KJ ,�� 0 � HJ1,�� 0 � � ,�� 0 �LH� , � 0���p�s{�+¢'� ��~ p�rop�s ~ p � u+r
knw�|1kn��u+s{p�m u+w!uJwzs{kX�O��uJr��I¢5h �O��uJr(� mts{ro�1��sq�1rqp��C�1w1��sqknvxwMC�,�� 0"knm"s ~ p��1rov � u � kX�nk�s�� vJ�2��w1|1kXw1�
�O��uJr(� �Iu��xvxr8C ��uJrqrt�8kXw1� u �Cr{uJ��s{knvJw �LvJ�ds ~ p wO�1���Xp�vxw � vx�
p�wzs{�1� ¢

}�~ p ��u��Jvxr!mts{rq����s{��rqp���uJw � p�uJ����p�momqp�| � � �1mqkXw1� � ~ u+rq�xp�| �����1rqrop�wzs#w1p���s{roknw1v u+w1|
uJwzs{kXw1p��8s{rqkXw1v�knwzsqp�r{u+��s{kXvxw1m�¢ !�p��8s{rqkXw1vxm uJrop#mqkn� kn�nuJr s{v�s ~ p�p��np���s{rovxw�� � kXs ~ vxw�p ��rq�1��k�uJ�
|1k �?p�rqp�w���p � w1p���s{roknw1vJm |�v�w1v+s ��uJrqrt��p��Xp���s{rqkX��� ~ uJrq�JpJ¢ }�~ p�w1p��8s{rqkXw1v ~ uJm ~ uJ��� ��knwzsqp��xp�r5mq�1kXw
uJw1|�knm�s ~ p�rqp��Cvxrqp�u �Cp�rq� knvxwG¢ !�p���sqrqkXw1v=kXwOsqp�rquJ��sqknvxw1m���uJw � p�rop�|1�1��p�|Lsqv
s � v!��u4s{p��JvxrqkXp�m �
� ~ uJro�xp�|����1rqrop�wzs�� ��~ p�w�s ~ p�� � p�u ������knwzs{p�r{uJ��s�s ~ rqvx��� ~ s ~ p�p8��� ~ uJw1�xp�v+�IuON�P � vxmovxw�sqv
�Cvxro� � ~ uJrq�Jp�|���uJrts{kX���np�m$�4uJw1| !�p���s{rquJ�1����rqrqp�wzs�� ��~ p�w�s ~ p�����rqv�|1�1��p �1w1� ~ u+rq�xp�|���uJrosqkn���np�m
s ~ rqvx�1� ~ s ~ p � p�u �]p8�8� ~ uJw1�xp�vJ� ���=��u+ros{kX���Xp�m�¢ !�p���sqrqkXw1vxm ��uJw knwzs{p�r{uJ��s � kXs ~ J uJw�| �
�O��uJr(��m � ��r{u+knmqkXw1�=s ~ p�kXr'� ~ uJrq�Jp
u+w1|��1rqv�|1�1��knw1� u#w1p��xu+s{k �xp��np���s{vJwG¢���vxr'p ��uJ� �1�Xp �Gs ~ p
� �1vJw w�p���sqrqknw�v���uJw knwzs{p�r{uJ��s � kXs ~ s ~ p |1v � w ���1uJr��#u+m�|1p�mo��rqk � p�| � �QA

�
,&JRD 	  ,�Gd¢

  kX�
kX��uJro�X� �2s ~ p � �1vxwAw1p��8s{rqkXw1v ��uJwAknwzs{p�r{uJ��s � k�s ~ s ~ p mos{rquJw1�xp �O��uJr(�Au+m�|1p�mq��rqk � p�| � �
A
�
, �RD 	  , �6¢ }�~ p�� ~ uJrq� p�|��O��u+r��Om'�1rqv�|1�1��p�| � �Ls ~ p�mosqr{uJw1�Jp �O��uJr��Om'��uJw�|1p���uP�

mqp��
kX�np���s{vxw�kn��u+�n�X� ��knp��n|1kXw1� 	 � �x¢�&�p�w1��p �"kXw�A
�
kXwOsqp�rquJ��sqknvxw1m � kXs ~ mts{r{u+w1�xp=�O��u+r��Om$�"vxw�p



¦
v � mop�r �xp�m 	  	 ����u+knrqm�¢   kn� kn��u+rq�X� ��uJwzsqknw1p���s{roknw1vxm � kX�n�+�1rqv�|1�1��p 	 � 	  ��uJknromG�Crqvx�5H� �O��uJr��Om�¢
£ � s ~ knm �1rov8��p�mqm ���
p�uJmq��rqp�� p�wzsqm
vJ� � ,�� 0 uJw1|*H� , � 0 ~ u��Jp � p�p�wN�=u+|1pJ¢ }�~ p rqp�mq�1��s{m vJ�
s ~ p�mqp#p8�8�2p�rqkn� p�wzsqm uJrqp!m ~ v � w knw �MkX�x�1rqp � ¢ � ¢ }�~ p�� kXw1|1kn��u+s{p s ~ u4s � ,�� 0 uJw�| H��, � 0�uJrop
mqkX�xw1k�����uJwzs u+s �Xv � � � ¥	� � uJw1|�s ~ u+s � , � 0�u+w1| H� , � 0�p�uJ� ~ ��uJrqrt� u � vx��s ¤ � v+��s ~ p
wO�1���Xp�vxw � vx�
p�wzs{�1� ¢
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}�~ p��=u+mqm�vJ�ds ~ p wO�1���np�vJw�kXm��xk'�Jp�w � �#s ~ p �=u4s{rqk �!p��np��
p�wOs

?�@ � � �! "# � ��$ , � ¢ � 0

��~ p�rqp%" knm�s ~ p�3 ��i &�uJ� kn��s{vxw�k�uJw vJ��u�wO�1���np�vJw���uJw1|& � � kXm�s ~ p�knw1k�s�uJ�BuJw1|!�1w�uJ�Gmts�u+sqp
vJ��s ~ p wO�1���np�vxwG¢ }�~ p ��vxwzs{rok � ��sqknvxw v+��s ~ p#�1�]uJw1| |1v � w]�O��uJr��Om�s{v�s ~ p#�
uJmqm�vJ��s ~ p



&

wO�1���Xp�vxw knm��Jk'�xp�w � �

�� � �� � �  HG�G , HJ J  � � $ , � ¢ ¤ 0

��~ p�rqp �� ����� � ���� knm�s ~ p�u��xp�r{uJ�Jp�vJ��s ~ p��nkn� ~ s��O��u+r��Om�¢   kX�
kX��uJro�X� �Os ~ p���vJwOsqrqk � ��s{kXvxw�vJ�
s ~ p�mts{rquJw1�xp �O��uJr(�=s{v s ~ p �
uJmqm�v+��s ~ p w������np�vxw knm��xk �xp�w � �!s ~ p��
u+sqrqk �!p��Xp�� p�wzs

� � � � � � �  H� �  � ��$ , � ¢��>0

��~ p�rqp � ��knm�s ~ p��
uJmqm�vJ�5s ~ p�mts{rquJw1�xp��O��uJr��I¢ � s��CvJ�n�nv � m�s ~ u+s�s ~ p�mts{rquJw1�xp�w1p�moml��vxwzsqp�wzs
vJ�ds ~ p wO�1���np�vJwA@ m��
uJmqm�kXm

� � ¤ � �! H� �  � �
� �! HG�G , HJ J  � � � , � ¢"� 0

}�~ p�mts{r{u+w1�xp��O��uJr(��sqp�rq� � ����uJw1w1v+s[u+s5��rqp�mop�wzs � p�|1p�sqp�rq� knw�p�| |1kXrqp���s{�����Crovx� p�k�s ~ p�r
p �8�Bp�rokn� p�wzs�vJr�s ~ p�vxrt�x¢;&�v � p �Jp�r$�5s � v���vxw1mosqr{uJkXwzs{m�vxw � � uJroknmqkXw1���Crqvx� � p�uJmo�1rqp��
p�wzs
uJrop=u��+uJkn�nu � �XpJ¢ }�~ p
��romos���vxw1mts{rquJknwzs�knm�u�rop�mq���Xs�vJ� ~ ���2p�rqvxwA�=u+mqm�mq�1�XkXsqsqknw1��|1��p sqv�s ~ p
  %�, � 0 �Iu��Jvxr�mt���
� p�sqro� � rop�u2�OkXw1� p �2p���s � � �

�
�
, �� � � �(0 � �! HG�G , HJ J � ¤ H� �  � � � ?
	 � ?�� $ , � ¢%$20

��~ p�rqp ?	 u+w1| ?�� uJrqp�s ~ p �
uJmqmop�mlv+��� uJw1|�� ~ ���2p�rqvxw�m'rqp�mo�2p���sqk'�xp��X�J¢Gh ~ ���2p�rqvxw�kXm
u � uJro�Jvxw � k�s ~ w1vxw � (�p�rovLmts{r{u+w1�xp�w�p�mqm�¢   s{rquJw1�xp�w1p�mom��fknm�u����1uJwzs{�1��wO�1� � p�r�|1p���w�p�|
uJm�s ~ p wO�1� � p�r�vJ�"mts{rquJw1�xp�u+wOsqk �H���1uJr��Om H� � knwO�1m�s ~ p�w���� � p�r�vJ�[mts{rquJw1�xp����1uJr��Om � knwLu
��uJrts{kX���np+¢�h��n� ~ �8�Bp�rovxw1m ~ u��Jp ~ uJ�X� �Hknwzs{p��xp�r�mo�1knw�uJw�|�uJrqp���vx� �Bvxmqp�|�vJ�"s ~ rop�p �O��u+r��Om$�gu4s
�np�uJmos�vxw1p�vJ� ��~ kX� ~ knm�u=mosqr{uJw1�Jp �O��uJr��I¢ }�~ p�� ~ ���Bp�rqvJw�knm���vx� �2vJmqp�|�v+�[uJw��1� �?|1v � w
uJw1|�mts{rquJw1�xp��O��u+r�� ��~ kn�np�u�� ~ ���Bp�rovxw knmM��vx� �2vxmop�|�vJ�2ul|1v � w uJw�| s � v'mosqr{uJw��xp��O��uJr��Om�¢

  � � mos{k�s{��sqknw1� �"�O��u+sqknvxw � ¢ � knwzs{v �"�O��u+s{kXvxw � ¢%$���knp��n|1m
�
�
� � � � �

��
� , � � ��0 �� � ?	 � ?�� � , � ¢� >0

} u2�Oknw1�Ls ~ p!��uJw1vxw1kX��uJ� r{u4s{knv�s ~ u+s � ��� �� � ¤  � $ � uJw1| u+mqmq���
kXw1�Ls ~ p!mosqr{uJw1�Jp=�
u+s{rok �
p��Xp�� p�wzs�knm (�p�rqv ,�� � ¥ 0=�xk �xp�m �� � ¤ $ � p�� ¢ h�� sqp�r uJ����vx�1wzsqknw1� �Cvxr ~ kX� ~ p�r#vJrq|1p�r
��vJrqrqp���sqknvxw1m � �� � �#$���p�� �  � ¢



!

hjmqp���vxw1|���vxw1mts{rquJknwzs���vx� p�m��CrqvJ� s ~ p�� � � ) mokn�x�
u s{p�rq� * ����� @ �Iu+s�s ~ p�� ~ p�w1�:�
i'uJmo� ~ p�w��Bvxknwzs�¢ }�~ p � ~ p�w�� � i'uJmo� ~ p�w �BvxknwzslkXm��1w�� ~ �8mokn��uJ�), � � ? �@ $�� � � �� 0�mqv#k�s�kXm
w1p���p�mom{uJrt��s{v#p8�8sqr{uJ�Bvx�nu+s{p�kXs�sqv � � ¥ �1mqkXw1�#|1kXmq�Bp�rqmoknvxwLrqp��nu+s{kXvxw1m�¢�h�����vxrq|1kXw1�!s{v!s ~ p�mop
��u+�n������u+sqknvxw1m � �� � ��$ ��p�� �  � ¢ � �ds ~ plmts{r{u+w1�xpl�O��uJr(�=|1v�p�m�w�vJs���vxwzs{rqk � ��sqpls{v�s ~ p'mq��uJ��uJr
�
u+s{rok ��p��np��
p�wOs , � � ¥ 0��;s ~ p�w �� uJm v � s�u+knw1p�| ��k�u!s ~ p s � v�u+�1�1rqvxuJ� ~ p�m�m ~ vJ�1�n|AuJ�xrop�pJ¢
}�~ p |�knmq��rqp���uJw1��� � p�s � p�p�w � $
uJw�| ��$=� p�� kX�
���nknp�m�u ¤J¥ � mts{rquJw1�xp�mqp�u
���1uJr�� ��vxwzsqp�wzs
,�� � ¥	� ¤ 0�knw s ~ p��1rqvJsqvxwG¢ }�~ p �1w���p�rts�uJkXwzs���v+�5s ~ kXm�rop�mq���Xs�knm��nuJrq�Jp�|��1p�s{v=u
wO�1� � p�r�vJ�
�)uJ��s{vxrom � p8���Bp�rokn� p�wzs�u+�2�1w���p�rts�uJkXwzs{knp�m v+�Gs ~ p�� � � |1u+s�u��zs ~ p�p8�8sqr{uJ�Bvx�nu+s{kXvxw vJ�Gs ~ p�|�u+s{u
s{v�s ~ p � ~ �8mokn��uJ�;rqp��Jknvxw���uJw1|�s ~ p �1w���p�rts�uJkXwzs���knw#s ~ p �O��uJr(�!�
uJmqm�rqu+s{kXv � � � �� ¢
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}�~ p�mts{rquJw1�xp8���O��uJr(�]��vxwzs{rok � ��sqknvxw]s{v s ~ p�w������np�vxwNmo�1knwNkXm
v � s�uJkXw1p�| � �9mts{�1|���kXw1�

mq��knw �H|1p��Bp�w1|�p�wzsd|1p�p���kXw1p��nuJmosqkn�5�Xp���sqvxw'mq��u+sqsqp�rqkXw1�1¢ }�~ p[knw1���n�1mok'�Jp5mq��u+sqsqp�rqkXw1��vJ�8u�� ~ uJrq�Jp�|
�np���s{vJw��Crqvx� u!wO�1���Xp�vxw�kXml|1p�mo��rok � p�| � �L�Cvx�1r�mos{ro�1��sq�1rqp��C�1w���s{kXvxw1m ��� � � � � �� � �gu+w1|� � ¢
}�~ p� � ,�� 0�mts{rq����s{��rqp'�C�1w1��s{knvJw#knm�s ~ p��xp���s{vJr�mo�1� vJ�;s ~ p'�O��uJr��=�2vx�nuJrqk (�u+sqknvxw�m$� � p�kn� ~ sqp�|
� �!s ~ p�� ~ uJrq�xp�vJ�ds ~ u4s �Iu��xvxr��O��uJr(�

 � ,�� 0 � �
¤�� ��� �/C�,�� 0 $ , � ¢ ¦ 0

��~ p�rqp

�/C�,�� 0 ��� C � ,�� 0 ��C �,�� 0 , HC � ,�� 0 �*HC ?, � 0�� � , � ¢�&>0

}�~ pAmq�1�Bp�romqrqkX��s ,',��0#��vxrorqp�mq�Bvxw1|1mLsqv s ~ pAmo�1knw/vJ��s ~ p �O��uJr(� � p�knw1�9uJ�nkX�xw1p�| ,)uJwzs{k �
uJ�Xkn�xw1p�|10 � k�s ~ s ~ p mq�1kXwfv+��s ~ pAwO�1���np�vxwG¢ }�~ p sqvJs�u+�'mq�1kXwf��uJrqroknp�| � � s ~ p��O��uJr(�Om�kXm
s ~ p �1rqmos�� vx� p�wzs�vJ�ds ~ p� � ,�� 0�mosqrq�1��s{�1rop��C��w1��sqknvxw

� ���
��

�
�� , � 0�J � � , � ¢�!>0



�P¥
� �xw1vJrqknw�� s ~ p ~ p�u��O� �O��uJr(��m ��s ~ p �1rovJs{vxw#��romos�� vx�
p�wzs�knm

��� � � �
¤
� �
!
�/G , �

!
�MJ-, �

!
� ��� $ , � ¢ �P¥ 0

��~ p�rqp �/C�knm�w1v � s ~ p'knwzs{p��xr{uJ�BvJ� �/C8¢ ��vx� � knw1kXw1��s ~ knm�kXw��Cvxro�=u+sqknvxw � kXs ~ s ~ p'kXmqv��xp���sqvxr
u:�8k�u+�G�=u4s{rqk �!p��np��
p�wOs , �Ow1v � w��CrqvJ� w1p���s{rovxw � p�s{u |�p���u�� � ¤ � 0

����� � � � ¥
	 � �/G � � J � � � ¤  ¥ � � ¥	� ¥x¥z¤ $ $ , � ¢ �#� 0

uJw1|�s ~ p�v���sqp�s���vx� � kXw�u+s{kXvxw , �Ow1v � w �Crqvx� ~ ���Bp�rovxw � p�s{u |�p���u�� � & � 0

�� � , � G , � J � ¤ ���+0 � � ¥	�  ¥ � ¥	� �6¤ $ , � ¢ �6¤ 0

��knp��n|1m �+uJ�n��p�m;�Cvxrgs ~ p knw1|�k'��kn|1�1uJ�x�O��uJr(� �Iu��xvxrd��vx� �Bvxw1p�wzsqm �/G � � J"�6uJw1| ���x¢ � w�w1p���s{rovxw
� p�s�u�|1p���u�� ��s ~ p � p�u2� kXwOsqp�rquJ��sqknvxw
��vxw �xp�rosqm�u�w1p���s{rovxw!kXwOsqv u��1rqvJsqvxw ��~ kn�np�p�� kXsos{kXw1��uJw
p��Xp���s{rqvJw�uJw1|�uJwLuJwzs{k �Hw1p��8s{rqkXw1v�� � D � � , �  , HA���¢�h�s�s ~ p��C��w1|�uJ� p�wzs�u+�g�np �Jp�� �Is ~ knm�kXm
|1�1p sqv#s ~ p���vxw �xp�romqkXvxwAv+��u!|�v � w �O��uJr(��s{v�u+w ��� �O��u+r�� � ��p��
kXmqmoknvxw�v+��u=� � vJmqvxwG¢
&����Bp�rovxw � p�s{u |�p���u�� kXm u+w   %-, �>0"mt���
� p�sqro��rop ��p���s{kXvxw vJ�2s ~ p�w1p���sqrqvxw � p�s�u |1p���u���,)p+¢ �1¢
u��O��uJr��!sqr{uJw�mqkXsqknvxw#v+� G�� � sqvMG�G��'knw1mts{p�u+|�vJ�IG>J J sqv G�G>J�0�¢

h�����vxro|1knw��
s{v=u
rop���p�wzslrqp�mq�1��s � !�� �P¥ � �1s ~ p��Cr{uJ��s{kXvxw�v+�5s ~ p�wO�1���Xp�vxw�mq�1kXwL��u+rqrqkXp�| � �
�O��uJr(�!mq�1kXw1m�knm

�/G , �MJ-, � �
� ¥ � ¤J¥ � ¥ � �P¥ � , � ¢ � � 0

� w vJs ~ p�r � vxro|1m$� ¤J¥ � vJ��s ~ p!wO�1���np�vJwA@ m�mo�1knw knm���uJrqroknp�| � � s ~ p!�O��uJr��Amq�1kXw1m�¢ }�~ p!rqp8�
�
uJknw1kXw1��& ¥ � knm�p8���Bp���s{p�|Ls{v ��vJ�
p'�CrqvJ� s ~ p�vJr � k�s�uJ�gu+w1�x�1�nuJr�� vx�
p�wzs�u�vJ�ds ~ p��O��uJr��Om �
uJm � p��n�;u+m�s ~ p mq��knw1m�uJw1| vxr � kXs{uJ�GuJw��x�1��u+r��
vx� p�wzs{u vJ��s ~ p �x�n��vxw1m�¢

h�����vxro|1knw��!s{v#rqp���p�wOs�uJw1uJ�X��mqp�m � !�� ��¥ � �2s ~ p���vxwzs{rqk � ��sqknvxw�v+� mts{rquJw1�xp �O��u+r��Om's{v!s ~ p
wO�1���Xp�vxw<@ m�mq�1kXw�knm��xk �xp�w

� ��� � ¥	� � � ¥ � � � , � ¢ � � 0



�#�

h���s ~ vJ�1� ~ s ~ kXm wO�1� � p�r kXm mo�=u+�n� �+s ~ p���p�wzs{r{u+� �+uJ�X�1p�knm[mqkX�xw1kX�1��uJwzs[��vJ�
��u+rqp�| s{v s ~ p�sqvJs�uJ�
mq��knw ��uJrorqkXp�| � � s ~ p#�O��uJr�� mq�1kXw1m�¢ ��p��zuJrq|��np�mom$�"s ~ p�rqp#kXm ~ kn� ~ �1w1��p�ros{uJknwzs�� u+mqmqv���knu+s{p�|
� kXs ~ s ~ kXm�w���� � p�r�¢ ��vxw1��p�row1m!u � vx��s   %-, �>0 � rqp�u2�Oknw1� � p ��sqr{uJ�Bvx��u4s{knvJw vJ��s ~ p�|�u+s{u�sqv
� � ¥ sqv=�Cvxrq� s ~ p�kXwOsqp��xrquJ�dknw �"�O��u+sqknvxw � ¢ ��¥ �GuJw�|��1w1��p�ros{uJknwzsqknp�m�knw s ~ p � � p �Jvx�n�8s{knvJw
vJ�ds ~ p mts{rq����s{��rqp �C�1w1��sqknvxw�m�uJ�n�G��vxwzs{rok � ��sqp's{v rqp�|1�1��p�|L��vxw���|1p�w1��p+¢

h�|�|1kXsqknvxw�u+��knw��Cvxro�=u4s{knvJw vJw
s ~ p�mq��knw#uJ�Xkn�xw��
p�wOs[v+�Gs ~ p��O��uJr��Om � k�s ~ rqp�mo�2p���s�sqv�s ~ p
wO�1���Xp�vxw mo�1knw ��vJ�
p�m5�Crqvx� rqp�mo�1�Xsqm"v � s{uJknw1p�|��Crqvx� s ~ p4&�� �����   p �8�2p�rqkX�
p�wOs u4s[i	�   = @ m
&$�[��h p��np���s{rovxw �H�1rqvJsqvxw���vx�X�nkX|1p�rlkXw#&�uJ� � ��rq� �?!'p�rq�
uJwz�x¢ }�~ p &$�[�����   mq�Bp���s{rqvJ�
p8�
s{p�rl|1p�s{p���s{m p��Xp���s{rqvJw1m'mq��u+sqsqp�rqp�|��Crqvx� u!�2vJ��uJrok)(�p�|�wO�1���Xp�vxw�s{uJrq�Jp�s uJw�|�|1p�sqp�rq� knw�p�mls ~ p
p�w�p�rq�+�Lu+w1|�s ~ p uJw��x�np's ~ rqvx�1� ~���~ kX� ~ s ~ p�p��Xp���s{rqvJw1mluJrop�|�p ��p���s{p�|G¢�£ ����vx� ��uJroknw1� s ~ p
|1kXmos{rok � �8s{knvJw�vJ�5mq��u4sqs{p�rqp�|�p��np���sqrqvxw1m��Cvxr�|1k'�2p�rop�wzsl�Bvx��u+rqk)(�u+s{kXvxw#mos{u+s{p�mlvJ�5s ~ p � p�u+� u+w1|
s ~ p=s�uJro�xp�s$�5knw8�Cvxrq�
u+s{kXvxw u � vx��s�s ~ p!mo�1knw vJ��s ~ p!�1rovJs{vJw ��uJw � p=|�p�|1�1��p�|G¢ il�1roknw1��kXsqm
��romos'ro�1w�� &�� �����   �1rqv���kn|�p�|�s ~ p���rqmts mqp���uJr{u4s{p |1p�s{p�rq� knw�u+sqknvxw�m�vJ�[s ~ p �Bvx��uJrok)(�u+s{kXvxw1m
vJ�Gs ~ pl�1� �8|1v � w�uJw�|!mosqr{uJw1�Jp�mqp�u��O��uJr(��m�¢ }�~ pl|�u+s{u�rop �xp�uJ�2s ~ u+s ��~ kn�Xp�s ~ p�mo�1knw1m vJ�gs ~ p
�1���+uJ�Xp�w1��pl�O��uJr��Om��Bvxknwzs�kXw=s ~ plm{uJ� pl|1kXrqp���s{kXvxw#uJm s ~ plv��Jp�r{u+�n�?wO�1���np�vxw#mq�1kXw���s ~ pl|1v � w
�+uJ�np�w1��p'�O��u+r��Om���uJroro�#u�mo�1knw#�Bvxknwzsqknw1� kXw!s ~ p'vJ�1�2vJmqkXsqp'|1knrop���s{knvJwG¢ }�~ p �Bvx��uJrok)(�u+s{kXvxw1m[vJ�
s ~ p�mqp�u �O��uJr��Om�u+rqplu+�n�I��vxw�mqknmts{p�wOs � kXs ~ (�p�rov � �#��� ¢��MkX�x�1rop � ¢ ¤ m ~ v � m�s ~ p�mq�1kXw#uJ�Xkn�xw1� p�wzs
vJ�ds ~ p mts{r{u+w1�xp �O��uJr��!uJm�u �C�1w���s{kXvxw�vJ�M£�*ovxr��+p�w �;¢

����� � $ � � � ��!	� � � ��� � ����� � � �%� �� � � !	�

�Ap ~ u��xp�|1kXmq���1mqmop�|�s ~ p�mos{rquJw1�xp��O��uJr�����vxwzsqrqk � ��s{kXvxw�sqv!mqp��xp�rquJ�5p8���Bp�rokn� p�wzs�u+�Mv � �
mqp�r �+u � �Xp�m�¢ } v |�p�s{p�rq� knw1p#s ~ p���vxwzs{rok � ��sqknvxw]vJ��s ~ p mosqr{uJw1�Jp��O��uJr(� s{v s ~ p � ~ uJro�xpLu+w1|
�
uJ�xw1p�s{kn�[|1kXmosqrqk � ��s{kXvxw1m � kXs ~ knw s ~ p�wO�1���Xp�vxw �JkXsdkXm�w1p���p�mqm{u+ro��s{v�|�p �xp��nvx��mqvx� p[�Cvxrq�
uJ�nkXmq� ¢
}�~ p��nv � p�mosC��vxro|1p�r�uJ�
���nkXsq�1|1pl�Cvxr�p��Xp���s{rqvJw ��wO�1���np�vJwLmq��u+sqsqp�roknw1� �8knu s ~ p�p��np���s{rovx�
uJ�xw1p�s{kn�
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knwzsqp�r{u+��s{kXvxw#knm��xk �xp�w � �

�� � �
� � �
C ��� �� � �� $ , � ¢ � $>0

��~ p�rqp � �� kXm�s ~ p p��Xp���s{rqvJw sqr{uJw1mokXsqknvxw#���1rqrop�wzs
� �� �5HG � � G � , � ¢ �  0

}�~ plsqp�rq� m G uJw1| G��Iu+rqp�s ~ p'ilknrquJ� �:����vJ�
�Bvxw1p�wOs�mq�1kXw1vxrom�s ~ u4s�|1p�mo��rok � p�s ~ p'kXw1kXsqk�uJ�Iu+w1|
��w�u+�"p��np���sqrqvxw��grop�mo�2p���s{k �xp��X� ��uJw1| � � knmls ~ p ilknrquJ� �zuJ� �
u!�=u+sqrqk �?¢ }�~ p �1rqvJsqvxw�� � p�knw��
uJw�p ��sqp�w1|1p�|�mq��knw � � � ¤ ��uJrts{kX���np ����knp��n|1m�u�� vxrqp'��vx�
���np �=s{rquJw1mqk�s{kXvxw#���1rorqp�wOs

� �� �5HG-, � � 0�� � �
� � � C � 	 � � , �¤ ? � � � � � � C � 	�� � � = C =�� G-, � 0 $ , � ¢ �6¦ 0

��~ p�rqp � uJw1| ���MuJrqp�s ~ p=knw�kXs{knuJ��uJw1|A�1w�uJ� � ��� vx� p�wzs�u#vJ� s ~ p �1rovJs{vxw � ? � knm's ~ p
�
uJmom
vJ��s ~ p �1rqv+s{vxw�� � � = � �� � � � $ � = � ��uJw�| � kXm s ~ p�uJw1vx�
uJ�nvJ�1m��=u+�xw1p�sqkn��� vx�
p�wzs�¢ }�~ p
uJw1vJ�=uJ�Xvx�1ml�
uJ�xw�p�s{kX� � vx�
p�wzs'knmls ~ p |1k'�2p�rop�w1��p � p�s � p�p�wAs ~ p v � mqp�r �Jp�| �+�8rovx�
uJ�xw1p�s{kn�
r{u4s{knv�v+��s ~ p�p��np���sqrqvxw uJw1| s ~ p �+uJ�X�1p#vJ��p ��uJ��sq�X� s � v �1rqp�|1kn��s{p�| � � ilknrquJ�2@ m s ~ p�vxrt� vJ�
s ~ p�p��np���sqrqvxwG¢ � �
� � , C � 0�uJw1| � � � � , C � 0�uJrqp s ~ p��1rqv+s{vxw�ilkXr{uJ��uJw1| y uJ���nkMp��np���s{rovx�
uJ�xw1p�s{kn�
�Cvxro� �)uJ��s{vxrom$�grqp�mq�Bp���s{k'�Jp���� � ��~ kX� ~ u+rqp �C�1w1��s{kXvxw1m'vJ�[s ~ p mo�O��uJrqp�|A� vx� p�wzs{��� sqr{uJw1mt�Cp�r�¢
�Ap uJ�nmov��1mqp's ~ p   uJ� ~ m��Cvxro� �)uJ��s{vxrom$� ��~ kX� ~ uJrqp'�Xknw1p�uJr���vx� � kXw�u+s{kXvxw1m vJ�;s ~ p ilkXr{uJ�'u+w1|
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� � � � C �
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� � � , � ¢ � & 0

� � : � � �
� � , � � � � � � , � ¢ � ! 0

� � 	 knm[s ~ p��1rovJs{vJw
p��np���s{rokn���Cvxrq� �)u+��s{vJr u+w1| � � : kXm[s ~ p���rqvJsqvxw
�
uJ�xw�p�s{kX���Cvxrq� �)u+��s{vJr�¢ � w
��vJwOsqr{uJmts�sqv
s ~ p�ilkXr{uJ� u+w1| y uJ�1�nkG�CvJrq� �)uJ��s{vxrom$��s ~ p   uJ� ~ m @I�Cvxrq� �)u+��s{vJrqm ~ u��xp�� ~ ��mokn��u+�
knwzsqp�rq��rqp�s{u+s{kXvxw1m�¢ � w p��np���sqrqvxw�mq��u+sqsqp�roknw1� �gk�s'knm���vx� �
vJw��1r{uJ��s{kX��p s{v��1mop�s ~ p�kXw �Jp�romqp vJ�
s ~ p �CvJ�1rC�H�
vx� p�wzsq�1� sqr{uJw�mo�Cp�r�mo���1uJrqp�| � � � �8C ��� ¥ ¢ � w�s ~ p �Xkn� kXs�� � � ¥ � � p ~ u��xp

� � 	 � � � � ¥ 	 � � ��� 	 � � � � ¥ 	 � ¥ , � ¢ ¤J¥ 0
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��~ p�rqp 	 � kXmGs ~ p �1rqv+s{vxwA@ m;�=u+�xw1p�sqkn�"� vx� p�wzsduJw1| 	 � knmGs ~ p w1p���sqrqvxw<@ md�=u+�xw1p�sqkn�"� vx� p�wzs�¢
}�~ p�p��np���sqrqkn��uJw�|=�
uJ�xw1p�s{kn���Cvxro� �)uJ��s{vxrom�uJrop�s ~ p��IvJ�1rqkXp�r"s{rquJw1mo�CvJrq� m vJ�2s ~ p�� ~ uJro�xplu+w1|
�
uJ�xw1p�s{k)(�u+s{kXvxw!rquJ|1k�u+�2|1kXmosqrqk � ��s{kXvxw1m�� ��	� ,�
20�uJw1|��

�� �
,�
>0 �1rop�mq�Bp���s{k �xp���� �IvJ�;s ~ p�wO�1���np�vxw

knw�s ~ p £�rop�kXs��Cr{u+�
p+¢ }�~ p�£�rop�k�s-,Cvxr )o� rqkX��� � u+�n� * 0��CrquJ� p�kXm�u mq�Bp���k�uJ�d¡gvxrqp�wzs (��CrquJ� p�kXw
��~ kX� ~ s ~ p�rqp�kXmMw1v�s{rquJw1mo�Cp�r5vJ��p�w1p�ro�J�x¢ � w�s ~ p���uJmop�vJ��p���uJmts{kX� p��np���s{rovxw ��wO�1���np�vxw mq��u+sqsqp�roknw1� �
s ~ p�£ rqp�k�s��Cr{uJ� p'knm�s ~ p ��p�wOsqp�r ��vJ� �H�=uJmom��Cr{uJ� p'vJ�ds ~ p p��np���s{rovxw ��wO�1���np�vxw�mt��mos{p���¢

� wAs ~ p=w�vxw ��rop��nu+s{k �8kXmosqkn� �Xkn� kXs��2s ~ p
w������np�vxw p��np���s{rokn� �Cvxrq� �)uJ��sqvxr�kXm rqp��nu+s{p�|Asqv�s ~ p
rqv�vJsC��� p�uJw �Hmq�O��uJrop ,)ro�
m 0�� ~ uJrq�Jp�rquJ|1kX�1m�vJ�ds ~ p wO�1���Xp�vxw

J � 	 ,�� � 0
J � �
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$ , � ¢ ¤x¤ 0

� kXs ~ s ~ p ��vxw�|1kXsqknvxw#s ~ u+s�� 	 ,�� � � ¥ 0 � � �CvJr�s ~ p �1rqv+s{vxw�uJw1| ¥ �CvJr�s ~ p w1p��8s{rqvJwG¢ }�~ p
wO�1���Xp�vxw9�=uJ�Jw1p�sqkn���Cvxrq� �)uJ��s{vxr knm rqp���u+sqp�|9sqvAs ~ pLrov8vJsC��� p�uJw���mq�O��u+rqp#,)rq� m�0��
uJ�xw1p�s{kn�
r{u+|1kn�1m�v+��s ~ p w������np�vxw
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}�~ p uJ� �1�nk�s{�1|�p��Cvxr�p��np���sqrqvxw �H�1rqv+s{vxw�mo��u+sos{p�roknw1����knu=s ~ p � p�u2�Lw1p���sqr{uJ�Mknwzs{p�r{uJ��s{knvJw
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� �

� � �  � � � � � � � � , � ¢�$ � 0

uJw1|

�

� �  � � � � � � � , � ¢�$ � 0

��vxrguJw p���uJmts{kn��mq��u+sqsqp�rqkXw1���1rqv���p�mqm �4s ~ p"p�w1p�rq�J� �H�
vx� p�wzsq�1� � � �xp���s{vJrGs{r{u+w1mo�Cp�rgmq�O��uJrop�|
� p�s � p�p�w�s ~ p knw���kn|�p�wzs�uJw1| p�� p�ro�xp�wzs�p��Xp���sqrqvxw�kXm�knw �+uJrqknuJwzs�� � k�s ~ u �Ju+�n�1p'vJ�

� � � ,���  ����  0 � � , �  � �  0 �
� � � � � � � 	 , � � �


� � �
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� � ¤ � � � ¤ �  �  ��vJm  , ¤ �  � � ¤ �  �  , � � ��vxm  0
� � �  �  moknw �  � ¤ $ , � ¢�$#$>0

��~ p�rqp  knm�s ~ p u+w1�x�np � p�s � p�p�w�s ~ p�knw�kXs{knuJ�guJw�|L��w�uJ�d� vx�
p�wzs{�1� knw s ~ p���u � �Cr{uJ� p�u+w1|
� p��
u2�Jpls ~ p�uJ�1�1rov ��kX�=u4s{knvJw!s ~ u+s ��� �G¢

�Ap���u+w�uJ�nmov=p8����rqp�momls ~ p�p�w1p�rq�J� �H�
vx� p�wzsq�1� � � �Jp���sqvxr�sqr{uJw1mt�Cp�r�mq�O��uJrop�|�knw s{p�rq� m
vJ� s ~ p mos�u4s{knvJw�uJro��s{uJrq�xp�s��1rovJs{vxw u+w1| mq��u4sqs{p�rqp�|j��rqvJsqvxwG¢ } v kXw1|1kn��u+s{pAs ~ p p�w1p�ro�J� �
� vx�
p�wzs{�1� � � �Jp���sqvxr�s{rquJw1mo�Cp�r�knw#s ~ p �1rov8��p�mom$� � p |1p���w1p C � � ,�� $ �C 0 � ��~ p�rop

� � � � � � � � � � � � �� , � ¢�$  0
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uJw1|

� � �� � � �� � � , � ¢�$ ¦ 0

} u2�Oknw1��s ~ p�mo�O��uJrqp�vJ�7�"���1u+s{kXvxw � ¢%$ ¦ �Jk'�xp�m

C � � � �� � � �� � � �� , � ¢�$ & 0

mqkXw1��p ��kXm�mos{u+s{kXvxw�uJrt�#uJw1| ~ uJm (�p�rqv � vx�
p�wzs{�1� ¢   vx� ��knw1�'�"�O��u+sqknvxw � ¢�$ & �Cvxr � � ��knp��n|1m
� � � � C � , � �� � , � ¢�$ ! 0

  � � mos{k�s{��sqknw1� �"�O��u+sqknvxw � ¢�$ !�knwzs{v �"�O��u+sqknvxw � ¢�$  ��xk'�Jp�m

� � � C � , � �� � � � � , � ¢" ¥ 0

  vx� ��knw1�'�"�O��u+sqknvxw � ¢" ¥ �Cvxr � � � C � � � � ��knp��n|1m
� � � ¤ � � � � , � ¢" � 0

����� � $ ��� � � ��� � � � � 
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�"��uJmts{kX��mq��u4sqs{p�rqkXw1��v+��uJw p��Xp���s{rqvJw�� � �d�Crovx� u�wO�1���Xp�vxw���� �dknm'|�p�mq��rqk � p�|As{v��Xv � p�mts
vxro|1p�r � ��s ~ p
��p��8w��=uJw |1knuJ�xr{u+�
m�knw �Mkn�J�1rqp � ¢"��¢ }�~ p mo��u+sos{p�roknw1� knm'|�p�mq��rqk � p�| � ��s ~ p
knwzsqp�ro�Cp�rqp�w1��p�vJ�?s � v�knwzs{p�r{uJ��s{knvJw1m$�Op��Xp���s{rqvJ�=uJ�Jw1p�sqkn��uJw�|
w1p���s{rquJ� � p�u2�I¢ }�~ p�p��np���sqrqvx�
uJ� �
w1p�s{kn��knwzs{p�r{uJ��s{knvJwLknm��
p�|1k�u4s{p�| � ��u=� ~ v+s{vxw�� � � ��~ kn�Xp�s ~ p w1p���s{rquJ� � p�u2��knwzs{p�r{uJ��s{kXvxwLkXm
� p�|1knu+s{p�| � ��u�w1p���s{rquJ� � p�u2���Jp���sqvxr � vxmovxw�� ����¢

}�~ p � p�u2� �Cvxro��p � � p�knw���u � k �8p�| �Jp���sqvxr uJw1| u:�8k�uJ� � �Jp���sqvxr kXwOsqp�rquJ��sqknvxw��[|1v�p�m w1v+s
��vJw1mqp�r �xp���uJrokXs��J¢ }�~ p |1k'�2p�rop�w1��p � p�s � p�p�w�u:�8knuJ� �Jp���sqvxrqm�uJw1|
�Jp���sqvxrqm�knm s ~ p p �2p���s�vJ�MuJw
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knw �Jp�rqmoknvxw vJ�2s ~ p���v�vxro|1knw�u4s{p�mo��mts{p�� ,C��uJrqk�s���sqr{uJw1mt�Cvxrq�
u+sqknvxw10dvxw s ~ p�kXr"��v�vxrq|�knw�u+sqp�mTS�kE¢ p+¢'�

� D � � , � ¢" ¤ 0
� D � � , � ¢" #� 0

U D � U � , � ¢" � 0

%�w�|1p�r s ~ kXm kXw �Jp�romqknvJw���u+w=vxro|1knw�u+ro� �Jp���sqvxrDV knm[s{rquJw1mo�CvJrq� p�| knwzs{v�kXs{m[w1p��zu+sqk'�xp � ��~ p�rqp�uJm
s ~ p���v8vJrq|1kXw�u+s{p�m�vJ�MuJwLu+��knuJ� �Jp���s{vxr �juJrqp'�1w�� ~ uJw1�xp�| � �#s ~ p�kXw �xp�romqkXvxwWS�k ¢ pJ¢ �

V D �MV , � ¢" $>0
� D � � , � ¢" # 0

� w vJs ~ p�r � vxrq|�m$��uJw u:�8k�uJ� �xp���sqvxr � p ~ u��xp�m �nk��Jp�u��Jp���s{vxr"p8����p���s[s ~ u+s[kXsMknm5kXw �Ju+rqk�u+wOsM�1w1|1p�r
s ~ p�kXw �xp�romqkXvxw�v+�Mk�s{m���v�vxro|1knw�u4s{p'u:�8p�m�¢

h���uJrokXs��Nsqr{uJw1mt�Cvxrq�
u+sqknvxw �1rov8|��1��p�m s ~ p�m{uJ� p�p �2p���sLuJm��nv�v>�Oknw�� knwzs{v]u �
kXrqrqvJr�¢
� s�rqp��xp�rqmqp�m�s ~ p's{rqu��Jp��g|1kXrqp���s{kXvxw!vJ�Mu mq��knw1w1kXw1��v � *op���s�uJ�1��rqvzuJ� ~ knw1� s ~ p �
kXrqrqvJr � k�s ~ vx�8s
rqp��xp�rqmqkXw1��s ~ p[|1kXrqp���s{kXvxw vJ��rovJs�u4s{knvJwG¢;��vxrgp ��uJ� �1�np �4u�rokn� ~ sC� ~ uJw�|1p�|�v � *op���s � kn�X�J�1rov8|1����p u
� knrqrovxrC�Hkn�
uJ�xp ��vx�1wzsqp�rq�1uJros�s ~ u+s knm �np�� s(� ~ uJw1|1p�|G¢"£ � |1p���w1kXsqknvxw �8u�rqkX� ~ s(� ~ uJw1|1p�|=��uJrts{kX���np
knm vxw1p�s ~ u4s�rovJs�u+sqp�m knw s ~ p�|1knrop���sqknvxw
vJ�Gs ~ p���w��xp�rom�vJ�Gs ~ p�rokn� ~ s ~ uJw1| ��~ kn�Xp�sqr{u��xp��nkXw1��kXw
s ~ p�|�knrqp���sqknvxw#vJ�ds ~ p s ~ �1� � ¢   kX�
kX��uJro�X� �8u��Xp�� s(� ~ uJw1|�p�|���uJrts{kn���nplrovJs�u4s{p�m�kXw#s ~ p'vx���2vxmokXsqp
|1kXrqp���s{kXvxwG¢5h�����vJrq|1kXw1��s{v ��uJrqk�s�� ��vxw1mqp�r �+u+sqknvxw�� �np�� s(��uJw�| rokn� ~ s(� ~ uJw1|�p�|]��uJrosqkn���np�m ~ u��Jp
kn|�p�wzs{kX��uJ�GkXwzs{p�rquJ��sqknvxw#rqu+s{p�m�¢
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} v � p!�1uJrqk�s�� � ��knvx�nu+s{kXw1� �gs ~ p ����p �8� ~ uJw��xp�� �1mos knw �xvx� �xp!p�kXs ~ p�r V9, �+0 � � , � 0�vJr

� , �+0 � V , � 0���vx�1�1�Xknw1��� ��~ p�rqp V�rqp��1rqp�mqp�wzsqm � p�u ���xp���sqvxrl��vJ�1�1�nkXw1�!u+w1| � rop��1rop�mop�wzs{m
� p�u2� u:�8knuJ����vx�1�1�Xknw1�1¢ }�~ p � p�u2� �xp���sqvxr[��vx�1���nknw��'vJ�2s ~ p�p��Xp���sqrqvxw kXm"mq�1�1��rqp�momqp�| � p���uJ�1mop
� � �[moknw �  � � ¥	� ¥z¦ � � � ,)mop�p } u � �np � ¢ ¤ 0�¢d��vJw1mqp�����p�wzs{��� �M�1uJrqk�s�� � ��knvx�nu+s{kXw1�=p��np���s{rovxw
mq��u+sqsqp�roknw1� kXm!�
vJmos#mop�w1mokXs{k �xp�sqv s ~ p���u+mqp ��~ p�rqp�s ~ p � p�u �Nu:�8k�u+����vJ�1�1�nkXw1� kXm=s{v s ~ p
p��Xp���s{rqvJwLuJw�|�s ~ p � p�u2� ~ uJ|�rqvxw1kX�'knwzs{p�r{uJ��s{kXvxw�knm �xp���sqvxr�knw�� ~ uJrquJ��sqp�r�¢

}�~ pAmq��u4sqs{p�rqkXw1�9u+�
�1�XkXsq�1|1p�vJ� uJwfp��np���s{rovxw �H�1rqvJsqvxw knwzs{p�r{uJ��s{knvJw��'uJmomqv���k�u4s{p�| � kXs ~
�MkX�x�1rqp � ¢���knm

� � �� , �
�
$ , � ¢" ¦ 0

��~ p�rqp �� kXm�s ~ p�p��np���sqrqvx�
uJ�xw1p�s{kX�lknwzs{p�r{uJ��s{kXvxw uJ�
���nkXsq�1|1p'u+w1| �
�
kXm�s ~ p � p�u2��knwzsqp�rC�

uJ��s{knvJw uJ�
���nkXsq�1|1p+¢ }�~ p�s{p�rq� �
�
knm�vJ� sqp�w w1p��J�np���s{p�| moknw1��p k�s�knm�rovx�1� ~ �X� ��¥ � s{kn� p�m

mq�
uJ�X�np�r�s ~ uJw �� u+s
��� � � ! p�� � ¢ }�~ p ��rqvxmomlmqp���sqknvxw�kXm��1rovx�Bvxrosqknvxw�u+�;sqv=s ~ p mq�O��uJrop
vJ�ds ~ p mo��u+sos{p�roknw1� uJ� �1�XkXs{��|1p
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  kX�
kX��uJro�X� ��s ~ p s{p�rq�  �
�
 �'knm�w1p��x�Xkn�xk � �np+¢ }�~ p p��Xp���sqrqvx�
uJ�xw�p�s{kX��kXwOsqp�rquJ��sqknvxw���vxw1mop�r �Jp�m

��uJrokXs��9uJw1| ~ p�w1��p�kXsqm!mq��u+sqsqp�roknw1�]uJ� �1�nk�s{�1|�p �� knm!u �xp���s{vxr�kXwOsqp�rquJ��sqknvxwG¢   knw���p�s ~ p
� p�u2��knwzs{p�r{uJ��s{knvJw���knvx�nu+s{p�m���u+rqkXs�� �?k�s{m�mo��u+sos{p�rqknw��#uJ� �1�nk�s{�1|1p �

�
~ uJm � vJs ~ �xp���s{vxr u+w1|

u:�8k�u+� � �Jp���s{vxr5��knp���p�m�¢ � s[kXm[�1rqvx�Bvxrts{knvJw�uJ�8sqv's ~ p�|1k �?p�rqp�w���p � p�s � p�p�w#u��Jp���sqvxr uJw1| uJw
u:�8k�uJ�
�xp���sqvxr$��V � ��¢ }�~ p���rovxmqm[s{p�rq� kXw �"�O��u+sqknvxw � ¢" #&'knm"s ~ p�rqp��Cvxrqp�u mq�1� vJ�?u��xp���s{vxr � �Jp���sqvxr
��rovxmqm ���1rov8|��1��s�u+w1|�u �xp���s{vJrC� u+��knuJ� � �xp���s{vJr=��rovxmqm ���1rov8|��1��s�¢ }�~ p���rovxmqm ���1rov8|1����s#vJ�'s � v



¤ �
�xp���sqvxrqm�knm�uJw�u+��knuJ� � �xp���s{vJr ��~ kn�npls ~ p���rqvxmomC�H�1rqv�|1�1��s�vJ�5u �Jp���sqvxr�uJw1|�u+w�u:�8k�u+� � �Jp���s{vxr�kXm
u �xp���sqvxr�¢   v#s ~ p���rqvxmomls{p�ro� kXml�1rqvJ�2vxrts{kXvxw�uJ�;s{v!s ~ p�|1k'�2p�rop�w1��p � p�s � p�p�wAu �xp���s{vJr�u+w1|
uJwLu:�8k�uJ� � �xp���sqvxr�¢ � w s ~ p�� knrqrovxr�p �8�Bp�rokn� p�wzs��Is ~ p �xp���sqvxr�kXw s ~ p���rqvxmom�s{p�rq� � kX�n�g� ~ uJw��xp
mqkX�xw1m � ��s�s ~ p'u:�8knuJ� � �xp���s{vxr � kn�X��w1vJs�¢ }�~ p�rop��Cvxrop � � p���uJ�1mqp�s ~ p � p�u �
kXwOsqp�rquJ��sqknvxw �8kXvx��u4s{p�m
��uJrokXs�� �xs ~ p���rovxmqm"sqp�rq� knw'�"�O��u+s{kXvxw � ¢" #& � kn�n� � p�|1k �?p�rqp�wOs[kXw�s ~ p�� knrorqvxr5p8�8�2p�rqkn� p�wzs�¢ � w
��uJrokXs�� � ��kXvx��u+sqknw1�#p��np���s{rovxw mo��u+sos{p�roknw1���;s ~ p=� knrorqvxr � p�uJmo�1rqp��
p�wzs knm��
uJ|1p � � rqp��xp�rqmqkXw1�
s ~ p � p�u+� ~ p��Xkn��kXs��x¢ }�~ p���rqvxmom�sqp�rq� ��uJw � p |1p�s{p�rq� knw1p�|�p8���Bp�rokn� p�wzs�u+�n�X� � ����vx� ��uJroknw1�
s ~ p ��rqvxmom�mop���s{knvJw1m�v+�8s ~ p �Bvx�nuJrqk (�p�|'p��np���s{rovxw � p�uJ� � kXs ~ �2vxmokXsqk'�xp uJw�|�w1p��zu+sqk'�xp ~ p��nkX��kXsqknp�m�¢
h�w�uJmo��� �
p�s{rt� � ���+��uJw � p �CvJrq� p�| � � s{u2�Oknw1��s ~ p |1k �?p�rqp�w���p v �Jp�rds ~ p mq�1� vJ��s ~ p ~ p��Xkn��kXs��
|1p��2p�w1|1p�wzs�mq��u+sqsqp�rqkXw1� ��rqvJmqm�mqp���s{kXvxw1m

� � � � � ���
� �
, ��� $ , � ¢" #! 0

��~ p�rqp � � uJw1| ��� uJrqp�s ~ p�rqkX� ~ s(� ~ uJw1|1p�|
u+w1|
�Xp�� sC� ~ uJw�|1p�| ~ p��nkn��kXs���|1p��Bp�w�|1p�wzs mq��u4sqs{p�rqkXw1�
��rovxmqm'mop���s{knvJw1m$�grop�mq�Bp���s{k �xp����x¢ � w�sqp�ro�
mlv+� mo��u+sos{p�rqknw���uJ�
���nkXsq�1|1p�m$�2s ~ p uJmt�8� � p�s{rt����uJw
� p � rokXsos{p�w uJm

� �  �� , ���  �
�
�  �� , ���  ��

 �� , ���  �
�
,  �� , ���  ��

� ¤ � � ���
 ��  � � , � ¢ ¦J¥ 0

  � � mos{k�s{��sqknw1� �"�O��u+sqknvxw1m � ¢ � $�uJw1| � ¢ ¤ � knw;�"�O��u+sqknvxw � ¢ ¦J¥ ��knp��X|1m
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��~ p�rqp � kXm�s ~ p �nvJw1�xkXsq�1|1kXw�uJ�B�2vx�nuJrqk (�u+sqknvxw
vJ�ds ~ p���knrts{��uJ�?� ~ vJsqvxw

� � �
� , ¤ , � ,��10�s�uJw �	� �

$ , � ¢ ¦x¤ 0
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� � � $ � rqp��1rqp�mqp�wzsqm#uA�1rovJs{vJw �NvJr=u�w1p��8s{rqvJw � ��u+w1|  knm s ~ p���u � vxrqu+s{vxrt� p��np���s{rovxw
mq��u+sqsqp�roknw1� uJw1�J�npJ¢ �"�O��u+sqknvxw � ¢ ¦ � ��u+w � p � rqkXsos{p�w kXw u � vxrop'��vx� ��uJ��s��CvJrq�
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��~ p�rqp
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}�~ p�sqp�ro� � � �xk'�Jp�m�s ~ plmq��uJ�np�vJ�gs ~ p'uJmo��� �
p�s{rt�x¢ }�~ pl�O��u+wOsqkXsqknp�m � 	 � � : ��uJw1| � ��uJrop
s{p�rq� m�s ~ u+sl��vxwzs�uJkXw���rovxmqm��1rqv�|1�1��s{mlvJ�5p��np���sqrqvx�
uJ�xw1p�s{kX��uJw�| � p�u2���CvJrq� �)uJ��sqvxrqm�vJ�"s ~ p
�1rovJs{vxw?¢

}�~ rop�p knw1|�p��Bp�w1|1p�wzs�� p�uJmo�1rqp��
p�wzs{m�uJrqp�w�p�p�|�p�|��Cvxr u#��vx� �1�np�s{p |�p�s{p�rq� knw�u4s{knvJw�vJ�
s ~ p s ~ rqp�p � p�u2� �Cvxro� �)uJ��s{vxrom�� �
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� �� u+s�u �xk'�Jp�w � � ¢ }�~ knm ��u+w � p
uJ� ~ kXp �Jp�| � � �+uJrt��knw1�'s ~ p4�OkXw1p��
u+s{kX��uJ� �+uJrqknu � �np�m � uJw1| � �8u+s u � ��p�| � � ¢ � w&�xp�ro���Cvxr � uJro|
mq��u+sqsqp�roknw1� �  D ¥ ¢���vxw�mqp��O�1p�wzs{�X� � � D � uJw1| � � D ¥ ¢ }�~ p�uJmt���
� p�sqro��knm�mqp�w1mqk�s{k �xp�sqv
s ~ p���vx� � kXw�u+sqknvxw � 	 , � : ¢ }�~ p�u:�8k�uJ�2��vxwzs{rok � �8s{knvJw#knm�mq���1�1rqp�mqmop�|G¢ � w �Jp�rt� � uJ��� � uJrq|
mq��u+sqsqp�roknw1� �  D �"¢]��vxw1mop��O�1p�wOsq�X� � � D ¥ uJw�| � ��D 
 � , � ,��10�¢ }�~ p�u+mo���
� p�sqro�
knm'mop�w1mokXsqk'�xp�sqv!s ~ p ��vJ� � knw1u+s{kXvxw � : , � �M¢ }�~ p p��np���s{rokn� ��vxwzs{rok � ��sqknvxw�kXm'mq�1���1rqp�mqmqp�|G¢
h���s{p�rqw�u+sqp���� �Gs ~ p ��mqp vJ� s�uJro�xp�sqm � kXs ~ |1k �?p�rqp�wOs � ��u+w uJ�X�nv � u#�
p�uJw1mls{v�mop���uJrqu+s{p s ~ p
�Cvxro� �)uJ��s{vxrom�¢
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}�~ p���uJrokXs�� � ��kXvx��u+sqknw1� uJmt���
� p�sqro�NkXw �"�O��u+s{kXvxw � ¢ ¦ � ��vxrorqp�mq�Bvxw1|1m!sqv s ~ p��Xv � p�mts
vxro|1p�rB,Csqrqp�p �np��xp�� 0;��vxwzs{rok � ��sqknvxw�knw��2p�rosq�1r � u4s{knvJw�s ~ p�vxrt�x¢ }�~ p�p �+uJ�X��u+sqknvxw vJ� ~ kn� ~ p�r�vJrq|1p�r
��vJrqrqp���sqknvxw1m knm ��uJ�X�np�| s ~ p�r{uJ|1knu+s{k �xp���vxrorqp���s{kXvxwG¢ }�~ plr{uJ|�k�u+sqk'�xp���vxrorqp���s{kXvxw=v+�gs ~ pl�1uJrqk�s�� �
��knvx�nu+s{kXw1�lu+mo���
� p�sqro��knm"��vx�
�Bvxmop�|�vJ�Is ~ rqp�p���vxwzs{rqk � ��sqknvxw1m � ~ p�u��O���O��uJr�����vxwzsqrqk � ��s{kXvxw1m$�
vxw1p8���O��uJr(�#uJw1| � �1��s{kX�1�np8���O��uJr(� p��np���s{rov � p�u2�#r{uJ|�k�u+sqk'�xp'��vxrqrop���s{knvJw1m�¢

&�p�u���� ���1uJr�����vxwzs{rok � �8s{knvJw1m5rqp��Cp�r5sqv'��vxwzs{rok � �8s{knvJw1m5vJ�Is ~ p�� ~ uJrq� � � vJsqsqvx� �zuJw1| sqvx�
�O��uJr(��m�¢ }�~ knm���vxwzsqrqk � ��s{kXvxw#knm��Xp�mqm�s ~ uJw �P¥  � � �P¤ � uJw1| knm�s ~ p�rop��Cvxrop w1p��x�Xp���s{p�|?¢

� w1p �H�O��uJr�� ��vJrqrqp���sqknvxw1mLrqp��Cp�r�sqv ~ kn� ~ p�r ��vxro|1p�r���vxrorqp���s{kXvxw1m�sqv9s ~ p mq��u+sqsqp�rqkXw1�NkXw
��~ kX� ~ vxw1����u�moknw1�x�Xp ���1uJr���knm kXw �Jvx�'�Jp�|G¢ }5� v�rqp��1rqp�mqp�wOs{u+s{k �xp ~ kn� ~ p�rC�Hvxrq|1p�r vxw1p �H�O��uJr��
|1knuJ�xr{u+�
m�uJrop
m ~ v � w knw �Mkn�x��rqp � ¢ �1¢d�Mkn�x��rqp � ¢ �1,Eu 0'knm's ~ p � � ��� � k �8knw�� |�k�uJ�xrquJ� kXw
��~ kX� ~ u ����uJw1| � ��vx�1�1�Xp sqv u C HC��nv�vx�G¢5�Mkn�x��rqp � ¢ �1, � 0�knm�s ~ p � � ��� � v ��|�k�uJ�xrquJ� ¢
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}�~ p � �1��s{kX�1�np8���O��uJr(� vJr ) uJw�u+�2vx�Xp *#��vxrqrop���sqknvxw�kXw �xvx� �xp�m�uJw�p8��� ~ uJw1�xp vJ� u#� ~ vJsqvxw
� kXs ~ � �1��s{kX�1�np#�O��uJr(�Om!knw1mokn|1pLuAwO�1���np�vJw knwzs{p�r{uJ��s{knw�� � p�u2�O�X�J¢ }�~ kXm=�1rov8|��1��p�m�uJw uJ| �
|1k�s{knvJw�uJ����uJrokXs�� � ��kXvx��u+sqknw1��sqp�rq� ��u+�n�np�| s ~ p ) uJw1uJ�2vJ�np �
vx� p�wzs *1¢ }5� v rqp��1rqp�mqp�wzs{u+s{k �xp
�1rov8��p�mqmop�m�uJrqp'm ~ v � wLknw �MkX�x�1rop � ¢�$8¢
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%�moknw1� �"�O��u+sqknvxw � ¢ �  knw �"���1u+s{kXvxw � ¢ ¦ � ��s ~ p p��np���s{rovxw ����rqvJsqvxw ��uJrqk�s�� � ��knvx�nu+s{kXw1�
uJmt�8� � p�s{rt� � p���vJ�
p�m

� , �� �10 � �
����� �
� � ¤ � �

��� � � , ���
� �
	  � �	 	  � �	 ,�� 	  � �: 	  � �:
���	  � �	���� ,�� ��	  � �: ������ 	���� �� � � ��� �

� � �� �
	  � �	
����	  � �	 ��� ,�� �	  � �: ��� 	  � �	� 	���� �� � � ��� �

� � �� � 	  � �:
����	  � �	 ��� ,�� �	  � �: ��� 	  � �:

, 	���� �� � � ��� �
� � �� �
! � �#"%$'& �  � 	 � � 	  � �:
���	  � �	 ��� ,�� ��	  � �: ��� 	 � � �� $ � !�(*)+! �,.-0/213/ 	 � � �� 1%/5401%/ " / &76
"86 -0/91
:�; $ : 63$=< /5>=?A@5BC1313/2@ 6 /5;D:�E $ :C>GFHB�1%IJF:C@ 6 B�1 (K 6 @L: & :C> " BNMO/9,.1 $=6%6 / & : " :PFHQ & @ 6
$ B & B�FSRT4U:C13:CIA/ 6 /21 "V � �W3X �ZY � 	9��� �� ��� � � � ! � �["3$=& � �� 	 � ! , R � � �

, 	9��� �� ��� � � � ! , R �
� � � �3	  � �	 	  � �	 ,�� 	  � �: 	  � �: �

����	  � �	���� ,�� �	  � �: ���
, 	9��� �� ��� � � � ! , R � � �� � � �
	  � �	 	  � �	 ,�� 	  � �: 	  � �: �

�\�	  � �	 ��� ,�� ��	  � �: ���
, 	9��� �� ��� � � � ! � �["3$=& � �� 	 �%]'	  � �: 	 � � ��

����	  � �	�� � ,�� �	  � �: � � $ � !�(*) � �



���,.-0/213/ R � � �� � � � ! , �
� � �� �R �

� � � � ! , � �
� �R � � �

� � ��3! � �["%$'& �  � 	 � ! � !�(*)�� �: & ; 	 � � �� Y � � !�� R � ���� 	 	 � ���� � � � R � � �� 	 � ���� � � !�� R � � �� � 	 ���� � !�(*) � �K 68$'" @2B &7< / &+$ / &7686 BN,.1 $ 6 /
	�� QU: 6
$ B & !�(*) � $'& 6 -0/ FHB�>=>'B , $'&� FHB�13IV � �W3X �[Y � 	9� � �� � � � � � ! � �["3$=& � �� 	 � !�� R � � �
� 	9� � �� � � � � � !�� R �

� � � �
	  � �	 	  � �	 � � 	  � �: 	  � �: �
����	  � �	���� � � ��	  � �: ���� 	9� � �� � � � � � !�� R � � �� � �
	  � �	 ��	  � �	 ��� 	  � �: �

���	  � �	 ��� � � ��	  � �: ���
� 	9� � �� � � � � � ! � �["3$=& � �� 	 �%]'	  � �: 	 � � ��

����	  � �	�� � � � �	  � �: � � $ � !�(*)�� �,.-0/213/
� Y � 	  � �:

�
	  � �	 � � !�(*)�� �
� $ I $ > :C1%>=?�� Q "%$'&� 	�� QU: 63$ B & !�( � ) $'& 	�� QU: 63$ B & !C( � ! � 6 -0/Z/5>=/5@ 6 13B &�� & /2Q 6 1%B & 4U:C1 $=6 ? � < $ BC> : 63$'&�: " ? I I / 6 1�? MO/5@5BCIA/ "V � �W � �[Y � 	9� � �� ��� � � � ! � �["3$=& � �� 	 � !�� R � � �

� 	9� � �� ��� � � � !�� R �
� � � �3	  � �� 	  � �� � � 	  � �: 	  � �: �

���	  � �� � � � � �	  � �: � �� 	9� � �� ��� � � � !�� R � � ���� � �
	  � �� 	  � �� � � 	  � �� 	  � �� �
�\�	  � �� � � � � ��	  � �� � �

� 	9� � ��! � � � � ! � �["3$=& � �� 	 � ] 	  � �� 	 � � ��
���	  � �� ��� � � ��	  � �� � �#" � !�(*) � �

$ -0/ & Q0IA/21 $ @L:C> < :C>=Q0/ " BCF 6 -+/ B & / � � Q0:C1&% : E $ :C>Z: & ; < /2@ 6 B�1 /2>'/2@ 6 1%B , /5:!% 1
:C; $ : 63$=< / @5B�1 �13/2@ 63$ B & 4U:C13:CI / 6 /21 " :C1%/ > $'"�6 /2; $=& $ :CM+>'/ !�('�+(



� )
� 4U:�1
:CI / 6 /51 �#:C>'Q0/R�� � ��� ( �C� � � � �R �

� ��� ( � ! � � � �R � � �� ��� ( � ! � � � �R � ���� ��� ( ! � � � � �R � � �� ��� ( � �!� � � �R � � �� ��� ( ��� � � � �
�	��
��� ��� 	�
��W�C������)+!���H 9"�����=�"� ���������@����F%��!:H ��!TB"6A!"��679"� �-���;��������6A�"� <+!"��!�� ���#���� ���������R! C3+�
�*)"� J����� 67� <�!������+� 3��� ��� !"�������;���"�� �R

#%$'&�(*) �,+ $�-/. �1032 .*.54 0 (*) 276
$ - $=" " /5@ 63$ B & 4013B < $ ;+/ " : M01 $ /2F " Q0I IA:C1%?NB�F�IPQ0> 6
$ � � QU:C1 % /98�/5@ 6
"#6 B 6 -0/8/5>'/2@ 6 13B�IA:  �& / 6
$ @ :CI 40> $ 6 Q0;0/;: ��)=<�( $ -0/ @2B &76 1 $ M0Q 63$ B & BCF�IPQ0> 6
$ � � QU:C1 %N/98�/5@ 63" 6 B 6 -0/ /2>'/2@ 6 1%B�IA: �& / 6
$ @:CI 40> $ 6 Q0;+/ $'" 6 -0/�:C;0; $ 6
$ B & BCF : & : & :C4OB�>'/ 6 /51%I 6 B 6 -0/94013B 6 B & 6 13: &0"3$ 6
$ B & @5Q+1313/ &76 ( $ -0/IA: 6 1 $ E /5>'/2IA/ &76 BCF 6 -0/ 6 B 6 :C>�@5Q+1313/ &76 $="

>@? � >BA � A ��CEDGF? Y �IH �! �
J � KL/MON*LQPSR �T � R A

� A ��CUDVFT W " � !�(*)�) �,.-0/213/ R �T $=" ;0/9X & /5; $'& 	�� QU: 63$ B & !C(=! � : & ; R A � A ��CUDGFT $'" 6 -0/ : & :�4�B�>=/ @2Q0131%/ &76 ( $ -0/ $'&76 /51 �FH/51%/ & @2/AMO/ 6 , /5/ & 6 -+/ " / 6 , B :CI 40> $=6 Q+;0/ " 4+13B ;0Q0@5/ " : & :�;0; $=63$ B & :C>S: " ? IAI / 6 1%? V A � A ��CUDVF (
$ -0/ 6 B 6 :C> : " ? I I / 6 1�? $="\6 -0/ &P6 -0/ " Q+I BCF 6 -0/ B & / � � QU:C1 %P: " ? IAI / 6 1%? �$=< / &N$=& 	�� Q0: 6
$ B &!�(*)ZY : & ; 6 -0/�: & :C4�BC>'/ : " ? IAI / 6 1%?V Y V �\[^] N A�_\` � V A � A ��CEDGF � � !�(*)3a �
$ -0/ : & :C4OB�>=/ @5Q01%13/ & 6 @L: & MO/ ,.1 $ 636 / & : "

R A
� A ��CUDGFT Ycb P\d �Se A � A ��CUDVF� P � � W � d3f e A

� A ��CEDGFf P � � W*W KLhgji P J � M T � J T=k W M^lnmoLpg " � !�(Ga � �,.-0/213/rq Y X "ts 1%/5401%/ " / &76
" : 4013B 6 B & X B�1Z: & /5Q 6 13B &
s � Lhg : & ; Lpg ] :C1%/ 6 -0/vu $ 1
:C@ " 4 $=& B�1 "FHB�1 6 -0/ & Q0@5>=/5B & $=& 6 -0/ / &76 1
: & @5/�: & ; / E $=6 @ -U: &+& /5>�1%/ " 4�/2@ 6
$ < /2>=?�� : & ; d � : & ; d3f :�13/ 6 -+/" @5:C> :�1 : & ; < /5@ 6 B�1 @2B &76 1 $ M0Q 63$ B &+"96 B 6 -0/ : & :C4OB�>'/ I B�IA/ &76 1%/ " 4�/2@ 6
$ < /2>=? ( e A � A ��CEDGF� ��� � �



Y a
� 4U:C1
:�IA/ 6 /51 �#:C>=Q0/R ��� �� �\� ( � ) � � � ( ��� �R ��� �� � ( � ! � � � ( Y � �

�	��
�����	� 
�����"����� ���������������	���,� ���!�#"��$��%�&'�(�)�*���	+����,���.-��/"#%,�0���("1�$��%�2*3��������/���4���(5����16S�17: & ; e A � A ��CUDVFf �� � � :C1%/ " @L:�> :C1.: & ; < /5@ 6 B�1 : & :C4OB�>=/ FHB�13IJF:C@ 6 B�1 " �+,.-0/51%/
e A � A ��CUDVF� P � � Y � W Y e A � A ��CUDVFf P � � Y � W Y ! � � !�(Ga+! �

$ -0/ b @2B /98 @ $ / &76 $=" : & Q0I /51 $ @L:C> @5B &+"%6 : & 6 ,.- $ @ - :C>'>=B�, " B & / 6 B & B�13IA:C> $$: / 6 -0/ ; $ 8�/513/ &766 -+/5B�1%/ 6
$ @L:C>�@L:C>=@5Q0>': 6
$ B &0" :C@5@2B�13; $=&�P6 B 6 -0/ > :  1
: &��$ : &+" Q " /5; ( $ -0/�: & :C4�BC>'/ : " ? IAI / 6 1%?$'" V A � A ��CUDGF Y � Y b � � ;)< 	 ?>= g� � d ��e A � A ��CUDVF� �� � � � d3f e A
� A ��CUDGF? ��� � �1@	A � q � �; ��	 ?>= g� � � � @ ��	 ?>= g� � � " � !�(GaZY �,.-0/213/

@	A Y BCD CE ! q Y X� ! q Y s
� !�(Ga�� �

$ -0/ & Q0IA/21 $ @L:C> < :C>=Q0/ " BCF 6 -0/�IPQ0> 6
$ � � QU:C1&%A: E $ :�> /5>'/2@ 6 13B , /5:!% 1
:�; $ : 63$=< / @5B�1%13/5@ 6
$ B &4U:C13:CI / 6 /21 " :C1%/ > $'"�6 /2; $=& $ :CM+>'/ !�( � (
FHG>FJI KMLONQPSRUTWVYXUZ*[J\ ]^RU[J_a`bVbPSL cd_eTf`g`h[JVYXiLkj

$ -0/8/5>=/5@ 6 13B�IA: �& / 6
$ @ FHB�13I F:�@ 6 BC1 " BCF 6 -0/ & Q+@5>'/2B & 	 � = �� = � :C13/ $ I 4�BC1 6 : & 6 � Q0: &76
$=63$ / "6 B Q "�"%$'& @2/ 6 -0/ ? :C1%/ & /5@2/ "3" :C1%? 6 B / E 6 13:C@ 6 	 �� = � ( $ -+/ 4+13B 6 B & /5>=/5@ 6 1 $ @N: & ; IA: �& / 6
$ @FHB�1%I F:C@ 6 B�1 " -U: < / MO/5/ & "%6 Q0; $ /5; / E 6 / &0"%$=< /5>=? $'& 6 -0/ 4U: "�6 FH1%B�I Q & 4OB�> :�1 $$: /5; /5>=/5@ 6 13B & �401%B 6 B & /5>': "%63$ @ " @L: 636 /21 $=&� Q "%$'&� 6 -0/ � B " / & M+>'Q 6 - " /24U:C1
: 6
$ B & 6 /2@ - &0$ � Q+/ : � a=< ( $ -+/ & /5Q �6 1%B & /2>'/5@ 6 1 $ @ : & ; I : �& / 63$ @.FHB�13I F:C@ 6 B�1 " -U: < / MO/5/ & ;0/5;0Q+@5/5; FH1%B�I Q & 4OB�> :C1 $$: /5; /2> : "�6
$ @: & ; � QU: "%$ /5>': "%63$ @ /2>'/2@ 6 1%B &�� ;0/5Q 6 /51%B & " @L: 6%6 /21 $'&� �U13/ " 4O/5@ 63$=< /5>=? : �3a5< (



� ������������ �
	#�����������	������	�������� 	������� ���L�!"#�-	$���&%
$ -0/ ; $ 8�/51%/ &76
$ :C> @51%B "3" � " /5@ 63$ B & FHB�1 /5>=/5@ 6 13B & � & /2Q 6 1%B & " @L: 6%6 /51 $'&� � $'& 6 /213I " BCF 6 -+//5>=/5@ 6 1 $ @9: & ; I : �& / 63$ @ FHBC13IJF:�@ 6 BC1 " � $=" �$=< / & M7? 6 -0/ � B " / & M0>'Q 6 - FHBC13IPQ0>':'�('�) Y * '�('�),+ � C.-/-10 �	 � � � � � @ �	 � � � �!�� @ � Y @ �	 � � � � 6 : & � *�2 Y +43 " � !�(Ga � �,.-0/213/ ( � $="[6 -0/�5 B 6%6 @213B "%" " /5@ 6
$ B & ;0/ " @21 $ M $'&�96 -0/ " @L: 6%6 /51 $'&� FH13BCI :94�B $=&76 > $ %C/ 6 :C1  / 6 (

$ -0/�/ "%" / &763$ :C>�FH/5: 6 Q01%/ $'" 6 -0: 6
P�6�76�8 WP 6�76�8 W � C.-/- Y V �� � � �:9 ��� � � 6 : & � 2Y � � !�(Ga�� �K F�B & / 4+>'B 63" 6 -+/ @513B "3" � " /2@ 6
$ B & < /21 " Q " 6 : &<;� FHB�1 ; $ 8�/513/ &76.$'& @ $ ;0/ & 6 IABCIA/ & 6 :P: & ; ; $ 8�/51 �/ &76 " @L: 6%6 /21 $'&� : &� >'/ " � " Q0@ - 6 -0: 6 � � 13/2I : $=&0" X+E /5; ��: > $=& /L:C1.;0/24�/ & ;0/ & @5/ $=" B�M 6 : $=& /5; (K & FHB�1%I : 6
$ B & :CMOB�Q 6 ��	 � � ��� : & ; ��	 � � ��� @5: & M�/ B�M 6 : $'& /2; FH13B�I 6 -+/ " >=B�4�/ : & ; $=& 6 /51%@5/54 6 BCF6 -+/ @5Q+1 < / ( $ - $'" $'" @L:C>=>'/5; 6 -+/ � B " / & M+>'Q 6 - 6 /2@ - &0$ � Q0/ ( K & 6 -0/ >'B , � � 13/ �$ B & � 6 -0/ �	 � � ���6 /213IT;0B�I $'& : 6 / "�6 -0/ @213B "%" " /5@ 63$ B & � "%$'& @2/ @ $=" ; $ 1%/5@ 6 >=?9401%B�4OB�1 63$ B & :�> 6 B � � � (�= B &7< /21 " /5>=?!�6 -+/ �	 � � ��� 6 /513I ;0B�I $'& : 6 / " 6 -+/N@513B "3" " /2@ 63$ B & $=&D6 -0/P- $  - � � 13/ �$ B & ( $ -0/51%/2FHB�1%/!� 6 -+/;0/ 6 /51%I $=& : 63$ B & B�F 	 � � : 6 - $  - � � : & ; 	 � � : 6 >'B , � � $'" ; $ 8 @5Q+> 6 ( � /5@5/ &76 , B�1%>'; ;U: 6 :B & 6 -0/P401%B 6 B & I : C& / 63$ @ : & ; /5>=/5@ 6 1 $ @ FHB�1%I F:C@ 6 B�1 " $'" " -0B , & $'&?> $  Q01%/ !�('�+( $ -0/P;U: 6 ::C1%/84+13/ " / &76 /2; : "A@CBD@�E : & ; @CB FT B @�E �7,.-0/51%/ 	HG Y � !�� IKJ�ML N ��OQPSR J � [ � $'"Z6 -0/ "%6 : & ;U:�13; ; $ 4OB�>'/4U:C13:CI / 6 /21 $�: : 63$ B & ( $ -0/�;U: 6 : :�13/940>'B 636 /2; : " : FHQ & @ 63$ B & BCF � � (

���������UT �
	��V���	��W����XY��Z���-	����[���L�!C��-	$���&%
\ / "%"S$'" % & B , & :CMOB�Q 6�6 -0/ & /5Q 6 13B & /5>'/2@ 6 13B�IA: �& / 6
$ @ "�6 1%Q0@ 6 Q013/ MO/5@5:CQ " / FH13/2/ & /2Q 6 1%B &6 :�1  / 6
" ;0B & B 6 / E $'"%6 ( $ -0/213/2FHBC13/!� 6 -+/ & /2Q 6 1%B & /2>'/5@ 6 1 $ @�: & ; I : �& / 63$ @ FHB�1%I F:C@ 6 B�1 " :C1%/

% & B , & , $=6 - IPQ0@ - >=/ "%" 401%/5@ $="3$ B &A6 -U: & 6 -0/ 401%B 6 B & /5>=/5@ 6 1 $ @ : & ; I : �& / 63$ @ FHB�1%I F:�@ 6 BC1 " (K & 6 -0/ 4U: "�6 � 6 -0/ ? -U: < / MO/5/ & ;0/2;0Q0@5/2; FH13BCI MOB 6 - /5>': "%63$ @ : & ; � QU: "3$ /2> : "�6
$ @ /5>=/5@ 6 13B & �;0/2Q 6 /213B & " @L: 636 /21 $=&� : �3a=<�(�] & B 6 -0/518; $ 8 @2Q0> 6 ? $=".6 -U: 6.6 -+/ & / 6 @ -0:C1  /�BCF 6 -0/ & /2Q 6 1%B & $="



�+!

> K�� (�!�('���
�������
	�������
��������������	������ �!�"���#��	%$&�('�	)�
�+*,�-��	!�.�
�/���
�+�0*,�213���0$415�6�
�7���"8:9#;=<?>5@BAC���-DE���6��F
�
*G�"�
�/��8-���#�!�"��8(�
	�� �&'��/��D����H��	!���JI(8
*/8KDEI�L�@NMO�
�0*G	6'��#��	P9#;�QR>"S��G���TDE�JUV�W8EXEU�������8B�����0�"��8#����	!�
�#�WY5@JM-@�Z����[�,��	\9#;6]7>"S���	!�K�G���^�!*G	�F`_�a)b"8c�����0����8#����	!�d�#�-eV*G�G�f9#;fg,>5@TAC���O�J*G	)�:*/8h��i��j�7�T���G�
�����,��@

: /213B ( K & B 6 -0/21 , B�13; " � 6 -0/ & /2Q 6 1%B & /5>=/5@ 6 1 $ @ FHB�1%I F:C@ 6 B�1 $=" IPQ+@ - " IA:C>'>=/51 6 -0: & $=63" IA:  �& / 6
$ @NFHB�1%I F:C@ 6 B�1 ( = B &0" / � Q0/ &76 > ?�� 6 -0/ I : �& / 63$ @N4U:�1 6 BCF 6 -0/ @5B & 6 1 $ M0Q 6
$ B & ;0B�I $'& : 6 / "6 -+/P@51%B "3" " /5@ 6
$ B & ( $ - $=" I : %C/ " $=6 ; $ 8 @5Q+> 6 6 B / E 6 1
:C@ 6 	 �
� FH1%B�I 6 -0/ Q & 4OB�> :C1 $$: /5; @213B "%"" /2@ 63$ B & Q "3$=&� & Q0@5>=/L:C1 6 :�1  / 6
" (

k & -�l9(*) 0 k & 4 0 (". 2 6Cm"n 4^$ ("4O. 2 6po 0 -�( ("4O.5) 6Nq
$ -0/P; $ 8�/513/ &76
$ :�>\@213B "%" � " /5@ 6
$ B & FHB�1 Q & 4�B�>':C1 $�: /2; /5>': "%63$ @ /5>'/2@ 6 13B &�� ;0/5Q 6 /51%B & " @5: 636 /51 �$'&� 6 : %C/ " 6 -0/ FHB�13I BCF 	�� QU: 63$ B & !�( a�� ��,.-+/513/ V ��� � � : & ; 9 �� � � :C13/ "%6 13Q0@ 6 Q01%/ FHQ & @ �6
$ B &0" ,.- $ @ -A@5: & M�/ " /54U:C13: 6 /2;AM7? 6 -0/ � B " / & M0>=Q 6 - 6 /5@ - &0$ � Q0/ ( $ -0/.;0/2Q 6 /213B & $'" : " 4 $'&�� !& Q0@5>=/5Q " : & ; $=6 1%/ � Q $ 1%/ " 6 -013/2/9FHBC13I F:C@ 6 B�1 " 6 BN@ -U:C1
:�@ 6 /21 $�: / $=63" @ -U:C1  /9: & ; IA: �& / 6
$�: : �6
$ B & ; $'"�6 1 $ M0Q 63$ B &+" � esr ��� � � � e I �� � � �\: & ; e � ��� � � ( $ -0/2? :C1%/ 6 -0/ @ -U:C1  /AI B & B�4OB�>=/!�



�ZYM+> :C@ % " � QU:C13/ = (�� /213MO/51  : Y!�=< u � /!� /�� & � 4 � 13/2@5B $ >�4OB�> :C1 $$: : 6
$ B & 13/5/ & 6 1 $ : &� >=/ K (�� : "%" @ - $ /51;: Y � < u � /!� /�� & � 4 � 4OB�> :C1 $$: /5; 6 :�1  / 6 � / E @2>'Q "%$=< / �1%/5; 6 1 $ : &� >'/ � ( 5 :C;0/2? : Y��*< u � /!� /�� & � 4 � 13/2@5B $ >�4OB�> :C1 $$: : 6
$ B &M+>'Q0/���E�� � @ - $ : < $ >'> :N: & ; � $ @ % : Y!�=< 6 -0/5BC1%? FH1%B�I ;0/2Q 6 /213B & FHB�13I F:C@ 6 B�1 "M+>'Q0/ ; $ :CI B & ; 	 ( � BC> :!%�: Y � < ��� / � /!� /�� & � � 4�B�>':C1 $�: /2; 6 :C1  / 6 � / E @5>=Q "3$ < / �4 $'& % "�6 :C1 u ( K ( � > : :2$ /51 : YC)5< u � /!� /�� & � 4 � 13/2@5B $ >�4OB�> :C1 $$: : 6
$ B &M+> :C@ % @ $ 1%@5>'/ � (�
 :C1%13/ & : Y a=< u � /!� /�� & � 4 � 4OB�> :C1 $$: /5; 6 :�1  / 6 � / E @2>'Q "%$=< / �
$ ]� \ 	 !C( � �

� ��	��+�
*+DEU6�#����8c�#�&�"�����
	��^����0��� �����,� ��	%�G���T�
�/���
�[�0*,�213���0$ 15�6�
�#���d�71W�����c	)�
U6�+����	!@

� QU:C;01%Q04OB�>'/.: & ; 6 -0/.I : �& / 63$ @ ; $ 4OB�>'/#FHB�13I F:C@ 6 B�1 " � 1%/ " 4�/2@ 6
$ < /2>=? ( K & 6 /513I " BCF 6 -0/ 6 -013/2/FHB�1%IJF:C@ 6 B�1 " � 6 -+/ "�6 1%Q0@ 6 Q013/9FHQ & @ 6
$ B &0" :C13/V ��� � �ZY e �r �� � � � )
a @ � e �I ��� � � � Y�'@ e �� ��� � � � !�(Ga�� �

9 ��� � �ZY � �'@ � !�� @ � e �� ��� � � � � !�(Ga � �
$ - $=" " ? "�6 /2I B�F / � QU: 6
$ B &0" @5: &0& B 6 MO/ " B�> < /5; (�� / & @2/!� $=6�$'"9$ I 4OB "3"%$ M0>=/ 6 B " /24U:C1
: 6 /A:C>'>6 -+13/5/ ;0/2Q 6 /213B & FHB�1%I F:C@ 6 B�1 " FH13B�I 6 -0/ Q & 4�BC> :C1 $$: /2; /5>': "%63$ @D/2>'/5@ 6 1%B &�� ;+/5Q 6 /513B & @213B "%"" /2@ 63$ B & ( ] & :C;0; $=6
$ B & :C>�I /L: " Q013/2IA/ & 6�$=& < B�> < $=&� 4OB�> :C1 $$: : 6
$ B & $=" 13/ � Q $ 13/2; ( > $  Q01%/ !�( �" -+B�, " 1%/5@2/ &76 , BC13>'; ;U: 6 : B & 	 �

� : " : FHQ & @ 6
$ B & BCF � � ( $ -0/ ; $ 8�/51%/ &76 " ? IPMOB�> " :C1%/;0/�X & /5; $'& $ :CM+>'/ !�( � ( � /2@5B $ > 4OB�> :�1 $$: : 6
$ B & $'" : 6 /5@ - &0$ � Q0/P,.- $ @ - /2IA40>=B ? " : 4OB�>':C1 $�: /5;MO/L:CI : & ; : & Q & 4OB�>':C1 $�: /5; 6 :C1  / 6 : & ; I /L: " Q01%/ " 6 -0/ 4�BC> :C1 $$: : 6
$ B & BCF 6 -0/ B�Q 6& B $'&�401%B 6 B & ( K & @5>'Q "3$=< / " @L: 6%6 /51 $'&� IA/5: " Q01%/ " B & >=? 6 -0/ BCQ 6  B $'&� /5>=/5@ 6 13B & ,.- $ >=/ / E @5>'Q "3$=< /" @5: 636 /51 $'&� IA:!%�/ " B 6 -0/21 I /L: " Q013/2IA/ & 63" 6 B ;0/ 6 /51%I $=& / 6 -0/IX & :C> "�6 : 6 / � /2> : "�6
$ @!� $'& /2> : "�6
$ @!�
� QU: "%$ � /2> : "�6
$ @ � (
� $ -�l ) 4^&�-�l�(*) 0 k & 4 0 (". 276 m"n 4�$ ("4O. 276 o0 -	( ("4O.5) 6Nq

� QU: "%$ /5>': "%63$ @ /2>'/2@ 6 1%B &�� ;0/5Q 6 /51%B & " @L: 6%6 /21 $'&�A$=" : " /5@2B & ; 6 /5@ - &+$ � Q0/�Q " /2; 6 B / E 6 1
:C@ 66 -+/ /2>'/5@ 6 1%B�I : �& / 63$ @ZFHB�1%I F:C@ 6 B�1 " BCF 6 -0/ & /5Q 6 13B & ( K & 6 - $'" 401%B @2/ "3" � 6 -+/ /2>'/5@ 6 1%B & " @L: 6%6 /51 "



���

> K�� (�!�( � �
�������
	�������
����������� ��	%�G���T�
�/���
�+�
*,�j13���
$ 15�6�
�7���K�71h�G���c	)�
U �+�"��	 9#;=<?>5@ eC���.A���DE�/�c;�@GQ 13���
�.�6��i�	�*G�+*,��	 �71h�G���h8
I $&D
��� 8E@FH13BCI 6 -0/ & Q0@2>'/5B & $'&0"%$ ;0/ 6 -0/ ;+/5Q 6 /513B & ( K 6 $'& @5>'Q+;0/ " I /L: " Q01%/5I / &76
" $=& ,.- $ @ - B & >=? " @L: 6 �6 /213/2;N/5>'/2@ 6 13B &0" :C13/ ;0/ 6 /5@ 6 /5; : & ;N@2B $'& @ $ ;+/ & @2/ IA/5: " Q+13/5I / &763" ,.-0/51%/ M�B 6 - 6 -0/ " @5: 636 /51%/5;/5>=/5@ 6 13B & : & ; 6 -0/ % & B @ %�B�Q 6 & /5Q 6 13B & :C1%/9IA/5: " Q01%/5; (

$ -0/ � QU: "3$ /2> : "�6
$ @ /5>=/5@ 6 13B &�� ;0/2Q 6 /213B & @213B "%" � " /5@ 6
$ B & 4�/21 & Q0@2>'/5B & � ( ��� " � < " 2 � @5B & �< /21 6 /5; 6 B 6 -0/913/2;0Q0@2/5; @213B "%" � " /5@ 6
$ B & $="
(�� Y ; � !�� @ � ( ��� " � < " 2 �( � Y R � � ;3R�� " � !�(Ga�) �,.-0/213/ R � : & ; R�� :C1%/ 6 -0/ 6 1
: &0"�< /21 " / : & ; >=B &��$ 6 Q0; $=& :C> & Q0@2>'/5:C1 1%/ " 4OB &0" / FHQ & @ 6
$ B &0" (K &�6 -0/ 40>': & /D, : < / $ I 40Q0> " / :C404+13BLE $ IA: 6
$ B & � � 
 K ] � � 6 -+/ R � 1%/ " 4OB &0" / FHQ & @ 63$ B & $="401%B�4�BC1 6
$ B & :C> 6 B �	 �
� � � � �H	 � � ��� ( � $ I $ > :C1%>=?!� 6 -+/ R�� 13/ " 4OB &0" / FHQ & @ 63$ B &A$'" 4013B�4OB�1 6
$ B & :C>6 B ��	 �

� � � � ��	 � � ��� ( � / & @5/!� 6 -0/ / E 6 13:C@ 63$ B & BCF 6 -+/ & /2Q 6 1%B & /5>=/5@ 6 13BCI : C& / 63$ @ FHB�13I F:�@ 6 BC113/ � Q $ 1%/ " 6 -0/ " /24U:C13: 6
$ B & BCF 6 -0/ R�� : & ; R � 1%/ " 4OB &0" / FHQ & @ 6
$ B &0" ( � /5@2/ &76 , BC13>'; ;U: 6 : B &	 �
� :�13/ " -0B , & $'& > $  Q013/ !C( )+( $ -+/�;0: 6 : :C1%/�4+>'B 6%6 /5; : " :PFHQ & @ 6
$ B & BCF � � (



� �

> K�� (�!�(*)��
�������
	��N����
���T�����,�B��	 �G��� $&�('�	)�
�+*,� 13���0$ 15�6�
�7��� �71 �G��� 	)�
U6�[�"��	B9#;=<?>5@TAC���:DE���6��FK�
*G�"�
�/��8
���"��XEU���8
*,�
����8
�+*,�����R��S#��� 	����)���R��S#��� ��� �R���+*,�h$��?��8
U6���
$��
	��G8 DEI MO	�F��J*G	K9#;�	R>���	!��
cUfD
��	K9���7>"S
��	!�K�����:�"�?�K�[�0*+��	6'��/��8O���"�����������0*��(���[*,��	.$��?��8
U6�"�
$��
	���8ODEI MO	!�6�
��8(��	&9�6;R>O��	!�����6� 9���">5@

FHG>FHF � PSRUT V X	Z�[J\ ]^RU[�_e`hVYPSL cd_*T ` `h[�V XULkj
����������� �
	#�����������	������	�������� 	������� ���L�!"#�-	$���&%


 $=6 - : 4OB�> :�1 $$: /5; MO/L:CI : & ; / $ 6 -0/21 :N4OB�> :�1 $$: /5; 6 :C1  / 6 B�1 ;0/ 6 /5@ 6
$ B & BCF 6 -+/�4OB�>':C1 �$$: : 6
$ B & BCF 6 -0/.1%/5@5B $ > $=&� 401%B 6 B & � $=6[$'" 4OB "%"3$ M+>'/ 6 B9;0/ 6 /213I $'& /.; $ 13/5@ 6 > ? 6 -+/813: 6
$ B @CB D@ B F ( $ -0//5>': "%63$ @ " @L: 6%6 /51 $'&� BCFS>=B &��$ 6 Q0; $'& :C>=>=? � 4OB�>':C1 $�: /2;A/2>'/5@ 6 1%B &0" FH13B�I Q & 4�BC> :C1 $$: /2; 4013B 6 B &0" 13/ �" Q+> 6
"[$=& : 6 13: &0" FH/51#BCF�4OB�> :�1 $$: : 6
$ B & 6 B 6 -0/813/5@2B $ >+4013B 6 B & , $=6 - 6 , B & B &�: /51%B @2B�I 4�B & / &76
" (
� - $=" 4O/51%4�/ & ; $ @5Q0>':C1 6 B 6 -+/ 4013B 6 B & I B�I / &76 Q+I $'& 6 -0/ " @L: 6%6 /51 $'&� 40> : & / ,.- $ >'/ � D 4U:C13:C>'>=/5>6 B 6 -+/A401%B 6 B & I B�I / &76 Q0I $=& 6 -0/ " @5: 636 /51 $=&� 4+> : & / ( 
 $=6 - : >'B &��$=6 Q0; $'& :C>'> ? 4OB�>':C1 $�: /5;MO/L:CI : & ; ;+/ 6 /2@ 63$ B & BCF 6 -0/913/2@5B $ >�4�BC> :C1 $$: : 6
$ B & � 6 -0/91
: 63$ B BCF\4�BC> :C1 $$: : 6
$ B & @5BCIA4OB & / & 63"4O/5134O/ & ; $ @2Q0> :C1.: & ; 4U:C1
:�>'>'/2> 6 B 6 -0/ & Q+@5>'/2B & $'"	 � �	 � � Y � � -� D � � � <Y�� 6 : & 2 Y � � !�(Ga3a �



���
 1%/5/ & ��E�� � \ ] � $ : � � <M0>':C@ % @ $ 13@2>'/ 	 \ :CM 4�BC> :C1 $$: : 6
$ B &A6 13: &0" FH/51j: � ! < � : �ZY*< ��: ���=<" BC> $ ; "�6 :C1 � ( 5 :C@ \ :C@ -0> : & : � � <-0B�>=>'B , "%6 :C1 5 ( 	CB & / " : ���5<13/2; " � QU:C13/ $ (�� B " 4 $=" @ - $ > : �!�=<M0>=Q0/ 6 1 $ : &� >'/ � ( 5 $ >'M+1
: 6 - : � � <

$ ]� \ 	 !C( ���
� ��	��+�
*+DEU6�#����8c�#�&�"�����
	��^����0��� �����,� ��	%�G��� �!�"���7��	K13���0$415�6�
�#���W�?���+*,��@

$ -0/PFHB�1%I F:�@ 6 BC1 1
: 6
$ BA@L: & MO/P;0/ 6 /51%I $=& /5; FH13B�I : "3$ IPQ0> 6 : & /2B�Q " I /L: " Q01%/5I / &76 BCF 6 -+/6 , B 1%/5@5B $ >74OB�> :C1 $$: : 6
$ B & @2B�IA4OB & / &76
" ( >\$  Q01%/ !�(Ga " -0B , " 1%/5@5/ &76 , B�13>=;9;U: 6 : B &96 -+/#4+13B 6 B &FHB�1%IJF:C@ 6 B�1 13: 6
$ B ( $ -0/�; $ 8�/51%/ &768" ? IPMOB�> " :�13/9;0/9X & /5; $'& $ :CM0>'/ !�('�+(

> K�� (�!�(Ga��
�����
���&�����,� ��	 ����� �!�"���7��	 �
�/���
�+�
*,� ��	!�T$&�('�	)�
�[*,�H13���0$ 15�6�
�7��� �R���[*,� T @CB D@CB F ��8 � 10U 	)�
�+*,��	
�71 � � 9#;=<?>5@ eC����AV��DE�/�W;�@+]�13���c�.�6��i�	�*G�[*,��	 �71h�����h8
I�$&D
��� 8E@
FHG>F�� � [�RUTf` [J\ ]���NQ[JVYX�� [JL `	�

$ -01%/5/./ E 4O/51 $ IA/ &76
" -U: < /.40Q0M+> $'" -0/5; 1%/ " Q+> 6
" B�FG4U:�1 $=6 ? � < $ B�> : 6
$'&� /2>'/5@ 6 1%B & " @L: 636 /21 $=&�I /L: " Q013/2IA/ & 63" B & 6 -0/94013B 6 B & : 6 FHB�1�, :C1%; : &� >'/ " � : & ; B & 6 -0/94013B 6 B & : & ; ;0/5Q 6 /51%B & : 6



���MU:C@ %7, :C13;A: &� >'/ " ( 	[:C@ - BCF 6 -+/ " / $=& ; $ < $ ;0QU:C> / E 4O/51 $ I / &76
"Z$=" " / &0"3$ 6
$ < / 6 B ; $ 8�/513/ &76 > $'& /L:C1@5BCIPM $'& : 6
$ B &0" BCF 	 �� � 	 �� � : & ; 6 -0/�: E $ :C>GFHB�1%I F:C@ 6 B�1 	�� = �� : 6 ; $ 8�/51%/ &76.< :C>'Q0/ " BCF � � (
�����QT ��� ����� ���<�

$ -0/[401 $ IA:C1%?  B7:C>CBCF 6 -0/ � ] 5 � \ 	D/ E+4O/51 $ I / &76 : 6 6 -0/�5 K $ � � : 6 / " \ :CMOB�1
: 6 B�1�? , : "6 B ;+/ 6 /213I $'& / 6 -0/8@5B &76 1 $ M0Q 6
$ B & B�F "�6 1
: &� / � Q0:C1&% "[6 B 6 -0/ & Q0@5>=/5B & � " I : �& / 63$ @ I B�I / &76 (K & 6 -0/ � ] 5 � \ 	 / E 4�/21 $ IA/ & 6 � 4U:�1 $=6 ? � < $ B�> : 6
$'&� /5>'/2@ 6 13B & " @L: 636 /21 $=&� , : " I /L: " Q01%/5; $=&6 -+/DMU:C@ %7, :C13;�; $ 1%/5@ 6
$ B & � FH13B�I MOB 6 - -7? ;013B  / & : & ;�;0/2Q 6 /21 $ Q0I 6 :C1  / 6
" � $=& B�1%;0/51 6 B;0/ 6 /51%I $=& / 	 �� : & ; 	 F� �	� Y ! � : 6 � � Y � (=! � � /9��
 @ � � ( $ -0/ -7? ;013B  / & I /L: " Q013/2IA/ &76, : " @5:C131 $ /2; BCQ 6.$'& !"a3aC) �+FHB�>=>'B , /2; M7? 6 -0/9;0/2Q 6 /21 $ Q+I IA/5: " Q+13/5I / &768$'& !"a a3a+(
$ -0/N/ E+4O/51 $ I / &76 @5B &0"3$="%6 /2; BCF : Y �3� 5 /�� � �Z�� ] 4�BC> :C1 $$: /2;DMO/L:CI $'& @ $ ;0/ & 6 B & :�Z� @5I >'B &� :C>=Q0I $'& Q0I @5/5>=>oXU>=>'/5; , $ 6 - > $ � Q $ ; -7? ;013B  / & (�] F 6 /51 6 -+/ " @L: 6%6 /213/5; /5>=/5@ 6 13B &+"/ E $ 6 /5; 6 -0/ 6 :C1  / 6 � 6 -0/2? 4U: "%" /5; 6 -013B�Q  - : �+( ! IAI 6 - $ @ % -0/5I $'" 40-0/51 $ @5:C>+:�>'Q0I $'& Q0I " @L: 6 �6 /21 $=&� @ -U:�IPM�/21 > $'& /2;A, $ 6 - Y ( � IAI BCF � M ( $ -0/ " @L: 6%6 /51 $'&� @ -U:CIPMO/51#, : " FHB�>=>'B , /2; M7?A:< BC>'Q0I / B�F�: $ 1 6 -0: 6 " /51 < /5; : " : = /51%/ & %�B < IA/2; $ Q+I FHB�1 6 -0/ ;0/ 6 /2@ 6 BC1 ( $ -0/ ;+/ 6 /2@ 6 B�1 , : "IA:C;0/�Q04DBCF 6 / & /2>'> $ 4 " B $ ;U:C>GI $ 1313BC1 " 6 -U: 6 FHB @5Q " /5; = /213/ & %CB < > $  - 6 B &76 B 6 / & 40-+B 6 B�I Q0> �6
$ 40> $ /51 6 Q0MO/ " :C1%1
: &� /5; " ? IAI / 6 1 $ @L:C>=>=?A:CMOB�Q 6 6 -+/�MO/L:�I : E $'" �U@5B < /21 $=&� : &� >'/ " M�/ 6 , /2/ &! � ��� : & ; ! � ��� ( $ -0/ " @5: 636 /51%/5; /5>'/2@ 6 13B & 13: 6 / , : "[$'&76 /  1
: 6 /5;NB < /51 6 -0/ Y!� ��" M�/5:CI 4+Q0> " /: & ; " B�1 6 /5; M ? MO/L:�I -0/2> $ @ $=6 ? "%6 : 6 /!� ,.- $ @ - , : "��U$ 404�/2; 4 " /2Q0;0B � 1
: & ;+B�IA> ? : 6 � �3� � : (] " @ -0/2I : 6
$ @ B�F 6 -0/ � ] 5 � \ 	 ;0/ 6 /5@ 6 B�1 $'" " -0B , & $=& > $  Q+13/ !�( ! � (
$ -0/�X01 "%6 : & :�>=? "3$=" BCF 6 -0/ - ? ;01%B  / & : & ; ;+/5Q 6 /51 $ Q0I ;U: 6 : " / 6
" FHBCQ & ; 6 -0/ I /L: " Q01%/5;$'" B < /5@ 6 B�1 � $=" B " 4 $'& ! � :�E $ :C>ZFHB�13I F:�@ 6 BC1 	 F� ��� Y ! � 6 B MO/ $=& ; $=" :  1%/5/2IA/ & 6 , $=6 - 6 -+/6 -+/5B�1%/ 6
$ @L:C>G/ E 4�/2@ 6 : 6
$ B & (�] " :N13/ " Q0> 6 �U: " /5@5B & ; ;+/5Q 6 /51 $ Q0I " @L: 6%6 /51 $'&� / E+4O/51 $ I / &76 , : "4O/51%FHBC13I /5; $'& Y � � ! � Y �3� Y �8: 6 : >'B , /51 MO/L:CI / & /21  ? B�F !*Y!� 5 /9� � @5B�1%13/ " 4�B & ; $'&� 6 B: I B�I / &76 Q0I 6 1
: &0" FH/51 BCF � ( � ��) � � /���
�@ � � (K] & : & :C>=? "3$=" B�F 6 -0/ 6 - $ 1%; ;U: 6 : " / 6 ? $ /2>';0/2;; $ 8G/213/ &76 / E+4O/51 $ I / &76 :�> " ? "�6 /5IA: 63$ @ Q & @5/51 6 : $=&76
$ / "S6 -U: &P6 -0/�XU1 "%6 / E+4O/51 $ I / &76 M0Q 6S"3$ I $ >':C1



� �

> K�� (�!�( ! � �
eC�����
$&���+*,�-��*+�('��R��$ �71h�G���c����I ��U6���71W�G���We M�������� �,���['6�
� ��	!���6�
�7���
�#��� 8
I 8
�#�
$&@" / &0"3$ 6
$ < $ 6 ? 6 B 	 F� ��� Y ! � ( ] & Q04O;U: 6 /5; : & :C> ? "%$'" BCF :C>'> 6 -01%/5/ ;U: 6 : " / 6
" -U: " M013B�Q  - 6MOB 6 - ;0/2Q 6 /21 $ Q0IJ/ E 4�/21 $ I / &763" $'&76 B  B B ; :  13/5/2IA/ &76 , $=6 - 6 -0/2B�1%?!�+, $=6 - > $ 636 >=/ @ -0: &� / 6 B6 -+/�/ E 6 1
:�@ 6 /2; < :C>=Q0/ BCF 	 �� (= B�IPM $'&0$=&� 6 -0/ I /L: " Q013/2; -7? ;01%B  / & : " ? I I / 6 1�? , $=6 - 6 -0/ 6 -+/5B�1%/ 6
$ @L:C>=>=? ;0/ 6 /51 �I $'& /2; < :C>=Q0/ BCF 	 F� �	� Y ! �ZY � � � )��	� � � Y!� : ! � < �+13/ " Q0> 63".$'& : � Y5<

	 �� ��� � Y � � � a ! �ZY � � � � � � � Y � � � � Y!�	� � � � � � !�( ! �3� �,.-0/213/ 6 -+/;XU1 "�6 Q & @2/51 6 : $'&76 ? $'" "�6 : 63$'"�6
$ @5:C> � 6 -+/ " /2@5B & ; Q & @5/51 6 : $=&76 ? $'" " ? "%6 /5IA: 6
$ @!��: & ;6 -+/ 6 - $ 1%; Q & @2/51 6 : $'&76 ? $=" ;0Q0/ 6 B % & B ,.>=/5;  / BCF 6 -+/N/5>'/2@ 6 13B�IA: �& / 6
$ @ FHB�13I F:C@ 6 B�1 " : & ;BCF 6 -0/9/2>'/5@ 6 1%B�, /L: % 1
:C; $ : 6
$ < / @2B�131%/5@ 63$ B &+" 6 B 	 F� �	� Y ! � (
$ -0/ 13/ " Q0> 63" FH1%B�I 6 -0/ Y �3� 5 /9� ;U: 6 :�� $=& 6 -+/ " 40:C@5/ BCF 	 �� < /21 " Q " 	 F� ��� Y ! � � :C>'B &�, $=6 - 6 -0/ 6 -0/2B�13/ 6
$ @L:C>=>=?A/ E 4�/2@ 6 /5; < :C>=Q0/9BCF 	 F� �	� Y ! � � :C1%/ " -0B , &D$'& > $  Q01%/ !�(=!C!�( $ -0/6 -+13/5/8MU: & ; " @5B�1%13/ " 4�B & ; 6 B 6 -0/.- ? ;01%B  / & ;U: 6 :�� ;0/5Q 6 /51 $ Q0I ;0: 6 :�� : & ; 6 -0/ 6 -0/2B�13/ 6
$ @5:C>'> ?/ E 4O/5@ 6 /5; < :�>'Q0/ BCF 	 F� �	� Y ! � ( $ -0/�> :C1  /51 /2>'> $ 4 " / @5B�1%13/ " 4OB & ; "86 B : ! ( B < /213>':C4 B�F 6 -+/6 , B ;U: 6 : " / 63" : & ; 6 -0/ " IA:C>'>=/51S/2>'> $ 4 " / @5B�1%13/ " 4�B & ; " 6 B�: & B < /513>':C4 BCF 6 -0/.- ? ;01%B  / & ;U: 6 :



��): & ; 6 -+/5B�1�? ( $ -0/913/ " Q0> 6
$'&� < :C>=Q0/ " B�F 6 -0/ FHB�13I F:�@ 6 BC1 " :C1%/ : � Y5<
	 �� Y � � Y!� � � � ��� � � � �Z� � !�( ! � ! �

	 F� �	� Y ! �ZY � � � �!�	� � � � � � � � � � � � !�( ! � Y �

����� � �	� �	�9���g�050�"� ��5	�(��%,� ��
 ������b ������� ������ +9�,�4��� �.2���
 � 5$3 �	"(� %����! " -��1�(50�i5��!#$&%�')(�+*�7  ,
 ����
i�#�#�.-(��2 + 5 "(%,�0���05$3�%�2 + �4%.
0/9+,��%21U��2��Y+9���>�4���0�.�"�3� �,2 +f�4
�� �4
��(%���������"(��� �5/W�#�13 �("��4�(+-��,����� %6�7�!#$ %�'8( �+*�7  9
�� � �,�:1U�1�J��� ��� 3�5�� � 5J� �<; %�-����\� �#3k%�� �4
�����&'% +	��� �f5��1��5��,2 + ��
 �5\�a�,� � ��� ��� � � 3�5�� � 5 ��2 %�-��1�\� �(3 %6�b��
 �=
0/9+��#%21U�12 +9�,�4� ��2 +a��
 �(%��>/97

�����QT �UT ? � � � �A@

$ -0/ XU1 "�6 I /L: " Q013/2IA/ & 63" BCFG4U:C1 $=6 ? � < $ BC> : 63$'&� /2>'/5@ 6 1%B & " @L: 6%6 /51 $'&� : 6 	C/98�/51 " B & \ :CM �B�13: 6 B�1�? , /513/ @L:C1%1 $ /5; BCQ 6 M ? 6 -0/ ��]� � 	CB @5B�>=> :CMOB�13: 6
$ B & ( $ -0/ / E 4�/21 $ IA/ & 6 Q " /5;: �+(ED � /9� 4OB�> :C1 $$: /5; MO/L:CI B & : ! � @5I >=B &� Q & 4OB�>':C1 $�: /5; > $ � Q $ ; - ? ;01%B  / & 6 :�1  / 6: & ; ;0/ 6 /2@ 6 /2; 6 -0/ " @5: 636 /513/2; /2>'/2@ 6 1%B &0" Q "%$'&�D6 -0/ 4U: $ 1PBCF - $  - 13/ " B�>'Q 6
$ B & " 4O/5@ 6 13BCIA/ �6 /21 "GF � � �IH $'& � :C>'> ] : 6 !JD � � � (H] " @ -0/2I : 63$ @PB�F 6 -0/ ��] � � 	CB / E+4O/51 $ I / &769$'" " -0B , &$'&:> $  Q01%/ !�( !�D ( � $=& @5/ I /L: " Q013/2IA/ &76
" :C13/ IA:C;0/ : 6 FHBC1%, :C13; : &� >'/ " � 6 -+/ : " ? IAI / 6 1%?



�3a$'" " / &+"3$=63$=< / 6 B�� �� : & ;�� �� ( $ -0/ I /L: " Q013/2; : " ? IAI / 6 1%?!�S: 6 ��� Y � � � ��� F � /9��
 @ H � �$'" V�� ? Y F � ! � � � � � � � aC) � � � �!� H 4+40I : � �=< � ,.-0/51%/ 6 -0/QXU1 "%6 Q & @2/51 6 : $=& 6 ? $'" ;0Q0/ 6 B"%6 : 6
$="%63$ @ " : & ; 6 -0/ " /2@5B & ; Q & @5/21 6 : $'&76 ? $'"8" ? "%6 /5IA: 6
$ @ ( � : " /5;DB & 6 -0/ " /P;0: 6 :A: " , /5>=> : ";U: 6 : B & /5>=/5@ 6 13B�IA: �& / 6
$ @ FHB�1%I F:�@ 6 BC1 " � ��]� � 	CB / E 6 13:C@ 6 /5; : > $'& /L:C1 @5B�IPM $'& : 63$ B & BCF"%6 1
: &� / FHB�13I F:C@ 6 B�1 " : � �=<
� �� � � � � a	D � �� Y � � � ! � � � � � D � � � � � ! �

"
F !�( ! � � H,.-0/213/ 6 -0/ X01 "%6 /51%13B�1A:C1 $=" / " FH1%B�I 6 - $=" / E 4�/21 $ I / &76 : & ; 6 -0/ " /5@2B & ; :C1 $'" / " FH1%B�I 6 -+//5>=/5@ 6 13BCI : C& / 63$ @ FHB�1%IJF:C@ 6 B�1.;U: 6 : (

> K�� (�!C(=!�D6��� �����
$&���[*,�K�71W�G���
	 M ������� �Ra5���
�0*G$��
	���@

$ -0/ " /5@2B & ;DI /L: " Q013/2IA/ &76 , : " @L:�131 $ /5; B�Q 6 , $ 6 - :AMO/L:CI / & /51  ? B�F �+( � � � /9� B &: D � @2I >'B &� Q & 4�BC> :C1 $$: /2; > $ � Q $ ; -7? ;+13B  / & 6 :C1  / 6 : & ;D: " @5: 636 /51 $'&� : &� >=/ 2 D A� Y � � ��� (
$ -0/PI /L: " Q01%/5; : " ? IAI / 6 1%?��G: 6 ��� Y � � � a3a F � /9� 
�@ H � � $=" V�� ? Y � ! � ! � � � � D � � � � � �



�Z�4040IB: ��� < ( > 13BCI 6 - $'" � 6 -0/ "%6 1
: &� /9FHBC13IJF:�@ 6 BC1 @5B�IPM $'& : 63$ B & $=" : �C� <
�
�� � � � � ) � � �� Y � � � � � � � � � D!�	� � � � � �	� � � � !�D

"
F !�( ! �C� H,.-0/213/ 6 -0/ XU1 "%6�6 , B /21313BC1 " :C13/[/ E+4O/51 $ I / &76 :�>7: & ; 6 -+/#>': "%6 /2131%B�1 $'" ;0Q+/ 6 B 6 -0/[Q & @2/51 6 : $=& 6 ?$'& 6 -0/9/5>'/2@ 6 13B�IA: �& / 6
$ @ FHB�13I F:C@ 6 B�1 " (

$ -0/ 6 - $ 13; / E 4�/21 $ IA/ & 6 I /L: " Q01%/5; 6 -0/ 40:C1 $ 6 ? � < $ B�>': 6
$=&� /2>'/2@ 6 1%B , /5:!% : " ? I I / 6 1�? $=&6 -+/ /5> : "%6
$ @ " @5: 636 /51 $'&� BCF\4OB�> :C1 $$: /5; /2>'/5@ 6 1%B &0" FH13BCI�� � /9: 6 : & : < /21
:  / " @L: 6%6 /21 $'&� : &� >'/2 D A  Y � � � � : & ; : � � Y � � � a+! � /9� � ( > 1%B�I 6 -0/ " /9;U: 6 :��0FHB�1 6 -+/ X01 "%6.63$ I /!� 6 -0/ "%6 1
: &� //5>=/5@ 6 1 $ @ FHB�1%I F:C@ 6 B�1NBCF 6 -0/ & Q+@5>'/2B & � �� , : " $'" BC> : 6 /5; ( $ -0/ IA/5: " Q01%/5; : " ? I I / 6 1�? $="V � ? Y � � � D � � � ) � � � � D ! 4040I : � �5< : & ; ? $ /5>=; " : < :C>=Q0/ BCF�: � �5<
� �� Y � � � � ��)	� � � �C� D � � � � ! � F !�( ! � � H@5B &0"3$="%6 / &76 , $ 6 - : /213B (

$ -0/ FHBCQ01 6 -P/ E 4O/51 $ IA/ &76 I /L: " Q013/2; 6 -0/ 40:C1 $ 6 ? � < $ B�>': 6
$=&� /5>=/5@ 6 13B , /L:!% : " ? I IA/ 6 1%? $=&6 -+/ /5>': "%63$ @ " @5: 636 /51 $=&� B�F 4�B�>':C1 $�: /2; /2>'/5@ 6 1%B &0" B=8AMOB 6 -P-7? ;+13B  / & : & ;�� � / , $ 6 - 2 D A��� � � (
$ - $=" / E 4O/51 $ I / &76 "%$ �&0$ XU@L: & 6 >=? $ IA4+13B < /2; 6 -0/ 4013/ < $ B�Q "86 , B IA/5: " Q01%/5I / &76
" BCF V � ? FHBC1-7? ;013B  / & � � : & ;�� � / & Q0@2>'/ $ : & ; 13/24�B�1 6 /2; 6 -0/ IAB "%6 4013/2@ $'" / @2B &0"%6 1
: $=&76
" B & 6 -0/ "%6 1
: &� /FHB�1%I F:C@ 6 B�1 " : 6 � � � ! � /�� � ( $ -0/ � � / 13/ " Q0> 69$=" V � ? Y F � � �Z� � � � D!� � � � !JD H 4040I: & ; 6 -0/N-7? ;+13B  / & 1%/ " Q0> 69$=" V � ? Y F � ! � �C) � � � !�D � � � ��� H 4040I : � �5< �G,.-+/513/ 6 -0/ XU1 "�6Q & @2/51 6 : $=& 6 ? $'" ;0Q0/ 6 B "%6 : 6
$'"�6
$ @ " : & ; 6 -+/ " /5@2B & ; Q & ;+/51 6 : $'&76 ? $'"\" ? "%6 /5IA: 6
$ @ ( > 13BCI 6 -0/ " /13/ " Q0> 6
" � ��]� � 	CB / E 6 1
:�@ 6 /2; : � �=<

�
�� Y � � � � D � � � � ! � � � � �3� � "

F !�( ! � � H: 6�� ����� Y � � � ��� � /9� � : & ;
� �� � � � � a � �� Y � � �3� � � � � � !�! � � � �3� � F !�( ! � � H: 6	� ����� Y � � ! � a � /9� � ( $ -0/ " / 13/ " Q0> 6
" 4013B < $ ;0/ & /2, > $ I $=6
" B & 6 -+/ 13BC>'/ BCF "%6 1
: &� /

� QU:C1 % "8$'& 6 -0/ & Q+@5>'/2B & @ -U:C1  / : & ; IA: �& / 6
$�: : 63$ B & ; $'"�6 1 $ M0Q 63$ B &0" (



� !�����QT ��� ��� ���

$��	� � � ]�
 ���������������������� �	�"!	���$#&%(')%*�+�,�	� 5 %*��� : ��� 5 ��-��/.0�,.1� F 5 ] 532 H ��� 5 %0��� : �
�4������%0��'15�$��	�6�����������������������%0���"����!7�,�"�4�8%0���9�:' �<; ��.1=�%*�,���	>?%0�/'@�A����,�$'B���B���	�4��-�%*������� �
���">3.*CD��.1=E%*��� : ��!���=���-�,��.0�	�6.1�F�"�	�G.0=E%0�/� : ��!H�	��.*�,.1�	�6�	�/���	>3-�.0�	���,���">3����-I�	�	��JK�	����5 $��	���
#D%0�L���	� X ���/�M�,���������8%*�L%N�8%*�����:' ��; ��.1=E%O�,���">4%0�/'@�A����,�$')���A��=���-�����.1����-(%O���,�������	>?#D%0�LPG�����
�A�(%0�/�	����!QP�'R-�.1�	���,���	>S���	!	� ; ��!	�8%0= � ��-(%O���,������!Q�8%0�$�,��-�=�����5 $��	�T�/-(%*�/�,���/��!H��=���-�,�/.1�	�U#L���/�
!	��,��-�,��!V. ; ���3%W�,%0�	>0�Q.0CN%0�	>1=���� � -������,���/��!X%*�7Y�Z � � #[�9�,�\% � P >

�
= ���/��� % . ; ���	.]#L���

-(%*=�.1�/���A���,����5 $��	�^-�%0=�.1�/���A��������!"������>1��-�.1�"�����$�,�4.0C`_ � D,D � P >
�
-��$'��$�I%0=��4.0C`_]aOb D � �,%0!"�E%Ob

�,��.1�B=����	>0���	�D���	��- % �	������cd%*���,%*�	>1��!S���7ef�/���	>1��5 ] �/-I�	����%*�,��-g.0Ch���	�g��������/���A���������D���	.]#[�
��� > ��>1�	�/�T_159_]Y"5

$��	� X ���$� � � ]�
 �A�(%*���	�/���A�����D#D%0�L%*�&%6P��(%0�i���	���/>0'A.0Chj�Z0Z 5 � � c@-�.1�/��������.1�	!	���	>
�,.fk �Dl �"m D Y F �4� � 
 - H � %0�	!S%N�/���	�/���,� ; ���:'^�,.?�,�	�`-�.0�TP	���	%*�,��.1� � �n6o �"m D,D � �� 5 ] D ��� ]
P��(%0�p.0CD�G.0=E%0�/� : ��!H��=���-�����.1�"�?#D%0�?���	-���!	���K�?.1�q%r_ � -��p=���JK�	��!H��'�!"��.1>1���F�,%0��>1��(5 $��	�
��������/���A�����I%0=L%0�$'��A�A���,�$'H#&%*�T����%0���"����!F�,.RP��Ss lut Z m 
1
 � �"m Z 
 � �"m D a3�	�	� : 
 e < c
#[�	�����)�,�	� X �/�/�?���/��.1�4�/���	�/���������,�N���	�)�/�,%*�,���/�,��-(%0= %0-�-��	�,%0-'1cv%0�	!��,�	�)�/��-�.0�	!F�/���	�/���/�����,�
�,�"���/'@�$�,����%*����-(%*=G�	�"-����$�I%0�����,�����D���	-�=��	!	���">NP��(%0�w��.1=E%*��� : %*�,��.1�x5 ] =����	�(%*�L-�.1�TP	���8%*�,��.1�).0C
�,�"�?�$�,��%0�	>1�6��=���-�,����-6%0�	!3�S%*>1�	������-�Cy.0���zC{%*-��,.0����#&%*�`�|�@�,�,%*-��,��! : 
 e <

�
�
n o �"m D Z1Z � �� l ��m � Y a � �"m � Y 
 m F _159_ � j H

$��	�?�/�,%*�,���/�,��-(%0=}%0�	!3�/'@�/������%*�,��-4���/��.1�/�U%*���?%0!	!	��!~���7J@�	%0!	�,%O�,�	�/�05
$��	������-�.1�	!��A�(%0�/�	�����������N#D%0�T%O�^Z1e � 5 � � P��(%0�����	���/>0'F%0�	!W%3-�.1�/��������.1�	!	���	>

k �`l �"m _ � j F �6� ��
 - H � %*�	!Q%*�U%)Cy.1�/#D%0��!~��=���-�����.1�3��-�%*�������/���	>S%0�	>1=��?.*C�Y ���U� 2 F � 
 ��� 5
$��	�A����%0���"����!q%0�/'@�A����,�$'����6s l�t _ m Y1a � �"m D a � �"m _]Y��	�	� : 
 j < 5 $��	�A�/���,%0�	>0���	�����
-�.0�K������P	�"�,��.1�B�,.)�,�"�?��=���-��,�/.1��%0>1�	��,��-UCy.1����C{%0-���.1���[��� : 
 j <

�
�
n o �"m _ � a � �� l ��m � e@_ � �"m � Y1a m F _159_ � a H

$�.S�����8%0��%*�,�6�,�	�?��=���-�,����-?%0�	!3�S%0>0�	������-4�/���,%0�">1���	�����g-�.1���,�/��P	�"����.1�"�[��.A���	�?��=���-�����.1��%0>*b




 D

����� � �9�!�����=� " 
 ���/�,����"e%�� ��
 � � � � 6W���13��1�0� �a�12�� 3��1���1%,�\�/�(+J��� ��
 �/ �,�.2��/���"���%,����%,2 7; 9
��"(��� %��0� �a�1� ��� � 5 "(%�� 3 �0� 51�(+J%�� � � � � � -����J"1�>/ 50� �,� 5�7  ,
 � -#�(��� ��2�� ���(5 �(��%,� ��
 � � �:�(� ��2 + 
i�.��5��
 ��
J/9+���% 1U�12	� +	�1�>� �1�0�.�"��
 "(��� � 7 �o�!� 50����" 51"(�,��� �1�#�#+h��� �("1�$��%,2 5�+	�43�% 50�.� ��
 ���.� ��2 ���:1 /g�.2�b"��>/ 5(� �,� 5&�
��1�#�h�4
��Y��� �("1�$��%,�a� 192 ���$��" 52
 %�&'���h� 5 "(%�2�- ���0�4�(+ �.2��4%���
 ������2i�	%�- ��� 1 
>�47  ,
 � ��� 1 
>�'� 5 ���(�	+a%��>�
- /r� �����h3�
�%�� %,� �"� �$� 3 � �����b����-(�15�7  ,
 � +9���4�("��4%,�h%,2 ��
 �b�0� 1 
>� � 5h� &'�,�4���h" 
 ������2i�	%�- ���"� �.2 % 50�.�:/+	�1� �("1� %���7��0� � 5 3�% 50�.�$��%�2 �#+S5>/,�a�1�$�0��"(�,� �5/ ����%,�>2 +S�4
�� -(�(�,� ���	� 5 ��2 +H�#� 19� 50�4���(5J�4
���� �9� %6�5�"(���$� �1���(+h3 �,�0����"�� �1517

�	��,��-TCy.0��� C{%0-���.1���4.0C����	�^�K�	-�=���.1�xcx���	� � � ]U
 -�.1=�=E%0P�.1�,%O�,��.0�~���g�	�����8%0�/���	>B��.3�A�(%*���	�/�
�,�"�^�8%0���9�:' ; ��.1=E%*�����	>S%0�/'@�A����,�$'R���Q�,�	�^�/-(%*�/�,���/���	>7.0CM��=���-�,�/.1�	�4.��qPG.0���H�	��.*�,.1�	�6%*�	!
!	���"�,����.1�	�~%*�3P8%0- % #D%0��!X��-(%O���,�������	> %*�	>1=�����5 $��	����#[��=�=4%0=�=�.]#�% -�.1� X �/�S%O�,��.0��.*Cf�,�"�
�/���,%0�">1�6J@�	%0� % -�.1���,�/��P	�"����.1����.)���	�6�K�	-�=���.1�7Cy.1����C{%0-���.1����5




 Y�����QT �y� �����&�����
	��� � �&%W	�� ����� ���$��� ���W
$��	� ��� ��������/���A������%*� 	 \�%*PT���+%g!	��!	��-(%*����!^%*�	�8%0��%*�,�	�+!	���/��>1�	��!T�,.g!"���,�����A���	� � �n c

� �� cO%0�	! � F� Cy�/.1� %������	>1=�� ������������������I%0=K%0�"�8%0�,%O�,�	�h. ; ���+%�P	�/.�%0!?k � ��%0�	>1�*5 $��	�L%0-�,�8%0=
�A�(%0�/�	���������K�L���MP������">N�����$Cy.1���A��!A���)�:#D.f�	�8%0�/����5�$��"� X �/�/�L�	�8%0�/�������,�"�`Cy.1�$#&%*��!B%*�	>1=��
��������/���A������%0�"!B�,�	�U����-�.1�	!7�	�8%*���g���M���	�gP8%0- % #D%0��!3%0�">1=��`������������������(5 2 �S���	��Cy.1�$#&%0�/!
%0�	>0=��&�|�"�����/���A�����(c1���	�[!	������-�,.1��-�.1�	�����/����!A.0Cx%g�/�	������-�.1�	!	�"-��,���	>6�,.1�/.1��!8%*=��/�G��-��,�/.1�A���,���
#[������%0��%*���,%('A.0C �/-���������=�=�%*�,.0����%0=�.1�	>N���	�UCy.@-(%*=G�	=�%0�	�`�,.f!"���,�����A���	�`�,�	���8%0���9�:'�b ; ��.1=�%*�,���	>

%0�$'��A�A���,�$'�%*�LCy.0�/#D%0��!B��=���-��,�/.1�B�/-(%*�/�,���/���	>T%0�	>1=�����5 � .1=E%0�/� : ��!S��=���-��,�/.1�	�D#L���/�g��-�%*�������/��!
Cy��.0��% D � -�� =���JK�	��!3��'�!"��.1>1���H�I%0�/>1����5 $��	�T�/��-�.1��=��	��.*�,.1�	�`#D�����^!	��,��-��,��!r%0�	!Q�/.1�/����!
P�'Bk � c"-�. ; ���/���	>T���	�g��%0�	>1� �"m _ � k � � _ mG� F �6� ��� - H � 5�$��"� � ��>0�K�L�,�����[Cy��.1�i���	���I%*��>1��
�,.r�,�	�~��-������,��=�=E%O�,.1�)%0�/�,%(' #&%*�S!	��,���/�����	��! Cy.1����%0-I� �/-(%*�/�,���/��! �8%*�/�,��-�=��0c�%0=�=�.]#[���	>��,�"�
�����/��-�,��.0�S.0Ch�"�	.0�,.Ob:�	�/.�!	�"-���!��	��.0�	�&%0�"!S��%0��').0Cx�,�"���	�/.0�,.1�"�L>1���	����%*�,��!BCy��.1�i���	��=�%0�/����-

�	�/.�-������/����5 2 � .1��!"���^�,.r!	�������/�����	�B�,�	� � ��>1���)�,���A���^.*CU���	�7!	������-�����! �	%0�/����-�=�����c�#[�"��-I�
�,%*�	>1�7Cy��.1� Z b D ZH�	��c&���	�3�����A�7�/�,�/�	-����	���~.0Cg���	� 	 \ %0P PG��%0� #&%*�S�A.�!	� X ��! Cy��.0� �����
�	.1�A���	%0= D �	�[P����:#L�����R����-���.0�	�	=��/���&��.AP��?Y D �	�[PG��:#D�����Q�A��-���.1�"�	=��/����5


 �	��=��Q%W!"���,�����A���8%O�,��.0� .0C?�����8%0�,%O�,��! ; %0=��	���SCy.0� � �� %*�	! � �n #[��=�=U�/��JK�	�����Q�,�"�
P8%0- % #D%0��!A%0�">1=��L����%0���	�/���A�����,� %0�+#L��=�= c0.0C8#[�"��-I�T�,�"���v���	���/��� �/���	�/���/�����,�M% X �/�/���$�,���xc0�,�"�
�������	=9�,�L.0C}���	�UCy.1�$#&%*��!B%*�	>1=��[�|�"�����/���A�����&�|�@�,���"!	��!B���	� % ���	����%*�,��-[���(%*-I��%0�	!����A�	��. ; ��!
�,�"�N�	�/��-�������.1�R.*C �,�	�N% ; %0��=�%0P	=��4!	%*�I%).1�R�	%0���9�:'Kb ; ��.1=�%*�,���	>�� t�� �/-(%*�/�,�������">	5 $��	�f�/���/�	=����
.0C����	�B��������/���A�����)%0�/�B���	.]#[� %0�^%RCy�"�	-�����.1�W.*C[��.1�A�������	� ���,%0�"�/Cy���f��� > ��>1�	�/�~_159_ 
 5
$��	�QJK�8%*�K�����:' � �n o � � �� ���S-�%0=�-��	=E%*����! �	�����	>q�,�"�Q��=���-�����.1��%0>1�"���,��-3Cy.0��� C{%0-���.1����.0C
!4��=�=�'15 ] =��/.W���". #[�����A�,�	�R���-���=�=������3%0>1�������A�����B#[�9�,� ���	� ��] � �#" B �A�(%0�/�	���������K���

��%0!	�7%*�)�	��%0��=9'q���	�7�,%0�A� % ���	���S%*����-B��.1���K����5 $��"�3�����/.1�)P8%0���^���	-�=��	!	�B���	�7�/�I%O�,���$�,��-(%0=
�	�	-����$�I%0���K�:' F ���"�	��� H %0�	!6�/�,%*�,���/����-(%*=0�	=��	�h�G.0�����/b��,.*b<�G.1�����G�$'@�/�,���S%O�,��-��"�	-����/�I%*�����,����� %0!	!"��!
����JK�8%0!	��%*�,�	�/� F .1�"�,��� H 5 $��	�������/.1�DP8%*�	!	�D�/���	�/���/�����(c"Cy.0�M���	� � � �|�"�����/���A�����(cK�,�"��>1=�.1P8%0=
�/'@�$�,����%*����-[�	�	-����/�,%0����������� � Cy��.0� �,�	�`�A�(%0�/�	���������K� F �	�	����� H %0�	!)Cy��.0� �,�	�`�	�	-����$�I%0���K�������




1

�������	�6J@�	%0���,���������������,�������">�s�� ?�� F =�.]#D��� H 5

$�.W-I�8%0��%0-�������� : �3�,�	�~�����/�	=��A#[����� %q�/���	>0=��7�K�	�TP�����c���%0�	!	.0��� : ��! !8%*�,%F����,�S#L���/�

>1���	����%*�,��!S#[�������,�"�U-�.1�	�/���,%0����� � �n o � �� l � cK!	���/�,�/��P	���,��!S%0-�-�.1��!"���	>?�,.6�,�	�U�/�I%O�,���$�,��-(%0=
%0�	!3�/'@�$�,����%*����-?�	�	-����/�,%0�����,������5�$��	�6Cy�,%*-��,��.1�7.0C+���	���/�N#[�9�,��� � =E%*��>1���&�,�8%0�7�,�	%*�`.0C .1�"�
!8%*�,%4������#D%0�`_1_��Bc1��.6#L�U-�.1�	-�=��	!	���,�	%*���,�	�[�	.0��b:�$�,�,%*�	>1����'@�G.0���	���/���M����!	���/C{% ; .0����!)#[�����
j a �w-�.1� X !	���"-��05

����� �h�9�!��
�� � �150�"� ��5f%6�f�4
��.�	�.�1%,�0&'����+ ��2�1�� �H�#�13 ���0� �a�12��*� 5 �.�(�>2 "1�$��%�2 %6�j�a%,�a�12����"��$���,2 5��1�1��7  ,
 ��1,��� / -(��2 + 5 �.2 +���"(�,�4�f5>/ 50�4���a���$��" �>2 "(�1�0� ���.2������15�7% ,
 �;� �.2 �05 "(%,�0���05$3�%�2 + �4%+,� 
 �����12�� ��� �("�����%��/� 1,2 �1�$��" 2���"�� �(%�23�1%,�\� �1�	"1� %�� �/% +9��� 5'� 6 � �17

�����QT ���  � �$	 � X 	! 	 ��� � ��	 �&%�� � � � � � 	���#� ��� 	!������ �	���

� �h� �
$��	�~��.1�$��%0��.0�	����.*Cg����Cy.1����%*�,��.1��%0P�.1�"�A�$�,�,%*�	>1�7Cy.1��� C{%*-��,.0���A���)=�.@-(%*����! �	�(%*�

k � l ��m _%�6� � � 5 ] �����	����k � cM���	���/�Q%0�/� X ; �Q�������	=9�,� ���"] 5 � \ " c � � ]�
 c ��]� �#" �
��'@!	��.1>0���xc ��]� �#" �3�"��=����	�3c"%0�"! � � 5�$��	�6�A�(%0�/�	���������K���[-(%0�7P��4-�.1�TP"���	��!3���7%^�	=�.0�
.0C � �n ; �����/�	� � �� %0�S�/�	.]#[� ��� > ��>1�"����_159_ Z�5 $��	��� > ��>0�	���3�	�����S�,�"� X �/�/� ��]� �#" �




 Z
�������	=9�,��5 $��"�?�|���G�������A��������%0�/�4���7>1.@.�!7%*>1�������A�����U%0�	!7�,�	�6-�.0�TP	���"��!7�������	=9�,�`%0��� : Z � <

� �n l t �"mG� _]Y � �"mG� D j F _159_1_ � H

� �� l ��m a D � ��m Y"_ m F _159_1_1_ H

$��	�6��=���-�,����-gCy.1����C{%0-���.1�����D-�.1�	�/���$�,�����`#[����� : ���/.)#[�9�,�	�����	����-�������.0�7#[�"��=��g���	�4��%0>1�	��,��-
Cy.1�/� C{%0-�,.1�����B�".1��b : ���/. %*�B�,�"�R�:#D.Ob:����>1��%q=�� ; ��= 5 2 C?���	�R�����	� ; %0=��	�R.0C6���	�H�/���,%0�	>0�
��%0>1�	��,��-gCy.0��� C{%0-�,.1�[���[�	��%0�[�,�	�?-����K���,%0= ; %0=��"�0c8�,�	���~���	�N� �}��-���.0C+���	�N�$�,��%0�	>1�?JK�8%0� %
���S�	.0�7����%0=�=�5 $��	���/��Cy.1�/�0cU����G�����������K�7�	%0�7�	.0�B'0���3���	=���! .1�����,�	�H��.0�,�����,�E%*=�=�' =�%0��>1�
�/���,%0�">1�UJK�8%*� % ����%?-�.1���,�/��P	�"����.1�"����.?���	�`�@�"-�=���.1� � �L��%0>1�"���,��-��	��.0�G���/�,������5�$��	� ��]� �#" �
%0�	! � � ]U
 �"��.1>1��%0�A�6%0���)-�.0�K�����K�	���	>R%*�	!r#[��=�=+%0=�=�. # %������8%0�,%O�,��.0�F.0C � �n %0�"! � �� %O�
!	� �}��������� ; %0=��"����.0C+k � ���B���	�6�	�(%0��Cy�"���	���*5




 a

����� � �9�!��� ����%,�\� + +9�,�4� %�2 5(�$���,2�1U� �1%,�\� �1�9"��4%,�(5f����� � ( ��� �	� ��� � ��
 ���17 � �150�"� ��5 �,����(�#%,� �J�h������ � � � � 6���� � ��� � 
0/9+,��% 1	��2����=� ����� ��
 ��� �.�"� � ��2 +�� �97  ,
�� -(��2 +�5�1%���(�	" 
 �#�03����0� �/��2������ 3 ���15��12��'50� ���$� 5(�$��"(�,� � �1���	+����,���>�#�b50�"� 5Y%��b50� ���$� 5(�$��"(�,� ��2 +e5>/ 50�4���/�,����"<���,2 +50� ���$� 50����"(�,���k5 / 50� ���a���$��"�� �/% +9��� �>2 "(�1�0� ���.2������15�7  ,
 � � �,�:1	�/��� � � 3�5�� �.2 +���"(��� �05 �4
�� ����� "(%�2=�
� +9��2 "(� ��� 1,��%,2 &�
i� �!� ��
 �Y5\�/��� ����� � � 3�5�� �.2 +,��"(��� �05Y��
 ������� "(%,2 � +	�12 "(�b��� 19��%�2 7



� � � � � � � �

� 	 � 
 � ������ ��������� � ��� ��� � ��� �

� G>F ]���NQ[�V X � [JL `hTWR"!�#S[JV$# XU[&%
'��	� ��� ������������������D�$�,�	!	�������,�	�`-�.0=�=�������.1�	� P����:#L�����7%?P��(%0�i.*Cx��.1=E%0�/�)(���!)��=���-�����.1�"�

%0�	!A�I%0�/>1���M�8%*�/�,��-�=�����5 � �G��-��+*	-(%0=�=�'1c��9�M����%0���	�/�����,�	�`���������/Cy�������	-��U.0C}���	�U��=���-��,�/.1��%0>1�	��,��-
���������,%*-��,��.1�xc*���f#[�	��-I�)%��	�	.*�,.1�T���+�|�"-I�	%0�	>1��!xc@%0�	!T�,�"�&�	�����,�,%*=�#L�(%-,N�����,���,%0-�,��.0�xcO#[�"��-I�
��� ; .1= ; ���D���	���|�"-I�	%0�	>1�g.*C�%/. � P�.1�/.1�x5�'��	�4%*�	�8%0��%*�,�	�L-�.1�"�����$�,�L.0C�%NP��(%0�w.0C ��.1=�%0���+(���!
��=���-�,��.0�	��Cy��.1�w�,�	� 	 � �}������.0�
\ %0P3%0-�-���=�����%*�,.1��c8%^=���J@�"��!B��'@!	��.0>1���3.1��!	���"�,�������"�z�I%*��>1��

#[�	��-I�3�"��. ; ��!	���&�,�	�4�	�/.0�,.0�	�&.1�&-�.1�A�	=��|�B�K�	-�=����GCy.1�D�,�"�4��-(%O���,�������	>)%0�	!7%T�/�G��-��,�/.1�A���,���
�,.S����%0���	�/�N���	�T��-�%*�������/���	>��	��.@!	�	-�,��5 > ��>1�"��� D 5�_f���U%S��-I�	���S%O�,��-N.0C��,�"� � � %0�	�8%0��%*�,�"�
�	�/��!R���3���	�6Cy.1�/#D%0��!~%0�	>0=��4��������/���A�����(5 > ��>1�"��� D 5 D ���`% � .@.1���	=�%0�3.0C � %0=�= = #[���,�7�,�"�
��� %0�	�	%0�,%*���	�����	�/�,%0=�=���!7���7�,�"�NP8%*-0,K#D%0�/!�b %0�">1=��N��.@!	�05 ] !	����-��	���/��.1�~.0C = " �W] > ��������=9C
%0�	!7�,�"�?��=���-��,�/.1�7��.1�"��-��?����!"��Cy���/����!~�,. = �8%*�"�,���UY�5
'��	�`%0-�,�8%0="����%0���	�/���A�����M��� �����$Cy.1���A��!)���T�:#D.?������������������,��5 2 �)���	��Cy.1�/#D%0�/!�%*�	>1=��

��������/���A�����(c"%T�	��.0��.1������-�.1��=����	>?Cy�/.1�����,�L�����,���,%0-�,��.1�S#[������%0����=���-�,�/.1�B#&%*��PG���K�&���B�,�"�
��%0>1�	��,��-1*8��=�!H�	��.@!	�	-���!HP�'R���	�^���"�G����-�.0�	!	�	-�,���">3-�.1��=��g%0-�-�.1�/!	���">S�,.��9�,���A.1�A�����,�"�~5
� ��.0��.1�	�g.*CL!"� �G���������4��.0�����K�,%"c�PG���	!	���">�PK'~!	� �}���������6%*��.1�"�K���g���~�,�	�^��%0>1�	��,��-1*8��=�!xc


 e




 j
�/�����	-0, �,�"�H%0����%(' .0C6�8%0�$�,��-�=��7!	��,��-�,.1�/�B��� !	� �G���/�����B�"=E%0-�����5 2 � ���	�RP8%*-0,K#D%0�/!V%*�	>1=��
��������/���A�����(c��,�	�A#[�	.1=��S%0�	�8%*�,%*���	�?#D%0�T�/� ; �����/��! ����=E%*��� ; �A��.~�,�"�SP��(%0�p!	������-��,��.1�W%*�	!

��-�%*�������/��!R��=���-��,�/.1�	�[�,%O�,�	���&�,�8%0�3�	�/.0�,.1�"�[#L���/�N!"���,��-�����!x5

������� � ����� ��� 
	����
��������������������
�� �	� ����������� ���� !��"2
�����# 01���
���"$�	�%�����&���'���(���)�# *�4
	� ������+
,�&-

, �1��.���/�, � 1,01�&
,�$���, 32'45�+�6�6�)��
��7��� 1+
8�9�%�� �:";�6�<��
�� �'
 1, =���>
 3-?� =�<"��%���@��A�6�<��
��7-����(�%���(�,�%"

	
���-%�%�� B�&�������%- ����6���.
,���#�:/�2C4,
	�'"����%���$�/�,�����@���'�D"E�%�,�F�3���D"��%-G�6��
, C��� 1+
8��"��/���@��7"%0��	���\�
�%�, 3-0	�����# �1'�@��&�,��-�
��^��
 1� 3���H�4
	
��������08"���"<�&�%�/�,� �I�3�&�,�(�, �" � ������+
�/-'"��%
���(�����# �1����%
J"�01�&���'�� 	� 

�,�;�����/�����&� 	" �6-%
��%K,�+
�&- �'�%
"%01�/������ !� 
 �%�&���L
 ���M��� �.� 01 �N� ��01��-6�(
,�:1I���O�(�?-����(�%���(�,�%"�2
'��	�T-I�	%0=�=����	>1�N.0C��,�"�T������������������g�/�����A��Cy��.0� ���	�fC{%0-�����8%*�����	�f��=���-��,�/.1��%0>1�	��,��-

Cy.1�/-������h�T�"-I�f�/����.1�">1���h�,�	%0�?���	��#D��%-,gCy.1�/-��05 = .1�	�/��JK�	������=�'1c*�,�	����������/���A�����I%0=K%*�/'@���A�b
�,�$'6��� ; ���/'?����%0=�= F =������ �,�8%*�^Z3P[�	�	� H 5 '��	�D!"�$QA-��	=9�:'4�����	.0�����N��%-,K���	>����	�D�A�(%0�/�	�����������
P	�"��-�.1������.1=�=����">T�,�	�N�/'@�/������%*�,��-���5 = %0�/��Cy�	=v%*���������,��.1�3�8%0�U��.SP��f�8%*��!7�,.����	�f��.1�/����P"��=��9�:'
.0C�C{%0=��/�6%0�/'@�A����,�/������!"����>0�	���/��!~%0�&�,�	�4�����	�?%0�$'��A�A���,�$'15




Za

> 2 �^5 D 5 D �
���/�(�����!����	 �71
	h���G� � 2*G�G� ����� ��� �
�������R���+U 8c*G	�8
�,���G�/�?�\*G	%�G���dD��6��F� ���R������	6'��/�h$��E�6�E@

��� � � ���
	���

'��	�?Cy�	�	-�����.1�3.0Cv�,�	�?���	�����/-�.1�"!	�	-������	>��S%*>1�	���`�$'��$�,����� Z���� ���[��.�Cy.@-��	�[��=E%0�$�,��-�%0=�=9'
-I�8%0�/>1��!q�8%0�/����-�=����?.0C&���	�S��%0�A���A.1�A�����,�	� %0�"!q��-�%*�������/���	>R%0�	>1=��ACy�/.1�u�,�	��=����	>0�,�F.0C

�,�"���I%*��>1��N��.Q%R�/���	>1=��)�G.1�����f���q�(%*-I�W.0C&���	�S����>1���T.@-��,%0���,�N.0C&�,�"�S������-�,�/.1����,����5 '��	�
���"�G����-�.0�	!	�	-�,���">H�S%0>0�	���f�/'@�/����� ���T%~��.1��.1��!8%0=���%0>1�	��T��%0!	�S�"��.0C[����>1���T���"�G����-�.0��b
!	�	-�,���	>4-�.1��=�� ���)%g�����	>1=��D-��/'0.1�/�,%*�(5 '��"��-�.1��=�� �/�	�	�	=9'f�,�"�&�,.1�/.1��!8%*= *8��=�!	��c1#[���,�)%4�	.0�����8%0=
-�.0��=�-��"���������T.0C[Y1Z3P=P��f5 " %0-I�W-�.0��=����6��%0!	�A.0Cg_ 
0
 ���	���	�N.0C����K����>1��%*�,��!q�/�	�G����-�.1�	!	�	-|b
�,.0��5 '��	�N-�.1��=}-(%0P	=��6PG��-�.1�A���[���"�G����-�.0�	!	�	-�,���">B%*�[�,����������%*�,�"�����`P���=�.]#Xj !^5 '��	�?-�.0��=��
%0�/�6%0����%0�	>1��!~% �"���T�"���8%0=�=9'�%0��.1�"�	!3%)-������,��%0=hP�.1���4�/��>1��.1�3%0�	!3%0���4�����,���/=���% ; ��!3PG��:#D�����
����>1���?-�.1=�=�����%*��.1�U�A.@!	�	=����6�S%0!"�A.*C�%0=��	�����K�	�u%0�"!F=��(%0!x5 '��	�A-�.1=�=�����%*��.1���U!	� *8�"���,�"�
������-�,�/.1����,����%*-�-����"�I%*�	-��3%0�	! �	�/. ; ��!	�����	����=�!	���	>HP����:#L����� ���	���I%0�/>1���)%*�	! !"���,��-���.1����5
'��	�'FP"=�.@-0,H!	���/��-�� ; ���# Cy��.1�u���	�)�I%0�/>1���?�,.7�,�	���8.�-�%0=���=E%0�	���g������-�,.1�/���y����� � ��-�,��.1�
��5 
 59_ �c+���	���/��P�'��/�	����=�!	���	>�%0>�%0���	�/�T�	���"���,%0=D�8%0�/����-�=�����5 '��	�7-�.0��=��f%0���7-�.�.1=���!�P�'�=���JK�	��!



Z3P
�	��=����"���8.]#[���	>7���QCy.1�	���8%0�,%*=�=���=v�	%*�,�	��5 " %0-I�r�8%*�,�����	-�=��	!	���g�:#L.7-�.1��=��g���H������������5/'&#L.
%0!	!"���,��.1�8%0=@�8%0��%0=�=���=�-�.@.1=����	>g�8%*���	�M%0�����"����!A�,.6-�.@.1="���	�����"�G����-�.0�	!	�	-�,���">N��=���-�,�/��-(%*=	P	�	��5

'��	�U��=���-�������-�%0=dP	�	�L���	�	�"=������L��.]#D���L��.N�,�"�U-�.1��=��M���S�/����������5�'��	��-�.1��=���cK��=���-�������-(%0=8P	�"��c	%*�	!
-�.0=�=����S%O�,.1�/� -�.1�A�	�/�����[#[�8%*�D���M-(%0=�=���!��,�"��-�.0=�!S��%0�/��5$'��	��-�.1=�!S��%0���L%0�	!B-��/'0.1�/�,%*�����"��=�=
%0�/�?�/�	.]#[�~��� �+��>1�"��� ��5 Y"5

� 2�� 5 ��5 Y����	��
����� ������������������	������! "�#�
�$���%����
��&��'

�\=���J@�"��!^�	�9�,��.0>1���A���	����=�!A�/�	���/.1�	�	!"�L�,�"�`-�.1=�!)��%0�����,.6���K�����/-������D�	��%*�M!	�	�[�,.?�,%0!"�E%Ob
�,��.1�)%0�	!A-�.0�	!	�	-�,��.0�x5�'��	�`���"����=�!^-�.1�"�����$�,�M.0CG%0�A��@�,�����8%0=d%*=��	�A���K�	� -�'@=����	!	����c1C{%0�$�,���"��!

�,.Q%RCy�,%0�A����%0!	�S.0C��,�	���W��@�����	!	��! %0=��	�A���K�	�35 '��	��-�.1=�!W��%0���^%*�	!W���"����=�!�%0�/�B-�.1�@b
�I%*���	��!H����% ; %0-��"�	� ; �����/��=�-�.1�A�	�/������!H.0CL% 
 ��!	��%0�A���,����c �S��=�.1�">�-�'@=����	!	����-(%0=����"��=�=
%0�	!F�:#D.H%*=��	�A���K�	�u���	!�b<-(%0�	��5 2 �q���	�B!	.]#[�	�$�,�/�(%0� ; %0-��	�"� ���	!	-(%*�xc+�,�"�����B%0���A����>1���
�,�"���f�����I%*�	���	� #[���	!	.]#[��c P�5 Z�_D��( ���^%0�/�(%"5 '��	���/��#[���	!	.]#[� �"��. ; ��!	��%U�8%*�,�^.*Cd=�.]# ���	����>0'
=�.0���&Cy.1���8%*�/�,��-�=���������%0�8%O�,���">TCy��.1���,�	�4�I%*��>1��`��.^�,�	�6!	��,��-�,.1�/��5



Z�_
����� � ��� � ��

'��	���N�/��-�����.1�F!	���/����PG���?���	����%0����Cy��%*�,�"�����?.0CL�,�	��� � �I%0�/>1���?�$'��$�,���~5���-�.1�A�	=����,�
!	����-��/���"����.1�S���D>0� ; ��������� Z�_ ��5�'��	��P8%0-0,�#&%*��!3%0�	>1=����|�"�����/���A�����������	=�.]'1��!��:#D.)�	�	��.1=�%0�$b
�)(���!�-��/'0.1>1���	��-U=���JK�	��!^�I%0�/>1����� � ��'@!	��.0>1���7%0�"!S!	���"�,�������"�~5$'��"���	�/����%0�/'^-�.1�A�G.1�"�����,�M.0C
�,�"�?�,%0��>1��`�/'@�/����� ���	-�=��	!"�N%	�$#[���	!7��.@-0,�
A�,.A!	���/��-�`���	��8�	��! �8.]# !	.]#[�3�,�	�?-����K�����`.0C
�,�"���I%0�/>1���&-���=�=x%0�"!�P8%0-0,�%0=�.1�">f�,�	��-���=�=G#D%0=�=���c�%T�	�(%O�����-I�8%0�">1�����,.f-�.@.1=G���	� �8�	��!xc	%*�	!
%B�	�	�A�H�,.��/��-�����-��	=E%*���f�,�"�T�I%0�/>1��� �	�	��!x5 �i��-I�"����%*�,��-^.0C��,�	�^=���JK�	��!~��'�!"��.1>1���r�,%0��>0���(c
#[�	��-I�r���g-������,���/��!F���	�/��!	�f���	�^=���JK�	��!Q�"���,�/.1>1���H���	����=�!H.*CM���	�^���"�G����-�.0�	!	�	-�,���">~��%0>1�	��(c

�����/�	.]#[�R��� �v��>1�	�/� ��5 
 5

������ � � �	���=��������
����� ���*����� �N� ��01��-�����-,�&���I�� �@
���I�������/�� 	�@���&�%-B�# �"���- �G����� � � ��01��-  !�#�$�&���I�� 
"��1�����.-M���A� �	��"�0��	���&�%�, 3-0	�����# !���@
�"� ���(2�4#�������.�%�����&� �$%�/
��L�� 	�@���%"%�%�&���L� �	�A���&�'�8�@2

')(%*,+'-/.10/*2+435-/6�7�8�9#:�;=<>-/?4?1(%9A@B6C7"6 �D7�0#E%.1*��GFIHG<J(%9#E%?K*!?L+M@N9PO!*2:":�?!<J-�(RQ�;%.19/0#*!6CO2*!:":

-/6%;S-T(%*!:�7"E%3 O!*!:�:�F ')(%*U(RQ�;%.19#0/*!6VO2*!:�:W7"?X-YHTO23 ;%7"-/3�*Z+'*2.[-/:"E%3\7"6]E%3 +'E�^_*C@B7�+1(

-`.K9#E%6%;%*2;a*!6%;�O�-/b=FCc�+,7"? �/d`O!3e:"9/6%0f-/6�;a(>-/?�-f?K(%*!:�:g+1(%7"O0,]6%*2?1?h9/86PGF�ikjml`3�3XF ')(%*

;%9A@B6%?n+'.1*!-/3o@p-/:":G9/8q+'(%*)O2*!:�:�?1*2.Kr/*!?N-/?D+'(�*)*ZsG7�+t@B7�6%;%9A@u9/8q+'(%*v+'-/.10#*Z+w-/6%;h7�?�P�F.PRj/x �y3�3



H��
+'(�7"O0,,@B7�+'(\- ;%7 -/3\*2+1*!.t9m8=l 3�3XF-')(�*y(�*!:"7�E%3oO2*!:�:%7"?w-hiAx O!3o:"9#6%0 OZQG:�7"6%;�*!.t@B7�+1(\- 7�6%6%*2.

;%7"-/3�*Z+'*2.y9m8vi#F �#j\O23 Fpc�+L7�?4:�9GO!-m+'*2; E%b�?K+'.K*�-/3 9/8 +'(%* (RQG;�.19#0#*26fO!*2:":�F ')(%* ;%9A@B6%?K+1.1*�-m3

@B7"6�;%9A@ 9/8B+1(%* (%*!:�7"E%3eO!*2:":�< @B7�+1(T-`+'(%7�O0,]6%*!?K?�9/8?P�F ���/lf3\3X<t?1*2.Kr#*2; -/?�+1(%* *!6R+1.'-/6%O2*

@B7"6�;%9A@S9m8 +'(%*4(]Q�;%.K9#0#*26XO2*!:�:�F�')(�* :"*!6�0/+'(P9m8=+'(%*L:"7 � E%7�;5(RQ�;%.19/0#*!6P+'-/.10#*Z+v7�? �3P,O23 -m6%;

7"? ;%* *>6%*2;h^]Q +1(%*p;�7"?K+'-/6%O2*N^J*2+M@N*!*26�+'(%*g*!6R+'.1-/6%O2*v-/6%; *ZsG7�+ @B7"6�;%9A@a9/8%+1(%*N(RQ�;%.K9#0#*!6,O!*!:�:�F

')(%* E%b%?K+1.1*!-/3 *26%;f9/8D+'(%* (%*!:�7"E%3 O2*!:": 7�?4?K(%7"*2:";%*2; 8�.19/3 +1(%* rm-/O2E%E%3 ^RQ -/6C-/:�E%3�7�6]E%3

@B7"6�;%9A@ 9/8 P�F�ikj/l)3�3 +'(%7�O0,]6%*!?2F$')(%*w(%*!:�7"E%3SO!*2:":#?K*!.Kr/*!? +M@p94b%.17�35-/.nQ48�E�6%O2+17"9#6%?2F � 7".1?n+�<k7�+

*!:�7"3\7"6>- +'*!?$*%.1?K+��M9#.K;%*!.grm-/.17"-m+'7�9#6%?w7"6\+�-/.K0#*2+g+'(%7�O0,]6%*!?K?p@B7�+1(P^_*!-/3 b_9/?17�+17"9#6\^RQ\35-m+1O�(%7"6�0

+'(�* .1-/;%7"E�?�9/8LO!E%.nrm-m+'E%.K* 9m8W+'(%*X*!6R+1.'-/6%O2*f-/6�; *ZsG7�+�@B7�6%;%9A@B?!F � *2O!9#6�;=<p+'(�*`*!6R+1.'-/6%O2*

@B7"6�;%9A@ 9m8v+'(%*5(]Q�;%.K9#0#*26aO!*!:�:N7�?�--(27"3�EG+'(>-/:�:�QC?nQ�3�3\*2+1.17"OmF ')(�*[-/?KQ�3\3�*Z+'.17�O��K9/7"6R+'? 9/8

+'(�*Pr/-mO!E%E%3 @B7"6%;%9A@ 9/8B+'(%*[3�-/6%7�8�9#:"; -/.1* b%E�?1(%*2;Y8�E%.n+'(%*2.hE%b%?n+'.1*!-/3X<g9/E�+'?K7";%* 9/8y+'(�*

;%*Z+'*!OZ+'9#.y-/O2O!*2b�+�-/6�O!*/F

�Dc � F �GF H ���	��
W� � ��� 

� ��
��&� ��	�������		� 
 ����� '

')(%* 8�E%6%O2+17"9#6 9/8D+1(%*,(�*�-m+4*ZsGO�(>-/6�0#*!.W7�?y+19�O29G9/: +1(%*,O2.KQ/9#0#*!6�7"O�>E%7"; F)c�+L7�?4:�9GO!-m+'*2;

7"6f+1(%*�^J9/+1+19#3 :"*!0 9m8 +'(%*�+'-/.10#*Z+ :"9�9#bf7�6 �D7�0#E%.1* �GF���F�p9/3�b%.K*!?K?1*!;U(%*2:"7"E�3 0#-/? �niAH�� <

i ��-m+13��w7"?vb�.19Ar�7";%*2;X^RQP+1(%* *!6�;X?n+�-m+17"9#6 .K*28�.K7"0#*2.'-m+19#.v-/6�;XO27".KO!E%:"-m+'*2;5+'(%.K9#E%0#( +1(%* (%*�- +

*ZsGO�(>-m6%0#*!.2</@B7�+1(�- �>9A@a.'-m+1*N9m8%+'(%*g(%*2:"7"E�3 9/8qxB0��m?2F ')(%*g(%*!-m+t* s�O�(%-/6%0#*2.D.1*23�9Ar/*!?t-m^_9#EG+

H3P�� bJ*!.v0��m?v9/8 O29G9#:"-/6R+ �>9A@ FwcM6[-/;%;�7�+'7�9#6=<R+'(�*W(%*�- +B*ZsGO�(>-/6%0/*!.)(>-/?N+M@p9 (%*!-m+'*2.1?!F	� 6�*

(%*!-m+'*2.L7"?4:"9A@ bJ9A@p*2. -/6%;f9/6%*,(%*!-m+'*2.W7"?y(%7�0#(`bJ9A@p*2.!F ')(%*,35- sG7�3�E%3 9#bJ*!.1-m+'7�6%05bJ9A@p*2.



H/d
9/8 +'(%* (�7"0#( bJ9A@p*2.4(%*!-m+'*2.)7"? i1P3P=P�� F%c�+'?Bb%.K7"3�-/.KQ�b%E%.Kb_9/?1* 7"?p+19 O!9#3\b_*26%?'- +'*W8�9#.):"-/.10#*

.1*2;%E%OZ+'7"9/6%?L7�6 ^J*�-/3 O2E%.1.K*!6R+�F ')(%*,3�-/7�6[8�E�6%O2+17"9#6 9/8D+1(%*,:�9k@ b_9A@N*!.L(�*�-m+1*!.y7"?B+'953�--,m*

?13�-/:�:=-/; �KE�?K+'3\*!6R+1?B+19 35-/7�6R+�-/7�65+'(%* �%E%7"; +'*23�bJ*!.1-m+'E�.1*/F�c�+47�?vO!9/6]+1.19#:�:"*2;[-/E�+'9/35-m+17"O!-/:":�Q

^RQ[- O!9#3\3�*2.1O27 -/:J+'*!3\bJ*!.'- +'E%.K* O!9#6R+'.K9#:":�*!.v7�6X-h8�*2*!;%^%-/O0,[:"9�9#b=F

')(%* O!.nQ#9#0/*!6%7�O �>E%7";[7�?v.1*2O!7".KO!E%:"-m+'*2; 7"6P+1(%* O!.nQ#9#0#*26%7"O :�9G9#b5^]Q -�(%7"0#(P+19#. � E%* O2.KQ#9 �

0#*26%7"O b%E%3\b=F ')(%* b%E%3\bX7"?):"9�O�- +'*!;[7�6X+1(%* E%b%bJ*!.y:"*!0 9/8 +'(�* +'-/.10#*Z+B:"9�9#b[7"6 �D7�0#E%.1* ��F��%F

c�+N7"?N- rm-/6%* � - sG7"-/:>;%*!?K7"0#6�@B7�+'( +M@N9�7"3\b_*2:":�*!.1?D7"65?K*!.K7"*!?2F��w-/O�(P7"3\bJ*!:":�*!.t(%-/?g+1(%.1*2*L^%:"-/;%*2?

-/6%;57"?N-m+1+'-/O�(%*!;P+19�-,3\9/+19#.N?K(>-m8 +N+'(>-m+N7"?N7"3\3�*2.1?K*!;\7"6�+1(%*WO2.KQ#9/0#*!6%7�O �>E�7";=F$')(�*Wb%E%3\b

O�-m6Y;�7"?1b�: -/O2*��%F l�� � ?h9/8yO!.KQ/9#0#*26%7"O �>E%7�;=F �WE%.17�6%0fb%E%3\b%7�6%0%<t+'(�* �>E%7"; �>9A@B?h:�9#6%0#7�+'E �

;%7�6>-/:":�Q[7"6f+1(%*h;%7".K*!OZ+'7"9/6C9/8g;%9A@B6%?K+1.1*�-m3 ^_*!-/3XF c�+ �%9k@B? +1(%.19#E�0#(f+'(%*h7�6%6%*2. O!9#6%* -m6%;

^>-/O0,P+1(%.19/E%0#( +'(%* -/.K*�-h^J*2+M@N*!*!6 +'(%* @p-/:":�?)9/8 +1(%* (RQG;�.19#0#*26`O2*!:":=-/6%;[+'(%* 7"6�6%*!.)O29#6%*/F

' 9�?K+1E%;�Q5+1(%*L^%-/O0,]0#.19#E�6%;[O!9#6R+'.K7"^%EG+'7"9/659#.K7"0#7�6>-m+'7�6%0 8�.19#3 +1(%*W-/:�E%3\7"6]E%3 O!*2:":q@B7"6 �

;%9A@B?!< +M@p9L-/;%;%7�+'7�9#6>-/:k+�-/.K0#*2+1? @p*2.1*p7�6%?K+1.1E%3\*!6R+1*!;	� +'(�*N-m:"E%3\7"6]E%3 8�.'-/3\*w-/6%;�%Q�?K@p-m+K+'*!.2F

')(%* -/:�E%3\7"6]E%3 8�.'-m3�*43�7�3�7�O!?w+'(%*W*26R+'.'-m6%O!* @B7"6�;%9A@S9m8 +1(%*W(RQ�;%.19/0#*!6[O!*2:":J@B(%*!.K*�-/?)+'(�*

�%Q�?K@p-m+K+'*!.53�7�3�7�O!?�+'(�*`*ZsG7�+5@B7"6�;%9A@ 9/8W+1(%*`(RQ�;%.19/0#*!6 O2*!:":�F ')(%*f-/:�E%3\7"6]E%3 8�.1-/3�*[7�?

:"9�O�- +'*!; i#F j5O23 E%b�?K+'.K*�-/3 9/8w+'(%*,*!6R+'.1-/6%O!*h@B7�6%;%9A@ -m6%;C(>-/? -5+1(%7"O0,]6%*2?1? 9/87P�F d=PRj�O23 F

')(%* �%Q�?K@p-m+1+1*!.N7"? :"9�O�- +'*!;[i#F.P O!3 ;%9A@B6%?n+'.K*�-/3 9/8J+'(%*y*ZsG7�+g@B7�6%;%9A@ -m6%;�(%-/?g- +1(%7"O0,]6%*2?1?

9/8�P�F.PRj/x�O23 F � +1E%6%0#?n+'*26X.1-/;%7"-m+'9#.N7"?vE�?1*!;[+'9h?n+'E%;GQ5+'(�* O!9#6R+'.K7"^%EG+'7"9/6 9/8 7"6%*2: -/?n+'7"Oy*!:�*!O �

+'.K9#6%? ;%E%* +'9[b%(�9/+'9 ��b%.19�;%E%OZ+'7�9#6U-/6%; *!:�*!O2+1.19 ��b%.19�;%E%OZ+'7�9#6C8�.19#3 +'(%*\*ZsG7�+ @B7�6%;%9A@ F ')(%*

+'E�6%0#?K+1*!6[.'-m;%7 -m+19#.g7"?p:�9GO!-m+'*2; d#l�FIH O23 E%b�?K+'.K*�-/3 9/8 +'(�* �%Q�?K@p-m+1+1*!.y-/6%; (%-/?)- +1(%7"O0,]6%*2?1?

9/8)P�F.P=P=P#lRH,O23 F

')(%* *!:"*2O2+1.19#6 ^_*!-/3 (%*�-m+1?4+1(%* +'-/.10#*Z+W-m6%; +1(%*!.K*28�9#.K*,O�-mE%?1*2?W*ZsGbJ*!O2+1*!;C^J9#7":�7"6%0 -m6%;

;%*26%?17�+MQ �>E�O2+'E%-m+'7�9#6%?,7�6 +'(�*5:"7 � E%7";=F ' -/.10/*2+�^J9#7�:"7"6�0XO!-/6a^J*5O!9/6]+1.19#:�:"*2; ^RQ	+1(%*5.1-/?K+1*!.2F

')(%*�.'-/?n+'*!. 7"? -X+M@N9 ��35-/0/6%*2+ ?KQ�?n+'*!3e@B(%7"O�(	?K+1*!*!.K?,+'(�*�^J*�-/3 @B7�+'(U(%7"0#(U8�.1* � E�*!6%OZQ 7�6

-PE%6%7�8�9#.13 ? � E%-/.1* b>-m+K+'*2.16C9#6f+1(%*�+�-/.K0#*2+!F ')(%*h6%9#3\7"6>-m: .1-/?K+1*!. ?K7)(!* 8�9#.L+'(�*�^>-/O0,R@p-/.1;

-/6%0/:"* *ZsGbJ*!.K7"3\*!6R+B7"? i#F lh3�3 s i#F l 3\3XF



H �
����� � �� ��� ��\���

�>9#.P+'(�*	^>-mO0,]@p-/.K; -/6%0#:�*C3�*!-/?1E�.1*!3\*!6R+1?!<W+'(�*U;�*2+'*2O2+19#. ?nQ�?K+'*23 O!9#6%?K7"?n+'?X9/8 +M@N9

-/.K.'-�Q�?g9m8_b�: -/?n+'7"Op?1O!7�6R+'7":�: -m+19#.1?D-/6%;\-/6\-/*2.19#0#*2: p(%*2.1*!6 ,/9Ar\;%*2+1*!O2+19#. 8�9#.t*!-/O�(�9m8_+1(%*)*!7�0#(R+

�
	,9�O2+�-m6]+1?!F ')(�*�+M@N9f?1O27"6R+'7�:": - +'9#.L-/.1.1-AQ�?,-/.1*\- �>9�O�-/:�� :"-/6%*
�W*2+1*!O2+19#.�� � ��� �Z<=@B(�7"O�(

@p-/?h-/:�?19`E�?1*!; 8�9/. +1(%*58�9#.n@v-/.K;a-/6%0/:"*\3�*!-/?1E%.K*!3\*!6R+'?2< -/6%;T- p.KQ/9#?K+'-m+ �DsG7�+ �W*Z+'*2O2+'9/.

�  ��� � F��p9/+1(P+'(%* � ��� -/6%;  ��� -/.1* 6%*2O!*2?1?'-m.KQ +'9h;�*2+'*2.13\7"6%*W+1(%* *!:�*!OZ+'.19/6 ?1O�- +1+'*2.17�6%0

-/6%0/:"*)-/6�;\3\9#3\*!6R+'E�3 </+1(%*!.K*!^RQ b%.K9kr�7�;%7"6%0 -m6�-m;%* � E>-m+1*B?1*!b%-/.'-m+17"9#6h^J*2+M@N*!*265*2: -/?n+'7"O!-/:":�Q

-/6%; 7"6%*2: -/?n+'7�O�-/:�:�Q�?1O�- +1+'*2.1*2;f*!:�*!O2+1.19#6�?!F ')(%* p(%*!.K*!6 ,m9Arf;%*Z+'*!OZ+'9#.y7"?y.1* � E%7".K*!; +195.K*!;%E%O2*

+'(�* O29#6R+'.K7"^%E�+17"9#6[9/8���q?2<Jb%-/.K+17"O!E�: -/.K:�Q\7"3\b_9/.K+�-m6]+v;%E%.17�6%0\.1E%6%6�7"6%0h@B7�+1(X+1(%* ;%*!EG+'*!.K7"E%3

+�-m.10#*Z+�F

��������� �������� "!# $��%�&(')&+*,&-�.*/�10

')(%* � ��� 7"?[O!9/3�bJ9#?1*2; 9/8,*!7"0/(]+ 9�O2+�-m6]+1?f-/.K.'-/6�0#*!;S?KQ�3�3\*2+1.17�O�-/:�:�Q -/.19#E�6%;V+'(�*

^J*�-/3\:"7�6%*y- sG7"?!F �q9/E%.N9�O2+'-/6R+'?p@N*!.K*W^%E%7�:�+g^RQP-3249#.n+'(��43�*2.17�O�-/6�O!9#:�: -/^J9#.'- +'7"9/6 -/6%;58�9#E�.

@N*!.1* ^�E%7":�+p^RQ - �>.K*!6%O�( O29#:":"-/^_9/.'-m+17"9#6=F �g-mO�(X9�O2+'-/6R+)O!9/6%?17�?K+'?p9/8giAx,b>-/7�.1?N9/8 -/.1O �M?1(%-/b_*2;

b%:"-/?K+17"OL?KO!7�6]+17":�: -m+19#.1?2F �w-/O�([?1O27"6R+'7�:": - +'9#.wb>-/7�.p7�?vO!9#3\bJ9#?1*2; 9/8 +M@p9 7";�*!6R+'7�O�-/:J?1O27"6R+'7�:": - +'9#.K?!<

9#6%*B7�6�8�.19#6R+g-/6%;\9#6%*B7�6h^>-/O0,qF54GO!7�6R+'7":�: -m+19#.1? *ZsGb%:�9#7�+t+1(%*B3�9/:"*!O2E%: -m.D*ZsGO27�+�- +'7"9/6hb%.19�;%E%O2*!;

^RQT+'(%*Xb>-/?K?'-/0#*X9/8W-	O�(>-/.K0#*!;ub>-/.n+'7"O2:"*mF � 7�+'(�9#E�+�- @p-�r#*2:"*!6�0/+'( ?K(%7�8 +1*!. � � �64 � <g*!-/O�(

*!:�*!OZ+'.19/6Y@N9#E%:�;Y8�-/:�:p^>-mO0, +'9U7�+'?hE�6%*ZsGO!7�+'*2; :"*Zr#*2:�< *!3\7�+K+'7�6%0 -Cb%(%9/+19#6 ��O!9#.K.1*2?1bJ9#6%;%7�6%0

+'9XE%:�+'.'- ��r�7"9#:�*2+4@v-�r#*2:"*26%0/+'(�? � 9m8p* s%-mO2+':�QC+'(%* O29#.1.K*!O2+ *!6�*!.10mQC+'9[O�-/E�?1*�-/6%9/+1(%*!. *ZsGO27�+�- �

+'7�9#6=F ')(�*�b%(%9/+19#6f@N9#E%:";`^_*�.1-/b%7�;%:�QX.1*!-/^%?K9#.1^J*!;C^RQ`+1(%*�3�-m+'*2.17"-/:�FycM6fO!9/6]+1.'-/?n+�< @B(�*!6

+'(�*43�-m+'*2.17"-/:%7"?w;%9/b_*2;�@B7�+1(P- :"9A@ O29#6%O2*!6R+'.1-m+'7�9#659/8 � ��4J<]+1(%*yE%:�+1.'- ��rG7�9#:"*Z+ b%(%9m+'9#6%?N-/.K*

O!9/6]r/*!.n+'*!;\+'9 :�9#6%0#*2. @p-Ar/*!:�*!6%0/+1(%?���:"9A@N*!.t*26%*!.K0/Q �t:"7"0/(]+D7"6,+1(%*vr�7"?K7"^%:�*/</@B(%*2.1*y-/^%?K9#.1bG+'7"9/6

7"?)?K7"0#6�7+*>O!-/6R+':�Q5.1*2;%E%O!*2;=F

�w-/O�(\?1O!7�6R+'7":�: -m+19#. (>-/?t+M@N9 -/O!.nQG:�7"Ov:�7"0#(R+10#E%7";�*!?!<m9#6%*B-m+K+�-/O�(�*!;\-m+ *!-/O�(�*26%;=F p9/E%b%:"*2;

+'9\+'(%* *!6%;�?L9/8 *!-/O�(f:�7"0#(R+y0#E%7�;%* 7�?L-\b%(%9/+19#3�E%:�+'7�b%:"7�*!.N+1E%^J*/F ')(%*�:�7"0#(R+'0/E%7";%*W+1.'-/6�?13\7�+'?



H#H
+'(�*,:"7�0#(R+B8�.19#3 +'(�*,?1O27"6R+'7�:":"-m+'9#.v+19�+1(%*,b%(�9/+'9#3,E%:�+17"b%:�7"*!.N+'E%^J*/Fyc�+W7�?4?K(>-/bJ*!;C:"7+,/* - � *%?1(

+�-m7":"
 ?1E%O�([+'(%-m+)7�+vO!9#6%6�*!O2+1?)8�.19#3 +'(%* :�9#6%0,+1(%7"6 *2;%0#* 9/8 +1(%* ?1O27"6R+'7�:": - +'9#. +'9�+1(%* O!7�.1O2E%: -/.

*!6�;Y9m8y+1(%* b%(%9m+'9#3�E�:�+'7�b%:"7�*!.2F ')(%* b%(%9/+19#3�E%:�+'7�b%:"7�*!. O!9#6Rr/*!.K+1?\+1(%* 9#b�+17"O!-/:N?K7"0#6%-/:N+19 -/6

*!:�*!OZ+'.17�O�-/:y9#6%*mF c�+Pb%.19Ar�7";%*2?[- : -/.K0#*f-m3�9#E�6]+P9/8 -/3\b%:"7 *>O�-m+17"9#6 F �D7"0/E%.1*��GFIx	?1(%9A@B?X-

�>.1*26%O�( � � � 9�O2+�-m6]+!F

��������1� �����>�����$01�/�/-<�, 7�����o�.���%���D">
�� �&�� =�������
	 �����@
 !�(2�� ������01�&�%-<� '� �	�O���&�1�1� �D">
F"����	����
�����
���;
�� �&�� 3������
	 � ���(
, 	�@2�4/�	���7�������'���������%
, �����@
 !��";
�/��"�� ��� �.
��2

� 7�+1(%7"6�-/6h9GOZ+�-/6R+!</+'(%*p?1O!7�6R+'7":�: -m+19#. b>-/7�.1?t-m.1*v:"-/^_*2:"*2;Pip+'9hi�x�F �w-/O�( ?1O27"6R+'7�:":"-m+'9#. (>-m?

-hO!E%.nr#*2;`?1(%-/b_*m<>.19#E�0#(%:�QPx=P �'i �3P,O23 7"6[:"*26%0/+1(=F54GO!7�6R+'7":�: -m+19#.gb>-/7".Li 7�?v+'(%* ?K(%9#.K+1*!?n+L-m6%;

7"?p:"9�O�-m+1*!;[O!:�9#?1*2?K+)+'9h+1(%*W+�-/.K0#*2+!F54GO!7�6R+'7":�: -m+19#.yiAx�7"?v+1(%* :"9#6�0#*!?n+B-/6%;X7"?v:�9GO!-m+'*2;P8�E%.K+1(%*!?n+

8�.19/3 +1(%*4+'-/.10/*2+�F/4GO27"6R+'7�:": - +'9#.t+1(%7"O0,]6%*2?1?vrm-/.17�*!?g8�.19#3 b>-/7�.g+19�b>-/7�.p-m?N@N*!:":�F ')(�*&*>.1?n+p8�9#E�.

?1O27"6R+'7�:":"-m+'9#.Nb>-/7�.1?B-/.K* Hh3\3 +1(%7"O0,��%+'(�* .K*!3�-/7"6�;%*!.v(%-Ar/*,-�+1(%7"O0,]6%*2?1?L9m8pi O!3XF

')(%*B9�O2+�-m6]+1? -/.K*)3�9#E�6]+1*!; 7"6�- ?KE%b%bJ9#.K+t?K+'.KE%O2+1E%.1*BO!-/:":�*!;�+'(�* �q*2.1.K7"? � (�*!*!:�F �D7�0#E%.1*

�GFIjU?K(%9A@B?5+'(%* � ��� 9�O2+'-/6R+'?53\9#E%6R+1*!; 7�6Y+1(%*��>*!.K.17�? � (�*!*!:�F"')(%* 249/.K+'( �L3\*!.K7"O�-m6

9�O2+�-m6]+1? -/.1*h:�9GO!-m+'*2; -m+ +'(%*[i �P9��&O!:�9GO0,q< d[9��&O!:"9�O0,q< x 9�� O2:"9�O0,q< -m6%; a 9�� O2:"9�O0,`bJ9#?17�+'7"9/6%?!F

')(%* �>.1*26%O�(�9�O2+'-/6R+'?g-/.K*):"9�O�-m+1*!;h7"6]^J*2+M@N*!*26�+'(�*�249#.n+'(
�L3\*!.17�O�-/6h9�O2+'-/6R+'?2F$')(%*B(%7"0/(%*!?n+



H/x
bJ9#7"6R+v9m8 +1(%*W8�*!.K.17�?p@B(%*!*2:=7"?)j,3 -/^J9Ar#*W+'(�* �>9G9/.v-/6%; +1(%*W?KQ�3\3�*Z+'.nQ - sG7"?p7"? �h3 -/^J9kr/*

+'(�*�%9G9#.2F

�Dc � F �GFIj��
�	��

� �(� � ��� ����	 
���

� 
��
� ��� '�� �,�
����� 
 � ��	 �&��
 � 
 
0� � � �&��
 � ���2	 �
� � 
 � �
	 �$
�� '�� �,�
����� 
 �
��	��&��
 � � ���6� � �W�&��
�����
� ��
 � ��	 �$
�� '��0	��&��
 
 ����� � � � ��	 � � 
�
����
�� �&� 

	����j� ��
��� � � ����� ��� �
� 
�	 
�� �#
 � '

������� � � 0��1��� */��*��! #" * ')&�*/&-�.*,�50$�

')(%*  ���Y7�?=O!9/3�bJ9#?1*2; 9/8�*!7"0/(]+ 9�O2+'-/6R+'?2< *!-/O�( O!9#6%?K7"?n+'7"6�0)9/8�6%7"6%*w-m.1O ��?1(>-mb_*2; b�: -/?n+'7"O

?1O27"6R+'7�:":"-m+'9#.K?!<R-m.1.'-m6%0#*!;5?KQ�3�3\*2+1.17�O�-/:�:�Qh-m.19#E%6�;�+'(�*L^J*�-/3\:"7�6%*y- sG7"?!F � 7+,/*y+'(%*�� ����<�*!-/O�(

?1O27"6R+'7�:":"-m+'9#.L(>-/? +M@p9C-mO!.KQ�:�7"Oh:"7�0#(R+'0#E�7";%*2?!< 9#6%*�-m+1+'-/O�(%*2;a-m+ *�-/O�( *!6%;=F p9/E%b%:"*2;	+19 +'(�*

*!6�;%?N9m8=*�-mO�(5:"7�0#(R+ 0#E%7�;%*B7"?g- b%(%9/+19#3�E%:�+'7"b�:"7"*2. +1E%^J*/F��D7�0#E%.1* ��FIl ?1(�9k@B?g+'(%*  ���S9�O2+'-/6R+

?1E�b%b_9/.K+t?n+'.KE%O2+1E%.1*mF/c�+t?K(%9A@B?D+'(�*p:"9�O�- +'7"9/6%? 9/8%+'(�*p?1O27"6R+'7�:":"-m+'9#.K?!<k:"7�0#(R+ 0#E%7";�*!?!</-/6%; ��% ')?2F

�L:�?19 ?1(�9k@B6 7"?v+1(%* b_9#?K7�+17"9#6 9/8D- p(%*!.K*!6 ,m9Ar ;�*2+'*2O2+19#.!F

�w-/O�( 9�O2+'-/6R+P7"?�-m+K+�-/O�(%*2; +'9U+'(%* 9#E�+1*!.5.K7"6%0U9/8W+1(%* 8�*2.1.K7"? @B(%*!*2:W-m+�b_9/7"6R+'?\6%*�-m.

+'(�* �&% ')?!< @B(%*!.K*\+1(%*h^%E%:+,`9/8g+'(%*�@N*!7�0#(R+ 9/8g+'(%* -/?K?1*23�^%:�Qf.1*!?K7";%*2?!F ')(%* 9�O2+'-/6R+'? -/.K*



H#j

�Dc � F �GF l �
�	��
���� � �(�
� ��	��%��� �����0� �
� ���V�
����� 
 ' � �,�
� � � 
 � ��	 �&��
 � 
 
0� � ��� �(����
������ �,� � 
c� ��
���� �
�(�
�$��	�� ��� �����0��
� �����
� � � 
 ' �	��
 � �"� �$��� ���
 � ����� 
��
� � � 
!	�� �! �G	 � ����� ��� � � � 
P�&��
 ������
� �,�
�(� �G	�� �&�&����� ��� � ' �	��
 � ��	 �	� � ��
 ����� 
��
�&� 
��=� 

	�� �G	 � 
!����� �&��
��(� �G	����&�&����� ��� � � � 
�� � ���6� � � � � 
�� '
�	��
 � 
 � ����� 
��
�&� �����&��
�

	���� � 
h�&��
� � ���6� � � � � 
��� � 
 ������ ��� � �J� � �� �$
�� � �
��
�� ' � �,�
� � � 
 � ��	
�&��
�� � ���6� � � ��	 �6�
����� ����� � �(�
� ��	��$'

bJ9#?17�+'7"9/6%*!;Y-/O2O!9#.K;%7"6%0C+19	O!-/6R+'7":�*2r/*!.1*2; ?n+'.1EG+'?\*Zs�+'*26%;%7"6�0U8�.K9#3 +'(�*X8�*2.1.17�?h@B(%*!*2:�F�')(%*

9�O2+�-m6]+,?1E%b�b_9#.n+�;%*2?17�0#6 7"? 7"6R+1*!0#.1-m+'*2; @B7�+1(	+'(�*5?1E�b%b_9/.K+h?n+'.1E�O2+'E�.1*58�9#. +'(�* p(%*2.1*!6 ,/9Ar

;%*Z+'*!OZ+'9#.K?!F �D7"0/E%.1* ��F a ?1(�9k@B?y+'(%* 8�E%:�: *27"0#(R+ ��?1*2O2+'9/.1?B9/8 +'(%* � 	 ^>-mO0,]@p-/.K;C-/6%0#:�*W?1*Z+'E%b F

')(%*  ��� -/6�; � � �a@N9#. , 7�6 O!9#3�^�7"6>-m+17"9#64+'9B;%* *%6%*g+1(%*w3�9/3�*26]+1E%3 -m6%; ?1O�- +1+'*2.17�6%0

-/6%0/:"*,9m8g+1(%*h;%*Z+'*!OZ+'*2;	*2:"*!OZ+'.K9#6%?W+'(]E%? -m:":"9A@B7�6%0�8�9#.4?1*2b>-/.'- +'7"9/6C9/8g*!: -m?K+'7�O�-/6�;U7�6%*!:"-/?K+17"O

*2r/*!6R+'?2F �	*	.K*!O29#.1;S*2r#*26R+'?`8�9#. *Zr#*2.KQSb>-/7". 9m8  ��� ��� ��� O29#3�^%7�6>-m+17"9#6 -/6%; +'(�*!.1*2^RQ

3\*�-/?KE%.1* -m?KQ�3�3\*2+1.17�*!?,8�9#. ^_9m+'(a*!:"-/?K+17"O5-/6%;a7"6�*!: -m?K+'7�O�*Zr#*26]+1?!F ')(%* O!9#6�?K+'.KE%O2+17"9#6T-m6%;

-/?K?1*!3,^%:�Q 9m8 +1(%*� � �W?B7�?);%*!?KO!.17�^_*2;`7�6 �4b%bJ*!6%;%7�s �LF



H/l

�Dc � F �GF a �
�	��
 
����&� 
 � ���6� �$�#
��
� ��� 
 � � 	 ���6����� � � � ��	 � � 
 �#

� �� ' � �,�
����� 
 � ��	P�&��
 � 
 
0� � �� �(����
������ �,� '
�	��
O� �  �(�
� ��	�� ������� �:�&��
 
�� �&� � 

� 
��
� ��� � �!� ��	 � 
�� 

	���� �G	)��� ��� �G	 �K�&��
 ��� � � � ��
�� 

	�� ��	 �
��	�� � � � ' �	��
 ���&��
�� �(�
�$��	�� ��������� ��	��  �&��
 � ��
���

	�� ��	 � 

� 
��
� ��� � '�� �,�
��� ��
 � ��	 �&��

� � ���6� � �h� ��
 �6�
����� � 
�� �&� � 

� 
��
� ��� � �!� ��	 � 
�� 

	�� '

��������� � &-0����1&6 �	��&-0�&6%�
1�� ')&+*,&-�.*/�10$�

24*20R-m+17�r#*2:�Q O�(>-m.10#*2; b%7�9#6%? b%.19�;%E%O2*5-[?17�0#6%7+*%O�-/6R+ ^>-/O0,]0#.19/E%6%;	+19 +1(%*�*2: -/?n+'7�O�-m6%;

� E>-/?K7"*!:"-/?K+17"O[.'- +'*!?\;%*Z+'*!OZ+'*2; ^RQY+1(%*X?1bJ*!O2+1.19#3\*2+1*!.2F ')(%* b�7"9#6%?�-/.K*Xb�.19�;%E%O!*2; 3�-/7"6%:�Q

^RQ b%(%9m+'9#b%.K9G;�E%O2+17"9#6 6%*!-/.P+'(�* �W*!:�+'- .1*2?19#6>-m6%O!*mF � (%9/+'9/b%.19�;%E%OZ+'7"9/6 7�? -/6RQ .K*�-/OZ+'7"9/6

7"6�7�+'7"-m+'*2;P^RQX-hb%(%9/+19#6X+1(>-m+BO2.1*�- +'*!?4-h6%*2@Vb>-/.n+'7"O2:"*mF�')(%* b%(%9/+19#6%?)+'(>- +47�6%7�+17 -m+1*Lb%(�9/+'9 �

b%.K9G;%E�O2+'7�9#6[b%.17�35-m.17":�Q O!9#3\*W8�.19/3 ^%.K*!3\?1?K+1.'-/(�:"E%6%0 9/8 +'(�* ^J*�-m3 *!:�*!O2+1.19#6�?!F��p*!-/3 *!:�*!O �

+'.K9#6%?tb%-/?1?K7"6%0L+1(%.19/E%0#(h3�-m+'*2.17 -m:�?KE%O�(\-/?D+'-/.10#*Z+D@p-/:":�?!<k+�-/.K0#*2+D(RQG;�.19#0#*26=<R*2r/*!6 ^J*�-/3 �M:�7"6%*

.1*2?17�;%E>-/: 0R-/?LO!-/6CE%6%;�*!.10/9 ^%.1*23�?K?K+'.1-/(%:�E%6%0%F��N.1*!3\?1?n+'.1-/(%:"E�6%0P7"?y+'(%*,b%.19�O!*2?1? ^RQ @B(�7"O�(

b%(%9m+'9#6%?L-/.1* *!3\7�+K+'*!; ^RQf-/6`*!:"*2O2+1.19#6f9/.49/+1(%*!.4O�(>-/.K0#*!;Cb>-m.K+'7�O!:�* ?K:"9A@B7"6%0�;%9A@B6=F � (�*!6

-/6h*2:"*!OZ+'.K9#6h7"6R+'*2.'-/OZ+'?D@B7�+'(�+1(%*)?K+1.19#6%0 *2:"*2O2+'.K7"O *>*!:�;h9/8q+'(%*)- +'9#3\7"Og6]E%O!:�*!E%?g-/6%;h7�?DO29#6%?1* �

� E%*!6R+1:�Qh-mO!O!*2:"*2.'-m+1*!;=</+1(%*v*2:"*!OZ+'.K9#6�@B7":�:G.1-/;%7 - +'*g*!:"*2O2+1.19#3�-/0#6%*Z+'7�Op*!6�*!.10mQ�-/6�;h:"9#?K* ,]7"6%*Z+'7�O



H a
*!6�*!.10mQ#F��q9/. +1(%* O�-/?K*�9m8p(RQ�;%.19/0#*!6=< +'(%.K*!* b%(%9m+'9#b%.K9G;�E%O2+17"9#6 .1*!-/O2+17"9#6�? -m.1* b_9/?1?17�^%:"* - +

9#E%.)^J*�-m3 *!6%*2.10#7�*!?

������� �� �
	 � �GF�i �

������  	 ��� � �GF ���

�������  � �
� ��� �  � ������� ������ � �GFId��

�Y(%7"0#( *!6�9#E%0#( *!6%*2.10/Q b%(%9m+'9#6 O�-/6 b%.19�;%E%O2*p-���,r�7"-B+1(%*N+1(%7".K; .K*�-/OZ+'7"9/6=F��y9A@p*Zr#*!.2<

+'(�7"?w.1* � E�7".1*2?g+1(>-m+w+'(�*yb�(%9/+'9/6�(>-�r/*L*!6�9#E%0#(\*!6%*2.10/Q +19 O2.1*!-m+'*B+'(%*y.1*2?K+g3�-/?1?g9/8J+'(%*yb%7"9/6

�ni�dRH %X*�� � b%:�E%? +'(%*\*Zs�+'.1-X3�-/?K? 8�9#.W+1(%* � ��� �ni �md � % *�� � a d#l!% *�� ��� � a � % *��,F

4G9\+'(%* b%(%9/+19#6 @N9#E%:�;`6%*2*!;C-m+4:"*!-/?K+ iAdRH � � a ��� � � a % *�� +'9�b%.19�;%E%O2*,-  � -m+4.1*2?K+!F

�LOZ+'E>-m:":�Q/<�+'(�* b%(�9/+'9#6[@N9#E%:";X6%*2*!;`3,E%O�(`3\9#.1* *26%*!.K0/Q 8�9#.)+'(%* b%7�9#6[+'9 *2r/*!6f0#*Z+y9#E�+y9/8

+'(�*p+�-/.K0#*2+ -/6%;h3�--,/*v7�+'? @v-�Q,+1(%.19/E%0#(�+'(�*v35-m0#6%*2+17"O *>*!:�; -/6%;h0#*Z+ ;%*Z+'*!OZ+'*2;=F �v+ 9#E%. :"9A@

^J*�-/3 *!6�*!.10/7"*!?L-m+4^>-/O0, -/6%0#:�*!?!<>+1(%7"?47"?B8�9#.1^%7�;%;%*26=F��49A@p*Zr#*2.!< 6%*20R-m+'7�r#*2:�Q[O�(>-/.K0#*!;`b%7"9#6�?

-/.K*yb�.19�;%E%O!*2;5;%E�*B+19 +1(%*Bb%.1*2?1*26%O!*49/8=6%*2E�+'.K9#6%?g7"6h+'(�*4-m:"E%3\7"6]E%3 +�-/.K0#*2+w@B7�6%;%9A@B?!F ')(%7�?

.1*!-/O2+17"9#6[7�?);%*!?KO!.17�^_*2; ^J*!:�9A@ F

cM6 +'(%*CO!-/?1* 9/8 +1(%*C;%*!EG+'*!.K7"E%3 +�-/.K0#*2+!<y8�9/E%.P.1*!-/O2+17"9#6�?[-/.1*CbJ9#?1?K7"^%:�*/F 4G7"6�0#:"*  �
b%(%9m+'9#b%.K9G;�E%O2+17"9#6[9�O!O!E�.1?B;%E%* +'9 +'(�* b�.1*!?K*!6%O2* 9m8D6%*2E�+'.K9#6%?2F ')(%* 8�9#E�.y.K*�-/OZ+'7�9#6%?B-/.K*

���! ��  � ������� � �GF�� �

���
 "� �� �#	$�
	 � �GF H��

���
 "�  	 �
	$��� � �GFIx��

���! ��  � �
� ��� �#	%�  � �������  � � �#	 � � �GF j��

' 95*!:�7"3\7"6>- +'*Wb%7�9#6%?y-/O2.19#?K?4+'(�* 8�E%:�: 3�9/3�*26]+1E%3 .1-/6%0#*m<_-m6f-/*2.19#0#*2: p(%*!.K*!6 ,m9Arf;%* �

+'*2O2+19#.,@p-/?h;%*!?K7"0#6�*!;=F � 7+,/* ^J9/+'(	+'(%*�� � � -/6�;  � ��< +'(%* p(%*!.K*!6 ,m9krT;�*2+'*2O2+19#.h7"?,-/6



x=P
*!7�0#(R+ ��?1*!OZ+'9#.K*!;`-/.1.1-AQ/Fpc�+1?4?K*!O2+19#.1?L-/.1* 3\9#E%6R+'*2;`7�6 O29#6 �KE%6%OZ+'7�9#6X@B7�+'([+'(%*� ���o?1*2O2+19#.1?2F

�D7�0#E%.1* ��F�i1P�?K(%9A@B?W-h?17�6%0#:�* p(%*!.K*!6 ,m9Ar`;%*Z+'*2O2+'9/.!F

p(%*2.1*!6 ,/9Ar5.1-/;%7"-m+'7�9#6�7"?w*23�7�+1+'*2;�@B(%*!65- O�(%-/.10#*2;5b>-m.K+'7�O!:�*!? b>-/?K?1*2?g+1(%.19#E�0#(�3�-m+K+'*!.

@B7�+1(X-hr/*!:�9GO27�+MQ�� *ZsGO!*2*!;%7�6%0�+1(%* r#*2:"9�O!7�+MQ59/8 :"7"0/(]+v7"6 +'(%* 3\*!;%7�E%3X<

������� ���	
	 � �GFIl��

@B(%*2.1* 	 7"?=+'(�*g.K*28�.1-/O2+17�r#*w7�6%;%*Zs 9/8G+1(%*w3�*2;%7"E�3 < � 7�?=+'(%* r/*!:"9�O!7�+MQW9/8G:"7�0#(R+ 7"6Wrm-/O2E%E%3X</-m6%;

���g7�?L+'(%.K*!?K(%9#:";Cr/*!:"9�O!7�+MQ#F cM6%?17�;%*h+'(%*h3\*!;�7"E%3X<=-PO�(>-m.10#*2;Ub%-/.K+17"O!:�*�bJ9#: -/.K7)(2*!?L3\9#:�*!O!E�:"*!?

-/:�9#6%0,7�+'?vb%-m+'(=F�')(�*W3�9/:"*!O2E%:"*2?p.1-/b%7";�:�Q\;%*!O!-�Q5+'9 +'(%*27".v0#.K9#E%6%; ?n+�-m+1*/<G*!3\7�+1+17"6%0 b%.19/3�b�+

.'-m;%7 -m+17"9#6 F ')(%* *!3\7�+1+1*!; :"7"0/(]+)8�9/.13\?L-\O!9#(%*2.1*26]+4@v-�r/*28�.19/6]+W7�8��������F p(%*2.1*26 ,/9Arf:�7"0#(R+

7"?)*23�7�+1+1*!;[E%6%;%*2.y- O29#6%?n+�-/6R+L-/6%0#:�*���<�@B7�+'( +'(�* b%-/.K+17"O!:�*W+'.1- �K*!OZ+'9#.nQ#<>0#7�r#*!6X^RQ

O29#?�� � ���
� � �	 � �

i
� 	 � �GF a �

@B(%*2.1* � ����� � F � � E>-m+17"9#6 �GF a (>-/? +'(�*N8�9#:�:"9A@B7"6%0v+M@N9W7�3�b%:�7"O!-m+'7�9#6%?!F �D7".K?K+�<k8�9#. -43\*!;%7�E%3

9/8v-X0#7�r#*26 .1*Z8�.'-/OZ+'7�r#* 7"6%;�*Zs 	 < +'(�*!.1*\7"? - +'(%.K*!?K(%9#:";Ur#*2:"9�O!7�+MQ ������� � �� < ^_*2:"9A@o@B(�7"O�(

6%9\.'-/;�7 -m+17"9#6P+'--,/*2?Lb%:"-/O!*mF 4G*2O!9#6%; <J8�9#.B-m6`E%:�+'.'- �M.1*2: -m+17�r�7"?n+'7�O4b>-m.K+'7�O!:�*/<%8�9#.)@B(%7�O�( � �oi#<

+'(�*!.1* 7�?B-\3�- sG7"3�E�3 -/6�0#:"* 9/8 *!3\7"?K?17�9#6=<�0/7�r#*26 ^RQ/<

O!9#?�� ����� � i
	 � � �GF�i1P �

')(%* p(%*2.1*26 ,/9ArC3\*!;%7�E%3 E%?1*2;U7�6`+'(�7"?L* sGb_*2.17"3\*!6R+ 7�? -/6��4*!.K9#0#*!:�F �L*2.19#0#*2:"?L@N*!.K*

*>.K?K+Pb�.19�;%E%O!*2; 7"6Si a d�iX8�.19#3 ?K7":�7"O!9/6u;%7�9�s�7�;%*/F"')(%*ZQ O29#6%?K7"?K+�9/8 +'-/6%0#:�*!;=<g8�.'-/OZ+�-/: �M:"7+,/*

O�(>-/7�6%?t9/8q?Kb%(%*2.17"O!-/:%O2:"E%?n+'*!.K?t9/8J3\9#:"*2O!E%:�*!?!<m*�-/O�(\d � �L6%3 7"6�;�7 -/3\*2+1*!.!F ')(%*)O�(>-m7"6%?D8�9/.13 -

?K+1.1E%OZ+'E%.K*B?1E%.K.19#E%6�;%7"6%0 -m7".�� *>:":�*!; b_9#.K*!?t+1(>-m+g-�r#*2.'-/0#*B-m^_9#EG+wd=P � ��PL6%3o-/O!.K9#?1?2F �L:�+1(%9#E%0/(

-/*2.19#0#*2:"? -/.1*\(%7�0#(%:�Q bJ9#.K9#E%?!< +'(%*�O�(>-/7�6%?�-/.K*�.K7"0#7�;=< @B(%7"O�( 0#7�r/*!?�-m*!.19/0#*!:�? O29#6%?17�;%*!.1-/^%:�*

3\*!O�(>-/6�7"O�-m: ?n+'.1*26%0/+1(=F cM6`+'(�*Pi a3a Pm?!< .K*!?K*�-/.KO�(%*!.K? ;%*2r/*!:"9/b_*2;	-m*!.19/0#*!:�?43�-/;%* 8�.19#3 b%E%.K*

O�-m.1^J9#6=F 249A@ <q+'(%*ZQ`-m.1*,3�-/;%* 8�.19/3 -\rm-/.17�*2+MQ[9/8t35-m+1*!.K7 -/:�?!F ')(�*�O!9#3,^%7"6>- +'7"9/6X9m8 (%7"0/(

bJ9#.19#?K7�+MQ�-/6%;5*Zs�+'.K*!3\*!:�Q�?13�-/:�:>b_9#.K*!?vb�.19Ar�7";%*2?)-/*!.K9#0#*2:"?N@B7�+'(\+'(%*27".p* s�+'.1*23�*Lb%.19#bJ*!.n+'7�*!?!F



x�i
�L*2.19#0/*!:"?pO�-/6[(>-�r#* ;%*26%?17�+'7�*!?)-/?):�9A@V-m?)dh3�0�� O!3��2F�')(%7�?):"*!-/;%?p+19h7"6%;%* sG*!?B9/8 .1*Z8�.'-/OZ+'7"9/6

-/?B:"9A@V-/? i#F.P�i#F

')(%*g-/*2.19#0#*2:�p(%*2.1*!6 ,/9Ar 7"?=O29#3�b�.17"?K*!; 9/8%HpO!3 9m8�-m*!.19/0#*!:�<k+1(%.19/E%0#( @B(%7"O�( 6%*20R-m+17�r#*2:�Q

O�(>-/.K0#*!; b>-m.K+'7�O!:�*!?D3,E%?K+ b%-/?1?t+1(%.19#E�0#(=F-')(�*)-/*!.K9#0#*2:�(>-/?w-m6�7"6%;�*Zsh9m8q.1*28�.1-/O2+17"9#6 	 � i ��P/d

?1E�O�(S+'(%-m+[9#6%:�Q b>-/.n+'7�O!:"*2?5@B7�+1( -T?Kb_*2*!; @B(%*!.K* � � ���� 	 � 9/.�� � ���� 	 � @B7":":4b%.19�;%E%O2*

p(%*2.1*!6 ,/9ArX:"7"0/(]+!F$')(%* 3�9/3�*26]+1E%3 9m8t-hO�(>-/.K0#*!; b%7"9/6P@B7�+'([+'(�7"?)?1bJ*!*2;`7�?

� � ��� �"� � �	 i�
������
� H/j3P % *����mO � � �GF�i#i �

�4*26%O!*m<Wb%7�9#6%?PE%b +19T- 3�9#3\*!6R+1E%3 9/8,H#j!P % *����mOf@B7":�:L6%9/+Pb%.19�;%E%O2* -/6RQ :"7�0#(R+�F cM6

O!9/6]+1.'-/?n+�<q-/:�:=b%.K7"3�-/.KQ�?1O!-m+1+1*!.1*2;`*2:"*!OZ+'.K9#6%?)@B7":�: b%.K9G;%E�O!* :"7�0#(R+�F

�Dc � F �GF�i1P �
�	��
 � ��
�� 

	�� ��	 � 

� 
��
� ��� ' � �,�
� � � 
 � ��	%� ��
 � 
 
0� � � � �(����
��������,� � 
�� � ��
�� 

	�� ��	 ��

� 
�� �
� ��� ' �	��
  �G	��.����� ��� 
 � ����� 
��
�&� � ��
c�&��
 ������ ��� ���J� � �� �$
��W� �
��
�� ' � �,�
����� 
 � ��	 �&��
 � � ���6� � �
��	 �6�
����� ��� ��
�� 

	�� ��	��(�
�$��	��$'



x �
����� ��� ��� t���
	�� � �

� ?KO�(%*!3�-m+'7�O,9/8 +1(%* 2y9#.K+1( �L3\*!.17�O�-/6 *!:�*!O2+1.19#6�7"O!?LO�(>-/7"6`7"?L?K(%9A@B6 7"6 �D7�0#E%.K* �GF�i#i#F

')(%* 8�9#:":�9A@B7"6%0P7�? -X;�*!?1O2.17�b�+'7�9#6 9/8p+1(%* ?1O�(%*235-m+17"O �&H/d ��F ')(�*�:�9#0#7"O,9/8N+1(%*��q.K*!6%O�(U*!:�*!O �

+'.K9#6%7�O!?t7�?t7";%*26R+'7"O!-/:�F ')(%7�?t:"9#0/7"Og7"? -/b�b%:"7�O�-/^%:�*p9#6�:�Q 8�9#.t*2:"*!OZ+'.K9#6%?!F � ?17�3�7�: -/. :"9/0#7"Op-/b%b%:�7"*!?

8�9#. b%7"9/6%?,* s�O2*!b�+,+'(>-m+ +'(�* p*!.K*!6 ,m9Ara:"9#0/7"Oh.1*Zr#*2.1?1*2;=F cM6 +1(%*5^J*!0#7�6%6%7�6%0%< *�-/O�(  ��� 7�?

��2 �W*!; @B7�+1( +'(%*W+1.17"0/0#*!.vb�E%:"?K* -/6%;[*�-/O�( � ��� 7"? � 2��W*2;[@B7�+'( +'(�*W+'.17�0#0#*2.vb%E%:�?1*/F ')(%*

+'.K7"0#0/*!.wb%E%:�?1*Lb�.19Ar�7";%*2?)- ?K35-/:�:>+'7"3\*)@B7"6%;�9k@ +19,*26>-/^%:�*4+'(�*� ��� � � ���VO29#7"6�O!7";�*!6%O2*!?v- +

+'(�*WO!9#.K.1*2O2+)+'7�3�*y9/8 *2:"*!OZ+'.K9#6[-/.1.K7�rm-/:J-m+v+1(%*!?K* ;%*2+1*!OZ+'9#.K?B-/6%; 7"?g8�9#.13\*!;5^]QP-/6 ���S9m8 -/:":

 ��� � ? ��2 �W*!;[@B7�+1(`-/6 ��� 9/8t-/:": � ��� � ?2F ')(%7"?y35-�Q5?1*!*23 .1*!;�E%6%;>-/6R+4?17�6%O!* +'(�*  ���
-/6%; � ��� ?17�0#6>-/:�? 0#*!6�*!.'- +'*�+1(%* +'.17�0#0#*2.!F �pEG+,7�+ 7�? -/;�rm-/6R+�-/0/*!9#E%? 8�9#. +'(%*�.1*!-/?19#6U+'(>- +

7�+B*2:"7�3�7�6>-m+'*2?v?19/3�* 3�E�:�+'7�b%:"*L(%7�+1?)^]Q[.K* � E%7�.17"6�0 +1(>-m+B+'(�*  ���o-m6%; � � � ?17�0#6>-/:�?B-/.1.K7�r/*

-m+ +'(%*P?1-/3\*�+'7�3�*�-/?,+1(%*5?K7"0#6%-/:"? +'(>-m+,0#*!6�*!.'- +'*!; +1(%*5+1.17"0/0#*!.2F 2y*Zs�+�<g-`O29#bRQ 9/8B*!-/O�(

�  ���W7�6 -m6%; � � �W7�6=<�3\*�-m6%7"6%0 7�6 ��+17"3\* �g7�?)?1*26]+y+'9h+M@N9�:�9#0#7�OL8�E%6%OZ+'7"9/6%? �&%%� -/6%;Xl ��^%7�+

@N9#.1;\*!6%O29G;�*!.!F�')(%* %%� 9#.�% E%:�+'7"b�:"* �y7�+t8�E�6%O2+17"9#6 ;%*Z+'*!.K3�7�6%*!? 7�8q+'(%*2.1*B7"? - 3�E�:�+'7�b%:"*N(%7�+

*2r/*!6R+���3\*�-m6%7"6%053�9#.K* +1(>-/6f9#6�*  ��� 9/.L3\9#.1* +'(>-/6C9/6%* � ����*>.K*!?W9#6 -�0#7�r/*!6C^J*�-/3

b%E%:�?1* �ZF ')(%*�l �M^�7�+ @p9/.1; *26%O!9�;%*2.,0#*26%*!.1-m+'*2?�-/6 l �M^%7�+ @p9/.1;=F��>9#E%. ^%7�+'? O!9#.K.1*2?1bJ9#6%;	+19

+'(�*  � � 7"6G8�9#.13�-m+'7�9#6f-m6%;C8�9#E%. ^%7�+'?WO29#.1.K*!?1bJ9#6%; +'9 +1(%* � ��� 7"6�8�9#.K35- +'7"9/6=F ')(%*/*>.1?n+

8�9#E%.w^%7�+'?wO!9/6]+'-/7"6 +'(�*�� ��� @B(%7":�*B+1(%*y?1*!O29#6%;58�9/E%.w^%7�+1?gO29#6R+�-/7�6\+1(%*  � ��F]c�8=+1(%*!.K*47�?w6%9

3�E%:�+'7�b%:"*v(�7�+g*2r/*!6R+�<�+1(%*!6\+'(%*4l ��^%7�+ @N9#.1;57"?g-/:":�9A@p*2;\+19,b%.K9GO2*!*!;\+'(%.K9#E%0#(\+'(%*y*!:�*!OZ+'.19/6%7"O2?

O�(>-/7�6X+19h+'(%* ;%*!O29G;�7"6%0 ^J9R-/.1;�?!F ')(%* � ��'  � 8�E%6%OZ+'7"9/6[+'--,/*2?L*!-/O�(`9/8 +'(�* l �M^%7�+'?)7"6[+'(�*

l ��^%7�+ @N9#.1;5-/6%;�?K+'9/.1*!?w+'(�*!3 7"6 @B(%*!6\+'(%* ��2 �V9/8_+'(%* p*!.K*!6 ,m9kr5-/6%;\+'.K7"0#0#*2. b%E%:�?1*y?1*2+1?

+'(�*y:"-m+'O�( F�')(%7�?g*26%?1E�.1*!?w+'(%-m+w7�+ @p-/?w7"6h8�-/OZ+g-/6 *!:"*2O2+1.19#6h@B(%7�O�( *>.K*!;\^_9m+'(h+'(%*  ���V-m6%;

� ���V7�6]r/9#:�r/*!;P7�6\+1(%*LO29#7"6�O!7";�*!6%O2*/F � (%*265+'(%* � ��'  �V7"?w?K*2+�<�+'(%*4l ��^%7�+w@N9#.1;P7�?N?K*!6R+p+19

- � �  � �Wc$2 � 8�E%6%OZ+'7�9#6=<]@B(%7"O�(T�nE%6%b>-/O0,]?K
�+'(%* l �M^%7�+g@N9#.K;P7"6R+'9 7"6%;�7�r�7";%E%-/:  � � � � ���
O!9/7"6%O27";%*26%O!*�?K7"0#6%-/:"?2F��o;�*!: -�Q/*!;Cr#*2.1?17�9#6C9/8 +1(%*,+'.K7"0#0/*!.yb%E%:"?K*,+'(�*!6CO!:�*�-/.K?4+1(%* � ��'  �
+'9h3�--,m*W7�+p.1*�-m;�Q5+19 -/O!O2*!b�+)+1(%* 6%*Zs�+B*Zr#*!6R+!F ')(%* % � ^%7�+p7"?)-/:�?19�?K*!6R+B+'9 -/6�9/+'(%*2.v:"9/0#7"O



x#d
^J9R-/.1; <G+'(�* %%�4c 'S^_9R-m.1;=<�@B(�7"O�( +�--,m*!?)+'(�*  � �W7�6[-/6%; � ���W7"6[-m6%;P8�9#.13\? � 2��W?v@B7�+1(

+'(�* %%� ^�7�+ +'9fO29#E%6R+h(%9A@ 35-m6]Q +17"3\*!? *�-/O�(  ��� -/6%;	�m9#. � � � @N*!.K*P7"6Rr/9#:�r/*!;a7"6 -

%%�yc ' *2r/*!6R+�F

 TO SCALER

FPDj

VETO

8 BIT WORD

Cer

 

A

T

C

H

SET CLEAR

8

WORD
D
E
C
O
D
E
R

SCALER

ENCODER

CED

FPD j

i

TO SCALER

TO SCALER

CED
in

i

FPD
in

j

CED
MH

i

FPD
MH

j

CED
i j

CEDi
Cer

MH

CEDi

TRIGGER/
SPLITTER

S
P
L
I
T O

R

O
RS

P
L
I
T

TRIG

S
P
L
I
T

 18 ns

* FPD * CER

L L

A

T

C

H

BIT BIT

8

WORD
D
E
C
O
D
E
R

SET CLEAR

 28  ns

S
P
L
I
T

π

TO TO

SCALER

CED
i

*FPD
j

*CER
____

e
__

CEDi TO SCALER

CEDi TO FASTBUS

FPD j TO SCALER

FPD j TO FASTBUS

A
N
D

�Dc � F �GF�i#i �
�����
�&��� � 
�� �,� ��	 
�� 
��
� ����		�,���d��� � �G	������
	 '

�����  ����� � 	 �  ����� � 	� �  � �
	

�L? @B7�:":/^J*w;%7"?KO!E%?K?1*2;,: - +'*!.2<A+'(%*wb>-/.K7�+MQ���r�7�9#: -m+17"6%0p-/?KQ�3\3�*Z+'.nQW7"? ?K*!6%?K7�+17�r#* +194(%*2:"7�O!7�+MQ��

O!9/.1.1*2: -m+1*!; �>E%O2+1E>-m+17"9#6%? 7"6 +'(�*�^J*�-/3 b%-/.'-/3\*2+1*!.K?!F ')(%*2.1*28�9/.1*/< +'(%*\(%*!:�7"O27�+MQ��MO29#.1.K*!: - +'*!;

�>E%OZ+'E>- +'7"9/6%? 9/8w+'(%* *2:"*!OZ+'.K9#6C^_*!-/3 3�E�?K+ ^J*h3�7�6%7"3\7)(2*!;[+'9[.1*2;%E%O!*h8�-/:�?1*h-m?KQ�3�3\*2+1.17�*!?!F

�4*2.1*27"6=<#@N*4;�*!?1O2.17�^_*v+1(%*)r/-m.17"9/E%? ;%*2r�7�O!*!?wE%?K*!; +'9 3\9#6%7�+19#. +1(%*B(%*!:�7"O27�+MQ��MO29#.1.K*!: - +'*!;,b%.19#b �

*!.n+'7�*!?B9/8 +'(%* *!:�*!OZ+'.19/6X^J*�-m3 F



x �
����� ��� � &6��� ����0�0�&�% *�� �1%�" */�50$�

')(%*3�p*�-m3 pE%.1.K*!6R+ % 9#6%7�+'9#. ���  %�� � H ��� 7"?B;%*2?17�0#6%*!;[8�9#.)?n+�-/^%:�*/<>:�9k@S6%9#7�?1* ^J*�-/3

O!E�.1.1*26R+�3\*�-m?1E%.K*!3\*!6R+�F c�+�O!9#6%?K7"?n+'? 9/84- �D-/.1-/3�*Z+'.K7"O pE%.K.1*26]+ ' .'-/6�?K8�9#.K3�*2.�O�-/:�:"*2;T-/6

	46�?1*!. 3\9#6%7�+'9#.2< +M@p9X.1*2?19#6%-/6R+ O!-�rG7�+'7�*!?!<_+'(%* -/?K?19�O!7"-m+'*2;U*2:"*2O2+'.K9#6%7�O!? -/6%;U- ;>-m+'-X-mO � E%7 �

?17�+'7�9#6C?KQ�?K+1*!3XF ')(%*h+M@p9XO�-�r�7�+17"*2? -/.1*hbJ9#?17�+'7�9#6%*!;C^J*28�9/.1* -/6%;U-m8 +1*!.W+1(%*
	46%?K*!. -/6%;U-/.K*

O�-m:":"*2; ;%9A@B6%?K+1.1*�-m3 -m6%; E%b�?K+'.K*�-/3 O!-�rG7�+'7�*!?!< .1*2?1bJ*!OZ+'7�r/*!:�Q#F ')(%*\;%9A@B6%?n+'.1*!-/3 O�-�r�7�+MQ 7�?

O!:�9#?1*2?K+W+195+'(�*,+�-/.K0#*2+!F&')(%*,O�-�r�7�+'7�*!? -m6%;`+'(�*�	46%?K*!.W3\9#6%7�+'9#.y-/.K*�*!6�O!:"9/?1*!;C7�6f-P^J9�s +19

7"3\b%.K9kr/* 35-m0#6%*2+17"O ?K(%7"*2:";%7�6%0 -/6%; +'*23�bJ*!.1-m+'E�.1* ?K+'-/^%7":�7)(!-m+'7�9#6=F

')(%*�	46�?1*!. 7�? -/6 -/^�?19#:�E�+'*)3\9#6%7�+'9#.2F c�+w7�? -L+'9/.19#7�;>-/:]+'.'-m6%?K8�9#.K3�*2.t;%*2?17"0/6%*!;h+'9 3�--,m*

- ;�7".1*2O2+p3�*!-/?1E%.K*!3\*!6R+N9/8=+'(�*W-/OZ+'E>-/:J7"6R+1*!6%?K7�+MQ\9/8=+1(%*L^J*�-/3 O2E%.1.K*!6R+�F ')(%9/E%0#(P7�+N7�?gr/*!.nQ

-/O2O!E%.1-m+'*[-m+�(%7"0#( O!E%.K.1*!6R+1?!<p7�+�O!-/6%6%9/+�^_* E%?K*!;T;%E%.K7"6%0C6�9#.13�-/:g9#b_*2.'-m+17"9#6�?�;%E%*P+19f7�+1?

E%6%?n+�-/^�:"*59� ?K*2+�F cM6 O!9/6]+1.'-/?n+�<D+1(%*PO!-Ar�7�+'7"*2?,-m.1*5.K*!:"-m+'7�r#*\3�9#6�7�+'9/.1? -/6%;a-m.1*5?n+�-/^�:"*P-m6%;

:"7�6%*�-m.v9Ar#*!.B+'(�* *26R+'7".K* ;�Q�6>-/3\7"O .1-/6%0#*mF ')(�* O!-�rG7�+'7�*!?y-/.1* O!-/:"7�^%.'- +'*!;P@B7�+'([+'(%*�	y6%?1*2.4- +

(%7�0#([O!E%.K.1*!6R+1?L-/6�; E%?K*!;XO!9#6R+17"6]E%9#E%?K:�Q ;�E%.17�6%0h+'(%* *ZsGbJ*!.K7"3\*!6R+�F

')(%* .1*2?19#6>-m6]+B8�.K* � E%*!6�O2QX7"?B-/; �KE%?K+1*!; +19h+'(%* i � a j�% � ( 8�.1* � E�*!6%OZQ 9m8 +1(%*� �5� � �
^J*�-/3XF�')(%7"?\7"?\;%9#6�* ^RQu-U?n+'E%^u+'E%6%*2.53\9#E%6R+'*2; 9#6u-	3\7"O2.19#3\*2+1*!.�+1(>-m+�7"? 3�9Ar/*!; 7�6

-/6%; 9#E�+�9/8W+'(�*`O�-�r�7�+MQ/F � 3�-/0#6%*Z+'7"O *>*2:";ub%.19#^J*`7�?�:�9GO!-m+'*2;u7�6%?17�;%*[+'(%* O�-�r�7�+MQY^_9�;�Q

9#6`+1(%*�O27".1O2E%3 8�*!.1*26%O!*m<_@B(%*2.1*�+1(%*�*!:�*!OZ+'.17�O�-/: *>*2:";f7�?L3\7"6%7�3�E%3 -m6%;`+'(�*�35-m0#6%*2+17"O *>*!:�;

7"?�35-ks�7�3�E%3XF ')(%*fb�.19#^J*f7"?5O!9#E%b�:"*!; +19 9#6%*`9/8 +'(%*f.K*!?K9#6>-/6R+[3\9G;%*2?P9/8 +1(%*fO�-�r�7�+MQ

-/6%; O!9#E%b�:"*!?\+'(%*`^_*!-/3 ?17"0/6>-/:B9#E�+59/8W+'(�*fO�-�r�7�+MQ/F � (%*26 +'(%* *!:"*2O2+1.19#6 ^J*�-m3 b%-/?1?K*!?

+'(�.19#E%0/(	+'(�*�O!-Ar�7�+MQ#<D7�+ *ZsGO!7�+'*!?,-X+1.'-/6%?nr#*2.1?1*5*!:"*2O2+1.19#3�-/0#6%*Z+'7�Oh3�9�;%*/F ')(%*�b�.19#^J*�:�9G9/b

b%.K9kr�7�;%*!?N-/659/E�+'b%EG+N?K7"0#6%-/:>b%.19/b_9#.n+'7�9#6>-/:�+19 +1(%*yO!E%.K.1*!6R+!F��D7"0#E�.1* �GF�i �/- 7"?g- �  % 7"6 +'(�*

^J*�-/3\:"7�6%*W-/6�; �D7�0#E%.K* �GF�i �m^[7"?)-h;%7"-/0#.1-/3 9m8t-hO�-�r�7�+MQ/<>?1(%9A@B7�6%0h+'(%* 3\7"O!.K9#3\*2+'.K7"Oy?1O2.1*2@

-/6%; -/6R+'*26%6>-�F



xRH

������ �1��� �����>�����$01�&�%-*�, B� �	���.���%��� 
��?�D"�
��	��
 �&��"��, 3
, 	�F�%
���#���M�# �"��@
���.�%- �# B�����y$/�%
���� �# =� 2
� ������01�&�%-*� �����'���&�'�8����$��6�D"'
?"��������'
,�$���?���'
��	��
 �&��"��, 3
, 	�F�%
���#���'� "����,���# !� � �	���7�����&���
�����$�����A"����&��� 
 =-6
, 	�@�� ! 3
�2

����� � � � &6��� ! ����" *�"��1% � �1%�" */�10$�

� ?K+'.K7"b%:�7"6%* �p*!-/3 � 9#?K7�+17"9#6 % 9#6%7�+'9#. ��� ��%��y7�?L-\;%*2r�7"O2*,E%?K*!;`8�9/.43\*�-/?KE%.17�6%0 r#*!. �

+'7�O�-/: -/6%; (%9/.17)(29#6R+�-/: ^J*�-/3 b_9#?K7�+17"9#6 ��-/6%;C7�6R+'*!6�?17�+MQ � F c�+ O29#6%?K7"?K+1? 9/8g-�� ��@B7".1*,-/6R+'*26%6>-

-/.K.'-�QX9/8 9#bJ*!6 ��*!6%;�*!;f@B7".K*,?n+'.17�b%:"7�6%*!?)+1E%6%*!;f+19�+1(%*,8�E%6%;%-/3�*26R+�-/: 8�.1* � E%*!6%OZQ i � a j %%� (
8�.1* � E%*!6%OZQ 9m8v+'(%*  ��� � �S^_*!-/3 F ')(%*5?n+'.K7"b%:�7"6%*2? .KE%6 -m:"9#6%0[+'(�*�7�6%?17�;%*�:�*!6%0m+'(U9/8v+'(�*

O2Q�:�7"6%;%*2.!F��D7"0/E%.1*��GF�iAd 7"? -[;%7 -/0/.'-/3 9/8)- � ��%	< ?1(%9A@B7�6%0 +1(%*h8�9#E%. ?K+1.17"b�:"7"6�*!?!F
�L? +'(�*

^J*�-/3 b>-m?1?1*2?L+'(�.19#E%0/( +'(�*,O!*26R+'*!.49/8t+1(%* O2Q�:"7�6%;%*!.2<q7�+y7"6%;�E%O!*2?LO!E�.1.1*26R+'?W9#6 *�-/O�(`9/8t+'(�*

?K+1.17�b%:"7�6%*!?2F 4G7"0#6%-/:"?)8�.19/3 +1(%* +19#bf-m6%;f^J9/+1+19#3 ?K+1.17"b�:"7"6�*!?B;%*2+1*!.K3�7�6%* r/*!.n+'7"O!-/: ^_*!-/3 b_9 �

?17�+'7�9#6�@B(%7�:"*4?17"0/6>-/:"?g8�.19#3 +'(�*W:"*Z8 +)-/6%; .K7"0#(R+p?K+'.K7"b%:�7"6%*2?p;%*Z+'*2.13\7"6%*y+'(%*W(�9#.17+(!9#6R+�-m: ^J*�-/3

bJ9#?17�+'7"9/6=F c�84+'(%* ^_*!-/3 7"? O!:�9#?1*2.\+19 9#6�* ?n+'.17�b%:"7�6%*P+'(%-/6 -/6�9/+'(%*2.!< +'(�*!6 3\9#.1*[O2E%.1.K*!6R+

@B7":�: ^_*�7"6%;�E%O!*2; 9#6 +1(>-m+ ?K+'.K7"b%:�7"6%*mF ')(%*5.K*!:"-m+'7�r#*\35-/0/6%7�+1E%;%*\9/8v+'(�*5?17�0#6>-/:�? 8�.19#3 +'(�*

?K+1.17�b%:"7�6%*!? 7"? E%?K*!; +19`;%*Z+'*!.K3�7�6%* +'(%*�b_9#?K7�+17"9#6 9/8v+1(%*5O2*!6R+'*2.,9/8v35-/?K? 9m8v+'(%*�^_*!-/3XF��
: -m.10#*2.4^J*�-/3 O2E%.1.K*!6R+W@B7":�: O!.1*!-m+'*,-5: -m.10#*2.4O2E%.1.K*!6R+ 9#6f^J9/+1(`?K+1.17�b%:"7�6%*!?2F��>9#.B+'(%7�?4.K*�-/?K9#6



x#x
+'(�*,bJ9#?17�+'7"9/6X3\9#6%7�+'9#.K?BO�-/6`-/:"?K95^J* E%?K*!;f+1953\*�-/?KE%.1* +'(%* ^_*!-/3 7"6R+'*26%?17�+MQ#F��p*!-/3 b_9/?17 �

+'7�9#6[3�9/6%7�+19#.1?)-m.1* b_*2.13�-/6%*26]+1:�Q 7�6%?K+'-/:":�*!; *�s�+1E%.1*2?47�6[+1(%* ^_*!-/3 +'.1-/6%?Kb_9#.n+B:"7�6%*!?2F 4�7"6%O2*

+'(�*h^_*!-/3 ;%9�*!? 6�9/+ (>-�r#*h+19 (%7�+ -m6]Q`b>-/.n+ 9/8w+'(%*h;�*2+'*2O2+19#.W+'9[O!.K*�-m+1* -P?17�0#6>-/:�<=- � ��%
O�-m6 ^J* :"*28 +v7"6[b%: -mO!* -/:�:=9/8 +'(%* +'7�3�*mF

�>9#.�� ��% ?g9#.17�*!6R+'*2;5- +;P��!<R+'(%*�� -/6%;�� ^_*!-/3 bJ9#?17�+'7"9/6%? -/.K*yO!-/:"O2E%: - +'*!;\-/O2O!9#.K;%7"6�0

+'9

� � � � 
�� �
� � � � � 	

� �GF�i ���

@B(%*2.1* +'(%* ?1E�^%?1O2.17"bG+ � � � �p.1*2b%.1*2?1*26]+1?4+1(%* b%:"E%? ��3\7"6]E%? �v-/6R+'*!6�6>-�F

������ ���.�����
	A��
K�,�&
��L����
 � � 
L�+"��	����# ��E�����J���01�)"��$��� � � �# 3��";
��.�, !�������A�# �"���-�� �.�� !��� � ���<�����
�n��� �# =-�����2

�o3\*�-m?1E%.K*!3\*!6R+W9/8D+'(%* b_9/?17�+17"9#6X.1*2?19#:�E�+'7�9#6X9/8t+'(�* � ��% ?L@p-/?4;%9#6%*,-/O!O29#.1;%7�6%0�+19

+'(�* �n+'(�.1*!* �$� ��% 3\*2+1(%9G;�
 -/?�*ZsGb%: -m7"6%*2; 7"6 �&j/l ��F ')(�7"?�+1*!O�(%6�7 � E%*C-/?K?1E%3\*!?[-	:"7"6�*�-/.

O!9/.1.1*2: -m+17"9#6
	 � ����	� ��� 	 ( � � ^_*Z+M@p*2*!6 +'(%.K*!*f^J*�-/3 bJ9#?17�+'7"9/6%?�	�Z<�	 ( <y-/6%;�	 � - +

+'(�.1*!* 6%*27"0#(]^J9#.17�6%0 � ��% ?2<>@B(%*!.K*��>< � <q-/6�; � -/.1* O29#6%?K+'-/6R+'?2Fgc�+y-mb%b%:"7�*!?)-h:�*�-/?n+ �M? � E>-/.1*2?

-/6>-m:�Q�?17�? +'9`?1*2+1?h9/8 ��	�
	
	 ( 	
	 � � 3\*�-m?1E%.K*!;a^RQ +1(%*!?K*5+'(%.K*!* � ��% ? +'9C9#^�+'-/7"6��>< � <w-m6%;

� F ')(%*CbJ9#?K7�+'7�9#6 .K*!?K9#:"E�+17"9#6 7�?�+1(%*C.1*2?17";�E>-/:L^J*2+M@N*!*26S+1(%*C3�*!-/?1E�.1*!; -m6%; O�-/:�O!E%:"-m+'*2;

^J*�-/3 bJ9#?K7�+'7�9#6[-m+)+1(%* +'(%7�.1; � ��%	F �>9#.v+'(%7�?B-/6>-/:�Q�?17"?2<�� ��% ? �MP=P �,< �MP3P �L<>-/6�;%�?P=P�



xRj
@N*!.1*�E%?1*2;=F �>.19#3 +1(%*\:"*�-m?K+ ��? � E>-/.K*!?1*%+�< ��� 
?P �Il/x�< � � i � a i#< -/6%; � � 
Ld � �/l�F ')(%*

O!9/.1.1*2: -m+17"9#6	b%:"9m+�^J*2+M@N*!*!6T+'(�*P3�*!-/?1E�.1*!;T-m6%;aO�-/:�O!E%:"-m+'*2; ^J*�-/3eb_9/?17�+17"9#6�?�-m+"�MP=P� 7�?

?1(�9k@B657"6��D7"0#E�.1* �GF�i �%F$')(�*4;>- +�- b_9#7�6R+'?N-/.1* *%+K+'*!;\+'9,- :�7"6%*B-/6�;�+'(�* *%+gb>-m.'-/3\*2+1*!.1?N-/.K*

;%7�?1b%:"-AQ/*!; 7"6 +'(%*w?n+�-m+17"?K+17"O2? ^J9�s_F ')(%*gb>-/.1-/3\*2+'*2.1? � Py-/6%; � iN-/.1* +'(�*N7�6]+1*!.KO!*!bG+D-m6%; ?K:"9#bJ*/<

.1*2?1bJ*!OZ+'7�r/*!:�Q#F�� (�7"?K+19#0#.1-/3 9/8>+'(%*p.1*!?K7";%E%-/:�^J*2+M@N*!*26\+1(%*v3\*�-/?KE%.1*2;�-m6%;hO�-/:�O!E%:"-m+'*2;�^J*�-/3

bJ9#?17�+'7"9/6%? -m+ �?P=P� 7"? ?1(�9k@B6	7"6 �D7�0#E%.K*
�GF�iAHGF/')(%* (%7�?K+'9/0#.'-/3 7"? *%+K+'*2; +19X- � -/E%?K?17"-/6

@B(%7�O�( 0#7�r#*2?4-h?K7"0#3�-,9/8D-/^J9#E�+ �GF � � 3 F�')(%7"?).K*!b%.K*!?1*26R+'?W-hO29#6Rr#9#:�E�+'7�9#6[9/8 +1(%* 7"6R+1.17"6�?17"O

.1*2?19#:�E�+'7�9#6 9/8 +'(%* +1(%.1*2* 3\9#6%7�+'9#.K?!F

Measured x position (mm)
-2 -1.8 -1.6 -1.4 -1.2 -1 -0.8 -0.6

C
al

cu
la

te
d

 x
 p

o
si

ti
o

n
 (

m
m

)

-2

-1.8

-1.6

-1.4

-1.2

-1

-0.8

-0.6

BPM H00C p0        0.1558± -0.007266 

p1        0.1156± 0.9976 

p0        0.1558± -0.007266 

p1        0.1156± 0.9976 

BPM H00C

�Dc � F �GF�i ���
�	��
 �����!� 
��������$��	 �� ��� ��

��� 
�

	 �&��
�� 
 ����� ��
 � ��	�� � � �/��� ����� 
 � ��
 � � ��#� �G���$��	 ����������� � �
� ��
�� 
W�&��
T� � �/��������� �$��	 � � �����#
 � ��	 � ���$� 
!� ����� �%� �	�
��� � ��	����
������ �#
�
c� 
��=��� '



x#l

residual (um)
-12 -10 -8 -6 -4 -2 0 2 4 6

co
u

n
ts

0

5

10

15

20

25

30

35

40

hist
Entries  1000

Mean   -4.048

RMS     2.452

Constant  1.26± 29.83 

Mean      0.083± -4.035 

Sigma     0.070± 2.412 

�Dc � F �GF�ikH��
� � � �
� � � � � � � � 
-�&��
�� 
�� � � ��� ����

��� 
�

	 � ��
 � 
 ����� � 
 � ��	�� � � �/��������� 
 � ��
 � � ��#� �G���$��	 � ���
����� �%'

����� ��� � �� �� � �1%�" */�50$�

� :"*2O2+'.K9#6%?v9/E�+'?K7";%*L+1(%*WO29#.1*W9m8 +'(%*W*2:"*2O2+'.K9#6 ^J*�-/3 O!9/3�bJ9#?1*4+'(%*W^J*�-m3 (>-m:"9%F��p*�-/3

(>-/:�9 7�?wO�-/E%?K*!;P^RQ�- r/-m.17"*Z+MQ 9/8=b�.19�O!*!?K?1*2? � H/H���F�')(%*!?K*Wb%.19�O!*2?1?K*!?p7�6%O!:�E%;%*y?1O2.'-/b%7�6%0 9/8=+'(�*

*!:�*!OZ+'.19/6X^J*�-m3 -/0R-m7"6%?n+v+'(%* ^J*�-m3 b%7�b_*m<�?1O!-m+1+1*!.K7"6%0 9/8 +'(�* *2:"*2O2+'.K9#6 ^J*�-/3 -/0R-/7�6%?K+)?n+'.1-AQ

0R-/?p7"6P+'(�* ^_*!-/3 :�7"6%*4*!6%O2:"9#?KE%.1*m<%?1*2:�8 ��7"6R+'*2.'-/OZ+'7"9/6P9/8 +'(%*L*!:"*2O2+1.19#6[^J*�-/3X<%-/6�; ?1O�- +1+'*2.17�6%0

9/8 +'(%* :"-/?1*2.X^J*�-m3 -/0R-/7�6%?K+5+'(%*Ub%(%9/+19GO!-m+'(�9G;%*C7�6 +'(%* *!:�*!OZ+'.19/6S?K9#E%.1O2*/F �p*�-m3 (>-/:�9

7"6R+1*!.K8�*2.1*2? @B7�+'(f+1(%*h*ZsGbJ*!.17�3�*26R+ 7"6f+M@N9 b%.K7"3�-/.KQ[@p-�QG?2F
�D7".K?K+�< 7�+W7�6%O!.K*�-/?K*!? +'(�*\?K7"6%0/:"*!?

.'- +'*!?h9/.,^>-/O0,]0#.K9#E%6%;Y.'-m;%7 -m+17"9#6U7"6 +1(%*P;%*Z+'*2O2+'9/.1?!F p9#6%?K* � E%*!6R+1:�Q#<w+'(�* :"7�8�*Z+'7�3�* 9/8B+'(�*

b%(%9m+'9#3�E�:�+'7�b%:"7�*!.p+1E%^J*!?L7�?B;%*!O2.1*�-m?1*!; -m6%;`+'(�* ;%*!-/;`+17"3\* 7�6X+1(%*,;�*2+'*2O2+19#.1?47"?y7"6%O2.1*�-m?1*!; F

4G*2O!9#6%; <=7�+L7"6R+'*2.'-/OZ+'?L@B7�+'(`+1(%*,+�-m.10#*Z+WO!*2:": @v-/:�:"?2F �L? -�.1*!?KE%:�+!<_+1(%*�6]E%3�^J*!.W9m8N7�6%*!:"-/?K+17"O

*!:�*!OZ+'.19/6%?P3\*�-/?KE%.1*2; 7"?P7�6%O!.K*�-/?K*!;=F �	*C3�9/6%7�+19#. ^_*!-/3 (%-/:"9 +19 *!6�?1E%.K*f+'(>-m+P7�+P?n+�-�Q�?



x��
@B7�+1(%7"6a+1(%*`* s�bJ*!.K7"3\*!6R+ �&?\?1bJ*!O!7 *>O�- +'7"9/6%?\-/6%; 7�6u9/.1;%*2.\+19 -/OZ+'7�r#*!:�Qa3\7"6%7�3�7+(!*57�+�F ')(%*

.1* � E%*!?n+'*!; :"7�3�7�+g8�9/.p+'(%* (%-/:"9h7�?Wi b>-/.n+Bb_*2.)3�7�:":"7�9#6 ��b%b�3��N9m8 +1(%* 35-m7"6P^J*�-/3 9#E�+1?17";�* -

dh3�3 .'-/;�7"E%?2F

�p*!-/3 (>-/:"9�7"?y3�*!-/?1E�.1*!;`E%?17�6%0P-\(%9#:"* 7"6`-���3\3 +'(�7"O0,[?1(%*2*2+ 9m8 O�-/.K^_9/6=<_O!-/:":�*!; -

(>-/:�9h+�-/.K0#*2+!<%+'(%.K9#E%0#(X@B(%7"O�(X+'(%* ^J*�-/3 b>-m?1?1*2?!F)c�8 +'(%* 35-m7"6 ^J*�-/3 7�?y?n+'*2*!.1*2;fO!9/.1.1*2O2+1:�Q#<

7�+ @B7�:": b>-/?1? E%6>-  *2O2+'*2;	+1(%.19#E�0#(C+'(%*\O!*26]+1*!. 9/8g+'(%*h+�-m.10#*Z+�F ')(%* (>-/:�9[?1E%.K.19#E%6�;%7"6%0[+'(�*

^J*�-/3 @B7":�:)?1O2.'-/bJ*f-/0#-/7"6%?n+ +'(%*X+�-/.K0#*2+�?17�;%*!?5-/6%; O2.1*�- +'*f-U?1(%9A@N*!.P9m8 b>-/.n+'7"O2:"*2?\+19 ^J*

;%*Z+'*!OZ+'*2;=F ')(%*h+�-/.K0#*2+ 7�? 3�9/E%6R+'*!; 9#6U-/6U-/b�b>-/.'- +'E%?W+1(>-m+ *!6%-/^%:"*2? *�-/?nQf+'.1-/6%?17�+'7�9#6%?W7�6

-/6%;X9#E�+B9m8 +1(%* ^_*!-/3 F	� 6�* (%-/:"9�+'-/.10#*Z+y(>-/?y- d 3\3 .1-/;%7�E%?y-/6%; +'(%* 9/+1(%*!.B(>-m:"9�+�-m.10#*Z+

(>-/?v-hHGFIH,3�3 .'-m;%7"E%?2F$')(%* .1-/;%7"E�?p9/8 +1(%* ?13�-/:":�*!. +�-m.10#*Z+)7"?p-m+p+1(%*W.1* � E%*!?n+'*!;X(>-/:�9,:�7"3\7�+

?1957�+4?1*!.nr#*2? -/?W-5?Kb_9m+WO�(%*2O0,JF&')(%*�: -m.10#*2.y+'-/.10#*Z+L7�?4E�?1*!;C+195O�(%*2O0, +'(�*,?17+(!* 9/8 +'(%* (>-/:�9

9#6X- O!9#6R+'7�6]E%7"6%0 ^>-m?17"?2F�')(%* (>-/:"9�+'-/.10/*2+'?y-/.K* ?1(%9A@B6 7"6 �D7"0/E%.1* �GF�iAx#-GF

������ �1��� �	���>�����$01�/�/-�� ����� �.���%� � 
���
,�&�)����� ��
��.�'�@
���I���$"�2+4#���<�@�/�L�	���.�<�D"�� �	��"���
���������(
,��� ���
���#��� 
������ �/
�-�#08"�2'4#���w$%����@���	�����.���D"�� �	� �.
�"� �����@
�"� �������#� �M
�� 2�� ��� �&
 -�#08"�2��>�����$01�&�%-
�, B� �	�'���&�'�8� ��$��?�D"w��
������ �# �"��@
���.�%- � B�����g�	
��.�B���#�&- ���'�# 
	7
��� �H2���� �D";"��1��� �.- �%-w�%�&��� �����
$%�%
�� � �# =�A���#��� $�� 0	���.�%
�-L$ �.���%KJ"�2

')(%*2.1*4-/.1*v+M@N9,(>-m:"9 3\9#6%7�+19#.1?D7"6h+'(%*y-/:�O!9Ar#*y-m+ +1(%*B*!6R+'.1-/6%O2*y+19��4-/:": L< �L-/:�9 i4-m6%;



j3P
�L-m:"9���F ')(%*!.K*h-/.K* +M@N9 (>-/:"953�9#6�7�+'9/.1?B7"3\3�*2;%7 - +'*!:�Q -m8 +1*!.L+1(%*,(%-/:"9\+�-/.K0#*2+W-m+ -/^J9#E�+W-

ikH � -/6%0#:�*/< �L-m:"9Xd`-/6�; �4-/:"9 �%< -/6%;	8�9/E%. 3�9#.K* ;%9A@B6%?K+1.1*�-m3 - + r/*!.nQU8�9/.K@p-/.1; -/6%0#:�*!? �

�L-m:"9 HG< �4-/:"9 x�< �4-/:"9 j�<]-/6%;$�L-/:�9 l�F$')(%*B:�9GO!-m+'7�9#6%?D9m8_+1(%*!?K*43\9#6%7�+'9#.K?D9#6h+'(�*y^J*�-m3�:�7"6%*

-/.K* ?1(%9A@B6T7"6 �D7�0#E%.K*!? �GF�ikjf-/6�; ��F�iAlGF ')(�*X(%-/:"9f3\9#6%7�+'9#.K?�-/.K* ^>-/.K* b%(%9/+19#3�E%:�+'7"b�:"7"*2.

+'E�^_*2?�� ��% ')? � 9#. ��% ')?�-m+1+'-/O�(%*!; +19f?1O27"6R+'7�:":"-m+'9#. 9/. :�E%O!7�+'*/F �L-m:"9 i5-/6%;#�4-/:"9 �`-/.K*

^>-/.K*4b�(%9/+'9/3�E%:�+17"b%:�7"*2. +'E�^_*2?!F �L-/:�9,d�< �4-/:"9 �%< �L-/:�9�j�<G-m6%;�4-/:"9 l,-m.1* � E�O!7�+1*4;�*2+'*2O2+19#.1?2F

�L-m:"9hH -/6%;��4-/:"9,x,-/.K*L?1O27"6R+'7�:":"-m+'9#. ;�*2+'*2O2+19#.1?2F �w-/O�( (>-/:�9,7"?g?1(�7"*!:�;%*!;�@B7�+'(5:"*�-m;=F �D7�0#E%.1*

�GF�iAx/^[?1(�9k@B?y(>-/:�9 �\7�6%?K+'-/:":�*!; 9#6 +1(%* (>-/:"9 0#7�.1;%*2.v7"6 �4-/:": LF

������ ���.���8� �� �,�J�������%
�-E"����	� ��
�����'��������� �.���%
����� B���<�����t��
�������� !�#�(�,�%"A�, G�����D�,�#�/-�����2

Halo1  Halo2
Polarimeter target

Shielding wall

Large Moller quad

Moller detectors

������ ���.����� � "���-��;"��������'
,�$���'���<����� �.���%
����� B���������D��
���� ��� !�#�(�,�%"��# G������
��.�%����2

')(%* 6%9#.13�-/:�7)(!*2;[(>-/:"9hQ�7"*2:";%?4-/.K* b%:�9/+1+1*!; -/?4- 8�E%6�O2+'7�9#6`9m8t.1E�6`6]E%3�^J*!.4-/6%; *%+1+1*!;



jGi
+'9f- �q-m+,:"7"6�*\7�6 �D7�0#E%.1*��GF�i ��F ')(%*Pb%-/.'-/3\*2+1*!. � P`7"? +'(�*P3�*!-/6a-/6�; 7"? ;%7"?Kb%: -�Q/*!;a7"6 -

?K+'-m+'7�?K+17"O!? ^J9�s - +\+1(%*[+'9#bu9/8 *�-mO�( b%:�9/+�F ')(�* ?K35-/:�:"*2.h.'-m+1*!?57�6 �4-/:"9/?5j -/6%; l	?n+'*!3

8�.19/3 +1(%* 8�-mO2+y+'(>-m+4+'(%*ZQf-m.1* 35-/;�*,9/8 :�E%O!7�+'* @B(%7":�* +1(%*,9m+'(%*2.L(>-/:�9�3\9#6%7�+'9#.K?L-m.1* 35-/;�*

9/8 ?1O27"6R+'7�:":"-m+'9#.2FScM6 ?KO!7"6R+17":":"-m+'9/.1?!<N+'(%*fb�.19�;%E%O2+17"9#6 9/8 :"7"0/(]+�7"?50#9Ar#*!.K6%*!; ^RQ 3\9#:�*!O!E�: -/.

*ZsGO27�+�- +'7"9/6 ��?K*!* 4G*2O2+'7�9#6 �GF �%F�i �ZF cM6 O29#6R+'.'-m?K+�<%+1(%*Wb%.K9G;�E%O2+17"9#6 9/8 :�7"0#(R+p7"6P:�E%O!7�+'*W.K*!:"7�*!?N9#6

p*!.K*!6 ,m9Ar5.1-/;%7 - +'7"9/6���?K*!* 4G*!OZ+'7"9/6��GF �%F d �ZF �q9/.t+'(%*B?'-m3�*BO�(>-/.K0#*!;�b>-/.n+'7"O2:"*v0/9#7"6%0 +1(%.19#E�0#(

-h?1O27"6R+'7�:": - +'9#.2<G3�E�O�( 3\9#.1* :�7"0#(R+)7�?)b%.19�;%E%O2*!;=F

run
28820 28840 28860 28880 28900 28920 28940 28960 28980 29000 29020

H
al

o
 3

 (
H

z/
u

A
)

0

10

20

30

40

50

60 p0        0.002394± 20.36 p0        0.002394± 20.36 

run
28820 28840 28860 28880 28900 28920 28940 28960 28980 29000 29020

H
al

o
 4

 (
H

z/
u

A
)

0

10

20

30

40

50

60 p0        0.002321± 18.96 p0        0.002321± 18.96 

run
28820 28840 28860 28880 28900 28920 28940 28960 28980 29000 29020

H
al

o
 5

 (
H

z/
u

A
)

0

10

20

30

40

50

60 p0        0.002337± 18.75 p0        0.002337± 18.75 

run
28820 28840 28860 28880 28900 28920 28940 28960 28980 29000 29020

H
al

o
 6

 (
H

z/
u

A
)

0

10

20

30

40

50

60 p0        0.001843± 13.52 p0        0.001843± 13.52 

run
28820 28840 28860 28880 28900 28920 28940 28960 28980 29000 29020

H
al

o
 7

 (
H

z/
u

A
)

0

1

2

3

4

5

6

7

8

9

10 p0        0.0003349± 0.8258 p0        0.0003349± 0.8258 

run
28820 28840 28860 28880 28900 28920 28940 28960 28980 29000 29020

H
al

o
 8

 (
H

z/
u

A
)

0

2

4

6

8

10

12

14

p0        0.0006263± 2.427 p0        0.0006263± 2.427 

������ �1�����	� 	;
��.�L���� ��-J"E������� �	�E-01�/
����� ������������01 32q�=���'�F�	������� -"����9�	� �,�B$/�%
�����0	
�� �#���
� �.
,���I�D�	
��.� �M
�&��
/� ��
,�&�� 	�@2



j��

���������
	������ ����
� � ������ � �������� ����
� � ������ � ������ �

� � � ����������������� � ���! �"$# � � �! %"&# �1� �!' "$# ��� �(' "&# ��� ��' "$# �����)' "$#
* ��������!	+����,.- � ��/0�21 ��� �!"&# � ����"$# � � �!"$# � � �!"&# � "$# � � "&#
� ���3	�����,4- � �!/0�21 � ������"$# � � ��� "&# � � ���!"&# � � ����"$# � � ��"$# � � � �!"&#
"&���
� � �+��56	������ � � � � � � � � � ��� � � �.� � � � � � � � � � � �

7 �&8:9<; �1����� 	;
��.� ���%
J"�01�&���'�� 	�$"'�(� -����(��� �7�# =�E� �E� �	�p�	
��.� "����%��� =O�%
����� �D"?>���� � ���������
��
�# $%�%
��N���,01��"���- ��
 ��� � �&
�-,�#08"�� �D")
 ���1������%-�2 
G�%
J"�01�&���'�� 	�$"F�# =� � 0	- �+�301���$�# �� ��2A@' � ���
$%�%
�� -�#�&�%��� � �'�# !�(�������CB � � ���8���%K��	
���O���F�����7�%
�n$%� 4�	
��.�'�@
�"� ��� �%�&
��'� � "��� 3-,�# !� ��D / � ���
$%�%
��L���8�&�,0Z�1�W�	
��.�M�@
���I���>���#��� 
 � � �L�&
�-,�#08"�� 
 =-�"��� 3-,�# !� ��D / � ���p$/�%
�� 01 3�Z$�"��$��0	���@�/-
�( =�g��
��.�E�@
�"� ��� �'���8�&�,0Z�1�*� �	�N$%�%
�� � �# 3��2�4#��� ��
��.� �%�/
����$���, G�D"�� �	�q�%�&
 ������� B��� ��
�# � ���/�����&� 
$%�%
�� ����
�>�D";�01�$"���-���
���� � �&
�-,�#08"�2����&
 ������� 	";
�&�D�,�#��� G�# �� � ��2

�	*�3�*!-/?1E�.1*!;U-5(%-/:"95+1(>-m+ 7�?L:�*!?1?4+'(>-/6 PGF � ��b%b%3 9m8 +'(%*h3�-/7"6 ^_*!-/3 9#E�+'?K7";%*�-Pd

3\3 .1-/;%7"E�?!FFE)(%7"?h7�?�:"*2?1?�+'(%-/6T9#E%.�?Kb_*2O!7+*%O�-m+17"9#6a:�7"3\7�+ 9/8 i b%b%3XFGE 9 O�-/:�O!E%:"-m+'*\+'(%7�?

(>-/:�9%< @N*PbJ*!.n8�9#.13\*!;U+'(%.K*!*5+1*!?K+1?!F �D7".K?K+�< @p*5b%E�+ H�FIl`6 � 9/8)^J*�-m3e;�7".1*2O2+1:�QU7"6R+'9X+'(%*��
3\3 +1(%7"O0,Ub>-/.n+�9/8)+1(%*PO!-/.1^J9#6a(>-/:�9 +'-/.10#*Z+,8�.1-/3�*mF 4G*2O!9#6�;=< @p* ?K*!6R+ ��P � � 9/8B^J*�-/3

+'(�.19#E%0/(P+'(%*W?K35-m:":"*2.w(>-/:"9 +�-/.K0#*2+N@B7�+'(P-hd,3�3 .1-/;%7"E�?!F)E)(%7�.1;=<]@p* ?K*!6R+ ��P � �V9/8 ^J*�-/3

E%6%9/^%?K+1.1E%OZ+'*!; ��6�9W(>-/:�9L+�-/.K0#*2+ � +1(%.19#E�0#(�+'(%*p^_*!-/3�:�7"6%*mF �>9#. *�-/O�(�+1*!?n+�<#@N*)3�*!-/?1E%.K*!;h+'(�*

.'- +'*W9/8 *!-/O�([(>-/:"9h3\9#6%7�+'9#.2F2E -/^%:�* �GF�i :"7"?n+'?g+'(%* .1-m+'*W9m8 *!-/O�([(>-/:�9�3�9/6%7�+19#.p- +v+'(%*W+1(%.1*2*

^J*�-/3 O!9/6%;%7�+17"9#6�?�-/? @p*2:":v-m? +'(�*P(>-/:�9 8�.'-mO2+'7�9#6%?2FHE)(%*5(>-/:"9X8�.'-/OZ+'7�9#6%?�-m.1*5;�*2+'*2.13\7"6%*2;

-/O2O!9#.K;%7"6%0h+19

I�J � ��K6L�M 	 �
J � KON � ��� 
 J � KON �%P � �6Q+ROS �J � KON%T � U �%V W

H � l 	YX
�=P �YX � � �GF�iAd �

����� ��� Z
� ��" � �1%�" */�50$�

E)(%*Wb�(]Q�?K7"O!?p9/8 +�-/.K0#*2+N;%*26%?17�+MQ��>E�O2+'E%-m+'7�9#6%?p7�65(%7�0#( ��b_9A@N*!.pO2.KQ/9/+�-/.K0#*2+1?v7"?gO!9/3�b%:�*Zs

�&H/x ��F cM6%?17�;%* +'(%* +'-/.10#*Z+�<D+1(%* �>9A@ 7�?�*ZsGbJ*!O2+1*!; +19 ^_* (%7�0#(%:�Q	+1E%.1^%E�:"*!6R+�-/6%;T?Kb>-m+'7"-/:":�Q

;%*2b_*26%;%*!6R+ -m:"9#6%0 +1(%*5:�*!6%0/+1(	9m8v+'(%* +�-m.10#*Z+,O2*!:":�F � (%*26 +'(�*5:"7 � E%7"; b%(>-m?1*�@p-/.K3�?2< +'(�*

:"9�O�-m: ;%*26%?17�+MQPO�(>-/6�0#*!?2F �p9/7":"7�6%0,7�?)-/?K?19�O!7 - +'*!; @B7�+'([-h: -/.K0#*L:�9GO!-/: ;�*!6%?K7�+MQ O�(>-m6%0#* -/6%; 7�?

7"6�(%9#3\9#0#*!6�*!9#E%?W-/O!.K9#?1?W+1(%*hO!*2:":�F c�+ :�7\[m*!:�QX?n+�-/.n+'? -m+W+1(%*h?1E�.K8�-/O2*!? 9/8w+'(�*h(%*�-m+1*!;C+�-m.10#*Z+

@B7"6�;%9A@B?!F]E)(%*[.'- +'*P^RQ @B(%7�O�(u(�*�-m+ 7�?hO!9#6%;�E%O2+1*!;u-A@p-�Q 8�.19/3 +'(�*P@B7"6%;%9A@B? ;%*2b_*26%;%?



j/d
9#6U@B(%*2+1(%*!. +'(%*�^_9#7�:"7�6%0P7"? 6]E%O!:�*�-m+1*���^%E%^%^�:"*!? � 9#. 3�- [/*2?�-[+'.'-m6%?17�+'7"9/6 +19 � :�3 ^J9#7":�7"6%0

��@B(�*!.1* +'(�* @B7�6%;%9A@ 7�?)7"6[O!9/6]+'-/O2+B@B7�+'( rm-/b_9/.).'-m+1(%*!.)+'(%-/6[:"7 � E%7�; �ZF

� E%3\7"6%9#?K7�+MQ ;%*2+1*!OZ+'9#.K? � � 	#% cM? � <G;�9k@B6�?K+'.K*�-/3 9m8_+1(%*y� 	w+�-/.K0#*2+!<�-/.1*)E%?K*!;\+'9 3�9/6%7 �

+'9/.N+�-m.10#*Z+);%*!6�?17�+MQ��>E%OZ+'E>- +'7"9/6%?)-/6%; (�*!:"7�O!7�+MQ���O!9#.K.1*2: -m+1*!;5^J*�-m3 b�.19#bJ*!.n+'7"*2?!F)E)(%* � 	#% cM?

-/.K* � E>-/.K+�� p(%*2.1*!6 [/9Ar ;%*Z+'*!OZ+'9#.K?B-/6%;P(%-Ar/* ��%HE)?v+'9 -/3\b%:�7�8 Q�+1(%*!7�.p?17�0#6>-/:�?!F � E�3�7�?Li � �

@N*!.1* b�E�+ -m+ �RH � @B7�+1( .1*2?1bJ*!O2+h+19f+'(%*�r#*!.n+'7�O�-/:p-/6%;a(%9#.K7��29#6R+�-/:N- sG*!?�@B(%7�:"* � E�3�7�?hH �Ml

@N*!.1* b%:"-/O!*2;C(%9#.K7��!9/6]+'-/:":�Q -/6%;Cr#*2.K+'7�O�-/:�:�Q -/? ?K(%9A@B6	7�6 �D7"0#E�.1* ��F �3PGF E)(%* � 	 %XcM? @N*!.K*

b%:"-/O!*2;\7�6 P�F�ikH � O!3o+1(%7"O [,-/:"E�3�7�6�E�3 O2E%b%?w@B(%7"O�( 7�6]+1.1E%;�*y.1-/;%7"-/:":�Q 7"6R+'9 +'(�*);%9A@B6%?K+1.1*�-m3

^J*�-/3 b�7"bJ* -/?B7":":�E%?K+1.'-m+1*!;P7�6 �D7"0#E�.1* �GF �Gi#F

������ ��� � ��� � �
	J"%" �("��������	�������������������	�� ��� ������� �"!#	�$%���&��'
�����S$������)(*� (+�-,%.%� �����(>�� ��$/��'
�
(0�1�2���_� �#3 $%� � �4'
�&��(+����5�6	7�����98:��'&��������;���0!y��	�'&�=<-	��+�6���;�->?�&��$G�?��=��.@� ����� ��� @A$/��'
�B( �=�C���!
�+	�'&�=<�	��D�E���� �F���*!98:��'&�������*G ��H�I�,

�Dc � F �GF �Gi � � � � 
 	 �$
�� �(����
������ �,��� 
� � � � � �G	 � ���2	 �
� ��
 � � ��
 � �  � �
 ���@J 	 '

E)(%*�� 	#% cM? ;%*2+1*!OZ+ ?1O!-m+1+1*!.1*2; *!:"*2O2+1.19#6%?\@B(%7"O�( 9/.17"0/7"6>-m+1* 8�.19#3 *!:"-/?K+17"OX*!:�*!O2+1.19#6 �



j �
b%.K9/+'9#6 ?KO�-m+K+'*!.K7"6%04-/6%; bJ9#: -m.17��2*!; % 9/:":"*2. ��*2:"*!OZ+'.K9#6 �M*2:"*2O2+'.K9#6 �_?KO�-m+K+'*2.17"6�0%F��N9/+'( b%.19�O!*2?1?K*!?

O!9/6]+1.17�^%E�+'*W-/^_9/E�+)(>-/:�8 9/8 +'(�*W+'9/+'-/:_*2:"*2O2+'.K9#6 .'- +'*/F)E)(�* � 	#% cM?)(>-�r#* +1(%.1*2* -/;�rm-/6R+�-m0#*!?2F

�D7�.1?K+!<_^J*!O!-/E%?K*h9/8 +'(%*27".y?13�-/:":�*!.y?1O!-m+1+1*!.17�6%0 -/6�0#:"*m<J+1(%* � 	 %XcM? (>-�r#*h-5(�7"0#(%*2.LO29#E%6R+'7�6%0

.'- +'*,+1(>-/6`+1(%* � ���W? -/6�;  � �W?2F.E)(%*!.K*28�9#.K*/<=+1(%*2Q 3�*!-/?1E�.1*h-/?nQ�3�3\*2+1.17"*2?4@B7�+'(f(%7�0#(%*2.

b%.K*!O!7�?17�9#6f+'(>-m6f+'(%* � ���W? -/6�;  � �W?2F 4G*2O!9#6�;=< +'(%* � 	 %XcM? O�-/6 ;%*Z+'*!OZ+ *!:"*2O2+1.19#6C?KO�-m+��

+'*2.17�6%0 .1-m+'*2?N8�.K9#3 ?13�-/:":>^J*�-m3 O!E%.K.1*!6R+1?p+'(>- +�� ��% ?v-/6%; �  % ?vO�-m6%6%9/+N;%*2+1*!OZ+�F��4*26%O!*m<

+'(�* � 	#% cM?BO�-/6[^J* E%?1*2;X+19 3�*!-/?1E%.K* :"*!- [ -/0#*W9/8 *!:�*!OZ+'.19/6 ^_*!-/3 7"6R+1*!6%;%*2; 8�9#.v+'(%* 9m+'(%*2.

(>-/:�:"?2F E)(�7".1; <=+'(%*hb%(RQ�?17�O!? -/?nQG3\3\*2+'.nQf7�?W?13�-/:":�*!.2<_3�- []7"6%0P+1(%* � 	 % cM? 3\9#.K*�?1*26%?17�+'7�r/*

+'9h8�-/:�?1* -/?nQ�3�3\*2+1.17"*2?!F

����� ��� ! �1 �� 0 " � &�*/0��

p9#6%?K7";%*2.[?1O�- +1+'*2.17�6%0Y@B(�*!.1* +'(�*U?KO�-m+K+'*2.17"6�0ub%.K9#^>-/^�7":"7�+MQ 7�? ;%*!bJ*!6�;%*!6R+fE�b_9#6 +'(�*

?1b�7"6,9/.17"*26R+�-m+17"9#6 9/8%+1(%*N7�6%O!7�;%*!6R+ *!:�*!O2+1.19#6 F2E)(%*N?1O�- +1+'*2.17�6%0Lb%.K9#^>-/^�7":"7�+MQWO29#6%?17�?K+1?D9/8q-y?1b%7�6

7"6�;%*!bJ*!6%;�*!6R+ b%7�*!O!*�� 	 -/6%;h-y?1b%7�6�;%*2b_*26%;%*!6R+wb%7�*!O2* X � 	 < @B(%*!.K* X 7�? +1(%*p?Kb%7"6�?K*!6%?K7�+17�r�7�+MQ

9/8N+'(%*\?1O!-m+1+1*!.17�6%0`b�.19�O!*!?K?!< @B(%7"O�(	7"? O�-m:":"*2;U+1(%*�-/6>-/:�Q �27"6%0[bJ9A@p*2.!F E)(%*�b%.19#^%-/^%7":�7�+MQ 9/8

?1O!-m+1+1*!.K7"6%0`-/6 *!:�*!OZ+'.19/6	@B7�+1( bJ9#?17�+'7�r#*\?1b%7�6 7"?�� � ��� 	 �ni � X �W@B(%7":�*\+1(%*5b%.K9#^>-/^�7":"7�+MQ

9/8 ?KO�-m+K+'*2.17"6�0a-/6 *2:"*!OZ+'.K9#6 @B7�+1( 6%*20R-m+'7�r#* ?1b%7�6 7"?�� � ��� 	 � i 
 X �ZF 24*Zs�+!<yO29#6%?K7";%*2.

?1O!-m+1+1*!.K7"6%0 9/8D-/6X*!:"*2O2+1.19#6[^J*�-/3 @B7�+'(Xb_9/: -/.K7���- +'7"9/6

� � 	 � 
 	 �	 � �#	 � 	
� �GF�i � �

@B(%*2.1* 	 � -/6%; 	 � -/.K* +1(%*,6]E%3�^J*!.49/8 *2:"*!OZ+'.K9#6%?4@B7�+'( b_9#?K7�+17�r#* -/6%; 6%*!0#-m+'7�r#*,?Kb%7"6`b%.19 �

�K*!OZ+'7�9#6%?!<>.K*!?Kb_*2O2+'7�r#*2:�Q#F 4�9#:�r�7"6�0 � � E>- +'7"9/6��GF�i �h8�9#.v+1(%* 	 � -/6%; 	 � 0#7�r/*!?

	 � � 	 	� � i � ��� � �GF�ikH��

	 � � 	 	� �ni 
	� �
	

� �GF�iAx �



j#H
@B(%*2.1* 	 	 � 	 � �!	 � F � (%*26 +'(�* ^J*�-/3 bJ9#:"-/.17���-m+17"9#6P7�?Bb_9#?K7�+17�r#*m<>+'(%* O!9#E�6]+17"6%0\.'- +'* 9/8

?1O!-m+1+1*!.K*!;`*2:"*2O2+'.K9#6%?B7"?

� � � � � 	 � � � � 	 � � � 	 �ni �3X � � i � ��� 	 	� � � 	 �ni 
 X � � i 
	��� 	 	� � � �GF�ikj��

4G7�3�7�: -/.K:�Q#< @B(%*26Y+1(%*[^_*!-/3 bJ9#: -m.17��!-m+'7�9#6 7�?�6%*20R-m+'7�r#*m<g+1(%* O!9#E�6]+17"6%0 .1-m+'* 9/84?1O!-m+1+1*!.K*!;

*!:�*!OZ+'.19/6%?B7"?

� � � � � 	 � � � � 	 � � � 	 �ni �3X � � i 
	� � 	 	� � � 	 � i 
 X � �ni � ��� 	 	� � � �GF�iAl �

c�+B8�9#:":�9A@B?p+'(>- +)+'(%* O!9/E%6R+'7"6�0�.1-m+'* -/?nQ�3�3\*2+1.KQ 7�?

� � 
�� �
� � � � �

� X � � � �GF�i � �

E)(%7�?p7"?p- [m*2QP* � E>-m+'7�9#6=F �gQ53\*�-/?KE%.17�6%0 +1(%*L;�7 _*!.1*26%O!*L7"6�+1(%*LO29#E%6R+'7�6%0�.1-m+'*2? ��-m6%;5@B7�+1(

[]6%9A@B:"*2;%0#* 9/8p+1(%*\-/6>-/:�Q �!7"6�0 b_9A@N*!. 9/8g+'(%* ?1O!-m+1+1*!.K7"6%0Xb%.19�O!*2?1? �Z< 9#6%* O�-/6U3\*�-/?KE%.1*h+'(�*

3�-/0#6%7�+'E%;%*L9/8 +1(%* b_9/: -/.K7���- +'7"9/6=F

�������	��
�����	��
�����������


E)(%*vbJ9#:"-/.17���-m+17"9#6 9/8>+1(%*p*2:"*2O2+'.K9#6�^J*�-/3 -/.K.17�rG7�6%0y7"6"�4-/:":  7�?D3\*�-/?KE%.1*2;�^RQ +1(%* �4-/:":

 %X9#:":�*!.tbJ9#: -m.17"3\*2+1*!. � H/l���F %X9#:":�*!.tbJ9#: -m.17"3\*2+1*!.K?t-/.K*)^>-/?1*2;59#6��N � �N � N � N ?1O!-m+1+1*!.K7"6%0%F

�>9#.t^J9/+'( :�9#6%0#7�+'E%;%7�6>-/:�:�QWbJ9#:"-/.17��!*!;h^J*�-m3 -/6%;h+'-/.10#*Z+ *!:�*!OZ+'.19/6%?!<R+'(�*)O!.19/?1?���?1*2O2+'7�9#6 7"6h+'(�*

O!*26R+'*!.y9/8 35-m?1?)8�.'-/3\*W7�?

 ��
 �� �

 �� P
 �� ��i � � � ��� X �!� ��"�� � 	 � �GF �$# �

@B(%*2.1* �%�4-/6%; � �N-/.K*h+'(%*h:�9#6%0#7�+'E%;%7�6>-/: b_9/: -/.K7���- +'7"9/6 9/8g+'(�*h^_*!-/3 -/6%;C+'-/.10#*Z+�< .K*!?1bJ*!O �

+'7�r#*2:�Q#< X&�'� 7�?\+1(%*f-m6>-/:�Q �27"6%0	b_9A@N*!.!<y-/6�;)(!*,+
('-

7"?\+'(%* E%6%bJ9#: -/.K7��2*!;YO!.19/?1?���?1*2O2+'7�9#6=F!E)(%*

E%6%bJ9#:"-/.17��!*!; O2.19#?K?���?1*!OZ+'7�9#6`7�?

 �� P
 �� �/. � � 
a?K7"6 ( " �

� � S � ?17�6 ( " 	
� �GF �Gi �



j/x
@B(%*2.1* ",7"?N+'(%* ?KO�-m+K+'*!.K7"6%0 -m6%0#:"*L7"65+1(%* O!*26]+1*!. �M9/8 ��35-/?K?p8�.'-m3�*mF)E)(%* -/6>-/:�Q �!7"6�0�b_9A@N*!.)7�?

0#7�r#*!6X^RQ

X �!� ��"���� 
f?17�6 ( " l 
a?17�6 ( "
� � 
a?17�6 ( " � � � �GF �����

E)(%*W^J*�-m3 bJ9#:"-/.17���-m+17"9#6 O�-m6P^_*43�*!-/?1E�.1*!; ^RQ�O!9#3\b>-/.K7"6%0 +'(�*LO!.K9#?1? �M?K*!O2+17"9#6[-m?KQ�3�3\*2+1.KQ

8�9#.)^J*�-/3 -/6%;[+�-/.K0#*2+B?Kb%7"6%?y-/:�7"0#6�*!; b>-/.1-/:":�*!: -/6%;X-/6R+'7 �Mb>-/.1-/:":�*!:

X � P���� S�Q �
(!*����
(!-


�(!*����
(!-

('* ���
('- � (!* �	�(!-

� � � �%� X �!� � "�� � � �GF �/d �

�v+&" � � # � <%+1(%* -/6>-/:�Q �!7"6�0\bJ9A@p*2.47�?B-h35- sG7�3�E%3 � X �!� � 
Wj � � �ZF E)(%*2.1*Z8�9#.1*m<q+1(%* []7"6%* �

3�-m+'7�O!? -/.1*NO�(%9#?1*26h?1E%O�(�+1(>-m+ "�� � # � F E)(%*v*2:"*!OZ+'.K9#6%?D7�6 +1(%* % 9#:�:"*2. +'-/.10/*2+ -m.1*pbJ9#:"-/.17��!*!;

E%b%?n+'.K*�-/3 ?K9 � �_7"?g- b_9/?17�+17�r/*)6�E�3�^_*2.!FCE)(�*!.1*Z8�9#.1*m<�?K7"6%O2*B+1(%*#% 9#:":�*!. -m?KQ�3�3\*2+1.KQ X � P���� S�Q
7"?)6�*!0R-m+17�r/*/<%+'(�* ^J*�-m3 b_9/: -/.K7���- +'7"9/6 �%�g3�E%?n+B^_* bJ9#?17�+'7�r#*/F

E)(%*2.1* -/.K*�+1(%.1*2*5b%.K7"3�-/.KQ ?K9#E%.1O2*!?�9m8)*!.K.19#. 7"6	+1(%*53\*�-m?1E%.K*!3\*!6R+�FHE)(%*!?K* 7"6%O2:"E%;%*

-/O�(%7�*2rm-/^%:�*)?K+'-m+'7�?K+'7�O!?2<RE%6%O!*2.K+'-/7"6R+'7�*!? ;%E�*y+19 ^%-/O []0#.19#E�6%;�8�.K9#3 % 9m+1+g?1O!-m+1+1*!.17�6%0%<�-/6%; +'(�*

*!.K.19#.)7�6[;%*2+1*!.13\7"6�7"6%0�+1(%* +�-/.K0#*2+B*2:"*!OZ+'.K9#6 bJ9#:"-/.17���-m+17"9#6=F

E)(%*�:"-�Q#9#E�+L9/8t+1(%*�bJ9#: -/.K7"3\*2+1*!.)7"?4?1(%9A@B6C7�6��D7�0#E%.1*��GF ���GF E)(%*�7�6%O!9#3\7"6�0�*2:"*!OZ+'.K9#6

^J*�-/3 7�? ;%7".K*!O2+1*!;u9#6R+'9 +'(%* % 9#:�:"*2.�+�-/.K0#*2+!<v-C+'(%7�6T8�9/7":v9/8Lb%E%.K* 7�.19#6=F � E%.K* 7�.19#6a@p-/?

?1*2:"*2O2+'*2;U8�9/.L+'(%*h.K*�-/?K9#6 +'(>-m+W7�+'?L*!:"*2O2+1.19#6 bJ9#: -/.K7��!-m+'7�9#6 7�?.[]6%9A@B6U@B7�+'(C0#.K*�-m+ -/O2O!E%.1-/O2Q

7"6 ?1-m+'E�.'-m+17"9#6=F2E)(%*W8�9#7":J7"?p9#.17�*!6R+'*2; b_*2.1bJ*!6%;%7�O!E%:"-/.p+19�+'(%* ^J*�-/3 -/6%;[3�-/0#6%*Z+'7��!*!;5E%?17�6%0

-T?1E%bJ*!.KO!9#6%;�E%O2+17"6%0u?19#:�*!6%9#7�;Sb�.19�;%E%O2+17"6%0Y- � E � *2:"; 7"6 +'(%*U;%7�.1*!OZ+'7�9#6 9/8,+1(%*	^J*�-m3 F

�p9/+1( +'(�*f?1O!-m+1+1*!.1*2; -/6%; .K*!O!9/7":"7�6%0 +�-/.K0#*2+5*!:"*2O2+1.19#6%?�*!3\*!.K0#*f7"6Y+'(%*`(%9#.17��!9#6R+'-/:Bb%: -/6�*

-/6%;Y-/.K*P8�9GO2E%?1*2;u^RQ - � E>-m;%.1E%bJ9#:�* 35-/0/6%*2+�
�i#F p9#:":�7"3�-m+'9/.1? -/.1*PE�?1*!;Y+'9C?K*!:"*2O2+ +'(�*

;%*2?17".K*!;X?1O!-m+1+1*!.17�6%0 -/6%0/:"*!?2F � ?1*2O!9#6%; � E>-/;%.KE%b_9/:"*W3�-/0#6%*Z+�
 �,;%*28�9�O!E%?K*!?B+'(%* *2:"*2O2+'.K9#6%?2F

E)(%*�*2:"*2O2+'.K9#6%?L-/.1* ;%*2+1*!OZ+'*!; 7�6 O29#7"6%O27";%*26%O!* E%?17�6%05+M@N9P?KQ�3\*2+1.17"O!-/:":�Q b%:"-/O!*2;`(%9�;%9#?KO!9#bJ*

O!9/E%6R+'*!.K?L-m6%; :�*�-/; �M0#:"-/?1?v;�*2+'*2O2+19#.1?2F

E)(%* %X9#:":�*!. 3�*!-/?1E�.1*!3\*!6R+57"?�-/6 7�6]rm-/?K7�r/*`3\*�-/?KE%.1*23�*26]+5?17�6%O!* 7�+\.1* � E�7".1*2?P^J*�-/3

O!E�.1.1*26R+W:"*2?1?y+'(>-/6�� � � F 	46%;%*2.L(%7�0#(`^J*�-m3 O!E%.K.1*!6R+!<_+'(�*,7".K9#6[+�-/.K0#*2+y@B7":�: (%*�-m+4E%bC-m6%;

+'(�* *2:"*2O2+'.K9#6%?)@B7":�: ;%*2b_9/: -/.K7��!*mF



j#j
E)(%* % 9#:":�*!.�� 9#: -/.K7"3\*2+1*!.D@p-/?p;�*!?17�0#6%*2;�+'9 9#bJ*!.1-m+'*y-m+g^J*�-/3 *26%*!.K0#7"*2?N.1-/6%0#7�6%0 8�.19#3

i � *�� +19[x � * ��F cM6f+1(%7"?L.'-/6%0/*/<_+1(%*�% 9#:�:"*2.4b%.K9ArG7�;%*!? -m6 -/^%?19/:"E�+1*�b_9/: -/.K7���- +'7"9/6 3\*�- �

?1E�.1*!3\*!6R+ @B7�+'(	-/O2O!E%.1-/O2QU^J*2+1+1*!. +'(>-m6 #�FIH��PFPcM6	9#.1;%*2. +19`-mO!O!9/3�9�;>-m+1*\:�9A@p*2. *26%*!.K0#7"*2?

8�9#.v+1(%7"?)* s�bJ*!.K7"3\*!6R+�<%+1(%* 9#b�+17"O!?)9m8D+'(�* %X9#:":�*!. � 9#: -/.K7"3\*2+1*!.p(%-/;X+19 ^_* -/; �KE�?K+'*2;=F

� c � F ��F ��� ���	��
���  "���6� � 
 � ��
 � � �&��� � ���&� 
��#� ����� � �&� 

� 
�� �����
	 '

��� ��� ����� ��
�� � ��� ��


E)(%*)bJ9#: -m.17��!-m+'7�9#6 9/8q+'(%*p*!:"*2O2+1.19#6h^J*�-/3 7"?t-/:"?K9L3\*�-/?KE%.1*2;\^RQ +'(%* %X9/+1+�� 9#: -m.17"3\*2+1*!.

7"6C+1(%* cM6 �K*!OZ+'9#.2F % 9/+1+ bJ9#: -m.17"3\*2+1.KQX7"? ^%-/?1*2; 9#6 +'(%* ?KO�-m+K+'*!.K7"6%0[9/8NbJ9#: -/.K7��2*!; *!:�*!O2+1.19#6�?

8�.19/3 -m6fE%6%bJ9#: -m.17��2*!; (%7"0#( ���	6]E%O2:"*!E�? � H � ��F�E)(%*h-/6>-m:�Q �!7�6%05bJ9A@p*2.L8�9#.�%X9/+1+L?1O�- +1+'*2.17�6%0

8�.19/3 ?17�6%0#:"*W8�.K*!* � -m+19#3�?B7�?yO!-/:":�*!; +'(�* 4G(�*!.13�-/6[8�E%6%OZ+'7"9/6`-/6�;`7"?BO!-/:"O2E%: -m+1*!; 8�.19/3 
 � ��F

c�+h;%*2b_*26%;%?hE%bJ9#6 +1(%*P:"-/^_9/.'-m+19#.KQ ?KO�-m+K+'*!.K7"6%0f-/6%0#:�*P-/6%; *!:"*2O2+1.19#6a*26%*!.K0/Q#F E)(%* []7"6%*Z+'7�O

*!6�*!.10mQ 9m8D+'(�* *2:"*!OZ+'.K9#6`^J*�-/3 - +y+1(%* % 9/+1+4bJ9#: -/.K7"3\*2+1*!.v7�?y^J*2+M@N*!*26 �\-m6%;fl % *�� �&x$# ��F
E 9Wb%.1*Zr#*26]+g-m6]Q ?Kb%.1*!-/;h9/8%+1(%*p*2:"*!OZ+'.K9#6�^J*�-/3 7"6,-/7".2<m+1(%*p?KO�-m+K+'*!.K7"6%0y+�-/.K0#*2+D7"? *!6%O2:"9#?K*!;h7�6

-hr/-mO!E%E%3 r/*!?1?K*!:�F�E)(%* b_9/: -/.K7"3\*2+'*2. �&?)?K+'-/7"6%:�*!?K?y?n+'*2*!: O�(>-/3�^J*!.y7"?yO!9#6�6%*!OZ+'*!;`;%7".K*!O2+1:�QP+19

+'(�*L^J*�-/3 :"7�6%*y-/6%;PO!-/6P^J*L9#bJ*!.1-m+'*2; ^]Q\9#bJ*!6�7"6%0h- 3�*Z+�-/:>rm-/:�r#*/F��WE�.17"6�0�- bJ9#:"-/.17���-m+17"9#6

3\*�-/?KE%.1*23�*26]+!< -fi �GFIH�;%*20#.1*2*h;%7"bJ9#:�* ^J*!6%; 3�-/0#6%*Z+W7�?L*!6�*!.10/7��!*2;C+'9P0#E�7";%*,+1(%*�*2:"*!OZ+'.K9#6

^J*�-/3 +'9h+'(%* bJ9#: -m.17"3\*2+1*!.w+�-/.K0#*2+!F)E)(%* *!:�*!O2+1.19#6�?y*26R+'*!.)+1(%* O�(>-/3�^J*!.v8�.K9#3 +1(%* :"*28 +v?17";�*

9/8 �D7"0/E%.1* ��F �/d[-/6�;	(%7�+W+'(�*\O2*!6R+'*2. 9m8N+1(%*h+�-/.K0#*2+ @B7�+'(U-Xb�.1*!O27"?K7"9#6C9/8 #�FIHP3�3 -/6%;	-/6



j/l
-/6%0/:"* 9/8L:"*!?K?\+1(>-/6 � 3\.!F E)(%*[+�-m.10#*Z+�7�? 3�9#E�6]+1*!;Y9#6u-U3\9ArG7�6%0 : -/;�;%*!.h+'(%-m+�-/:":�9k@B?

+'(�*\?K*!:�*!O2+17"9#6 9/8LikjP;%7 _*!.K*!6R+ +�-/.K0#*2+1?!F:E)(�*�?n+�-/6%;%-/.1; +�-/.K0#*2+ 7�? - i � 3 0#9#:";f8�9/7":�F E)(%*

bJ9#: -/.K7"3\*2+1*!.g(>-/?v8�9#E%.p*!:"*2O2+1.19#6 ;%*Z+'*2O2+'9/.4-m.13\?!<G+M@N9 7"6P+1(%* (%9#.K7��!9/6]+'-/: b�: -/6%*W-/6%; +M@p9 7�6

+'(�* r/*!.K+17"O!-/: b%: -m6%*/F �w-/O�(f3\*!3,^_*2.)9/8 - b>-/7�.y7�?B?1*!b%-/.'-m+1*!; ^]Q i�l #��B7"6[+'(%* -*�!7�3�E�+1(=F �46

-/; �KE�?K+�-m^%:"* -/:�E%3�7�6]E%3 O29#:":�7"3�-m+'9/.p7"6�?17";�*W+'(%* rm-/O!E%E�3 O�(>-/3�^J*!.B;%* � 6%*!?y+'(%* -/O2O!*2b�+�-/6�O!*

9/8 +'(�* 7"6%;%7�r�7";%E>-m:J;�*2+'*2O2+19#.y-/.13\?v-/6�; -m?1?1E�.1*!?)+1(>-m+)*!-/O�([;%*2+1*!O2+19#.)?1*2*!?B9#6%:�Q�+1(%* O!*26R+'.'-m:

-/.K*�-h9/8 +'(%* +�-m.10#*Z+�F

�Dc � F �GF �/d � � � �#��� �#
���� �$�����&� ����� �����&��
 � 
	� � ���
� ������ � �&� 
�� 
�� ����� 	 '

����� ��� � �&"� � �� �� $��*$"$�1%

E 9 3\*�-/?KE%.1*B-m6%;�O29#.1.K*!OZ+g8�9/. ?KQ�?K+1*!3�-m+'7�Oy*2.1.K9#.1?w-/?K?19�O!7"-m+'*2;\@B7�+'( (%*!:�7"O27�+MQ O!9#.K.1*!:"-m+'*2;

O�(>-/6�0#*!?�7�6	^J*�-m3ebJ9#?K7�+'7�9#6=< -/6%0/:"*/< *!6�*!.10mQ#< -/6�; 7"6R+'*26%?17�+MQ#<D- ^J*�-/3 3\9G;%E�: -m+17"9#6 ��-�F
[qF -

�KO29#7": b%E�:"?17�6%0#
 �v?nQG?n+'*23 @p-/?LE�?1*!; +'9\7"6R+'*26]+17"9#6%-/:":�QP;%7�+'(%*2.y+1(%* ^J*�-m3 ^]QX:"-/.10#* -/3\9#E%6R+1?

� �Rd ��F�E)(%*P^J*�-/3ebJ9#?17�+'7"9/6 -/6�;T-/6%0#:�*5-/.K*�rm-/.K7"*!; ^]Q	O!9/.1.1*2O2+19#.�O!9/7":"? 7"6	+'(%*P^J*�-m3e:�7"6%*



j �
:"*!-/;%7�6%0X+19 +1(%*5(RQ�;%.19/0#*!6 +'-/.10#*Z+h-/6�;	+'(�*5*!6�*!.10mQ 7�? ;%.K7�r/*!6 ^RQ - O�-�r�7�+MQ	7"6U+'(%* 4G9#E�+1(

� 7"6>-mO/F$E)(%*g3�*!-/?1E%.K*!3\*!6R+'? -/.K* b_*2.K8�9#.K3�*2; O!9#6%O2E%.1.K*!6R+':�QW@B7�+1( *ZsGb_*2.17�3�*26]+'-/:R;>-m+'-v+�- []7"6�0

;%E%.K7"6%0\+'(%* � .K?K+L+1(%.1*2*,3\7"6]E�+1*!?y9/8w-�.KE%6=F(E)(%*�-/3�b�:"7�+1E%;%* 9/8D+'(%* 3�9�;%E%:"-m+'7�9#6[6%*!*2;%?4+19

^J*y:"-/.10/*)*!6%9#E�0#(�+19 bJ*!.K3�7�+w-/O!O2E%.'- +'*y3�*!-/?1E%.K*!3\*!6R+'?g^%E�+g?K35-/:�:%*!6�9#E%0#(�6%9/+w+'9 ?K+1*!*2.N+'(�*

^J*�-/3 ^J*2Q#9/6%;[?'-m8�*4:"7"3\7�+1?!F c�8 +'(%*4^_*!-/3 7"?g?K+'*2*!.K*!;[^_*ZQ#9#6�; ?'-m8�*W:�7"3\7�+1?!<#7�+vO!9/E%:";\+'.17�b5+'(�*

-/O2O!*!:�*!.1-m+'9#.y-/6�; ^J*�-/3 b%7"bJ* 9#.)9/+'(�*!.y* � E%7"b�3�*26]+yO!-/6 ^J* ;>-/3�-/0#*!; F � 7"0#E%.K* �GF � � ?1(%9A@B?

- +MQ�b%7�O�-/:J;%7�+'(%*2.pO2Q�O2:"*/F �WE%.K7"6%0 +'(%*y+'(%.K*!*L3\7"6]E�+1*!?N9/8 O!9/7":q3�9�;%E%:"-m+'7�9#6=<#+1(%*!.K*W-/.K*L*!:�*2r/*!6

O2Q�O2:"*!? � d 	 <]d��_< � *26%*!.K0/Q#<�-/6%;[iB*!3\b�+MQ/F �w-/O�(�OZQ�O!:"*B7�?t35-m;%*)E%b 9/8 �W;%7 _*!.K*!6R+g?1*2+K+'7�6%0#?!F

E)(%*2.1*28�9/.1*/<J-hO!9/7":=?K7�+'?B- +49/6%* ?1*Z+1+'7�6%0 8�9#.B-/^J9#E�+ ��?1*2O!9#6%;�?!F

E)(%*[O�(>-/6�0#* 9/8y+'(%* ^J*�-/3 *!6%*2.10/Q 7"?�O!-/:"O2E%: -m+1*!;a^>-m?1*!;T9#6a+1(%* 	 bJ9#?K7�+'7�9#6 9/8y+'(�*

^J*�-/3 3�*!-/?1E%.K*!; ^RQ � �&% d�Li ��-m+v+'(�* ;%7"?Kb_*2.1?17�r#* bJ9#7"6R+p7"6P+'(�* �L-/:�:  -/.KO/F E)(%7�? � ��%
(>-/?y-hO�-m:"7"^�.'-m+17"9#6P9m8pi � � � 3\3 F

E -/^%:"*��GF �`?KE%3\35-/.K7��2*!?,+1(%* -/b%b�.19�sG7"3�-m+'*P.1-/6%0#*2?h9/8B3\9/+'7�9#6 8�9#.h-`+MQ�b%7�O�-/:N.1E%6T7�6

^J9/+'( 6>- +'E%.1-/: ^J*�-/3 3�9m+'7"9/6 -/6%; O29#7":_3�9�;%E%:"-m+'7�9#6=F&E)(%* 	`.1-/6%0#*48�9#.vO!9/7": 3\9�;%E%: - +'7"9/6�7�?

3\9#.1*B+'(>-m65+M@p9�+17"3\*!?g^%7"0/0#*!.w+'(>-m6P+'(%* 	[.'-/6%0/*48�9#.N6>-m+'E�.'-/:J^_*!-/3 3�9m+'7"9/6=FDcM6PO29#6R+'.1-/?K+!<

+'(�*�� .1-/6%0#*p8�9/.tO!9#7�:�3\9G;�E%: -m+17"9#6 7"?D3�9#.K*p+'(%-/6�+'(%.K*!*v+17"3\*!?D?K35-m:":"*2. +1(>-/6�+'(�*�� .1-/6%0#*p8�9/.

6%9#.K35-m:_^J*�-/3 3\9/+'7�9#6=F 4�7"6%O2*LO!9/7":J3�9�;%E%:"-m+'7�9#6�7�?v-/6 7�6R+'*!6R+17"9#6>-m:_;%7�+'(%*2.17�6%0,9/8 +1(%*W^J*�-/3

^RQh: -m.10#*)-m3�9#E�6]+1?!<]^J9/+'(h+'(�* 	5-/6%;��,.1-/6%0#*2? 8�9#. O!9#7�:%3\9G;%E�: -m+17"9#6 ?1(%9#E�:"; ^_*B:"-/.10#*2.D+'(%-/6

��9/.,-m+ :�*�-/?n+,* � E%-/:g+19 �W+'(%* 	Y-/6%;��C.'-/6%0/*!? 8�9/. 6%-m+'E%.1-/:w^_*!-/3 3�9m+'7"9/6=F��WE%.K7"6%0 +1(%*��

O2Q�O2:"*/<>+1(%*!.K* 7�?y?K7"0#6�7 � O!-/6R+4?KO!.1-/b%7"6�05-m+B^J9/+1(`:"9A@N*!.y-/6%;XE%b%bJ*!.y:"7�3�7�+'?2F)E)(%7"?B7"?BO2:"*�-m.1:�QP-

3\7"?K+'- [/* 9#6f9/E%.4b%-/.K+W-/6%;`3�-�QX^_* +'(%* .1*!?KE%:�+49/8 7�6%O!9/.1.1*2O2+LO!9#7�: 3\9�;%E%: - +'7"9/6 ?1*2+K+'7�6%0#?L9/.

7"3\b%.K9#b_*2. b%: -/O2*!3\*!6R+ 9/8v+1(%*�O29#7":�? 7"6	+1(%* �L-/:�: o:"7"6�*/F E 9f*2:"7"3\7"6%-m+'*�?KO!.1-/b%7"6�0%<D-X(>-/:�9

O!EG+���� x # ��� � � � �W@v-m? 7�3�b%:�*!3\*!6R+'*2; 9#6%:�Qf;%E%.17�6%0XO!9#7�: 3�9�;%E%:"-m+'7�9#6=F �L:�?19%< 7�+ ?K(%9#E%:�;

^J* 6%9/+'*2; +'(>- +hO�(>-/.K0#* 7"?�6�9/+ ;%*!:�7"^J*!.1-m+'*2:�QU3�9�;%E%:"-m+'*2; ;%E�.17"6�0CO!9#7�:p3\9G;%E�: -m+17"9#6=F � 6�*

-/;�rm-/6R+'-/0#*[9/8yO!9#7�:v3\9G;%E�: -m+17"9#6 7�?�+'(>- + 7�+hO!-/6u^J*[E%?1*2;Y+19 ;%*!O29#E%b%:�*XO�(%-/.10#* 8�.K9#3 +'(�*

9/+1(%*!.B^J*�-/3 b�.19#bJ*!.n+'7"*2?!F



l #

����	�� �+����� � ��� � ��	������ 5O����� ������������	������
� -�� ��1 � � � � � �
� -�� ��1 � � � � � ��	�.-�� ������1 � � ��
 � � � � ��	�?- ���+����1 � � � � � � �
�3- � �:1 � ��� � ���� - ' ���C1 � � � � � � �

E ��� � � ��F ���
� � � � 
 � 
 � ��� �$��� 
 ��� � �   � � � � ��� � ���� �� � � 
 ��� �����&� ��� ��� � � � ��
 � � � �����$��� � ��� ��� �&�
� � � � ��� ���$����'

����� ��� �

E)(%* ;>- +�-�?K+1.1*!-/3 O29#6%?17�?K+1*!;X9/8 +M@p9\;%7  *2.1*!6R+v+MQ�bJ*!?B9/8 *2r/*!6R+'? �N(�7"0#(P?n+�-m+17"?n+'7"O2?v;>-m+'-

O!9/E%6R+'7"6�0a-/6%; :�9k@ ?n+�-m+17"?K+17"O2?53\9#6%7�+19#.17�6%0U;>-m+�- � �q-/?K+1^%E%? �ZF E)(%*C(%7�0#( ?n+�-m+17"?K+17"O2?5;>-m+'-

O!9/E%6R+'*!;�-/:�:�b>-/.n+'7�O!:"*2?t;%*Z+'*!OZ+'*2;�@B7�+1(%7"6h*!-/O�( 
� 	 ?w3�-/O!.K9#b%E%:�?1*vbJ*!.K7"9�;=F2E)(%*B:�9k@Y?n+�-m+17"?K+17"O2?

3\9#6%7�+19#.17�6%0 ;>-m+'-X7�6%O!:�E%;%*2; ��� o-/6%;FE �  ?1bJ*!OZ+'.1- 8�9#. *�-/O�( ��%HE 9#6 *!-/O�( ;�*2+'*2O2+19#.

@B7�+1(X-\3�- sG7"3�E�3 *Zr#*!6R+4.'-m+1* 9/8pi [ ���mF � E)7�3�*W+19��W7�0#7�+'-/: p9#6Rr#*!.n+'*2. � E �  �p3\9�;%E%:"*

.1*2O!9#.K;%? +'(%*�+17"3\*�;%7  *2.1*!6�O!*h^J*2+M@N*!*!6 - ?K+�-m.K+ -/6%; ?n+'9#b ?17�0#6>-/:�F �46 �46>-/:�9#05+'9 �W7�0#7�+'-/:

p9#6Rr#*2.K+1*!. � ���  �N3�9�;%E%:�*Lb%.K9G;�E%O!*2?4-�;�7"0#7�+�-/:qO!9�;%* -m+v7�+'?N9#E�+1b%E�+)+'(%-m+)7"?pb%.19#bJ9#.n+'7"9/6>-/:

+'9\-/6 -/6>-m:"9#0hO�(>-m.10#* ?1E�b%b%:"7�*!;X-/O2O!E%3�E�: -m+1*!;X-m+y7�+1?)7"6%b%EG+�F

E)(%*U;>-m+'-Y- � E�7"?17�+'7�9#6 ?KQ�?n+'*!3 � � � 
 �5E%?K*!;V^RQ +1(%*U� 	 *ZsGbJ*!.K7"3\*!6R+ @v-m?  � � �
�  ��� ��� � 6�:"7"6�*�� -m+'-��LO � E%7"?K7�+'7�9#6P?nQG?n+'*23�� � x�i ��F  � � �V@p-/?);%*Zr#*2:"9#bJ*!;X-m+"! � -/^[-m6%;

.'-m6�9#6�- � 7�6]EGs O!9/3�b%EG+'*!.w7�6 +1(%*yO!9#E%6R+17"6%0 (%9#E%?K*/F)E)(%* � � 
SO!9#3\b%E�+1*!.wO!9/3�3�E�6%7"O!-m+'*2;

@B7�+1(5O2.'-m+1*!?gO!9#6R+�-m7"6%7�6%0 +1(%*y*!:"*2O2+1.19#6%7�O!?g3�9�;%E%:�*!? 8�9#.w;%7  *2.1*!6R+p?1E%^ ��?KQ�?K+1*!3\?!F �w-/O�(PO2.'-m+1*

(>-/;\-W?K7"6%0#:�*p^J9R-/.K;\O29#3\b%E�+'*2.tO�-m:":"*2;�+'(%*).K*�-/;�9#E�+ O29#6R+'.19/:":"*2. � � �  � ^]Q,@B(%7"O�(h+'(�* � � 


O!9/3�b%EG+'*!.yO!9/3�3�E�6%7"O!-m+'*2;=FvcM6`+19/+�-/:�<�+'(�*!.1* @p*2.1*�i#i � � p?2F E -/^%:�* ��FId ?1E%3\3�-/.17��!*!?B+'(�*

8�E%6%OZ+'7�9#6[9/8 +1(%* � � p?!F

E)(%*2.1*L@N*!.K*L+M@p9�+MQ�bJ*!?v9m8=+'.K7"0#0#*2.1? �td #���� -/6�;��q-/?K+1^%E%?2F��q9/.g+1(%* d #����4+1.17�0#0#*!.2<�-/:":

9/8 +1(%* � � p? -m.1*,.K*�-/;`9#E�+ - +4+1(%*�*!6�;f9/8w*�-mO�(C35-/O2.19 ��b%E%:�?1* +'.17�0#0#*2.���?1*2* 4G*!OZ+'7�9#6Cd�F d �ZF

E)(%7�? 8�9#.K3�*2;U+1(%*\;>-m+�-[?K+1.1*!-/3 8�9#. -/?KQ�3\3�*Z+'.nQ O!9#3\b%E�+'-m+'7�9#6=F E)(%*��q-/?n+'^%E�? +1.17"0/0#*!. 7�?



l�i

����� ���	�	
�������
������� ����������������������� !"������#��	$&%'�(#�)+*""���,��
�#�*����-�
�����/. 0213��
�#�*�����$�#4��#
������5 0213��
�#�*�����$�#4��#!6�071312�28
������9 �	���(�	
-:<;/=>�@?�A-.(BDCE)F�!$	�	*��(�
�����@G 0213��
�#�*�����$�#4��#
������H IJ#�����%�����)F���	�������"���K�(*��(
��������	"
��
������L �	���(�	
-:M�@NO;7AP�RQO;3%���#4�-$
������S �	���(�	
-:M�T�����(��U��V W)F�X$��	*��(��6������(��
-:Y12�28
������Z 0213��"����*"�(�
������9!. [�D\]�(
��������(*��(
��������	"
��

E � � � � �GF d ���+^ � � � ��� �&��
 �&� 
�� � ��� �$��� � ���� 	 '

O!9/6]+1.19#:�:"*2;\^RQ -W8�-/?n+ ��O!:"*!-/.!F � (%*!6\+'(%*)8�-/?n+ ��O!:"*!-/. 7"? *26>-/^%:�*!;=<R+1(%* �J-m?K+'^�E%? +'.17�0#0#*2.tO�(%*!O []?

8�9#. +M@p9 3�*!-/6 ��+17"3\*!.�(�7�+'?2F c�+P.K* � E%7".K*!?\+'(>-m+5-  � � -m6%; � ��� ^J9/+1( � .K*X@B7�+'(%7�6u+'(�*

O!9/7"6%O27";%*26%O!*�@B7�6%;%9A@ ;%E�.17"6�0P+'(%*	�n8�-/?n+ ��O!:"*!-/.W0R- +'*!
�F E)(%*\?17�0#6>-/: E%?1*2;U+19X7�6%;%7�O�-m+1*,+'(>- +

+'(�*!.1*h(%-/?W^J*!*!6 -5rm-/:�7";  � � -/6�; � ��� (%7�+L7"?L7�;%*!6R+17"O�-m: +'9�+'(%*,+1.17�0#0#*!.4?17�0#6>-/: E%?1*2; ^]Q

+'(�*WO!9#7�6%O!7�;%*!6�O!*W*2:"*!OZ+'.K9#6%7"O2?!Ftc�8 -/65*2r#*26R+B7"?p*23�bG+MQ59#.p(>-/?p9/6%:�Q\9#6%*L3�*!-/6 ��+17"3\*B(%7�+!<G+'(�*

� �  ��E �  -/.K*hO!:"*!-/.1*2; -m6%; .1*!?K*2+!F E)(%*
� � 
 9#6%:�Qf.K*�-/;%? 9#EG+ *2r#*26R+'? +1(>-m+ -/.K* � :":�*!;=F

� (%*26,+'(%*w8�-/?n+ �MO2:"*!-/. 7"? ;%7"?1-/^%:�*!;=<k+'(%* �q-/?K+1^%E%? +'.K7"0#0#*2. 7"?4�n8�.1*2* ��.1E%6%6�7"6%0#
�FAcM6,9/+1(%*!. @p9/.1;%?2<

3\9#?K+ 9/8w+1(%*h+'7"3\*/< *2r#*26R+'? -/.1*h*23�b�+MQ/F p9#6%?K* � E%*!6R+1:�Q#< +'(�*�� � 
 +'- [/*2? +17"3\* +19X;�7"0#7�+:�!*

-/6%;X.1*!-/;%9#EG+B*!3\b�+MQ *2r/*!6R+'?L-/6%;X?K+'-m+'7�?K+'7�O!?B-/.K* b_9�9#.!F



l �

������ ��� � � � � �	��� ��	�!�� � ������	��Fn�C��=����' 	�� '&�1�(B���D�> �#,��#�+�5'
��! � � �*�B 	�'&'
����(+	��0!:� �6	 � 8���'&��������
(0� � ���M� �����B$����+� ��� �0�9�	�'&'
����(�	��*!����6	7�B��	�'&�=<�	��+�6���*(*� ����� � ���0!F� �+� ��'
����� ��� �*�  	�'&'
����(+	��0!:���E	
���4���*��'��Z� (*� ������, � � 
 � >�BF�����=	-����E��!F��� � �+��!�����(���'��&� 8:�B(�	�� �+� � � ����� 	����� � ��'
 �=(�	�� �+�5	��
� ��>#���� � !�����(+��'��&��	����4����� ��'
 �C,��#��� ��+���!� �9	�� �����)$������ ���*��'��Z����������=�� � ���6� ! �#� 	�'
!�� ���
�6	�� �+� � (�	���� ����	�� 	�� ���?��� � � 
 , � � 
7� 	 D�D ���0!��$D���' � �=	� ���E��!���(D�&��'
����� ���*!�!C	�$%���&��' � ���g�
' �&��(+� ���� 8:��� �'� 	�� � �+� �&�6���0!C��' !B(*� 8�	��5����+�6��' 	�� � �+�D�+����=,



� � � � � � � �

� � 	 � 
����������	�� � ��	�������
�� � 
�! �"�#	

E%$'& bJ9#: -/.K7��(&!;)&!:*&!OZ+'.19/6X?K9#E%.KO+& b%: -�Q�?B-\O2.17�+'7"O!-/:J.19#:*& 7"6P+,$-&.& sGb/&2.17"30&!6R+!<>^/&27"6%0h+,$-&
9#.K7"0#7�6 9/81$'&!:�7"O!7�+MQ��MO!9/.1.2&2: -m+17"9#6�?,7"6a^3&�-m3 b>-/.1-/34&Z+,&2.1?�@5$%7�O6$uO29#6R+'.17�^%E�+2&[+19 ?KQ�?K+2&!3�-m+'7�O

&!.K.19#.K? 7�6 +2$'&U34&!-/?1E%.7&!30&!6R+ 9/8�+,$-&	b>-m.17�+MQ���rG7�9#: - +'7"6�0a-/?KQ�3\34&Z+'.nQ#F E 9 O29#6R+'.19/: +2$'&!?7&
& /&!OZ+'?2<8$-&!:"7�O!7�+MQ���O!9#.K.2&2: -m+17"9#6%? 7�6,+,$-&vb_9/: -/.K7��+&2;9&!:*&!OZ+'.19/6�?19#E�.1O+&B-m.2&v3\7"6%7�3�7��+&2;,-/O2O!9#.K;%7"6�0

+'9:& s�b3&!.K7"30&!6R+�-m:=+,&!O6$�6%7 � E'&2?4;'&2?1O2.17"^3&!; 7"6P+2$%7"? ;$>-/bG+,&!.2F

< �>= ? �  �A@ � � �CB �+BEDGFIH��4D

E%$'&  ���;JLKNMPO(O+&+Q*&+R2MTS,UVRXWZY[M � rP& �]\'MPY2Y^R2&(O+WZR7O+_'QZMTS,W*`'abQ*WZ`cMPO�OdMP\cMTe'QZ&fUTg-Y7WZh9_'QiS6MP`-&+UV_'Y
j &(QZW�rP&+RlkmUPgcO+UP`nS2WZ`n_'UV_-Y��po;M�rV&%e3&dMPh0YqS,UCS,$'R7&+&;&(` j YlS6MTS2WZUV`'Y(r�JsY2O6$'&(htMuS,WZOvUPg'S2$'&  �5�wJLK
MPO(O+&+Q*&+R2MTS,UVR;WZY;Y7$'U>o5`xWZ`)K�W*aV_'R7&Ly-rizVrG{pS%O(UV`'Y2W*Y7S2Y%UPg^MP`){]` �7&(O(S,UPR+|-S]owU:QZWZ`-&dMPRwMPO+O(&+Q*&+R,MuS,UVR7Y
O+UP`'`'&+O}S,& j e~k�R7&+O(WZR2O(_'Q�MuS,WZUP`�MPR2O(Y+|qMT` j MP` �Ds�S2R,MPO}S,UVR(r E%$-&0{]` �7&+O(S2UVRLR7&+aVW*UV`�$'UV_'Y7&+YES,$-&
\3UVQ�MPR7W��(& j &+Q*&+O}S,R2UP`�Y7UV_'R2O(&Pr E%$'&4R7&+O(WZR2O(_'Q�MuS,WZUP`�MPR2O(Y.&(`cMPe'Q*&�S,$'&0e/&+MPh0YLS,UNhtM [T&:_'\�S2U
� rP&�\cMPY7Y2&(Y�S,$'R7UV_'aV$�&dMPO6$�Q*WZ`'&+MPR5MPO(O+&+Q*&+R2MTS,UVR(r ��MPO6$�e/&+MPh�WZYCY2&(\cMPR2MTS,&(Q*kx&Zs8S2R,MPO}S,& j MT` j
Y2&(`~S0S2U�W*S2Y�&Zs�\3&+R7WZh0&+`~S6MPQ;$cMPQZQ�r ��MPO6$"QZWZ`-&dMPR�MPO+O(&+QZ&(R,MTS2UVR9O+MP`"\'R2UAr8W j &�M�htM s�W*h9_'h�UPg
MPe3UV_-Syx #$# %N&���\/&(R5\cMPY2Y(r

lVy



l �

K�{��:rcy�r*z�� ��� ���	��
� ��� ��� 
 ���	� ��� � ����� ������������� �������

< ��� � � �+F�D ���1B! � �(B��5HfD �#" $ � ��D5�5B

JbS !P& /&+R7Y2UV` �[MPe |'\3UVQ�MTR2W��(& j &(QZ&+O}S,R7UV`'YCMPR2&EaP&+`'&(R,MTS2& j enk)Mxz�# # [ �%�mMPJ1YC\-$'UPS,U8&�&
h0WZY2Y7WZUV`�&(QZ&(O(S,R7UV`:aV_'` r2E�U j &(QZW('P&+RGe3&dMPh�S,UES,$-&5S2$'R2&(&5\'$~k�Y7WZO(Yw$cMTQZQZY�Y2W*h9_'Q*S,MP`'&(UV_'Y2QikV|PS]owU
Y2&(\cMPR2MTS,&.Q�MPY7&+RCY7k8Y7S2&+h0YLMPR7&I_-Y2& j o5$'WZO6$ WZQZQ*_'h0WZ`cMTS2&LM:O+UVh0h0UV`�MTR2&dM:UPg�S,$'&I\'$'UPS2U�O+MTS,$)&
U j &Pr+*L_'R7WZ`'a�S2$'&:\'R2&(Y2&(`nSI&�,�\3&+R7WZh0&+`~Sd|��1MPQZQ*YLJ MP` j ��Y7$cMPR7&4M)QZMPY2&(RmMP` j ��MPQ*Q.-�$'M j
W*S2Y;U>o5` r�J e3&dMPh Y2\-QZW*S7S,&(RwY7\'QZWiS,YwS2$'&LY7WZ`'aVQ*&�e3&dMPh g UVR ��MPQ*QZYvJ MP` j ��W*`nS2U�S]owU�Y2&+\'MPR,MTS2&
e3&dMPh0Y+r ��MPO6$ e/&+MPh Y2&+` j Y�MP`�UP\-S,W*OdMPQ�\'_'Q*Y2&0S,R,MTWZ`�UPR9M Y7&+R7WZ&+Y�UPg5\'_'Q*Y2&+Y�MTS0/���� %%� �

o5$'W*O6$NS2UVaV&(S2$'&+R5h4M [P&m_'\�z1/��32 %%���T| S2$'&4-65��;JLK g _'` j MTh4&(`nS,MPQXg R7&87n_'&+`-O(kVr
E%$'&IQ�MPY7&+RC\'R2U j _'O(&+Y�Q*WZ`'&+MPR2Qik�\3UVQ�MTR2W��(& j QZW*aV$~S5o5$'WZO6$ WZYCO+UV`3'V&(R7S2& j WZ`~S2UtM0O+WZR7O+_'QZMPR2Qik

\3UVQ�MPR7W��(& j e/&+MPh enk M:9^U�O [T&+Q*YLO+&(QZQ<; Y7&+& 4�&(O(S2WZUV`�y-r>=8r y3? r�E%$'&9O+W*R2O(_'Q�MPR7Q*kt\/UVQZMPR2W��+& j QZMPY2&(R
QZW*aV$~S�WZY j W*R2&(O(S,& j UV`~S2U�Mm\'$'UPS2U�O+MTS,$-U j &CMP` j &+Q*&+O}S,R2UP`'Y;MTR2&5\'R2U j _'O(& j '�WZM.\-$'UPS,U8&+h0WZY7Y2W*UV` r
J�Y7O6$'&+h4MTS,W*ObUPgcS2$'&bWZ`A@7&+O(S2UVRfQZMPY2&(R�S6MTe'QZ&wWZYfY7$'U>o5`0W*`�K�W*aV_'R2&;y-rB=�r2E%$'&;Y2WZaP`:MP` j�j &(aVR2&(&bUPg
S,$-&.&(QZ&(O(S,R7UV`xe/&+MPh \3UVQ�MTR2W��+MTS,W*UV`tW*Y j &(S2&+R7h4W*`'& j e~k�S,$-&.Y7WZaV`NMP` jNj &+aVR7&+&.UPg[S,$'&mO+W*R2O(_'Q�MPR



���
\3UVQ�MPR7W��+MTS,W*UV`�UPgbS2$'&tQZMPY2&(RIe3&dMPhNr��wk�R2&�'V&+R7Y2W*`'a�S,$'& 9�U8O [P&(QZY9O(&+QZQ 'PUVQ*S,MPaV&P|^S,$'&4$'&+Q*WZO(W*S]k
UPgvS,$'&:QZMPY2&(REe/&+MPh | MP` j S,$n_'YmS,$'&:$'&(QZWZO(W*S]k UPg;S2$'&:&+Q*&+O(S2R2UV`�e3&dMPhN|qWZYmR7&�'V&(R2Y7& j r E%$'WZYEW*Y
OdMTQZQZ& j $'&(QZW*O+W*S]kmR7&�'P&+R2Y2MPQ rTJ�`~knS,$'W*`'a�S2$cMTSfO6$'MP`'aV&(Y�o5W*S2$�S,$'W*Y�R7&�'V&(R2Y2MPQ'WZY^Y,MTW j S2ULe/&w$'&+Q*WZO(W*S]k
O+UPR2R2&(Q�MTS2& j r)E%$-&I&(QZ&+O}S,R7UV`x\/UVQZMPR2W��dMTS2WZUV`4WZY��cW*\'\/& j \'Y2&(_ j U &pR,MP` j UVh4Qik)MTSCy$#$� �Pr

K�{��:rcy�r>=)� ��� ���	��
� ��� �0�
	 ���	��� � �1���������!� ��� ��� � � �8���8�

�������� � ������������� ������ �

�"!�� � � ��� ��#$#��	�&%

' &}S6MPQ*YLMPR7&�&�,8S2R2&+h0&+QikN&)(0O+W*&+`~SE&+Q*&+O}S,R2UP`�&+h0W*S7S,&+R7YLMP` j S,$'&(R2&}g UVR2&IhtM [T&�aVU8U j &+Q*&+O�&
S,R7UV`�Y2UV_-R2O+&(YmWZ`�S,$'&:MTO+O+&(QZ&(R,MTS2UVR+r+*8&+h0WZO+UP` j _'O}S,UVR7YE$cM1'V&0MP`�M j 'TMP`~S6MTaV&:UA'P&+Rmh0&(S6MTQZYLW*`
S,$'MTS:S,$'&(WZR:UVR j &+R2& j O(R7k8Y7S,MPQ1MPR2R2MP`'aV&(h4&(`nS:O+MP` e3&x&+`'aPWZ`'&(&+R2& j S2U�MPO(O+UVh0U j MTS,&)Y7\/&(O+W � O
`'&(& j Y(r/KcUVR;&�,-MPh0\'QZ&T|-S,$'&}k)OdMT`Ne3&Eh4M j &EY2&(`'Y2WiS,W 'V&ES,U:M�`cMPR7R2U>o R,MP`'aP&EUPg�o;M1'V&(QZ&+`-aPS,$NUPg
WZQ*QZ_'h0WZ`'MTS,W*UV`:UVR j &+Y7WZaV`'& j S2U:&+h0W*S%&(QZ&+O}S,R7UV`'Y%o5W*S2$ M:Y2\3&+O(W � Om\3UVQ�MTR2W��+MTS,W*UV`tYlS6MTS2&Pr



���
E%$'&L\-$'UPS,U8&+h0WZY7Y2W*UV`tUPg[&(QZ&(O(S,R7UV`'Y;g R7UVh M�Y2&(h4W*O+UV` j _'O(S2UVR;W*`~S,U�S2$'&�'TMPO+_-_'h�O(UV`'Y7WZY7S2Y

UPgcS2$'R2&(&bY7S2&+\'Y���S,$'&w\'$'UPS2U�&�,�O+W*S,MTS,W*UV`�UTg &+QZ&(O(S2R2UV`'Y�WZ`~S,U�S2$'&bO(UV` j _'O}S,W*UV`9ecMP` j ; S,$-&b&+`'&(R2aPk
R2&(aVWZUP`�MTS.o5$'W*O6$�&+Q*&+O(S2R2UV`-Y�OdMT`�h0UA'P&4g R7&+&+Qik�S,$'R7UV_'aV$�S,$'&4htMuS,&+R7W�MPQ ?}| S2$'&0S2R,MP`-Y2\3UVR7SIUPg
&+Q*&+O}S,R2UP`'YES,U�S,$-&0Y7_'R7g MTO+&P|^MP` j &(h4W*Y2Y7WZUV`�UPgw&+Q*&+O}S,R2UP`'YmWZ`~S,U�S2$'& 'PMTO+_'_'h ; S,$-&�&+`'&(R2aPk�MuS
o5$'W*O6$�MP`N&+Q*&+O}S,R2UP`Ne3&+O(UVh0&+Y%g R2&(&mg R7UVh WiS,Y%$'UPY7SCWZUV`	?}r

E%$'&�M j'j W*S2WZUV`xUPgvM0Y2h4MPQZQq\3&+R7O+&(`nS,MPaV&9UTgfg UVR2&(WZaV`�MTS,UPh4YCWZ`xS,$'&IR2&(aV_'Q�MTR1O(R7k8Y7S,MPQ�QZMTS�&
S,W*O+&�UTgCM�Y2&(h4W*O+UV` j _'O(S2UVR9\'R7U j _-O+&+Y�` &pS]k8\/&xMT` j \)&pS]k8\3&�Y2&(h4W*O+UV` j _'O(S2UVR2Y(r�{]`"M�`)&pS]k8\3&
Y2&(h4W*O+UV` j _'O(S2UVR+|^S,$'&)W*h4\-_'R2WiS]k�O(UV`~S,R7WZe'_-S2&+Y9g R7&+&)&+Q*&+O}S,R2UP`'Y+rGE%$'&)Y2_'Rlg MPO+&)YlS6MTS2&+Y:UPg5S,$-&
Y2&(h4W*O+UV` j _'O(S2UVR%a~MPW*`x&�,8S,R2M:&(QZ&(O(S,R7UV`'YCMP` j S,$-&.Y7_'R7g MTO+&me/&(O+UVh0&+Y5`'&(a~MTS2W('V&(Q*ktO6$cMPR2aP& j rv{]`
M�\)& S]k8\/&LY7&+h0WZO(UV` j _'O}S,UVR(|�S2$'&LWZh0\'_'R7W*S]k:O(R2&dMuS,&+Y j & � O(WZ&+`-O+WZ&(YbUPg 'TMPQ*&+`'O(&L&+Q*&+O(S2R2UV`-YbOdMPQ*QZ& j
$'UVQ*&+Y(r E%$'&�Y2_-R7g MPO(&�YlS6MTS2&+Y j UV`'MTS,&�&(QZ&+O}S,R7UV`'Y�S,U S2$'& 'TMPQZ&(`'O+&�ecMT` j MT` j S,$'&�Y7_'R7g MPO(&
e3&+O+UPh4&(Y.\3UVY7W*S,W 'V&(Q*k O6$cMPR2aP& j r E%$'&0h4UPY7S!'TMPQZ_'MPe'QZ&�\'R2UV\3&+RlS]k�UPgw\)&pS]k8\3&:{2{2{ &�� Y2&(h4W*O+UV`)&
j _'O}S,UVR7YtW*Y:S2$'&+W*R0MPe'WZQ*W*S]k�S,U�UVe-S6MTWZ`��1&+aVMTS,W 'V& 5�Q*&+O}S,R2UP`sJ�(4`-W*S]k ;�� 5�J ?}r���5GJ U�O(O+_'R7Y
o5$'&(`�S2$'&�'TMPO(_'_'h QZ&�'P&+QfQ*WZ&(Y1e3&+Q*U o S2$'&9O+UP` j _'O}S,WZUP`�ecMP` j h0WZ`'W*h9_'h Y7U�S,$cMuSE&+Q*&+O(S2R2UV`-Y
OdMT`�&+Y7OdMP\3&v\'R,MPO}S,W*OdMPQ*Q*kL_-`'Y2O+MTS,$'& j rCE%$'& 'TMPO+_'_-h QZ&�'P&+QnQZU>ow&+R7WZ`'aCU�O(O+_'R7Y^o5$-&+`9h0UV`'UVQZMdkV&+R
7n_cMP`~S,WiS,W*&+Y%UPgfMPQ\[uMPQ*W/h0&(S,MPQZY(|'&Pr a'r�O+&(Y2WZ_-h |cUPg�&+Q*&+O}S,R2UP\/UVY7W*S2W('V&E`'MTS,_'R7&.MP` j QZU>o W*UV`'W��dMTS2WZUV`
\3UPS,&(`nS2W�MPQ'MPR2& j &(\/UPY2W*S2& j UV`�S,$'&5Y7&+h0WZO+UP` j _'O}S,UVR�Y2_-R7g MPO(&Pr.�mMPJ�Y�W*YfS,$'&5h0UVY7SGo5W j &+Qik9_'Y7& j
\'$'UTS,U8&+h0W*S2S2&+RGe3&+O+MP_'Y2&1W*S�$cMTYvS2$'&1QZMPR2aP&+Y7S j W*R2&(O(SvecMP` j a~MP\ ; S,$-&1R7&+aVW*UV`4e3&(S]ow&+&(`tS,$-& 'TMPO�&
_'_'h Q*&�'P&+Q3MP` j e/UTS2S,UPh UPgXS2$'&CO+UV` j _'O(S2WZUV`0ecMP` j ?}rCE%$'W*Yw\-R2UV\3&+RlS]k:O+R2&+MTS,&(Y;MmQ�MTR2aV&(R���5GJ
QZ&�'V&(Qwe3&+O+MP_'Y2&4S,$'&4O+UV` j _'O(S2WZUV`�ecMP` j h0WZ`-WZh9_'h WZYmg MPR7S2$'&+RIR2&(h4U 'V& j g R2UPh�S,$'&'PMTO+_'_'h
QZ&�'V&(QqUPg�S2$'&mO+&(Y2WZ_-h+&pU ,�W j &EQ�MdkV&(R+r

	�
� � # ����� ��� # �"!�� � ��� � � ! ���� #

E%$'&(R2&:MPR7&�S,$'R7&+&9S]k8\3&+YmUPg<�mMPJ�YL\-$'UPS,U8OdMuS,$'U j &+YE_-Y2& j W*`�&+Q*&+O(S2R2UV`�MTO+O+&(QZ&(R,MTS2UVR2Y�S2U
j MTS2& �Le-_'Q\[ |qY7S2R,MPW*`'& j MP` j Y7_'\3&+R2QZMTS2S2WZO(&+�.MTJ�Y+r��#$'&+`�z # # ��O+W*R2O(_'Q�MPR7Q*k3&]\3UVQZMPR2W��+& j \'$'U�&
S,UP`'Y�MPR7&)WZ`'O(W j &(`nS�UV` e'_'Q [ �mMPJ1Y+|GS,$'&t\'$'UPS2U�&(h4WiS2S,& j &+Q*&+O}S,R2UP`'Y9OdMT`�e3&�&(h4WiS2S,& j o5W*S2$
MtS,$-&+UVR7&(S,W*OdMPQ�htMA,-h0WZh�_'h UPg � # ��\/UVQZMPR2W��dMTS2WZUV`XrL{]`�\'R,MPO}S,W*O+&P|3S]k8\'WZO+MPQf\3UVQ�MPR7W��+MTS,W*UV`'Y5UPg



� 2
y � & /�# ��MPR7&�MPO6$'W*&�'V& j r E%$-&�Y7S,R2MPWZ`-& j &pQ�MdkV&(R �.MTJ�YL\'$-UPS,U8OdMTS2$'U j &9O+UP`'Y2W*Y7S,YEUTgvM�z # #�`'h
MPO}S,W('P&bQ�MdkP&+RGUPg3\)& j UV\3& j �mMPJ�YfaPR2U>o5`0MTS,UV\:MLQZMdkV&+R�UPg �.MPJ1Y 9^|To5W*S2$�\'$'UVY7\'$'UVR7_'Y�O+UV`~S2&+`~S
UPg = � *8S2R,MPW*`'& j QZMdkV&+R<�mMPJ�YG\-$'UPS,U8OdMuS,$'U j &+Y�e'R7&dM [9MP`:&+`'&(R2aPk�Q*&�'P&+Q j &(aV&+`'&(R,MPO}k:WZ`�S,$-& 'TM�&
QZ&(`'O+&)e'MP` j r J1Y4M�R7&+Y7_'Q*S+|G&+h0W*S2S2& j &(QZ&+O}S,R7UV`"\/UVQZMPR2W��dMTS2WZUV`-YIUPgIz # #�� MPR7&)S,$'&(UVR2&}S,WZO+MPQZQik
\3UVY2Y7WZe'Q*&Pr E�k8\'WZO+MPQ;\3UVQZMPR2W��dMTS2WZUV`'YEUTg 2$#�& � � ��MPR2&�MPO6$'WZ&�'V& j r�K�WZaP_'R2&4y-r y�WZQ*QZ_'YlS,R,MuS,&+YmS,$-&
&+Q*&+O}S,R2UPhtMPaP`'&(S2WZO9S,R2MP`'Y7h4WiS,WZUP`'YEUPg%e'_-Q\[�MP` j Y7S2R,MPW*`'& j �.MTJ�Y+r E%$'&4Y7_'\3&+R2QZMTS2S2WZO(&4\'$-UPS,U &
OdMuS,$'U j &LO(UV`'Y2W*Y7S2Y%UPg�M9$'&dM1'8WZQikt\)& j UV\3& j � `'h �.MTJ�YbY7_'R7g MPO(&EQ�MdkV&(RbaVR7U o5`NMTS2UV\�z1/�\cMTWZR2Y
UPg3MPQiS,&(R2`cMTS2WZ`'a1Q�MdkV&(R2YGUPg �mMPJ1Y 9�MP` j �.MTJ�Y+r�J�h4M�,�WZh9_'h \3UVQZMPR2W��dMTS2WZUV`.UPg � 2�� $cMPY�e/&(&+`
MPO6$'W*&�'P& j MuS !��^MTe r

E%$'&4h4UVYlS.O+UVh0h4UP`�h0&(S2$'U j S2U 7n_cMP`~S2W*g k�S,$-&4& X&(O(S,W 'V&(`'&+Y7Y9UPg5Mx\'$'UPS2U�O+MTS,$-U j &:W*Y
e~k)h0&dMPY7_'R2W*`'a�W*S2Y67n_cMP`~S,_'h &)(0O+W*&+`'O}k ; 
!5 ?}r E%$'& 
!5�UPgfM9\-$'UPS,U8OdMuS,$'U j &EWZY j & � `-& j MTY
S,$-&.R2MTS,W*U�UPg^&+h0W*S7S,& j &(QZ&+O}S,R7UV`'Y%S,U�W*`'O+W j &+`~S5\'$'UTS,UV`'Y(r�{pS j &+\3&+` j YCUV`)S,$-&mo;M1'V&(QZ&+`-aPS,$NUPg
WZQ*QZ_'h0WZ`'MTS,W*UV` |nS,$'&.S,&+h0\3&+R,MuS,_'R7&IUPg�S,$'&IhtMTS2&+R7W�MPQ�|cMP` j S2$'& j UV\'WZ`-atO+UP`'O+&(`nS2R,MTS2WZUV`Xr �w_'Q\[
�mMPJ�YvO+Rlk�YlS6MPQ*YbOdMT`t$cM1'V& 
 5GYbaPR2&dMuS,&+R�S,$'MP`�z ��|no5$'WZQ*&1YlS,R,MTWZ`'& j MP` j Y2_'\3&+R7Q�MTS7S,WZO(& �mMPJ1Y
O+Rlk8Y7S6MTQZY5$cM1'V&.h9_'O6$ M�QZU>o;&(R�
 5%r
KcR2UVh z ��� � S2U:= # #Vy-| !��^MTe _'Y7& j Y7S2R,MPW*`'& j Q�MdkP&+R �.MTJ�Y%\'$'UTS,U8OdMTS2$'U j &+Y%g R2UVh �bMP` j &

o5W j S,$ *�&+h0WZO(UV` j _'O}S,UVR g UPR^\-R2U j _'O(S2WZUV`me3&dMPh j &+Q*W('V&(R7kPr�JCg S,&+R^M5Y2$'UPR7S^&�,�\3UVY2_'R7&vS2U�MuS,UVh0WZO
$~k j R2UVaP&+` |cS,$-&IY7&+h0WZO+UP` j _'O}S,UVR%W*Y1MTO(S,W 'TMTS,& j S2U4e-_'WZQ j M�`'&(a~MTS2W('V&m&(QZ&+O}S,R7UV`�M (4`-W*S]kVr E%$'W*Y
MPO}S,W('TMTS2WZUV`tWZYb\3&+Rlg UVR2h0& j WZ`�S2$'&EaV_'`xO6$cMTh9e/&(R%e~kxMP\'\'Qik8WZ`'a�Y7_'O+O(&+Y2Y7W('P& j UVY7&+Y5UPg -;&+Y7WZ_'h
MP` j �CW*S2R2UVaV&(` E^R2W �'_'UVR2W j &Pr2E%$'&L`'&(a~MTS,W 'V&L&(QZ&(O(S,R7UV`xM (0`'WiS]ktY7_'R7g MPO(&mMPQZQ*U>o5YvS2$'&E&+Q*&+O(S2R2UV`-Y
UV\-S2WZO+MPQZQik�&�,-O(W*S2& j S2U)S,$'&0O+UV` j _'O(S2WZUV`�ecMP` j S2U &(Y2OdMT\/&:S,$'&0OdMuS,$'U j &Pr E�k8\'WZO+MPQ.7n_cMP`~S,_'h
&)(0O(WZ&+`-O(k�W*Y #-rB=�� MTS � /�#�`'h MP` j z � MTS 2 � #�`'hNr)E%$'&L\3UVQZMPR2W��dMTS2WZUV`0UPgqS,$-&L\'$'UPS2U�&(h4WiS�&
S,& j &(QZ&+O}S,R7UV`te3&dMPh g R7UVh S,$-&1O+MTS,$'U j &ChtMuS,&+R7W�MPQ-WZYGS]k8\'WZO+MPQZQik2$#�& � # ��MTYwh0&dMPY7_'R2& j W*`4S,$-&
WZ`A@7&+O(S2UVR5MP` j WZ`�S2$'&m$cMPQ*QZY6'8W�M+' UPQZQZ&(R5MP` j ' UPS7SCY2OdMuS2S,&(R2W*`'a'r
{]` ' MPR2O6$:=$# # /'|nMmY2_-\/&(R2Q�MuS2S,W*O+& �mMPJ�Y�\'$'UTS,U8OdMTS2$'U j &Co;MPYvY2_'O(&+Y2Ylg _'QZQik:WZ`'YlS6MPQ*QZ& j MT` j

MPO}S,W('TMTS2& j WZ` �E_'`Ny-r)E�k8\'WZO+MPQ 7n_cMP`~S,_'h�& (0O+WZ&(`'O(k�WZY #-r / ��MuS 2 � #9`'hNr�KcUVRbS,$'&E\-R2&+Y7&+`~S
&�,�\3&+R7WZh0&+`~Sd| M�Y2_-\/&(R2Q�MuS2S,W*O+& �mMPJ�Y%\-$'UPS,U8OdMuS,$'U j &EobMTYC_-Y2& j r



� �

������� ��� � ��� � � ���'
	�� ���C�*������B��'
�����&� ����	����5� �	��� � 
����*! ����'
��� �*��! �5���B��, ��+� ��(#(���' =����1'
�5���	�$@�
���� ��'
�����&� ����	����B� ����� � 
 �5���B��, ���� �D� ������'��2� � �� '
��=�&� � �*!�������6� ���� '
���=����� 8�� �&��'
��������F	��B����
��'
�����&� ����	�����, ��������� ��� �0����� �������� �'��:�&�E���*$%� �� (�	��=��'&�=<���!�������?���@��+�B'
�&�&� ����� �������=�����'
	��������0������
��'
�����&� ����	��������� �������=!�� � � ���'
	��!��� ��� (�	��=��'&�=<�������	����7	�� ��D#" , ��+�$� 	����6	��]=����1'
� ���	�$@� ����
��'
�����&� ����	���� � �F�&��'
��� �0� ! �5��� ��, �%�&��'
����
�� ���9���A���0��'��'� � ��8�� � !#�(� ���*��'
�C����%��'
�����&� ����	���� 	��2	�� �)�
	��*� ��� (+� 	��7��(*� � �&�E���E� ��'
�4����=	�$/��!C, �*+��' �+��	�'
������+�A�����	�'
���������� (�	��=��'&�=<�������	�� ��(C(0'
	-�#,+�&�
>�D�D-" ,

� �$� �/.�� � � �&% � % �10 � � ��� �����

J1g S2&+RxS,$'&�MPO}S,W('TMTS2WZUV` UTg�S,$-&�\'$-UPS,U8OdMTS2$'U j &P|LS2$'& 
!5 j &(O+R7&dMPY7&+Y�aPR,M j _'MPQZQik o5W*S2$
S,W*h4&!2 � /43 r/J�YES,$'&�
!5 j &+O+R7&dMPY7&+Y(|^S2$'&:O6$cMPR2aP&�&]Q*WZh0W*S2& j O(_'R2R7&+`~S j &+`-Y2W*S]k j &+O(R2&dMTY2&+Y(r E%$'&
Q�MTY2&+R[\3U>o;&(R^h�_'Y7S^S,$'&(`Ie3&�WZ`'O(R2&+MPY2& j S,UCh4MPWZ`~S6MTWZ`'& j S,$'& j &(Y2WZR7& j &+QZ&(O(S2R2UV`me3&dMPh W*`nS2&+`'Y7W*S]k
g R2UPh S2$'&�Y7UV_'R7O+&Pr�JbS�Y2UPh4& \/UVW*`~Sd|;S2$'&�O6$cMPR7aV&�Q*WZh0W*S j R7UV\'Y0S,U M�QZ&�'P&+Q1WZ`so5$-WZO6$�S,$-&
\'$'UTS,U8OdMTS2$'U j &CO+MP`'`'UTS j &+QZW 'V&(RfS,$'& j &+Y7WZR7& j e/&+MPh WZ`~S2&+`'Y7W*S]k0MP` j S,$-&C\-$'UPS,U8OdMuS,$'U j &5h9_'YlS
e3& R7&(g R2&(Y2$'& j r E%$'W*Y4W*Y4MTO6$'WZ&�'V& j enksM�e'R2W*&(g j &+\3UVY2WiS,W*UV`sUTgEM j'j W*S,W*UV`cMPQ;O+&+Y7WZ_'h UP`sS,$-&
Y2_-R7g MPO(&1UPg3S,$-&1\'$-UPS,U8OdMTS2$'U j &Pr �#WiS,$:&dMTO6$tR2&(O+&(Y2W*S,MTS,W*UV` |VS2$'&+R7&CW*YvM.Y7htMPQ*Q j &(O+R7&dMPY7&�WZ`:S,$-&
\'$'UTS,U8OdMTS2$'U j &9\/&(R7g UVR7htMTO+&Pr.J1g S2&+REh9_-Q*S,W*\'QZ&.R2&(O+&(Y2W*S,MTS,W*UV`'Y(|XS,$'&�\-$'UPS,U8OdMuS,$'U j &9h9_-Y7Sme3&
$'&+MTSCO+QZ&+MP`'& j MP` j R7&dMPO}S,W 'PMuS,& j r

E%$'&LUP\/&(R,MTS2WZUV`cMTQ3Q*W*g &}S,WZh0&%UPg[MIY2UV_'R7O+&LW*YwS2$'&LMPh0UV_'`~S;UPgqO6$cMPR7aV&L&(h4WiS2S,& j e3&(g UVR7&�S,$-&
7n_cMP`~S,_-h�& (4O(WZ&(`'O(kt$cMPY j &+O+R7&dMPY7& j S,U4z-5 N UPg W*S,YwWZ`'WiS,WZMPQ 'TMPQZ_-&PrCE%$'&�QZW*g &}S,W*h4& j &}S,&(R2h0WZ`'&(Y



� �
S,$-&�g R2&87n_'&(`'O(ksMTS�o5$'WZO6$"S,$'&)O+MTS,$-U j &)$'MPY�S,U�e3&xS2R2&+MTS,& j�j _'R2W*`'a�UV\3&+R,MuS,WZUP` r �qW*g &}S,W*h4&
j &(\/&(` j Y�UP` 'TMPO+_-_'h 78_'MPQZWiS]kV|c$'W*aV$ 'PUVQ*S,MPaV& j &(Y2WZaP` |3MP` j S2$'&IMPO(S2W('V&.Y2_-R7g MPO(&9MPR7&dM:UPgfS,$-&
\'$'UTS,U8OdMTS2$'U j &Pr *L_'R7WZ`'aIQZU>o e3&dMPh O(_'R2R7&+`~S j &(QZW('P&+Rlk ; � z # #._'J g R7UVh S,$'&1OdMTS2$'U j & ? |�S,$-&
QZWig &(S2WZh0&1W*Y5MPY5$'WZaV$NMPY � # #-�r *L_'R2W*`'a�$'WZaP$'&+R%O(_'R2R7&+`~S�UP\/&(R,MTS2WZUV` ; =$# #9_'J ?}|'S,$-&.Q*W*g &}S,WZh0&
WZY%R7& j _-O+& j S,U0MP\'\-R2U1,�WZh4MTS,&(Q*k)y$# #+-�r

������� �������+�������	��
�� ����

�%$'W*Y9Y2&(O(S,W*UV` Y2_-h4h4MPR2W��+&(Y�S,$'&t$'WZYlS,UVRlk�MP` j O+_'R7R2&+`~S:YlS6MTS2_'Y�UPg5S,$'&tQ�MPY7&+R2Y�_'Y2& j S2U
j R7W('V&GS2$'&�\/UVQZMPR2W��+& j &+Q*&+O(S2R2UV`.Y2UP_'R2O(&PrfKcUVR[M%O(UVh4\-QZ&(S2& j W*Y2O+_-Y2Y2W*UV` |uY2&(&	2 ��� 3�rdJ R2UPe'_'Y7S^QZMPY2&(R
Y7k8YlS,&+h WZYv`'&(O+&+Y7Y,MPRlk4S2U j R7W('P&CS2$'&1&(QZ&(O(S,R7UV`tY7UV_'R7O+&Pr�{]`0S,$'&1&dMPR7Q*k j Mdk8Y;UTg -65 �;JLK;| j W*U j &
Q�MTY2&+R7YLo;&(R2&:_'Y7& j g UVR�S,$-&�htMA@7UPR2W*S]kNUPgv&�,-\3&+R7WZh0&+`~S,Y(r *LWZU j &IQ�MPY7&+R2YmMTR2&9YlS6MPe'Q*&P|qR7&+QZWZMPe'Q*&P|
&dMTY7k0S,U9_'Y7&P|'R7&87n_'W*R2&�Q*W*S7S,QZ&5h4MPWZ`~S2&+`cMP`-O+&P|�MP` j $cM1'V&EY2h4MPQ*Qc`'UVWZY7&LMTSwS,$'&1g R2&87n_'&(`'O(ktUPgqS,$-&
$'&(QZWZO(W*S]k�R2&�'P&+R7Y,MPQ ;�#-riz ��MTS�y #����1?}r�K UPRqQZU>o�O(_'R2R7&+`~SfMT` j $-WZaV$.\/UPQ�MPR7W��dMuS,WZUP`�&�,�\3&+R7WZh0&+`~S,Y(|
S,$-&�Q�MPY7&+R4o;M1'V&(QZ&+`-aPS,$#obMTY)htMTS2O6$'& j S2U�S,$'&�O+MTS,$-U j &�e'MP` j a~MT\ ; � /���`-h:? r K UPR�$'WZaP$
O+_-R2R2&(`~S9&�,�\3&+R7WZh0&+`~S,Y.o5$'&+R7&t\3UVQ�MPR7W��+MTS,W*UV`�obMTY�`'UPSI`'&(& j & j |�S,$-&tQ�MTY2&+REo;M1'V&+Q*&+`'aTS,$�o;MPY
R2& j _'O(& j S2U#2 � ��`'h S2U:S,M��P&IM j 'TMP`~S,MPaV&EUPg�S,$'&m$'W*aV$'&+R 7n_cMT`nS2_'h & (4O(WZ&(`'O(kPr

*�UVh0&5&�,�\3&+R2W*h4&(`~S,Y�; Y2_-O6$)MPY�S,$'&5\'R7&+Y2&(`~S%UV`'&1?GR7&87n_'W*R2&Ce/UPS2$4$-WZaV$0O+_'R7R2&(`nS;MP` j $'WZaP$
\3UVQ�MPR7W��+MTS,W*UV` r *LWZU j &IQ�MPY7&+R2YmMTR2&9W*`cM j &�78_'MTS,&�e3&+O+MP_'Y2&:UPgvS,$-&+WZR�\/U>ow&+REQZW*h4WiS6MTS2WZUV`Xr��%$'&(k
\'R7U j _-O+&vQZ&+Y7YqS,$cMP`0z����5h �AMP` j Q*WZh0W*SXS2$'&vM1'PMTWZQ�MTe'QZ&f&(QZ&(O(S,R7UV`.e/&+MPh O+_-R2R2&(`~S�S2UIz������XJsMuS
2 � ��`'hNr��%W*S,MP`'W*_'h *�MP\'\'$'W*R2&#;��%W � *�MP\ ?;Q�MTY2&+R7Y5UVe-S6MTWZ`)$'W*aV$'&+R%UP_-S,\'_�S1\3U>o;&(R+|3MPe3UV_-S � ���
h � |-MTSb$'WZaV$t\/UVQZMPR2W��dMTS2WZUV`�o;M1'V&+Q*&+`'aTS,$'Y(rw{]` =����-zV|-&�,�\/&(R2WZh0&+`~S2YbR2&�78_-WZR2W*`'a9$'W*aV$�O(_'R2R7&+`~S
MP` j $-WZaV$ \3UVQ�MTR2W��+MTS,W*UV`"o;&(R2& j R7W('V&(`#enk�M�$'UVh0&+e'_-WZQ*S��%W � *-MP\ Ylk�YlS,&(h |1\'_'h0\/& j enk�M
$'W*aV$�\3U>o;&(R0* - � j �! ���" /�MP` j h4U j &�&pQZU8O#�P& j _'Y7WZ`'a Y2&+& j QZW*aV$~SEg R2UVh�MNa~MPWZ` &]Y7o5WiS,O6$'& j
j W*U j &:QZMPY2&(R+r#9�_-h4\'W*`'axWZY.Mx\'R2U8O+&(Y2YIS2U O(R2&+MTS,&4MN\3UV\'_-Q�MTS2WZUV`�W*` 'P&+R7Y2WZUP` |�MxY7S,MPe'Q*&4YlS6MTS2&
UPg�M9h0& j W*_'h o5$'&+R7&mS2$'&E_'\'\3&+R;&+`'&(R2aPk)Q*&�'P&+Q W*Y;h0UVR2&L\3UV\'_-Q�MTS2& j S,$'MP`�S,$'&�QZU>o;&(R%&+`'&(R2aPk
QZ&�'V&(Q r$�%$'WZY9W*Y�M `'&+O(&+Y2Y2MPR7k�O+UV` j W*S2WZUV`�g UVR�M Q�MPY7&+R+r *�&(& j QZW*aV$~S�W*YIQ*WZaV$~Smg R2UPh UP`'&tQZMPY2&(R



� �

S,$'MTSEWZY�WZ`�@7&(O(S,& j WZ`~S,UxMP`-UPS,$'&(RLQ�MTY2&+R(r0�mMPW*`�Y7o5WiS,O6$'W*`'axWZYEMtS2&+O6$'`'W(7n_'&:enk o5$'WZO6$�M�QZMPY2&(R
OdMT`�e3&th4M j &:S,UN\'R2U j _'O(&t\'_'Q*Y2&(Y�UPg%Q*WZaV$~SmUPgb&�,8S,R7&+h0&+Q*k�Y7$'UVR7S j _'R2MTS,W*UV` |^UV`�S2$'&tUPR j &(R
UPg[\'W*O+UVY7&+O(UV` j Y(r ' U j &�&]Q*U�O#�T& j h0&dMP`-YwS,$'MTS;S2$'&+R7&�WZY;M�� ,�& j \-$cMPY2&�R2&+QZMTS,W*UV`'Y7$'WZ\0e/&}S]o;&(&+`
S,$-&Lh4U j &(YwUVRvg R2&�78_-&+`'O(WZ&+Y%UTg S,$'&�Q�MPY7&+R�� Y;R7&+Y7UV`cMP`~S%O+M '8WiS]kVr �%$-&L$'UVh0&+e'_-WZQ*S �%W � *-MT\�Q�MPY7&+R7Y
&�,�$'W*e'W*S9h4UVR7&t`'UPWZY2&�S2$cMP` j W*U j &�Q�MPY7&+R7Y ;lz�� MTS:y�� ��� ?9MT` j R2&87n_'W*R2&)M�$'W*aV$'&(R�QZ&�'V&(QbUPg
h4MPWZ`~S,&(`cMP`'O(&Pr��%$'&��	�Cg UVRlobMTR j MP`'aVQ*&E&�,�\3&+R2W*h4&(`~S1_-Y2& j M �%W � *-MP\xY7k8Y7S2&+hNr
{]` ' MPR2O6$ = ��� � |nM
�ce3&+RvQ�MPY7&+R 2 ��� 3cobMPYvWZ`-Y7S6MTQZQZ& j g UVRGS,$'&�� � ecMPO#�~o;MPR j MP`-aVQZ&%&�,-\3&+R &

WZh0&+`~S+r��%$'& / ��� ' ���%g R2&�78_-&+`'O}k:UPg/S2$'&%e3&dMPh�g R2UVh�S,$'&%h4MPWZ`�h4MPO6$'W*`'& j W*R2&(O(S,Qik9\'_-QZY2&(Y�M
Q�MTY2&+R;Y2&+& j r �%$'&EQZMPY2&(R;Y7&+& j WZY�ce3&+R%O+UP_'\'QZ& j MP` j o5W*QZQ `'&�'P&+R5QZUPY2&LQ*U�O#��g R2UPh S2$'&Lh4MPO6$'WZ`-&
QZW��P&�M �%W & *-MP\-\'$'WZR7&9Q�MTY2&+REY7UVh0&(S,W*h4&(Y j U8&+Y(r �%$'&:obM1'V&(QZ&(`'aPS,$�UPgvS,$'&�QZMPY2&(REY2&(& j WZY�z � � �
`'hNr �%$'&9QZMPY2&(RLY2&(& j WZY�M�O+UVh0h4UP`�OdMTe'QZ& � � O+UVh0h9_'`'W*OdMTS2WZUV`-Y1QZMPY2&(R j W*U j &Tr �%$'&9QZMPY2&(R
Y2&(& j WZYwg & j WZ`~S2U�M9O+UVh0h0&+R2O(W�MPQ��ce3&+R%QZMPY2&(RbMPh0\'Q*W��c&(RvS2$cMTSbS,M��P&(YbS,$'&�zLh � Y2&(& j \'_'Q*Y2WZ`-a
MTS�/ ��� ' ����MP` j S,_'R7`'Y�WiS�W*`~S,U � ��MTS7S,Y1UPg�QZW*aV$~S1\-_'QZY7WZ`'atMTS1S2$'&9Y2MPh4&IR,MTS2&Pr��%$'&9O(UVh+&
h0&+R2O(W�MPQ��ce/&(R1QZMPY2&(RCMPh4\-QZW��'&+R%WZY j &(Y2W*aV`'& j g UVR�� ��S]k8\3&�MT\'\'QZW*OdMTS2WZUV`-Y+r��C\NS2U4S,$-WZY5\/UPWZ`~Sd|
MPQ*Q�UPg�S,$-&�QZWZaP$nS�WZYEO(UV`~S6MPW*`'& j o5W*S2$'WZ`�aVQ�MPY7Y��ce3&+R2YmMT` j S,$'&(R2&:WZYL`-UN`-&+& j g UVREMTQZWZaP`'h4&(`~Sdr
�%$'&�UP_-S,\'_�S�UPg%S,$-&��ce3&+R�g R7UVh S,$'&�MPh4\-QZW��'&+RmWZYI\'Q�MPO(& j UP`�S,$'&4Q�MPY7&+RIS,MPe'Q*&4o5$'&(R2&�S,$-&
� � e/&+MPh MTS0z � � �N`-h�WZYmQ�MT_'`'O6$'& j S,$-R2UV_'aP$�g R7&+&0Y2\cMPO(&4S2$'R2UV_-aV$�MxO+UPQZQZW*htMuS,WZ`-atQZ&(`'Y+r
�%$'&xe3&dMPh WZY j W*R2&+O}S,& j S2$'R2UP_'aV$�M�Y2&+O(UV` j $cMPR2h0UV`'W*OtaV&(`'&+R2MTS,UPR ; * ���4?IS2$cMTS:O+UP` 'P&+RlS,Y
M�\3UVR7S2WZUV`�UPg%S,$'&t\/U>ow&+R9g R2UPh z � � ��`'h j U>o5` S,U 2 � ��`'hNr �%$'W*Y�obM1'P&+QZ&(`'aPS2$�W*Y�W j &dMPQ
g UVR%UV_-R%Y2_'\3&+R7Q�MTS7S,WZO(&EOdMTS2$'U j &Ee/&(OdMP_-Y2&.W*S%W*Y5MTS%S,$'&E\3&dM ��\/UPQ�MPR7W��dMuS,WZUP`4o;M 'P&+Q*&+`'aPS2$ r �%$'&
MPQ*WZaV`'h0&+`~SGUTgXS,$-&�* ����O+Rlk�YlS6MPQ W*YvY7WZh0\'QZ&Tr �%$'&CR2&(Y2W j _cMPQ[z � � �m`-h QZWZaP$nSfWZY j _'h0\/& j Mdo;M>k
o5W*S2$�M j W*O6$'R2UVW*OIh0WZR7R2UVR(r �%$'&2 � �t`-h UV_�S,\'_-SLUPgGS,$'& * � � WZY1O+UVQ*QZWZh4MTS2& j MP` j S6M �P&+`�S2U
S,$-&bOdMTS2$'U j &;S,$-R2UV_'aP$:MPQZQnS,$'&;`'UVR2h4MPQ8UV\-S2WZO+Y�S,$cMTS�o;&(R2&5_'Y7& j o5W*S2$�S,$'& �%W & *�MP\'\'$'W*R2&wQ�MPY7&+R+r
�%$'&Ee3&dMPh WZYw\/&(R7g &(O(S,QiktR7UV_'` j o5$-&+`xW*S;QZ&dM1'P&+Y;S2$'&�* � � e3&+OdMT_'Y2&LS2$'&��ce3&+RbQZMPY2&(R;W*S2Y2&(Q*gqW*Y
M�Y2W*`'aVQZ&Eh0U j &EQ�MPY7&+R(r

�%$'&��'e/&(RbQ�MPY7&+Rw$cMPY;Y7&�'P&+R,MTQqM j 'TMP`~S6MTaV&+YbU 'P&+R;S2$'&��%W &
*-MP\'\-$'WZR7&1QZMPY2&(R+rG{pSb$'MPY;$'W*aV$'&(R
\3U ow&+R5O+MP\cMPe'W*QZWiS]kVr�{]`NM j-j W*S2WZUV` |8S,$'&Ee3&dMTh j WZMPh4&}S,&(RbOdMP`xe3&EO6$cMP`'aP& j o5W*S,$-UV_-SCM��/&+O}S,WZ`-a



� z
UV\3&+R2MTS,W*UV`�UPg%S2$'& j &�'8WZO+&Tr�{pS:MTQZY2U $cMPY�M�`-WZO+&(R�e3&dMPh \'R7U �cQZ&tMPY�WiS9O+MP`�UV`'Qik�Y2_'\'\3UVRlS:M
Y2W*`'aVQ*&4S,R2MP`'Y�'V&+R7Y2&x&+Q*&+O}S,R2UPhtMPaP`'&(S2WZO ;�� 5 ' ?�h0U j &Tr�J S,R2MP`'Y�'V&+R7Y2&xh0U j &4UPg1M�e3&dMPh UPg
&+Q*&+O}S,R2UPhtMPaP`'&(S2WZOER,M j W�MTS2WZUV`tWZYCM0\'MPR7S2WZO+_-Q�MPRbW*`~S,&+`-Y2W*S]k�\cMTS2S2&+R7`�UPg�R,M j W�MTS2WZUV`)h0&dMPY7_'R2& j W*`
M�\'Q�MT`'&m\/&(R2\3&+` j W*O+_'QZMPRbS,U�S2$'&m\'R2UV\'MPa~MTS2WZUV` j W*R2&(O(S,W*UV`xUPg^S,$'&me3&dMPhNr'J � 5 ' h0U j &EW*Y5M
h0U j &Lo5$-UVY2&I&+QZ&(O(S2R2WZO.MP` j h4MPaV`'&}S,W*O��c&+Q j 'P&+O(S2UVR2Y1MPR7&Ie3UPS,$N`'UVR7htMTQXS,U:S,$'& j W*R2&(O(S,W*UV`xUPg
\'R7UV\cMPa~MuS,WZUP` r�%$-&��ce3&+RvQ�MPY7&+R�$cMPY�`'UIQ�MPY7&+R�OdM1'8W*S]k�S2U�MTQZWZaP` |PS,$-&+R2&CWZY�`'UIO6$cMP`'O(&�UPgXQZUVY7WZ`'a
QZU8O#� |'MP` j S,$'&ERlg[\'$cMPY7&EOdMP`)e3&!7n_'WZO#�nQ*k4Y2$-W*g S,& j r-{]`xM j'j W*S2WZUV`X|8S2$'&+R7&EWZY;`-U j R2Wig S,WZ`-a�UPg[S,$-&
UV_-S2\'_-SCe3&dMPh U 'P&+R%S,W*h4&LY7U0S2$'& 9�U8O#�P&(QZYCO+&+Q*Q[MPQZW*aV`'h0&+`~SbY7$'UV_'Q j $-UVQ j W*` j & �'`'W*S2&+Q*kPr

������ � ��� ���
�����	�
� � � ��� ������ ������� ���

�%$'&(R2&�MPR7&Ng UP_'R4\-R2WZh4MPRlk UV\-S2WZOdMTQC&(QZ&(h4&(`nS2YtW*`�S2$'&�Y7UV_'R2O(& ��M�Q*WZ`'&+MPR:\/UPQ�MPR7W��+&(R+|wM
o;M 'P&+\'QZMTS,&T|[M 9�U8O#�P&(QZYmO+&(QZQ | MP` j M:7n_cM j R2MP`~SI\-$'UPS,U j W*U j &Trm{]`�UPR j &(RLS,U)_'` j &+R2YlS6MP` j S,$-&
g _'`'O}S,W*UV`'YbUPgqS2$'&+Y7&E&+Q*&+h0&+`~S,Y(|cMPYb&�,-\-Q�MPW*`'& j W*`tS,$-&�g UVQZQ*U>o5WZ`'a.Y2&(O(S,W*UV`'Y(|'W*S;WZY;`-&+O+&(Y2Y2MPR7k�S2U
e3&mg MTh4W*QZW�MTR�o5WiS,$xe'W*R2&(g R7WZ`'aP&+`'O(&IMT` j S,$'&mY2O(WZ&(`nS2W��cOES2&+R2h0YCMPY2Y7U�O(W�MTS2& j o5W*S2$xW*Sdr

�;W*R2&(g R7WZ`'aP&+`'O(&�WZY�S2$'& j W('8WZY7WZUV`�UPg;Q*WZaV$~S�WZ`~S,U)S]owUNO(UVh0\/UV`-&+`~S,Y#;�MT`��lUVR j W*`cMPRlk��xMT` j
MP`��7&�,�S2R,MPUPR j W*`cMPR7k��mR,Mdk ?}|~g UV_-` j W*`:htMTS2&+R7W�MPQ*Y�S,$'MTS�$cM1'V&5S]o;U j W �X&(R2&+`~SvWZ` j WZO(&+YGUPg/R2&}g R,MPO�&
S,W*UV`tW*` j W �X&(R2&+`~S j WZR2&(O(S2WZUV`'Y(r��;W*R2&(g R7WZ`'aP&+`'O(&�WZY;MPY2Y7U�O(W�MTS2& j o5WiS,$�_-`'W�M�,�WZMPQ O+R7k8YlS6MPQ*Y+|�o5$-WZO6$
e3&+QZUP`'a�S2U�S2$'&N$'&�,-MPaVUP`cMPQ |vS,&}S,R,MTaVUV`cMPQ�|;MT` j S2R2WZaPUV`cMPQ%O(R7k8Y7S,MPQ5Y7k8Y7S2&+h0Y+r#{]`�M�_'`'WZM�,�W�MPQ
O+Rlk8Y7S6MTQ |nS,$'&(R2&�W*YwUP`'& j WZR2&(O(S2WZUV`0Y2_'O6$�S2$cMTS;MP`~k:QZW*aV$~SwW*`0S2$cMTS j WZR7&+O}S,WZUP`4W*`4S,$-&1O(R7k8Y7S,MPQX$cMTY
S,$-&�Y,MPh0&�Y2\3&+& j |�R7&+a~MTR j Q*&+Y2YEUTgwWiS,YEYlS6MTS2&�UPg;\3UVQZMPR2W��dMTS2WZUV` r �%$-WZY j W*R2&+O}S,W*UV`�WZYEO+MPQZQ*& j S,$-&
UV\-S2WZO.M�,�WZY(r �qW*aV$~S%o5W*S,$NQZW*`'&dMTR%\/UVQZMPR2W��dMTS2WZUV`t\/&(R2\3&+` j W*O+_'QZMPRbS,U:S,$-&IUV\�S,WZOmMA,-W*Y5O+UVh0\'R2W*Y2&(Y
S,$-&.UPR j W*`cMPR7ktR,MdkVr �qWZaP$nS%o5WiS,$xQZW*`'&dMTRb\/UPQ�MPR7W��dMuS,WZUP`t\cMPR2MPQZQ*&+Q3S,U:S,$'&mUV\-S2WZOmM�,�W*Y%O+UVh0\'R2W*Y2&(Y
S,$-&�&�,8S,R2MPUVR j WZ`cMPRlk�R2M>kPr �%$'&:e'W*R2&(g R7WZ`'aP&+`'O(&9WZY 7n_cMT`nS2W��c& j e~k����������! "�$#(| o5$'&+R7&	��#
WZYIS,$'&xR2&}g R,MPO}S,W 'V&)WZ` j &�,�g UVR9S,$'&)UPR j W*`cMPR7k�R,Mdk"MT` j �$�9W*Y�S,$'&xR7&(g R,MTO(S,W 'V&)W*` j &�,�g UVR9S,$-&
&�,8S2R,MPUVR j WZ`'MPR7k�R,MdkVr �%$'& j WZR7&+O(S2WZUV`�UPgwS2$'&�QZ&(Y2Y7&+REWZ` j &�,�WZYEOdMTQZQZ& j S,$-&9g MPY7S.M�,�W*YEe/&(OdMP_'Y7&
S,$-&9Y2\3&+& j UTg�QZWZaP$nSCW*Y1g MPYlS,&+R�WZ`�S2$cMTS j WZR2&(O(S2WZUV` r�*�WZh0WZQZMPR2QikV|-S2$'&9UPS2$'&+R�WZY�O+MPQZQ*& j S,$'&9Y7QZU>o



� =
M�,�WZY(r

0�� %������	��
�������������

�%$'&�\3UVQ�MPR7W��+MTS,W*UV` UPg�MP`#&+Q*&+O}S,R2UPhtMPaP`'&(S2WZO o;M1'V&�R2&}g &+R2Y)S2U"S2$'&�UVR7WZ&+`~S,MTS,W*UV` UPg.W*S2Y
&+Q*&+O}S,R2W*O �c&+Q j���4r �C`'\/UPQ�MPR7W��+& j QZW*aV$~SGWZYGO(UVh4\-R2WZY7& j UPgXM.h0W ,8S2_'R2&bUTgXo;M 'P& '8W*e'R,MTS2WZUV`-YfQ*k8WZ`-a
WZ`4MPQ*Q'\/UPY2Y2W*e'QZ& j W*R2&(O(S,W*UV`'YG\3&+R7\/&(` j WZO(_'Q�MTR�S2U.S2$'& j WZR7&+O(S2WZUV`:UPg/S,R2M 'P&+Q�r �%$'& j WZR2&(O(S2WZUV`:UPg ��
WZYvR,MT` j UVh0Q*k 'TMPRlk�W*`'aIo5WiS,$0S,WZh0&Pr�J �qWZ`-&dMPR<9�UVQZMPR2W��+&(R�; � 9<?�WZYwM j &�'�W*O+&CS,$cMTS;UV`'Qik0MPQZQ*U o5Y
&+Q*&+O}S,R2W*O �'&+Q j O+UVh0\/UP`'&+`~S,Y;\cMPR,MTQZQZ&(Q'S,U�MIO+&+RlS6MPW*` j W*R2&(O(S,W*UV` |8OdMPQ*QZ& j S,$-&�\3UVQ�MPR7W��+MTS,W*UV`0M�,�WZY+|
S,U4\cMPY7Y1S,$-R2UV_'aP$ r5J�`~kNQZWZaP$nS5S2$cMTS1O+UVh0&+YCS,$'R7UV_'aV$ Y2_'O6$�M0\/UVQZMPR2W��+&(R%WZYC\/UVQZMPR2W��+& j W*` S,$-&
j W*R2&+O}S,W*UV`)UPg�S2$'&m\/UPQ�MPR7W��dMuS,WZUP`�M�,�WZY(r

��� .� � �������

J�o;M1'V&(\'Q�MTS2&�WZYIM e-WZR2&}g R2W*`'aV&+`~SIUV\-S2WZOdMTQ j &�'8WZO(&4S,$'MTS�MPQiS,&(R2YmS,$'&4\/UVQZMPR2W��dMTS2WZUV`�YlS6MTS2&
UPg1M�QZW*aV$~S�o;M1'V&)S,R2M 'P&+Q*QZWZ`-a S,$-R2UV_'aP$�WiSdr�{pS j W '8W j &(Y�MP` WZ`-O+W j &+`~Sd|G\3UVQ�MTR2W��(& j e3&dMTh WZ`~S2U
S]owU�O+UVh0\3UV`'&+`~S2Y�MP` j O6$cMP`'aP&+YIS2$'&t\-$cMPY2&4UPgbUP`'&tR7&+Q�MuS,W('P&�S,U S2$'&0UPS,$'&(RIo5$'W*QZ&:\cMPY7Y2W*`'a
S,$-R2UV_'aP$�S,$'&to;M1'V&x\'QZMTS,&Tr �%$'&+` |�WiS9R2&(O+UVh�e'WZ`'&(Y�S,$-&+hAMTY�S,$'&}k�Q*&dM1'V&tS2$'&�o;M 'P&x\'Q�MTS2&Pr
�%$'&mS,$'W*O#�n`'&+Y7Y1UPg^S,$-&mo;M1'V&.\'Q�MuS,& j &}S,&+R7h4W*`'&+Y%S2$'&.MPh4UP_'`~S5UPg�\-$cMPY2&.Y2$-W*g Sdr
J 7n_cMTR7S,&(R�& obM1'V&t\'Q�MTS2&4W*`~S,R2U j _'O(&+Y�M R2&(Q�MTS2W('P&4\'$'MPY2& j W��/&+R7&+`'O(&tUPg�� 5 =xR2M j W�MT`'YIUPR

� ���.e/&}S]o;&(&+`�S2$'&tUPR j W*`cMPR7k�MP` j &�,8S,R,MTUVR j W*`cMPRlk�obM1'P&+Y+r �L_cMPRlS,&(R�&po;M1'V&�\-Q�MTS2&+Y.MPR2&0_'Y7& j
S,U�S,_-R2` \-Q�MP`'&�&]\3UVQ�MTR2W��(& j Q*WZaV$~S0WZ`~S,U�&(QZQZW*\-S,W*OdMPQw\/UPQ�MPR7W��+& j QZWZaP$nS0MT` j '8WZO(&�& 'V&+R7Y,M-r �#$-&+`
QZW*`'&dMTRIQ*WZaV$~S�MTS0/ � �IS,U�&(W*S2$'&+RI\'R2W*`'O+W*\cMPQwM�,�WZY�W*Y�W*`'O+W j &+`~S9UP` M 7n_cMPRlS,&+R &po;M1'V&x\'Q�MuS,&P|�W*S2Y
UVR j WZ`cMTR7k�MT` j &�,8S,R,MTUVR j W*`cMPRlk9O+UPh4\3UV`'&(`nS2Y�$cM1'V&C&87n_cMPQ MPh0\'Q*W*S,_ j &+Y(r �1` j &+RGS,$-&+Y2&CY2\3&+O(W�MPQ
O+W*R2O(_'h4YlS6MP`-O+&+Y(|XM � ���C\'$cMPY7&�Y2$-W*g S1O+UV`3'V&(R7S2Y�S,$'&mo;M 'P&9WZ`~S2U4O(WZR2O(_'Q�MTRCQ*WZaV$~S+r&*�WZh0WZQZMPR2QikV|�MP`
WZ`-O+UVh0WZ`'a�O+WZR7O+_'QZMPR%e3&dMPh o5WZQZQX&+h0&+R2aP&EQZWZ`-&dMPR7Q*k4\/UVQZMPR2W��+& j r
J�$'MPQ*g & obM1'V&(\'Q�MuS,&�W*`~S,R2U j _'O(&+Y)M�R2&+QZMTS,W 'V& \'$cMPY7& j W��/&+R7&+`'O(&�UPg!� R2M j WZMP`'Y0UVR�z � ���

e3&(S]ow&+&+` S,$'&mUVR j WZ`cMTR7kxMP` j &�,�S2R,MPUPR j W*`cMPR7ktobM1'V&(Y+rb{pSCR7UPS6MTS2&+Y5QZW*`'&dMTRb\/UPQ�MPR7W��dMuS,WZUP`�e~kNMP`
MP`'aPQZ&+=#"8| o5$'&+R7&	"�W*Y�S,$-&4MT`'aVQZ&�e/&}S]o;&(&+`�S2$'&�g MPY7S.MA,-W*YEUPg�S,$'&:$cMTQ*g &po;M1'V&(\'Q�MTS2&�MP` j S,$-&



� y
WZ`-O+UVh0WZ`'a:Q*WZ`'&+MPR%\/UPQ�MPR7W��dMuS,WZUP`)M�,�WZY(rb{pSLMTQZY2U0O6$cMP`-aV&+Y1R2WZaP$nSCO(WZR2O(_'Q�MTR2Q*kt\/UPQ�MPR7W��+& j QZWZaP$nS%S2U
QZ&}g S5O+W*R2O+_-Q�MPR7Q*k4\/UVQZMPR2W��+& j QZWZaP$nSbMP` j '8WZO+&�& 'P&+R2Y2M-r

9�MTR2W*S]k3& '�W*UVQ�MuS,WZ`-aE&�,�\/&(R2W*h4&(`nS2YvS]owU�$'MPQ*g & obM1'V&(\'Q�MuS,&+Y��fMP`4WZ`'Y7&+RlS6MPe'Q*&5$cMPQ*g & obM1'P&1\'QZMTS,&
; { � ��9 ?mMT` j M)R2UPS,MTS6MPe-QZ&�$'MPQ*g & obM1'V&�\-Q�MTS2& ;���� ��9 ?}r ��� 5 { � ��9�WZYL_-Y2& j S,UNMPO6$-WZ&�'P&
MxY2QZU>o R7&�'P&+R2Y2MPQvUPg;S2$'&4e3&dMTh $'&+Q*WZO+WiS]kVr0{pS�W*YmWZ`'Y7&+R7S2& j WZ`~S,UxUVR.R2&(h4U 'V& j g R7UVh�S,$-&4QZMPY2&(R
e3&dMPh�MP\'\'R7U ,�W*htMTS2&+Qik &�'V&(R7k�UPS2$'&+R j MdkPr �#$'&+`�W*`nS2&+R7O6$cMP`'aVW*`'a�S,$-&0{ � ��9�|XS2$'&�\'$~k8Y2W*O+Y
MPYlk�h0h0&(S,Rlk �cW*\'YLY7WZaV`�e'_-SEg MTQZY2&9MPY7k8h0h4&}S,R2W*&+Y j _'&9S,Ux&+Q*&+O}S,R2UP`'WZO(Y j Ux`'UPS+r�{pg�S,$'&(R2&0MPR7&
`'UN&+Q*&+O(S2R2UV`-WZO0MPY7k8h0h4&}S,R7WZ&+Y(|qS,$'&(`�S,$-&4Y7_'h UPg;S2$'&4MPY7k8h0h4&}S,R2W*&+Ymh0&dMPY7_'R2& j WZ`�S2$'&0S]owU
Y7S,MTS,&(YwY7$'UV_'Q j e3&��(&+R7U'r �%$'&���� ��9�`n_'Q*QZYvMP`~k:$'&(QZWZO(W*S]k3&]O(UVR2R7&+QZMTS,& j W*`~S,&+`-Y2W*S]k0MTY7k8h4h0&(S2R7k
; Y7&+& *�&+O}S,W*UV`Ny-r � r*zA? r

��
��� � � #�� � � �

J 9�U8O#�P&(QZY#-;&+Q*Q ; 9 - ?9WZY9M 'PUVQ*S,MPaV&�&]O+UP`nS2R2UVQ*QZ& j e'W*R2&(g R7WZ`'aP&+`~S�O+Rlk8Y7S6MTQ rf{pS0MPQiS,&(R2Y9S,$-&
\3UVQ�MPR7W��+MTS,W*UV`)UPgGM0Q�MPY7&+RCe/&+MPh o5$'&(` 'VUVQiS6MPaV&mW*Y�MP\-\'QZW*& j S,U4S2$'&.O+&+Q*Q[enkNO+MP_'Y2W*`'a�M0\'$cMPY7&
R2&}S6MPR j MTS2WZUV`�e/&}S]o;&(&+` UVRlS,$'UVaPUV`cMPQ�\3UVQ�MPR7W��+MTS,W*UV`�O+UVh0\3UV`'&+`~S2Y�UPg%S2$'&te3&dMPhNrNK�WZaP_'R2&0y-r /
Y2$-U o5Y5M 9^U�O#�T&+Q*Y -;&+QZQ3e3&(S]ow&+&+`xS]owU�QZWZ`-&dMPRv\/UPQ�MPR7W��+&(R2Y(rfJ�`xMP\-\'QZW*& j &(QZ&(O(S,R7WZO �c&+Q j O+R2&+MTS,&(Y
g MPYlS�MT` j Y2QZU>o M�,�&+YCMTS � � � S,U:UV`-&IMT`'UPS,$-&+R+r �%$'& j W �X&(R2&(`'O+&.WZ` 'V&(QZU8O+WiS]ktg UVR%e3&dMPh0Ybo5W*S2$
\3UVQ�MPR7W��+MTS,W*UV`�O+UVh0\/UP`'&+`~S,Y�MPQZUP`'a S2$'&+Y7&�S]o;U j WZR2&(O(S2WZUV`'Y(|�o5W*S2$ 'VUPQ*S6MTaV&tMT\'\'QZW*& j |�R2&}S6MPR j Y
S,$-&�\'$cMPY7&�UTgIUP`'&�\/UPQ�MPR7W��dMuS,WZUP`sO(UVh4\3UV`'&(`~SxR2&+QZMTS,W 'V&�S2U�S,$'&�UTS,$'&(R�S,$'&(R2&+e~k O6$'MP`'aVW*`'a
S,$-&N\3UVQZMPR2W��dMTS2WZUV`�YlS6MTS2&xUPg�S2$'&x&+h0&+R2aPWZ`'a�e3&dMPhNr"{]`�S2$'& MPe'Y2&(`'O+&NUPgLMP`�MP\'\'Q*WZ& j �c&(Q j |
S,$-&IR7&(g R,MTO(S,W 'V&mWZ` j &�,NW*Y5S2$'&.Y,MPh0&Eg UVR5e/UPS2$ \3UVQZMPR2W��dMTS2WZUV` j WZR2&(O(S2WZUV`'Y(r �%$-&+R2&IWZY5`'U0\'$cMPY7&
R2&}S6MPR j MTS2WZUV`Ee3&(S]ow&+&(`�UVRlS,$'UVaPUV`cMPQT\/UVQZMPR2W��dMTS2WZUV`1O+UVh0\3UV`'&+`~S2Y^UTg8S2$'&�QZW*aV$~S e3&dMPh�MP` j $'&+`'O(&
S,$-&+R2&mW*Y%`'U4\3UVQZMPR2W��dMTS2WZUV`4O6$cMP`'aV&Tr
{]`�UV_-RwY7&(S,_-\ |)'P&+R7S2WZO+MPQZQik�\/UPQ�MPR7W��+& j QZWZaP$nSv&(`nS2&+R7Y;S,$'&Ce'W*R2&(g R7WZ`'aP&+`~S;h4MTS2&+R2WZMPQ r �%$'& 9 -

WZY�R2UPS,MTS,W*UV`cMPQ*Q*k�UVR7WZ&(`nS2& j Y2_-O6$"S2$cMTS9S2$'&�g MPYlS0MP` j Y2Q*U>o MA,-&(Y�S,$cMTS�MPR2&�W*` j _'O(& j e~k�S,$-&
MP\'\-QZWZO+MTS,W*UV`NUPgvM#'VUPQ*S6MTaV&IS2UtS,$'&09<- MPR7&9MTS�� / � ��S,UtS2$'&9\3UVQ�MTR2W��+MTS,W*UV` j WZR7&+O}S,WZUP`�UPgGS,$-&
WZ`-\'_-S.QZW*aV$~SEe/&+MPhN|[MPYmY2$'U>o5`�W*`�K�WZaV_'R7&0y-r � r �%$'&:S]owU�O+UPh4\3UV`'&(`nS2Y+|^WZ`�\'$cMTY2&�MTYmS2$'&(k



� /

K�{��:r'y-r / ����� �����3���B�	�<��� ��
����� �������� �� ��� � � ���	��� � � ������� �8�

&+`~S2&+RES,$'&:O(R7k8Y7S,MPQ |q&(h4&(R2aV&9o5WiS,$ j W��/&+R7&+`~Sm\'$cMTY2&+Y(r:J�YLS,$-&(k�S2R,M1'V&(R2Y2&:S,$-&0O(R7k8Y7S,MPQ | S2$'&(k
MPO(O+_'h9_-Q�MTS2&9M�\'$cMTY2& j W �X&(R2&+`-O+&P|/o5$'WZO6$ j &(\/&(` j YEUV`�S2$'& j W*Y7S6MT`'O+&�S2R,M1'V&(QZ& j MT` j UV`�S,$-&
MP\'\-QZWZ& j 'VUPQ*S6MTaV&Pr��#$-&+`�S,$-&9e/&+MPh0YL&+h0&+R7aV&�g R2UPh S2$'&9O(R7k8Y7S,MPQ |3S,$'&9\3UVQZMPR2W��dMTS2WZUV`xUPg�S,$-&
O+UPh9e'WZ`-& j Y2W*`'aVQZ&Ee3&dMTh j &+\3&+` j Y1UP`xS2$'&.MPO+O(_'h9_'QZMTS,& j \-$cMPY2& j W �X&(R2&(`'O+&Tr

���������� ��������� "!$#��&%('*)"'+#� "%, ��-'���/.�0213#4'�5!6�&7+8��:9&';'� <'���38� "=>)�!$#>?@)�'A#� �%CB"#4!6�:9&'A#� �%D ���'����#4%"8FE�'
=G#����'��:�:)�HJI

�%$'&N\/UPQ�MPR7W��dMuS,WZUP`�UPg�S2$'&xe/&+MPhAW*Y j &(S,&(R2h0WZ`'& j e~k"e3UPS,$"S,$-& 9^U�O#�T&+Q*Y -;&+Q*Q5MP` j M
�qWZ`'&+MPR 9�UVQZMPR2W��+&(R1_'\-Y7S,R7&dMPh UPg�S,$'&49 -�r �%$'& � 9�W*Y�M0O+Q*&dMP`n_'\ \/UVQZMPR2W��+&(R1MT` j W*Y1_'Y7& j S2U
\'R7U j _-O+& 'P&+RlS,WZO+MPQZQik9\3UVQ�MTR2W��(& j QZW*aV$~SGg R2&+&CUPg[MT`nk:&(QZQ*WZ\-S2WZO+WiS]kIS2$cMTSwhtMdk:$cM1'P&�O+R7&+\-SwWZ`~S2UIS,$-&
\3UVQ�MPR7W��+MTS,W*UV` r$�%$'& 9 - MPO}S,Y�MTY�M 7n_cMPR7S2&+R &po;M 'P&x\'Q�MTS2&4o5WiS,$ W*S2YIg MPYlS:M�,�WZY9MTS0/ � ��g R2UVh
S,$-& 'P&+RlS,WZO+MPQqo5$'UVY7&IR7&(S6MTR j MTS2WZUV` �cW*\'Y5Y2W*aV` \-Y2&+_ j UVR,MT` j UVh0Q*ktUV`�M:\'_'Q*Y2&�&]e~k3&]\'_'Q*Y2&.ecMPY7WZY+|



���
aV&(`'&+R2MTS,W*`'a:O+WZR7O+_'QZMPR2Qik3&]\3UVQ�MPR7W��(& j Q*WZaV$~S%UTg�&(W*S,$-&+R%$'&(QZWZO(W*S]kPr

��� � ����� % � �"! 
 � 
�� ��
���

J �L_cM j R2MP`~S 9G$'UPS,U j W*U j & ; �!9.* ?;WZYb_'Y7& j S,U�h0&dMPY7_'R2&m$'&(QZWZO(W*S]k3&]O(UVR2R7&+QZMTS,& j \/UPY2W*S2WZUV`
j W �X&(R2&+`-O+&+Y.MP` j O6$cMTR2aV&0MPYlk�h0h0&(S,Rlk�UPgvS,$-&�Q�MPY7&+REQZW*aV$~S j _'R7WZ`'a�S2$'&9 -�WZ`-Y7S6MTQZQ�MuS,WZUP` rm{pS
WZY4_'Y2& j UV`'QiksW*`sS2&+Y7S2WZ`'a�MP` j `'UTS j _'R7WZ`'a�\'R2U j _'O}S,WZUP` r�{pStg _'`'O}S,W*UV`'Y�MTY�e/UTS,$ M �;&dMPh
-;_'R7R2&+`~S�' UV`'WiS,UVR ;�� -�' ?5MP` j M �w&dMPh 9^UVY2WiS,WZUP` 'NUV`'W*S2UVR ; � 9 ' ?}r J�� 9.*�O+UV`'Y7WZYlS,Y5UPg
g UV_'R�\-$'UPS,U j W*U j &(Y:MPR2R2MP`'aV& j W*` g UV_'R 7n_cM j R2MP`~S,Y0UPg�M�O(WZR7O+_'QZMPR9Y7S2R2_'O}S,_'R7&P|%MTY0Y7$'U>o5` W*`
K�W*aV_'R2&�y-r � r �%$'&(Y2&E\'$'UTS,U j WZU j &+Y;MPR2&�_'Y2& j S,U�O+UPh4\cMTR2&1S2$'&LW*`nS2&+`'Y7W*S]k4WZ`�&+MPO6$)$cMPQigqUPg[S,$-&
e3&dMPhN| e3UPS,$�$'UPR2W��(UV`~S6MPQ*Q*kNMP` j 'P&+RlS,WZO+MPQZQikVr *�&+`-Y2UVREUV_�S,\'_-SmW*YL\'R7UV\/UPR7S,W*UV`cMPQ[S,U�S2$'&�e3&dMPh
&+`-&+R2aTk�$'WiS2S2WZ`'axS,$'&4Y2&(`'Y2UVR(r �%$'& j WZY2M j 'TMP`~S6MPaP&tUPgbS2$'& j &�'8WZO(&�WZYmS,$cMuS�MPO(O+_'R2MTS,&�R7&+Y7_'Q*S2Y
j &(\/&(` j UV`�S,$-&9e/&+MPh $'W*S7S,WZ`-a�MPQ*Q^Y7&+`'Y7UVR2YmY7WZh9_'QiS6MP`-&+UV_'Y7Q*kPr�{pg�W*S�$'W*S2Y�UV`-Q*kxS]o;U)Y7&+`'Y7UVR2Y(|
\3UVY2WiS,WZUP`�OdMT`�e3& j &}S,&(R2h0WZ`'& j WZ`�UV`-Q*k�UV`'& j W*h4&(`'Y2W*UV` r�{pgCW*S9$'W*S2Y�UV`'Qik�UP`'&�Y2&(`'Y2UPR+|wMPQZQ
\3UVY2WiS,WZUP`cMPQXW*`-g UVR7htMTS2WZUV`4WZY%Q*UVY7S+r

K�{��:rcy�r � ������� ��� � �F�3�<�.�	��� �	� � �	� �8�



���

<��6< ��B�F�� $�HfD����5H	��D�B

�%$'W*YGY2&+O}S,W*UV` j &+Y7O+R7WZe3&+YfS,$-&%$'&+Q*WZO+WiS]k.O+UV`~S,R7UVQcMP` j S,WZh0WZ`-a�Y2O6$-&+h0&%UPg S,$'&%&�,-\3&+R7WZh0&+`~Sdr
J h0UVR2&0S,$'UPR2UV_'aP$ j &+Y7O+R7WZ\-S2WZUV`�W*Y�aVW 'V&(` WZ` 2 � 2 3�r�%$-&�$'&+Q*WZO(W*S]k �cWZ\�MTS�S2$'& 9�U8O#�P&(QZY�O(&+QZQ
U8O+O+_-R2YEMTS1S,$'&IS,R,MT`'Y2WiS,WZUP`'Y1UTgGS,$'&�y�������O+QZU8O#�xY2W*aV`cMPQ�r �%$'& �	�mMP`cMTQZUVaV_-&IUPgGS2$'WZY1Y2W*aV`cMPQ
WZY.S,$'&�' 9 *�UPR9htMTO+R2U�&]\'_'Q*Y2&0S,R2W*aVaV&(R+r �%$'&tY2WZaP`cMPQ;O(UV`'Y7WZY7S2Y9UPgCM�Q*U o \3&+R7WZU j UPg5Q*&+`'aPS2$

�����������MP` j ME$'W*aV$:\/&(R2W*U j UPg/QZ&(`'aPS2$�
�����������}r �%$'&�
����������f\3&+R7WZU j WZY =��������1MP` j MPQ*QZU>o5Y�S,W*h4&
g UVR5S,$'&�9�U8O#�P&(QZYLO(&+QZQqS2UtY7S,MPe'W*QZW��(&.MP` j S2WZh0&Eg UVRCS2$'&�&�,�\/&(R2WZh0&+`~SCS,U4R2&dM j UV_-S j MTS,M-r��%$'&

�����������.\/&(R2WZU j WZYIyVy-r yVyVyxh4YI&�,-MPO(S2Q*k�MP` j WZYmS,$'&0S,W*h4&�o5$'&(`�S,$'& 9�U8O#�P&+Q*Y9O+&(QZQ�WZY.Y7S,MPe'Q*&
MP` j MPQ*Y2U)S,$-&:S2WZh0&Io5$'&(`�S2$'&:&�,�\/&(R2W*h4&(`nSES,M��P&(Y j MTS6M-r �%$'&�
������������WZ`~S,&(R�'TMPQfW*YE&87n_cMPQfS2U
= 
���!�"� |-o5$'&(R2&#
���!�"$bWZYbS2$'&m\/&(R2W*U j UPg^S,$'&m\3U>o;&(RCQ*WZ`'&�O(k8O+Q*&Pr

�%$'& j UPh4W*`cMP`~SLY7UV_'R2O(&�UPgv`'UVW*Y2&9W*`�MPQZQ^&+Q*&+O(S2R2UV`-WZO+Y�O+UVh0&+Y�g R7UVh S,$'&�\3U>o;&(REQZWZ`-&+YLMuS
� � ���Tr��%$'&+R7&(g UVR7&P|-O+MPe'Q*&+YwMP` j &(QZ&(O(S,R7UV`'W*O+YvMPR2&CQZW��P&(Q*k9S2UI$cM1'P&LY2UVh0&5`'UVW*Y2&5S,$cMTSwUVY7O+WZQ*Q�MTS2&+Y
MTS � � ���Pr �^U�M 'P&+R2MPaV&)U 'V&(R9S,$'W*Y9`'UVW*Y2&P|GUP`'&)O+UV_-`nS2Y�U 'V&+R:MT` WZ`~S,&(aV&+R9h�_'Q*S2WZ\'Q*&4UPgCUV`-&
\3&+R2W*U j |'WZ`�S2$'WZY5OdMTY2&4=�% ;lz'& � � ��� ? ��yPy-r yPy:h0Y+r

�%$'&v$'&+Q*WZO(W*S]kLY7WZaV`'MPQZY[MPR7&�aV&+`'&(R,MTS2& j WZ` 7n_cMPR7S2&(S2Y8�)(	 � *(�UVR� +(�(  I| o5$'&+R7&vS2$'& �cR2YlS
&+Q*&+h0&+`~SwWZ`:S,$'& 7n_cMPR7S2&(S;WZY�O6$'UVY7&+`)\'Y7&+_ j U�&]R,MT` j UVh0Q*kPr �%$'&1$'&+Q*WZO+WiS]k�Y2W*aV`cMPQ'S2R,MP`-Y2W*S2WZUV`-YwMuS
S,$-&�WZ`-Y7S6MT`nSCS,$-&�9^U�O#�T&+QZY�O+&+Q*Q[WZY5Y2&}S�S,UtM4`'&}o Y7S,MTS,&Tr �%$'&�7n_cMPRlS,&}S�S,R7WZaVaP&+R j & �'`'&+Y�o5$-&+`
M�`'&(o R,MP` j UVh Y7&87n_'&+`-O+&9UPg^g UV_'R%$-&+QZW*O+WiS]k�Y7S,MTS,&(Y5$cMPY5Y7S,MPR7S2& j r

�%$'&)zA= � ���9Y7WZaV`cMTQ�WZYLM�Y2WZaP`cMPQ�MTS�zA=�� ����S,$'MTSEWZY�\'R2U j _'O(& j MTS!/�S2WZh0&+Y1S2$'& ' 9 *
;�y�� ��� ?�g R2&�78_-&+`'O}kVr�{pS0Y2_-e j W '8W j &(Y0S2$'& ' 9 *�$'W*aV$s\3&+R7WZU j WZ`~S,U /�Y2U�S,$'&N&�,�\3&+R2W*h4&(`~S
OdMT`Nh0UV`'WiS,UVRvS,$'& j MTS6M�g UVR � � ���EO(UVh4\3UV`'&(`~S,Y+r �%$'&ES2WZh0WZ`'aIY2WZaP`cMPQZYvg R2UVh S,$-&.\3UVQZMPR2W��+& j
Y2UP_'R2O(&IW*Y%Y2$'U>o5`�W*`xK�WZaP_'R2&my-rB2�r



� 2

K�{���rcy-rB2)��� ��� � � ����� �+� � �)� ��� � ���F� � �/� � 
 ����� 	1��� � � �

<���� ���	��B�
������F�
�BED $��	
�HfB � F.H�� ��


�%$'W*Y�Y2&+O}S,W*UV` e'R2W*&)�'k j &+Y7O+R7WZe3&+Y9S,$-&)Y7k8Y7S2&+h4MTS,W*O�& �/&+O}S,Y�S,$cMuS�Y7S2&+h g R7UVh S2$'&�QZMPY2&(R
e3&dMPh MP` j UV\-S2WZO+YvY7k8YlS,&+h S,$'MTSbW*Yv_-Y2& j W*`0S2$'&�\3UVQZMPR2W��+& j &+Q*&+O}S,R2UP`tY2UP_'R2O(&�S,UI\'R2U j _'O(&1S,$-&
\3UVQ�MPR7W��(& j &(QZ&(O(S,R7UV`�e3&dMPhNrfJ h4UVR7&�O(UVh4\-QZ&(S2& j &+Y2O(R2W*\-S,W*UV`�UPgqS2$'&LY2UP_'R2O(&+Y%UPgqYlk8Y7S,&(htMuS,WZO(Y
MP` j Y7S2R,MTS2&+aVW*&+Ybg UVRbS2$'&+W*R%h4W*`'WZh0W��+MTS,W*UV`0WZY%aVW 'V&+`NWZ` 2 � � 3�r

����� ��� � ������� ��� � 
 � � ��� � 


-;$cMPR7aV&%MPYlk8h4h0&(S2R2WZ&(Y�R7&+Y2_-Q*S�o5$-&+`�S,$'&bM 'P&+R2MPaV&%&+Q*&+O}S,R2UP`9e/&+MPh�O+_'R7R2&+`~S�O(UVR2R7&+Y2\3UV` j &
WZ`-atS,U)UV`-&�$'&+Q*WZO+WiS]kNY7S6MuS,&�WZY j W��/&+R7&+`~SEg R2UPh S2$'&:M1'V&+R2MPaV&�O(_'R2R7&+`~SmO+UVR7R2&(Y2\3UV` j W*`'a)S,U�S,$-&
UPS2$'&+R1$'&+Q*WZO+WiS]kxY7S,MTS,&Tr��%$'&�MPYlk8h4h0&(S2R2WZ&(YLMPR7WZY7&Ig R2UPh S2$'&Ig MTO(S�S2$cMTS1o5$'&+`�h4M��nWZ`'a4O+WZR7O+_)&
Q�MTR2Q*k�\3UVQZMPR2W��+& j QZW*aV$~Sd|^S,$'&(R2&)MPR7&�MPQiobMdk8Y9Y7htMPQ*QGWZh0\/&(R7g &(O(S,W*UV`'Y.UVR9M j h4W ,8S,_'R7&+Y�UTg5QZWZ`-&dMPR



� �
\3UVQ�MPR7W��+MTS,W*UV`�S,$'MTS�O+MP_'Y7&;MCY2h4MPQZQ j &+aVR7&+&vUPgc&+Q*QZW*\-S,W*O+W*S]kPr {]h0\/&(R7g &+O}S,W*UV`'Y[WZ`mS,$'&vQ�MTY2&+R[e3&dMPh � Y
O+W*R2O(_'Q�MPR5\3UVQ�MTR2W��+MTS,W*UV`)Y7S2&+h \'R2W*htMTR2WZQik4g R7UVh�WZh0\3&+R7g &(O(S1MPQ*WZaV`'h0&+`~SCUPgfS2$'&09 - M�,�&(Y1o5W*S2$
R2&(Y2\3&+O}S1S2U:S2$'&mWZ`'O(UVh0WZ`'a9Q*WZ`'&+MPRb\3UVQ�MTR2W��+MTS,W*UV` r

�#$'&(`IS,$-&w$'&(QZW*O+W*S]k�UPg8S,$'&vQZW*aV$~SqWZY��cW*\'\/& j | S,$'&�h4MA@7UVR[M�,�WZY[UPg�S,$'&v\3UVQ�MPR7W��+MTS,W*UV`�&(QZQZW*\'Y2&
o5WZQ*QfR2UTS6MTS2&0e~k � ���(r ' UVYlS�UP\-S,W*O+YmY7k8Y7S2&+h0Y�$cM1'P&t&+Q*&+h0&+`~S,Y ; g UPRE&�,-MPh0\'QZ&:h0WZR2R7UVR2Y ?1S,$cMuS
S,R2MP`'Y7\/UVRlS9UV`-&tQZW*`'&dMTR.\3UVQZMPR2W��dMTS2WZUV`�e3&(S7S,&+RIS,$cMP`�S,$'&4UPS,$'&(R+r$�%$'WZYI\'R2UP\/&(R7S]k�WZY.R2&(g &(R2R7& j
S,U�MPY0M�S,R,MT`'Y2\3UVR7S4MPYlk8h4h0&(S2R7k UVR0MP`'MPQ*k �+W*`'a�\/U>ow&+R(r �%$-&+R2&}g UVR2&T| �cW*\'\'WZ`-a�S2$'&x$'&+Q*WZO(W*S]k
OdMT_'Y2&(Y9MxO6$cMP`'aV&4WZ`�S,$'&0&)(0O(WZ&+`-O(k�o5W*S2$�o5$'W*O6$�S2$'&4Q*WZaV$~SmW*Y j &+QZW 'V&(R2& j S,UNS,$'&0OdMuS,$'U j &Pr
�%$'W*YvS]k8\3&1UPgX& �/&+O}SbWZY�O+MPQZQ*& j S,$'& 9G{ ��J & �/&+O}Sd|no5$'&+R7& 9G{ �^J W*YwMT`�MPO(R2UV`~k8h Y7S,MP` j W*`'a.g UPR
9�UPQ�MPR7W��dMuS,WZUP`�{]` j _'O(& j ��R2MP`'Y2\3UVRlS1J1Y7k8h0h4&}S,R7kPr

�%$'& 9G{ ��J & �/&+O}SwO+MP`0e/&5O6$cMPR2MPO(S2&+R7W��+& j 7n_cMP`~S2W*S6MuS,W('P&+QikVr �%$-&1\'$'MPY2&(YwW*`nS2R2U j _'O(& j enk
S,$-&49 -#OdMP`Ne/&Eo5R7W*S2S2&+`xWZ`)S2$'&Eg UVR2h

��� � ��� � = (����  �
	 ; y-r*z ?

o5$'&(R2&�S2$'&LY2_-\/&(R2Y2O(R2W*\-S � WZ` j W*OdMTS2&+Y�S,$'&CS]o;U�$-&+QZW*O+WiS,WZ&(Y+|���WZY�S,$'&LYlk8h4h0&(S2R2WZOC\'W*&+O+&1UPgqS,$-&
WZh0\3&+R7g &(O(S�\'$'MPY2&5Y2$-W*g Sd|nMT` j ��WZYfS,$-&1MT`nS2WZYlk�h0h0&(S,R7WZOb\-WZ&+O(&%UPg3S,$'&5WZh0\3&+R7g &(O(S�\'$'MPY2&5Y2$-W*g Sdr
{pg!� ��� � �-|XS,$-&�\'$cMPY7&+YEWZ`~S2R2U j _'O+& j enk S,$'&09<- MPR7& � � 5 =tMP` j S,$-&9QZW*aV$~S�o5WZQ*Q�$'M 'P&
\3&+R7g &(O(SvO+W*R2O(_'Q�MPR�\/UVQZMPR2W��dMTS2WZUV`Xr^{pg/&+WiS,$'&(R ��UVR��MPR7&%`'UV` �(&+R2U-|8&(QZQ*WZ\-S2WZOdMTQ�\3UVQ�MTR2W��+MTS,W*UV`Io5W*QZQ
R2&(Y2_'QiSdr��%$'&.O6$cMPR7aV&mUVR%O+_-R2R2&(`~SLMPYlk8h4h0&(S2R7k)O+MP` e3&Lo5R2WiS2S2&+` MPY

��� �����  ����� � ( � ��� �
	 ; y-r>= ?

o����(R�� � �
 � �"! MPR���S#���$�+Q%�+O(S2R2UV` e&�+MPh WZ`~S#�(`'Y2WiS,W%�+Y MPY2Y7U�O(W�MTS�� j o5WiS#� S#��� 9 - \'�cMPY��(Y
�)( ; �+* ?}r �,���
�87n_cMuS,WZUP`�g UVR �-� j �(\&�(` j Y�Q*WZ`��+MPR2Qik�UP` � e'_�S:`'UPS:MTS9MPQZQwUV`��wr �-�(`'O.�T|
o����(`�M�QZMPY��(RLe/�dMPh WZY1S2R,MP`-Y2h0W*S2S�� j S��'R2UV_-a0��MP`�MP`cMTQ*k �+W*`'a�\3U o1�+R(|[MP`�WZ`~S��+`'Y7W*S]k�MPY7k8h &
h2�(S,Rlk�R3�+Y2_-Q*S,Y9S��cMTS j �(\&�(` j Y:UV`'Qik�UP`"S����xMP`~S,W*Y7k8h0h4�}S,R2W*O�\��cMTY��)Y��-W*g S,Y(r��,�'W*Y�OdMP`"e/�



���

��,�\'QZMPWZ`'� j MPYwg UVQZQ*U o5Y(rfKcUVR1��,-MPh0\'Q �T|�Wig � � � 5 /-|�S#�'��\��cMTY��+Y%W*`~S,R2U j _'O � j e~k0S#���!9 - MPR3�
� ( � ( � � = ( ��� � ( � � = ( � / � � ( y �/ ; y-r y�?
� * �  � � = (���� �  � � = ( � / �
�  y �/ 	 ; y-r /3?

MP` j S����9\3UVQ�MTR2W��+MTS,W*UV` �+QZQ*WZ\'Y3�+YCg UVR1S�����S]owU �'�+QZW*O+WiS]kxY7S6MuS#�+YLo5W*QZQ^e&��O+UVW*`'O+W j �+`~S�o5WiS#��UV`'�
MP`'UTS#���(R+r "L`'Q*kNS#�'� j WZR��(O(S2WZUV`�S��cMTSES#�'�2�(Q �(O(S,R7WZO�' �+O}S,UVRmS,R2M ' �+Q*YIMTR2UV_'` j S���� �+Q*QZW*\'Y���o5W*QZQ
O �cMP`-a0�Pr�J `'UV` � �+R7U ��\��'MPY��.Y��'Wig S5WZY%Y3�'U>o5`�WZ`NK�W*aV_'R3�+Y5y-r � M:MP` j y-r � e r
{pg � � � 5 /-|-S#���m\��'MPY��(Y1W*`nS2R2U j _'O � j enktS#��� 9 -�MPR3�

� ( � ( � =  ��� ( � =  
�
/ � ( � /

� * �  � =  ���  
�
=  

�
/ �  

y �
/ 	 ; y-r � ?

MP` j \3UVQZMPR2W��dMTS2WZUV` �+Q*QZWZ\-Y��+Y^R��(Y2_'QiSfo��'UVY3�%htM @7UVRfM�,"�(Yfo5WZQZQ8R2UTS6MTS��;e~k � �#��o����+`�S#�'� ���+Q*WZO(W*S]k
WZY��cW*\'\/� j r4{]`�UPS����+Rmo;UPR j Y(|�S#�'�0S]owU�\3UVQ�MTR2W��+MTS,W*UV` �+Q*QZW*\'Y��(YLo5WZQZQ��cM1'0�4S����+W*RmhtMA@7UPRIMT` j
h0WZ`'UVR1M�,"�+Y�WZ`~S#�(R2O �cMP`-a0� j |[MT`�MP`~S,W*Y7k8h4h2�(S2R2W*OIe/�.�cM1'8WZUPR+r��,����\-QZ_'Y1Y2WZaP`�WZ` j WZOdMuS#�+YCS#�cMuS
S#�'� �+Q%�+O(S2R2W*O '0�(O(S,UPR9S,R,M1' �+QZY�O+UV_'`~S��+R�&pO+Q*U�O#�~o5WZY3�xMPR2UP_'` j S#�'� �+Q*QZWZ\-Y��Pr �,����`'�+a~MTS2W(' ��Y2W*aV`
WZ` j WZO+MTS#�(Y5S��cMTS%S���� �(Q �(O(S,R7WZO ' �+O(S2UVR1S2R,M1'0�(QZY5O+Q*U�O#�~o5W*Y��IMPR2UV_-` j S���� �+Q*QZWZ\-Y��Pr�J `'UV` �.�+R7U �
\��cMTY��;Y3�'W*g S^W*Y^Y3�'U>o5`9WZ`IK�W*aV_'R��(Y^y-r � O;MP` j y-r � j r^{pg-S����;\3UVQ�MTR2W��+MTS,W*UV`��(QZQZW*\'Y��(Y[WZ`IK�WZaV_-R���y-r �
MPR3�C\-R2UV\cMTa~MTS#� j S��'R2UV_-a0�tMT`�MPYlk�h0h2�(S,R7WZObS2R,MP`'Y7\/UPR7S�+Q%�+h2�+`~Swo5WiS#�0aVR��+MTS#�(RGS,R,MT`'Y2h0WZY7Y2WZUP`
MPQ*UV`'a S���� ' �+R7S2WZO+MPQ �(Q �+h2�+`~SIS#�cMP`�S#��� �-UVR2W��+UV`~S6MTQ |�S���� �(QZQZW*\'Y��(Y.o5WiS#��Ylk8h4h2�(S2R2WZO4\��cMPY3�
Y��-W*g S,Y1MPR3�mS2R,MP`-Y2h0W*S2S�� j o5W*S�� ��78_'MPQ�W*`~S#�+`-Y2W*S]kto����+R3�dMPY�S���� �+QZQ*WZ\'Y3�+Ybo5WiS#� MP`~S,WZYlk8h4h2�(S2R2WZO
\��cMTY��.Y��'Wig S,Y5MPR3�.`-UPSdr

����� �� � � � � ���
�!� � ��� ��� ������� �

9�UPY2W*S2WZUV` j W��&�+R3�+`'O �+YLR3�+Y7_'Q*SCo����+`�S����9M1' �+R,MTa0�9\3UVY2WiS,WZUP` O(UVR2R3�+Y2\3UV` j WZ`'atS2UtUV`'� ����&
QZW*O+WiS]k:Y7S6MuS#�LW*Y j W � �(R��+`~Sbg R7UVh S#���EM1' �+R,MTa0�L\3UVY2WiS,WZUP`tO+UPR2R��(Y2\3UV` j W*`'a9S,UIS#���LUTS#���(R ���+Q*WZO(W*S]k
Y7S,MTS#�Tr 9^UVY2WiS,W*UV` j W � �(R��+`-O.�+Y�YlS#�(h \'R7WZh4MPR2W*Q*k�g R7UVh S]owU�Y2UV_-R2O.�(Y8�)\��'MPY��)aVR2M j W%�+`~S,Y�MT` j
Y7S��.�(R2WZ`-a4� � �(O(S,Y(r



z����

����������� ��� .- �=>)"!$#>?@)�'A#� �% � =4= # 8F7&�&7 �& �! %F �%��+?@�&!6 �� )"%FB�� 8 �) 7 �27��# �:'�7 I�� )
	 )�% B��/��	 )"!6�
8� �= )�!$#>?@)�'A#� �% �&=4= # 8F7 �$7 �& �!�!$#��� '��)�%FB�= �+�:'���� = #�9 #4'��J= #��� ' 1 �� !6��� # 7 %  �%��+?@� !6 I�� 9�	J)�% B���B
	J)"!6�
8� �= )�!$#>?@)�'A#� �% � =4= # 8(7 �&7 �& �!<!$#��� '� )�% BJ=>���:'�� ��&=G#�9&#4'(� = #��� '/1 �� !6��� # 7<%F �%��+?@�&!6 I

�"! � # � � � � � ��� % � #

J�Y��,�\'QZMPWZ`'� j MPe/U ' �P|�M.O �cMTR2a0�1MPY7k8h0h4�}S,Rlk�OdMP`4R��(Y2_'QiSvg R7UVh Mm`'UV` � �+R7U4'TMPQZ_'�CUTgXS#�'�
\��cMTY�� �)r �,���;\��cMPY3� ��MT` j ���+`-O.�bS#�'�%MPY2Y7U�O(W�MTS�� j O �'MPR2a0�bMPY7k8h0h4�}S,R7kIOdMT`0'PMTR7k.WZ`9Y7UVh2�
o;M>k MPO(R2UVY7Y1S����IQZMPY��(R5Y2\3UPSLMTY1Y3�'U>o5`�WZ` K�WZaP_'R��.y-r � rc{pgfS����IO �'MPR2a0��MPY7k8h0h4�}S,RlkxO �cMP`'a0�(Y
g R2UPh S����LQ%�(g SbUTgqS#���LO(R7k8Y7S,MPQXS2U�S#���ER7WZa0�~S+|nS����Ee/�dMPh \'R7U �cQ �(Y;g UVRvS#����S]owU ���+Q*WZO(W*S]k:Y7S,MTS#�(Y
o5WZQ*Q&�'M ' �mO.�+`~S2R2UVW j YbS#�cMuS5MPR��EY3�'W*g S�� j �'UVR7W��(UV`~S6MPQ*Q*k�o5W*S��)R��(Y2\/�+O(S5S2U�UV`��mMP`'UTS#���(R+r��,���(Y��
Y��-W*g S,YCMPR3�EY�� �+`�MTY �'�+QZW*O+WiS]k &pO+UVR7R��(Q�MTS�� j \3UVY2WiS,W*UV` j W��&�+R3�+`'O �+Y(|/MTYCY3�'U>o5`�W*` K�WZaV_'R3�Ey-riz��-r
� � ��� ����%������ � �#� #

� `-UPS#���(REY2UV_-R2O.��UTg ���+Q*WZO+WiS]k3&]O+UPR2R��(Q�MTS�� j \/UVY7W*S2WZUV` j W��&�+R3�+`'O �+YEWZY�Y7S#� �+R7WZ`'a)O+MP_'Y�� j enk
S#�'�!9 -�r �,���!9 - WZY;MPQ*S��+R2`'MTS#�(Q*k:\'_'Q*Y�� j S,U9\3UVY2WiS,W '0�LMT` j `��(a~MTS,W '0���-WZa0�'VUVQiS6MPa0�1WZ`�UPR j �(R
S,U�WZ`~S,R7U j _-O.��\'�cMPY��(Y+r �,�'W*Y;R��(Y2_'QiS,YbW*`4S����!9 - e&� �cM1'8WZ`'a:MPQiS#�(R2`cMTS��+Qik:MPY%M j W('0�(R2aVW*`'a9MT` j
O+UP` ' �+R7aVWZ`'a.Q �(`'YvMPY�Y��'U>o5`4WZ`0K�WZaP_'R��5y-rizVzVr�{pgqMmQ�MPY3�+RGe/�dMPh WZYGY2h4MPQ*Q��+`'UP_'a0�0WZ` j W�MTh4�}S#�+R
MP` j aVU"�(Y�S#�-R2UV_'a ��S#���IO.�(`nS��+REUPgGS���� 9 -�|/S�����YlS#� �+R2W*`'a
� �&�+O}S,YEMTR���Y7htMTQZQ r � Y1UV`��9aPU"�(Y



z���z

K�{���rcy-r � �
��� � �3�� � �F��� ��� �
	!��� ��� � �����A�� � � 
�� ����� � ������� � �F� � �	
��0� ����� � ���	��
 ��
� � � ��� � � ����
�� ���	����� � �������
��� ������� � ��
� 	���������� ��� ��� � �!�F������
#"$
 	"�%�
	C�&��
2�('����)��"��*�+�����-, ��� �.���F������
/' ����� �0�
	
����
2�('(������"214365�798

: �<; ��=?>#�9@�ACB :�D �EBF>��.�9@�G$=�H : ;�;9IJ@�B9K �,�JG$B,� � �9;9>L;-M�=ON&�PN�G$HJK

Q���R S ��T�UWV���X-X �-TZY �\[�
^]PV`_��	
^Ua]*� [bU�� � 


���*c���� � �!� � � �!��� ��� � ��������� � � � 
�� � � � � �
� �

�"! � # � � � d � # ��e � % � #

�,���bf���M�B3� �g;-M6=hN/�b; : =?>�@ :�i$i �9jkI�B�G$=�H�>����#lnmoK �,���#= :pD Gq=�M i�r�:pi >�M�H0�/M6>0s��JG$; �hM
lnmtGqBufJI i B���jOG$B �/v Axw���� �#K�y)zaM ��{"�9j rp:�i >�M6H0�|G$B%M6jJj���j�> : >���� rp:pi >�M�H �PM�B�B : ;9G}M6>���j+s%Gq>��
�-M6; �~f :pi M6@�Gq>*��A : =��+;-M6=~Gq=�>�@ : jJIJ; �kM6=~M6@�NJG�>�@�M6@F� �+K�� : @ ��{JM D f i ��A : =��+; : I i j�@FIJ=�M�>
(Ev A � ��� ��M�=�j<��v Ax����� �#K �,��� r�:pi >�M�H0��jJG � �9@��9=J;.��N/�9>*s1�.�9=�>#�'��>*s : BF>�M6>#�9BE@�� D M�Gq=JBo>#�'�
B�M D �6K � B�Gq=JjJG$;�M6>#�9j�Gq=��W��I�M6>�G : =���Kq��A�>����oBFG$Hp= : z�>����|M6=�>�G$B4� D�D �9>�@FG$;%f���M6B��Lz : @n>����0>*s :



���pv

�������F���������J����J��� �:9&'- ���)5= #4% �:)�! �!6) B�#�� %�'-#4% '���-8 �)�7&�J) 9&!  7:7�'��� �&)9:�J ���'��� =>) 7 � !&�:�:)�H
 "% '���C7A8�)"'+#�)"= #4%('*� %�7$#4'(�,8F!6 �� =>�  ��D'��� � =>�:9 '+!6 "% �:�:)�HJI ���� '� 8�� �E�!6�D7�� �1 7 '���C= #4%F�:)�!
�!6) B�#�� %�' #4%J8 �) 7 �@I ������: �'A'� �H	� �E�!6�<7�� �1 7 '����9  "!$!6�&7+8� �% B�#4%�� #4%�'��&%�7:#4'(� 8F!  
� = � �& "! !$#��� '�
)"%FB =>���:'���� = #�9 #4'�� � =>�:9&'A!6 "% �:�:)�H 7 I ���� �!6) B�#�� %�'J7� # �:'+7 '���29:� %�'A!6 �#�B�7  ��C'��� !$#��� '� )"%FB
= �+�:'� ��&=G#�9&#4'(�5�&=>�:9 '+!  �%��:�:)�H 7 #4%C 8 8� �7$#4'*� B�#4!6�:9 '+#� "%�7 �3'���&!6����� 8 !6 @B�E�9 #4%��5) ��&=G#�9&#4'(� ��9: �!$!6� =>)�'��:B
8� 7$#4'A#� �%2B�# � � !6� %F9:���
����&I

BF>�M6>#�9B%G$B >#���EB�M D �6K
�)% � � % # ��� 
 � # 
 e e ��� � 
 � � ���

� =~y*=?>#��=�B�Gq>*� � BF� D�D �9>�@F���&y ��� ;.� iqi G$B IJB��9j�> : ; : =�>�@ :pi ; ��M6@�H0�hM�BF� D�D �(>�@�G%��B9KWy)>
: f/��@�M6>#�9B M�> i$: s r�:pi >�M�H0�9B�� ����v������ � M�=�j�M6@F>�G ��;-M i$i �bG$=�jJIJ;.�9B ; ��M�@�H �LM6BF� D�D �9>�@F��Kay)> ; : =.�
B�GqBF>�B : z M�=�I�fJBF>�@��-M D i G$=���M�@ f :�i M�@FG��.�9@�A�MPsuM r ��f i M6>#�6A�Mbl : ;#� � i B m � i$i A.M�=�j�MEj : s%=JBF>�@��-M D
i Gq=��-M6@ f :pi M�@�G��.�9@�K��,���/; ��M�@FH0�#M6BF� D�D �9>�@F�+;�M�=ON&�/;-M�@3�9z&I iqi � D ��M�B�IJ@3��j	A2M�=�jO>����by � ; � i$i
fJI i B��9jO> : M B i G$H0�?> i ��jJG��&��@3��=?> rp:pi >�M�H �|z : @,�-M�; � ��� i G$;9Gq>*��> : M�; �JG%� r �/N�M i M�=J; ��K

y*=�*"�9f�>#� D N&�9@%v����p� A y � BF>�I�jJG �9Bus �9@��|f/��@4z : @ D ��j�> : j��9>���@ D Gq=��L>����os�M r ��f i M6>#�EM6=Jj



�����

� y���K���K��p���
�("�" �?� '��F�������������*
�
('������ � ��
	���Z� �%�����?
("x � 
("�" �����	�����k"$
��(�*"
�A�?
D�2'�����
('"����
�	� ��
������$
� �."x�
 ���F� �������O����"4��� �.
�L14365�798

s�M r ��f i M6>#� M6=JH i �b> : N/��IJB��9j G$=h>�����y � ;.� i$i K �us : >*�.f&�9B : zny � BF>�IJjJG%��B|s1��@�� j : =����Ly �
rp:�i >�M6H0�PB�;�M�=JB0M�=JjOy � M�=JH i �PB�;�M�=JB�K �,���EfJIJ@Ff : B�� : z M�=�y � r�:pi >�M�H0�PBF;-M�=OG$Bu> :�D �-M6B�IJ@3�
>#�'� i G$=���M�@Wj���f/��=�j���=J; � : z Gq=?>#��=�B�Gq>*��M6BF� D�D �9>�@F� : = rp:�i >�M6H0��K � i M6@�H0� B i$: f/�LGqB ;�@�G�>�Gq;-M i > :
; : @�@��9;9>EM i M�@FH0�#Gq=�>���=JBFGq>*�hM�BF� D�D �(>�@4�pK|y*= M�=hy � rp:pi >�M�H �#B�;�M�=	A�>����#s�M r ��f i M6>�� M�=JH i �bGqB
��{"��j�A	M�=JjO>#���by � r�:pi >�M�H0�/G$B r M�@�G%��jOz&@ :pD � � > : � v � ��K � >��-M�; � r�:pi >�M�H0�EB��(>�>�G$=JHJAC>#�'�
G$=?>���=JBFGq>*�hM�BF� D�D �(>�@F�OGqB D �-M�BFIJ@��9j<M�=Jj<@3��; : @�j��9j	K �,�JG$BLB�;�M�=ZsuM6B|f&�9@Fz : @ D �9j : =h>��J@�� �
s�M r ��f i M6>#�9B���� 5 ����A�� 5���M6=Jj�� 5pv K��,���b@���BFI i >�B : z >#���9B��#BF;-M�=�BPM�@��/B�� : s%=<Gq= �^M�N i �#� Kq�pK
� ;9; : @FjJG$=�H�> : >#��� j�M6>�M�A >#����� 5��+s�M r ��f i M6>#�2��M�B i M�@�H0�9@|B iq: f/��BE; :pD f�M�@3��j<> : >������ 5 � �
s�M r ��f i M6>#�6K

�,���bfJIJ@�f : B3� : z M6=hy � M�=JH i �/BF;-M�=hG$B%> :�D �-M6B�IJ@3�/>����#j��9f&�9=Jj��9=J;.� : za>�@�M�=JB D Gq>F>#�9j
G$=?>���=JBFGq>*� : =�M�=JH i ��K y*=�M�=�y � M�=JH i � B�;�M�=	A.>#��� rp:pi >�M�H �0j�G��&��@��9=J;.�0G$B ��{"��j�M�=Jj >#���0suM r ���
f i M6>#�0M�=JH i �%G$B r M�@�G%��j z&@ :pD ���n> : � � ��K � >1�-M�; ��M�=JH i �0B3�9>F>�G$=�HJA?>#���%>�@�M�=JB D Gq>F>#�9j�Gq=�>���=JBFGq>*�
G$B D �-M�BFIJ@��9j�M�=Jj�@��9; : @Fj���j	K �,�JGqB BF;-M�=�suM�B f&�9@Fz : @ D �9j : =�>#��@��.�0suM r ��f i M6>#�9B���� 5.����A�� 5��
M�=Jj�� 5�v K �^M�N i �#��Kxv�B�I D�D M6@�G�� ��B >#�'�#@��9B�I i >�B : z >����/y � M�=�H i �EB�;�M�=JB9K � ;9; : @FjJG$=�H�> : >#�'�
j�M6>�M�A�>#���|Gq=?>#��=�B�Gq>*� iq: B�B : z	>#�'��� 5pv/s�M r ��f i M6>#�oG$BnB�G$H�=JG���;�M�=?> M�=�j�>#���0>�@�M�=JB D G$BFB�G : =�z M iqi B
> : �.�9@ :|:�r �9@ >#�'��@�M6=JH0� : z " � v K � � 5 � %�� � � � K�,����G$=?>#�9=JB�G�>*� iq: B�B : zJ>������ 5��Ls�M r �9f i M6>���GqB
M�N : I�>��M i z >���M6> : z�>����� 5pvos�M r ��f i M6>���K " r ��@ >#�'�L@�M�=JH0� : z ".A?>#���%>�@�M�=JB D Gq>F>#�9j�Gq=�>���=JBFGq>*�



�����

suM r �9f i M�>#� M�=JH i � � � � � B4� D 5 � :�i >�M6H0� � fJf D & � �
� 5 � � � �JKxvpv

��� ���JK��p�
v�� � �pKxv �

� 5�� � ��Kxwpv
��� � ����K v��
v�� ����� v Kxw��
����� ���JK ��w
�4v�� �p� ��K ���

� 5pv � � v K ���
����� ��K����
�4v�� �4v.Kx���

�����	��
 �������,���F �= '�)�� ��� 9:)"%�7 IC���� 1 )�� ��8F= )�'��J# 7 ��� � B,)"' ) �"#����&%	)"%��=>�5)"%FB '������ �= '�)�� �
# 7���)�!$#��:B �:!6 �H����	'* ������ �;I

z M iqi B%> : M�N : I�>P��� ��K �,����G$=?>���=JBFGq>*� i$: BFB : zW>#�'� � 5.����s�M r ��f i M6>#��GqBPM�N : I�>#��� ��K"!uM�B3��j
: =Z>���� ��=Jj�G$=JHpB : z N : >#�Z>#�'��y � rp:�i >�M6H0��M�=Jj M6=JH i �bB�;�M�=JB�A	s1��j��9;�Gqj���j<> : IJB���>������ 5��
s�M r ��f i M6>#�bM6>0M�N : I�>Lv ���0Gq=�>#���Ey � ;.� i$i K
# 
 � �����%$ ���'& � � � ��� .� � ����� �

* Gq=J;.��>#�'��z M�B4>bM�{ G$B : z >#����l : ;#� � i B�m � i$i GqB : @�G%��=?>#�9j M�> �����#�P> : >#�'��f :pi M�@�G��-M6>�G : =
jJGq@���;(>�G : = : z >����%G$=Jf�I�> i G$H ��>aN&��M D Ap>���� D M)( : @ M�{"��B : z >#����� iqi GqfJB��9B M�@�����G�>#���9@ r �9@F>�Gq;-M i�: @
� : @FG�� : =?>�M i s����9=h>#��� i M�B3��@ i GqH0�?>-� D �9@�H0�9B0z&@ :pD >#���bl : ;#� � i B|; � iqi K*! �O@ : >�M6>�G$=JH�>#�'� ��M i z
s�M r ��f i M6>#�6A >���� : @�G �9=?>�M6>�G : = : z^>#��� � i$i G$fJB3��B%;-M6=hN/�b@ : >�M6>���j	K �,���#N�M6B�G$;/B��(>�IJfkz : @%IJB�Gq=JH
M�@ : >�M�>�G$=�H4��M i z s�M r �9f i M6>���G$B0B�� : s%=hG$=Z�^G$HpIJ@3�/��Kq��v K � :�D Gq=JG D G�� �|; ��M�@FH0��M�B4� D�D �9>�@F�pA
D M+( : @ M�{"�9B : z^>���� � iqi G$f�B���BuM�@�� : @FG �9=�>���jOM6> �����#� s%Gq>��+@���BFf&�9;9>0> : >����/M�=�M i � �9G$=JH��*f : s1��@
M�{ G$B9K

�,���Z; �JM�@�H0�ZM�BF� D�D �(>�@F��B3� : I i j r M�@F� BFG$=�IJB : G$j�M iqi �\s%G�>#� ��" K �,�JG$B�GqB�N/��;�M�IJB3�<M
� ���P@ : >�M6>�G : = : z >���� ��M i z}��suM r ��f i M6>���s%G i$i @ : >�M6>#��>���� f :�i M�@FG��-M�>�G : = � iqi GqfJB��9B|N?���)������A M�>
s��JGq; �+f : Gq=?> >����|f�M6>F>#�9@�=+B�� : I i j�@���f/�-M�>-K � �|B�� �|N : >#� ��"bM�=Jj�v#"b; :pD f : =���=?>�B�N&�9;-M�IJB3�
>#�'� ��M i z}��suM r ��f i M�>#� ��M6BPG D f&�9@Fz ��;(>�G : =JB|M6=JjZ>#���9@��(z : @���Gq=�>�@ : jJIJ; ��BEM �#� i G�� �#f���M�B3� � B�� �



���p�

s�M r ��f i M6>#� ( � � � � � � @�M6=JB D Gq>F>#��j�y*=?>#�9=JB�G�>*� � � 5#� � � B4� D �&fJf D � 5#�
� 5 ��� � � � ��K ��� ��K ���

� ��� � ��Kxv � ���JKx� �
��� ��� � ��K ��� � � ��K �p�
� � � � ��Kxv�� � ��� Kxw �

� 5�� � � ���pK ��� � ��K��)�
� ��� ���pK � � �4vp��v Kx���
��� ��� ���pK �?w � ���p��K ���

� 5pv � � ��v K��p� � ��K ���
� ��� ��v K � v ���p���pK � �
��� � ��v Kxw�� � v���K �?w
��� ��� ��v Kxw�� ���)� ��K ���

�����	��
 ��� � � ��� � %��=>� � 9:)"%�7 ID�*����� �= '�)�� �JB�# � � !6� %F9:� # 7 ��� � B )�% B '����1 )����*8 =>)�'��5)�%��"= � # 7
��)�!$#��:B �:!6 �H ��� '� �����I

� GqHpIJ@��|��Kq��v � K �,��G$B ��HpI�@��EM i B : B�� : s%B >���M6>��hM�=Jj
	�f : BFGq>�G : =�jJG � �9@��9=J;.�9B r M6@F��s%G�>#�+>#�'�
��� �tl M�=�H i �6K

� y���K���K�� v��
�	��
D
����� �o�
� ��� �-��' ���������� '������F�)� 
�"$
L����" ���$�n����
 �2"��F�*
D�*��� ��� ��� ����
C������' �.
E��(������
� '(�
14365�798%�	��
 ����"���' ����
('�$b� "
����
���' ����"���' ����
('E�F� � ����
����� �$,�&��
E'������F�)� 
�"$
L����" ���$�n����
 �2"��F�*
�8



��� �

1000000*Acharge_IPM1I02, Asymmetry (ppm) vs. theta
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Aq =  184.86 +  -664.69 sin (2x+ 158.77) +  311.90 sin (4x+ 149.27)

1000*Ax_IPM1I02, Dx (um) vs. theta
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1000*Ay_IPM1I02, Dy (um) vs. theta
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RHWP scan, Run 28126, IHWP IN, IPM1I02
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Acharge_QPD (ppm) vs. Position (in)
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PC X Steering Scan, Run 28070
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PC X Birefringence Scan, Run 28086

� y���K���K�� ���
� �������
 ��'F������
�3� ����F�28��	��
 ��� ��
(' �2"$���������� 5������' �.
%��(������
� '(�o��
('� �?J
(
���� ��������������
��� �&��
	�%�����?
("x ��
("�"�8 �	��
�� � ����"$
+�F� � 
(��������� �2"$���&������� � �������������� �F� � 	 ��������������
��� |
('�
�/��
�P��
('� �? 
(
���� ������������������ �&��
D�%�����?
("x ��
("�" 
 '�
�$��
��������
(" �p8

Q���� � S � T 
 Ua[�X�X�[bU � ��T � V����%]����<VW]

�,�JGqBPB���;(>�G : = B�I D�D M6@�G�� ��Bo>���� lnm Gq=JBF>�M i$i M6>�G : =hf�@ : ;.��j�IJ@��6K�� : @|M+j��(>�M�G i ��j ��{ f i M��
=�M6>�G : =�ApB�� ���	� ��
 K� �0N/��H�G$=�>#���0lnm Gq=JBF>�M i$i M6>�G : =#N?� �J@�BF>n; ���9;#��G$=JH/>#��M6>W>���� i M�B3��@WBFf : >nM�>
>#�'�ulnm G$B M �J=���f : G$=?>�K�� �({.>-A6s � D ��M�B�IJ@3� >���� j'��Hp@3�.� : z i Gq=��-M�@ f :pi M6@�G���M6>�G : =	K	y*= : @�j��9@ > :



��� �
D M�� � f : B�G�>�G : =PM�=Jj/; ��M�@FH0� D ��M�B�IJ@3� D ��=?>�B : =P>���� �El ��A-G�> G$B =��9;.�9B�B�M6@F�P> : j��(>#�9@ D G$=��W>#�'�
�Pl � f/��j��9BF>�M i B9A6; ��=?>#�9@ >���� �El ��A�M6=Jjb;�M i GqNJ@�M�>#� >���� �El ��K � z�>#�9@Fs�M�@�jJB9A � i ��;(>�@ : =JG$;W= : G$B3�
D �-M�BFIJ@�� D �9=�>�BnM�@��%f/��@Fz : @ D ��j�> : ; : = ��@ D >#��M6> j�G��&��@��9=J;.�9B &�M6BF� D�D �9>�@�G%��BnM�@��%; : =JB�GqBF>���=?>
s%Gq>�� �.��@ : K�� G$@FBF>�A N : >���>���� y � M�=Jj�lnm M�@���I�=Jf i I�HpH0��j�M�=Jj�jJG � �9@���=�;.��B�&�M�B4� D�D �9>�@FG �9B
M�@3� D �-M�BFIJ@��9j	K � �({.>-A�>#���0y � G$B f i I�HpH0��j�N�M�;#� Gq=�NJI >n>����Ll m�GqB i �9z�> I�=Jf i I�HpH0��j�M�=Jj�jJGqz}�
z ��@3��=J; ��B�&�M�BF� D�D �(>�@FG ��BLM�@3� D �-M�BFIJ@��9j	Ku� :piqi$: s%G$=�H#>#���/= : GqB�� D �-M�BFIJ@�� D �9=�>�B�ACy � rp:pi >�M�H0�
M�=Jj�M�=�H i �uBF;-M�=�B�M�@3� j : =�� > : j��9>���@ D G$='�u>#��� : f�>�G D M i.: f&�9@�M6>�G$=JHEM6=JH i �uM�=Jj�>#���%Gq=�>���=JBFGq>*�
j��9f&�9=Jj���=�;.� : = r�:pi >�M�H0��K !�M�B��9j : =�>#���oy � B�;�M�=JB9AJ>#���|y � ; ��M�@FH0�EM�BF� D�D �(>�@4��GqB � ��@ : ��j�K
�-��{.>-A?>#���Llnm~G$B f i IJHpH0�9j�NJM�;#��G$=�M�=Jj�jJG��&��@3��=J; ��B�&�M�BF� D�D �(>�@FG ��BnM�@3� D �-M6B�IJ@3��j z : @ N : >��
BF>�M6>#�9B : z�>#���2��M i z}�)s�M r ��f i M6>���K �,�JGqBbGqBEz :�i$i$: s1��j�N�� ��M6=Jj 	<B4>#�.�9@�Gq=JHhBF;-M�=JBbz : @EN : >��
BF>�M6>#�9B : z >#���2��M i z}�)s�M r ��f i M6>���K � ;9; : @FjJG$=�HO> : >#�'��B4>#�.�9@�Gq=JHhBF;-M�=JB9Aaf : B�G�>�G : =�j�G��&��@��9=J;.�9B
M�@3��>#���9= D G$=�G D G��.�9j	K �|G � �9@���=?>PB4>�M6>���B : z >#�'� ��M i z}��suM r ��f i M6>��#�.G � i jZjJG � �9@��9=�> � M�=Jj 	

f : B�G�>�G : =JB�K �|G��&��@��9=J;.�9B &�M6BF� D�D �9>�@�G%��B�M6@�� D �-M�BFIJ@��9j\z : @#N : >��\BF>�M6>#�9B : z >#��� ��M i z}��suM r �
f i M6>#�P> : r �9@�G�z��+>#��M6>%>����9�OM�@3� D G$=�G D G��.�9j	K��,���  l G$B%G$=JB3��@4>#��j�ACz :�i$i$: s1��j�N?� �Pl�� ;.��=.�
>#�9@�Gq=JH M�=Jj�;-M i G$N�@�M6>�G : =�B�;-M6=JB�K��|G��&��@3��=J; ��B�&�M�BF� D�D �(>�@FG ��BuM�@�� D �-M�BFIJ@��9j+z : @ N : >#�+BF>�M6>#�9B
: za>���� �JM i z}��suM r �/f i M6>#�6K �,���9�hM�@��b= : > D Gq=JG D G�� ��j�M�BLj : Gq=JH�B : s : I i jZ; :pD fJ@ :pD GqB��P>#�'�
jJG � �9@���=�;.��B�&�M�B4� D�D �9>�@FG �9B : N�>�M6G$=��9j�s%Gq>#�b>#���  l : I�>�� B4>#� ��@�Gq=JH � Ka� { f&�9@�G �9=J;.����M6BWB�� : s%=
>#�JM6>PBF>��.�9@�G$=�H � � �9;9>�B/j :pD Gq=�M6>��b>#�'��N&��M D ��I�M i Gq>*�k@�M6>�����@|>���M�= f���M6B���Hp@�M�jJG �9=?> � �&��;9>�B
�  l�Gq= � K



� � � � � � � �

� � 	�
� �����

�,�JGqBk; ��M6f�>#�9@kfJ@3��B3��=?>�Bh>�����j��9>�M�G i B : z#>���� M6=�M i �.BFG$B�z : @�j�M6>�M�>�M�� �9= jJIJ@FG$=JH�>#�'�
��@FBF>/f�M�@4> : z >���� ���?w�� ��� @FIJ=	A N/��HpGq=J=JGq=JH+G$=��hM�@F; �\v ��� ��M�=Jj ��=�jJG$=JHOG$=��kM���v ��� ��K
� j���BF;�@�Gqf�>�G : = : zu@�M-s�j�M�>�M D M�=JM�H0� D ��=?>#M�=Jj�fJ@ : ;.�9B�B�Gq=JHhGqBbf�@ :�r G$j��9j G$= * �9;9>�G : =���Kq�pA
z :piqi$: s �9j�N?��MEB�I D�D M�@F� : z	= :pD G$=JM i @�I�=J=JG$=�Hb; : =JjJG�>�G : =JBWG$= * ��;(>�G : =���K v K �,��� D �-M6B�IJ@3��j
M�B4� D�D �9>�@4�OG$B0j�� ��='��j<G$= * ��;(>�G : =��JK ��M�=�j<M�jJGqB�;9IJB�BFG : = : zW>#����m ��@��9= � :�r � i �9;9>�@ : =<M6=Jj
fJG : = ����;�G%��=J;9G ��BOG$B+f�@ :�r G$j��9j G$= * �9;9>�G : = �JK �JK �,��� @�� D M�Gq=Jj���@ : z#>#�'� m �JM�f�>#�9@kGqB�M
j��(>�M�G i ��jhB�I D�D M6@F� : zW>#�'��;�I�>�BPM�=Jj<; : @�@3��;(>�G : =JBo>#�JM6>o>�@�M�=JB4z : @ D >#�'��@�M-s M�BF� D�D �(>�@FG ��B
> : f'���.BFG$;�B M6BF� D�D �9>�@�G%��B�K^y*=�; �J@ : = :pi$: HpG$;�M i�: @�j��9@�Ap>�����B3� ;�I�>�B &6; : @�@3��;9>�G : =�BWG$=J; i IJj��umu� �L�
�al � D M�>�@�G {ZBFf�M�; ��;9I�>�B9A j��-M�j >�G D ��A i G$='�-M�@|@3��Hp@3��BFB�G : =	A N�M�;#��Hp@ : IJ=Jj	A M�=�j�f :pi M�@�G��-M6>�G : =
; : @�@��9;9>�G : =JB9K

� ��� � [�� � [bU [ � [#TZ[#Y ] � ]PT�U![#T � � V����0] 
 
 �-TZY

 ,��� � � � M�;9�.I�G$@��9B >����L@�M-s j�M6>�MbM�=Jj�BF> : @���B Gq>n> : jJG$B �2K �|IJ@FG$=JH/j�M6>�M��)>�M���G$=JH�A?B��JG�z�>
i ��M�j��9@�B BF>�M�@F>nM�=�j�B4> : f�>#�'� � � � � r ��@4� ��� D Gq=�I�>#�9Ba> : B��9H D �9=?> >���� @�M-s jJM6>�MPG$=?> : @FIJ=JB9K
� M�; �O@�IJ=OG$Buf�@ : ;.��BFB��9jhN?��M�@��9f i M-�
�9=JHpG$='� � H��pM6=�M i �.BFG$B � > : �({.>�@�M�;(>Lf'���.BFG$;�B0��I�M�=?>�G�>�G%��B�K
� �pM�=�M i �.B�G$B%GqBLM6=�M i �.BFG$B0B : z�>*s�M�@��b;�IJB4> :pD G"! ��jkB�f/��;�G ��;-M i$i ��z : @0>������ ����{ f&�9@�G D ��=?>�K y)>oGqB

�p���



�p���
s%@�G�>�>���= G$=�m (#( M�=�j�IJB3��B >#��� � " "  f�M�;#��M�H0� > :E: @FH?M�=JG !.� j�M�>�MPG$=�>���� z : @ D : z�=?>�IJf i �9B
� �kl * M6=Jj ��I�M�@F>��9> � K ���(>#��;(> : @�M�=Jj\N/�-M D j�M6>�MZM�@3��;-M i ;�I i M6>���j �hl * N?� �kl * s���G i �
��� i G$;9Gq>*�?�*; : @�@3� i M6>#�9j jJG��&��@3��=J; ��B &6M�BF� D�D �(>�@�G%��B�M�@��O;-M i ;�I i M6>���j���I�M�@F>��9>�N?���.IJM�@F>��9>-K � >
>#�'� �9=Jj : z^>����E@��9f i M-�pAJ>����E=?>�IJf i ��B0M�@3�/B4> : @3��jOG$=�@ :.: > � i �9B%M�;�; : @�jJGq=JH�> : @�I�=k=�I D N/��@9K

� >%>#���PN/��H�G$=J=JGq=JH : z M�@��9f i M-�pA�Gq=JBF>�@�I D ��=?>%;�M i GqNJ@�M6>�G : =�B�� f/��j'��BF>�M i B%M6=JjkHpM�G$=JB � M�@3�
i$: M�j���j�z&@ :pD M �O� * �  jJM6>�M�NJM�B��6K � >�>#�'����=�j : z Mb@3��f i M-�pA�>#���oM�=�M i � BFG$Bn@��9B�I i >�B����.G � i jJB�A
M�B4� D�D �9>�@FG �9B�A i G$=���M�@n@���H�@���BFB�G : =�B iq: f/��B�AJM�=Jj�N/�-M D f�M�@�M D �9>#�9@uM r �9@�M�H ��B � M6@��os%@FGq>�>���=�> :
>#�'�+j�M6>�M6N�M�B��6K� ,�'� ��� * � tj�M6>�M�N�M�B3� D M�=JM�H0��B�M i M�@FH0��B��(> : z0BF>�@�IJ;(>�IJ@3��j j�M6>�M<M6=Jj
@�I�=JB : f/��@�M�>�G : =JB : =�>#���+j�M�>�Mh@3����I���B4>#�9j~N?� D I i >�G$f i ��I�B���@FB�K�y)>�fJ@3��B��9=?>�B�>#����j�M6>�M<M6B
M�; :piqi ��;(>�G : = : z�>�M�N i ��BEs%Gq>#�$�-M6; ��>�M6N i � ; : =JB�GqBF>�Gq=JH : z M�B��(> : zu@ : s%B#M�=Jj�; :pi I D =�BbM6=Jj
fJ@ : r Gqj���B%@�� i M6>�G : =JM i�: f/��@�M6> : @�Bu> : D M�=JGqfJI i M�>#�o>����Ej�M6>�M�Gq=�>�M�NJI i M�@�z : @ D K

�|IJ@FG$=JH�>�����@��9f i M-��A M�;�I�>EGqBPM�fJf i G �9jh> : j�M6>�M+M�;���IJGq@��9j�j�IJ@�Gq=JH+M+N&��M D >�@�Gqf	K  ,���
N/�-M D GqB @��9H?M�@�j'��jkM�B%IJ=JBF>�M�N i �/G�z >#���EN/�-M D ;9IJ@�@3��=?> r M6@�G �9B N?� D�: @3�|>#��M6=������ =�m & D f�B
�4� ���|=Cm & D fJB#% � D fJB &�����Kx��� D B � � � ��� N/�9>*s1�.�9=�M�= �hl * M�=Jj�>#�'� �hl * z : I�@ � r �9=?>�B
fJ@FG : @9K#y*= : >#���9@|s : @�jJB9A >�����N&��M D GqB|; : =�B�G$j'��@��9j�I�=JBF>�M�N i � G�zn>�����N/�-M D ;9IJ@�@3��=?>/G$=<>#�'�
��@FBF> M�=�j i M�B4> �hl * : z2M|��I�M�@4>#�(> r M�@F�bN?� D�: @��n>#��M6=+�����o=Cm & D fJB9K  ,��� i G$��IJGqj �?�.jJ@ : H ��=
>�M6@�H0�(>#@3����IJG$@3��BE>�G D ��> : >#�'��@ D M iqi �ZB4>�M�N�G i G !.� M6z�>���@E>#����N/�-M D ;9IJ@�@3��=?>�GqBb@�M D f/��j�N�M�;#�
IJfO> : ��� � � A�B : >#�'� ��@FBF>o����� D fJB ������� D fJB % �p��K �p� D B &.� D fJB � � w�B��9; : =�jJB � M6z�>#�9@
>#�'��N/�-M D BF>�M�@F>�BP> : @�M D f<IJf�M�@3��@�� D�:�r �9j	K � =�M�jJjJG�>�G : =�M i ;�I�>/GqB D M�j'� : =�M�=?�<j�M6>�M
s����9@��P>#���PN/�-M D ;�I�@�@��9=?>LGqB i �9B�Bu>#�JM�=kv���=Cm : @ ��K � � � K  ,��G$B ;�I >%B���@ r �9B|M�Bu>���� �FN/�-M D
: � K �

y*= : @�j��9@ > : f�@�� r ��=?> Gq=�>���@FfJ@��(>�M6>�G : = : z >#���%z : @ D z M�;9> : @�BnIJ=?>�G i M i$iJ: z�>#�'�L; : @�@3��;9>�G : =�B
��M r ��N&� ��= M�f�f i G%��j�> : >�����@�M�s M6BF� D�D �9>�@�G%��BbM�=Jj > : M rp: Gqj M�=?��f : B�B�GqN i ��IJ=J; : =JBF;�G : IJB
NJG$M�B�M��&��;(>�G$=�HZ>#���+@3��B�I i >-AW>����+@�M-s!M6BF� D�D �9>�@�G%��B�M�@3��jJGqB�HpIJGqB��9j N?�\M N i G$=�jJG$=JHOz M�;9> : @�K
 ,���/N i Gq=JjJGq=JH#z M�;(> : @ GqB%M D I i >�G$f i G$;-M�>�G r �0z M6;9> : @0N/�9>*s1�.�9= ��Kxwp��M�=Jj��pKxvp� K



�p��v

!1�-M D ;9IJ@�@3��=?> ��� � �
� ��@FN&�9@F> � B0f�M�jJj i � �pK v � �
m �9@��9= � :�r l �  �.G � i j ����� ��� � � ! � � �
� mu� ��Ax�al � � ; � i$i �.G%� i j ��K � �P� � K � � � ��! & � �
m �JM�@�H0�/M�B4� D�D �9>�@F� ��� * ������fJf D
 I D G ��� * ������fJf D
�LM i$: ���4v�� � ! � � �

 � !  � �JKq�����/��� ���2��"	' � �3� ����� ����� �������������8

� ��� � � � �-TZ[#X � �<T<T �-TZY S ��T � �9U�� ��T 


 ,���%= :pD G$=JM i @FIJ=J=JGq=JHE; : =�jJGq>�G : =JBaM�@�� BFI D�D M�@FG"!.�9j�G$=  ^M�N i � �JKq��K �-�9@�N/��@4> � BnfJM�jJj i �
G$B#MhB�;9G$=?>�G i$i M6>�G : = ; : IJ=?>���@�f�M�j�j i � i$: ;-M6>���j : =\>�����z �9@�@�GqBbs���� � i f i M6>Fz : @ D Kky)>�fJ@ :�r G$j��9B
M�@�M6>#� D �-M6B�IJ@3� D ��=?>PG$=O>#��� r Gq;�Gq=JGq>*� : zW>�����j��(>#��;(> : @FBoz&@ :�D N/�-M D ��>�M�@FH0�9>LG$=?>#�9@�M�;(>�G : =JB�K
�-�9@�N/��@4> � BPf�M�jJj i �#B3� : I i jZ@���M�j M�N : I�>P��� : zW>#����N/�-M D ;9IJ@�@3��=?>Pz : @oH : : jhN/�-M D ; : =JjJG��
>�G : =JB9K

� ��Q ���Z] � ]|[ 
	�<VW]�� � 
 � � � ]oUaV��

 ,���/j�� �J=JGq>�G : = : z >#�'� D �-M6B�IJ@3��jOf�M�@�G�>*�?� r G :pi M6>�Gq=JH�M6BF� D�D �9>�@F�+GqB HpG r ��=ON?�

�
	 �������� (	 ����  � *	 ����
� (	 ���� ( � *	 ���� 	 � �JKq� �

s����9@�� � 	 ���� GqB >#��� D ��M�B�I�@���jb= : @ D M i G"! ��jP�.G � i j/M�=Jjb>����nB�IJf/��@FB�;�@FG$f�>�B � @��(z ��@ > : f : BFGq>�G r �
M�=Jjb=���HpM6>�G r ���� i G$;�G�>*�|B4>�M6>���B : z�>#�'� N/�-M D K � 	 ���� G$B j�� �J=���j�M6B >���� @�M6>�G :%: z�>���� D �-M6B�IJ@3��j
@�M�>#����M�=Jj+>����EN&��M D ; ��M�@FH0���

� 	 ������
�
��� � �JK v �

� B �({ f i M�G$='��jhGq=kB3��;(>�G : =Z��K ��A�>#��� ��� i G$;9Gq>*�+BFG$Hp=JM i B0M�@3�/H ��=��9@�M6>���jZGq=k��I�M�@4>#�(>�B�� (   *(
: @  ( (  /K * Gq=J;.�#M���I�M�@F>��9>P; : =?>�M�Gq=JBL>*s : BF>�M6>#�9B : zWf : BFGq>�G r � ��� i G$;�G�>*�OM�=Jjh>*s : BF>�M6>#�9B



�p�-�

: z^=���HpM6>�G r � ��� i G$;9Gq>*�pA.>#���Ef�M6@�Gq>*�?� r G :pi M�>�G$=�H�M�B4� D�D �9>�@4�+G$= : ='�P�.IJM�@F>��9>LG$B
��� � � � � (� ( � (�  � *�  � *�

� (� ( � (� ( � *� ( � *� 	 � �JKx� �

s����9@�� � (��� � M�@�� >#��� D ��M�B�IJ@3��j��.G � i jJB^G$=b>���� D M�;�@ : �*f�I i B3��B^s%G�>#��f : BFGq>�G r �1��� i G$;�G�>*�/M�=Jj � *��� �
M�@3�o>#��� D �-M6B�IJ@3��j+�.G � i jJBuGq=�>#��� D M�;9@ : �)fJI i B3��B�s%G�>#�+=��9H?M6>�G r � �'� i Gq;�G�>*�pK� ,���EM6BF� D�D �9>�@F�
G$=+>���� D ��M�B�IJ@3��jOf�M�@4>�G$; i �|j'�9>#�9;9>�G : =O@�M6>�� :�r ��@ : =��E��I�M�@4>#�(>LGqB HpG r ��=ON?�

� � � � � � (  � *
� ( ( � * 	 � �JK � �

M�=Jj�>#�'�bM6BF� D�D �9>�@F��G$=+>#��� � i ��;(>�@ : =kN/�-M D ; ��M�@FH0� : r ��@ : =��E��I�M�@4>#�(>LGqB
� ��� � � � (  � *

� ( ( � * � � �JK � �

�LBFG$=JH �W�.IJM6>�G : = �JKxv AWs1�h;-M6=�s%@�G�>#��>#���Of�M�@FGq>*�?� r G :�i M6>�G$=JH M�B4� D�D �9>�@F��;-M6@�@�G%��j~N�� >#�'�
D �-M�BFIJ@��9j �.G � i j M6B/>�����jJG � �9@��9=J;.��N&�(>*s � ��=\>#�'��M�B4� D�D �9>�@4� G$= >#����f�M�@4>�G$; i � j��(>#��;(>�G : =
@�M�>#�/M�=Jj+>#�'�/; �JM�@�H0�/M�B4� D�D �9>�@F�

� � � 	 ���� � � ��� ��
	� � � � �  � ��� � 	 � �JK � �

s����9@��|s1� D M����|IJB3� : z >#��� D M6>���� D M6>�Gq;-M i Gqj���=?>�G�>�G%��B�Gq= � f�f&�9=JjJG�{ � K  ,�JG$B M6fJfJ@ : { G D M��
>�G : =�G$B : = i ��>�@�I��EG�z � � � ��� ��� �� �pK

� ��� S ]PVW]PT�� ��� ��� ����]PT�����]�


 : f�@�� r ��=?>^; : =?>�M D Gq=�M6>�G : = : z�>���� f�M�@�G�>*�?� r G :pi M6>�Gq=JHnB�G$H�=�M i A�G�> G$B�;�@�I�;�G}M i > : ��M r � H :.: j
G$j'��=?>�G ��;-M6>�G : = : z'� i ��;(>�@ : =JB�K  ,��� D�: B4> G D f : @F>�M6=�>	f�M�@�M D �(>#��@FB z : @ � i ��;9>�@ : =/G$j'��=?>�G ��;-M6>�G : =
M�@3� >���� ����;9G ��=�;9�<z : @PGqj���=?>�G ��;-M�>�G : = : z � i �9;9>�@ : =JB/M�=Jj >#�'��; : =?>�M D G$=JM6>�G : =hz&@ :�D fJG : =JB�K
"|=�� D �9>#� : j�> : j��(>#�9@ D G$=��u>����,� i ��;9>�@ : =�M�=�j�f�G : = ����;9G ��=�;�G �9B : zC>#���Lm ��@3��= � :�r GqB > : IJB3�
M#� � �
� !|N&��M D BF>�@�IJ;(>�IJ@3��� �pv/=JB fJI i B3��j �)N&��M D � K� ,�JGqB�N/�-M D B4>�@�I�;9>�I�@����9=�M�N i ��B : =��L> :



�p���
B��9f�M�@�M6>#�u>����,� i ��;9>�@ : =�B z&@ :pD >#�'� fJG : =�BaN�M�B3��j : =�>#�'��G$@^>�G D � : z��JG$H0�?>-K  ,���u>�G D � : z���G$H ��>
: z fJG : =JB%z&@ :pD >����#>�M6@�H0�(>L> : >#�����al �|BoG$BLM�z �(s =JB i$: =JH0��@ � j'��f/��=JjJGq=JH : =Z�al � � >#�JM�=
>#�'��>�G D � : z���GqH0�?> : z � i ��;(>�@ : =JB�B�Gq=J;.��fJG : =JB : z%>�����B�M D � D�:pD �9=?>�I D ��M r �OM<B D M i$i ��@
r � i$: ;�G�>*�pK  ,�JG$B�>�G D ��jJG��&��@3��=J; �kGqB �({ f i M�G$=��9j~N/� iq: sEK � ��;-M�= : N�>�M�G$= >�����@�� i M6>�G r G$BF>�G$;
��='��@�H6� : z^>����EB�;�M6>�>���@��9j � i ��;(>�@ : =�N���; :pD NJGq=JG$=�H��W�.IJM6>�G : =JBE�pKx�p��M�=Jj��pK � �

��� � ��� � �
��� (�v#� � �
	 � � " � v � � �JK w �

� >oz&I i$i N�M�;#��BF;-M6>F>#��@ � "�� �)���#� � A��� vpw � � ���#K  ,��G$B ��=��9@�H�� ��M�BLM� : zWM�N : I�>#��K � : @
fJG : =JB�A6s � ;�M�=�>�M����u>#���u; ��=?>�@�M iJD�:pD ��=?>�I D � �p��� � ���#&6; � M�=Jj ;-M i ;�I i M6>#�n>#����@�� i M6>�G r G$BF>�G$;
> : >�M i �9=���@FH��

� � � � ��� � ( � ����� �t�?wpw � ��� � � �JK � �

 ,�JGqB �9=���@FH����.G%� i j�B#M� : z M�N : I�>���K���K  ,���9@��9z : @���Aa>�����fJG : =�B ��M r �+MkB D M iqi �9@ r � iq: ;9Gq>*�
>#�JM�=O>���� � i ��;9>�@ : =�B�K

 ,��� @�� D M6G$=Jj��9@ : z�>#��G$B	B3��;9>�G : =EBFI D�D M�@FG"!.�9B�>#�'� D �(>#� : j|> : j��(>#��@ D Gq=�� >����nm ��@3��= � : r
����;9G ��=�;�G �9B�K  ,��� : @�GqHpG$=�M i s : @ � ;�M�=�N/�Oz : IJ=Jj�����@3� � ��� 
 K���@ :�D B�;�M6>�>���@�f i$: >�B : zo>#�'�
m ��@3��= � :�r � �EmtBFG$Hp=�M i�r �9@�B�I�B|�al � >�G D G$=�H � B�� �/� G$HpI�@����JK�� � ACM�B3��f�M�@�M6>�G : = : z >����EfJG : =
M�=Jj � i ��;(>�@ : = iq: ;9G	;-M�=ON/� : NJB��9@ r �9j	K �0B�G$=�H : = i �+� l�� >�G D Gq=JH�;�I >�B�AC; i �-M6= � i ��;(>�@ : =hM6=Jj
fJG : =�@3��HpG : =JB s �9@��Lj�����='��j	K  ,���Pm �9@���= � :�r � i �9;9>�@ : = ����;�G �9=J;9��GqB j�����=��9j+M�B >����0@�M6>�G :E: z
>#�'�|=�I D N/��@ : z f�M6@F>�Gq; i ��B >���M6>���@��9j�>����Em �9@���= � :�r M�=Jj+M i B : f�M�B�B3��j�>#����� i �9;9>�@ : =�>�G D G$=JH
;�I >b> : >���� =.I D N&�9@ : zuf�M�@4>�Gq; i �9BP>#��M6>/f�M6B�B��9j�>����4� i �9;9>�@ : = >�G D G$=�H+;�I�>�K * G D G i M�@ i �pAC>#�'�
m ��@3��= � :�r fJG : =
����;�G �9=J;9��G$Buj'����=��9jhM6Bu>#���|@�M6>�G :�: z >#�'�P=.I D N&�9@ : z f�M�@4>�G$; i �9B >#�JM6>���@3��j
>#�'��m �9@��9= � :�r M�=Jj�M i B : f�M�BFB��9j�>���� fJG : =Z>�G D G$=JH�;�I�>P> : >���� =�I D N/��@ : z f�M�@4>�G$; i �9Bo>#��M�>
f�M�BFB��9j�>#�'�0f�G : =�>�G D Gq=JH|;9I�>-K� ,�'�L@3� (3��;(>�G : = @�M6>�G : G$BWj'����=��9j�M�BW>����%@�M6>�G :P: z2>#����� i ��;(>�@ : =
����;9G ��=�;9�+> : >����EfJG : = ����;9G �9=J;9��K

� =�>���� ;-M�@FN : =�>�M�@�H0�(>-A	>���� � i �9;9>�@ : =$����;�G%��=J;9G �9B : z : ;9>�M6=�>�� @�M6=JH0��z&@ :pD w���� � � �
� j'��f/��=JjJGq=JH : =#�al � � M6=Jj#>#�'�uM r �9@�M�H0� � i �9;9>�@ : = ���2��=J;(� : z : ;(>�M�=?> �uG$B w���K�� ��K  ,�'�ufJG : =



�p���

� y���K �JK����
� 
('�
�;�?���C��� ���  �.� ������"�" � � � 
(
������
('� ��#��
��F� ������
����������
	������ �&��
 ����
�
("������ �
"$��� �? ���� ��)�F�3��	O����� � �1)5�	F798

����;9G ��=�;�G �9B : z : ;(>�M�=?>0�o@�M�=JH0� z&@ :pD ��Kx� ����Kx��� M�=Jj�>����LM r ��@�M�H0�of�G : =2����;�G%��=J;(� : z : ;9>�M�=?>
�#GqBb��K v���K  ,���#;�M�@�N : =h>�M�@�H �9>LG$B0N&�(>�>#�9@L>���M�=h>���� �?�.jJ@ : H0��=Z>�M�@�H0�(>Lz : @-��{ >�@�M�;(>�Gq=JH�>#�'�
fJG : = ����;�G �9=J;9�EBFG$=J; �n>����n;-M�@FN : =bM6> :pD ��M�B D�: @�� =��9I�>�@ : =JB >#��M�=E>#�'�1�?�.jJ@ : H0��=�M�> :pD M6=Jj
>#�'��@��(z : @��#HpG r ��BPM�N/�9>F>#��@ofJG : =k� G%� i j<M�=Jj iq: s1��@oB���=�B�Gq>�G r Gq>*��> : � i �9;9>�@ : =Z; : =?>�M D G$=JM6>�G : =	K
 ,���/@�� (3��;9>�G : =�@�M6>�G : G$B ����Kxv K

� = >#��� �?�.jJ@ : H0��= >�M�@�H0�(>-A >#�'�ZfJG : = ;�I�>�B�s �9@��<= : >+M�B�; i �-M�= M6B�z : @�>����Z;-M6@�N : =
>�M6@�H0�(>-K � B�Mh@3��B�I i >#>�����@3� D M�� N/��B :pD �4� i ��;9>�@ : = i �-M �6M6H0��Gq= >#�'� �FfJG : = �k;�I�>�@3��HpG : =	K
 ,���,� i ��;(>�@ : = ����;�G%��=J;9G �9B : z : ;(>�M�=?>%� @�M6=JH0��z&@ :pD w ��� � ��� �&j���f/��=�jJG$=JH : = �al � � M�=Jj�>#�'�
M r �9@�M�H0��� i ��;(>�@ : =4���2��=J;(� : z : ;9>�M�=?>%�%G$Bnw ��K � ��K  ,�'�0f�G : = ����;9G ��=�;�G �9B : z : ;9>�M�=?>%�%@�M�=JH �
z&@ :�D ���*��� � M�=Jj�>����PM r �9@�M�H �PfJG : = ���2��=J;(� : z : ;9>�M�=?>P�|G$B w K w �+K  ,�'�|@�� (3��;9>�G : =+@�M6>�G : GqB
�
��Kxv K � Bu= : >���j	A.>#���9@�� D M-��N&�-� i �9;9>�@ : = i �-M���M�H0�6A�;-M�IJBFG$=JH�>��JG$B > : N&�PM6=�IJ=Jj��9@��9BF>�G D M�>#��K



�p� �
� ��R S � ����� � � � [bUaV ��� _ �Z[��%] S �hU�


 ,���/mu� �L��� l�� D M6>�@FG�{�B�fJM�;.�PGqB M#>*s : �*jJG D �9=JB�G : =�M i @��9fJ@��9B���=?>�M6>�G : = : z mu���L�*�al �
; : G$=J;9G$j��9=J;.�|@�M6>#�9B�� � r �9=?>�B s��JG$; � �J@��|N : >#��M�mu� � M6=Jj+�al � � K�mu� � j��9>���;9> : @u=�I D N/��@FB
M�@3��G$=J;9@�� D ��=?>���j : =<>#��� r ��@4>�G$;�M i M�{ GqB�A N/��HpGq=J=JG$=�H�s%Gq>�� : =�� M6>|>���� i$: s1��@ ��=�j M�=�j$��{��
>#�9=JjJGq=JHP> : =JG$=��%M�>W>#���%IJfJf/��@��=�j	K * G D G i M�@ i �pA6�al � j��9>���;9> : @ =�I D N/��@�B M�@3� G$=J;9@�� D ��=?>���j
: = >#���2� : @FG"! : =?>�M i M�{ GqB�A N&�9HpG$=�=JG$=JH+s%G�>#� : =���M6>E>#��� i �(z�> �9=Jj\M6=Jj ��{ >���=Jj�G$=JHO> : � �kM�>
>#�'��@FG$H0�?> ��=Jj	K+y*=�> : >�M i A >#�'��mu� �L��� l�� D M�>�@�G { B�fJM�;.��; : =?>�M6G$=JB�� ���O;.� i$i B9K+� M�; �\; � i$i
; : =�>�M�G$=�B M|@�M6>��u; : @F@��9B�f : =JjJGq=JHP> : Gq>�B mu� �L���al � ; : G$=J;9G$j��9=J;.�6K  ,���9@��0M�@��P� �Emu���L�*�al �
D M6>�@FG�{+BFf�M�; ��B�AC>*s : M�BFB : ;�G}M�>#��j�s%Gq>�� ��M�; � : ;9>�M�=?> � �3� i ��;(>�@ : = ��M�=Jj��FfJG : = �JK�mu���L�*�al �
; : G$=J;9G$j��9=J;.�9Bus��JG$; ����@3�|>#���Em �9@��9= � :�r ; :�D f : B��L>#���/mu� �L��� l���� i ��;(>�@ : = D M�>�@�G {�B�f�M�; �
s��JG i �+mu� �L�*�al � ; : G$=�;�G$j'��=J; ��B#s��JGq; ��j : = : > �J@���>#�'��m ��@3��= � : r ; :pD f : B3��>#�'��mu� �L�
�al � fJG : = D M6>�@�G {�B�f�M6;.��K  ,���Zm ��@��9= � :�r G$B � ��@��9j ��s��'��= M6> i ��M�BF>�>*s : : z|>#�'�Oz : I�@
l �  B0G$=OM�m �9@��9= � :�rO: ;(>�M�=?>LM�@3� �JGq>�K  ,�JG$B%G$Bu>����Ej����J=JGq>�G : =+>#�JM6>%suM�B0M�BFB�GqHp=���j�> : >#�'�
� �hM)( : @�G�>*�  : HpGq; �JK

 ,���\mu���L�*�al � D M6>�@FG�{ BFf�M�;.� ��M�BOz : IJ@ i$: ;�GPj�����=���j � � i M�B4>�Gq;�A|Gq=�� i M�BF>�G$;�AoN�M�;#�p�
Hp@ : IJ=Jj	A M�=�j�BFIJf/��@4� � i M�BF>�G$;�K  ,��� � i M6BF>�Gq; i$: ;�IJBofJ@�G D M�@FG i �`G$=�; i I�j���BPf�M6@F>�Gq; i ��BPB�;�M6>�>���@3��j
� i M�BF>�G$;�M i$i �hGq=�>����4� i �9;9>�@ : = �)fJ@ : > : = ; :piqi GqB�G : =	K�y*=�>����4� i M�B4>�Gq;�; :pi$i G$BFG : =	A2>#��� D�:pD �9=?>�I D
: zu>���� � i ��;(>�@ : = M�=Jj fJ@ : > : = ; �JM�=JH0�9B�NJI�>�= : ��='��@�H6� GqB i$: BF>/> :h: >#���9@#fJ@ : ; ��B�B3��B9K  ,���
� i ��;(>�@ : =�� B ��G$=��(>�Gq; �9=���@FH�� G$B B��JM�@��9j�N/�9>*s1�.��= G�>�B3� i zoM�=Jj >#����>�M6@�H0�(>�f�@ : > : =�M�z�>#��@ >#�'�
; :�i$i GqB�G : =	K  ,���|G$='� i M6BF>�Gq; iq: ;9IJB�; : =JBFG$BF>�BufJ@FG D M�@�G i � : z f�M�@F>�G$; i ��B B�;�M6>�>���@��9j+G$=�� i M�B4>�Gq;-M iqi ��Gq=
>#�'� � i ��;(>�@ : = �*f�@ : > : =�; :piqi G$BFG : =�Kay*=O>����/G$=�� i M�B4>�G$;o; :piqi G$BFG : =�A�f�M�@4> : z^>���� �.Gq=��9>�G$; �9=���@FH�� : z
>#�'��G$=J;9G$j��9=?> � i ��;9>�@ : =<GqB iq: BF>|> :�: >�����@|f�@ : ;.��BFB��9B�K * :pD �(>�G D �9B�A >��JG$B-��=��9@�H��k>�@�M�=JBFz : @ D B
>#�'��fJ@ : > : =\Gq=?> : Mh@3��B : =�M�=J; ��K � >#�'��@#>�G D ��B�A >���� ��='��@�H6�\;�@3�-M6>���B�M6jJjJGq>�G : =JM i f�M�@F>�G$; i ��B
B�I�; ��M6BWfJG : =�B�K  ,�'� N�M�;#��Hp@ : IJ=Jj i$: ;�IJB^G$B D M�Gq= i �E; :pD f�@�G$B3��j : z N/�-M D ��M i$: M�=�j�f�M�@F>�G$; i ��B
fJ@ : jJI�;.��j r G}M r ��@4� G$=�� i M�B4>�Gq;�B�;-M�>�>#�9@�Gq=JHkf�@ : ;.��BFB��9B �&z : @ �({�M D f i �6A M�B�;�M6>�>���@��9j � i ��;(>�@ : =
fJ@ : jJI�;.��j�N?��fJG : = fJ@ : jJIJ;(>�G : = � K  ,���+B�I�f&�9@4� � i M�B4>�Gq; i$: ;�I�B�; : =�B�G$B4>�B : z%N&��M D �JM i$: M6=Jj



�p��w
f�M�@4>�Gq; i �9Bus��JG$; �kM�@3�/; i M�BFB�Gq;-M iqi ��z : @�NJGqjJj��9= � D�: @3� ��=��9@�H0�(>�Gq;E>���M�= � i M�BF>�G$;Pf�M�@4>�Gq; i �9B � K � =
�({�M D f i � : z Mb; i M�B�BFG$;�M i$i �#z : @FNJG$jJj'��=�fJM�@F>�G$; i �LGqB : =��0s���G$; ��B �.GqfJB >���� D M�Hp='�9>�M�=Jj�fJM�B�B3��B
jJGq@���;(> i ��z&@ :�D >#�'�E>�M�@�H �9>%> : >#�'�/j'�9>#�9;9> : @�B9K

 ,����� i M�BF>�G$;%M�=�j�Gq=�� i M�BF>�G$;uBFf�M�; �0;9I�>�B > : j�����=�� >#�'��B�� i$: ;�G : z2>#���Lmu� �L���al � D M6>�@FG�{
M�@3�+j�����='��j M6;�; : @�jJGq=JHZ> : jJG i I�>�G : =�z M�;9> : @�B ��{ >�@�M�;(>#�9j~z&@ :�D * � * � � i j�B�;�M�= j�M6>�M K\y*=
M � � i j B�;-M6=	A >#��� * � * ;�I�@�@��9=?>bGqB r M�@�G%��j<z&@ :pD �
����� � > : ������� � A�G$= BF>���fJB : zuv���� � K
 ,�JGqB �JM�B/>���� � �&��;(> : z D�:�r G$=�H�>�����B�;-M�>�>#�9@��9j f�M�@4>�Gq; i �9B/M�;�@ : B�BP>#�'��mu� �L��� l�� D M6>�@FG�{
M�=Jj G$B ��{ f i M�Gq=���j�N/� iq: sEK  ,�'� D M�Hp=��(>�Gq; � � i j�M6=Jj�@�M�jJGqIJB : zL;�IJ@ r M�>�IJ@3�kM6@���G$= r �9@�B3� i �
fJ@ : f : @F>�G : =�M i > : �-M�; � : >#���9@�K  ,�'��@��(z : @��6A�M6=kGq=J;�@3�-M�B3�bGq= D M�Hp=��(>�Gq; � � i jOs%G i$i @3��B�I i >LG$=OM
B D M iqi ��@L@�M�j�G$IJB : z ;9IJ@ r M6>�IJ@��6K * G D G i M�@ i �pA2M�j��9;�@3�-M�B3��Gq= D M�H�=��9>�G$;�� � i jZs%G i$i @3��BFI i >PGq= M

i M6@�H0�9@0@�M�jJGqIJB : zW;�I�@ r M6>�I�@���K * G$=J; �/>����#� l�� G$B i$: ;-M6>���j�z&IJ@F>�����@0z&@ :pD >#��� D M�H�=��9>%>#�JM�=
>#�'�Omu����AaMZ; ��M�@�H ��j�f�M�@4>�G$; i ��s��JG$; ��f�M�BFB��9B >��J@ : IJH0��M<HpG r ��= mu� ��M�=Jj��al �!IJ=Jj��9@
>#�'��= :�D Gq=�M i D M�Hp='�9>�Gq; � � i j�s%G i$i fJM�B�BE>#�J@ : IJH0��M�fJf�@ : { G D M6>#� i �h>���� B�M D ��mu� �gM�=Jj�M
jJG � �9@���=?>0�al � IJ=Jj��9@0M j�G��&��@��9=?> D M�H�=��9>�G$; � � i j	K � ��=J; ��A�>#�'�/BF;-M6>F>#�9@���jOf�M�@4>�Gq; i �9B D�:�r �
M�;9@ : BFB%>����bmu� �L���al � D M6>�@�G {�BFf�M�;.�6K

 ,����@�� D M6G$=Jj��9@ : z0>#���+B3��;(>�G : = BFI D�D M�@FG"! ��B#>����+>#��; ��=JG$��I�� � D f iq: � ��j�> : ��{ >�@�M�;(>
>#�'��jJG i I�>�G : =kz M�;(> : @FB � w�� 
 K#� : @���M�; � ;.� i$i Gq=Z>#��� � i �9;9>�@ : = M�=Jj fJG : = D M6>�@FG$; ��B�A	M�f i$: > : z
�.G � i j r ��@FB�IJB * � * ;�IJ@F@���=?> GqB�fJ@ : j�IJ;.�9j	Kn� G$HpI�@�� �JK vEG$B�M�= �({�M D f i � : z >*s : B�I�; �+f i$: >�B�Gq=
>#�'��� i ��;9>�@ : = D M6>�@�G�{ K  ,���|jJM6>�M�f : G$=?>�BuM�@3� �J>F>#��jOM�;9; : @FjJG$=�H#> : MbB�I D : z z : IJ@nz&IJ=J;9>�G : =�B
��v�H?M�IJBFB�G}M6=JB�A^� �({ f : =���=?>�G}M i A	M�=Jj � i G$='�-M�@ � K � ;�; : @�j�G$=JH�> : M � � �/� � �� B�G D I i M�>�G : =	A
>#�'�-� i M�B4>�G$;%M6=Jj�Gq=�� i M�BF>�G$; ; : =?>�@�GqNJI�>�G : =JBW> : >����0�.G%� i j�M�@3���/M�I�B�B�G$M�=	K� ,�'�-��{�f : =��9=?>�G}M i ��>
M�;9; : IJ=?>�B/z : @ iq: su� ��='��@�H6�ZN�M�;#��Hp@ : IJ=Jj�BbBFIJ; �\M�B!� �/j��9;-M-�pA^M�=Jj<>#�'� i G$=���M�@ �J>bM�;9; : I�=�>�B
z : @ @�M�=Jj :pD B�K

!uM�B3��j : =~>#�'��B�� �J>�B9A,� i M6BF>�Gq;OM�=Jj Gq=�� i M�BF>�G$;+jJG i I�>�G : = z M�;(> : @FB�s1��@3�Z;-M i ;�I i M6>#�9j z : @
�-M6; �h;.� i$i Gq=+>#��� � i ��;(>�@ : = D M6>�@FG�{ K  ,�'� � i M�B4>�G$;Pj�G i I >�G : =�z M�;9> : @ @��9fJ@��9B��9=�>�Bo>#�'�/j'��Hp@3�.� : z
; : =�>�M D G$=�M6>�G : = : z >#�'� � i M�BF>�G$;|�.G � i jkM6>%>#���b= :pD G$=�M i * � * ;�IJ@F@���=?>�K  ,��� r �9@F>�G$;-M i i G$=��EGq=
� GqHpIJ@����JKxvL@��9fJ@��9B���=?>�B >���� = :pD G$=JM i * � * ;�I�@�@��9=?> � �?����� ��� s��'��@��u>�����> : >�M i � i M�BF>�G$;n� G%� i j



�p� �

� y���K �JKxv����
��� � '�
 � ����
(" ����
('� �������� � �.'('�
�3� �-��' �6����'�
$�2'�
��
�3���F������
���
("�"x ��� �&��
 ��� �P� �����

("$
��� '����t���F� '�� ,�8��	��
k"$
 �"� �2"$��� ����'�'�
�$����� �� �*� ��
("�" ��������� ����� 3 ��� ����
�����
("������ �
"$��� �?E�F� � ����
|' ����� �/�2"$��� ����'�'�
�$����� �� ��� ��
("�" ��� �
	 � ����� 	�� ��� �&��
/
("������ �o"$��� �?�8��	��

�?�F���C�������3�&b��'�
 ��� ��� ���F�*
 � 
�� 
�"�� ��� ����' �("$
��8��	��
 �?��' � ��'�
�
�<"
����
�����
('D����
 
�"�� ��� ����' �("$
�
�$���� ���*� �&��
 �?�F��� 
�����
b'�
 �+"
����
 �$C����
 
("������ � �����3� ' ��
	� ������� ��� ����
b����
(" � 
 ����
2
�" ��
b"
����

�$ ����
����
("������ �D�����3� '���
	� ������� �*� �&��
0����
(" � 
 �&��
0�?
("�"$����"
����
o� ����� � �3�� �-��',
�� ��� ��'�� � � ���F� �
����
/"
����� � ��'�
�
�Z"
����
b� ����� � �3�� �-��'P'��F� �.���#01�	 ��798
G$B D M�{ G D G"! ��jhM�=Jj<>#��� Gq=�� i M�BF>�G$;b�.G%� i j<GqB D Gq=JG D G"! ��j	K * G D G i M�@ i ��AC>�����G$='� i M6BF>�Gq;#jJG i I�>�G : =
z M�;(> : @P@3��fJ@3��B��9=?>�BE>#��� j��9Hp@�� � : z ; : =?>�M D G$=JM6>�G : = : z >#�'��Gq=�� i M�BF>�G$;/� G%� i j M6>P>#��� = :�D Gq=�M i
* � * ;�I�@�@��9=?>-K  ,��� � i M�BF>�G$;+jJG i I�>�G : =�z M�;9> : @�G$B�>����+@�M�>�G :<: zL>����+B�I D : zL>�����G$=�� i M�B4>�Gq;�A
N�M�;#��Hp@ : IJ=Jj�A M6=Jj�@�M�=Jj :pD �.G � i jJBu> : >����P> : >�M i �.G � i j

 ��� ������ ��� ���
� ��� ��� ��� ���  �"!$#&% '�(*)+�-, ( � �/.10 ( � 0 #2� �

� � #�� ��� 3 ���
� ��� � �JK � �

s����9@��-M6B^>#�'�nGq=�� i M�BF>�G$;WjJG i I�>�G : =|z M6;9> : @ G$B >#���n@�M�>�G :%: z.>#�'� BFI D : z�>���� � i M�BF>�G$;�A�N�M�;#��Hp@ : IJ=Jj�A



�p� �
M�=JjO@�M6=Jj :pD � G%� i jJB > : >#���P> : >�M i � G%� i j

 ��� � � ��/��� ��� ���
� ��� � � � � �1�  #*% '�(&)+�", ( � � .10 ( � 0 #2� �

� � #�� � � 3 ���
� ��� � ���JK��
� �

m � iqi B ��M r Gq=JH<M�= � i M6BF>�Gq;�jJG i I�>�G : = z M�;(> : @ i ��BFB#>#�JM�= ��KxvhM�@3��j����J=���j\> : N&��f�M�@F> : z
>#�'� � i M�B4>�G$;PBFf�M�; �#;�I >Ls��JG i �P; � i$i B���M r Gq=JH�M�=kGq=�� i M�BF>�G$;PjJG i I�>�G : =�z M6;9> : @ i ��BFB0>���M�= ��K v M�@3�
j�����=���j�> : N/�0f�M�@F> : z�>#���0G$=�� i M�B4>�Gq; B�f�M�; �o;9I�>-K.� GqHpIJ@����JK �bB3� : s%B >����|mu� �L�*�al � D M6>�@FG�{
B�fJM�;.��;9I�>�BLz : @-�?�.jJ@ : H0��=�K  ,��� �9@�@ : @�B : =h>#���#jJG i I�>�G : =+z M�;9> : @�BoM�@��b= : >��9BF>�M�N i GqB����9jh�0�(>
M�Ba>���� z&IJ=J;9>�G : =JM i z : @ D B : z >����%G$=�� i M�B4>�G$;6A�N�M6;#�.H�@ : IJ=�j	A NJM�;#��Hp@ : I�=Jj	A M�=Jj @�M�=�j :pD �.G%� i j�B
M�@3�0= : > ��=�M i K � : s1� r ��@�A i$:.: ��G$=JHEM�>W>#���%; : =JB�GqBF>#�9=J;9� : z2>#�'�0j�G i I >�G : =�z M�;9> : @as%Gq>�� r M�@FG : IJB
�J>�B�M�=Jj M�=Jj ��>�>�Gq=JH\@�M�=JH0�9B+G$=JjJGq;-M6>��k>���M6>�>���� ��@F@ : @�s%G i$i N/�<N&�(>�>#�9@�>#�JM�=tv�� � � w.� 
 K
m : =JB3��@ r M�>�G r � i �pAo>��JG$B�>�����BFG$B�>�M � ��B�>#�'� ��@�@ : @ : zbM�=tG$=JjJG r G$jJI�M i jJG i I�>�G : =~z M�;9> : @�> : N/�
v�� ��K  ,���<M r �9@�M�H0�hjJG i I�>�G : = z M�;9> : @ : zo>#��� � i M�B4>�Gq; iq: ;9IJB	��s �9G$H0�?>���j N?�~>����k�.G%� i j � GqB
� � � v � � � � ��� ��K

! � >����kB�M D ��>���; �J=�G$��I���Au>���� � i M6BF>�Gq;�M�=Jj~G$=�� i M�B4>�G$;�jJG i I�>�G : =\z M�;9> : @�B : zL>#���OfJG : =

D M6>�@FG�{ M6@�� : N�>�M�G$=��9j	K � GqHpIJ@�� �JK �OB�� : s%Bb>���� D ��M�B�IJ@3��j�� G%� i j r ��@FB�IJB * � * ;9IJ@�@3��=?>bz : @
>*s : @3��fJ@3��B3��=?>�M6>�G r �+;.� iqi B�Gq= >#�'��mu� �L���al �!fJG : = D M�>�@�G { K  ,��� i �(z�>�f iq: >�; : @�@3��BFf : =�jJB
> : ;.� iqi mu� � v &��al � w�M6=Jjh>#�'��@�GqH0�?>|f iq: >|; : @�@3��B�f : =Jj�B|> : ; � i$i mu� � � &��al �g� v K  ,���
j�M6>�M\f : G$=?>�B�M�@�� ��>�>#�9jtM�;�; : @�jJGq=JH > : M B�I D : zE>#�J@3�.�hz&I�=J;9>�G : =JB ��v H?M�I�B�B�G$M�=JB+M6=Jj �

i Gq=��-M6@ � K � ;�; : @�j�G$=JH�> : M �	��� ��M�=?> B�G D I i M6>�G : =	A?>#��� � i M�B4>�Gq;PM�=Jj�G$='� i M6BF>�Gq;o; : =?>�@�GqNJI�>�G : =JB
> : >����o�.G � i j+M6@�� �EM�IJBFB�G}M6=	K  ,��� i Gq=��-M6@ �J> M�;�; : IJ=?>�Buz : @�@�M�=Jj :pD B9K� ,���Pf�M6@F>�Gq; i ��B s���G$; �
; :�D fJ@FG$B3�|>#��� � i M�BF>�G$; �EM�IJBFB�G}M6=kM6@��EM�;(>�I�M iqi � D GqB�Gqj���=?>�G � ��j � i M�B4>�G$;�� i �9;9>�@ : =JB � w � 
 K

� ��� � ]|[��hU � � ]

� D M+( : @ ; : @F@���;(>�G : =�> : >���� D �-M�BFIJ@��9j+=.I D N&�9@ : z ; : IJ=?>�B ; :�D �oz&@ :pD j�M6>�M�M�;���IJGqB�G��
>�G : =�j���M�j+>�G D �9B�KW� i �9;9>�@ : =JGq;oj���M�j�>�G D �|G$B ;-M�IJB3��j�s�����=OM�=
� r �9=�>%>���M6> B3� : I i j+H0��=��9@�M6>��
M�>�@�G$H�H0��@L; :pD ��B|Gq=<M�=Jj<GqB D G$BFB���j<N/��;�M�IJB3��>#��� �JM�@�j�s�M�@3��G$BoN�IJBF��K � �'��=�M i$: HpG$;/H?M6>��



� v �

���������(� ��� 0���	 ��
 .�	 H )"'+!$# � 7A8�) 9 � 9&E�'+7�& "!����B"!6 �� � %FI �����D7A8�)9:� 9 E�'+7,)�! �CB� '��&!$H�#4%F�:B
) 9:9  "!6B�#4%�� '* B�#4= E�'A#� �%�&)9 '* "!:7 �+7 �:��'*� � ' 	I

G$=O>#���/>�@FG$HpH0�9@LGqBoM6;9>�G r M6>#�9j	A2>���� : I�>�fJI >|B�GqHp=�M i BF>�M-� B��JG$H0�Oz : @LM���{"��jZ>�G D ��K�y)znM�= : >#���9@
� r ��=?>o>�@�G%��Bu> : M�;(>�G r M�>#�|>#�'�bH?M�>#�PjJIJ@FG$=JH�>����P>�G D �|>#�'� : I�>�fJI >LBFG$Hp=JM i G$B,��G$H0�	A >#��� � r ��=?>
G$B GqHp= : @3��j	K�y*= : >�����@ s : @�j�B�A2M �JGq> >���M6> : ;�;�I�@�B%> :.: ; i$: B3�PG$=+>�G D �Ls%Gq>#��>#�'�/f�@�� r G : IJB��JGq>
s%G iqi N&� D G$BFB��9j+M�=Jj�>����|@�M�>#�Ls%G i$i N&�LIJ=Jj��9@�; : IJ=?>#�9j	K�� : @ i$: s @�M�>#�|j��(>#�9;9> : @�B�A >#�JGqB ���&��;(>
G$B ='��H i G$HpGqN i �6Ka� : @uj��(>#�9;9> : @�B���@�Gq=JH�M6>E� �
��!6AC>��JG$B,��� �9;9>LG$B BFG$Hp=JG ��;-M6=�>�K

 ,���W>�G D �^N&�(>*s � ��=#M�j (�M�; ��=?> �JGq>�B G$=EMuj��(>#�9;9> : @ �J@�G$=�H%M6> M HpG r ��=E@�M�>#� z&@ :pD IJ=�@�� i M6>#�9j
� r ��=?>�B�GqBbH : r ��@F=���j N?��M�= ��{ f : ='��=?>�G$M i f�@ : N�M6NJG i Gq>*�hz&I�=J;9>�G : =	K * I�fJf : B���M �JGq>/>�@FG$HpH ��@�B
>#�'� � i �9;9>�@ : =JGq;�B9K � : @+M >�G D �Zf&�9@�G : j�� z :piqi$: s%G$=�H�>#�JM6>
�JG�>-A%>#��� � i ��;(>�@ : =JG$;9B�s%G iqi = : >
@��9B�f : =Jj	K� ,����>�G D ����G$B�MZ; �JM�@�M�;(>#�9@�G$B4>�Gq;+j��-M�j >�G D � : z0>����
� i ��;(>�@ : =JG$;9B�K� ,����M r ��@�M6H0�
� j���M�j���fJ@ : N�M�NJG i G�>*� : zn>#�'� � i �9;9>�@ : =JGq;�B : @|>�����M r ��@�M�H0� fJ@ : N�M�NJG i Gq>*� : z�M6> i �-M�B4> : =�� �JGq>



� v.�

� y���K �JK � ���
��� � '�
 � ����
(" ����
('� �������� � �.'('�
�3� �-��' �6����'�
$�2'�
��
�3���F������
���
("�"x ��� �&��
 ��� �P� �����
�������+���F� '�� ,�8 �	��
 �?�F��� �������3�&o��'�
 ��� ��� ���F�*
 �2
��2
�"�� ���2����' �("$
��8��	��
 �?��'�� ��'�
�
�+"
����
P����
('
����
 
�"�� ��� ����' �("$
� �$+�!� �,�����&��
 �?�F��� 
 �&��
�'�
 � "
����
 �$ �&��
O
("������ � �����3� '���
	� ������� �*������

����
(" � 
J����
 
�" ��
�"
����
 �$ �&��
 ����
("������ � �����3� '���
	� ������� �*� ����
�����
(" �O�F� � ����
�"
����� � ��'�
�
��"
����

� ����� � �3�& �-��'P'F�F� �.���#L1�	 ��798
: ;�;�I�@�@�Gq=JH jJIJ@FG$=JH�>#�'�E>�G D �os%G$=�j : s �OG$B

����� � ��� �	��
 * �� 	 ���JK��p� �

s����9@�� � GqB�>����h>�@FI��hfJM�@F>�G$; i ��j��9>���;9>�G : =�@�M6>���K � : @ � � � �pA�>����Zj���M�j�>�G D �k;�M�= N/�
M�fJf�@ : { G D M6>#�9jkM6B

����� � � � � � � ���JK�� v �

 ,��� D �-M�BFIJ@��9j�@�M6>#� ��GqBPfJ@ : f : @4>�G : =�M i > : >#����f�@ : N�M6NJG i Gq>*�O>#��M6>P>�����j��(>#��;(> : @Ej : ��BE= : >
��@3�/j�IJ@�Gq=JH�>#���Ej���M�j�>�G D �

� � �4�	� ����� � � � � � ���JK���� �



� v�v
� : @ D M i G !�G$=�H�N : >#�Z>���� D �-M�BFIJ@��9j�M�=JjZ>�@FI���f�M�@4>�Gq; i �/j��(>#��;(>�G : = @�M6>���B|Gq= � ��I�M�>�G : =��JKq�-�
> : >����EN&��M D ;�I�@�@��9=?>-A�s � ��M r �

� 	 � �� � �4�	� ����� � � � � � 	 ���JK�� � �

s����9@�� � 	 � �� � � � � M�=Jj � � � � � � M�@��/>#����= : @ D M i G !.�9j D �-M�BFIJ@��9j M�=Jjh>�@�I���j'�9>#�9;9> : @
�.G � i jJB9AJ@��9B�f/��;9>�G r � i ��K * IJNJB4>�Gq>�I�>�Gq=JH��W�.IJM6>�G : = �JKq��v�Gq=?> : �W�.IJM6>�G : = �JKq����H�G r �9B

� 	 � �� � ���	��� � � � � � �4�	� � � � � � � � � � � � � �� � � � ���JK�� � �

* : >#�'�Pf�M�@�G�>*�?� r G :pi M6>�Gq=JH�M6BF� D�D �9>�@F� � � � 	 � �� � ;-M�@F@�G%��j+N?��>#�'� D �-M6B�IJ@3��j+�.G � i j � 	 � ���GqB
@�� i M6>���j�> : >����%f�M�@�G�>*�?� r G :pi M6>�Gq=JH|M6BF� D�D �9>�@F� � � � � � ;-M�@F@�G �9j N��#>#��� >�@FI�� �.G � i j � ��M�=Jj >#�'�
M�B4� D�D �9>�@4� � � � � ;-M6@�@�G%��j�N?�+>#���E; ��M6@�H0� � wpv 
 N?�

� � � 	 � �� � � �  � � � � �� � � !
� � �

� � � � �� � � � � � � � � � �� � �
� � � � �� � � �  � �� � � !

� �
�	� ����� � � � � � � � � ����� � �

� � ����� � � �  � �� � ��!
� �

�	� ����� � � � � � � � � ����� � �
�	� ����� � � � v � � � � � ( � � � ���

� � � � � � � ����� � �
�	� ����� � � � � � � � � ( � � � ��� 	 ���JK�� � �

s����9@��|s1� D M����PIJB�� : z >#��� D M6>#�'� D M6>�Gq;-M i G$j'��=?>�G�>�G �9B�Gq= � fJf/��=�jJG�{ � K �W��I�M6>�G : = �JK�� �#GqB
M�=�G D f : @F>�M�=?> @��9B�I i >-K y)>%B�� : s%B%>#��M�>0>����Pz M i B3�EM�BF� D�D �(>�@4�+M�BFB : ;�G}M�>#��j�s%Gq>���j��-M�j >�G D �

�
�
� �  � � ����� � �

� � ����� � � � � � � � � ( � ��� � � 	 ���JK�� w �

G$B D M�j���IJf : zuN : >#��>#��� >�@FI���M6BF� D�D �9>�@F��M�=�j�>#�'��; ��M6@�H0��M�BF� D�D �(>�@4�pK � B�G D f i ��@����
M�@F@�M�=JH � D ��=?> : z �W��I�M6>�G : =��JK�� ��HpG r �9B|>#����f�M6@�Gq>*�?� r G :pi M�>�G$=�H�M6BF� D�D �9>�@F�h;-M�@F@�G �9jZN?�Z>#�'�
>�@FI��P�.G � i j � �

� � � � � � � � � 	 � �� � �4�	� ����� � � � ( � � � � �
�	��v ����� � � � ���JK��)� �



� v6�
� B B3� : s%= ���9@��6A >#�'�Oj'�-M�j�>�G D ��; : @�@��9;9>�G : =�j��9f&�9=JjJB : = >#���+>#�'�+@�M-s!M�B4� D�D �9>�@F�pA >#�'�
jJG i I�>�G : = z M�;9> : @�A.M�=�j�>#���L; ��M�@�H �PM�BF� D�D �(>�@4�pK� ,���9@��(z : @��6A�>#������@�@ : @uM6B�B : ;�G$M6>#�9j�s%Gq>���>#�'�
j���M�j�>�G D ��; : @F@���;(>�G : = ��M�BWN : >#� BF>�M6>�GqBF>�G$;-M i M�=Jj B4� B4>#� D M6>�G$; ; :pD f : =��9=?>�B�K  ,���%BF>�M�>�G$B4>�Gq;-M i
f�M�@4> : z >#��� ��@F@ : @%GqB%M�jJj��9jkGq=O��I�M6jJ@�M6>�IJ@��P> : >���� D M�Gq=�BF>�M6>�GqBF>�G$;-M i ��@F@ : @9K

� =���M�fJfJ@ : M�; ��> : j'�9>#�9@ D G$=�� ����� � � GqB/> : f i$: >P>�����= : @ D M i G !.�9j �.G%� i j r �9@�BFIJB�N/�-M D
;�I�@�@��9=?> � B�� � � G$H�IJ@�� �JK � � K  ,�JGqB+M�fJfJ@ : M�; � s�M�B+IJB��9j > : f/��@4z : @ D M\;�@FIJj��<j���M�j�>�G D �
; : @�@��9;9>�G : =�z : @W>#�'�0f�IJ@�f : B�� : z BF>�IJj��.G$=JH i Gq=��-M6@a@��9Hp@��9B�B�G : =�B i$: f&�9B �&B�� � * �9;9>�G : =��JKxw � K  ,���
>#�9@ D � ;9@�IJj'� ��@3�9z ��@FBL> : >����bz M�;(>L>���M6>0>#���E>#�9; �J=JGq�.I'�#j : ��BL= : >LB���fJM�@�M6>��/>����#B : IJ@F;.��B : z
>#�'�Oj'�-M�j�>�G D ��K  ,�'�Oj'��@�G r M6>�G : =\>#��M�>�z :pi$iq: s%B�GqB M�j�M�f >#��j z&@ :pD � w�� 
 K  ,���hmu���L�*�al �
; : G$=J;9G$j��9=J;.� @�M�>#� G$BEM�; :pD NJG$=�M�>�G : = : z�>���� @���M i M�=Jj�@�M�=�j :pD � M�;�;9G$j��9=�>�M i � ; : G$=�;�G$j'��=J; �
@�M�>#��B

� � ��� � ��� � ��� � � � � 	 	 ���JK��
� �

s����9@������ � ����GqB fJ@ : f : @4>�G : =�M i >#���P>#�'�/N/�-M D ;�IJ@F@��9=�>
��� � � � � ��� � ���JKxv�� �

M�=Jj ��� � � � � 	 G$B fJ@ : f : @F>�G : =�M i > : >#�'�/BF��I�M�@�� : z >#���EN/�-M D ;�IJ@F@���=?>
��� � � � � 	 � ���	��
 �����
����

� � ���	��
 � � � �����
 � � ���
� � ���	��
 �����
���� � � �
� � � � � � ���JKxv � �

 ,������I�M�=?>�G�>*������GqB �({ f&�9;9>���j�> : N/��>#�'�OBFI D : z0>#���+s%Gqj�>#�JB : zL>����kmu��� M�=Jj �al �
>�G D Gq=JH�H?M�>#��B9K * IJNJB4>�Gq>�I�>�Gq=JH �W��I�M6>�G : =JB��JKxv�� M�=Jj �JKxv �EG$=?> : �W��I�M6>�G : = �JK��
��� G%� i jJB

� � �	� � � � � � � � ���JKxvpv �

�|G r GqjJG$=JH�� ��I�M�>�G : = ��K vpv�N?�+>#�'�/N/�-M D ;�IJ@F@��9=�>�BLH�G r �9B
� 	 � �� � ��� � � � � � ���JKxv�� �



� v��
�W��I�M6>�G : = �JKxv���G$BuM�BF>�@�M�G$H ��> i G$='��A�s�����@3�E>����|�?�*Gq=�>���@F;.��f >%G$B�>����P= : @ D M i G"! ��j�@�M6>#� : z^@3�-M i
; : G$=J;9G$j��9=J;.�9BLM6=JjO>����Ej��-M6j�>�G D �PGqB

����� � �	� � � � ���� � ���JKxv�� �

* IJN�BF>�G�>�I�>�G$=JHh�W�.IJM6>�G : =��JKxv��kG$=?> : � ��I�M�>�G : =��JK�� �hH�G r �9Bb>�����= : @ D M i G"! ��j<>�@FI���j'�9>#�9;9> : @
�.G � i j

� � � � 	 � ���	� ����� � � � � 	 � ��� ( � � � � ��� � ���JKxvp� �

 ,����@3��B�I i >�B : zn>�����j���M�j�>�G D ��; : @F@��9;9>�G : = M�@3��B�I D�D M�@�G !.��jhG$=  ^M�N i ��B��JKxv�M�=Jj��JK ��K  ,���
BF�.B4>#� D M6>�G$;0jJG��&��@3��=J; �LN/�9>*s1�.�9=�>#���0j��-M6j�>�G D �%B iq: f/��B z : @ � � M�=Jj��C@3��=J; � : ;(>�M�=?>�BnG$B = : >
IJ=���{ f&�9;9>#�9j	A2HpG r ��=�>#���9G$@ B :�D �(s���M6>%jJG � �9@���=?> � i ��;(>�@ : =JG$;9B�K



� v��

Current (uA)
0 10 20 30 40 50 60

O
ct

an
t 

1 
Y

ie
ld

 (
kH

z/
u

A
)

1.8

1.85

1.9

1.95

2

2.05

2.1

 / ndf 2χ      2 / 2

Prob   0.3679
p0        0.01575± 2.004 
p1        0.0003822± -0.002488 

 / ndf 2χ      2 / 2

Prob   0.3679
p0        0.01575± 2.004 
p1        0.0003822± -0.002488 

Current (uA)
0 10 20 30 40 50 60

O
ct

an
t 

2 
Y

ie
ld

 (
kH

z/
u

A
)

1.8

1.82

1.84

1.86

1.88

1.9

1.92

1.94

1.96

1.98

2

 / ndf 2χ  1.999 / 2
Prob   0.3681
p0        0.009171± 1.965 
p1        0.0002231± -0.00168 

 / ndf 2χ  1.999 / 2
Prob   0.3681
p0        0.009171± 1.965 
p1        0.0002231± -0.00168 

Current (uA)
0 10 20 30 40 50 60

O
ct

an
t 

3 
Y

ie
ld

 (
kH

z/
u

A
)

1.7

1.75

1.8

1.85

1.9

1.95

2

 / ndf 2χ      2 / 2

Prob   0.3678
p0        0.01794± 1.964 
p1        0.0004365± -0.002889 

 / ndf 2χ      2 / 2

Prob   0.3678
p0        0.01794± 1.964 
p1        0.0004365± -0.002889 

Current (uA)
0 10 20 30 40 50 60

O
ct

an
t 

4 
Y

ie
ld

 (
kH

z/
u

A
)

1.7

1.72

1.74

1.76

1.78

1.8

1.82

1.84

1.86

1.88

1.9

 / ndf 2χ      2 / 2

Prob   0.3679
p0        0.007789± 1.845 
p1        0.0001891± -0.0008585 

 / ndf 2χ      2 / 2

Prob   0.3679
p0        0.007789± 1.845 
p1        0.0001891± -0.0008585 

Current (uA)
0 10 20 30 40 50 60

O
ct

an
t 

5 
Y

ie
ld

 (
kH

z/
u

A
)

1.6

1.65

1.7

1.75

1.8

1.85

1.9

 / ndf 2χ      2 / 2

Prob   0.3679
p0        0.0174± 1.813 
p1        0.0004257± -0.001858 

 / ndf 2χ      2 / 2

Prob   0.3679
p0        0.0174± 1.813 
p1        0.0004257± -0.001858 

Current (uA)
0 10 20 30 40 50 60

O
ct

an
t 

6 
Y

ie
ld

 (
kH

z/
u

A
)

1.8

1.82

1.84

1.86

1.88

1.9

1.92

1.94

1.96

1.98

2

 / ndf 2χ      2 / 2

Prob   0.3679
p0        0.01185± 1.947 
p1        0.0002791± -0.001521 

 / ndf 2χ      2 / 2

Prob   0.3679
p0        0.01185± 1.947 
p1        0.0002791± -0.001521 

Current (uA)
0 10 20 30 40 50 60

O
ct

an
t 

7 
Y

ie
ld

 (
kH

z/
u

A
)

1.5

1.55

1.6

1.65

1.7

1.75

1.8

 / ndf 2χ  2.003 / 2

Prob   0.3674
p0        0.008393± 1.722 
p1        0.0002048± -0.00227 

 / ndf 2χ  2.003 / 2

Prob   0.3674
p0        0.008393± 1.722 
p1        0.0002048± -0.00227 

Current (uA)
0 10 20 30 40 50 60

O
ct

an
t 

8 
Y

ie
ld

 (
kH

z/
u

A
)

1.8

1.82

1.84

1.86

1.88

1.9

1.92

1.94

1.96

1.98

2

 / ndf 2χ  2.001 / 2

Prob   0.3678
p0        0.009134± 1.944 
p1        0.0002214± -0.001558 

 / ndf 2χ  2.001 / 2

Prob   0.3678
p0        0.009134± 1.944 
p1        0.0002214± -0.001558 

������� ��� ������ �!$HJ)�=G#>? �:B ��#�� =>B����&!:7$E 7��:�:)�H 9 E�!$!6� %�' & �!<�:)9 �  9 '*)"%�'�I��  �!$' ��� HJ� !$#�9 )"%  9 '*)"%�'+7
)"!6�<#4%C' ����=>��:'/9: �= E�H�% )"%FB 
 !6� %F9 �, 9 '*)"%�'+7�)"!6�<#4% ' ��� !$# � ��'/9: �=GE�H % I �����/8F=  �'+7<)"!6� � '+'��:B�'* 
) = #4%F� )�% BD' ���<8�)"!6)�HJ�&'�� !:7J)"!6� B"# 7A8F=>) �� B #4% )D7$'*)"'+# 7$'A#�9$7��: � )�' ' ��� '� 8  �5� ) 9 �,8F=  �'�I � ���
� !$!6 "!:7� �% ' ����%F "!$H )"= #>?@�:B ��#��&=>BC)�!6� 7 9:)�=>�:B�� � )�&)9 '� �!
	-' ��� 7��&E�)"!6��!6 @ �'   ' ����!6�:B�E�9:�:B��� I
����� 8�)"!6)�HJ� '*� !�� �C# 7�' ��� #4%('*� !69:�*8 ' )�% B�� � # 7 ' ��� 7$=> :8��@I �����5B )�'�)D)�!6� :!6 "H 9 E�!$!6�&%(' 7 9:)�%�7
� ��� � � � � ����� �I



� v��

� ;9>�M6=�> ��� ��� � ! � � � � � �  � � ! � � � ��� � ! ����� � � ��� � �
�
���  � �&fJf D �

� v K������ ��K��?v � ��K����?v���� �p�a� � w Kx�������pK�� � � K wpw	� �pK � �
v �pK��?w�� ��K���� � ��K�������w��bv6�a� � � K��)��� ��K ��� v.K ��v	� ��K����
� �pK�� ��� ��K��?v � ��K����?v ��� �p�a� � ��K��������pK ��� ��K � ��� �pKxw��
� �pK��?��� ��K���� � ��K������ ���bv6�a� � v Kx����� ��K ��� ��K � ��� ��Kx���
� �pK����
� ��K��?v � ��K������ ��� �p�a� � ��K �������pK �J� v.K ����� �pKxvpw
� �pK��?��� ��K���� � ��K����������/���a� � �JK �?v�� ��K�� � ��K v���� ��Kxw��
w �pKxwpv�� ��K���� � ��K����?v6���bv6�a� � ��K��?v�� ��Kxwpv � K ����� �pK ��v
� �pK������ ��K���� � ��K������ ���bv6�a� � �JK��?��� ��K ��� v.K � ��� ��K����

�����	��
��� �
�����������������  � � �����! "�#�%$'&(�*)!�#+�+��!),��$-�/.	0 �21  /.	� ��3  #+4�5� � �5$'.�6�,+�)!�87	�9 /.	�*���:�!7
�*� .��#+�&; #��$:<=�!� � $-�,�:� � �,+!���>� � �! #&?)@��+�+4�@.� 	 +����%72�!)@�%$ � �,� � 0BA � �C���! ��/��$'&;�ED/F�GIH,FJ #.	�   /�K�,�L M� � & �&;�,��+ �EN�O H�P:QIGL /+��R)! /�:)@���S #�8�4�T #�U� � �E.��#&*$'.	 /� � �! #&V)@��+�+��,.2� ���W�N 0
� � ��@��9=J; �
�pKxv�� ��K��?�p�
�pK ��w ��K � �?�
�pK��?v ��Kxw ���
�pK �?v ��K������

�����	��
 �2� X � 	 �! ��#�%$'&;�*���:�472���Y7	+��@�,�@.�6�!�Z M� � 3,[ � 1 $'.\��.2$'���R� 5] [ W�N_^�� ��`�a�b 	9c � �@+�� � 1 $d�� � ��$'.2�8�,+�)!�67��9 #.�� � 3 $d�E� � �e���:�!7
�=0
fhg�i jlk-TZ]|[#V � ]|Y�VW]Jmemekon�T

y)z �\p	 � �� : @ �rq	 � �� Gq= �W�.IJM6>�G : = �JKq� ;#s�M6=JH�t�B/Nut�;-M6IJB=t : z�M�=?�.>=sJG$=�H : >Msvt9@|>Ms�M�= >Mswt
B�f�G$= fvs?� BFG$;9B : z0>MswtOGq=?>Mt�@�M�;9>�G : =�A >=svt�=~Gq>�GqB M z M i B=t�M6BF� D�D t9>�@F��K  ;s�G$B�@=t9B�I i >�B�G$= >Mswt
B=t"t D G$=JH i ��IJ=�M6>F>�M�Gq=�M�N i tLH :pi jvt9=�@�I i tLz : @�f�M�@FGq>*�xt({ fut�@FG D t�=?>�B �W= : NUt�M D fJ@ : fUt9@F>*� : >Msvt9@
>MsJM�=�>Msvt�NUt�M D f :pi M�@�G !-M6>�G : =/B=s : I i j�;#sJM�=JH�tusLsvt9=�>MsvtuNut-M D f :pi M6@�G"!�M6>�G : =/@=t r t�@FB=t�B BFG$Hp=	K
y =?��>Ms�G$=JH�>Ms�M�>E;#s�M�=JH�t9B/s%G�>Mszsvt i G$;9Gq>*�?�*@�t r t9@�B�M i G$BEB�M�G$j<> : Nutrsvt i G$;�G�>*�?�*; : @�@=t i M6>=t�j	K  ;svt
Nut-M D fJM�@�M D t9>=t�@FB D�: =�Gq> : @=t�j�z : @;svt i G$;�G�>*�?�*; : @�@=t i M6>�G : =�M�@=t��

;#s�M6@�H�tnM�B4� D�D t9>�@4� �|{ p � { q{ px} { q
���JKxv� �

{Pf : B�G�>�G : =PjJG��Ut�@�t�=J;"t � � p � � q ���JKxvpw �



� v�w
�Ef : B�G�>�G : =|jJG �9t9@=t�=�;ot � 	 p � 	 q ���JKxv � �

{/M�=�H i taj�G��Ut�@=t9=J;ot ��� . p � � . q ���JKxv�� �

�/M�=JH i tWjJG��Ut�@�t�=J;"t ����� p � ��� q ���JK ��� �

t9=vt�@FH��EjJG �9t9@=t�=�;ot ��� p � � q � ���JK ��� �

� �����
	 �#��������������
 ;svt#z : @ D M i GqB D M6=JjZjvt9@�G r M6>�G : =�B0>=s�M6>0z :pi$iq: s M�@=t/>�M��t�=Zz&@ :pD � wp� 
 K  ;svt D t-M6B�IJ@�t�j

�.G%t i j ���	 � �� GqBbM+; :pD NJGq=�M6>�G : = : z >Msvt f�M6@�Gq>*�?� r G :pi M�>�G$=�H��.G%t i j ���0�� M�=Jj >Mswt �.G�t i j jJIwt > :
svt i G$;9Gq>*�?�*; : @�@�t i M6>�G : =JB�Gq=+NUt�M D f�M6@�M D t9>=t�@�B � �� �

� �	 � �� � � �0�� } � �� ��� ���JK �?v �

sLsvt9@=t >MsvtWBFIJfUt9@�BF;�@�Gqf�>���G$=Jj�G$;-M�>Mt�B	>=svt f : B�Gq>�G r t : @	=vt9H?M6>�G r tEsvt i G$;9Gq>*�LBF>�M6>Mt6K y)z.s*tnM�BFB�I D t
M i Gq=vt-M6@�@=t i M6>�G : =�B=sJGqf�Nut9>*sRtot�=�>MswtJsvt i G$;�G�>*�?�*; : @�@=t i M6>=t�j�� G�t i j+M�=Jj+>Mswt|NUt�M D fJM�@�M D t9>=t�@FB
� 	 AJ>=svt�=

� �� � �! 
	 " � �� �"

� 	 � �	 � ���$# �p� �
sLsvt&%=t('�)+*, ,' .-�/1032 svt54�67%8%=t i:9 28/ 6<; 0 i 6�fUt567% 2 svtojvt 2 t�4 2 6<%=%=t 0 f>6<; 0 t 2 6 2 svt@?ut 9BA f 9 % 97A t 2 t�%�#
 C6 08/ A f i / z�� 2 s /D0 ;$6 2 9 2E/ 67;GFJs*t�%=t9sH% /D2 t 2 svtI4&6<%8%�t i19 2E/ 6<; 0 i 6�fUt 9 0 'J)K*, ,' .-�LNM 	 #%�W�PO 9 2E/ 6<;
�$# �p� 2 svt&;Q?ut�4&6 A t 0

� �� � �R 
	 M 	 � �	 � ���$# ��� �

9 ;Jjk�W�SO 9 2E/ 6<; �$# �?v�4 9 ;T?UtPsH% /D282 t�; 9 0
� �	 � �� � � �0U� }  

	 M 	 � �	 � ���$# �?� �



� v �
� 9 � / ;�� 2 s /D0=0 O$? 0�2E/ 2 O 28/ 6<; / ; 2 6 2 svt A t 9 0 O�%=t�j 9 0 � A A t 2 %4�

� 	 � �� � � p	 � �� � � q	 � ��
� p	 � �� } � q	 � ��

���$# � � �
� / r t 0

� 	 � �� � � p0U� � � q0U� } ��� M � � � p� � � q� �
� p0U� } � q0U� } ��� M � � � p� } � q� � � ���$#��	� �

y 0
0 O A / ;
� 2 s 9 2 ���0����� ��� M � � �� F 2 svt�;
� � � �� � � p0U� � � q0U� } ��� M � � � �� p0U� } � q0U�� � p0U� � � q0U�

� p0U� } � q0U� }  � M � � � �
� p0U� } � q0U�� � 0U� }  � M � � � ���� ��� � ��� #����	�

� svt&%=t � � � /10 2 svt ?Ut 97A�� 9 % 97A t 2 t�%�� / �9t&%=t�;�4ot
� � � � � p� � � q� � ��� #����	�

9 ;�� 2 svt 9�� t�% 9 ��t � / t"!#� /D0 � / � t�;�?$� � �%� � �� � � p0U� } � q0U� �J#  ;svt�%�t"& 6<%�t7F 2 svt & 9 ! 0 t 9 0 � A A t 2 %'��$Ovt 2 6xswt(! / 4 / 2 �$) 4�6<%
%=t"! 9 28/ 6<; 0 / ; ?ut 97A��$9 % 97A t 2 t�% 0=/10
�

�
�,�  � �R � M � � � ���� �%� ��� # � �	�

9 ;��*�vt � t&;�� 0 6<; 2 svtH4�67%8%=t"! 9 28/ 6<; 0 !16 � t7F ?ut 9BA+� 9 % 97A t 2 t&%,� / �Ut�%�t�;$4"t7F 9 ;�� 9�� t&% 9 ��t-� / t"!#�G#
 ;svt ;vt 2 4#s 9 ;���t 6.& 2 svt/� / t"!#�10 � /D0

0 � �
�32 � �32 � M � 0 � � � ��� # ��4 �

� svt&%=t65 /D0 2 svt ;PO A ?Ut&%I67& / ;
�vt � t�;��wt�; 2 ?ut 97A8�$9 % 97A t 2 t�% 0 F 9 ;��90 � L � � � �%� 9 ;��
0 � � L � � � � � � � 9 %=t 2 svt-�vt � / 9 28/ 6<; 0 6.& 2 svt A t 9 0 O�%=t(�:� / t"!#� 9 ;�� ?ut 97A;�$9 % 97A t 2 t�% � � F
%=t 0 � t�4 2E/ � t(!<�<F=& %
6 A 2 svt A t 9 ; 0 6.& 2 svt / % �$9 %=t&; 2 � /D0
2 % / ?$O 2E/ 67; 0 # M � 4 9 ; ?ut*�wt 2 t&% A / ;vt"�
?	� 2 swt�!�t 9 0�2 ) 0?> O 9 %�t 0 A t 2 s$6@�GF � / 2 sBA � �vt�� ;vt"� 9 0

A � �R � � 0 � � � ��� M � 0B� �� � �
�DC � � � � ��� # � � �



4 � �
� svt&%=t C � /D0C2 svtO$;$4ot&% 2 9 / ; 2 � 6.&�0 � � � � M � 0B� � / ; A t 9 0 O$%�t A t�; 2 	8#� ;svt ?Ut 0
2 �79 !1Ovt 0 & 67%M � 9 %�t�6<? 2 9 / ;wt(�T?$� A / ; / A / ! / ;���A � #  ;svt�%�t"& 6<%�t7F M � /10 �vt 2 t�% A / ;vt(�Q?$� 2 svt�4&6<; 0
2 % 9 / ; 2
2 s 9 2

"
A �

" M
� � � � ��� # � �	�

 ;s /D0 !�t 9 � 0 2 6 9 0 t 2 6.&=5 t > O 9 28/ 6<; 0
 � 0B� ����C � � � � 0 � � �  � M � 0B� ���� � � � ��� # ��� �

� & � t 9 080 O A t 2 s 9 2 9 !#!�� A t 9 0 O�%=t A t�; 280 s 9�� t 2 swt 0 97A t 0�2 9 28/10
28/ 4 9 ! � t / �	s 2 ��C � � C �JF
2 swt�;�� > O 9 2E/ 67; � # ��� ?ut�4&6 A t 0

� 0 � � 0 ��� �! � M � � 0B� � 0 � � � � ��� # �
	 �
� svt&%=t � t s 9�� t�%�t � ! 9 4ot"� � � � /D2 s 2 svt 0�2 % 9 / ��s 2 9�� t&% 9 �	t�6.&�� A t 9 0 O$%=t A t&; 2E0 � � # � t&%=tBF
� 0 � � 0 �%� /D0 2 svt 9�� t&% 9 ��t � %
6 �$O�4 2 6.& 2 svt��vt � / 9 2E/ 6<; 0 6.& � � 9 ;�� � 9 ;�� /10 2 svt � t�4 2 6<% 4�6 )
�B9 % / 9 ;$4"t ?ut 2 � tot&; 2 swt � / t"!#� 9 ;�� 2 swt ?ut 97A �$9 % 97A t 2 t�% 0 F � s / !�t � 0 � � 0B� � � /10 2 svt 9�� t�% 9 ��t
� %
6 �$O�4 2 6.& 2 svt:�vt � / 9 2E/ 6<; 0 6.&3� � 9 ;
� � � 9 ;�� /1052 svt 4�6 �B9 % / 9 ;$4ot A 9 2 % /� 6.& 2 svt ?ut 97A
� 9 % 97A t 2 t&% 0 #��36 �79 % / 9 ;$4ot � %
6 � / �vt 0 9@A t 9 0 O$%=t=67&Us�6 � 0
2 %86<;�� 2 svt=4�6<%
%=t"! 9 28/ 6<; /D0 ?Ut 2 � t"t�;
2 � 6%� / �9t&%=t�; 2 > O 9 ; 2E/ 2E/ t 0 #� ;swt 4�6 �B9 % / 9 ;$4"t & 67% 2 � 6�% 9 ;��$6 A;�79 % / 9 ?�!%t 0�� 9 ;���� /10 �vt�� ;wt(�
9 0

� 0 � 0�� � L � � � ���� � � � ����
� �
� � � � � � �� ���� � } �� �� �
� � � � � � � � � � � � � ��� # � �	�

� 6<% O$;�4�6<%
%=t(! 9 2 t"� �79 % / 9 ?�!%t 0 F 2 swt=4�6 �B9 % / 9 ;$4ot /D0 !ot&%86$# �5O�% / ;
�Jt � t&; 2 ?	� t � t�; 2 � %86P4ot 080
/ ;��$F
� t �	t"t � 2 % 9 4#� 6.& 2 swt %8O�;$; / ;
� 9�� t&% 9 ��t 0 6.& � F��>F 9 ;�� � �># y 2I2 svt t�;�� 6.& 2 svt %=t � ! 9 �<F
� 0 � 0�� � /10 4&6 A � O 2 t"�G#� > O 9 2E/ 6<; � # �
	 4 9 ;T?Ut � % /D282 t�; / ; A 9 2 % /� & 6<% A�� ������ �� � ��� # � ���



4 ���
� svt&%=t

�� L

���������������
�

� 0 � � 0 �%�
� 0 � � 0 �%�

�
�
�

� 0 � �.0 �%�

����������������
�
� ���� L

���������������
�

� 0 � � 0B� � � 0B� � 0 � � � � � �
� 0 � � 0B� � � 0B� � 0 � � � � � �

� � �
� � �
� � �

� 0 � �70B� � � 0B� ��0 � � � � � �

����������������
�
� �� L

���������������
�

M �
M �
�
�
�M �

����������������
�
� ��� # � �	�

� > O 9 2E/ 6<; � # � � /10 9 0 t 2 6.& 5 ! / ;vt 9 %(t > O 9 2E/ 6<; 0 � /D2 sB5 O$; �S;$6 � ; 0 � M � � 9 ;�� 4 9 ;T?ut
0 6.! � t"�Q?	� / ; � t�% 2E/ ;
� ����

�� � � �� q � �� � ��� # � �	�
�36 A*� O 2 9 2E/ 6<; 9 ! ! �<F / 2H/10 A 6<%=tZt�� 4 / t&; 2 2 6 0 6�! � t 2 s /D0=0 � 2 t A ?	���
	 �vt�4&6 A � 6 0
/D2E/ 6<;G#  ;svt
�vt 2 9 / ! 0 6.& 2 s /10H2 t&4#s$; / > Owt 9 %�t � / � t&; / ; � ���� #�� O �
� 6 0 t � t 9 %�t 9 ?�!%t 2 6 � % / 2 t 2 svt A 9 2 % /�� �� 9 0 9 � %
6 �$O�4 2 6.& 2 � 6 A 9 2 % / 4ot 0

� � � � � � ��� �� � ��� # 	 �	�
� svt&%=t ��� � /10 !16 � t�% 2 % / 9 ;��<O�! 9 % � s 9 0 t(!�t A t�; 2E0 6<;�!<� 6<; 2 swt � / 9 �<6<; 9 ! 9 ;�� ?ut(!16 � � 9 ;�� ��� �
/10 O ��� t�% 2 % / 9 ;��7O�! 9 % � s 9 0 t"!%t A t&; 280 6<;
! � 6<; 2 svt%� / 9 �<67; 9 ! 9 ;�� 9 ?K6 � t �J# � 6<% 2 svt�4 9 0 tI6.&
9 ��� � A 9 2 % /� � �� F�& 6<%;t � 97A*� !%tBF � > O 9 2E/ 6<; � # 	 � � 6<O
!#�1!16P6�� ! / �t��������

�

� ��� � � �
� � � � ��� � �
� � � � � � � ��� �
� � � � � � � � � � � �

���������
�

��������
�

� ��� � � � � � � � � �
� � ��� � � � � � �
� � � ��� � � �
� � � � � �

���������
�
�

��������
�

� ��� � � � � � � � � �� � � � ��� � � � � � �� � � � � � � ��� � � �� � � � � � � � � � � �

���������
�
��� # 	 4 �

� t 4 9 ;TO 0 t 9 �vt�4&6 A � 6 0
/D2E/ 6<; 0 O$4#s 9 0 � > O 9 28/ 6<; � # 	 4 2 6 0 6�! � t 2 swt�! / ;vt 9 % 0 t 2
���� �� ����� � � � � ��� �� ����� ����� � � ���� � �� ��� # 	 � �



4 � 4
?	� � % 0
2 0 6�! � / ;���& 6<% 2 svt � t�4 2 6<% �� 0 O$4#s 2 s 9 2

� � � �� � �� ��� # 	 �	�
9 ;�� 2 swt�; 0 6�! � / ;��

� � � �� � �� � ��� # 	7� �
 ;svt 9 � �B9 ; 2 9 �	t�6.& ?�%=t 9 � / ;�� O � 6<;vt ! / ;wt 9 % 0 t 25/ ; 2 6 2 � 6 ! / ;vt 9 % 0 O$4�4"t 0
08/ � t 6<;vt 0 /10H2 s 9 2
2 swt 0 6�!1O 2E/ 67; 6.& 9 2 % / 9 ;
�<O�! 9 % 0 t 2 6.&9t > O 9 2E/ 6<; 0�/10,> O / 2 t 2 % / � / 9 ! #  ;sSO 0 F � > O 9 2E/ 6<; � # 	 �@4 9 ;
?ut 0 6�! � t(�T?	� & 6<% � 9 %'� 0 O$? 0
28/D2 O 2E/ 6<; 9 0 & 6�!#!D6 � 0

� � � � �� ���� � � 4� �+��� � � � � q � � 2 � � � � � ��� � ��� # 	 	 �
� s / !%t � > O 9 2E/ 6<; � # 	7� 4 9 ;T?Ut 0 6�! � t(�T?$� ? 9 4#� � 9 %?� 0 O$? 0
28/D2 O 2E/ 6<;

��� � � ������
� � � 4� �+� � � � � � � 2 � p � � �

� � ��� � ��� # 	 �	�
 ;svt 0�2 9 28/10�2E/ 4 9 ! O$;$4"t�% 2 9 / ; 2 � 6.& M � /D0 �vt 2 t�% A / ;vt(� 9 4�4&6<%?� / ;�� 2 6 2 svt 4&O$% �B9 2 O$%=t A 9 )

2 % /� 67& A
	.#� ;svt 4�O$% �B9 2 O$%�t A 9 2 % /� � � � /10�2 svt 0 t�4�67;�� 4�%
6 080 � 9 % 2E/ 9 !��vt�% / �B9 28/ � tH6.& A
	 � /D2 s
%=t 0 � t�4 2 2 6 2 � 6 9 %8? / 2 % 9 %'� 4�6<%
%=t(! 9 2E/ 6<; 0 !D6 � t 0HM � 9 ;
� M �

� � � L 4� "
	 A 	

" M
�
" M �

�  � 0 � �� 0B� ����C � � 	 � 4
C 	 � � � 0B�Y�<0B� � � � 4

C 	 � � � � � ��� # 	 ���
& 6<% 9 ! !
� 9 ;����#  ;svt / ; � t�% 0 t 6.& 2 svt 4�O�% �B9 2 O�%=t A 9 2 % / � /D0=2 svtBt�%
%86<% A 9 2 % /���

��� � L ��� � q � � C 	� � �� q � � ��� # 	 �	�
��� � ��� � ������� ��� ���@�
��� � �

 C6zt � 97A / ;vt 2 swt 0
2 9 ? / ! /D2 � 6.& 2 svt 0 !D6 � t 0 6 � t&% 28/ A t7F 2 swt 0 !16 � t 0 6.& 2 svt 08/ � ?ut 97A
� 9 % 97A t 2 t&% 0 �vt 2 t&% A / ;vt"� O 08/ ;�� ; 9 2 O�% 9 ! ?ut 9BA A 6 2E/ 6<; 9 %�t � !16 282 t"� � t�% 0 O 0 %
O$; ;SO A ?Ut&%



4 � �
6 � t&% 2 svt �$O�% 9 28/ 6<;(6.& 2 svt@%8O$; & 67% 9 !#!Ut / ��s 2 6 4 2 9 ; 280 #  ;svt �Q0 !16 � t 0 9 %=t 0 s$6 � ; / ; � / �<O$%=t
� # ��# � 2 /10 / ; 2 t�%�t 0
28/ ;�� 2 6 ;$6 2 t 2 s 9 2 2 svt 0 !D6 � t 0 / ; t � t&%'� 6 4 2 9 ; 2 9 %�tQ4&6<%8%�t(! 9 2 t(� � /D2 s
t 9 4#s 6 2 svt&%�# � 6<% t � 97A*� !%tBF 9 %8O�; � s / 4#sls 9 0 9 ? / � � 0 !16 � t / ; 6P4 2 9 ; 2 4 9 ! 0 6hs 9 0 ? / �
0 !D6 � t 0 / ; t � t&%'� 6 2 svt�% 6P4 2 9 ; 2 #� ;swt %
O$; ) ?$�	) %8O$; � O$4 2 O 9 2E/ 67; 0 9 %=t A O$4#s:! 9 %'��t�% 2 s 9 ; 2 svt / %
4�67%8%=t 0 � 6<;�� / ;�� 0
2 9 2E/D0
28/ 4 9 ! O$;�4ot�% 2 9 / ; 2E/ t 0 # y ; / ; / 2E/ 9 !5s$� � 6 2 swt 08/D0 � 9 0�2 s 9 2�0 � 0
2 t A 9 2E/ 4
t��Ut�4 2E0 0 O$4#s 9 0 ?Ut 97A s 9 !16 4�6<O
!#� 4#s 9 ;��	t 2 svt 0 t�; 08/D28/ � /D28/ t 0 6.& 2 svt:�vt 2 t�4 2 6<% 0 # y 0�2 O��
�
6.& 2 svtT%8O�; )�?	�	)�%
O$; �$O$4 2 O 9 2E/ 6<; 0 F 9 0 � / ! !3?utB� /10 4�O 0
0 t(� ! 9 2 t�%�F%=t � t 9 !%t"� 2 s 9 2 2 svtB! 9 %?��t
9 ;��QO$; � s	� 08/ 4 9 ! 0 !D6 � t 0 9 %=t 2 svt %=t 0 O�! 2 67& 9 0 6 A t 2E/ A t 0H/ ;vt��9t&4 2 O 9 ! ?Ut 97A 2 % / � 4�O 2 #  ;svt
6 2 svt�% � � tH?Ut 97A+� 9 % 97A t 2 t�% 0 t � s / ? / 2 0
2 % / � / ;���!<� 0
/ A / ! 9 % ?utos 9 � / 6<%�# � / �<O�%=t � # � 0 s�6 � 0�2 swt
0 !D6 � t 0 6.& 2 svt 08/ � ?ut 97A � 9 % 9BA t 2 t�% � t�% 0 O 0 %8O$;T;SO A ?ut�%�& 6<% 9 2 � � / 4 9 ! 6 4 2 9 ; 2 #



4 �.�

run
28820 28840 28860 28880 28900 28920 28940 28960 28980 29000 29020

d
Y

/d
x/

Y
 (

%
/m

m
)

-4

-2

0

2

4

6

8

10

 / ndf 2χ   2448 / 89
Prob       0
p0        0.06973± 0.5346 

 / ndf 2χ   2448 / 89
Prob       0
p0        0.06973± 0.5346 

Octant 1

run
28820 28840 28860 28880 28900 28920 28940 28960 28980 29000 29020

d
Y

/d
x/

Y
 (

%
/m

m
)

-4

-2

0

2

4

6

8

10

 / ndf 2χ   2160 / 89
Prob       0
p0        0.06803± 0.5453 

 / ndf 2χ   2160 / 89
Prob       0
p0        0.06803± 0.5453 

Octant 2

run
28820 28840 28860 28880 28900 28920 28940 28960 28980 29000 29020

d
Y

/d
x/

Y
 (

%
/m

m
)

-4

-2

0

2

4

6

8

10

 / ndf 2χ   1807 / 89
Prob       0
p0        0.07093± 0.4187 

 / ndf 2χ   1807 / 89
Prob       0
p0        0.07093± 0.4187 

Octant 3

run
28820 28840 28860 28880 28900 28920 28940 28960 28980 29000 29020

d
Y

/d
x/

Y
 (

%
/m

m
)

-4

-2

0

2

4

6

8

10

 / ndf 2χ   1777 / 89
Prob       0
p0        0.0692± 0.3082 

 / ndf 2χ   1777 / 89
Prob       0
p0        0.0692± 0.3082 

Octant 4

run
28820 28840 28860 28880 28900 28920 28940 28960 28980 29000 29020

d
Y

/d
x/

Y
 (

%
/m

m
)

-4

-2

0

2

4

6

8

10

 / ndf 2χ   3155 / 89
Prob       0
p0        0.07364± 0.9416 

 / ndf 2χ   3155 / 89
Prob       0
p0        0.07364± 0.9416 

Octant 5

run
28820 28840 28860 28880 28900 28920 28940 28960 28980 29000 29020

d
Y

/d
x/

Y
 (

%
/m

m
)

-4

-2

0

2

4

6

8

10

 / ndf 2χ   7023 / 89
Prob       0
p0        0.06973±  1.11 

 / ndf 2χ   7023 / 89
Prob       0
p0        0.06973±  1.11 

Octant 6

run
28820 28840 28860 28880 28900 28920 28940 28960 28980 29000 29020

d
Y

/d
x/

Y
 (

%
/m

m
)

-4

-2

0

2

4

6

8

10

 / ndf 2χ   1938 / 89
Prob       0
p0        0.07559± 0.534 

 / ndf 2χ   1938 / 89
Prob       0
p0        0.07559± 0.534 

Octant 7

run
28820 28840 28860 28880 28900 28920 28940 28960 28980 29000 29020

d
Y

/d
x/

Y
 (

%
/m

m
)

-4

-2

0

2

4

6

8

10

 / ndf 2χ   2668 / 89
Prob       0
p0        0.06858± 0.6058 

 / ndf 2χ   2668 / 89
Prob       0
p0        0.06858± 0.6058 

Octant 8

�����*� �2� � �x����.�� � � �8+���.��U�2),�%�2 #�%$-�#.
� �  � � ��� ���:�472�@�  M� ���,�6�,+�&R$'.��!�x�>��$'. � .� #�%��+� #� � �! #&&;�#�%$-�#.x���M�,+*� � �L�#��+� /��$-�/.x�  � � �*+���.  �#+L #�'�u�,$ � � ���=)@�8 #.�-�,0 A � �C � �,�,.	)!�L�  ���:�472�@�;�/��+�$'. �� � ��&*$-���>�:�;�  � � �R+���.(72�@+�$-�=�Z)4�/+�+��@��72�#.��M�E�8�C C��$'&;� c � �,. � � �
	�� � �@��$'��& ���=7�7�� �Lc  #�e�S�M���60A � � ���:�!7
�@�� #+4��u���8�!�e�6�R R)!�/.
���6 /.2� 	 ��� 0u�Y�@���������  �#+Y� � ���/� � �@+ � �! #& 72 #+� /&(�,�6�,+!�� #+4� ��$'&*$'�: #+,0



4 � �

�����*� ���� �v����. � � � �8+���. �9�2)@�%�2 #�%$-�#.2�e�  � � �5�!�S�472���E�  � � �5�!$�� � �4 /& 72 #+� /&(�,�8�@+E M�E���,�8�@+�&*$'.	�!��>��$'. � .	 #�%��+� /� � �! #& &;�#�%$-�#. � �#�@+T� � �Z�#��+� /��$-�/. �  � � �T+���.  �/+Z�=)@�8 #.����0 A � �B � �,�,.	)!�J� ���:�!7
�@�Z�/��+�$'. � � � � &*$-���>�:� �  � � �T+���.B72�@+�$-�=� )!�#+�+��@�%7
�/.	�#� �8�  �%$'&(� c � �@. � � � 	�� � �,��$'��&���=7"7	� � c  M�L�:�#�!�80hA � � ���:�472���Z #+��  �%�8�4�B�6�  \)!�#.
���8 #.� 	 ��� 0 �Y�@�������-�  �/+ �#� � �,+T�=)@�8 #.�-�  /+����$'&*$'�: #+,0



4 � 	
��� � ��� � ����������� ��� � ��� ���
	��� � � ��� � ��	 � �
� �

�C6 / ; � t 0�2E/ � 9 2 t 2 svt���t&6 A t 2 % / 4 9 ! 0 t&; 08/ 2E/ � / 2 ��67& / ;�� / � / �$O 9 !P6 4 2 9 ; 2 2 6 2 svt=?ut 97A � 6 08/ )
2E/ 6<; 0 9 ;�� 9 ;���!�t 0 F 2 svt 9�� t�% 9 ��t 0 !16 � t 0 6.& 2 svt 0 �$9 2E/ 9 ! ?Ut 97A � 9 % 97A t 2 t&% 0 6.& 2 svt � %86@�$O$4 2E/ 67;
%8O�; �vt 2 t�% A / ;vt(� ?	�T; 9 2 O$% 9 ! ?ut 97A A 6 2E/ 6<; 9 %=t � !16 282 t"� 9 � 9 / ; 0�2 2 svt 9�� t�% 9 ��t��R6.&5t 9 4#s
6P4 2 9 ; 2 #��;svt 9�� t�% 9 ��t 0 !D6 � t 67& 9 ; 6P4 2 9 ; 2C/D0 4 9 !D4�O�! 9 2 t"� ?	� � t / ��s / ;
�Ct 9 4#s / ;�� / � / �$O 9 ! 0 !D6 � t
?	� 2 swt / ; � t&% 0 t 6.& 2 svt 0?> O 9 %�t 6.& / 2E0 4&6<%8%�t 0 � 6<;
� / ;�� t&%8%
6<%�#��;svtrt�%8%
6<%@6.& 9 ; / ;
� / � / ��O 9 !
0 !D6 � t %=t � %=t 0 t&; 280 9 4�6 A ? / ; 9 28/ 6<; 6.& & 9 4 2 6<% 0�� 2 svt 0�2 9 28/10
28/ 4 9 !Ut&%8%
6<% � 2 svt@;SO A ?ut�%36.& A � 0 �JF
?ut 97A ;$6 /D0 t�6<%�� /D282 t�%&F 9 ;�������� ;$6 /10 tB#��;svt t�%
%86<% 9 080 6 4 / 9 2 t(� � /D2 s 2 svt 9 � t�% 9 ��t 0 !D6 � t
6.& 9 ; 6P4 2 9 ; 23/D0�2 svt 0
2 9 ;�� 9 %'�6�vt � / 9 2E/ 6<; 6.& 2 svt / ;�� / � / �$O 9 ! 0 !16 � t 0 � / � / �vt(� ?	� 2 svt 0?> O 9 %�t
%86P6 2 6.& 2 swt ;SO A ?Ut&% 6.&K%8O�; 0 � s / 4#s*� / t(! �vt(� 0 !D6 � t 0 # �;svt %�t 9 0 6<;:& 6<% 2 9"! / ;�� 2 svt 0
2 9 ;�� 9 %'�
�vt � / 9 2E/ 6<; 6.& 2 svt / ;�� / � / �$O 9 ! 0 !D6 � t 0 � t�% 0 O 0 9 08/ A � !�t � %
6 � 9 � 9 2E/ 67; 6.&Rt�%8%
6<% 0 /D0 ?Ut&4 9 O 0 t
6.& 2 svt ! 9 %?�	t %8O$;@)�?	�	)�%8O�; � O�4 2 O 9 2E/ 6<; 0 � /D0 4�O 080 t"� / ; � t�4 28/ 6<; � # � # � #��36<; 0 t > Ovt&; 2 ! �7F 2 swt
t�%
%86<% 9 0
0 6P4 / 9 2 t(� � /D2 s 2 swt 9�� t&% 9 �	t 0 !D6 � t 6.& 9 ; 6P4 2 9 ; 2 4&6 A � !%t 2 t(!<� / �<;�6<%=t 0�2 svtTt&%8%
6<% 0 6.&
2 swt / ;�� / � / �$O 9 ! 0 !D6 � t 0 6.& 2 s 9 2 6 4 2 9 ; 2 4 9 !14&O�! 9 2 t(� & %
6 A 2 svt/! / ;vt 9 %3%=t(�7%=t 0
08/ 6<;G# � / ;$4ot 2 swt
0 � t�4 2 %
6 A t 2 t&% /10 9$# / A O 2 s 9 !#! � 0 � A A t 2 % / 4BF 6P4 2 9 ; 2E0�2 s 9 2 9 %�t !16P4 9 2 t(� 6 ��� 6 08/ 2 t 67& t 9 4#s
6 2 svt�% 0 s�6<O�!#� / �wt 9 ! ! � s 9�� t 0 t�; 08/D28/ � /D28/ t 0 2 6 ?Ut 97A�� 6 08/ 2E/ 6<; 9 ;�� 9 ;���!�t 2 s 9 2 9 %=tBt > O 9 ! / ;
A 9 �<; / 2 O��vt 9 ;�� 6 �
� 6 0
/D2 t / ; 08/ �7;G# � 4 2 9 ; 280 � 9 ;�� � 9 %=t�!D6 4 9 2 t"� 6<; 2 svt � ) 9 � /D050 6(6<;wt
� 6<O�!#� t � � t�4 232 svt / % � 9 ;�� � . 0 !16 � t 0 2 6I?Ut �<%�t 9 2 t 0
2 # � / ;�4ot 6P4 2 9 ; 2E0&% 9 ;�� 	 9 %�t !D6 4 9 2 t"�
6<; 2 svt��$) 9 � /10 F>67;vt � 6<O�! � t � � t�4 2 2 swt / % � 9 ;�� � . 0 !D6 � t 0H2 6 ?ut 0 A 9 !#!%t 0
2 # � t&;$4otBF 2 swt �
9 ;�� � . 0 !D6 � t 0=0 s$67O�!#� �B9 %'�6! / ! t@4�6 08/ ;wt � /D2 s 2 svt 9 � t�% 9 ��t�� 67&�t 9 4#sQ6P4 2 9 ; 2 #'� � 08/ A / ! 9 %
!16.� / 4BF 2 swt � 9 ;�� ��� 0 !16 � t 0 0 s$6<O�! � �B9 %'� 08/ ;SO 0 6 / � 9 !#!<� � / 2 s 2 swt 9 � t�% 9 ��t&� 67&Ut 9 4#s 6 4 2 9 ; 2 #� �vt 9 !#!<�<F ! / ;vt 9 %=%�t(�<%�t 0
08/ 67; /10 � t&%'& 6<% A t"� 9 & 2 t�% 2 swt%�vt 9 � 2E/ A t 4&6<%8%�t�4 28/ 6<;+# � 6 � t � t�%&F
08/ ;$4ot�vt 9 � 28/ A t /10 ;$6 2 � t(! ! O$;��vt&% 0
2 6 6@� 9 2=2 s /D0=2E/ A t7F 9 4�6 A*� !%t 2 t/�vt 9 � 28/ A t@4�6<%
%=t�4 2E/ 6<;
s 9 0 ;$6 2 �	t 2 ?Ut"t�; / A � !%t A t�; 2 t(�G#'�;svt�%�t"& 6<%�t7F ! / ;vt 9 %3%=t(�7%=t 0
08/ 6<; � 9 0 � t&%'& 6<% A t"��� % 0
2 # ��;� / �<O$%=t � # � F 2 svt 9�� t&% 9 �	t 0 !16 � t 0 � ;$6 2 4&6<%8%�t�4 2 t(� & 6<% �wt 9 � 28/ A t � �wt 2 t&% A / ;vt"� ?	� ; 9 2 O$% 9 !
?ut 97A A 6 2E/ 6<; 9 %�t � !D6 282 t(� 9 � 9 / ; 0
2C2 svt 9 � t�% 9 ��t(� 6.&�t 9 4#s 6P4 2 9 ; 2 # �C6 0 t"t;s$6 � 2 svt 0 !16 � t 0



% ���
?utos 9�� t 9 & 2 t�% 2 svt�?$O
! ! 6.& 2 svt�4#s 9 %?��t �wt � t�;��vt&;$4ot � A O$4#s 6.& � s / 4#s � %�t 0 O A 9 ?�! � 9 % /D0 t 0
�$Ovt 2 6 �vt 9 � 2E/ A t�� /10 %=t A 6 � t"�GF 9 4�%
O��vt �vt 9 � 2E/ A tI4�6<%
%=t&4 2E/ 6<; � 9 0 � t&%'& 6<% A t"� & 6�!#!D6 � t"�
?	� 9 %�t ) 4 9 !D4�O�! 9 2E/ 6<; 6.& 2 svt�! / ;vt 9 % %=t"�<%=t 0808/ 6<; 0 !16 � t 0 #��;svt 2 t�4#s$; /#> Ovt 9 ;��Q%�t 0 O�! 280 67& 2 swt
4�%
O��vt/�vt 9 � 28/ A t 4&6<%8%�t�4 28/ 6<; 9 %=t � %86 � / �vt"� / ;�� t&4 28/ 6<; � # ��#�� 6<% 4�6 A*� 9 % /10 6<;GF 2 svt 9�� t�% 9 ��t
�vt 9 � 2E/ A t 4�67%8%=t&4 2 t(� 0 !D6 � t 0 �vt 2 t&% A / ;vt"� ?	� ; 9 2 O$% 9 ! ?ut 9BA A 6 2E/ 6<; 9 %=t � !16 2
2 t"� 9 � 9 / ; 0
2
2 swt 9�� t�% 9 ��t ��6.&�t 9 4#s 6P4 2 9 ; 2 9 ;��T6 � t�%'! 9 / � / ; 2 svt 0 97A t � / �7O$%=t 9 0 2 svt 9 � t�% 9 ��t 0 !16 � t 0
;$6 2 4&6<%8%�t�4 2 t(�1& 6<%��vt 9 � 2E/ A t � 0 tot � / �<O$%=t � # �	��#��;svtI6P4 2 9 ; 2 ;PO A ?Ut&% 9 ;�� 9 � t�% 9 ��t � 9 %�t
%=t"! 9 2 t(� 9 4&4�6<%'� / ;�� 2 6 � / �<O$%�t � #���# y ! ! 6.& 2 svt 0 � 9 2E/ 9 ! � 9 % 97A t 2 t&% 0 � � F �KF � . F 9 ;�� ��� �
9.��� t 9 % 2 6I?Ut O$; 9 �Ut�4 2 t"�(?$� 2 svt �vt 9 � 28/ A t 4&6<%8%�t�4 28/ 6<;+# �;s /10 /102 svt %=t 0 O�! 2 6.& ! 9 %?�	t t&%8%867%
? 9 % 0 �vt&% / � t(� & %
6 A 2 svt�! 9 %?��t %8O�; )�?	�	)�%
O$; � O$4 2 O 9 28/ 6<; 050 s$6 � ; / ; � / �7O$%=t � # � #�� 6 2 t 2 swt
O$;SO 0 O 9 !#!<�*�<6 6@�*A 	 & 67%Rt 9 4#s � 2 # �;svt54#s 9 %'��t 0 !16 � t 0 t � s / ? /D2 9 ; 6@��� � t�% 0 O 0 t � t�;(6P4 2 9 ; 2
�vt � t&;��vt�;�4ot 9 & 2 t�% 2 svt��wt 9 � 28/ A t 4�6<%
%=t�4 2E/ 6<;G# �;s /10 4 9 ; ?ut 9 282 % / ?�O 2 t"� 2 6 � / �Ut�%�t�;$4"t 05/ ;
t(!�t�4 2 %867; / 4 0 ?ut 2 � tot�; 2 svt�� 6<% 2 s y A t�% / 4 9 ; � % F � F 	 F ��� 9 ;�� � %�t�;$4#s � � F � F ��F��	�@6 4 2 9 ; 280 # y
08/ A / ! 9 % � 9 2
2 t&%8; � 9 0 6<? 0 t�% � t"� / ; 2 swt-& 67% � 9 %?� 9 ;��.!%t;t � � t�% / A t�; 2 �����  # y 4�4&6<%?� / ;�� 2 6 2 swt
4#s 9 %'��t � !16 2 F 2 svtH4&%8O��vt �vt 9 � 2E/ A tH4&6<%8%�t�4 28/ 6<; 9.�
� t 9 % 0�2 6 6 � t&% )�4&6<%8%�t�4 2 #�� & 2 svtH4�6<%
%=t�4 2E/ 6<;
� t�%=t � t&%'&It�4 2 F 2 svt 4#s 9 %'��t 0 !16 � t 9 & 2 t�% 2 swt 4�%
O��vt �vt 9 � 2E/ A t 4�6<%
%=t&4 2E/ 6<; � 6<O�! � ?ut # t�%86�#� %86 A 2 svt 4#s 9 %'��t � !16 2 F 2 svt 4�6 A ? / ;vt"� t��9t&4 2 6.&5% 9 ;��$6 A 4�6 / ;$4 / �vt�;�4ot 0 9 ;�� �vt 9 � 2E/ A t
/10 9 ?K6<O 2 ) � � � )�� #���� % �	�B; � � � ����� ; �
�"� � ��� 9 2 ����� y # y 4�4&6<%?� / ;�� 2 6 2 swtT%�t 0 O�! 280
6.& 2 svtT4�%
O��vt �wt 9 � 28/ A t 4�6<%
%=t�4 2E/ 6<; � 0 t"t � 9 ?�!%t � # � ��F 2 svtT4�6 A ? / ;vt"� t��9t&4 2 67&5% 9 ;��$6 A
4�6 / ;$4 / �vt&;$4ot 0 9 ;�� �vt 9 � 2E/ A t 9 2 ���� y % 9 ;��	t 0 & %86 A 9 ?>6<O 2 ) � � 2 6 ) % ��� � �vt � t&;�� / ;��
O � 6<;T6 4 2 9 ; 2 ;SO A ?ut�% �J#



% ���

phi (degree)
0 50 100 150 200 250 300

x 
sl

o
p

e 
(%

/m
m

)

-1

-0.5

0

0.5

1

1.5

 / ndf 2χ  0.9949 / 6
Prob   0.9858

p0        0.1546± 0.5412 
p1        0.2068± -0.1265 

 / ndf 2χ  0.9949 / 6
Prob   0.9858

p0        0.1546± 0.5412 
p1        0.2068± -0.1265 

 / ndf 2χ   1.01 / 6
Prob   0.9852

p0        0.1537± 0.5437 
p1        0.2032± -0.1223 

 / ndf 2χ   1.01 / 6
Prob   0.9852

p0        0.1537± 0.5437 
p1        0.2032± -0.1223 

nbm before crude dt

nbm after crude dt
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 / ndf 2χ  2.703 / 6
Prob   0.8451

p0        0.253± 0.9808 
p1        0.3837± -0.0348 

 / ndf 2χ  2.703 / 6
Prob   0.8451

p0        0.253± 0.9808 
p1        0.3837± -0.0348 

 / ndf 2χ  2.709 / 6

Prob   0.8444

p0        0.2529± 0.9769 
p1        0.3839± -0.04156 

 / ndf 2χ  2.709 / 6

Prob   0.8444

p0        0.2529± 0.9769 
p1        0.3839± -0.04156 

nbm before crude dt

nbm after crude dt
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 / ndf 2χ  0.4607 / 6
Prob   0.9983
p0        4.858± -14.18 

p1        6.445± 0.04005 

 / ndf 2χ  0.4607 / 6
Prob   0.9983
p0        4.858± -14.18 

p1        6.445± 0.04005 

 / ndf 2χ  0.4752 / 6
Prob   0.9981
p0        4.856± -14.22 

p1        6.441± 0.02481 

 / ndf 2χ  0.4752 / 6
Prob   0.9981
p0        4.856± -14.22 

p1        6.441± 0.02481 

nbm before crude dt

nbm after crude dt
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 / ndf 2χ   3.08 / 6
Prob   0.7987
p0        3.335± 1.429 
p1        4.912± 3.357 

 / ndf 2χ   3.08 / 6
Prob   0.7987
p0        3.335± 1.429 
p1        4.912± 3.357 

 / ndf 2χ  3.105 / 6
Prob   0.7956
p0        3.327± 1.467 
p1         4.91± 3.376 

 / ndf 2χ  3.105 / 6
Prob   0.7956
p0        3.327± 1.467 
p1         4.91± 3.376 

nbm before crude dt

nbm after crude dt
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 / ndf 2χ  3.452e-07 / 7

Prob       1

p0        0.7765± 0.0001638 

 / ndf 2χ  3.452e-07 / 7

Prob       1

p0        0.7765± 0.0001638 

 / ndf 2χ  3.25e-07 / 7

Prob       1

p0        0.7756± 0.0001599 

 / ndf 2χ  3.25e-07 / 7

Prob       1

p0        0.7756± 0.0001599 

nbm before crude dt

nbm after crude dt
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 / ndf 2χ   28.1 / 7

Prob   0.0002108

p0        0.0001308± -0.001111 

 / ndf 2χ   28.1 / 7

Prob   0.0002108

p0        0.0001308± -0.001111 

 / ndf 2χ  65.15 / 7

Prob   1.403e-11

p0        0.0001304± 0.002004 

 / ndf 2χ  65.15 / 7

Prob   1.403e-11

p0        0.0001304± 0.002004 

nbm before crude dt

nbm after crude dt
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 / ndf 2χ  9.376 / 6
Prob   0.1535

p0        0.2107± -0.2989 
p1        0.3093± -0.7463 

 / ndf 2χ  9.376 / 6
Prob   0.1535

p0        0.2107± -0.2989 
p1        0.3093± -0.7463 

 / ndf 2χ  9.206 / 6

Prob   0.1623

p0        0.1127± 3.535e-05 
p1        0.1673± -0.2728 

 / ndf 2χ  9.206 / 6

Prob   0.1623

p0        0.1127± 3.535e-05 
p1        0.1673± -0.2728 

cp before crude dt

cp after crude dt
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 / ndf 2χ  3.231 / 6
Prob   0.7794

p0        0.241± -0.9643 
p1        0.3278± 0.425 

 / ndf 2χ  3.231 / 6
Prob   0.7794

p0        0.241± -0.9643 
p1        0.3278± 0.425 

 / ndf 2χ  3.859 / 6
Prob   0.6958

p0         0.38± -1.203 
p1        0.5047± -0.1185 

 / ndf 2χ  3.859 / 6
Prob   0.6958

p0         0.38± -1.203 
p1        0.5047± -0.1185 
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 / ndf 2χ  7.198 / 6
Prob   0.3029
p0        2.748± 0.4172 
p1        4.082± -5.725 

 / ndf 2χ  7.198 / 6
Prob   0.3029
p0        2.748± 0.4172 
p1        4.082± -5.725 

 / ndf 2χ  7.776 / 6
Prob   0.255
p0        4.844± 3.181 
p1         6.82± 13.15 

 / ndf 2χ  7.776 / 6
Prob   0.255
p0        4.844± 3.181 
p1         6.82± 13.15 
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 / ndf 2χ  3.132 / 6
Prob   0.7921
p0        9.088± 22.15 

p1        11.61± -0.003142 

 / ndf 2χ  3.132 / 6
Prob   0.7921
p0        9.088± 22.15 

p1        11.61± -0.003142 

 / ndf 2χ  1.633 / 6
Prob   0.9501
p0        6.389± -8.294 

p1        8.648± -3.556 

 / ndf 2χ  1.633 / 6
Prob   0.9501
p0        6.389± -8.294 

p1        8.648± -3.556 
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 / ndf 2χ  8.815 / 7
Prob   0.2662
p0        0.3373± 1.167 

 / ndf 2χ  8.815 / 7
Prob   0.2662
p0        0.3373± 1.167 

 / ndf 2χ  10.07 / 7
Prob   0.1847
p0        0.357± 1.256 

 / ndf 2χ  10.07 / 7
Prob   0.1847
p0        0.357± 1.256 
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 / ndf 2χ   3.97 / 7

Prob   0.7832

p0        0.0018± -0.001568 

 / ndf 2χ   3.97 / 7

Prob   0.7832

p0        0.0018± -0.001568 

 / ndf 2χ  3.325 / 7

Prob   0.8534

p0        0.001569± 0.001597 

 / ndf 2χ  3.325 / 7

Prob   0.8534

p0        0.001569± 0.001597 
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cp after crude dt
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 / ndf 2χ   1.01 / 6
Prob   0.9852

p0        0.1537± 0.5437 
p1        0.2032± -0.1223 

 / ndf 2χ   1.01 / 6
Prob   0.9852

p0        0.1537± 0.5437 
p1        0.2032± -0.1223 

 / ndf 2χ  1.142 / 6

Prob   0.9796

p0        0.1139± 0.4075 
p1        0.1522± -0.09636 

 / ndf 2χ  1.142 / 6

Prob   0.9796

p0        0.1139± 0.4075 
p1        0.1522± -0.09636 
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 / ndf 2χ  4.426 / 6
Prob   0.6192

p0        0.2529± 0.8721 
p1        0.3839± -0.222 

 / ndf 2χ  4.426 / 6
Prob   0.6192

p0        0.2529± 0.8721 
p1        0.3839± -0.222 

 / ndf 2χ  2.899 / 6
Prob   0.8214

p0        0.1742± 0.4209 
p1        0.2547± -0.05521 

 / ndf 2χ  2.899 / 6
Prob   0.8214

p0        0.1742± 0.4209 
p1        0.2547± -0.05521 
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 / ndf 2χ  0.4752 / 6
Prob   0.9981
p0        4.856± -14.22 

p1        6.441± 0.02481 

 / ndf 2χ  0.4752 / 6
Prob   0.9981
p0        4.856± -14.22 

p1        6.441± 0.02481 

 / ndf 2χ  3.788 / 6
Prob   0.7053
p0        0.8607± 3.296 
p1        1.179± 1.739 

 / ndf 2χ  3.788 / 6
Prob   0.7053
p0        0.8607± 3.296 
p1        1.179± 1.739 
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 / ndf 2χ  3.105 / 6
Prob   0.7956
p0        3.327± 1.467 
p1         4.91± 3.376 

 / ndf 2χ  3.105 / 6
Prob   0.7956
p0        3.327± 1.467 
p1         4.91± 3.376 

 / ndf 2χ   6.56 / 6
Prob   0.3635
p0        2.578± -22.65 
p1         3.77± -2.968 

 / ndf 2χ   6.56 / 6
Prob   0.3635
p0        2.578± -22.65 
p1         3.77± -2.968 
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 / ndf 2χ  3.975e-07 / 7

Prob       1

p0        0.7756± 9.844e-05 

 / ndf 2χ  3.975e-07 / 7

Prob       1

p0        0.7756± 9.844e-05 

 / ndf 2χ  3.986e-06 / 7

Prob       1

p0        0.7409± 0.0006598 

 / ndf 2χ  3.986e-06 / 7

Prob       1

p0        0.7409± 0.0006598 
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 / ndf 2χ  65.15 / 7

Prob   1.403e-11

p0        0.0001304± 0.002004 

 / ndf 2χ  65.15 / 7

Prob   1.403e-11

p0        0.0001304± 0.002004 

 / ndf 2χ  122.4 / 7

Prob       0

p0        9.255e-05± 0.002054 

 / ndf 2χ  122.4 / 7

Prob       0

p0        9.255e-05± 0.002054 
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 / ndf 2χ  4.116 / 9
Prob   0.9036
p0        0.3756± -0.1975 

 / ndf 2χ  4.116 / 9
Prob   0.9036
p0        0.3756± -0.1975 

Octant 1

cp

nbm

 / ndf 2χ  25.79 / 9
Prob   0.002212
p0        0.1796± -0.06783 

 / ndf 2χ  25.79 / 9
Prob   0.002212
p0        0.1796± -0.06783 
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 / ndf 2χ  8.524 / 9
Prob   0.4824
p0        0.3667± -0.2447 

 / ndf 2χ  8.524 / 9
Prob   0.4824
p0        0.3667± -0.2447 

Octant 2  / ndf 2χ  40.06 / 9
Prob   7.425e-06
p0        0.1748± -0.04341 

 / ndf 2χ  40.06 / 9
Prob   7.425e-06
p0        0.1748± -0.04341 
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Prob   0.6161
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 / ndf 2χ  7.202 / 9
Prob   0.6161
p0        0.3831± 0.2821 

Octant 3  / ndf 2χ  6.556 / 9
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Prob   0.3158
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Octant 4  / ndf 2χ  8.171 / 9
Prob   0.5171
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p0        0.1786± -0.02357 
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Prob   0.1029
p0        0.3956± 0.6379 

Octant 5  / ndf 2χ  16.28 / 9
Prob   0.06132
p0        0.1886± 0.7396 
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p0        0.1886± 0.7396 

run
29014 29016 29018 29020 29022 29024

d
Y

/d
x/

Y
 (

%
/m

m
)

-5

-4

-3

-2

-1

0

1

2

3

4

5

 / ndf 2χ  8.874 / 9
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 / ndf 2χ  8.874 / 9
Prob   0.449
p0        0.3756± 0.05091 

Octant 6  / ndf 2χ  419.9 / 9
Prob       0
p0        0.1796± 1.776 

 / ndf 2χ  419.9 / 9
Prob       0
p0        0.1796± 1.776 
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 / ndf 2χ  9.781 / 9
Prob   0.3685
p0        0.4105± 0.6308 

 / ndf 2χ  9.781 / 9
Prob   0.3685
p0        0.4105± 0.6308 

Octant 7  / ndf 2χ  7.139 / 9
Prob   0.6227
p0        0.1953± 0.7012 

 / ndf 2χ  7.139 / 9
Prob   0.6227
p0        0.1953± 0.7012 
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 / ndf 2χ   3.36 / 9
Prob   0.9483
p0        0.3681± 0.2072 

 / ndf 2χ   3.36 / 9
Prob   0.9483
p0        0.3681± 0.2072 

Octant 8  / ndf 2χ  15.87 / 9
Prob   0.06958
p0        0.1755± -0.004796 

 / ndf 2χ  15.87 / 9
Prob   0.06958
p0        0.1755± -0.004796 
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p0        0.0001532± 0.002382 
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 = 0.872
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2χ 0.411 ±Out:  0.837 

 = 2.792
ν
2χ 0.477 ±In:  -0.345 

run
28820 28840 28860 28880 28900 28920 28940 28960 28980 29000 29020

 X
 d

if
fe

re
n

ce
 (

[n
]m

)

-140

-120

-100

-80

-60

-40

-20

0

20

 X difference ([n]m)

 = 5.834
ν
2χ 8.189 ±Out:  -48.256 

 = 0.429
ν
2χ 8.746 ±In:  -15.384 

run
28820 28840 28860 28880 28900 28920 28940 28960 28980 29000 29020

 Y
 d

if
fe

re
n

ce
 (

[n
]m

)

-150

-100

-50

0

50

100

 Y difference ([n]m)

 = 1.215
ν
2χ 6.155 ±Out:  -16.714 

 = 2.550
ν
2χ 8.144 ±In:  16.223 

run
28820 28840 28860 28880 28900 28920 28940 28960 28980 29000 29020

 A
n

g
le

 in
 X

 d
if

fe
re

n
ce

 (
[n

]r
ad

)

-6

-4

-2

0

2

 Angle in X difference ([n]rad)

 = 1.278
ν
2χ 0.265 ±Out:  0.901 

 = 0.882
ν
2χ 0.275 ±In:  -0.543 

run
28820 28840 28860 28880 28900 28920 28940 28960 28980 29000 29020

 A
n

g
le

 in
 Y

 d
if

fe
re

n
ce

 (
[n

]r
ad

)

-30

-25

-20

-15

-10

-5

0

5

 Angle in Y difference ([n]rad)
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Octant 1 Elastic Electron Asymmetry 

 = 0.931
ν
2χ 18.627 ±Out:  -30.798 

 = 0.468
ν
2χ 19.925 ±In:  55.866 
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Octant 2 Elastic Electron Asymmetry 
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Octant 4 Elastic Electron Asymmetry 

 = 0.121
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2χ 18.093 ±Out:  -41.908 
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 = 3.467
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Octant 6 Elastic Electron Asymmetry 

 = 0.549
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Octant 7 Elastic Electron Asymmetry 

 = 1.137
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 = 0.678
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Octant 8 Elastic Electron Asymmetry 

 = 2.190
ν
2χ 18.432 ±Out:  -55.104 

 = 1.511
ν
2χ 19.795 ±In:  40.100 

Q�� �  N "! �
� �M�I��#����C� ��>�C� � #��(� � �1�����& ��$	��	�	 ���"�
�T��� � �M�@������$������@���D����� �:���N�D� ��� $�#����:$��%$ $�� �.���M�	h�����8'
� �M�T�:���3� � �A���D$ � �M�<��#������ �� ��$	� 	�	 ��� �
� � �M��� � �M������� � � ��$N����I���1�3� �M�`�(� � �T� � �A���D$
� �M� ��#������ �� ��$	��	�	 ��� �	� � �M��� � �M������� � � ��$h� �1' � �M� ��#������ ������ � ��$	��	�	 ��� �	� ���1�
# l � ���3� �M� ����$ � � �M��� � �M� ����� � � ��$ ���
���D$ 81� � �M�����[� � �:��� ���H� �M� ���j8 ��� ������a81�D����'
" � 	!� ����� �#�%$@� �M�S��#������ ��N�C� � ��$	� 	�	 ��� �
�����1� # l � ���N� �M�4����$ � � �M���O� �M�'����� � � ��$!� �
�D$X81� � �M� ���h� �f�(� � �&����� �M�V�����"����	 ���N������Z81�D����'



0 � W

Oct
1 2 3 4 5 6 7 8

A
sy

m
 (

p
p

m
)

-80

-60

-40

-20

0

20

40

60

80

 / ndf 2χ  7.436 / 7
Prob   0.3849
p0        7.056± 32.27 

 / ndf 2χ  7.436 / 7
Prob   0.3849
p0        7.056± 32.27 

 / ndf 2χ  4.159 / 7
Prob   0.7613
p0        6.578± -43.28 

 / ndf 2χ  4.159 / 7
Prob   0.7613
p0        6.578± -43.28 

In (BLUE) and Out (RED)

Oct
1 2 3 4 5 6 7 8

A
ss

ym
 (

p
p

m
)

-60

-40

-20

0

20

40

60

 / ndf 2χ  5.326 / 7
Prob   0.6202
p0        9.647±   -11 

 / ndf 2χ  5.326 / 7
Prob   0.6202
p0        9.647±   -11 

In PLUS Out 

Oct
1 2 3 4 5 6 7 8

A
ss

ym
 (

p
p

m
)

-70

-60

-50

-40

-30

-20

-10

0

10

 / ndf 2χ  6.271 / 7
Prob   0.5085
p0        4.812± -38.16 

 / ndf 2χ  6.271 / 7
Prob   0.5085
p0        4.812± -38.16 

Out MINUS In 

Q�� �  N -, �
# ��& � �M����#����C� ����C� � ��$	��	�	 ���"�
� ���&� �M�3������$�� ���3���D����� �:��� �D� ��� $�#����:$�� $0� ���!���M�@�M�	h�����8'
� �M�0�:��� � � �A�W�D$0� �M�4��#����C� �� ��$	��	�	 ��� �	� � �M��� � �M� ��� � � � ��$ ����T���1� � �M�a�(� �M�3� � �A�
�D$&� �M����#����C� �����$	��	�	 ���"�
� � �M��� � �M� ����� � � ��$]� �1'h#��i& � �M�T$��
	 ���<� �M����#����C� ��<�C� �
��$	��	�	 ���"� ����$ # � � ���1�*����'&J#����:$��%$ � ���!���M�<�M�
	h�����8'Z#C� & � �M� � ��#�� 81�������	����#����C� ����K�C� �
��$	��	�	 ���"�
�R#C���
��� � ��&�'



0 ��2
����� ��� + 
�����
 	�
 +
	 	 ���� +

��+�O ; -KAC- ; ��-`@�92-�@ ; J�-]O�9 �4A < IKA
,�A%��EhE0-?@ ; �_J=>-@ < �*@:9�-<-?>-@ <c; - � W-. � -85 �F,k@j,!A�-�@�9F,GA
Y1-(-K>9,�>F, � � 08-��*Q @:9�-VY�� < >�� < > : � ,�I?@N+ ; � ,�A
>=+�@
J=>=E�,�A � -�� �"+ ; @:9 < A @�92-KA < A  �@9 < A���-KI < A < +2>
� ,�A�EW, ��-XY �`@:92-���>-��
-KI?J�@ < �.- IK+2EhE < @N@�-(- �� >!@:9 < A @:92-?A < A?QX�Q-X@ ; -L,k@U@:92-DY�� < >�� < > : � ,GI?@B+ ;
,�A!,G> , ��� < @ < +2>F, ��J=>=I8- ; @j, < >H@D� +2> @�92-a,�A%��EhE0-?@ ; �  �
AN-���O��c, < >�-�� < > %
-KI�@ < +2> ,= 0 Q @:9�-
Y�� < >�� < > : � ,�I�@B+ ;\< A\,gEVJ��1@ < O�� < IL,k@ < ��- � ,GI?@B+ ; Y,-�@D�Q-8-K> ��/. N[,�>�� 02 Y N  �@9 < A!I ; -L,G@�-KA�,�>
, ��� < @ < +2>F, � Y N / J=>=I8- ; @j, < >H@D�5+2>9@:9�-\,�A��4EhE3-�@ ; �  �@9�-hO�9 �4A < IKA ,GA��4E�E0-?@ ; ��� IK+ ;N; -?I?@�-��
�"+ ; �2-K, ��@ < E0-�Q 92-�� < I < @D� ' IK+ ;M; -��c,G@:-�� -86,-KI�@BAKQ�YF,�I.� :2; +2J=>��)Q ,�>��fOP+X� , ;M< 0K,G@ < +2>U�D,�>��g@j,�� < > :
< >-@N+�,GIKIK+�J=>-@ @�92-�@ ; J2- A <c: >b+�� @�92- O29 ��A < I?A$,�A%�4E�E0-?@ ; � < A

7���������L � � ,H.��-, 	 .��10 	 N � 2 	 0202�"W �ZO=O=E
� �8N  ! �

�?92- ; -Z@:9�-�L ; Ai@ J=>=I8- ; @B, < >-@D� < A�Ai@j,G@ < Ai@ < IK, � QF@�92-!A�-?IK+2>��gJ=>�I(- ; @j, < >-@D� < A
A��4AM@�-KE�,G@ < I�Qd,G>��
@:9�-
@:9 <c; �WJ=>=I(- ; @B, < >-@D� < A ,�ANAM+�I < ,G@�-�� � < @:9�@�92-$Y�� < >�� < > : � ,�I�@B+ ; � Y N / +�� ,H.�-, O=O=E �  �@92-
AM@B,G@ < AM@ < IL,��UJ=>=I(- ; @B, < >-@D� < A @:92- ; ,��mAM@B,G@ < AM@ < IL, �UJ�>=I(- ; @j, < >-@D� , ���2-�� < >��4J=, � ; ,k@BJ ; - � < @�9
@:9�-]Ai@j,G@ < Ai@ < IK, �)I?+2EhOT+2>�-K>-@ + � @�92-$�2-L,���@ < E3-�J=>�I(- ; @j, < >-@D� 

�@92- : +-, �F+ �T@:92-U-���O1- ;M< E0-K>-@ < AU@B+`E3-K,�ANJ ; - @�92-
,�A��4EhE3-�@ ; � � < @:9�,�>�+4��- ; , �5�FJ=>�I(- ;E'
@j, < >-@D� �"AM@j,k@ < Ai@ < IL, �U,G>��gA��4AM@�-KE�,G@ < I)��+ �.N / + �6@:9�-hE0-L,GANJ ; -�� ,�A��4EhE3-�@ ; �  �@92-\+)�.- ; , �5�
J=>=I8- ; @j, < >H@D� < >9@:9 < A�@:9�-KA < A � -���I��cJ�� < > : @:9�-!J=>=I(- ; @B, < >-@D�B�=J�-\@N+a@:92-!Y�� < >�� < > : � ,GI?@B+ ; � < A
,�YP+2J�@ Y N / + �d@�92- ; ,)� E0-L,�AMJ ; -��a,�A%��EhE0-?@ ; � � !XW� 0 � O=O=E �  �@92-R�F,G@B,Z,�>F,�� � 0(-�� < >h@:9 < A
@:9�-KA < A ; -KO ; -KA�-?>-@BA 0 N��^+��=@:92- 020�� �^IK+X� �D-KI�@:-��Z,G@ @:9 < A! l  �@92- ; -��"+ ; -�Q2@:9�-Q-K>-@ <c; -P�F,G@B,
A�-�@
,G@D@:9 < A� l � < � �)IK+�>H@B, < >R,�YP+2J�@ . @ < E0-KAXEh+ ; -]Ai@j,G@ < Ai@ < I?A  �@9HJ=A @�92- LF>F, � ; ,)� AM@j,k@ < Ai@ < IL, �
- ;M; + ; � < �5��Y,-\, � ,�I�@B+ ; + � 0#"%$ .'& ���"!XW AMEW, � �D- ; @�9F,�>[@:92- ; ,)� AM@B,G@ < AM@ < IL,�� - ;N; + ; + ��@:9 < A
@:9�-KA < A  � < ��-K>[@:9 < AR� ,�I?@KQ*@B+b,�I�9 < -���-�,G>f+)��- ; ,��5� J=>�I(- ; @j, < >-@D�[+ �.N / +2>[@�92-S-K>-@ <1; -1�F,G@B,
A�-�@LQ=@�92- A��4AM@�-KE�,G@ < I]J�>=I(- ; @j, < >-@D� EZJ=Ai@DY,-$�D-?ANAX@:9=,�> 0 O=O�E 

�@92-
A < 08-KA ,�>��_I?+ ;N; -KANOP+2>�� < > : J=>=I(- ; @B, < >-@ < -KA6+ �*@�92-$A%��Ai@:-?EW,G@ < I IK+ ;M; -?I?@ < +2>=AP�D-L,�� < > :
@B+a@�92-!O29 �4A < I?A],�A��4EhE3-�@ ; � < >9@�9 < A�@�92-KA < A < A�O ; +)� < �2-�� < > � ,GY��D- N "!� �@92-\YF,�I.� :2; +�J=>��
IK+ ;N; -?I?@ < +2>9J�>=I(- ; @j, < >-@D� �=+�E < >F,G@:-?A
@�92-ZA��4Ai@:-KE�,G@ < IZJ=>�I(- ; @j, < >-@ < -?AKQI�"+X�5�1+4�I-��5Y �R@:92-VOT+ '



0 . �

%�+2J ; I(- � + ;N; -KI?@ < +2>*�"O=O=E � � >=I(- ; @B, < >-@D�T�"O=O=E �
=H-L,���@ < E3- Y� � �� !
� -�� < I < @D� ' IK+ ;M; -��c,G@:-��aY,-K,�E O ; +2O1- ; @ < -?A �� � ! �� �XW
�S,�I.� :2; +2J=>�� �� � ,� W
" + � , ;M< 0L,k@ < +�> �  � 0�",

����� B�� N  ! �
� �M�S$�������$4���1�O����� �:��$ 8M���1��� �� �
�A����� ����� �M������$ ���3� �M�S$	� $�� ��	0��� �����������:����� ������$3�D���%��� �� ���
� �M�X8M� �F$�����$&��$	��	�	 ��� �	��'

� , ;N< 0K,G@ < +2>]J=>=I(- ; @B, < >-@D�  � +�@:9!+��P@�92-KAC-XJ=>=I8- ; @B, < >-@ < -KA � < �5�4>2-8-��!@B+�Y1- ; -��=J=I8-��!@B+ ,�I�9 < -���-
@:9�- �2-?A <c; -�� O ; -KI < A < +2>^+�>^@:92- -K>-@ <1; - �=,G@j,5AC-?@  �@92-_J�>=I(- ; @j, < >-@D� ,GANAN+4I < ,G@:-��2� < @�9^@:9�-
92-�� < I < @D� ' I?+ ;N; -��c,G@:-�� Y1-L,�E O ; +2O1- ; @ < -?A < AW,^>2- : � <1:2< Y��7-aIK+2>-@ ;N< Y�J�@ < +2> @N+ @:9�-+N / +)�.- ; , �5�
J=>=I8- ; @j, < >H@D�[@�9F,G@�@�92-S-���O,- ;N< E3-?>H@`, < E�A��"+ ;  �@92- ; -��"+ ; -�Q @:9�-09�-�� < I < @D� ' IK+ ;M; -�� ,G@�-��[Y1-L,�E
O ; +2O,- ; @ < -KA],�>��^A&�1+2O1-KA`, ; -\J=>���- ; ,��2-��HJF,G@�-�I?+2>-@ ; +X���"+ ; @:92-SLF>F, ��O ; -KI < A < +2>f+ � @�92-3-�� '
O1- ;N< E3-?>-@ 

���*� � � ������ � 	�
  	 	M� � ��
  


�$AQ-���O�� , < >2-�� < > %
-?I?@ < +2> 0� 2  Y Q4@:92-��HJF,G>H@ < @D� ��� �� A�� ��� �� < A IL,��cIKJ�� ,G@�-��a,�I?IK+ ; � < > :
@B+

7 ������ � L � ��  l
,�� � $ Y"! 0 � , A < > l$# <&% � 0 A(' � ) �

A ��  l
,�� � $ Y � 0 A*',+) � �.-� �� ��  �� +� A0/  �� ��  �� +� �- �  �� �� � l A1/ �  �� �� � l

A ��  l
,�� � $ Y32 0 A('54 �76)18 -� �� �� �  �� �� A1�  �� �� �- �  �� �� � l A0/ �  �� �� � l

A ��  l
,�� � $ Y"! 0 � , A < > l # < % -:9  �� �� �; � �<- �  �� �� � l A1/ �  �� �� � l � �8N ", �

�?92- ; -

� L /  �� ��-� �� �� L Y��"W ,=� �8N  N �



0 .40
� >9+ ; �2- ; @B+�IL, �1IKJ��c,G@:-  �� �� A(�  �� �� ,G@� l L ��� � !�0 ���T-85T+GI)� l Q < @ < A$>�-KI(-?ANAN, ; �R@B+ �H>=+)�
@:9�-U-��D-?I?@ ; +2E�, : >2-�@ < I �"+ ; E � ,�I?@N+ ; A  �� �� Q% �� �� Q% �� +� QH,�>��  �� +� ,�>��\@:92-D,#� < , � �"+ ; E � ,GI?@B+ ;
 ;< ,G@
@:92-VAB,�E0-  l  �@92- �"+ ; E � ,�I?@N+ ; A$,G@  l L ��� � !�0 �"� -�5 +GI�� l , ; - �2-�@:- ; E < >2-�� � < ,
OF, ; ,�E0-?@ ;M< 0K,G@ < +2>=A + �P@:9�-0�C+ ; � � �=,G@j,�A�-�@  %
-?I?@ < +2> N  N 10 �2-?ANI ;N< Y1-KA6@:92-DOF, ; ,�E0-?@ ;N< 0K,G@ < +2>=A
+ � @:92- -��7-KI�@ ; +�EW, : >2-?@ < IR�"+ ; E � ,�I�@B+ ; A
,G>��RAC-KI�@ < +�>BN  N  Y ��-KANI ;N< Y,-?A @�92-`O=, ; ,�E0-?@ ;N< 0L,G@ < +2>
+ ��@:92-], � < , �>�"+ ; E � ,�I�@B+ ; 

��������� ���
	��������	��������������������� !�#"%$��'&(��	������
)*�!�����+&-,!��	�� ,!�
&(�.��	�/
�$I?IK+ ; � < > : @B+10T-��5� �32 , �54 QP@�92-]OF, ; ,GE3-�@ ;N< 0L,G@ < +2>a+��U>HJ=I��7-K+2> �"+ ; E � ,�I�@B+ ; A @B,���-?A$@:9�-

�"+ ; E

 !  l %!6 7 + 8:9 �<; 8 / 8
; A 7 +>= l8?9<@<A 8 / 8 � �8N  � �

�?92- ; - �?92- ; -�YP+�@:9�@:92-
>4J�E3- ; ,G@N+ ; ,�>�� �2-K>�+2E < >F,G@N+ ; , ; -$OP+X� ��>�+2E < , �cA < > / L  l "�, ( l� Q
,�>�� ; 8 ,�>�� A 8 , ; -`O=, ; ,�E0-?@�- ; A /Q + ; EW, : >2-?@ < I(�"+ ; E � ,�I?@N+ ; A?Q), � ,�I?@N+ ; + � G < A < >=I��cJ��2-��
+2>Z@�92- ;N<1: 9-@ ' 9=,�>��ZA < �2-  �@9 < A OF, ; ,GE3-�@ ;N< 0L,G@ < +2>`O ; +)� < ��-KA -���I8-��5�7-K>-@ L=@NA @B+� �� �� Q  �� �� " G � Q
,�>��  �� +� " G + � < @�9CB L 0 ,�>�� ; � L 02 �
+)�I-��.- ; Q4@:9 < AUOF, ; ,GE3-�@ ;N< 0L,G@ < +2> < A��D-?ANAUAMJ=IKI8-KANA%�"J��
�"+ ;  �� +� Y1-KIK,�J=A�-R@:92- ; - < A � < E < @�-����F,G@B,  �@92- � , � ,GAM@:- ; OF, ; ,GE3-�@ ;N< 0L,G@ < +2> < A�J=AC-�� @N+
IK+�E�O=J�@:-�@:92- -��D-KI�@ ;M< I�>2-?J�@ ; +2> �"+ ; E � ,GI?@B+ ;

 �� +� !  l % L 7 /
0 AED5/ GF !  l % � �8N 3. �

�?92- ; - HF L � 0 A  l "JI l �?K l � < @:9 I l L ���/.�0 ���T-85 " I)� l 
�@92-<-��7-KI?@ ; +2E�, : >�-?@ < I �"+ ; E � ,�I�@B+ ; A
,k@� l L ��� � !�0 �T-85 " I l , ; -]IK, �cI?J�� ,k@:-��a@N+hY1-

 �� �� L ���ZY�. ! 	 ��� ��0 .
 �� �� " G �RL ���ZY�WX! 	 ��� ���-.

 �� +� L ��� � N , 	 ��� ��� N
 �� +� " G + L ��� Y W 2 	 ��� � � ,�� �8N  W �



0 . Y
��������� ���
	���������'	������������*� ��� �� !����� ���$ ,!��	�� ,!�
&(����	

�$I?IK+ ; � < > : @N+ %-KI?@ < +2> 02 2  Y Q�@�92- ; , � < ,G@ < �.-�� ��IK+ ;M; -KI�@:-��9, � < ,��>�"+ ; E � ,�I?@N+ ;  ; � �< < A

 ; � �< L � ! 0 A*'�J 9<@< %  J 9<@< A $ ! '�J 9 �<  4�� 6< A 2 0 A(' 4 �76< 8  �< � �8N  2 �

� >[+ ; �2- ; @N+aIL, �1IKJ��c,G@:-  ; � �< Q < @ < A
>2-KI8-KAMAB, ; �[@B+ �H>=+)�  J 9<@< Q  4�� 6< Qd,�>��  �< FQ + ; IK+2>=A < A '
@:-?>=I���Q4@�9 < A @�92-KA < A6J=A�-?A6@�92-DAB,�E0- �G, �cJ2-?A�J=A�-�� < >!@�92-� � �"+ ; � , ; �W,�> : �D-@-���O1- ;M< E0-K>-@ 2 . N 4 
�@92- < AN+)�.-?I?@N+ ;  J

9<@< < A �H>=+)�D>�� ; +2E I�9F, ;N: -�� I?J ;N; -K>-@ �HJF,�A < ' -�� ,GAM@ < IWAMIL,G@M@:- ;M< > : ,�>�� < A
OF, ; ,�E0-?@ ;M< 08-��b,�IKI?+ ; � < > : @B+

 J 9<@< !  l % L  J 9<@< � � �
� 0 A  l "
	 l< � � � N  0�� �

�?92- ; -  J
9<@< � � � L 02� Y ��2 N 	 ��� ��� Y 2 2 W Y 4 < A\E3-K,�ANJ ; -�� < > >2-?J�@ ; +2>��C�2-KIK,�� ,�>�� 	 L

02� ����0 	 ��� � Y � -�5 2 WX!54 < A6@:92-$, � < , � E�,�ANA ,�>�� < A �H>=+)�D>�� ; +2E�>�-KJ�@ ;N< >�+ZI�9F, ;M: -��aI?J ;N; -K>-@
I ; +2ANA A�-?I?@ < +2>S�F,k@j,  �@92- < AN+2AMIL, �c, ;  4�� 6< ,G@� l L � < A -?AM@ < E�,G@:-��3� ; +�E 9 �4O1- ; +2>1�2-KIK,�� 2 W ,J4

Y� � ! �  4�� 6< � � � L ��� N W N 	 ��� � Y N � � N  020 �

� @BA  l �2-?O,-?>��2-K>�I(- < AI-���O,-?I?@�-�� @B+N9F,���-�@:92-�AN,�E0-R� < OP+X�7-0�"+ ; E ,�>�� , � < ,��TE�,�ANA OF, ; ,GE '
-?@�- ; ,�AX@:9�- < AN+)�.-?I?@N+ ; , � < , �>�"+ ; E � ,GI?@B+ ;  �@92-]AM@ ; ,�> : -`,#� < , � �"+ ; E � ,�I�@B+ ;  �< ,G@� l L �
< AS@�92- AM@ ; ,�> : - �HJF, ; �_I?+2>-@ ;N< Y=J�@ < +2>a@B+!@�92- >4J�I��D-?+2>bANO < >5,�>�� < AS@j,�� -K>b@B+\Y,- 2 W N 4

��� L � ��� �XW�, 	 ��� ��, ��� � N  04Y �

��J=Ai@ � < ��-
@�92- < AN+)�.-?I?@B+ ; ,�>�� < AN+2AMIL, �c, ; O < -KI8-KA?Q�@:92-
AM@ ; ,�> : -�, � < , �U�"+ ; E � ,GI?@B+ ; < A ,�ANAMJ=E0-��
@B+S9F,���-]@�92- AB,�E0-  l �2-KO1-K>��2-K>=I8- 

�@92- ; , � < ,k@ < ��-�� �\IK+ ;M; -KI�@:-��R,#� < , �U�"+ ; E � ,�I�@B+ ; ,k@  l L ��� � !�0 � -�5 " I l < AC@�9HJ=AXIL, �1IKJ '
� ,k@:-��a@N+hY1-

 ; � �< L � ��� ! 2 	 ���", W�� � N  0)! �



0 .�!
��������� � �'/�� $ ��/

�S,�AC-�� +2>_@�92-KAC-�OF, ; ,GE3-�@ ;N< 0L,G@ < +2>�AKQ�,S� < >�-L, ; IK+2EVY < >F,k@ < +�>W+ � @:9�-�AM@ ; ,�> : -R�"+ ; E � ,�I '
@B+ ; A < A�-��4@ ; ,�I�@:-�� � ; +2E7+2J ; O�9 �4A < IKA ,GA��4E�E0-?@ ; �2� � �HJF,G@ < +2>BN  ! �  � ,�� < > : @:92-ZY�� < >�� < > :
� ,�I�@B+ ; @N+hY1- ��/. N�Q��I- : -?@

 �� �� A Y4� W ,  �� �� L � ��� 2 Y 	 ��� NXN � � N  0�, �

� ,�� < > : @:9�-]Y�� < >�� < > : � ,GI?@B+ ; @B+\Y,- 02 Y N�Q �Q- : -�@

 �� �� A Y�� W�,  �� �� L ��� Y�0 	 ��� NXN � � N  0 NX�

�@92-&- ;N; + ; ,�ANAM+�I < ,G@�-�� � < @:9 -K,�I�9 � < >2-K, ; IK+2EVY < >F,k@ < +�> < AD@�92-VAi@j,G@ < Ai@ < IK, � ,�>��5A��4AM@�-KE�,G@ < I
- ;M; + ; A , ���2-�� < > �HJF, � ; ,G@BJ ; -  �@92- ; -?ANJ�� @ < A�@�94J�AUAN+2E0-��?92- ; -SY1-?@D�I-(-?>!@:92-?A�- @D�C+�YT+�J=>��=A 
� >WI?+2EhOF, ;N< AN+2>)QH@�92- ; -KAMJ��1@C+ �*@�92-/�"+ ; � , ; �W,�> : �7-?-���O,- ;N< E3-?>H@KQ�,k@� l L ��� � !�0 ���T-85 +kI)� l Q
< A

 �� A ��� N , !  �� L ��� � � � 	 ��� �XY W � � N  0 � �

�?92- ; -`@�92-VJ�>=I(- ; @j, < >-@D� < AD@:92-]AM@B,G@ < AM@ < IL, � ,G>��5A%��Ai@:-?EW,G@ < I&- ;N; + ; A
, ����-�� < > �HJF, � ; ,G@NJ ; - 
� � � @:9 ; -(-\+ �6@:9�-KA�- � < >2-L, ; IK+2EVY < >F,k@ < +�>=A�, ; -h+)��- ; �c,��.-�� < >f,aO��c+G@�+ �� �� �.- ; ANJ=A  �� < >
Q <1: J ; - N  N 



0 . ,

-1 -0.8 -0.6 -0.4 -0.2 -0 0.2 0.4 0.6 0.8 1

-2

-1

0

1

2
bf=1.25
bf=0.75
g0 forward

s
MG

s
EG

2 = 0.631 (GeV/c)2Q

Q�� �  N  N �
� � � �A�����H����	h�K� �1��� ����� ��� $�� ������� � ��� 	 �8���������$(' � �M�U�:����� � �A�T�������:��$ 8M���1��$?���N�!�(� � �1��� ��
�8��������0�����%'�����$ � �M�\�(� �M��� � �A�3����� �:��$ 8M���1��$&� � �5�(� � �1��� ����8��������0������'	�
��$?���1�4� �M�<���:�����
� � �A�4����� �:��$ 8M���1��$������ �M� � ��� � ���C� ������D�S�:��$��� �!' � �M�N$ ��� � � � � �A��$3���:�S� �M� �����M�"�C��� #���� �M��$
���1�3� �M���%��$��M���3� � �A��$&���:�<� �M�����A�H$�����	0� ��� �:����$('



0 . N
�$I?IK+ ; � < > : @B+ @:92- Q <c: J ; -�Q �"+ ; @:92-RIL,�AC-[�?92- ; -5@�92-5Y�� < >�� < > : � ,�I�@B+ ;h< A 02ZY N�Q @:9�-

AM@ ; ,�> : - �"+ ; E � ,�I�@B+ ; I?+2EZY < >F,G@ < +2> < AhI?+2>=A < AM@�-K>-@ � < @:9 0(- ; +  Q + ; @:92-bIL,GA�-M�?92- ; -R@:9�-
Y�� < >�� < > : � ,�I?@N+ ; < A ��/. N�QH@:92-�Ai@ ; ,�> : - �"+ ; E � ,�I?@N+ ; I?+2EZY < >F,G@ < +2> < AC@D�C+!A <1: E�,V,��S,�� � ; +2E
0(- ; +  �@9HJ=AKQ2@�9 < A ; -?ANJ�� @ < A I?+2>=A < AM@�-K>-@ � < @�9`@�92-S,�Y�A�-K>�I(-S+ �=AM@ ; ,�> : - �HJF, ; �HA  �@92- Y�� < >�� < > :
� ,�I�@B+ ; O ; - �.-?>H@NA\J=A3� ; +2E EW,�� < > : ,bE�+ ; -�O ; -KI < AC- < >-@:- ; O ; -?@B,G@ < +2>^+ � @:92-_Ai@ ; ,�> : - �"+ ; E
� ,�I�@B+ ; A 

�@9 < A @:92-?A < AV�2-?E�+�>=AM@ ; ,G@�-KA @:9=,G@U@:92-@9�-�� < I < @D� ' IK+ ;M; -�� ,G@�-��ZY1-L,�E O ; +�O,- ; @ < -KA�, ; -XJ=>��2- ;
ANJ���I < -?>H@�IK+2>-@ ; +X� �"+ ; @�92- ; -KE�, < >��2- ; + �U@:9�-�-���O1- ;M< E0-K>-@  " , ;M< @D�
�HJF, � < @D��� ,�A�,�I�9 < -���-��
@B+!@�92-3�7-���-��F�?92- ; - @:92- 92-�� < I < @D� ' I?+ ;N; -��c,G@:-�� � , �cAC- ,�A��4EhE3-�@ ; � < AXIK+�>=A < �2- ; -��9,!>2- : � <1:2< Y��D-
IK+�>H@ ;N< Y=J�@ < +2>�@B+ @:92-2N / +)�.- ; , � ��J=>=I(- ; @B, < >-@D��@:9F,k@b@�92-K-���O,- ;N< E3-?>H@5, < E�A��"+ ; < >�@:9�-
�2-�@:- ; E < >F,G@ < +2>f+ � < @BA]OF, ;N< @D�+� < +X� ,k@ < > : ,GA��4E�E0-?@ ; �  �
AZ, ; -KANJ��1@LQ @:9�- -���O1- ;M< E0-K>-@ZIK,�>
O ; +�I8-(-��bANJ�IKI(-?ANA%�"J��5� ��� < @:9�+2J�@ ,\IK+2>=I8- ; > �"+ ; @�9 < ADA%��Ai@:-?EW,G@ < I 



� � � � � � ��� �

� �	� ��
 � �	�� �  ��� ��� �	���	� �
	

�@9 < A ,�O=O1-K>�� < �[AC9=+)�DA$�"+�J ; A < E�O��7-VE�,G@:9�-KE�,G@ < IL, � < �2-?>-@ < @ < -?A$@:9F,k@�IL,�>gY1-!J=A�-��f@N+
�2-?IK+2EhOT+�A�-],!IK+2EhOT+�J=>��b,�A��4EhE3-�@ ; � 2 .�!54  �@9�-V,�A%�4E�E0-?@ ; � 7�� < A �2-�LF>2-��b@B+\Y1-

7�� L�� = � � K
� = A � K

� � � 10 �

�?92- ; - � < AD,�> ���G, ;M< ,�Y��7-�,�>�� < AS@:92-],��.- ; , : -]+ ��@:92-�@D�C+39�-�� < I < @D�WAi@j,G@�-KA � = ,�>�� � K

� L �
= A � KY � � � ZY �

%�J=Y�AM@ < @BJ�@ < > : � �HJF,G@ < +2> �  Y < >-@B+!� 10 � < -�� �=A

��� L � 0 	 7�� � � � �  ! �

0 . �



0 .�.
	���� � � � 
 �

7 � ; A A � L � ; = A A = � � � ; K A A K �
� ; = A A = � A � ; K A A K �

L � ; = � ; K � A � A = � A K �
� ; = A ; K � A � A = A A K �

L Y ; 7 :VA Y A 7��
Y ; A Y A

L ;
; A A 7�:VA A

; A A 7�� � � ", �

� ��� � �	� � ���0� � � 
 �

7 � ; A � L ; = A = � ; K A K
; = A = A ; K A K

L ; A � 0 A 7 : �F� 0 A 7
� � � ; A � 0 � 7�: �>� 0 � 7�� �
; A � 0 A 7�: � � 0 A 7
� � A ; A � 0 � 7 : �F� 0 � 7�� �

L Y ; A � 7 :VA 7�� �
Y ; A � 0 A 7 : 7�� �

� 7 :VA 7�� � � �  N �

�?92- ; -$�Q-],�AMANJ=E0-]@�9F,G@ 7�:�7
�� 02

� ���
��
�� 
 �

7 2 ; A 8 L
:��� � � :��� �: �� � A : �� �

L ; A � 0 A 7 : � � ; � 7�� � � ; A � 0 � 7 : � � ; A 7
� �
; A � 0 A 7 : �F� ; � 7�� � A ; A � 0 � 7 : � � ; A 7
� �

L Y ; A � 7�: � 7�� �
Y ; A � 0 � 7 : 7�� �

� 7�: � 7�� � �  � �



0 .�W� �/� � �  � ��� � � � � � �/� � ��
 �

7 �
� ; � L � ; = � � ; K

� ; = A
� ; KL 7 � ; � � � � 3. �

�?92- ; - � < AD,\ANIK, � , ; 



� � � � � � ��� �

� � � � ��� � 3�	��� � � � � � ���
	�
 � � ���

� � � �

�@9 < A ,�O�O,-?>�� < � ��-?@j, < �cA @�92- AM@:-?O=A J�A�-���@B+VI?+2>=Ai@ ; J�I?@ ,�>��_,GANA�-?EZY��7- @�92-�� � =�A  �@92-
IK+�>=AM@ ; J=I�@ < +�> + �D@:92-
� � =�A!Y1- : ,�> < > Q , �5� Y���� ! ,�>�� -K>��2-�� < > =H-?I(-?EZY,- ; Y�����,= �@92-
EM+2Y ; -��HJ <1; -��_,]@�-L,�Em+ �)+2>2-
OT+2Ai@ �=+4I?@N+ ; ,�� ; -KAC-L, ; I�92- ; Q�+2>�- :2; , �=JF,G@�-
Ai@BJ���-K>-@LQ�,�>���@�9 ; -8-
J=>���- ;N:�; , �=J=,G@:-!Ai@BJ��2-?>-@BA  Q +X�5�1+4� < > : @:92- <c; I?+2>=Ai@ ; J�I?@ < +2>*Q)@�92- � � =�A �I- ; -!@ ; ,�>=AMOT+ ; @:-��
@B+!@�92- -���O,- ;N< E3-?>H@B, � 9F, � �*,�>��REh+2J=>-@:-��b@N+!@:92-(� - ;M;N< A.�?92-(-�� 

%4@�-KO 0 � �
ANA�-?EZY��7- @�92-a>2-?I(-KAMAB, ; � EW,k@:- ;M< , �1A  �@92-?A�- < >=I��cJ��2-WY�� ,�I.�f@j,�O1-�Q�E �K�c, ; Q
@:-��F+2>*QD@:-���� , ; QS@:9�-9ANI < >-@ < �5� ,k@B+ ; QC@:9�-B� <c: 9H@ : J < �2-�QS@�92- " � ��Q < @BA_,��F,�O�@N+ ; Q �U5 � ,�EhO*Q
: + :�: �D-?AKQ : �1J2-�Q�A�� ;N< > : -�Q ; J=Y=Y1- ; YF,�>��=AKQFY < >��2- ; I�� < O=A 

%4@�-KO Y � � �D-K,�>5@�92- " � , �F,�O�@:- ; � ,�I(-?A�+ �6,�> �R+X�5� :2; -K,�A�-Z+ ; � <1; @   ; ,�O5@�92-ZE < � '
A�-?I?@ < +2> + � @:9�-�" � � , �F,GO�@:- ;X< >_@:-��F+2>  ��>a@B+�Oa+ � @�92-�@:-��F+2>*Q � ; ,�Oa@:9�-�" � � , �F,GO�@:- ;
< > +2>�- �c,��.- ; +�� @�-����c, ;  � � � @�92-�@:-���� , ; � < @:9bY��c,�I.��@B,�O,- 

%4@�-KO ! � � �D-L,G>R@:9�- � ,�I8-KA
+ � @:9�- � <1: 9-@ : J < ��-]+���,�> �b+X�5� :2; -K,�A�-]+ ; � <c; @  �$O�O�� � @:9�-
: �1J2-�@B+�@�92-$� ,�I(-]+ � @�92- � <c: 9-@ : J < �2- J=A < > : ,hA%� ;M< > : -  �@92- : �cJ2- AC9=+2J�� �RY1-V,GO=O�� < -�� < >R,
A < > : �7-$AM@ ; , <1: 9-@ � < >2-
, �c+2> : @:92-�I8-K>-@:- ; + � @:92-�� ,�I(-  � A < > : @:9�-�@ < OW+ � @:92-�A%� ;N< > : -�Q=AMO ; -K, �

0 . 2



0)W��

Q�� �  �  0 ����� � �I����$��"� �M��������� " � � 8 �'

@:9�- : �1J2- +2J�@
J=> < �"+ ; E�, �5� ��@N+ �"+ ; E ,�AME�+4+�@:9)Q @�9 < > � ,���- ;  � +2J=O��D- @:92-<-K>-@ <1; -]ANJ ; � ,�I(-`+ �
@:9�-�� <c: 9H@ : J < �2-_@B+9@�92- " � � , �=,�O�@:- ; Y � E0-L,�>=A!+�� ; J=Y=Y1- ; YF,�>��=A\,�>�� Y < >��2- ; I�� < O=A 
� ��AM+2E3- -���I8-KAMA : �cJ�-bAMO < � �cA!+2J�@�+)��- ; @�92-�-�� : -?AKQ @�9 < A < Ah,�I?I(-?O�@j,�Y��D-  ����+ < � @ ; ,GO=O < > :
, <1; Y�J=Y=Y��7-KA$Y1-?@D�I-(-?>9@:92-3� <1: 9-@ : J < �2-],�>�� " � � @:9HJ=A�O ; +K�=J=I < > : ,�> < >2- �hI < -K>-@�+�O�@ < IL, �
IK+�J=O�� < > :  �
,�>���� < > : @:9�-3� <c: 9-@ : J < �2- � < @:9RYF, ; -<9F,�>��=A$AC9=+2J�� �9, �1AN+WY1-`,)��+ < ��-��  �$O�O�� �
�U5 � <c: 9-@S@N+\@�92- < >-@:- ; � ,�I8-(�"+ ; ,�YP+2J�@X@D�C+�E < >HJ�@�-KA 

%4@�-KO , �  ; ,�O\@:92-U-K>���A + �T@:92-�� <c: 9H@ : J < �2-/�1+�+2AC-�� � < >hE �K� , ; AM+V,GA6@N+Z,�AMANJ ; -$, � ,��.- ;
+ � , <c;�< >�IK+2>-@j,GI?@ � < @:9h@:92- ANJ ; � ,�I(-?A  ��>W@B+�OW+ �*@�92-$E3� �c, ; QX� ; ,�OW@�92- � <c: 9-@ : J < �2- < >h@D�C+
� ,���- ; A�+��U@:-���� , ;  � � �9@�92-ZE �K� , ; ,�>��9@�-����c, ; � < @:99Y�� ,�I.� @j,�O1-   ; ,�O9@�92-S� <c: 9-@ : J < ��-
>2-K,G@ � � < >[Y�� ,�I.�b@j,�O1-\, �c+�> :a< @NAH-K>-@ <1; - �D-?> : @�9[AN+b,�A�@B+ -?>=ANJ ; - � <c: 9-@
@ <c: 9H@N>2-KAMA  %�O1-KI < , �
,G@M@:-K>-@ < +2> A�9�+2J��5� Y1-aOF, < � @N+fI?+ ; >�- ; A�,�>�� A�9=, ; O Y,-?>��=A �?92- ; -M� <c: 9H@S�D-L, �4A1� < �5�SEh+2AM@
� < ��-�� ��+�I?IKJ ; 

%4@�-KO N � � -?AM@`@:92- � <c: 9H@ : J < �2- +�" � , �F,GO�@:- ; ,�AMA�-?EZY�� �B�"+ ; � <c: 9-@ @ <1: 9-@B>2-?ANA  � +)��- ;
@:9�-`,GANA�-?EZY�� � < > Y�� ,GI.� � -�� @ ,�>��R,�O=O�� � �2+ �1@j, : - �� -L, � @:92-`,�>=+K�2-�I?J ;N; -K>-@ �� -?E�+)�.- @:9�-
� -�� @�,�>�� ; -L,��9@:92-!,G>=+ ��-ZIKJ ;M; -?>H@  � A <1: > < L=IL,�>-@�I�9=,�> : - < >[,�>=+K�2-ZI?J ;N; -K>-@ < >�� < IL,k@:-KA$,
� <1: 9-@ �D-K,�� 

%4@�-KO � � �$O�O�� � : �1J2-`@N+W@:92-V+�@:92- ; � ,�I8-V+ �U@�92-S� <1: 9-@ : J < �2-`J=A < > : ,WA%� ;N< > : -  � A < > :



0)W�0

Q�� �  �  Y ����� � �I����$��"� �M��������� " � � 8�� '

@:9�-$@ < OW+ �d@�92-$A%� ;M< > : -�Q�AMO ; -K, �_@:9�- : �1J2-$+2J�@SJ=> < �"+ ; E�, � � �V@N+ �"+ ; Em,VANEh+�+G@:9*QH@:9 < > � ,���- ; 
� +2J=O��D-!@:92-S-?>H@ <c; -hAMJ ; � ,GI(-\+ � @�92- � <1: 9-@ : J < �2-Z@B+ @:92-\AMI < >-@ < �5�c,G@B+ ; Y �[E0-L,�>=A + � ; J�Y=Y,- ;
YF,�>��=A ,�>��bY < >���- ; I�� < O=A  �$O=O�� � �?5 � <c: 9-@C@B+\@:92- < >-@�- ; � ,GI(-R�"+ ; ,�YP+2J�@X@D�C+WE < >HJ�@�-KA 

%4@�-KO . �  ; ,GO5@:92- < >-@:- ; � ,�I8-V+ � @:92- " � � ,G>�� " � � , �F,�O�@:- ; �c+4+2A�-�� � < >5E �K�c, ; AM+
,�A @B+a,�AMANJ ; -\, �c,)��- ; +���, <c; < >5IK+2>-@j,GI?@ � < @:95@�92-ZAMJ ; � ,�I8-KA  ��>9@B+2O9+�� @:92-VE �K� , ; QI� ; ,�O
@:9�- < >-@:- ; � ,�I(- < >aY�� ,�I.��@j,�O1-�@B+S-K>=AMJ ; - � <1: 9-@S@ <1: 9-@B>2-?ANA 



0)WXY

Q�� �  � "! ����� � �I����$��"� �M��������� " � � 8��1'

Q�� �  � -, ����� � �I����$��"� �M��������� " � � 8 �%'



0)W !

Q�� �  �  N ����� � �I����$��"� �M��������� " � � 8���'

Q�� �  �  � ����� � �I����$��"� �M��������� " � � 8 �F'



�����������
	��

�����

2 0 4 �  � < + ; � < ,�>)Q � %�I < -?>=I(- Q ,�A�9 < +2>=A , � %�I < -?>H@ < LFI Q ,�I�@ �� Y ���X!�
9-@N@BO � +.+4� � �  , < O  + ;N: +kO�@ + ��+X� ' N � + < ANA ' W +GO N �� 9H@NE � 

2 Y 4 " , ; @ < I��D-H=�,G@j,0� ; +2J=O)Q � J ;  " 9 �4A  �  ������Q 0 � Y ����� � 

2 !54 �  �  �S,�0K, ; �G+3-�@$,��  Q " 9 �4A  �����dQ 0�W 2 � 0 2�2 NX� 

2 ,J4 �  "  �Q92-K> : Q ">9 �4A  � -��  =�� �*Q Y W ��2 � 0 2 W W � 

2-N 4 �  � ,�ANAC- ; ,�>�� �  B -KJ�@D� � �7- ; Q �
J=I��  " 9 ��A  �"!��$#dQ , � N�� 0 2 W NX� 

2 � 4 �  � ,�ANAC- ; Q �  B -KJ�@D� �K�D- ; QP,�>�� �  �  %�, < > < +=Q ">9 �4A  B -?@M@  ��!�� �*Q Y N Y � 0 2�2 0 � 

2 . 4 �  "  �Q92-K> : ,�>�� �  QC =�,�A�9�-K>*Q " 9 �4A  � - �  B -�@N@  !��*QIN 2 , � 0 2 .�0 � 

2 W54 �] B  �2, 6,-�QF�  5  � ,�>=+.9=, ; QF� J=I��  " 9 �4A  �%� �'&TQIN � 2 � 0 2�2 � � 

2 2 4 0  �$Y1- -?@
, �  Q " 9 �4A  B -?@N@  �(� # �*Q 0)W�� � 0 2�2 . � 

2 0��54 �  � �1@B, ; -��5� < -�@$,��  Q=�
J�I��  ">9 �4A  �(�')��*Q !X!-. � 0 2�2 . � 

2 020 4 �  � <c; ,�O,-�@ < ,�> -?@
, �  Q��
J=I��  " 9 ��A  =*&,+FQ ��04Y����X! � Y���� NX� 

2 04Y 4   �  � , ; I < ,�>=+\,G>�� �  B  � +�AN>2- ; Q " 9 ��A  � - �  B -?@M@  ���*Q Y 2�� ! � 0 2�2 � � 

2 0)!54 %  � < ��-��cE�,�> -�@$,��  Q " 9 �4A  B -�@N@  �%� )�!*Q 0 � Y���� , � 

2 0�,J4 %  B .- 9HJ*Q�%  �  "UJ : � < ,�Qk�  �]0/ +X�cAi@:- < >*QG,�>���1  �  � ,GE�AC-�� ' 1RJ�AN+X� ��Q32 9 �4A  � -��  =4��!dQ
5 !X! 535 W � Y 53565 � 

2 0 N 4 �  � ;M;N< > : @B+�>*Q$2 9 ��A  � - �  ����)*Q 5 YXYXY 5 0 � Y 535 , � 

2 0�754'�j �  ;�,G@N@B,�> -?@ , �  Q$2 9 �4A  � -��  B -�@N@  )�� Q 0�, Y ! 5 0 � Y 535 NX� 

0)W ,



0)W N
2 0 . 4 � "Q �� < �5�,-?@
, � Q 2 9 �4A  � -��  = �'�*Q Y 2 � 0 2�2 ! � 

2 0)W54 �  � ;M;N< > : @B+�>*Q=O ;M< �G,G@:-�I?+2EhEZJ=> < IL,G@ < +2> 

2 0 2 4*/` �
>�� � < >�-�@
, �  Q�2 9 �4A  B -�@N@  � �'!��*Q Y�, W � 0 2�2 W � 

2 Y 5 4 �  0 J�YT+2> -�@$,��  2 9 �4A  B -?@N@  �$Q���!�� Q Y37 � Y 565 Y � 

2 Y�0 4 �  �
>��2- ; AN+2>)Q1-�@
, �  Q�>HJ=I�� ' -��2+ 5 7 5 N 565 7a

2 YXY 4*/` � ,�+S-?@
, �  Q 2 9 �4A  � -��  �$Q �$#dQIN , 7 ' N , 2 � 0 2�2 , � 

2 Y !54 � �/ - ; Y1- ;N: Q � J ;  2 9 ��A  �  � �*Q 0�!�0 � 0 2�2�2 � 

2 Y�,J4'�j 2 ,GANANI�9 < - ; -?@
, ��Q$2 9 ��A  � - �  B -�@N@  ��!*Q , 2 W W � 0 2�2�2 � 

2 Y N 4 �] 15, �2- � -?@ , ��Q$2 9 �4A  � -��  B -?@M@  ) +FQ 04YXY 535 Y � Y 535 ! � 

2 Y3754 �]�� I�9 < ,�� < � � ,Z,G>�� �j�� < I�� Q�2 9 �4A  � -��  ���$� Q 5 ,�0 565 Y � Y 565 0 � 

2 Y2. 4 �  ��+X� ,�� Q$2 9 �4A  � -��  �"���*Q 5 ! , 535 7 � Y 535 0 � 

2 Y W54 =  �j �$�c,�0 < - ; -�@ , � Q � J ;  2 9 �4A  �  ��!�� Q 0 5 0 � Y 565 NX� 

2 Y 2 4 � 	� , ;M; -?>�-�@
, � Q$2 9 �4A  � -��  B -?@N@  )�!dQ 5 , Y ! 5 0 � Y 565 , � 

2 ! 5 4 �  � ; ,�� �"+ ; � -�@$,�� Q�>�-�� O ; -KO ;M< >-@ 

2 !�0 4 �  �],���+2J -�@
, � Q 2>9 �4A  � -��  B -?@N@  ���dQ 5 2 Y ! 5 0 � Y 565 Y � 

2 ! Y 4 �  �],���+2J -�@
, � Q 2>9 �4A  � -��  �"��� Q 5 !XW Y 5 Y � Y 535 0 � 

2 !X!54 5  2UJ=>FEN,�Y < -?@
, ��Q$2 9 ��A  � - �  � & + Q 5 7 2�2 5 Y � Y 565 N � 

2 ! ,J4 �  15,�I B ,�I�9�� ,�> -?@
, �  Q=�
J=I��  2 9 �4A  � &$��� Q Y37�0 � Y 565 7 � 

2 ! N 4 1  ��+2>2-?A?-?@
, � Q�>2-�� O ; -?O ;N< >H@KQ � Y 535 7 � 

2 !6754�
� 2 +2AMO < AMI�9 < � -�@
, � Q 2>9 �4A  � -��  B -?@N@  ���dQ Y 2 N 2 � Y 565 0 � 

2 !-. 4 �  1 < �cY ; ,G@:9 -�@
, � Q$2 9 �4A  � -��  B -?@N@  �$# Q , N Y � 0 2�2 W � 



0)W37
2 !XW54 �  � ; � < -KJ �TQ �T �S,�J=>=,�I�� Q �  �  �Q- < AC-�Q 1  �  � � '�� ,��G+2J=Y < Q �  Q ; ,�AMIL, ;M< ,�Q QC 15,2,�A?Q

1  1b+ ; �7-?@LQ �  � +�I�92-GQH,�>�� �  56,G>1�2- � < -��D-�Q �I#���� �2��� ����� ��� " � �C������� ��� 	���� ��������:$
� � � ����� ������� ��������� � �� �Q�D����� �:��� " �����"����� � �� Q � >H@�- ; >F, � � 5 � -?OT+ ; @LQ1� 5 �$>F, � �4A < A B + : �
�$>F,�� �4A < AD�
+�@�-KA . !�

2 ! 2 4*/` � ,�+=Q � >H@  ��+2J ; >F, �d+ � 1R+K�2- ; > 2 9 �4A < I?A � + !*Q 0 � Y 565 ! �

2 , 5 4 �  �  0 -��5� �2Q$2 9 �4A  � - �  �  & #dQ 5 7 W Y 5 Y � Y 565 , � 

2 ,=0 4 �  Q ;N< -�� ;M< I�9*Q 
��� , �1I�92- ; Q � J ;  2 9 ��A  �  �VQ +�&TQ 7 5 . � Y 565 ! � 

2 , Y 4 �  �  �Q- < A�-GQ 1  B  2 < @M@ ,G>��4=  
� � OF,��K�2-�Q 2 ; + :  2 , ; @  �
J=I��  2 9 ��A  ��� Q Y W 2 � Y 565 NX� 

2 , !54 0  �  �$> < +X� -�@$,��  Q�2 9 ��A  � -��  ��� )*Q 5 7 NXN 5 0 � Y 565 , � 

2 ,X,J4 0  �  �$> < +X� -�@$,��  Q�2 9 ��A  B -�@N@  � �����*Q Y2. NM� Y 535 7 � 

2 , N 4 0  �  �$> < +X� -�@$,��  Q�2 9 ��A  � -��  B -?@M@  )��*Q 5 YXY 535 ! � Y 535 7 � 

2 , 754 �  �
I�9F,3-�@  ,�� Q=>HJ=I�� ' -��2+ 5 7 5 2 565 Y�

2 ,H. 43Q  �  15,2,�A?-?@
, �  Q�2>9 �4A  � -��  B -?@M@  )��*Q 5 YXY 565 Y � Y 565 , � 

2 , W543Q  �  15,2,�A?-?@
, �  Q�2>9 �4A  � -��  B -?@M@  )�� Q 0 N Y 565 0 � Y 565 NX� 

2 , 2 4 =  �P � ; E�Ai@ ; +�> : -?@
, �  Q�2 9 �4A  � - �  B -�@N@  ) �*Q 0�! , � Y 565 NX� 

2-N 5 4 9-@N@BO � +.+4� � �  >=O��  J < J=I  -��=J + -���O +.� 5 + Q + ; � , ; � + �%� Y 5 02 O � �

2-N 0 4 �T =  � +)� ;M<c: -?@
, �  Q=�
J=I��  � >=Ai@ ; J=E  1�-?@:9  � ��� + Q Y40)W � Y 565 NX� 

2-N Y 4 �] �S, ;N; -?@ ,��  �  � IK+X� � ,�YP+ ; ,G@ < +2>U��Q < >bO ; -KO=, ; ,G@ < +2> �"+ ; �
J=I��  � >=Ai@ ; J�E  1�-?@:9 

2-N !54 �T � -�� �cAKQ�O ;N< ��,k@:-�IK+�E�EZJ�> < IK,G@ < +2> 

2-N ,J4 �T �T- ; ,�J��*Q � � -?AN+2>=,�>-@ �S,�� < @ < -?A ��� ��1RA � �� 9-@N@NO � +.+ � � �  E�� ,�Y  + ;M: + : - ;E'
,�J�� +kYTI?E�A  9-@BE �

2-NXN 4 � 	� �c,�J : 9-@:- ; QF� ����� �����d���������������b� ��������� � �I�A���"� � �I�D�����"�:��� " ����� � ��� � ���� � ���!�<���1���#�
�F$��D$�� ���<� �M�  � ��?8M����� 	 ���M� Q � -?> < + ; / +2>=+ ; A 
 92-KA < A?Q � < �5� < ,�Em,�>�� 1R, ; ��Q Y 565 ,

2-N 754 =  �P � ; EhAM@ ; +2> : Q��  1R+ �\@KQ �  � J��D- < E�,�>*Q � ���"���� � ����$�� � �	� � � ��� �2��� ������$<���1�	
?����

H�k� � � ��h� � �T��� �1� � �	�%������������ Q � B ,�Y 
 -?I�9=> < IL, ���
+G@:- � B ��� ' 
 � ' 5 ! ' 5 0 . � Y 535 ! � 



0)W2.
2-N . 4 �  � �5� < AKQ4O ;N< �G,G@:-�I?+2E�EVJ=> < IK,G@ < +2> 

2-N W54 1 �/ ,GJ : - ; -�@
, � Q��
J=I��  � >=AM@ ; J=E  1 -?@�9  � �'��!*Q !XW Y � Y 565 0 � 

2-N 2 4 �  0  � < >=I��c, <c; Q �I�D����� �:��� 
H����	 � ������� � 	 ���"�
� QS�Q-K,�E � >=AM@ ; J=E0-K>-@j,k@ < +�> � + ; �HAC9=+2O
� 2 W � � � � 2 W � I?+2>�� - ; -K>�I(-]O ; +4I(-8-�� < > : A

2 7 5 4 1  � @:- <1: - ; �S,��5�*Q�� � � � ��� � � ������� � 	 ��� �
� �����M�"�H����$ ��� % �-� Q 
 92- �"+2J ; @:-(-?>-@:9 < > '
@:- ; >F,G@ < +2>=, � AMO < >gO29 �4A < IKA A��4EhOT+�A < J�ERQ � 2 � � Y 56565 Qd� � 2 � +2> � - ; -?>=I(- 2 ; +4I(-8-�� < > : A?Q
5�+X�cJ�E3-$N . 5 Q 2 ! N '�2 , Y � Y 535 0 � 

2 7�0 4 9-@N@BO � +.+kIK+K�F,  E�� ,�Y  + ;M:
2 7 Y 43Q  �Q-?>=Eh+ � 9H@B, ; QFO ;N< �G,G@�-�IK+2EhEZJ=> < IL,k@ < +�> 

2 7X!54 9-@N@BO � +.+4� � �  ,�O�A  ,�>��  : +)��+ -KO < IKA:+

2 7 ,J4 =  � I�9HJ�� @ 0GQ �  � � �D- �2Q �  � �D-?>��2-?> < >*Q �  Q ;M< ANI�9)Q �  1RJ��D9=+X� � ,�>)Q,2  � ,�- 0GQ /] 
 ,G> :
,�>��C0  � < @N@�-�Q � �M� � ������� ������� �Q�D����� �:��� " ������������@� �M� " �!��� � ���C��% � �A���������������D���C��� ���
�I���M� ��� Q � B ��� ' 2��$� ' 767 5 7 Q 0 2�2 ,=

2 7 N 4 2  � ����- ; �7-���Q 1  �S,�� �c,�I�Q �  � �c, ; � Q 
� =�,��2Q �  � ; ,�E0-KA?Q � ./ ,�>�A �H>2-KI�9-@KQ 1  2�+
-�� ��- ;
,�>��"1  � @BJ�@ 0KE�,�>*Q �M�"�H���:$ ��� % �-� � ������� ������� " ����:��� Q415, < > 0 2 , ;M< @D� � + ; �HAC9=+2O
2 ; +4I(-(-�� < > : AKQ 15, < > 0GQ Y 565 Y4

2 76754 � $/ ,G>=A �H>2-?I�9H@KQ)O ;M< �G,G@�-�IK+2EhEZJ=> < IL,k@ < +�> 

2 7-. 4 1  2 < @N@LQ?-�@b, �  Q �&��� ����� ��� �I���M� �������?�	�(� ��$�� $ � �:��	 � �M�  � ��?8M��� � 	 ���M� Q � >-@:- ; >F,��
� -?OT+ ; @ � 5 ' �=+4I ' Y !67 ' � 02

2 7XW54 �  =  �S,k@:-KA?Q � J ;  2 9 ��A  �  !�� Q 0 5 2 � Y 565 NX� 

2 7 2 4 �T �S, < �D-���Q % ��$ ���
�U� ��	 " ������$ � ��� �@� ��� ��� ���1� 
 �� � � ���C� ������D��$ ����� �M�� �
��?8M����� 	 ���M� Q � >-@�- ; >=, � � -?OT+ ; @ � 5 ' �=+4I ' N ,H. ' � Y4

2 . 5 4 1  1RJ2-?@�92- ; QT� � � �������� � ���� ���:$ � �:��	 " � " �U������� " �������?���$ Q ��X�S,�I�� � , ; �a�
> : �7-
,�>F, � �4A < A B + : YT+4+ ���$>F, � �4A < AD� +�@:-?A � = 0�, Q Y 565 7�

2 .�0 4 1  1RJ2-�@:92- ; QFO ;M< �G,G@�-�IK+2EhEZJ=> < IL,G@ < +2> 

2 .XY 4 �  B < J*Q�O ;N< ��,k@:-�IK+�E�EZJ�> < IK,G@ < +2> 

2 . !54 �  B < J*Q  � % ������� �� �I��� �:����� ����� Q � >-@:- ; >F, � � -KOP+ ; @ � 5 ' ��+�I ' NXN 0 ' � 0 Q Y 565 N 



0)W W
2 .�,J4 =  � ,�A � -��5�*,�>�� �T�� +4+K�*Q=O ;M< �G,G@:-�I?+2EhEZJ=> < IL,G@ < +2>

2 . N 4 �  B < J*Q � � ����$��
�:��	 ���M�@���T� �M� " �"�C�����h� ����� � �I���M�"� � �(���������$ ���0� �M� �Q�D����� �:��	0� � �
�A������� � ��� 	 � ���� ���:$N���H� �M� ��� ���D����� Q�2 9  =  = < ANA�- ; @B,G@ < +2>*Q=�  15, ; � �c,�>��*Q Y 565 7�

2 .3754 �  /] 2 ; -KAMAKQ �  2  Q � ,G>=>2- ; �2Q �P �  
 -KJ ��+X�1A � � ,G>�� �  
� 5>-�@N@�- ; � < > : Q ���
	 ��� �������
�?�����/8M��$�� � � � � �M�U��� � ��� " �������M� � � � �I��	$81���� �� Q4A�-?IK+2>���-��  Q �S,GEZY ;N< � : -�� > < ��- ;E'
A < @D��2 ; -?ANAKQ 0 2�2 Y�

2 .2. 4 0  �$,��k,�9=, ; ,�Q % � �A����� �?��������$�$������ Q  � Q + ; � , ; �\�$> : �D-D�$>=, � �4A < A B + : YP+�+ �`�$>F,�� �4A < A
�
+�@�-KA � = 020)! Q Y 565 N 

2 . W54�
�	� J �S, �=,�QF�  0 ,�E < �HJ=YP+�@j,�Q 0  Q J ; J �G,�� ,�Q /` 0 +�YF,��-,�AC9 < Q 
H����	�� � � $�� ������� � ��� �
� � ��� " �F$�����	 � ��� � �M� � � � 
 � ��� ����� ���6% � �1�� Q��Q-L,GE � >=Ai@ ; J=E3-?>-@j,G@ < +2> � + ; �HAC9=+2O � 2 W
��� � � 2 W � IK+2> � - ; -?>=I(-]O ; +�I8-(-�� < > : A

2 . 2 4 �  �Q- < AC-�Q " � 	������������� ��� ���������� ����$��D�j8M��$3#($]8M� $�� � ����� ��� ��� � � � �  � �S,�I�� � , ; �
�$> : �D- ,�>F,�� �4A < A B + : YP+�+ � � < EVJ�� ,G@ < +2>_�
+�@�-KA � = ,67 Q Y 565 7�

2 W 5 4 =  � ,�A � -��5��Q�O ;M< �G,G@�-�IK+2EhEZJ=> < IL,G@ < +2> 

2 W�0 4 B  B -(-�Q �I���:��� �%��# ��� �������A������$b#181�:��� � 	!� �1���
� &�� ����	 � � � � � �%���!�	� ��� � � � � � �
 � �S,GI�� � , ; �9�$> : �D- ,�>F,�� �4A < A B + : YT+4+ �h�$>F,�� �4A < AD�
+�@�-KA � = 0)! Q Y 565 7�

2 W Y 4 �T � < ��-��cE�,�> -�@$,��  Q$2 9 �4A  B -�@N@  �  ��)�!*Q 0 � Y 565 , � 

2 WX!54*/` �CJ����*Q �  � + ��- � Q �  � ;M;N< > : @B+2>)QF�
J=I��D-K, ; 2 9 �4A < IKA
�  + � )*Q 2 5 � Y 565 NX� 

2 W ,J4 �  ��+�@N+0-�@
, � Q 2>9 �4A  � -��  =  ��!*Q 5 !�, 5 0 . � Y 56565 � 

2 W N 4 �  � ; � < -KJ � -?@ , �  Q � � � ���C��$<� �I��	�	 ��� � � � � � " � �b� % � ���1���#� $��D$ �H� ��� �:$�� " � � 8 Q
 � � >-@:- ; >F,�� =�+4IKJ�E3-?>H@KQ � 5 ' �=+4I ' 7 5 2 ' � 0 � Y 535 NX� 



�����%

� @�-KO29=,�> < - B +2J < A�- �S, < �D- �

� @�-KO29F,G> < - B +2J < A�-6�S, < �D-��0� ,�A YP+ ; > < > � ,�>-@j, � +�AB,�Q �S, � < �"+ ; > < , +�>�15,�� 0 . @:9 0 2 . 2 @N+
1 < I�9F,�-��T,�>�� =H-?YT+ ; ,�9W�S, < �7-��  � 92- ; -KI(- < ��-�� 92- ; �S,�I�92-��c+ ; + � � I < -?>=I(-R��- :2; -(- < >WO29 �4A < IKA
,G@\@:9�- � +X� �D- : -a+ � � < � � < ,�E ,�>�� 1R, ; � < > Y 535 Y� �$AW,�> J=>��2- ;N:2; , �=JF,G@�-�QXAC92-RO�J ; AMJ2-��
; -?A�-K, ; I�9 < > ,��G, ;N< -?@D��+ �&LM-�� �=A  �$Eh+2> : @:92-?A�-*�I- ; - � ; �2+ : -?> < I?A5,G>�� �
AM@ ; +2O29 �4A < IKA
,G@h@:92-9�
� � � ��+ ���=, ; � � OF,�I8- Q � <1: 9-@ �Q-K>-@:- ; Q �
+2>��2-KAi@ ; J�I?@ < �.- � �G, �cJ=,G@ < +2> � I < -?>=I(-?A
,G@_@�92-g�
� � � B ,�> : �7-�� � -?A�-L, ; I�9 �Q-K>-@:- ; Q�� < +2O29 �4A < IKA ,G@_@�92- B +2Aa� �c,�Eh+2A_�
,G@ < +2>F, �
B ,�YP+ ; ,G@N+ ; ��Q � +2>��2-?>=A�-�� 15,G@N@�- ; 
 92-K+ ; � ,G@ @:92-��
> < �.- ; A < @D�f+ � �Q9 < IL, : +=Q�,�>��^�
J=I��D-L, ;
2 9 ��A < I?Aa,G@h@:92- 
 9=+2E�,�A ��-�6A- ; AM+2> �$,k@ < +�>F, �X�$I?I(-��D- ; ,G@B+ ; Q ,�I < � < @D�  � > @:92- � O ;M< > : + �
Y 565 ! QTAC92-N-K, ; >2-��g, = < O��c+2E�,!+ ��� � ��,G>=I(-�� � @BJ�� < -KA1�"= � �(� < > � ��O1- ;N< E3-?>-@j, � 2 9 �4A < IL,��
1 -�@:9=+K�=A/� ; +2E @�92- ��+ < >-@
�
> < �.- ; A < @ < -KAD�$I?I(-��D- ; ,G@B+ ; � I�9=+�+ � Q=+ ;M: ,�> < 0(-��RY �a@:9�- � J ; O,-K,�>
� I < -K>-@ < LFI � >=AM@ < @NJ�@:-GQ < >`� ; I�9F,�EhO=AKQ Q ; ,�>=I8-  
 9 < A �S,GA �"+X� �c+)�Q-��`Y �`, @�-KI�9=> < IL,���O��c,�I(-?E3-?>-@
< > �
IKI(-��D- ; ,G@N+ ; 
 92-K+ ; �b,G@X@�92- � J ; +2O1-L,�> � �4>=I�9 ; +�@B+�> � , � < ,k@ < +�> Q ,�I < � < @D� < >�� ; -K>=+2Y��D-�Q
Q ; ,�>�I(-  � 92- -K, ; >2-�� , 1R,�AM@�- ; +�� � I < -K>�I(- < > Y 535 , � ; +2E @:9�- � +X� �D- : -\+ � � < � � < ,�E ,G>��
15, ; �  �
A], :�; , �=J=,G@:-ZAi@BJ���-K>-@Z,k@ ��-86,- ; AM+2> B ,GY*QdA�92-S9F,��f+�O=OT+ ; @BJ�> < @ < -KA @B+ E0-(-?@],G>��
E�,���-ZO ; -KAC-K>-@j,k@ < +�>=A$@B+WYT+�@�99@:92- � -KI ; -?@B, ; �R+ � � >2- ;N: � � ,�EZJ2-�� � +K�=E�,�>9,G>�� 5 <1;N:2< > < ,
� -?>F,G@B+ ; � -?+ ;N: -V� � �D-?>  
 9 < A � < ANA�- ; @B,G@ < +2> � ,�A(�2-�� -?>��2-��f+�> �2,�>HJF, ; � W @�9 Y 565 . ,G@�@:9�-
� +X� �D- : -V+ � � < � � < ,�Ee,�>�� 1R, ; �  � J ;M; -?>H@&� ��Q � @:-?O29F,�> < - < A$,a�$,G@ < +2>F,����S,�>�I(- ; � >=Ai@ < @BJ�@�-
����� � �DOP+2Ai@ �=+4I?@N+ ; , � � -��5�1+)� < >b@�92- � , � < +X�1+ : � =H-KOF, ; @BE0-K>-@
,G@D@:92- � @B,�>��"+ ; �5� > < ��- ; A < @D�
� I�9=+4+X�d+ � 1 -�� < I < >2- 

0)W 2


