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 4
� � * 5 hjiAuZegw lms�� hj�mlmk$i&npo���������������������������������������������������������������� 6
� � � �Dnpwgwgegc+hji � hjk$h1��k$nxi6lmk 5 hjiAu�egwglmsC������������������������������������������������� 7
� � � 8 egwgeg��npo29Ohji&k$h;: � hjk$h1��k$nxi���������������������������������������������������������� * �
� �=< 9Ohji&k$h;: � i>e|y k)��~+lxu-sBhji ��������������������������������������������������������� * �
� � 4 �Dh1o�k$i>lxw � i>lx�?>�egot����~+lxu�sBhji������������������������������������������������������ * �
� �@6 8 npw|h1otnpegc=��������������������������������������������������������������������������� * <
� �BA C�h1lxuED s�h1lxu �Dnpr+o}k$hjiAf	����������������������������������������������������������� * <
� �@F ��lxw|nxiAeguZhjk$i&� ��������������������������������������������������������������������� * <
� �@7 �]rtnpo � hjk$h1��k$nxi>f ����������������������������������������������������������������� * 6
� � * � � iAeg�x�xhji0��������������������������������������������������������������������������� � *

� � * � � *HG hj�xh1w�I oth=��������������������������������������������������������������� �x�
� � * � � � G hj�xh1w ��JDn%��������������������������������������������������������������� � 7
� � * � � � G hj�xh1w ��~tiAhjh�������������������������������������������������������������� � *
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<t� * X hjnpu�hjk$iAeg�jlxw\�Dn �xhji>lm�xh ��������������������������������������������������������� � F
<t� � � hjk$h1��k&egnpo�¢ZY��je|h1o+��� ������������������������������������������������������������� � 7
<t� � 8 vBh1�je|{�� � i>e|�x�xhji�¢[Y��je|h1o+���2\ f&fArth1f ��������������������������������������������� < �
<t�=< CDlx�]>}�xiAnpr+o+c]¢��xh1o�k&f ������������������������������������������������������������� < �
<t� 4 ��~th-�]npo�k$h;��lmiAw|nZlxo+cqk&~+h9¢�i&i&nxi 8 �jlxw|h 5 lx��k$nxi � hjk$hjiAuZego�lmk&e|npo ����������� < *
<t�@6 ��~th_^ ��k���h1lxf&r+i&h1u�h1o}k���������������������������������������������������������� < �

ege
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 4 �
6�� * ��r+o+�>~�D k&~ti&npr+�p~%hj�xh1o�k&fD����������������������������������������������������������� 4�*
6�� � �Dnpf&uZeg���)l1��f ��������������������������������������������������������������������� 4 �

6�� � � * ^ hj�xh1o}k&f�lxo+c * � X h 9 �phjk&f�������������������������������������������� 4 <
6�� � � � ��~+h9¡)lxctiAnpo�� � ��� f ��������������������������������������������������� 4 6
6�� � � � 8 k$i>lmk$hj�x� yMnxi�\ u�v�w|h1uZh1o�k&ego+�	l �Dnpf&uZeg���)l1� 5 egw|k$hji ����������������� 4 F
6�� � �=< \ o+e|k&eglxw \ cth1o}k&e|{��jlmk&e|npoqnxy\l 8 lxuZv�w|h nxy��Dnpf&uZeg���)l1��f�¢��xh1o}k&f ������� 6 �

6�� � �]r+wgk&e|v�w|h�9Ohji&k$h;:�hj�xh1o}k&f ��������������������������������������������������������� 6(6

	�Y & �/`1� �'��
 �pS3�'�)� � S ��� M `��M` � � ��� � �
	 S  S ��� � � S3� ` ,�� `�� � _ 
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�
�
�
�
�
�
�
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 A �
A}� * X hjnpu�hjk$iAeg�jlxw\�Dn �xhji>lm�xh ��������������������������������������������������������� A *
A}� � ¢[Y��je|h1o���� � hjk$hjiAuZe o+lmk&e|npo]�]hjk&~tn�cq��������������������������������������������� A *
A}� � ^�¢��xh1o}k 8 h1w|h1��k&egnpo��DiAe|k$hji>egl ����������������������������������������������������� AW6
A}�=< ^�¢��xh1o}k��KiAe|�x�xhji��Di>e|k$hjiAegl ������������������������������������������������������� AWF

A}�=<t� * G hj�xh1w�I oth=��������������������������������������������������������������� AWF
A}�=<t� � G hj�xh1w ��JDn%��������������������������������������������������������������� F �
A}�=<t� � G hj�xh1w ��~tiAhjh�������������������������������������������������������������� F �

A}� 4 ��~th9�KiAe|�x�xhji 8 e u�r+w lmk&e|npoq��������������������������������������������������������� F �
A}� 4 � * G hj�xh1w�I oth 5 ��¢ � 8 egu;r+wglmk&e|npo ��������������������������������������� F'<
A}� 4 � � G hj�xh1w * ��rtnpo��KiAe|�x�xhji 8 egu�r�wglmk&e|npod����������������������������������� F'<
A}� 4 � � G hj�xh1w ��JDn��]r+npo�� i>e|�x�xhji 8 egu;r+wglmk&egnpo�������������������������������� F(F
A}� 4 �=< G hj�xh1w ��~tiAhjh6��rtnpo�� iAeg�x�xhji 8 egu;r+wglmk&e|npo������������������������������ 7 *

A}�@6 ¢��xh1o}k���wglxf&fAe|{��jlmk&e|npo+f ����������������������������������������������������������� 7 *
A}�@6�� * ^�¢��xh1o�k��]rtnpo � e f$k$iAe|s�r+k&e|npo s}�%� i>e|�x�xhji
��hj�pegnpo"������������������� 7 �
A}�@6�� � ^�¢��xh1o�k��]rtnpo ��wglxf&f&eg{��jlmk&e|npo+f ��������������������������������������� 7'<
A}�@6�� � ��~+h G hj�xh1w ��JDn���i&h1f&�jlxw|h-¢ZY��je|h1o+���q��lxwg�jr+w lmk&e|npo ������������������� 7 4

A}�BA ��lxwg�jr+wglmk&egnpo%nxy�� 8 e w|�xhji�� 8 h1w|h1��k&egnpo�¢[Y��jegh1o+�je|h1fC������������������������������� 7(6
A}�BA}� * ¢ZY��je|h1o+����nxy�k&~th�h1wgh1��k$i&npuZlm�pothjk&eg��lxo+c�~+lxcti&npo�eg�-h1o+hji&�x� c+hjv�npfAe D

k&e|npo]�jrtk&f ��������������������������������������������������������������� 7(6
A}�BA}� � ¢ZY��je|h1o+��� nxyKk&~+h9nxv+vBnpf&e|k$h;D f&eg�poq�A~+lmi&�xh��jrtk ������������������������� * �p�
A}�BA}� � ¢ZY��je|h1o+��� nxyKk&~+h-��npf&uZeg� i>l1�%{�w|k$hjiX����������������������������������� *(* �
A}�BA}�=< ¢ZY��je|h1o+��� nxyKk&~+h9sBh1lxu D ��npo+f$k$iAlxe oth1c%�xhji&k$h;:]f$hjv�lmi>lmk&e|npo��jrtk ����� * � 6
A}�BA}� 4 ¢ZY��je|h1o+��� nxyKk&~+h-egu�v�lx��k�v�lmiAlxu�hjk$hji)�jr+k ��������������������������� * � <
A}�BA}�@6 8 r�uZuZlmi&��nxyKk&~th 8 egw|�xhji 8 h1wgh1��k&e|npoq¢[Y��jegh1o+��� 8 k&r+c+e|h1f ������������� * � <

A}�@F ��lxwg�jr+wglmk&egnpo%nxy�� X npw c�� 8 h1w|h1��k&egnpo�¢[Y��jegh1o+�je|h1f���������������������������������� * � <
A}�@F�� * ��o+��nxi&i&h1��k$h1c X npwgc 8 h1w|h1��k&e|npo�¢ZY��je|h1o+�je|h1f ��������������������������� * � F
A}�@F�� � �DnxiAi&h1��k$h1c X npw c 8 h1w|h1��k&e|npo�¢ZY��je|h1o+�jegh1f6������������������������������� * � F

A}�@7 ��~th�������D ����� G eg�xh \ o}k$hj�xiAlmk$h1c G r+uZego+npf&e|k � I��xhjiAwglmv���������������������� * < �
A}�@7�� * ��i&h1f&�jlxw|h��DnxiAi&h1wglmk&e|npo 5 lx��k$nxiAf������������������������������������������ * < �
A}�@7�� � 9Oh1o+o � e lm�xiAlxu nxy�k&~th \ o�k$hj�xiAlmk$h1c G r�uZegotnpf&egk �R\ o�k$hji>f$h1��k&e|npo+f�s��

�KiAe|�x�xhji
��hj�pe|npo ������������������������������������������������������� * < �

e ege



A}� * � ^ 8 h1w|h1��k&e|npoq¢ZY��je|h1o+��� 8 r+u�uZlmi&�	����������������������������������������������� * < 4
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V* < A
F�� * ��l�J � lmk&l 8 lxu�v�w|h���������������������������������������������������������������� * < A
F�� � \�k$hjiAlmk&egnpo+f�nxy\k&~th-�]npo�k$h���lmiAw|nZ�\lx�?>mlm�xh1f ������������������������������������� * < F
F�� � ��npo}k$h	��lmi>w|n ��hjv+i&h1f&h1o�k&lxe|npo]nxyKk&~+h-¢�i&iAnxi 8 �jlxw|h 5 lx��k$nxi6��������������������� *�4 6

F�� � � * ��f&egot�	k&~th ^��]lxfAf�k$n � hjk$hjiAuZe oth6k&~th-¢�i&i&nxi 8 �jlxw|h 5 lx��k$nxi=��������� *�4 7
F�� � � � 5 ego+lxw � hjk$hjiAuZego�lmk&e|npo nxy�k&~thq¢�iAi&nxi 8 �jlxw|h 5 lx��k$nxiAfZb��j��nxiAc+e ot��k$n

k&~th1egi�� iAlx�]>���wglxf&fAe|{��jlmk&e|npo+f ������������������������������������������� * A �
F��=< ��npo}k$h	��lmi>w|n ��hjv+i&h1f&h1o�k&lmk&e|npo]nxy\k&~th9b�:teglxw 8 rtvBhjiAwgl1�xhji>f���������������������� * AW6
F�� 4 ��npo}k$h	��lmi>w|n ��hjv+i&h1f&h1o�k&lmk&e|npo]nxy\k&~th \ o}k$hj�xiAlmk$h1c G r+u�egotnpf&e|k������������������ * F 4
F��@6 ��npo}k$h	��lmi>w|n ��hjv+i&h1f&h1o�k&lmk&e|npo]nxy\k&~th 8 egot�pwgh6��rtnpo�¡�e|�p~���k 8 h1w|h1��k&e|npo]¢�y)D

{��je|h1o+�je|h1f ������������������������������������������������������������������������� * F(6
F��BA ��npo}k$h	��lmi>w|n ��hjv+i&h1f&h1o�k&lmk&e|npo]nxy\k&~th_^���lxf&f ��������������������������������� * 7 4
F��@F ��npo}k$h	��lmi>w|n ��hjv+i&h1f&h1o�k&lmk&e|npo]nxy\k&~th_^���k ����������������������������������� * 7 A

F��@F�� * � egf&��iAhjv�lxo+�je|h1f�CDhjkPJDhjh1o�k&~th��]npo�k$h;��lmiAw|n�^ ��k)lxo+c%k&~th � lmk&l�^���k * 7 A
F��@F�� � �/r+o+ego+�	���}k&~�egl ��������������������������������������������������������� �m�p�
F��@F�� � �DnpuZv�lmiAegf$npo%nxy/k&~th 5 ego�lxw ��npo}k$h	��lmi>w|n	k$n�k&~th � lmk&l;��������������� �m� F

F��@7 ��npo}k$h	��lmi>w|n��Kr+o�egot� 8 r+uZu�lmi&� ����������������������������������������������� � * �
� Y W ! `  T'��_1_�� M ` �(� ��� � R ` S�_ � T ` / `�� � _ 
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7�� * ��~th_I��xhjiAlxw w�^���i&n�c+r+��k&egnpoq��i&npf&f D f$h1��k&egnpo]ego%k&~th9u;rtnpo��>~+lxo+oth1wX����������� � * <
7�� � ��~th ��l J ^���k � e���hjiAh1o�k&eglxw/�Di&npf&f D f&h1��k&e|npo ����������������������������������� � *�4
7�� � ��~th_^ ��k � e���hji&h1o}k&eglxwK��i&npf&f D f$h1��k&egnpo�¢�i&iAnxiAf ��������������������������������� � * 7
7��=< ��~th_^ ��k � e���hji&h1o}k&eglxwK��i&npf&f D f$h1��k&egnpo]��h1lxfArti&h1u�h1o}k ������������������������� �x� <
7�� 4 �Dnpu�v�lmiAe f$npo J�e|k&~%k&~th9¢�w|h1��k$i&npo���~+lxo+oth1wq������������������������������������� �x� 6
7��@6 �Dnpo+�jwgr+fAe|npo+f������������������������������������������������������������������������ �x� 7
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� � * ��iAnxv�hjiAk&e|h1f�nxy k&~+h)c+e��Bhji&h1o}kD� � 5 �jlxwgnxiAegu�hjk$hjiAf1�\��~+eg�?>�oth1f&f&h1f�lmi&h��pe|�xh1o egoZiAlxc�egl'D
k&e|npo�w|h1o+�xk&~+f ����� �Ky nxi\k&~th�h1w|h1��k$i&npu�lm�pothjk&eg���jlxw|nxi>egu�hjk$hjiAfOlxo+c	ego;v�egnpo�ego}k$hjiAlx��k&e|npo
w|h1ot�xk&~�f ����� ��y nxi�k&~+h9~+lxcti&npo+e ���jlxwgnxiAegu�hjk$hjiAf1������������������������������������������� *�4

4 � * G eg�xh-ego}k$hj�xiAlmk$h1c]wgr�uZegotnpf&egk&e|h1f�s�� i&hj�pe|npo ��������������������������������������������� < 4
4 � � ��o+��nxi&i&h1��k$h1c%wge|�xh)ego�k$hj�xi>lmk$h1c w r+uZegotnpfAe|k ��n �xhjiAwglmv%yMnxi�k$i>e|�x�xhji�iAhj�pe|npo+f[J)~+eg�A~�J�hjiAh

f$npu�hjk&e u�h1f�v+iAh1f&�jlxw|h1c ������������������������������������������������������������������� < A
4 � � ¢ �Bh1��k�nxy/k&~th9v�i&h1f&�jlxw|h9��nxi&iAh1wglmk&e|npoqyzlx��k$nxi ������������������������������������������� < F

A}� * w|hj�xh1w * 5 �)¢ � f&e u�r+w lmk&e|npo%i&h1f&r+wgk&f������������������������������������������������������ F'<
A}� � w|hj�xh1w * u�rtnpo�k$iAe|�x�xhji)fAegu�r�wglmk&e|npo i&h1f&r+wgk&f ��������������������������������������������� F 4
A}� � otnpo�D u;rtnpoqk$i>e|�x�xhji&h1c]fArts�f$hjk�nxy\k&~th9w|hj�xh1w * u�rtnpo�k$iAe|�x�xhji)fAegu�r�wglmk&e|npo i&h1f&r+wgk&f ��� F(6
A}�=< w|hj�xh1w * �plmk$h1c�u;rtnpoqk$iAeg�x�xhji�f&egu;r+wglmk&e|npo%iAh1f&r+w|k&f ������������������������������������� F A
A}� 4 w|hj�xh1w * �plmk$h1c�u;rtnpoqk$iAeg�x�xhji�f&egu;r+wglmk&e|npo%iAh1f&r+w|k&f ������������������������������������� F A
A}�@6 otnpo�D u;rtnpo f&r+s�f$hjk	nxy)w|hj�xh1w * �plmk$h1c u�rtnpo k$i>e|�x�xhjiZf&egu;r+wglmk&e|npo i&h1fAr+w|k&fj �r+fAegot��l

wglmi&�xhji�ego+e|k&e lxw�c+lmk&l�f&lxu�v�w|hd������������������������������������������������������������� F(F
A}�BA w|hj�xh1w � f&egu;r+wglmk&e|npo%i&h1fAr+w|k&f ������������������������������������������������������������� F(F
A}�@F w|hj�xh1w � iAr+o * lZf&e u�r+w lmk&e|npo%i&h1f&r+wgk&f������������������������������������������������������ F(7
A}�@7 w|hj�xh1w � iAr+o * s]f&e u�r+w lmk&e|npo%i&h1f&r+wgk&f������������������������������������������������������ F(7
A}� * � r+o}s�eglxf$h1cqwghj�xh1w � iAr+o * l�f&egu;r+wglmk&e|npo%i&h1fAr+w|k&f������������������������������������������ 7 �
A}� *(* r+o}s�eglxf$h1cqwghj�xh1w � iAr+o * s�f&egu;r+wglmk&e|npo%i&h1fAr+w|k&f ����������������������������������������� 7 �
A}� * � w|hj�xh1w � u�rtnpo�k$iAe|�x�xhji)fAegu�r�wglmk&e|npo ����������������������������������������������������� 7 *
A}� * � ^ hj�xh1o}k&f)�jw lxf&f$h1cqs�� f&h1��npo+c+lmi&�qw|hj� ��������������������������������������������������� 7 �
A}� * < ^ hj�xh1o}k&f)�jw lxf&f$h1cqs�� f&h1��npo+c+lmi&�qw|hj�t +h �Bh1��k�nxy\k&~th-c�e���hjiAh1o�k��jrtk&f-������������������� 7'<
A}� *�4 {�o+lxw�f$hjk�nxy
h Y��je|h1o+�je|h1f�y nxiDk&~th���npu-s�e oth1cZh1w|h1��k$iAnpuZlm�pothjk&eg��lxo+c�~�lxcti&npo+eg��h1othji&�x�

cthjvBnpf&e|k&egnpoq�jrtk&f�������������������������������������������������������������������������� * �p�
A}� * 6X{�o+lxw
f&hjk�nxy\h Y��je|h1o+�je|h1f�y nxi�k&~+h9nxv+vBnpf&e|k$h;D f&eg�poq�A~+lmi&�xh��jrtk ������������������������� * � A
A}� * A i&h1f&r�w|k&f�yMi&npu ��npf&uZeg�9iAl1�%{�w|k$hji ������������������������������������������������������� * � A
A}� * FX{�o+lxw
f&hjk�nxy\h Y��je|h1o+�je|h1f�y nxi�k&~+h-��npf&uZeg� i>l1�%{�w|k$hji ����������������������������������� * � A
A}� * 7X{�o+lxw
f&hjk�nxy\h Y��je|h1o+�je|h1f�y nxi�k&~+h9�pw|nxs�lxwB�xhji&k$h;:]f&hjv�lmiAlmk&e|npo��jr+k ��������������������� * �x�

�



A}� �m�V8 r+u�uZlmi&��nxy\k&~th6s�lx�?>��xi&npr+o+c�lxo+cqf&egw|�xhji�u;rtnpo�f&h1w|h1��k&e|npo�h Y��je|h1o+�je|h1f ����������� * � 4
A}� � * ��o+��nxi&i&h1��k$h1c�n �xhjiAlxw w u�r+npo�f$h1w|h1��k&e|npo�h Y��je|h1o+���x �s}� k$iAe|�x�xhji�iAhj�pe|npo ��������������� * � 7
A}� �x� ��o+��nxi&i&h1��k$h1c f&h1w|h1��k&e|npo h Y��je|h1o��je|h1fj �s��=k$i>e|�x�xhji�i&hj�pe|npo
 �r+f&egot��ego}k$hj�xiAlmk$h1c wgr�uZe D

otnpf&egk �qu�h1lxf&rtiAh1u�h1o�k&f�k$n��jlxwg�jr+wglmk$h � G � k$iAeg� ����������������������������������������� * � 7
A}� �x� �Dnxi&iAh1��k$h1c�f$h1w|h1��k&egnpo�h Y��je|h1o+�jegh1fj ps���k$iAeg�x�xhji�i&hj�pe|npo  �r+f&ego+� e o�k$hj�xiAlmk$h1c�wgr+uZe otnpf&e|k��

u�h1lxf&r+i&h1u�h1o}k&f�k$n��jlxwg�jr�wglmk$h � G � k$iAe|� � ����������������������������������������������� * < �
A}� � < ¡�e|�p~���k)u�rtnpo]f$h1w|h1��k&e|npoqh Y��je|h1o+�je|h1f�������������������������������������������������� * < *
A}� � 4 G eg�xh-ego}k$hj�xiAlmk$h1c]wgr�uZegotnpf&egk �ZnV�xhjiAwglmv]yMnxi�v+iAh1f&�jlxw|h1c%k$iAe|�x�xhji)i&hj�pe|npo+f���������������� * < �
A}� � 6 \ o�k$hj�xiAlmk$h1c wgr+u�egotnpf&e|k��Zh1��r+lmk&e|npo+f ����������������������������������������������������� * < �
A}� � A \ o�k$hj�xiAlmk$h1c wgr+u�egotnpf&e|k���f&r+u�uZlmi&� ����������������������������������������������������� * <(<
A}� � F 8 r+u�uZlmi&��nxy\s�lx�]>}�xiAnpr+o+c�lxo+lxwg��f&e f ��������������������������������������������������� * < 4
A}� � 7 8 r+u�uZlmi&�]nxyDf$h1w|h1��k&e|npo h Y��je|h1o+����u�h1lxf&rtiAh1u�h1o�k&f1���)nxk$hZk&~+lmk6k&~+h�k$iAlx�?> D {�o+c+e ot�

h Y��je|h1o����%e f�otnxk�ego+�jw r+cth1c
�;������������������������������������������������������������� * < 6

F�� * � egu;rtnpoqhj�xh1o}k&f)lx�j��nxiAc�egot��k$nZk$iAlx�]>qi&h1f$npwgr+k&e|npoq�jwglxf&f&eg{��jlmk&e|npo ��������������������� * 6 4
F�� � �Dnpu�v�lmiAegf$npo sBhjk J�hjh1o������ I �
� �jwglxfAf&e|{��jlmk&e|npo lxo+c lx��k&r+lxw�k$iAlx�]> i&h1f$npwgr+k&e|npo

�jwglxf&fAe|{��jlmk&e|npo������������������������������������������������������������������������������ * A �
F�� � � hjk$hjiAuZego+h1cqhji&i&nxi�f&�jlxwgh9yMlx��k$nxi>f�lx�j��nxiAc+ego+��k$n�c+egu;rtnpo%�jwglxf&f&eg{��jlmk&e|npoqlxo+c%{+k�i>lxot�xh * AW7
F��=< 5 ego+lxw
hjiAi&nxi�f&�jlxw|h6yzlx��k$nxiAf)lx�j��nxiAc+egot��k$nZk$iAlx�?>q�jwglxfAf&e|{��jlmk&e|npo ����������������������� * AW7
F�� 4 \ o+c+e|��egc+r+lxw�l':teglxw
f&rtvBhjiAwgl �xhji�~+e|k�h Y��jegh1o+��� ������������������������������������������� * F �
F��@6 I��xhjiAlxw wK���)� � D nxy)D 4 l':teglxw f&r+v�hji>wgl1�xhjiAf�~�e|k�h Y��je|h1o+���d������������������������������� * F'<
F��BA \ o�k$hj�xiAlmk$h1c wgr+u�egotnpf&e|k&egh1f�yMnxi�h1lx�A~�k$iAe|�x�xhji)��npot{+�prtiAlmk&egnpo ��������������������������� * F(6
F��@F �]npo�k$h���lmiAw|n ^�hj�xh1o�k&f��jwglxf&f$h1c	s���f$h1��npo�c+lmi&�	w|hj� y nxi�l * �x��� h Y��je|h1o�k�u;rtnpo	k$iAeg�x�xhji * F(F
F��@7 �]npo�k$h ��lmiAw|nN^ hj�xh1o}k&f �jw lxf&f$h1c s�� f$h1��npo+c+lmiA� w|hj� yMnxi�k&~th�v+i&hj��e|npf&r+w|� � bO�/b�D

cthjk$hjiAu�egoth1cq�� �� lxo+c�� u;rtnpoqk$i>e|�x�xhji�h Y��je|h1o��je|h1f ��������������������������������� * F(7
F�� * � �)nxiAuZlxwge��jh1c ��npo}k$h ��lmiAw|n"^ hj�xh1o}k&f��jwglxf&f$h1c�s}��f$h1��npo�c+lmi&��w|hj�9yMnxi�k&~th�v+i&hj��e|npf&r+w|�

� bO�/b�D c+hjk$hjiAuZegoth1c �� +� lxo+c ��u;rtnpoqk$iAeg�x�xhji�h Y��je|h1o+�jegh1f�������������������������� * F(7
F�� *(* �)nxiAuZlxwge��jh1cX��npo}k$h ��lmiAwgnR^ hj�xh1o�k&f��jwglxf&f$h1c s�� f$h1��npo+c+lmi&� w|hj��yMnxi�k&~th��]npo�k$h

��lmiAwgnZcthjk$hjiAuZego+h1cq�- ��Xlxo+c � u�r+npoqk$iAe|�x�xhji)h Y��je|h1o+�je|h1f3������������������������� * 7 �
F�� * � 8 r+u�uZlmi&��nxyOf$h1wgh1��k&e|npoqh Y��je|h1o���� u�h1lxfArti&h1u�h1o}k&fj� ��������������������������������� * 7'<
F�� * � ^���k�s�ego+o�egot� ��������������������������������������������������������������������������� �m�p�
F�� * < ^���k�s�ego+o�egot�t �s�egoq��h1o�k$hji>fj �lxo+cqo�r+u�sBhji�nxy/hj�xh1o}k&f)nxs�f$hji&�xh1c ��������������������� � * �
7�� * ^���k�c+e��Bhji&h1o}k&eglxw
��i&npf&f D f&h1��k&e|npo+f�lxo�c%k&~th-c+e��Bhji&h1o}k�hji&i&nxiAf ������������������������� �x� 6
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� � * 8 �>~th1uZlmk&eg�6��e|h J nxy/k&~th 5 hjiAuZe ��lmk&e|npo+lxw b��j��h1w|hjiAlmk$nxi G lmsBnxiAlmk$nxiA� � f)� hj�mlmk$i&npo
����� A
� � � b�o�egf$npu�hjk$i>eg� ��egh J nxyKk&~+h;� � 5 cthjk$h1��k$nxi1� ������������������������������������������� * �
� � � b f&egcthj��e|h J nxy/npoth-��r+lxctiAlxo}k�nxy/k&~th;� � 5 cthjk$h1��k$nxi1� ������������������������������� *(*
� �=< b�oqh1o+cq��e|h J nxy/k&~th;�Dh1o}k$iAlxw �KiAlx�]>�ego+����~+lxu�s�hji � ���)���>�q������������������������� * �
� � 4 ��~+lxu�sBhji���npot{+�pr+iAlmk&e|npo%yMnxi)l��Dh1o}k$iAlxw ��rtnpo 8 ��f$k$h1u � ���]�6� 4 D cthj�xiAhjh-k$n JDhji � * A
� �@6 ��~+lxu�sBhji�wgl �xnprtk�nxy/k&~th;�Dh1o}k$iAlxw ��rtnpo 8 ��f$k$h1u � ���]�6� ��������������������������� * F
� �BA \ wgwgr+f$k$i>lmk&e|npo nxy\��npo�eg�jlxw f&~+lmvBh6nxy\l���� � JDh1ct�xh ������������������������������������� �m�
� �@F ��rtnpo�k$iAeg�x�xhji��+n Jdf&�A~th1u�lmk&eg����������������������������������������������������������� � 6
� � * ��o�s�e lxf$h1c�c+egf&k$iAe|s�rtk&egnpo�nxy/k&~th9k$iAlx�]>q��k�yMnxi�^��jlxo+c�egc+lmk$h9u;rtnpo+f)������������������� � 4
� � � ��o�s�e lxf$h1c�c+egf&k$iAe|s�rtk&egnpo�nxy/k&~th;��¡�bdh1othji&�x�qcthjvBnpf&e|k&e|npo yMnxi�^��jlxo+c�egc+lmk$h9u;rtnpo+f � 4
� � � ��o�s�e lxf$h1cHc�egf$k$iAe|s�rtk&e|npo nxy�c�: uZlmk&�>~+egot� �^lxw rth1f9yMnxiE^ �jlxo+c+e c+lmk$h�u;rtnpo+f;ego k&~+h

�����- B���]�Xlxo+c���� � ��������������������������������������������������������������� � 6
6�� * 5 w|n J��A~�lmi&k)egw wgr+f$k$iAlmk&e ot��k&~+h6s�lx�?>��xi&npr+o+c�i&h1u�n �mlxw v�i&n���h1fAf�������������������������� 4 �
6�� � c+egf&k$iAe|s�rtk&egnpo�nxy * � X h 9��$hjk&f�yMnxi�k&~th9{�o+lxw
f&lxu�v�wgh�nxyZ^ �jlxo+c�egc+lmk$h9hj�xh1o}k&f ������� 4(4
6�� � �
	��
� ~+lxcti&npoq� � � k&e uZegot��egotyMnxiAuZlmk&egnpo
 tlxwgw
k$iAlx�]>�f���������������������������������� 4 A
6��=< �
	��
� ~+lxcti&npoq� � � k&e uZegot��c+e��Bhji&h1o+��h ����������������������������������������������� 4 F
6�� 4 lxot�pr+w lmi�f$hjv�lmiAlmk&e|npo yMnxi�ctn J�o J�lmiAc�D uZn ��egot� ��fqr+v J�lmiAc�D u�nV��e ot�Hhj�xh1o}k&fj 9r+fAegot�

~+lxctiAnpo�� � � k&eguZe ot��wgeguZe|k&f ����������������������������������������������������������� 6 �
6��@6 lxot�pr+w lmi�f$hjv�lmiAlmk&egnpoqnxyOctn J�o J�lmiAc�D u�nV��ego+��hj�xh1o�k&f�uZego�r+f�rtv1JDlmiAc3D u�n ��egot��hj�xh1o}k&f 6 �
6��BA ego}�^lmi>eglxo�k�u�lxf&f�nxy\v+i&h1ctnpu�ego+lxo}k&w|����npf&uZe �6iAl1� hj�xh1o}k&f6������������������������������� 6 4
6��@F rtv+vBhji�~th1u�egf$v�~thjiAh�~+lxc+i&npo�� � � k&egu�egot��egotyMnxiAuZlmk&e|npo  ���npfAuZeg� yMiAlx��k&e|npo ��������� 6 A
6��@7 w|n J�hji�~th1uZegf$v�~thji&h6~+lxcti&npoq� � � k&eguZegot��ego+y nxiAu�lmk&e|npo
 t��npf&uZeg� yMiAlx��k&e|npoX����������� 6(F

A}� * c+egu;rtnpo;uZlxf&f/yMnxi���¢��"yzlxegwgego+�t x��¡�b v�lxfAf&egot�)hj�xh1o�k&fj ���npu�v�lmi&h1c;k$n {�o+lxw3^�hj�xh1o�k
c+egf&k$iAe|s�rtk&egnpo ����������������������������������������������������������������������������� 7(F

A}� � c+egu;rtnpo���k�yMnxi ��¢D� yMlxegw egot�t ���¡�bCv�lxf&f&ego+�Zhj�xh1o�k&f1 ���npu�v�lmi&h1c�k$n {�o+lxw$^�hj�xh1o�k
c+egf&k$iAe|s�rtk&egnpo ����������������������������������������������������������������������������� 7(7

A}� � � egu;rtnpoXu�lxf&f�yMnxi]��¢�� v�lxf&f&egot�t ���¡�b yzlxegwgego+��hj�xh1o�k&fj ���npu�v�lmi&h1cXk$n {�o+lxw ^
hj�xh1o}k)c+egf&k$iAe|s�rtk&egnpo ��������������������������������������������������������������������� * �x�

��ege



A}�=< c+egu;rtnpo���k�yMnxi ��¢D� v�lxf&f&ego+�t ���¡�bdyzlxegwge ot��hj�xh1o�k&f1 ���npu�v�lmi&h1c�k$n {�o+lxw$^�hj�xh1o�k
c+egf&k$iAe|s�rtk&egnpo ����������������������������������������������������������������������������� * � *

A}� 4 c+egu;rtnpo�uZlxf&f�y nxi���¢�� yzlxegwgego+�t ���¡�b yMlxegw egot�6hj�xh1o}k&fj +��npu�v�lmi&h1c�k$n-{�o+lxw ^�hj�xh1o�k
c+egf&k$iAe|s�rtk&egnpo ����������������������������������������������������������������������������� * �p�

A}�@6 G e >xh;D f&e|�po �]^ hj�xh1o}k ��J�e|k&~qotnZ��I�� ¢ s�lxo#> ����������������������������������������� * � <
A}�BA �$��r�o+�A~�D k&~+i&nprt�p~��ZfAlxu�h;D f&e|�poqhj�xh1o}k)o�r+u�sBhji�npoth ����������������������������������� * � 4
A}�@F �$��r�o+�A~�D k&~+i&nprt�p~��ZfAlxu�h;D f&e|�poqhj�xh1o}k)o�r+u�sBhji�kPJDn ����������������������������������� * � 6
A}�@7 f&lxu�h;D fAe|�po�hj�xh1o}k&f�J�~�eg�A~%yzlxegw
k&~th9�jlxwgnxiAegu�hjk$hji��jr+k&f ��������������������������������� * � F
A}� * � nxv+vBnpf&e|k$h;D fAe|�po%�xhjiAf&r+f�f&lxu�h;D f&e|�po]hj�xh1o�k&f�J�~+eg�>~%yMlxe wBs�nxk&~]�jlxw|nxiAegu�hjk$hji)�jrtk&f=������� * � 7
A}� *(* otn�~�lxcti&npoq� � � k&egu�egot��egotyMn	hjk&lZyMiAlx��k&e|npoqyMnxi�k$iAe|�x�xhjiAh1c�u�r+npo+f;������������������� *(* �
A}� * � otn�~�lxcti&npoq� � � k&egu�egot��egotyMn	hjk&lZyMiAlx��k&e|npoqyMnxi�k$iAe|�x�xhjiAh1c�u�r+npo+f;������������������� *(* �
A}� * � ��npf&uZe �6iAl1�%yMiAlx��k&e|npoq�xhji>f&r+f�hjk&l ������������������������������������������������������� *(* <
A}� * < c+egu;rtnpoquZlxfAf�y nxi�ctn J)o J�lmiAc�lxo+cqr+v J�lmiAc�D u�nV��e ot��hj�xh1o�k&f ������������������������� *(*�4
A}� *�4 * � X h 9 �$hjk&f�yMnxi�ctn J�o JDlmiAc]lxo+c�rtv1JDlmi>c�D u�n ��egot�	hj�xh1o}k&f���������������������������� *(* 6
A}� * 6 ~+lxctiAnpo�� � � k&egu�h9c�e���hjiAh1o+��h6y nxi�s�nxk&~]��npf&uZeg� iAl ��f)lxo+c ^ hj�xh1o}k&f"��������������� *(* 7
A}� * AXc+egu;rtnpoquZlxfAf�y nxi)hj�xh1o�k&f�J�e|k&~ql��xhjiA�%w lmi&�xh9~+lxcti&npo]� � � k&eguZego+�	c�e���hjiAh1o+��h ��� * �m�
A}� * F c+egu;rtnpoquZlxfAf�y nxi�egcth1o}k&e|{+h1c%f$k&lm�xh � ��npf&uZeg� i>l1�%hj�xh1o�k&f ��������������������������� * �x�
A}� * 7 ��~th6vBnpf&fAe|s�w|h�� D v�wgr+f D ��npf&u�eg� hj�xh1o�k�J�~+eg�>~ JDlxf)uZegf&e cth1o�k&eg{+h1c�lxf)l�^ hj�xh1o}k3����� * � 4
A}� �m� c+egu;rtnpoE^���k/y nxi\i&h �$h1��k$h1c���npf&uZeg��iAl �-hj�xh1o}k&fj ���npu�v�lmiAh1c�k$n k&~thD{�o+lxw3^�c+egf$k$i>e|s�rtk&e|npo * � 6
A}� � * c+egf&k&lxo+��h6sBhjkPJDhjh1o]sBh1lxu D ��npo+f&k$iAlxegoth1c%�xhji&k&e ��h1f]��������������������������������������� * � F
A}� �x� ego}�^lmi>eglxo�k�u�lxf&f�yMnxi�hj�xh1o�k&f�J�~+e �A~%yzlxegwBk&~th9�xhji&k$h;:�f$hjv�lmiAlmk&e|npo]�jr+k ����������������� * � 7
A}� �x� ego}�^lmi>eglxo�k�uZlxf&f9yMnxi-hj�xh1o}k&f"J�~+eg�>~�yzlxegwOk&~thZ�xhjiAk$h;:Hf$hjv�lmiAlmk&egnpo=�jrtk-��npuZv�lmi&h1c k$n

k&~th"^ D �jlxo+c+egc+lmk$h9e o��mlmiAeglxo}k�uZlxf&f�v�w|nxk ������������������������������������������������� * �m�
A}� � < * � X h 9 �$hjk�c+e f$k$iAe|s�r+k&e|npoZyMnxi�hj�xh1o}k&f�J�~�eg�A~%yzlxegwBk&~th9�xhjiAk$h;:]f$hjv�lmiAlmk&e|npo]�jrtk�������� * � *
A}� � 4 * � X h 9 � hjk�c+egf$k$i>e|s�rtk&e|npo�yMnxi)hj�xh1o}k&f�J)~+eg�A~�yMlxegw k&~th-�xhji&k$h;: f$hjv�lmiAlmk&e|npo��jrtk���npu D

v�lmi&h1c�k$nZk&~th"^�D �jlxo�c+egc+lmk$h6hj�xh1o}k)c+e f$k$iAe|s�r+k&e|npo ��������������������������������������� * �x�
A}� � 6 c+egf&k$iAe|s�rtk&egnpo�nxy\k&~th6�xhji&k$h;:�vBnpf&egk&e|npo=��������������������������������������������������� * �x�
A}� � A h �Bh1��k�nxy\k&~th6sBh1lxu � f�fAw|nxvBh�npo�k&~th-egu�v�lx��k�v�lmiAlxu�hjk$hji ����������������������������� * � 4
A}� � F ^���k�lxf�l�yzr+o+��k&e|npo%nxy\k&~th � D c�egu�h1o+f&egnpo+lxw
lxot�pw|h6sBhjkPJDhjh1o�k&~+h-u�r+npoqk$iAlx�?>�f ����� * � 6
A}� � 7 ^���k�lxf�l�yzr+o+��k&e|npo%nxy\k&~th9fAr+u nxy/k&~th-egu�v�lx��k�v�lmiAlxu�hjk$hjiAfD������������������������� * � A
A}� �m� 9Oh1o+o�c+eglm�xiAlxu c+hjv�eg��k&egot�	k&~th9w e|�xh9wgr+uZe otnpf&e|k���ego}k$hjiAf$h1��k&e|npo+fC����������������������� * < �
F�� * ^�uZlxfAf�v�w|nxkj tnpo�wgegoth�k$iAlx�?>�egot� ��������������������������������������������������������� * < 7
F�� � ^�uZlxfAf�v�w|nxkj tn � egoth k$iAlx�?>�egot� ��������������������������������������������������������� *�4 �
F�� � ^�uZlxfAf�v�w|nxkj tsBh1lxu ��npo�f$k$iAlxegoth1c ������������������������������������������������������� *�4�*
F��=< ^���k�v�w|nxkj tnpo+w egoth k$iAlx�?>�egot�H������������������������������������������������������������� *�4 �
F�� 4 ^���k�v�w|nxkj tn � e oth6k$iAlx�?>�egot�H������������������������������������������������������������� *�4 �
F��@6 ^���k�v�w|nxkj tsBh1lxu ��npo+f&k$iAlxegoth1c ��������������������������������������������������������� *�4 <
F��BA �]h1lxf&rti&h1c�c+egu;rtnpoquZlxf&f�J)e|k&~qo+lmk&rtiAlxw�^�wgegoth1f&~�lmv�h f&rtvBhjiAe u�vBnpf$h1c"��������������� *�4 6
F��@F f&u�h1lmi>egot��nxy\k&~th9o+lmk&rti>lxw$^ wgegoth1fA~+lmvBh�������������������������������������������������� *�4 F
F��@7 u�h1lxf&r+i&h1c�uZlxf&f�J�e|k&~ � �@6 X h 9 fAu�h1lmi&h1c ^�w egoth1f&~+lmvBh f&rtvBhjiAeguZv�npf&h1c���������������� * 6 �
F�� * � u�h1lxf&r+i&h1c�uZlxf&f�J�e|k&~ � � * X h 9 fAu�h1lmi&h1c ^�w egoth1f&~+lmvBh f&rtvBhjiAeguZv�npf&h1c���������������� * 6 *

��ege e



F�� *(* c+egu;rtnpoquZlxfAf�hji&i&nxi���f�k&~+h9u�h1lxf&rti&h1c]c+egu;rtnpoquZlxf&f ������������������������������� * 6 �
F�� * � k$iAlx�]>���k�yMiAlx��k&e|npo+lxwBhjiAi&nxiAf�lx�j��nxiAc�egot�Zk$nZk$i>lx�?>%i&h1f$npwgr+k&e|npoq�jwglxf&f&eg{��jlmk&e|npo ��������� * 6(6
F�� * � ��~+e D f&�}r�lmi&h1c%�^lxw rth6�xhjiAf&r+f�k$iAeglxwBhji&i&nxi)f&�jlxw|h9yzlx��k$nxi1  � 4 D 4 �%�]¢ � {+k ��������������� * A <
F�� * < � \ ����\ � sBh1f$k�{�k��jrti&�xhx  � 4 D 4 � �]¢ � {+k�J�e|k&~q��nxi&iAh1��k�hji&i&nxi�s�lmiAf������������������ * A(A
F�� *�4 hji&i&nxi\f&�jlxw|hDyzlx��k$nxiAf\lxfKl)yMr�o+��k&e|npo6nxy+k&~+h�{+kKiAlxot�xhx my nxi/k&~thDk&~ti&hjh�k$iAlx�?>-�jw lxf&f&e|{��jlmk&egnpo+f * AWF
F�� * 6Xk$iAlx�]> ��k	y iAlx��k&egnpo+lxw�hji&i&nxiAf�lx�j��nxi>c+egot��k$n�k$iAlx�]> iAh1f$npwgrtk&e|npo �jwglxfAf&e|{��jlmk&e|npo  �lmy k$hji

hji&i&nxi>f�~+l1�xh�sBhjh1o�f&�jlxw|h1c ��������������������������������������������������������������� * F �
F�� * A ��rtnpoq�jwglxf&f&eg{��jlmk&e|npo%vBnxv�r+wglmk&egnpo�c+e���hji&h1o���h1f�sBhjk J�hjh1oqk&~+h-��npo}k$h;��lmiAwgn;lxo+c%k&~+h

� lmk&lZyMnxi � lmk&l'D u�h1lxf&r+i&h1c]f$h1wgh1��k&e|npo�h Y��jegh1o+�je|h1f ������������������������������������� * 7 *
F�� * F ��rtnpoq�jwglxf&f&eg{��jlmk&e|npo%vBnxv�r+wglmk&egnpo�c+e���hji&h1o���h1f�sBhjk J�hjh1oqk&~+h-��npo}k$h;��lmiAwgn;lxo+c%k&~+h

� lmk&lZyMnxi��]npo�k$h	��lmiAw|nWD u�h1lxfArti&h1c�f$h1wgh1��k&e|npoqh Y��je|h1o��je|h1f ��������������������������� * 7 �
F�� * 7 8 e|�pu�l�c+e���hji&h1o���h-sBhjkPJDhjh1o�k&~th;{�o+lxwK�]npo}k$h���lmiAw|n lxo+c]k&~+h � lmk&l�  lx�j��nxiAc�egot��k$n

c+egu;rtnpoq�jwglxfAf&e|{��jlmk&e|npo�������������������������������������������������������������������� * 7 4
F�� �m� � e��Bhji&h1o+��h9sBhjkPJDhjh1o]c�lmk&lZlxo+c]��� yMnxi 4 D 4   4 D < lxo+c 4 D � hj�xh1o}k&f ������������������� * 7(F
F�� � * I��xhjiAlxw w�c�e���hjiAh1o+��h�sBhjk J�hjh1o�c+lmk&l lxo+c������xc+lmk&l�hj�xh1o�k&f�uZego�r+f/�]npo}k$h)��lmiAw|n�hj�xh1o�k&f * 7(7
F�� �x� ^���k�c+egf$k$i>e|s�rtk&e|npo r+f&e ot�;egi&i&hj�pr+wglmi�s�ego+o+ego+��������������������������������������������� �m�p�
F�� �x� � e��Bhji&h1o+��h9sBhjkPJDhjh1o]c�lmk&lZlxo+c]��� yMnxi 4 D 4   4 D < lxo+c 4 D � hj�xh1o}k&f ������������������� �m� <
F�� � < I��xhjiAlxw w�c�e���hjiAh1o+��h�sBhjk J�hjh1o�c+lmk&l lxo+c������xc+lmk&l�hj�xh1o�k&f�uZego�r+f/�]npo}k$h)��lmiAw|n�hj�xh1o�k&f �m� 4
F�� � 4 I��xhjiAlxw w�c�e���hjiAh1o+��h�sBhjk J�hjh1o�c+lmk&l lxo+c������xc+lmk&l�hj�xh1o�k&f�uZego�r+f/�]npo}k$h)��lmiAw|n�hj�xh1o�k&f �m� 6
F�� � 6 X iAlmv�~+fKfA~tn J�e ot��k&~thDc+e��Bhji&h1o+��h�s�hjk J�hjh1o	c+lmk&l lxo+c	����yMnxiKh1lx�>~	k$iAlx�?>�i&h1f$npwgr+k&e|npo

�jwglxf&fAe|{��jlmk&e|npo������������������������������������������������������������������������������ �m� 7
F�� � A G e oth1lmi��xiAlmv�~]f&~tn J)egot�	k&~th-c+e���hji&h1o���h�sBhjk J�hjh1o�c+lmk&l�lxo+c���� ��������������������� � * �
7�� * ^���k�lx�j��hjv+k&lxo+��h ����������������������������������������������������������������������� � * 6
7�� � h �Bh1��k�nxy\k&~th9lx�j��hjv+k&lxo+��h;npoqk&~th ^���k�f&~�lmv�h	����������������������������������������� � * A
7�� � h �Bh1��k�nxy\k&~th6k$iAlx�]>�ego+�Zhji&i&nxiAf�npoqk&~th"^���k�f&~+lmvBh ����������������������������������� � * F
7��=< ��~th9c+hjk$h1��k$nxi D ego+cthjvBh1o+c+h1o�k�^���k�f$vBh1��k$iAr+u ����������������������������������������� �x�m�
7�� 4 � e��Bhji&h1o+��hDs�hjk J�hjh1o�k&~thDf&u�h1lmi&h1c	� �=f$vBh1��k$iAr+udlxo+c9k&~+h�otnpo�D fAu�h1lmi&h1c����=f$vBh1� D

k$iAr+u ������������������������������������������������������������������������������������� �x� *
7��@6 ¢ �Bh1��k�npo�k&~th�u�h1lxfArti&h1c���� f$vBh1��k$iAr�u J�~th1o�k&~+h�hji&i&nxiDf&�jlxw|h�yzlx��k$nxiDe f�ego+��i&h1lxf&h1c

s�� npo+h9f&e|�puZl ��������������������������������������������������������������������������� �x�x�
7��BA 5 iAlx��k&egnpo+lxw vBnxv�r+w lmk&e|npo%�A~+lxot�xh1f�J�~th1o%k&~+h9hji&i&nxi�fA�jlxw|h6yMlx��k$nxi egf�ego���i&h1lxf$h1c ������� �x�x�
7��@F ��~th_^���k�c+e���hji&h1o}k&eglxw
��i&npfAf D f$h1��k&e|npo�u�h1lxf&rti&h1uZh1o�k ��������������������������������� �x� A
7��@7 ��~th�^ ��k9c+e��Bhji&h1o}k&eglxwO��i&npf&f D f$h1��k&e|npo=uZh1lxf&rti&h1u�h1o}k&f9ego�k&~+hZu�rtnpo=lxo+c�h1w|h1��k$i&npo

�A~�lxo+oth1wgf���������������������������������������������������������������������������������� �x� F
7�� * � ��~th�^ ��k9c+e��Bhji&h1o}k&eglxwO��i&npf&f D f$h1��k&e|npo=uZh1lxf&rti&h1u�h1o}k&f9ego�k&~+hZu�rtnpo=lxo+c�h1w|h1��k$i&npo

�A~�lxo+oth1wgfj  J�~th1o�k&~th;h1w|h1��k$i&npoR^ v+i&n�c+r+��k&e|npo���i&npf&f D f$h1��k&egnpo e f)otnxi>uZlxwge��jh1c]k$n k&~+h
u;rtnpo ^ v+iAn�c+r���k&e|npoq��i&npf&f D f&h1��k&e|npo������������������������������������������������������ �x�m�
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b�� ��~th�� � 5 �Dnpw wglmsBnxiAlmk&e|npo
 �iAr+o * l������������������������������������������������������ �x�x�
C�� ��~th�� � 5 �Dnpw wglmsBnxiAlmk&e|npo
 �iAr+o * s ����������������������������������������������������� �x� 6
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\ o * 7(6 * 8 ~th1w ctnpo G hjh X wglxf&~tn J9 'J�~+egw|h�JDnxi?>�e ot��npo9h1w|h1��k$iAn JDh1lW>-r+o+e|{��jlmk&e|npo �plxrt�xh�k&~+hjnxi&�x 
cthj�xh1w|nxvBh1c l�u�n�cth1w�egoQJ�~+e �A~ ~thqego}k$i&n�c+r+��h1c l�uZlxf&f&eg�xh�oth1rtk$iAlxw�ego}k$hjiAu�h1c+e lmk$h �xh1��k$nxi�sBnpf$npo
 
�jlxwgw|h1cR^�� *��  �� � �  �� � � �"CD� * 7(6 A 8 k$hj�xh1o���h1ego}sBhji&��lxo+c�b)sBc�r+f 8 lxwglxu ~+lxc�ego+c+hjv�h1o�cth1o�k&wg�%f&npw|�xh1c
k&~th%k&~thjnxi&hjk&e �jlxw�v�i&nxs�w|h1uZf_J�e|k&~Hk&~+egf	u�n�cth1wDlxo+c cthj�xh1w|nxvBh1c k&~th1e|i;n J�o f&h1w|y D ��npo�f&egf$k$h1o}k�k&~+hjnxi&�x�
��~th�uZlxego�lxct�mlxo}k&lm�xh;nxy\k&~th1egi�k&~thjnxi&� J�lxf�k&~�lmk)e|k�r+k&egwge��jh1c�l�uZlmk&~th1uZlmk&e �jlxw ��npo+��hjv+k�>�otn J�o�lxf
f$vBnpo}k&lxothjnpr+f9f$��uZu�hjk$iA�]s+i&h1lW>�egot� � lxwgf&n >�otn J�o lxf6k&~+hZ¡)e|�x�pf-u�h1�A~+lxo�egf&u�� � A � �> /l%s}� D v+i&n�c+r+��k
nxy J�~+e �A~EJ�lxf�l;uZlxf&fAe|�xh�^ � ego�v+i&hj��e|npr+f�k&~thjnxiAe|h1f�k&~th)u�lxf&f�nxy
k&~+h�^�~�lxcZk$n-sBh�e o+f$hji&k$h1c�ego�k$n�k&~th
k&~thjnxi&� s�� ~+lxo�c��>�[CD� * 7 A * X hjiAlmiAc�k � ¡�n�nxy k)~+lxc�f&~tn J�o%k&~+lmk�k&~�egf�u�n�cth1w JDlxf�i&h1otnxiAuZlxw e��1lms�w|h�D
k&~+egf�u�h1lxo�k�k&~+lmk�k&~th)egot{�o+egk&e|h1f�J�e|k&~+ego;k&~th)k&~thjnxi&����npr+wgcZs�h��jlxo���h1w|h1c
  J)~+eg�A~�ego�k&rtiAo�u�h1lxo�k�k&~+lmk
v�~}��fAeg�jf��}r�lxo�k&e|k&egh1f�nxy/e o�k$hji&h1f&k�J�hjiAh-�jlxwg�jr+wglms�w|h6lxo+cqh;:�v�hji>egu�h1o}k&lxwBv+i&h1c+eg��k&egnpo+f���npr+wgcqsBh6uZlxcthx�

\ o * 7(F �  E^ D u�h1c+eglmk$h1cdv+i&n���h1f&f$h1f J�~+eg�>~VJDhji&hHv�i&h1c+eg��k$h1c s�� k&~th X wglxf&~tn J�D ��h1ego}sBhji&�WD
8 lxwglxu3f$k&lxo+c�lmiAc%u�n�c+h1w
JDhji&h�nxs�f$hji&�xh1cqlmk���¢ � ��� � A � ����~�egfZJ�lxf�l;�xi&h1lmk�k$iAegr+u�v�~�otnxkDnpo+w|��yMnxi
k&~th-lmi>�A~+e|k$h1��k&f)nxy\k&~th-f$k&lxo�c+lmiAc�u�n�cth1w � k&~+hj�%fA~+lmi&h1cqk&~th ��nxsBh1w
v�iAe��jh6yMnxi�v�~}��f&e �jf�ego * 7 AW7p��s�rtk
lxwgf$n�k&~+h6h;:�vBhjiAeguZh1o�k$hjiAf J�~+nEJ�hji&h9lms�w|h k$n�ctiAlxuZlmk&e �jlxwgw|����npot{�iAu ��hji&k&lxego�e u�vBnxi&k&lxo�k�lxf$vBh1��k&f�nxy
k&~th-uZn�cth1w � ��lmiAw|n ��r+s+s�egl;lxo+c 8 e u�npo%�^lxo]cthji)�]hjhji)f&~+lmiAh1cqk&~th * 7(F'< �)nxsBh1w
v+iAe �jhV�>�

¢ :�vBhjiAegu�h1o}k$hjiAf6��npo}k&ego}r+hZk$n�v�rtk9l]w|nxk6nxy�h ��nxi&k�ego�k$n�w|n}n(>�egot�%yMnxi�oth J v�~���f&eg�jf6o+nxk-cth;D
f&��iAegs�h1c	s��	k&~th�f$k&lxo�c+lmiAcZu�n�cth1w+lxo�cZego}k$n-uZlW>�egot�9hj�xhjiDu�nxi&h)f&k$iAegot�xh1o}kOk$h1f$k&f�nxy�k&~+h�u�n�cth1w �\��~th
f$k&lxo+c�lmiAc%u�n�c+h1w�~+lxf J�egk&~+f$k$n�n�c�k&~th6�A~+lxw w|h1ot�xhx tlxo+c�k&~ti&nprt�p~ i&hjvBh1lmk$h1c%h;:�v�hji>egu�h1o}k&lxw���npot{�iAuZl'D
k&e|npo]n �xhji6k&~th;wglxf$k�k J�nqcth1�jlxcth1f�e|k�~�lxf�sBh1��npu�h��xh1othjiAlxwgw|�qlx�j��hjv+k$h1c�s��%v�lmi&k&eg�jwgh9v�~}��f&e �jegf$k&f�lxf l

*



��nxi&i&h1��k�lxw|k&~tnprt�p~]ego+��npu�v�wghjk$h9i&hjv+i&h1f&h1o�k&lmk&e|npo]nxyOo+lmk&rti&h6npo�e|k&f�f&uZlxw w|hji�f&�jlxw|h1f1��¡)n JDhj�xhji1 
uZlxo��
nxyDk&~th�v+i&h1c+e ��k&e|npo+f)k&~+lmk9�jlxo�sBh�cthjiAe|�xh1c�yMi&npu k&~thZf$k&lxo�c+lmiAc�u�n�cth1w\lmi&hZ�jrti&iAh1o�k&w|��sBhj�xnpo+c nprti
lms�egw e|k ��k$n�k$h1f$kj����~th9f$k&lxo�c+lmiAc�u�n�cth1w ��npo}k&lxego+f)lZwglmi&�xh�o}r+u�sBhji�nxy\h;:�vBhjiAeguZh1o�k&lxwgwg��cthjk$hjiAu�egoth1c
v�lmiAlxuZhjk$hjiAfj���]lxo}�;nxy�k&~th1f&h�lmi&h�v�lmi&k&eg�jwghDuZlxfAf$h1fj�O��~thji&h�egfOw e|k$k&w|h�ego+f&e|�p~}k\lxfOk$n J�~}�-v�lmi&k&e �jw|h1fOlmi&h
lxf�~th1l �}�qlxf�k&~thj� lmiAhx��� n�yMrtiAk&~thji�k&~th9r+o+c+hjiAf$k&lxo+c+e ot�-nxy\v�~}��fAeg�jf�sBhj�xnpo+c%k&~th-f$k&lxo�c+lmiAcqu�n�cth1w  
v�~}��fAeg�jegf$k&f/v�rti>f&rth�u�h1lxf&rtiAh1u�h1o�k&f�k&~+lmkOh;:�~�e|s�e|k/sBh1~+l1��e|nxi�otnxk�c+h1f&��iAe|sBh1c;s}�;k&~th�f$k&lxo�c+lmiAc�u�n�cth1w �
��~+e f�k&~th1f&egf�i&hjv�i&h1f$h1o}k&f�npoth-f&r��A~qv�r+iAf&r+e|kj�

��~th�uZlxegoZh;:�vBhjiAegu�h1o}k&lxw�lmv+v�lmiAlmk&r+f�k&~+lmk�egfDr+f$h1c�k$n�c+l �Zk$n	ctn�v�lmi&k&eg�jw|h)v�~���f&eg�jf�lxo+c�k$h1f$k
lxf$vBh1��k&f/nxy+k&~thDf$k&lxo+c+lmiAc;u�n�cth1w�e fKl�~+e|�p~-h1othji&�x�9v�lmiAk&eg�jw|h�lx�j��h1wghjiAlmk$nxi1� I oth�nxytk&~th1f$h�lx�j��h1w|hjiAlmk$nxiAf
egf)lmk 5 hjiAu�egwglms  �w|n��jlmk$h1c ego C�lmk&l ��egl�  \ wgwge otnpegfj�ZCDhjk J�hjh1o * 7(7 � lxo+c * 7(7(6Zk&~th 5 hjiAuZe wglms��Khj�^lmk$iAnpo
J�lxf	nxv�hji>lmk$h1c e oH��npwgw egcthji�uZn�cthx� \ o=k&~�egf�uZn�cth v+i&nxk$npo�f;lxo�cHlxo}k&e|v+i&nxk$npo�f;lmiAh lx�j��h1w|hji>lmk$h1c k$n
oth1lmiAwg�;k&~+h)f$vBhjh1cZnxy w e|�p~�k�lxo+c�k&~+h1o���npwgwge cth1cZ~th1lxc�D npo ego+fAegcth�k&~th6�Dnpwgwgegc+hji � hjk$h1��k$nxi�lmk 5 hjiAu�egwglms
� � � 5 �>�
��~th-v�lmi&k&eg�jw|h1f�k&~+lmk�lmiAh;��i&h1lmk$h1c�lxf l�i&h1f&r+w|k�nxyOk&~th1f$h	��npwgwgegf&egnpo+f�lmi&h;k&~th1o cthjk$h1��k$h1c�lxo+c
lxo+lxw|� �jh1c
� ��~th v+i&nxk$npo�D lxo}k&e|v+i&nxk$npo ��npwgwge f&e|npo+f6n��j�jrti J�e|k&~=h1otnxiAu�npr�f�eguZv�lx��k&fj��b�o ego+c+eg��egc�r+lxw
��npwgwge f&e|npo6lmk k&~th�� hj�mlmk$i&npo�s�hjk J�hjh1o�l���r+lmi?>�y iAnpu l�v+iAnxk$npo9lxo+c-lxo-lxo�k&eg��r+lmi?> yMi&npu lxo�lxo�k&e|v�i&nxk$npo
� k&~+egf�egf��jlxwgwgh1c lxo � hj�xh1o}k �����xhji&� n��j�jlxfAe|npo+lxwgw|� i&h1f&r�w|k&fZego k&~+h]��i&h1lmk&e|npoXnxy6l ^ �plxrt�xh�sBnpf$npo
�
CDh1�jlxr+f$h nxy
k&~th�k$i&h1u�h1o+c+npr+f�h1o+hji&�x�Zlxf&f$n��jeglmk$h1c2J�e|k&~ f$npu�h)nxy k&~th1f$h ��npwgwgegfAe|npo+f � k&~+e f�cthjvBh1o+c+f�npo
k&~th nxiAe|�pe o+lxw�eguZv�lx��k�v�lmiAlxu�hjk$hji�sBhjkPJDhjh1o%k&~th6��r+lmi?>�lxo+c%lxo}k&eg��r+lmi?>+�> #^
fD�jlxo sBh�v+i&n�c+r+��h1c�J�e|k&~
wglmi&�xh%�xh1w|n��je|k��H��npu�vBnpoth1o}k&f	vBhji&vBh1o+c+eg�jr+w lmi9k$n�k&~th%nxiAe|�pego+lxw�v+i&nxk$npo3D lxo�k&e|v�i&nxk$npo c+e|i&h1��k&egnpo
 �lxo+c
~th1o+��h6wglmiA�xh�k$i>lxo+f$�xhjiAf$h9uZnpu�h1o�k&r�u � ��k>�>����~+h��Khj�^lmk$iAnpo��jlxo%v+i&n�c+r+��h ^Bf�J�e|k&~ ~+e|�p~+hji���k�k&~+lxo
lxo}�Znxk&~thji�lx�j��h1w|hjiAlmk$nxi1����~+egf�uZlW>xh1fDk&~th)v�i&n�c�r+��k&e|npoZnxy$^
f�lmk�� � 5 v�lmiAk&eg�jr+wglmiAwg�;ego}k$hji&h1f$k&e ot�t� ^Bf
lmi&h f&~tnxi&k D wgeg�xh1c�v�lmi&k&eg�jwgh1f J�~+e �A~��xhji&� ��r+eg�]>�wg� cth1�jl �=ego}k$n]wge|�p~}k$hji�uZnxi&h�f$k&lms�w|hZv�lmi&k&e �jw|h1fj� I oth
vBnpf&f&e|s�w|hDc+h1�jl1��u�n�cth�nxy
l ^%egf�ego}k$n6kPJDn�~�e|�p~�u�npu�h1o}k&r+u u;rtnpo+fj�[I�yMk$h1o�k&~th1f$h)u�rtnpo�f J�egwgw�~+l �xh
~+e|�p~ k$iAlxo�f$�xhjiAf$h�u�npu�h1o}k&r+uq�	� � 5 egf r+o�eg�}r+h1w|�qcth1f&e|�poth1c k$nqcthjk$h1��k9v�lmi&k&eg�jw|h1f�k&~+lmk6cth1�jl � ego}k$n
yMiAlm�pu�h1o}k&f�J�e|k&~ wglmi&�xh k$iAlxo+f$�xhji>f$h6u�npu�h1o}k&r+uq� \ o�yzlx��kj tk&~th-� � 5 cthjk$h1��k$nxi�egfDnxv+k&eguZe �jh1c�yMnxi�k&~th
cthjk$h1��k&e|npo]nxy/~�e|�p~%��k�nxs �$h1��k&fj �e o+�jwgr+c+e ot�-~+e|�p~q��k�^ cth1�jl1�qv�i&n�c�r+��k&f�f&r+�A~]lxf�u�r+npo+fj� 5 i&npu�k&~th
cthjk$h1��k&e|npo�nxy
kPJDn	f&r+e|k&lms�wgh�u�rtnpo��jlxo+c+egc�lmk$h1f�e|k�e fOvBnpf&f&e|s�wghDk$n;i&h1��npo+f&k$iAr+��k�k&~th �+hjhjk&egot�-h;:�egf&k$h1o+��h
nxyOl�^ v�lmi&k&e �jw|h9lxo+cqlxwgf$n�k$n�f$k&r+ct� uZlxo}� nxy\e|k&f�v�i&nxvBhji&k&e|h1fj�

�



��~th ^ egf��jrti&iAh1o�k&w|��f$hjh1o�lxf�lxoqeguZv�nxiAk&lxo�kDv�lmi&k&eg�jwgh e o�k$h1f&k&f�nxyKk&~+h f&k&lxo+c+lmiAcqu�n�cth1w � \ k&f
i&npw|h�lxf�u�h1c+eglmk$nxi�nxy�k&~th�J�h1lW>�oth1rtk$i>lxwt�jrti&i&h1o}k�lxo+cZe|k&f�uZe :tegot��J�e|k&~	k&~th�v�~tnxk$npoZego�¢�w|h1��k$i&nx��h1lW>
k&~thjnxi&� vBnpf&egk&e|npo+f�e|k ��iAe|k&eg�jlxwgwg�Hego k&~th�f$k&lxo�c+lmiAc u�n�cth1w � 8 e o+��h ^ v�lmiAk&eg�jw|h1f�lmiAh�uZlxf&fAe|�xh]k&~thj�
i&h1��r+e|i&h�l�~�e|�p~�D h1othji&�x����npwgwge f&e|npo�e|y�k&~thj��lmi&hZk$n]sBh�v+iAn�c+r���h1c
�Z�)o}k&egwOyzlxe|iAwg��i&h1��h1o}k&w|��otn]cthj��eg��h
~+lxc=s�hjh1o=s�r+egwgk�k&~�lmk���npr+wgc nxv�hji>lmk$h�lmk;k&~thZh1othji&�x� fA�jlxw|h�i&h1��r+e|iAh1c�k$n���i&h1lmk$h ^ v�lmiAk&eg�jw|h1fj \lxo+c
~th1o+��h�k&~th1f$h v�lmi&k&eg�jwgh1f-~+lxcHv+i&hj��e|npr+f&wg���xnpoth r+o+c+e f&��n �xhji&h1c � ��n JDlxc�l1��f	k&~th�h1othjiA�x� i&h1lx�A~+h1f�nxy
k&~th JDnxiAwgc � f�u�npf&k�v�n J�hjiAyMr+wB��npwgw egcthjiAfDh;:�k$h1o+cqk$nZf&wgeg�p~�k&w|��lms�nV�xh9k&~th ^�h1othji&�x�%f&�jlxw|hx +lxo�cqe|k�egf�lmk
k&~+egf)h1othji&�x��f&�jlxw|h J�~thji&h;oth J v�~th1otnpuZh1o+l�lmiAh;u�npf&k w e >xh1w|�%k$n%s�h�y npr�o+c
� ��~th	� hj�mlmk$i&npo�egf�npoth
f&r+�>~�lx�j��h1w|hjiAlmk$nxi � \ o%yMlx��kj �e|k�egf�k&~th J�nxiAw c � f�~+e|�p~th1f&k�h1othji&�x�%~+lxcti&npo���npw wgegcthji1�

\ o k&~+egf	k&~th1f&e f�k&~th ^ �plxr+�xh]sBnpf$npo v+iAn�c+r���k&e|npo iAlmk$h � nxi ��i&npf&f D f$h1��k&egnpo���lmkq� � 5 lxf�l
yzr+o+��k&e|npoqnxy\k&~th ^ k$iAlxo+f$�xhji>f$h-u�npu�h1o}k&r+u egf�f$k&r+c�e|h1cqegoqk&~th�c+egu;rtnpoq�A~+lxo�oth1w ����~th1f$h-u�h1lxfArti&h;D
u�h1o}k&f�h;:�k$h1o�c%n �xhji�l	�xhji&� wglmi&�xh iAlxot�xh nxyKk$iAlxo+f$�xhjiAf&h9u�npu�h1o}k&l�����~th f$k&lxo+c+lmi>c uZn�cth1w�v+iAh1c+eg��k&f
J�~+lmk)k&~+egf�f&v�h1��k$i>r+u�f&~+npr+wgcqw|n�n(>qwge >xhx����~ti&npr+�p~�l��jlmi&hjyzr+wKf$k&r+ct�%nxyOk&~thE^�k$iAlxo+f&�xhjiAf$h�uZnpu�h1o�D
k&r+u f$vBh1��k$iAr+u�lmk6� � 5 k&~th�k&~thjnxi&hjk&eg�jlxw/f$vBh1��k$iAr+u e f���npu�v�lmiAh1c�k$n k&~th-h;:�vBhjiAegu�h1o}k&lxw
npothx Blxo+c
cthj��eglmk&e|npo+f�sBhjkPJDhjh1o k&~thjnxi&�=lxo+cHh;:�v�hji>egu�h1o}k-lmi&h%h;:�lxu�egoth1c=lxf	lxo ego+c�eg�jlmk&e|npo�nxy�o+h J v�~}��f&eg�jf
v+i&n���h1f&f$h1f1� 8 r+�A~Zl9v+i&n���h1f&f�egf�uZnpf$k�wge >xh1wg�-k$n9sBh�yMnpr+o+c�lmk�k&~+h�~+e|�p~���k�h1o+c�nxy�k&~th�f$vBh1��k$iAr�uq� 5 nxi
h;:tlxu�v�w|hx 
k&~th�~+eg�p~]h1othjiA�x��nxy�k&~th���npwgwgegf&egnpo+f�ego k&~th��Khj�^lmk$iAnpo�s+iAegot�pf�rtv�k&~th	vBnpf&f&e|s�egwge|k�� nxy�k&~th
��i&h1lmk&e|npo nxy�otnpo�D f&k&lxo+c+lmiAc�u�n�cth1w\~+e|�p~�D u�lxf&f�v�lmi&k&eg�jw|h1f J)~+eg�A~ �jlxo+otnxk6sBh���i&h1lmk$h1c e o lxo}� nxk&~thji
lx�j��h1w|hjiAlmk$nxi  �lxo+cZk&~th1f$h�h;:�nxk&eg��v�lmiAk&eg�jw|h1fj pego���hjiAk&lxego�u�n�cth1wgf1 plmi&h�h;:�vBh1��k$h1c�k$n-cth1�jl1�Ze o�k$n9~+eg�p~���k
^Bfj����~+e f�J�npr�wgc�w|h1lxc]k$n�lxo lxotnpuZlxw|npr+f�k&lxegw ego�k&~th-h;:�vBhjiAegu�h1o}k&lxw$^���k)f$vBh1��k$iAr�u J�~+eg�>~ JDnpr+wgc
otnxkZsBhqv+iAh1f$h1o�kZe o k&~th]f$k&lxo+c�lmiAc u�n�cth1w�f$vBh1��k$iAr+u�� ��n hj��egcth1o���hqy nxi�o+h J v�~}��f&e �jf�egf�yMnpr+o+c
�
��~thqf$k&lxo�c+lmiAc u�n�cth1w�v�lmiAlxu�hjk$hji>e��1lmk&e|npo+fj  J�~+eg�>~ �jlxo npo+w|�=sBhqcthjk$hjiAu�egoth1c y iAnpu h;:�vBhjiAeguZh1o�kj 
lmi&h9k&~+h1o�f$k&r+c+egh1c
� \ oqk&~�egf�J�nxi]>� �����¢�� 4WG f$k$iAr+��k&rtiAh6yMr+o���k&e|npo+f�lmi&h-r�f$h1c � <(< � �

��~th�nxi&�plxo+e��1lmk&e|npoHnxy�k&~th k&~th1f&e f-egf;lxf-yMnpwgw|n J�fj� \ o �A~+lmv+k$hji � k&~th h;:�vBhjiAeguZh1o�k&lxw�lmv+v�l'D
iAlmk&r+f�egf�c+h1f&��iAe|sBh1c
� b)oXn �xhji&��e|h J nxy6k&~th 5 hji>uZegwglms � hj�mlmk$i&npo lxf�JDh1wgw�lxf�k&~th]iAh1w|hj�^lxo}k�v�lmi&k&f
nxy k&~th � � 5 cthjk$h1��k$nxi2J�~+e �A~ lmi&h�r+f$h1c ego k&~�egfZlxo+lxw|��f&egf�e f��pe|�xh1o
� ��~+lmv+k$hji � cth1f&��iAe|sBh1f�~tn J
k&~th�~+eg�p~ ��kZu;rtnpo c+lmk&l f&hjkj  J�~�eg�A~NJ�lxf�k&~th�f$k&lmiAk&egot��vBnpego}k;yMnxiZk&~+e f�lxo+lxw|��f&egfj [J�lxf���iAh1lmk$h1c
�
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^ hj�xh1o}k&fj����~+h���npu-s�egoth1c=e cth1o�k&eg{��jlmk&e|npo lxo+c=k$iAe|�x�xhji	f$h1w|h1��k&e|npo=h Y��je|h1o+�jegh1f9yMnxi�f&ego+�pw|h�~+e|�p~=��k
u;rtnpo+f;lmi&h c+hjk$hjiAuZegoth1cHlmk�k&~�egf-f$k&lm�xhx���\lmi&k&eg�jr+w lmi;lmk$k$h1o}k&e|npo egf�{+iAf$k9v�lxegc k$n k&~th2>�ego+h1uZlmk&eg�jlxw
lxo+c��xhjnpuZhjk$iAeg�jlxw�lxf&v�h1��k&f�nxy�k&~+h�f$h1w|h1��k&e|npo
� 5 npw w|n J�e ot�6k&~+egfOl6cthjk&lxe w|h1c�h;:�v�wglxo+lmk&e|npo	nxy�k&~th�k$i>e|�x�xhji
f$h1w|h1��k&egnpo�egf)�pe|�xh1o
� �)h;:�kj 
l �}r+lxo}k&e|k&lmk&e|�xh	cthjk$hjiAu�ego+lmk&e|npo�nxyOk&~th	c+e��Bhji&h1o�k)s�lx�?>��xi&npr+o�c�iAh1u�n �mlxw
h Y��je|h1o��je|h1f-egf9v�hjiAy nxiAuZh1c
����~+hZ{�o+lxw�u;rtnpoT>�egoth1u�lmk&eg�jlxw   �xhjnpuZhjk$iAeg�jlxwDlxo+c k$iAeg�x�xhji-h Y��je|h1o��je|h1f
lmi&h	k&~th1o�v+iAh1f$h1o�k$h1c   lxf J�h1wgw\lxf k&~th	{�o�lxw/e o�k$hj�xiAlmk$h1c=wgr+uZego+npf&e|k �%�mlxwgrth	yMnxi�h1lx�>~�k$iAe|�x�xhji6iAhj�pe|npo
lxo+c lxw f$nqy nxi-h1lx�A~ nV�xhjiAwglmvHi&hj�pe|npo
����~�lmv+k$hji Fqf&~tn J�f6k&~th�i>l�J r+o���nxi&i&h1��k$h1cQ^ u�lxf&f-lxo+c ^ ��k
f$vBh1��k$iAl���b3uZego+egu;r+u �A~+e D f&�}r�lmi&h1c�{+k9egf vBhji&yMnxiAu�h1c�c+rti>egot��l]��npu�v�lmiAegf&npo�nxy�k&~thZc�lmk&l%k$n�k&~th
�]npo�k$hq��lmiAw|n�ego nxiActhji9k$n cthjk$hjiAuZego+h�k&~thZk$iAlx�]>�ego+��hji&i&nxi;f&�jlxw|hZyzlx��k$nxi1�%��~+egf6lxo+lxwg��f&e f i&h1�}r�e|i&h1f
k&~+lmk6k&~th�u�h1lxfArti&h1u�h1o}k hji&i&nxiAf yMnxi6k&~th	k$iAlx�?> v�lmiAlxuZhjk$hjiAf6sBh�nxy�k&~thZ��nxi&i&h1��k9u�lm�po+e|k&r+cthx� 8 ego+��h
k&~th�f$k&lxo+c�lmiAc � � 5 u�h1lxfArti&h1u�h1o}k hji&i&nxiAf lmi&h�r+o+c+hji&h1f$k&eguZlmk$h1c  Begk�egf oth1��h1fAf&lmi&�]k$n�c+hjk$hjiAuZegoth	l
yzlx��k$nxi J�e|k&~ J�~+e �A~ k$n]f&�jlxw|h � ego���i&h1lxf$hV�)k&~thZu�h1lxfArti&h1u�h1o}k hji&i&nxiAfj�;��~th	{�o+lxw\f$hjk6nxy���nxi&i&h1��k&egnpo+f
lmi&hZlmv+v�wge|h1c�k$nqk&~th�cthjk$h1��k$nxi�f&e u�r+w lmk&e|npo]v�lmi&k6nxy�k&~th��]npo}k$h���lmiAw|nt�_\ o�yzlx��kj  k&~th��]npo�k$h%��lmiAw|n
egf r+f$h1c�k$n�c+hjk$hjiAuZegoth�u�nxiAh	lx�j�jr+iAlmk$h1w|� k&~thZc+e��Bhji&h1o}k fAegot�pw|h	~+e|�p~���k k$iAeg�x�xhji9h Y��je|h1o+�����^lxw rth1fj�
��~th-�]npo}k$h;��lmiAw|n	nprtk$v�rtk�egf�k&~th1o���npuZv�lmi&h1cqk$nZk&~+h9c+lmk&l�����~th6i>l�J ^ ��k�f$vBh1��k$iAr+u ~+egf&k$nx�xiAlxu
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��lmiAwgn]u�r�f$k-sBhZk&r+o+h1c=lmk;k&~th�hj�xh1o}k��xh1o+hjiAlmk&e|npo w|hj�xh1w�e o�nxiActhji;k$n]nxs+k&lxe oHlm�xi&hjh1uZh1o�k;sBhjkPJDhjh1o
k&~th�k J�nt� \ o��A~+lmv+k$hji"7�k&~+h���npo}k$h ��lmiAwgn%e f�r�f$h1c�k$nqv+i&n�c+r+��h;k&~thZcthjk$h1��k$nxi D e o+cthjvBh1o+cth1o}k ^ ��k
f$vBh1��k$iAr+u ~+egf$k$nx�xi>lxuq����~+egf�~�egf$k$nx�xiAlxu ��nxi&i&h1f$vBnpo+c+f�k$n�k&~thE^���k)f$vBh1��k$iAr+u J�e|k&~�k&~+h-h �Bh1��k&f)nxy
k&~th-lx�j��hjv�k&lxo+��h�lxo+c�k&~th6k$iAlx�?>�egot��hji&i&nxiAf�iAh1u�n �xh1c
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��~th 5 hjiAu�e �)lmk&egnpo+lxw6b)�j��h1wghjiAlmk$nxi G lmsBnxiAlmk$nxi&� � 5 hjiAuZegw lms���egfql ~+e|�p~�D h1o+hji&�x� v�~}��f&eg�jf
wglmsBnxiAlmk$nxi&�6w|n��jlmk$h1c;ego C�lmk&l1��egl�  \ wgwgego+npegfj�
��~th��Khj�mlmk$i&npo	f$��o��A~ti&nxk$iAnpo
 Vk&~+hZJDnxiAwgc � f uZnpf$k vBn JDhji&yzr+w
lx�j��h1w|hjiAlmk$nxi  }nxvBhjiAlmk$h1f�k&~thji&hx� \ k&fOyMr�o+��k&e|npoZegf\k$n�lx�j��h1w|hjiAlmk$h�v+i&nxk$npo+f�lxo�cZlxo�k&egv+i&nxk$npo+f�e o�nxv+vBnpf&e|k$h
c+e|iAh1��k&e|npo+f�lmi&npr+o+c%l * >�u iAlxc+e r+f�i>egot�;k$nZl�f$vBhjh1cql�yMiAlx��k&e|npo�nxyKl	vBhjiA��h1o}k�wgh1f&f�k&~+lxo%k&~+lmk�nxy/k&~th
f$vBhjh1cqnxy\wge|�p~}kj�

��~th v�lmi&k&e �jw|h1f�k$iAl1�xh1w k&~th6iAegot��ego%��npo}k$i&npwgw|h1c%s�r+o+�A~+h1f�ego+f&egc+h)l	�mlx�jr+r+uq����~+h1f$h6s�r+o+�>~th1f
u�hjhjk�~th1lxc�D npo]lmk)v+i&h1cthjk$hji>uZegoth1c�wgn��jlmk&e|npo�f�nxi)ego}k$hjiAlx��k&e|npo]i&hj�pe|npo+f)lmi&npr+o+c�k&~th-iAe ot�t� 8 e o+��h6k&~th
��i&npf&f-f$h1��k&e|npo�yMnxi9l%v+i&nxk$npo�k$n�f&k$iAe >xhZlxo lxo}k&e|v+i&nxk$npo�e f6f$n�w|n J i&h1wglmk&e|�xh	k$n�k&~thZc+h1o+f&e|k&e|h1f�nxyDk&~th
sBh1lxuZfj �lxwguZnpf$k;lxw w�nxy)k&~th�v�i&nxk$npo+f	lxo+c lxo�k&e|v�i&nxk$npo+f;v�lxf&f;s�� npothqlxotnxk&~thji J�e|k&~+nprtk���npwgw egc+egot�t�
¡)n JDhj�xhji1  c+rtiAe ot�Zl���i&npfAf&egot�t �n��j�jlxf&egnpo+lxwgw|��l��}r+lmi]>qy i&npu lZv�i&nxk$npo�lxo�c�lxo lxo�k&e �}r+lmi]> yMi&npu lxo
lxo}k&e|v+i&nxk$npo���npw wgegcthx� I o+h6nxi)u�nxi&h9��r+lmi?> D lxo}k&eg�}r�lmi?> ��npw wgegf&e|npo�fDc�rtiAegot��lxo�e o+c+e|��egc+r+lxw���i&npf&f&e ot�Zegf
�jlxwgw|h1c]lxo � hj�xh1o�k ���

� � 5 � < � egfD��h1o�k$hji&h1cqlmkDnpoth�nxy k&~th ego}k$hjiAlx��k&e|npo�i&hj�pe|npo+fj� \ k�egf�r+f&h1c�k$n�f$k&r+c+�;k&~+h)v�~}��f&eg�jf
nxy�k&~th����� ��npwgwgegf&egnpo+f�k&~+lmk-n��j�jrti9k&~thjiAhx��\ o l�f&ego+�pw|h�hj�xh1o�k;e|k9egf6vBnpf&fAe|s�w|h;y nxi;lq�mlxf$k-o�r+u-sBhji9nxy
c+e��Bhji&h1o}k�k ��vBh1f�nxy\v�lmi&k&eg�jw|h1f�k$n���npu�h�f$vBh J�e ot��npr+k�nxy/lxo]ego�k$hji>lx��k&e|npo�i&hj�pegnpo�egoqlxwgw
c+egi&h1��k&e|npo+fj�

� � 5 egf9cth1fAe|�poth1c�k$n]c+hjk$h1��k;lxo+c=egcth1o}k&e|y � uZlxo}� nxy�k&~th�v�lmi&k&eg�jw|h1f9k&~+lmk-�jlxoHs�hZ��iAh1lmk$h1c
c+rti>egot�)lxo	hj�xh1o}kj�[\ kOegfOlxwgf$n6cth1f&eg�poth1c;k$n9u�h1lxf&rti&h�f&hj�xhjiAlxwtnxy�k&~+h�v+i&nxvBhji&k&e|h1f/nxy�k&~+h�oth J�w|�-��iAh1lmk$h1c
v�lmi&k&e �jw|h1f�k&~th1uZf&h1w|�xh1fj� ��~�egf	egfZlx�A~�e|hj�xh1c ��egl�l��mlxf$k�lmi&i>l1� nxy6c+e��Bhji&h1o�kZc+hjk$h1��k$nxi f&r+s�f$��f$k$h1uZfj 
ego+�jw r+c+egot���A~+lmi&�xh1c v�lmi&k&eg�jwgh k$i>lx�?>�egot� cthjk$h1��k$nxiAf1 �fAlxu�v�wgego+���jlxw|nxiAe u�hjk$hjiAfZlxo+c u;rtnpo cthjk$h1��k&egnpo
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v+iAe uZlmiAegw|�Zr�f$h1c�ego%k&~+e f�lxo+lxw|��f&egfj�
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b"f&�A~th1u�lmk&eg�Z��e|h J nxy�k&~th 5 hjiAuZegw lms=lx�j��h1w|hjiAlmk$nxiAf	egf-f&~tn J)o=ego�{��prti&h � � * � � * A � 5 e|i>f$k-l
�Dn��?>�i&nxyMk D � lxw|k$npo � otnxk�f&~tn J�o���lx�j��h1wghjiAlmk$nxi6egf�r+f$h1c�k$n�lx�j��h1w|hjiAlmk$h	othj�plmk&e|�xh1wg�%egnpo+e��jh1c�~}��c+i&nx�xh1o
lmk$npuZf�k$n A 4 � >xh 9;�/��~th�~}��ctiAnx�xh1o=lmk$npuZf�k&~th1o�h1o}k$hji�k&~+h G \ �)b��  Kl 4 �x� yMk�wge oth1lmi-lx�j��h1w|hjiAlmk$nxi  
J�~thjiAh6k&~thj� lmiAh-lx�j��h1w|hjiAlmk$h1c�k$n < �x� �]h 9�����~th6h1w|h1��k$i&npo�f�lmi&h6k&~th1o]f$k$iAe|v+vBh1c yMi&npu k&~th9~}��c+i&nx�xh1o
lmk$npuZf;lxo+c�k&~th�i&h1f&r+w|k&e ot��v�i&nxk$npo sBh1lxu�egf-ego+f$hji&k$h1c�e o�k$n�k&~+h�CDn}npf$k$hji  /l � 4 � y n�nxk-i>lxc+egr+f f$��o�D
�A~+i&nxk$i&npo
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f&r+�j��h1fAf&e|�xh9sBn�npf$k&f�yMi&npu iAlxc�e|n�y iAh1�}rth1o����%�jl ��egk&e|h1fj����~th9v+i&nxk$npo�f�lmi&h�lxw f$nZnxi&�plxo+e �jh1c]egoqc+e f&��i&hjk$h
s�r+o��A~th1fDs���k&~+egf�lx�j��h1w|hji>lmk&e|npo%v+i&n���h1f&fj� �)h;:�k�k&~+h�v�i&nxk$npo+fDh1o�k$hji)l * >�u"iAlxc+e r+fD��lxego ��e ot�t tlxwgf$n
l9f$��o+�>~ti&nxk$npo
� \ k�lx�j��h1w|hjiAlmk$h1fDk&~th�v�i&nxk$npo+f�k$n *�4 � X h 9;  J�~+hji&h1rtvBnpo	k&~thj��lmi&h�i&h1lxc+�;k$n-h1o�k$hjiDk&~th
�Khj�^lmk$i&npo � f iAegot� � e|k�w e|h1f)c�e|i&h1��k&w|��r+o�cthjiAoth1lmk&~�k&~th��]lxego �)egot�}�>�6��~th	� hj�mlmk$i&npo�lx�j��h1w|hji>lmk$h1f6k&~th
v+i&nxk$npo�f k$n k&~+h1e|i {�o+lxw/h1othji&�x��nxy 7 �x� X h 9;� \ o k&~th�c+lmk&l%��npwgwgh1��k$h1c�y nxi k&~+e f)k&~+h1f&egf�h1lx�A~�v�i&nxk$npo
s�r+o��A~�k ��v�eg�jlxw w|� ��npo}k&lxegoth1c * ����� v�lmi&k&eg�jwgh1fj Klxo+c�k&~+hji&h JDhji&h�r+f&r�lxwgw|�]lqk$nxk&lxw�nxy�f&e :�s�r+o+�>~th1f6ego
k&~th-�Khj�mlmk$i&npo]lmk�npo+h6k&egu�hx�

b)o}k&e|v+iAnxk$npo+fZlmi&h�v�i&n�c�r+��h1c s}� h;:�k$iAlx��k&egot�=l * �m� X h 9 v+i&nxk$npo sBh1lxu y iAnpu k&~th]��lxego
��e ot�qlxo+c�c+e|i&h1��k&e ot�qe|k9lmk9lqk&r+ot�pf&k$h1o�k&lmi&�xhjkj�2I o+h;nxyDk&~thZv�lmi&k&eg�jw|h	k ��vBh1f6k&~+lmk9egf v�i&n�c�r+��h1c�lxf
l�s�� D v�i&n�c�r+��k�nxy\k&~th9i&h1fAr+w|k&egot��eguZv�lx��k&f�egf�lxo�k&e|v�i&nxk$npo+fj�D��~th-lxo}k&e|v+i&nxk$npo�f�lmi&h-��npw w|h1��k$h1c
 �f&k$nxi&h1c
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� \ o k&~th	c+lmk&l
��npwgw|h1��k$h1c=y nxi-k&~+egf k&~th1f&e f6h1lx�A~Hlxo�k&e|v�i&nxk$npo�s�r+o��A~�k��}v�e �jlxwgw|����npo}k&lxegoth1c �	� * ��� � v�lmi&k&eg�jw|h1f1  lxo+c
lm�plxego]k&~thji&h JDhji&h-r+f&r�lxwgw|��f&e : s�r�o+�A~th1f�e o%k&~th-�Khj�^lmk$i&npo ����iAn�c+r���k&e|npo%nxy/lxo}k&e|v+iAnxk$npo+f�egf�lZyMlxe|i>w|�
k&egu�h;D ��npo�f&r+uZego+��nxv�hji>lmk&e|npo]lxo+c�k$n�f&npu�h-h;:�k$h1o�k�k&~th;f&r+�j��h1f&f$yzr+w
nxvBhjiAlmk&egnpo]nxy\k&~th;� hj�mlmk$i&npo i&h;D
�xnpw|�xh1fOlmi&npr�o+c-~tn J �}r+e �?>�w|�9lxo�k&egv+i&nxk$npo+f\�jlxo;sBh�lx�j�jr+u;r+wglmk$h1c
� CDnxk&~;k&~thDv+i&nxk$npo	lxo+c;lxo�k&e|v�i&nxk$npo
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5 e|�prti&h � � * � 8 �A~+h1uZlmk&eg�6��e|h J nxy\k&~th 5 hjiAu�e �)lmk&egnpo+lxw b��j��h1w|hjiAlmk$nxi G lmsBnxiAlmk$nxi&� � f��Khj�^lmk$iAnpo
�

sBh1lxuZfDk$iAl1�xh1w lmk�lxo%h1othji&�x� nxy�7 �x� X h 9 ego k&~th6� hj�mlmk$i&npo
 tyMnxi�l	k$nxk&lxw
��npu�s�egoth1cq��h1o}k$hji�nxyKu�lxf&f
h1othji&�x�%nxy * �@Fm� h 9;�

b �$f&k$nxi&h �ZsBhj�pego+f�J)~th1o%k&~th9v+iAnxk$npo�lxo+c�lxo}k&e|v+i&nxk$npo�s�r+o+�>~th1f�lmi&h9i&h1lxc+��k$nZsBh9ego�f$hji&k$h1c
ego}k$nZk&~th-�Khj�mlmk$i&npo
��I o+��h-lZf&k$nxi&h-sBhj�pego+f�o+nZyMr+i&k&~thji�v+iAnxk$npo+f�nxi)lxo}k&e|v+iAnxk$npo+f��jlxo]s�h9lxc�cth1c
��b
f$k$nxi&h)wglxf$k&fOr+o}k&egw�k&~th�iAlmk$h�nxyB��npwgwge f&e|npo+fKsBh1��npu�h1f�k$n�n9egotyMi&h1��rth1o�k\k$n J�lmi&iAlxo}k���npo}k&ego}r+h1c	nxv�hji>lmk&e|npo
nxytk&~thD� hj�mlmk$i&npo
 mnxi\r+o�k&e wxk&~th�f&k$nxi&hDe f
�$w|npf$k ���\�\lmi&k&eg�jw|hDcthjv�w|hjk&egnpo9n��j�jrtiAf h1egk&~thji k&~tiAnprt�p~-lmk$k$iAegk&e|npo
f$k$h1uZu�egot�-yMi&npu3k&~th w|npf&fDnxy v�lmiAk&eg�jw|h1f�k&~ti&nprt�p~�k&~th �� � ��npwgwgegf&egnpo+f�k&~th1u�f$h1w|�xh1fj �nxi�h1wgf$h�y iAnpu w|npfAf$h1f
f&r+f&k&lxegoth1c]lxf�k&~th;sBh1lxuZf)�xn%lmiAnpr+o+c�k&~+h�iAe ot�t�)¡)h1o+��hx Bk&~th;iAlmk$h�nxy���npwgwgegf&egnpo+f�egf)�xi&h1lmk$h1f$k6lmk k&~th
sBhj�pego+o+e ot��nxy\lZf$k$nxiAh J�~th1o%k&~th�o}r+u�sBhji�nxyKv�lmi&k&eg�jw|h1f�e f�u�npf$k�o�r+u�hji&npr�fj�

��~th ego+f$k&lxo}k&lxothjnpr+f wgr+uZe otnpf&e|k��H�xiAlxc�r+lxwgw|� cth1��i&h1lxf&h1f lxf�k&~th�o}r�u-sBhji�nxy-v+i&nxk$npo+f lxo+c
lxo}k&e|v+i&nxk$npo+f)nxi&s�egk&egot��k&~+h;�Khj�^lmk$iAnpo c+h1��i&h1lxf$hx�6��~th�nxiAe|�pego+lxwKcth1f&e|�po�nxy�k&~th	�Khj�^lmk$i&npo��jlxwgwgh1c]yMnxi
f&e :�c+e��Bhji&h1o}k�ego}k$hjiAlx��k&e|npo i&hj�pe|npo+fj  �$b�D �jhji&n �]k&~tiAr � 5 D �jhji&n ������~th1f&h;iAhj�pe|npo+f6lmi&hZw|n��jlmk$h1c lmk9f&e :
h1��r+egc+egf&k&lxo�kDvBnpf&e|k&e|npo+fDlmi&npr+o�c�k&~th iAe ot� � k&~+h o�r+u�sBhjiDnxy/ego}k$hjiAlx��k&e|npo%i&hj�pe|npo�f�sBh1ego+��h1��r+lxw�k$n�k&~th
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o�r+u-sBhji�nxy�s�r+o+�>~th1f�egf�otnxkZl=��npego+�jegcth1o���hV�>� I6o+w|�=k J�n=nxy)k&~th1f&h�i&hj�pe|npo+f�lmiAh��jrti&i&h1o}k&w|�Hr�f$h1c
�
��~thj� lmi&h C D �jhji&n � J�~+hji&h�� � 5 egf�w|n��jlmk$h1c���lxo+c � D �jhji&n � J)~thji&h]lHcthjk$h1��k$nxi �jlxw w|h1c � D �jhji&n egf
w|n��jlmk$h1c��>� CD�]h1wgh1��k$i&npf$k&lmk&eg�jlxwgwg��cth �+h1��k&e ot��k&~+h�sBh1lxuZf lmi&npr+o�c�k&~+h	r�o}r+f&h1c�ego}k$hjiAlx��k&e|npo i&hj�pegnpo+fj 
��npwgwge f&e|npo+f lmiAhDlxwgwgn JDh1c�k$n n��j�jrti/npo+w|�9lmk C D �jhji&n6lxo+c � D �jhji&nt����~+egf.J�lxf\ctnpothDk$n)v�i&hj�xh1o�k\��npwgwge f&e|npo+f
yMi&npu n��j�jr+i&iAegot��ego k&~thqr+o�r+f$h1c ego}k$hjiAlx��k&e|npo i&hj�pegnpo+fj [J�~�eg�A~QJDnpr+wgc i&h1f&r+wgk;ego l���nxi&iAh1f$vBnpo+c+egot�
r+o+o+h1��h1f&f&lmi&�%cth1�jl1�qego%k&~+h-ego+f$k&lxo}k&lxothjnpr+f�wgr+uZego+npf&e|k �x�

\�k�k&lW>xh1f�lmsBnprtk�l	c+l1� yMnxiDh1o+nprt�p~qlxo�k&egv+i&nxk$npo+fDk$n	sBh lx�j�jr�u�r+w lmk$h1c%y nxi�l	f$k$nxi&h6k$n	sBhj�pego
�
8 k$nxi&h1f�k ��v�eg�jlxwgw|��~+l1�xh-lxf�wglmi&�xh9lxo�ego�e|k&eglxw�ego+f$k&lxo}k&lxothjnpr+f�wgr�uZegotnpf&egk �Zlxf�vBnpf&f&egs�w|hx �lxo+c%k&~thj�%lxwgf$n
wglxf$k�lxf�w|npo+��lxf�e f�v�iAlx��k&eg�jlxw�f$n�k&~+lmk�k&~th%nV�xhjiAlxwgw�cth1wgeg�xhji&h1c ego�k$hj�xi>lmk$h1c wgr+uZe otnpf&e|k���e f�lxf�wglmi&�xh
lxf�v�npfAf&e|s�w|hx� 8 k$nxiAh1f-k��}v�e �jlxwgw|��wglxf$k;~+lxw|y�l�c�l1�x �lxw|k&~tnpr+�p~=uZlxo}��k&~+egot�pf��jlxo lxo+c=ctn��xn J�i&npot�
k$n��jlxr+f$h k&~th�f$k$nxiAh1f�k$n sBh�w|npf$k;v+i&h1u�lmk&rti&h1w|�x� 5 nxi	h;:tlxu�v�w|hx \sBh1f&egc+h1f9otnxiAuZlxwDu�h1�>~+lxo+eg�jlxwDlxo+c
h1w|h1��k$iAe �jlxw yzlxegwgrtiAh1fj �k&~th	��npwgwge c+egot��sBh1lxuZf�~+l1�xh�f&r��j�jr+u-sBh1c�k$n o�lxf$k � wge|�p~}k&o+egot��f&k$iAe >xh1fj Bl��>~thji&i&�
k$i&hjh�yzlxwgwgego+��npo�l vBn JDhji9f$k&lmk&e|npo
  lq��n�npwgegot�2J�lmk$hji-ego+w|hjk��mlxw|�xh	�xhjk$k&egot���jw|nx�x�xh1cTJ)e|k&~�c�e|i&k ��wglW>xh
J�lmk$hji1 �lxo�c	k&~th�lx�j�jegcth1o}k&lxw��jw eg�?>�egot� npo�k&~th �$lms�nxiAk�sBh1lxu � J�ego+c+n J J�e|k&~�l-u�npr+f$hx�O�Kn-uZl':teguZe��jh
k&~th�k$nxk&lxw
ego}k$hj�xiAlmk$h1cqwgr+uZe otnpf&e|k��;k&~�lmkD�xhjk&f�c+h1wge|�xhji&h1c�s}��k&~th�lx�j��h1wghjiAlmk$nxi�k$n	k&~th�kPJDnZego�k$hji>lx��k&e|npo
i&hj�pe|npo�fj +lxo�k&egv+i&nxk$npo�lx�j�jr+u;r+wglmk&egnpo���npo�k&e o}rth1f�J�~+egw f$kDf&k$nxi&h1f�lmi&h�lx��k&e|�xhx�

���� ��npwgwgegfAe|npo+f_J�hji&h%{+i>f$k�f$k&r+c+e|h1c r+f&e ot�]k&~th�� ��5 cthjk$h1��k$nxi�lmk�k&~+h 5 hjiAuZegwglms �Khj�^lmk$iAnpo
c+rti>egot��iAr+o �jhji&n e o * 7(F(F D * 7(F(7�����~th�k$nxk&lxw ego}k$hj�xiAlmk$h1c wgr+u�egotnpf&e|k�� J�~�eg�A~ � � 5 JDlxf%lms�wgh�k$n
lxo+lxw|� �jh�y nxiqk&~�egf iAr+o JDlxfqlmv�v+i&n�:teguZlmk$h1wg� 4 v+s � � � b)y k$hji]k&~+egf iAr+oXk&~thH� � 5 cthjk$h1��k$nxi J�lxf
rtv+�xi>lxcth1cXlxo�cXk&~+h � D �jhji&n cthjk$h1��k$nxi JDlxf%ego+f&k&lxwgw|h1c lmk%k&~th � D �jhji&n ego}k$hjiAlx��k&e|npo i&hj�pegnpo
����~+egf
k&~th1f&e f�r�f$h1f c+lmk&l%y iAnpu i>r+o+f * lqlxo+c iAr+o * s � ��r�o * l%iAlxo yMi&npu b)r+�pr+f$k * 7(7 � k&~tiAr���l1� * 7(7 �  
J�~th1o�l�k$nxk&lxwOnxy �x� v+s � � nxy�lxo+lxwg� �1lms�wgh	c�lmk&l�J�lxf6��npwgw|h1��k$h1c�s�� � � 5 � ��r+o * s�iAlxo yMi&npu * 7(7'<

k$n * 7(7 4 lxo+c�l�k$nxk&lxw nxy F(7Zv+s � ��JDlxf)��npwgw|h1��k$h1c]c�rtiAegot�;k&~+egf�vBhjiAegn�c
�
� h1�>~+o+eg�jlxw
lxo�cqnxvBhjiAlmk&e|npo+lxw
eguZv+i&n �xh1uZh1o�k&f�e o�k&~+h9� hj�mlmk$i&npo�nV�xhji�k&~th6�xh1lmi>f�~+l1�xh�w|h1c%k$n

lxo ego���i&h1lxf$hZego�k&~th�v�h1lW>�ego+f&k&lxo�k&lxothjnpr�f9wgr+uZe otnpf&e|k��x 
y i&npu � � * � � � �ju ��� f � � c�rtiAegot� iAr+o �  Kk$n
� �	� * � � � �ju ��� f � � c+rtiAe ot�ZiAr+o * s �;��~th	~+e|�p~thji6wgr�uZegotnpf&egk&e|h1f��jlxr+f$hZfAe|�po+e|{��jlxo}k�v+i&nxs�w|h1u�f�yMnxi
c+lmk&l6k&lW>�egot�t �lxo+c�k&~th1f&h�J�egw w}sBh�h;:�v�wglxego+h1c�wglmk$hji1� ��nxk$h)k&~+lmk�k&~th)wglmi&�xh�ego�f$k&lxo�k&lxo+hjnpr+f�wgr+u�egotnpf&e|k��
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u�h1o}k&e|npoth1c lmsBn �xh u�h1lxo+f%k&~+lmk]k&~th l1�xhjiAlm�xh o�r+u-sBhji%nxy;v+i&nxk$npo�D lxo}k&e|v+i&nxk$npo ego�k$hji>lx��k&e|npo+fqvBhji
s�r+o��A~q��i&npf&fAegot�Zegf��xi&h1lmk$hji�k&~+lxo � �

����� ( �)'A'>! �����  �O����./�B��� �D� �;��� ��!A'A���

5 e|�prti&h � � � f&~+n J�f�lxo�egf$npu�hjk$iAe �6��egh JdnxyOk&~thZ� � 5 cthjk$h1��k$nxi � * F � ��\ k�~+lxf)sBnxk&~]lmv+v�i&n�:te D
uZlmk$h�l �1egu�r+k&~+lxw�f$��uZu�hjk$iA� � k&~�egf�egf�f$��u�u�hjk$i&��egoZk&~+h�v�wglxoth�k&~+lmk�egf�v�hjiAv�h1o�c+eg�jr+wglmi\k$n�k&~th�sBh1lxu
c+e|iAh1��k&e|npo��Dlxo+c]y nxi?J�lmiAc�D s�lx�?>1JDlmiAc�f$��uZu�hjk$i&�x� \ o]k&~th-f$k&r�ct��nxyOk&~+h9v�~}��f&e �jf�nxy ���� ��npwgw egf&e|npo+f1 �nxy
v+iAe uZlmi&��e o�k$hji&h1f&k�lmi&h�k&~th�c+hjhjv�w|�	egoth1wglxf$k&e �Dw lmi&�xh�egu�v�lx��k���npwgwgegf&egnpo+f � �x� � �O��~+egf\k��}vBh�nxy
��npwgwge f&e|npo	egf
u�nxi&h wge >xh1wg��k$n;iAh1f&r+w|kDego�k&~+h)v+iAn�c+r���k&e|npoZnxy v�lmi&k&eg�jw|h1f J�e|k&~ l	wglmi&�xh�y iAlx��k&egnpo�nxy k&~th1e|i�u�npu�h1o}k&r+u
ego�k&~th k$iAlxo+f$�xhji>f$h)v�wglxothx �J�~+eg�>~�uZh1lxo+fDk&~+lmk�k&~thj��JDnpr+wgc�sBh�u�nxiAh�wge >xh1w|��k$n	s�h�vBnpego}k$h1c�k$n JDlmiAc�f
k&~th;��h1o�k$iAlxw/i&hj�pegnpo�nxy�k&~th;cthjk$h1��k$nxi1���)otyMnxi&k&r+o�lmk$h1w|�x �lxw u�npf$k)lxw w nxyOk&~th ���� ��npw wgegf&e|npo�f�lmi&h-h1w lxf$k&eg�
lxo+c%��r+lxf&e D h1wglxf&k&eg�)fAuZlxwgw�lxot�pw|h f&�jlmk$k$hji1 #J�~+hji&h)k&~+h)v+iAnxk$npo lxo�c�k&~+h lxo}k&e|v+iAnxk$npo u�lW>xh9l��pw lxo+�jegot�
s�w|n J"n � npothqlxotnxk&~+hjiZlxo+c h1o+c rtv sBnxk&~Hk$i>l1�xh1wgego+��c+n J�o k&~th%sBh1lxu v�e|vBh�lmyMk$hjiZk&~thq��npwgw egf&e|npo
�
5 nxi;h;:�lxuZv�w|hx �J�~+egwgf&k�k&~+h�k$nxk&lxw ���� ��npwgw egf&e|npo���i&npfAf-f$h1��k&e|npo egf6iAnprt�p~+w|� h1�}r�lxw�k$n F � u�s � * u-s��
* � * � ����� �ju ��� �> �k&~th6��i&npf&f�f&h1��k&e|npo%y nxi�l ���� ��npwgwge f&e|npo lmk�� ��5 i&h1f&r�w|k&egot�;ego�k&~+h�v�i&n�c�r+��k&e|npo�nxyKl
^�v�lmi&k&e �jw|h6egf�npo+w|� 6mo�s  3J)~+eg�A~quZh1lxo+f�k&~+lmk�l�^ v�lmi&k&eg�jw|h6egf���i&h1lmk$h1c�npo�l1�xhjiAlm�xh;npo+w|��npo+��h6hj�xhji&�
*�4 uZe wgwge|npo ��npwgwgegfAe|npo+fj�

��~th�cth1f&egi&h	k$n]lxo+lxw|� �jhZ~+e|�p~ k$iAlxo+f&�xhjiAf$h�u�npuZh1o�k&r+u hj�xh1o}k&f-uZh1lxo+f6kPJDn�k&~+e ot�pfj� 5 egiAf$kj 
k&~th�v+iAh1�jegf&e|npo;cthjk$h1��k$nxi�fArts�f$��f$k$h1uZf/k$h1o+c�k$n6sBh���h1o�k$i>lxwgw|�	w|n��jlmk$h1c � 8 h1��npo+c
 pl �xi&h1lmk�c+h1lxw�nxy�h �Bnxi&k
egfOuZlxc+h�k$n6i&h1��nxiAc�npo+wg��c+lmk&l J�egk&~;~+h1lxc�D npoZ��npwgwge f&e|npo+f � ~+lmiAcZfA�jlmk$k$hjiAegot�}�> �lxo+c	k$n9e|�potnxi&h�k&~+h�i&h1f$kj�
��~+e f�egf�lx�j��npu�v�wgegf&~th1c���eglZk&~th9k$iAe|�x�xhji  �lxo+c]k&~+egf�J�e wgwBsBh6h;:�v�w lxegoth1c�ego]cthjk&lxegw lmk)k&~th-h1o+c]nxy\k&~+egf
�A~�lmv+k$hji1�

b���i&npf&f D f&h1��k&e|npo+lxw/��egh Jdnxy�npo+h;��r+lxctiAlxo}k�nxy�k&~th	� � 5 cthjk$h1��k$nxi9egf�f&~tn J)o]ego�{+�prti&h � � � �
��~th�� ��5 ��n}nxiAc�ego+lmk$h9f$��f$k$h1u egf�lxwgf$n�fA~tn J�o�~thji&hx�D��~th9��n�nxiAc+ego+lmk$h�f$��f&k$h1u � f�nxiAeg�pegoqwge|h1f�lmk)k&~th
��h1o}k$hji�nxy k&~th]c+hjk$h1��k$nxi1 �J�~+eg�>~ egfZwgn��jlmk$h1cXego k&~th�sBnxk$k$npu iAe|�p~}kZ��nxiAothji�nxy k&~th]v�eg��k&rti&hx�X��~th
�;D l':tegf6vBnpego}k&f6ctn J�o k&~th�sBh1lxuZwgegoth	ego�k&~th�c+e|i&h1��k&e|npo k&~th�v+i&nxk$npo+f9lmiAh�k$iAl1�xh1wge ot��lxo+c�k&~th�� D l':tegf
vBnpego}k&fOrtv J�lmiAc+f1 �w|h1l1��egot�6k&~+h�: D l':tegfOvBnpego}k&egot�6ego	k&~+h�~tnxiAe��jnpo}k&lxw+c+egi&h1��k&e|npo	k&~+lmk�e f�cthj{�oth1c	s��	k&~th
f$k&lxo+c�lmiAc�i>e|�p~�k D ~�lxo+cth1c���npo}�xh1o}k&e|npo
����~+h�l �1egu;rtk&~+lxw�lxot�pw|h��qegfDu�h1lxf&r+i&h1c�yMi&npu k&~th ~tnxiAe��jnpo}k&lxw  
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�
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8 9��Ce f�otnxk�r+f$h1c]ego%k&~+egf�lxo+lxwg��f&e fj�

����� N ������� �  3� !&�j� ( �	��� � ���

��~th[9OhjiAk$h;: � iAe|yMk\��~+lxu�sBhji � 9 � �6� � � < � wge|h1f
nprtk&fAegcth�nxytk&~+h 8 9�� lxo+c-egfKr+f$h1c-k$n�u�h1lxfArti&h
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�=¢�lx�A~ i&hj�pegnpo ��npo+f&egf$k&f	nxy)sBnxk&~ lxo h1wgh1��k$i&npuZlm�pothjk&eg�]�jlxw|nxiAegu�hjk$hji � ��¢��= ���¢��= 
5 ¢�����lxo+c�l�~+lxc+i&npo+eg�6�jlxw|nxi>egu�hjk$hji � ��¡)b��V� ¡�b� ���¡)b�  5 ¡�b �>�B��~th-��h1o}k$iAlxwKh1w|h1��k$i&npuZlm�po+hjk&eg�
�jlxw|nxiAe u�hjk$hjiAf�lmi&h9��npuZv+iAegf$h1c%nxy\w|h1lxc�e o�k$hjiAf&v�hji>f$h1c2J�e|k&~qf&�jego}k&egwgw lmk$nxi1 tlxo+cqlmi&h-lxwgw
lmv�v+i&n�:teguZlmk$h1wg�
* F�iAlxc+eglmk&egnpo�w|h1o+�xk&~+f�k&~�eg�?>�� I oth;iAlxc+eglmk&e|npo w|h1ot�xk&~�nxy�l%uZlmk$hjiAe lxwKegf�cthj{�o+h1c�lxf k&~+lmk�k&~+eg�]>�o+h1f&f
nxy6l uZlmk$hjiAe lxw�J�~+e �A~ i&h1c+r���h1fZk&~th]uZh1lxo h1othji&�x� nxy6l�sBh1lxu nxy6h1w|h1��k$iAnpo+fZv�lxfAf&egot��k&~ti&npr+�p~ e|k
s���l�yMlx��k$nxi	� � ��

�����>�>�q��~thZ~�lxcti&npo+eg���jlxwgnxiAegu�hjk$hjiAf-r+f$h�e|iAnpo ego+f$k$h1lxc nxy�wgh1lxc
����~thj��lmi&h�lxwgf$n
u;r+�A~	k&~+e �?>xhji1 psBh1ego+��sBhjkPJDhjh1o�yMnprtiOlxo+c	h1e|�p~}k/v�e|npo	lms�f$nxi&v+k&egnpo;wgh1ot�xk&~+f/k&~+eg�]> � * v�e|npo	lms�f$nxiAv+k&e|npo
w|h1ot�xk&~]lmv+v+i&n :�egu�lmk$h1w|��h1��r+lxwgf * F�iAlxc+eglmk&e|npo]w|h1ot�xk&~+f>�>�

¢�lx�>~q�jlxw|nxiAegu�hjk$hji�e fDf&hj�pu�h1o�k$h1c]ego � � �]f$v�lx��h k$n�y nxi>u v�i&n � h1��k&eg�xh�k$n J�hji>f�J�~+eg�>~ v�npe o�k
s�lx�]>=k$n J�lmiAc+f;k&~th%otnpuZe o+lxw�ego}k$hjiAlx��k&e|npo vBnpego}k � k&~thq��h1o}k$hji�nxy�k&~th�� � 5 cthjk$h1��k$nxi��>���/lms�w|h � � *
f&~tn J�f)h1lx�A~�cthjk$h1��k$nxi � f��xhjnpu�hjk$iAe �jlxw/��nV�xhjiAlm�xh�ego�v�f$h1r+ctnxiAlmv�egc+e|k��x +e|k&f�h1o+hji&�x�qi&h1f$npwgr+k&e|npo�lxo+c e|k&f
k&~+eg�]>�o+h1f&fj�

��~th �jlxw|nxiAegu�hjk$hji>f-lmi&h%r+f$h1c=k$n cthjk$hji>uZegothZk&~+h�k$nxk&lxwDh1othji&�x��nxy�lxoHh1w|h1��k$i&npu�lm�pothjk&eg� nxi
~+lxctiAnpo+eg�9k$i>lx�?>]nxi �xi&npr+v nxy�i&h1wglmk$h1c k$iAlx�?>�fj  �jlxwgwgh1c�l �$hjkj� b�o h1w|h1��k$i&npo nxi6~+lxcti&npo J�egw w
k$h1o+c k$n
ego}k$hjiAlx��k J�e|k&~;k&~th�cth1o+f&hDlms�f&nxi&s�egot��uZlmk$hjiAeglxw�nxy�k&~th��jlxw|nxiAegu�hjk$hjiOlxfOe|k/v�lxf&f&h1f\k&~ti&nprt�p~	e|kj�\��~thDi&h;D
f&r+wgk/egf\�jlxwgwgh1c;l �$f&~+n JDhji��� }f$n6�jlxwgwgh1c	s�h1�jlxr�f$h�k&~th�ego�k$hji>lx��k&e|npo	k ��v�eg�jlxwgwg�6h;:�~+egs�e|k&f/l6�jlxf&�jlxcth�h �Bh1��kj�
��f&r+lxwgw|��lxwgw�nxy�k&~th�h1othjiA�x��nxy�k&~th�h1wgh1��k$i&npo=nxi	~+lxctiAnpo �xhjk&f;cthjvBnpf&e|k$h1c=e o+f&egcth�k&~+h��jlxw|nxiAe u�hjk$hji1 

*�4



lxo+c�k&~th��jlxw|nxi>egu�hjk$hji-f&�je o�k&egw wglmk$nxiAf�u�h1lxf&rti&hZl >�otn J�o y iAlx��k&egnpo�nxy�k&~th�k$nxk&lxw�h1othji&�x��cthjvBnpf&e|k&e|npo
�
b u;rtnpoHuZh1lxo J�~�egw|hZego}k$hjiAlx��k&f"J�h1lW>�w|�TJ�egk&~�k&~th�lms�f$nxi&s�ego+�]uZlmk$hjiAeglxw�lxo+c J�egwgwOcthjvBnpf&egk9npo+w|��l
f&uZlxw w�lxu�npr�o�k�nxy/e|k&fDh1othji&�x��e o�k&~+h �jlxwgnxiAegu�hjk$hji�lxf�e|kDv�lxf&f&h1f�k&~ti&nprt�p~
�O��~+h �jlxwgnxiAegu�hjk$i&��egf�r+f$h1c
ego k&~+egf�lxo�lxw|��fAegf�uZlxego+w|��k$nZlxe cqego k&~th9egcth1o}k&e|{��jlmk&e|npo nxy\u�r+npo+fj����rtnpoq�jlxo+c+egc�lmk$h1f�lmi&h6i&h1��r+e|i&h1c
k$n�~+l �xh�cthjvBnpf&egk$h1c%npo+w|��k&~+h9h;:�vBh1��k$h1c�uZego+egu;r+u3e|npo+e��1e ot�	h1othji&�x�%ego%k&~th-�jlxw|nxi>egu�hjk$hji1�

����� � �	�)
  3�\����./�B���
�

��~th�u;rtnpo c+hjk$h1��k$nxiAf�w e|h%nprtk&f&egcth]nxy�k&~+h]~+lxcti&npo3D lms�f$nxi&s�e ot� �jlxwgnxiAegu�hjk$hjiAf1�X��~thjiAh]lmi&h
yMnprtiDf&hjk&f�nxy u�r+npo �>~+lxu�s�hji>fj }k&~+h9��h1o�k$iAlxwB��rtnpo 8 ��f&k$h1u � ���]�6�> �k&~th6��h1o�k$iAlxw
��rtnpo%��v��xiAlxcth
� �����D�> pk&~+h��Dh1o}k$iAlxw���rtnpoZ¢ :�k$h1o+f&egnpo � ��� �6�\lxo�c�k&~th 5 nxi]JDlmiAc��]rtnpo 8 ��f$k$h1u � 5 �]�6�>�}��~th1f$h
cthjk$h1��k$nxiAf�lmi&h9w|n��jlmk$h1c]lmk)c+e��Bhji&h1o�k�iAhj�pe|npo+f�nxy/v�f$h1r+c+nxiAlmv�egc+egk ��lxf�h;:�~+egs�e|k$h1c%ego%{+�prtiAh � � �

��~thZ�>~+lxu-sBhjiAf-�jw|npf$h1f$k6k$n�k&~+hZego�k$hji>lx��k&e|npo�i&hj�pe|npo=lmi&hZk&~th�������� ��~th1f$h��>~+lxu-sBhjiAf�lmi&h
w|n��jlmk$h1c]lmv+v�i&n�:teguZlmk$h1w|� � � 4 uZhjk$hjiAf�yMi&npu k&~th�ego�k$hji>lx��k&e|npoqi&hj�pe|npo ����~thj�%lmi&h-f&hj�pu�h1o�k$h1c�ego}k$n � <
*�4 D cthj�xi&hjh�JDh1ct�xh1f\ego9v�~+e  mlxo+c�lxw f$n)ego}k$n�sBnxk&~�h1lxf$k\lxo+c JDh1f$k � e|hx�/y nxi?J�lmiAc;lxo+c�s�lx�?>1JDlmi>c�� ~�lxw|�xh1fj�
¢�lx�>~ J�h1c+�xh ��npo�k&lxego�f < FHc+iAe|yMk �>~+lxu-sBhjiAf1� ��~th�ctiAe|yMk �>~+lxu�s�hji>f lmiAh�lmiAiAlxot�xh1c ����wgego+cti>eg�jlxwgw|�
lmi&npr+o�c�k&~thZsBh1lxu D wge othx  lxo+c�k&~th�f$h1o+f$h J)e|i&h1f nxy�k&~th��>~+lxu-sBhjiAf�lmi&hZv�lmi>lxwgw|h1w\k$n�k&~th�s�h1lxuED wgegothx�
¢�lx�>~QJ�h1ct�xh egf9yzrti&k&~+hji�f$hj�pu�h1o}k$h1c ego}k$n]k&~ti&hjh 4 D cthj�xi&hjh k$n JDhjiAfj�]¢�lx�A~ k$n JDhji���npo+f&egf&k&f-nxy�yMnprti
wgl �xhjiAf�nxy yMnprti�i&h1��k&lxot�pr�wglmi�ctiAe|yMkD��h1w wgf � f$hjh6{+�prti&h � � 4 �>��b�w|k$hjiAo�lmk&egot�	wgl1�xhjiAf�lmiAh�i>lxc+eglxwgw|�Zlxw e|�poth1c
 
lxo+c�h1lx�>~ iAlxc+eglxwgwg�-lxwge|�poth1cZv�lxe|i�egf�n �Bf$hjk � uZu yMi&npu k&~th�oth1e|�p~}sBnxiAegot� v�lxegi1�/b u;rtnpo J)egwgw�r+f&r+lxw w|�
v�lxf&f�k&~ti&nprt�p~Xlxwgw�yMnprti�w l1�xhjiAfj �iAh1f&r+w|k&ego+��e o y npr+i�c+egf&k&ego+��kZ�A~�lxu-sBhji�c+iAe|yMk�k&egu�h1fj� ��~thqk&e uZegot�
c+e��Bhji&h1o+��h%egoHk&~th%�A~+lxu�sBhjiZctiAe|yMk9k&egu�h1f;yMnxi	npoth%v�lxe|i	egf�r�f$h1c k$n�c+hjk$hjiAuZegoth�k&~thqu�r+npoHk$i>lx�?> � f
lxot�pw|h i&h1w lmk&e|�xh6k$nZl;iAlxc+eglxwBwgego+h�lxo+c k&~th �]lxu�s�e|�pr+e|k�� � r+o���hji&k&lxego}k � i&hj�plmiAc+ego+�_J�~�eg�A~%f&egc+h)nxy/k&~th
J�e|iAh�J�lxf�v�lxf&f$h1c%s��Zk&~th k$iAlx�]>t��egfDi&h1f$npw|�xh1c%s���r+fAegot��e oty nxi>uZlmk&e|npo�y i&npu"k&~+h fAwge|�p~}k&w|��n �Bf&hjk�v�lxe|i1�

��~th �   �m� <����]���>~+lxu-sBhjiAf)k&~th1uZf&h1w|�xh1f)lmiAh � � � u�hjk$hjiAf w|npot��s}� 6�� � �ju J�e cth9s�� � �BA^�ju
~+e|�p~ � ��~+hji&h�lmi&hq�plmv�f�sBhjk J�hjh1o k&~thqh1lxf$k�lxo+c J�h1f$kZf&h1��k&e|npo+fj �lxo+c lxwgf$n�sBhjk J�hjh1o k&~th J�h1c+�xh1f
k&~th1uZf&h1w|�xh1fj��\ o�v�f$h1r+c+nxiAlmv�egc+egk �%k&~th	�A~+lxu�sBhjiAf)��nV�xhji9k&~th;iAlxot�xh � 
 �p� � � � � � � 
 6 � � k&~�egf)��nxiAi&h;D
f$vBnpo+c+f)k$n�lxo�lxot�pr+w lmi�i>lxot�xh�nxy * � 4 cthj�xiAhjh1f6k$n � <t� * cthj�xi&hjh1f6yMi&npu � � � �>�	��~th1f&h;�plmv�f6u�h1lxo
k&~+lmk�k&~+h;�����d��nV�xhjiAf�npo�w|��lmsBnprtk�F'< � nxyKk&~+h9k$nxk&lxw f$npw egc%lxot�pw|hx�
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5 e|�pr+i&h � � 4 ����~�lxu-sBhji���npot{+�pr+iAlmk&e|npoqyMnxi�l��Dh1o}k$iAlxw ��rtnpo 8 ��f$k$h1u � ���]�6� 4 D cthj�xiAhjh-k$n JDhji

* A



5 e|�prtiAh � �@6��D��~+lxu�sBhji�wgl1�xnpr+k�nxyKk&~+h;�Dh1o}k$iAlxw ��rtnpo 8 ��f$k$h1u � �����6�

* F



b�v�v+i&n�:teguZlmk$h1wg�=k&~ti&hjhqlms�f&nxi&v+k&e|npo wgl �xhjiAf�nxy f$k$hjh1w�wgegh�sBhj�xnpo+c k&~th����]�� �lxo+c sBhj�xnpo+c
k&~+lmk6wge|h1f�k&~th��Dh1o}k$iAlxwO��rtnpo���v��xiAlxcth � ���]���>� ��~thZ������� � *�� lxo+c�e|k&f lxf&f$n��jeglmk$h1c�lms�f$nxiAv+k&e|npo
f$k$hjh1w J�lxfDe o+f$k&lxwgw|h1cZy nxiDk&~th * 7(7 � ��npw wgegcthji�iAr+o
�\��~th�uZlxegoZiAh1lxf$npo y nxi�lxc+c+ego+�9k&~+egfDf$��f$k$h1u J�lxfDk$n
i&h1c+r���hDk&~+h � v�r+o+�A~}k&~ti&npr+�p~���v+i&nxs�w|h1u��\����� v�r�o+�A~}k&~ti&nprt�p~�n��j�jrtiAf J�~th1o	~+eg�p~�h1o+hji&�x��~+lxc+i&npo+f
yzlxegw�k$nZsBh lms�f$nxi&sBh1cq��npu�v�w|hjk$h1wg��s���k&~th9�jlxwgnxiAegu�hjk$i&�x����~+egf��jlxoqi&h1f&r�w|k�ego yMlW>xh-u;rtnpo�~�e|k&f�ego%k&~th
����� lxo+c	��npo+f&h1�}rth1o}k&w|�-r�o+cth1f&e|iAh1c9k$iAe|�x�xhji>f � k&~th�k$iAe|�x�xhjiOegf\cth1f&��iAegs�h1c-yMr�wgw|�9ego�k&~th�oth;:�kOf$h1��k&egnpo��>�
��~th6����� v+i&n ��egcth1fD��npot{+i>uZlmk&e|npo�k&~+lmk�k&~th)v�lmi&k&eg�jw|h)k&~+lmk�~+e|k�k&~+h6����� J�lxf�ego+cthjh1c l�u;rtnpo
� \ k
f&~tnpr�wgcZsBh)o+nxk$h1c�k&~�lmk�k&~th uZlmk$hjiAe lxw�ego�yMi&npo�kDnxy k&~th9�����QJ�egwgw+lms�f$nxi&squ�r+npo+fZJ)e|k&~�l�k$iAlxo+f$�xhji>f$h
u�npu�h1o}k&r+u wgh1f&f�k&~+lxo�lmsBnprtk * �@F X h 9;�

��~thH����� egf]lxodego+��npu�v�wghjk$h�s�n : J�~+eg�>~ npo+w|� v�lmi&k&eglxw w|�Xf&r+i&i&npr+o+c�f%k&~th �����-�)��~th
f$npw|h1o+npegc+lxw�{+h1wgc%i&hjk&r+iAo%�xn(>xh-f$k$hjh1w lx��k&f)lxf�lxo�lms�f&nxi&sBhji�y nxi�k&~+h6k$nxv]lxo+c%sBnxk$k$npu ����� i&hj�pegnpo+fj 
J�~+e wgf$kDk&~th-f&egc+h o+nxi&k&~�lxo+c�f&nprtk&~qi&hj�pe|npo�f�~+l1�xh�k&~th1e|i�n J)o]f$k$hjh1w lms�f$nxi&s�ego+�"J�lxwgwgf1�

��~th *   � F(F �������>~+lxu�s�hji>fKlmi&h 6'< � �juCwgnpot��lxo+c�lmi&h�lmi&i>lxot�xh1c-ego9y nprti/~+lxw|y)D ��h1wgwpf$k&lm�x�xhjiAh1c
wgl �xhjiAfj����~th	���]� f$h1o+f&h J�e|iAh1f�lmi&h-v�lmiAlxwgw|h1w
k$n�k&~th-sBh1lxu c+e|i&h1��k&e|npo � CDh1�jlxr+f$h;k&~th����]� wgl �xnprtk
egf�sBn�:1D wge >xh�k&~th)i>lxc+eglxw�c+egf$k&lxo+��h�yMi&npu"l	����� �A~�lxu-sBhji�k$n	k&~th6otnpuZego+lxw�ego}k$hjiAlx��k&e|npo vBnpego�kDegf�otnxk
��npo+f$k&lxo}kj����~+h��^lmiAe lmk&e|npoZego�k&~�egf�c+egf&k&lxo+��h�egfOyMi&npu lmsBnprtkZ<-u�hjk$hjiAf�k$n"66u�hjk$hji>fj� 8 ego+��h�k&~+h������
�A~�lxu-sBhjiAf�lmi&hql�{3:�h1c w|h1ot�xk&~
 �k&~th � ��n �xhji>lm�xh]nxy�k&~+h����]���mlmiAe|h1f�lxf�l yzr+o+��k&e|npo nxy�� �H��~th
����� �A~�lxu-sBhjiAf��jw|npf&h1f$k�k$n�k&~th6ego}k$hjiAlx��k&e|npo%i&hj�pe|npo%h;:�k$h1o+c%k$n � � � �@6 � lxf�ctn	k&~th1e|i�f&egf&k$hji)���]�
�A~�lxu-sBhjiAfj��b�k;nxk&~thji � �mlxwgrth1f9k&~+h � ��n �xhji>lm�xh�egf-w|h1fAfj /wgh1lxc+egot��k$n l��plmv ego � ��nV�xhjiAlm�xhx����~th
� � D �plmv ��i&hj�pegnpo egf6cthj{�o+h1c�lxf9k&~+lmk6v�lmiAk6nxyDk&~+hZf$npwgegc�lxot�pwghZ��n �xhji&h1cHs}� k&~th������ k&~+lmk JDnpr+wgc
lxwgf$n sBh���nV�xhji&h1c�s���k&~thZ���]� JDhji&h	k&~thZ���]� �>~+lxu�s�hji>f)w|npo+�xhji1����~+egf)i&hj�pe|npo J�egwgw
sBh;i&hjyMhji&i&h1c
k$n�egoqw lmk$hji)�A~�lmv+k$hjiAfj�

\ o-lxc+c+e|k&e|npo9k$n�k&~th � D �plmv;i&hj�pe|npo9k&~+hji&h�lmi&hDf$hj�xhjiAlxw�w lmi&�xh��plmv�fKego6k&~th����]��sBn�:9f$k$iAr���k&rti&hx 
otnxk&lms�wg��lmk k&~th�k$nxv lxo+c�sBnxk$k$npu � � ��7 � � lxo+c � � � A � � ��J)~thji&h;k&~thji&hZegf otnqf$npw|h1o+npegc+lxwK{+h1wgc
i&hjk&rti>o%�xn(>xh�lxo+cq��npo+f&h1�}rth1o}k&w|�%otnZ�A~�lxu-sBhjiAfj��b�v+v�i&n�:teguZlmk$h1w|� 6 � � nxy/k&~th�� � � � 
 6�f$npw egc%lxot�pw|h
egf���nV�xhji&h1c]s��%k&~th������/ �lxo+c 4 � � egf���n �xhji&h1c�s�� sBnxk&~%k&~th	���]�Clxo+cqk&~+h;�����K�

5 lmi&k&~thjiOnpr+k/ego-v�f$h1r+c+nxiAlmv�egc+egk �6egfKk&~th���h1o�k$iAlxwt��rtnpo	¢ :�k$h1o+f&e|npo � ��� �6�>�x��~+h���� � J�lxf
lxwgf$n;ego+f$k&lxw w|h1cZyMnxi�k&~+h * 7(7 � iAr+o�lxo+c�J�lxf�cth1f&e|�po+h1cZk$n;h;:�k$h1o+c k&~th9����� ��n �xhjiAlm�xhx����� � ��n �xhjiAf
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5 e|�prti&h � �BA}�Z\ wgw r+f$k$iAlmk&e|npo nxyO��npo+eg�jlxw f&~+lmvBh6nxy/l ����� JDh1ct�xh

k&~th�v�f$h1r+ctnxiAlmv�egc+e|k��-iAlxot�xh � 
 6 � � � � � *W
 � �[\ k���npo+f&e f$k&fOnxyBy npr+i���npo+eg�jlxw�lmiA�A~th1f J�~+e �A~	k$nxk&lxw *  BA � F
�A~�lxu-sBhjiAf�k&~�lmk�lmi&h-f&lxo�c3J�eg�>~th1c%sBhjkPJDhjh1o]f&�jego}k&egwgw lmk$nxiAf � k&~th-wglmk$k$hji�egf�r+f$h1c]ego%k$iAe|�x�xhjiAe ot�}�>��¢�lx�>~
lmiA�>~ ��npo+f&egf&k&f nxyDo+e oth *�4 D c+hj�xi&hjh�JDh1ct�xh1fj�Zb J�h1ct�xh�egf yMr+i&k&~thji6f$hj�pu�h1o}k$h1c=ego}k$nqk&~ti&hjh 4 D cthj�xiAhjh
k$n JDhjiAfj +lxo�c�h1lx�>~%k$n JDhji�egf�u�lxcth�r+v�nxy * 6;cti>e|y k��A~+lxu�sBhjiAfj����~th6��� � egf�F�w l1�xhjiAf�cthjhjv%lxo+c k&~th
f$h1o+f&h�J�e|iAh1f�lmi&h lmi&iAlxot�xh1c lxfDiAlxc+eglxw w|�;lxw e|�poth1cZv�lxe|iAfj�Ob iAlxc+e lxwgw|�	lxwge|�poth1c�f$h1o+f$h�J�e|i&h)v�lxe|i�c+hj{�oth1f
l6v�w lxoth�k&~+lmk�ego��jwgr+cth1f\k&~th�s�h1lxu wgegothx�\��~th���npo+e �jlxw+f&~+lmvBh�nxyBk&~th���� � u�h1lxo+f�k&~+lmk�oth1e|�p~}sBnxiAegot�
v�lxe|i>f-nV�xhjiAwglmv u�nxi&hqlmk	k&~th%~+e|�p~Hhjk&l�h1o�cHk&~�lxoHk&~+hj�=ctn�lmk;k&~+h w|n J"hjk&l�h1o+c
��b�k;k&~+h%w lmi&�xh1f$k
c+egf&k&lxo+��h)yMi&npu"k&~th sBh1lxu"wgegoth)k&~th6��h1wgwgf�lmi&h6~+lxw|y)D ��h1wgw�f$k&lm�x�xhji&h1c
�D��~+egfD�jlxo%sBh�f&hjh1oqego�{��prti&h � �BA}�

�m�



������� �]� !�� �)���

��~th]e o+f$k&lxo}k&lxothjnpr+f wgr+uZego+npf&e|k � lmk%� ��5 iAlxot�xh1cXy iAnpu �xhji&� wgn J��mlxwgrth1f rtv k$n lmsBnprtk
�m� � * ��� v+s � � f � � ����~thZego+c+eg��egc�r+lxw s�r+o+�A~+h1f nxyDv�i&nxk$npo+f-lxo�c lxo�k&egv+i&nxk$npo+f J�hji&h�k&egu�h1c�k$n�v�lxf&f
k&~ti&npr+�p~�h1lx�>~%nxk&~thji�oth1lmi�k&~th ��h1o�k$hji�nxy k&~th-� � 5 cthjk$h1��k$nxi�hj�xhji&� � � 4 � fj����~+egfD��nxi&i&h1f$vBnpo+c�f�k$nZl
iAlmk$h	nxy�lmsBnprtk �m�x� >�¡ �x�;¢�lx�>~���i&npf&f&ego+� egf�vBnxk$h1o}k&eglxwgw|�qk&~th�f$npr+iA��h	nxy���npwgwge f&e|npo+f � �jlxwgw|h1c hj�xh1o�k&f��>�
8 ego���h�k&~th�k$nxk&lxw �� � ��iAnpf&f D f$h1��k&e|npo e f o+h1lmiAw|� * �x� u�s lmk��Khj�^lmk$i&npo h1othji&�pe|h1fj )n �xhji�k J�n u�egwgwge|npo
��npwgwge f&e|npo+fDvBhji�f$h1��npo+c]n��j�jrti)lmk
��r+o * C v�h1lW>%wgr+u�egotnpf&e|k&egh1f���nxi&iAh1f$vBnpo+c+egot�;k$n�fAe : ��npwgw egf&e|npo+fDvBhji
��i&npf&fAegot�9npo l1�xhjiAlm�xhx�D� h1o�k$iAegw wge|npo���npwgwge f&e|npo+f JDhji&h)h;:�lxuZe oth1cZs���k&~th � ��5 k$iAe|�x�xhji�w|nx�peg��nV�xhji�k&~th
��nprtiAf&h9nxyKk&~+h9h;:�vBhjiAe u�h1o�kj�

� � 5 ~+lxcqk&~th9�jlmv�lms�egwge|k���nxy/i&h1��nxiAc+e ot�	npo+w|�%l�~+lxo+ctyzr+w�nxyKhj�xh1o}k&f)v�hji�f&h1��npo+c � w|h1f&f�k&~+lxo
k$h1o��Dc+r+h�k$n�k&~th9wglmi&�xh9o�r+u�s�hji�nxy/i&h1lxctnprtk��>~+lxo+oth1w f � u�nxi&h6k&~+lxoqnpo+h9~}r+o�cti&h1c�k&~tnpr+f&lxo+c��>����~th
k&egu�h�i&h1��r+e|i&h1c�k$n�iAh1lxctnprtk�lxwgw�nxy k&~th�e o+c+e|��egc+r+lxw�cthjk$h1��k$nxi)f&rts�f$��f$k$h1uZf�v�wgr+f�k&~th�k&egu�h�k$n;f&l �xh6k&~th
c+lmk&l;npo}k$n�v�hji>uZlxoth1o}kDu�h1c�egl�lmyMk$hji�h;:�k$iAlx��k&e|npoqyMi&npu3k&~th h1w|h1��k$i&npo+e �jf�v�i&np~+e|s�egk$h1c�~+e|�p~+hjiDiAh1lxctnprtk
iAlmk$h1fj�X¢�lx�A~ hj�xh1o�k�J�~+eg�>~NJDlxfZfAl1�xh1c k$nHl�{�w|hq��npo}k$iAe|s�rtk$h1c lmv�v+i&n�:teguZlmk$h1wg� �m�x� >�s}��k$h1f�k$n=e|k&f
w|h1ot�xk&~ �

CD� yzlmi-k&~+h�wglmi&�xh1f&k9y i>lx��k&e|npo nxy�k&~th ���� ��npwgwge f&e|npo+f6lmi&h r+o+ego}k$hji&h1f$k&e ot�qf&uZlxwgw�lxo+�pw|h�ego}k$hji D
lx��k&e|npo+f1� 9OhjiA� n��j�jlxf&e|npo�lxwgw|�%k&~th-ego}k$hjiAlx��k&ego+��sBh1lxu v�lmi&k&e �jw|h1f�JDnpr+wgc�r�o+cthji&�xnZl���e|npwgh1o�k�~+h1lxc�D npo
��npwgwge f&e|npo
�	��~th1f$hZ~�e|�p~�egu�v�lx��k9��npw wgegf&e|npo�f�f&hji&�xh�lxf9npr+i9v+i&nxsBh	nxy�k&~+h�o+lmk&rti&h�nxy�v�~}��f&eg�jlxw/y nxi>��h1f
lmk�f&u�lxwgw c+egf&k&lxo+��h1fj�[\ k�egf�k&~th1f&h-�jw|npf$h9h1o���npr+o�k$hji>f�k&~+lmk�lmi&h-u�npf$k)ego�k$hjiAh1f$k&egot�t�D� ��5 J�lxf�lms�w|h6k$n
i&h1��nxiAc�lmv+v+i&n :�egu�lmk$h1w|� �m� uZegwgw e|npo-hj�xh1o}k&fDc+rtiAego+�)iAr�o * �Ob�v+v�i&n�:teguZlmk$h1w|�;npoth�e o	hj�xhji&��f$hj�xh1o�k$hjh1o
uZegw wge|npo ��npwgwgegf&egnpo+f�i&h1f&r+w|k&f6e o�k&~th�v+i&n�c+r+��k&e|npo nxy�l ^�D sBnpf$npo
� 8 ego+��h�^�D sBnpf$npo�v+i&n�c+r+��k&egnpo e f6k&~th
f&rts � h1��k�nxy k&~+egf�k&~th1f&egfj �e|kZJ�lxfDnxy ��e|k&lxw�eguZv�nxiAk&lxo+��h�yMnxi�k&~�egf[JDnxi?>�k&~+lmkDk&~th�h Y��je|h1o+����sBh)~�e|�p~ZyMnxi
k&~th-��npw w|h1��k&e|npo�nxy\hj�xh1o}k&f�J)~thji&h"^�D sBnpf$npo�f�lmi&h-v+iAn�c+r���h1c
� X e|�xh1o�k&~th�wge uZe|k&lmk&e|npo npo�k&~+h-o}r�u-sBhji
nxy
hj�xh1o}k&f�k&~+lmk���npr+wgcZs�h�i&h1��nxiActh1c
 }�xhji&���xn�n�c�i&h � h1��k&egnpo�nxy r+o J�lxo�k$h1c�f&uZlxwgw D lxo+�pw|h���npwgwge f&e|npo+f J�lxf
lxwgf$nZ��i>e|k&eg�jlxw ����~+h6k$iAe|�x�xhji�h1w|h1��k$iAnpo+eg�jf�v+iAn ��egcth1c%k&~th-o+hjh1cth1c�f$h1w|h1��k&eg��e|k��x�

��~th�k$i>e|�x�xhji
� � 4 � f$h1w|h1��k&f/hj�xh1o}k&f/nxy+ego�k$hjiAh1f$kKlmkKk&~ti&hjh�c+egf$k&ego���k f$k&lm�xh1f\ego9l)v+i&n���h1f&f cth1fAe|�poth1c
k$n�w|n J�hji6k&~th �m�x� >�¡ ��hj�xh1o}k D ��i&npf&fAegot�qiAlmk$hZctn J�o k$nqk&~th�uZlxo+lm�xh1lms�wgh * � ¡ ��nxy�c�lmk&l�k&~�lmk9��npr+wgc

� *



sBh	i&h1��nxiActh1c
�;��~th	hj�xh1o}k-f$h1w|h1��k&e|npo�f J�hji&hZc+h1f&e|�poth1c k$n�ego+fArti&h;k&~+lmk6k&~th * � ¡ ��nxy�c+lmk&lqiAhjk&lxegoth1c
J�lxf�lxf�r+f&hjyMr+wByMnxi�v�~}��f&eg�jf�lxo+lxw|��f&egf�lxf�vBnpf&f&e|s�wghx�

¢��xhji&� � � 4 � fj +f&~tnxiAk&w|��sBhjy nxi&h�k&~th v+i&nxk$npo%lxo+c%lxo}k&e D v+i&nxk$npo%sBh1lxuZf JDhji&h k$n���npwgwgegcth�ego k&~th
� � 5 cthjk$h1��k$nxi1 �lxwgwtf$��f$k$h1uZf�nxy
� � 5 JDhji&h�i&h1f&hjk�lxo+c�h1o+lms�wgh1c	y nxi�c�lmk&l'D k&lW>�ego+�t�O� ~th1oZk&~th�sBh1lxuZf
��i&npf&f&h1c
  k&~th�h1w|h1��k$i&npo+eg��f$��f&k$h1uZf6i&h1��nxiAc+h1c=lxwgwOl �^lxegw lms�w|hZc+lmk&l]y nxi9k&~+hZhj�xh1o�kj�%��~thZf&h1w|h1��k&e|npo nxy
�$ego}k$hji&h1f$k&ego+� �%hj�xh1o�k&f�k$n}n(> v�wglx��hZe o�k&~ti&hjhZf$k&lm�xh1fj \�jlxwgw|h1c�wghj�xh1w *  Kw|hj�xh1w � lxo+c�w|hj�xh1w � � G hj�xh1w *
hj�xh1o}k�h;:�lxu�ego+lmk&e|npo2J�lxf�vBhji&y nxi>u�h1c s}� �jr+f$k$npuq +~+lmi>c�D J�e|i&h1c�h1w|h1��k$i&npo�eg�jf�lxo+c%k$n�n(>�v�w lx��h c�rtiAegot�
k&~th � � 4 � f\k&egu�hDsBhjkPJDhjh1o	s�h1lxu ��i&npfAf&egot�pfj�$\�y�lxo�hj�xh1o}k J�lxfKyMnpr+o+c�k$n sBhDego}k$hji&h1f$k&e ot��s��9k&~th�w|hj�xh1w *
�je|iA�jr�e|k$i&�x �k&~+h)v+iAh;D ��i&npf&f&ego+�-i&h1f$hjk�nxy k&~+h�cthjk$h1��k$nxi�J�lxf�ego+~�e|s�e|k$h1c�lxo+c lxwgw�c+lmk&l;i&hjk&lxegoth1c � �)n	oth J
k$iAe|�x�xhji>f�JDhji&h-vBhjiAuZegk$k$h1c�lxo+c�lxwgw ��npwgwgegf&egnpo+f�y npw w|n J�e ot��k&~th-w|hj�xh1w * lx�j��hjv+k$h1c�hj�xh1o}k�JDhji&h�eg�potnxi&h1c
J�~+e w|h�k&~th)f&k$nxi&h1c�hj�xh1o}k JDlxf�yMr+i&k&~thji�h;:tlxuZego+h1cZs���k&~th)w|hj�xh1w � �jegiA�jr+e|k$i&�x� G hj�xh1w � hj�mlxwgr+lmk&egnpo�J�lxf
vBhji&yMnxiAu�h1c;s}�;l6f$hjkOnxy�v�i&nx�xiAlxuZuZlms�w|h�v+i&n���h1f&f$nxiAfj�\��~th�k&eguZhDyMnxiOk&~th�w|hj�xh1w � cth1�je f&e|npo;�^lmi>e|h1c�lxo+c
J�lxf)k$hji>uZego+lmk$h1c J�~th1o�k&~th-hj�xh1o}k JDlxf�h1e|k&~thji)i&h �$h1��k$h1c�nxi6f$h1o}k�npo]k$n%w|hj�xh1w � �)��~th-k ��v�eg�jlxwKk&egu�h
yMnxi�wghj�xh1w � v+iAn���h1f&fAegot�"JDlxf�k$h1o+fDnxy/uZeg��i&npf$h1��npo�c+fj� G hj�xh1w � hj�mlxwgr+lmk&e|npo k$n�n(>�v�wglx��h6lmyMk$hji�lxwgw�c+lmk&l
J�lxf-i&h1lxcHyMi&npu�k&~th cthjk$h1��k$nxi � k&~+egf-k$n}n(>=l]y h J nxy�uZegwgw egf$h1��npo+c+f��>��b ��npwgw|h1��k&egnpo nxy���npuZu�hji>�jeglxw
v+i&n���h1f&f$nxi>f�f&~�lmi&h1c k&~th�k&lxf > nxy�w|hj�xh1w � h;:�lxuZe o+lmk&e|npo
� 8 e o+��hZk&~th%c+lmk&l J�lxf;i&h1u�nV�xh1cHyMi&npu k&~th
cthjk$h1��k$nxi�h1w|h1��k$i&npo+eg�jf9y nxi-wghj�xh1w � v+i&n���h1f&f&ego+�t 
k&~thZego+~+egs�e|k�nxy�c+lmk&l%k&lW>�egot� J�lxf6i&h1w|h1lxf&h1c lxf9f$n�npo
lxf�k&~th hj�xh1o}k�JDlxf�iAh1lxcqego�k$n	k&~th6u�h1uZnxi&��nxyKk&~th6w|hj�xh1w � f$��f&k$h1uq� � rtiAego+�-k&~th9ego�~+e|s�e|kOvBhjiAegn�c�k&~th
cthjk$h1��k$nxi J�lxf)f&lxe cqk$n�sBh-c+h1lxc�yMnxi)c+lmk&l�k&lW>�ego+��lxo+c]k&~th�lx�j�jr+u;r+wglmk$h1c�k&egu�h�f$vBh1o�k�e oqk&~+egf)f$k&lmk$h
egf�i&hjyMhji&i&h1c�k$n�lxf�k&~th9c+hjk$h1��k$nxi�cth1lxc3D k&egu�hx�

����������� �	��
�����
����

��~th�w|hj�xh1w�npoth�k$iAeg�x�xhji�cth1�jegf&egnpoEJDlxf�uZlxcth�c+r+iAegot� k&~th�k&e u�h�sBhjkPJDhjh1o���i&npfAf&egot�9lxo+c�~th1o+��h
e|kqego+�jr+i&i&h1c otn cth1lxc�D k&egu�hx�"��~th�f$h1wgh1��k&e|npo v+i&n���h1f&fqr+f$h1c w eguZe|k$h1c cthjk$h1��k$nxi�e oty nxi>uZlmk&e|npo lxo+c
i&h1c+r���h1c�k&~thZhj�xh1o}k9iAlmk$hZs���iAnprt�p~+w|� *�4 �  Kk&~th�iAlmk&e|nqnxyDhj�xh1o�k&f;ego}k$n�w|hj�xh1w * k$n�hj�xh1o}k&f�lx�j��hjv�k$h1c
s��Hw|hj�xh1w * � yMi&npu �m�x� >�¡ �]egotv�rtk-k$n � >�¡ �qnprtk$v�rtk>�>�H¢�lmiAw|�=eguZv�w|h1u�h1o}k&lmk&e|npo+f�nxy)k&~+h k$i>e|�x�xhji
i&h1��r+e|i&h1c%��npego��jegcth1o+��h6nxyOf&e|�po�lxwgf�ego%k&~th9h1lxf$k)lxo+c JDh1f$k�C�C�� ��npr+o}k$hjiAf�w|n��jlmk$h1c]e o�k&~+h-w|n Jdlxot�pw|h
i&hj�pe|npo�f�oth1lmi�k&~th�v�lmi&k&e �jw|h�sBh1lxuZf�k&~th1uZf$h1wg�xh1fj��� ~th1othj�xhji�lxo%egoth1wglxf$k&e ����npwgwgegfAe|npoZn��j�jrtiAf�sBhjkPJDhjh1o

�x�



l;�}r+lmi]>	lxo�c�lxo lxo�k&e D �}r+lmi]>ZegoZk&~th ���� f$��f$k$h1uq �k&~th)f$vBh1��k&lmk$nxi���r+lmi?>�f � k&~th ��r+lmi?>�f�ego�k&~th�v�i&nxk$npo
lxo+c lxo�k&e D v+i&nxk$npo�k&~+lmkDc�egc+o � k�v�lmi&k&eg�je|v�lmk$h�egoZk&~+h)��npwgwge f&e|npo��/v�i&n�c�r+��h�l;wglmi&�xh)o�r+u�sBhji�nxy v�lmiAk&eg�jw|h1f
k&~+lmk�h;:�egk)k&~th	cthjk$h1��k$nxi9ego]k&~th	w|n J�lxot�pw|h�i&hj�pe|npo
� 8 e|�po+lxw f�yMi&npu k&~th1f$h	w|n J lxot�pw|h;v�lmi&k&eg�jwgh1f�JDhji&h
cthjk$h1��k$h1c�e oq� ��5 s���sBh1lxu D sBh1lxu"��npr+o�k$hji>f�npo%sBnxk&~ fAegcth1fDnxy k&~th sBh1lxu D wge oth)lxo+c%r+f&h1c%k$n	f&h1w|h1��k
npo+w|��hj�xh1o}k&f�J�~thjiAh)egoth1w lxf$k&eg����npwgw egf&e|npo+f�n��j�jrtiAi&h1c
�O��~th1f$h ��npr+o}k$hjiAfj 3C�C��� �lxe cth1c�e oZk&~th�i&h �$h1��k&e|npo
nxy���npf&u�eg�ZiAl ��f	lxo+c cthjk$h1��k$nxiZotnpe f$h�f&eg�po+lxwgf J)~+eg�A~ JDnpr+wgc=~�l1�xh%nxk&~thji?J�e f$h���npo}k$iAe|s�r+k$h1c k$n�k&~th
w|hj�xh1w * lx�j��hjv+k&lxo+��h-i>lmk$hx�

¡�n J�hj�xhji  �lxf k&~th ��npwgwgegcthji wgr+uZe otnpf&e|k��H�xi&h J c+rti>egot� k&~th�iAr+oXk&~th]h �Bh1��k&e|�xh1oth1fAf%nxy9k&~th
C�C�� ��npr+o}k$hjiAf�lxf�v�lmi&k�nxy\k&~th9k$i>e|�x�xhji�J�lxf���npu�v�i&npuZegf$h1c ��b�k�wglmi&�xh-w r+uZegotnpfAe|k&e|h1f J�~thji&h-f&hj�xhjiAlxw
��npwgwge f&e|npo+f�n��j�jr+i&i&h1c h1lx�A~X��i&npf&f&e ot�t �k&~thqsBh1lxu D sBh1lxu ��npr+o}k$hjiAf�sBh1�jlxu�h]fAlmk&rtiAlmk$h1c
� ��~th C�C��
��npr+o}k$hjiAf�JDhji&h-r�f$h1cqego%k&~th9k$i>e|�x�xhji�npo+w|�%c+rti>egot�;k&~th9{+iAf&kDv�lmi&k�nxy\iAr+o * l��

��~th�uZlxegoZyzr+o+��k&egnpoZnxy
k&~th w|hj�xh1w * k$iAe|�x�xhji�J�lxf�k&~+h�f$h1wgh1��k&e|npo�nxy
hj�xh1o}k&f�s�lxf$h1c�npo l-��r+eg�?>
h;:tlxuZego+lmk&e|npo nxy�sBnxk&~ k&~th%�jlxw|nxiAeguZhjk$hji	lxo�c u;rtnpo �A~�lxu-sBhji�egotyMnxiAuZlmk&e|npo � \ o=k&~+h%�jlxf&h nxy)k&~th
�jlxw|nxiAe u�hjk$i&�x te|y k&~th k$nxk&lxw
k$i>lxo+f$�xhjiAf$h h1othjiA�x� cthjvBnpf&egk$h1c�ego%lxo}��nxyKk&~th �m� < F	k$iAe|�x�xhji�r+o�e|k&f � �jlxw w|h1c
k$n JDhjiAf>� J�lxf-lmsBn �xh%l���hji&k&lxego=k&~ti&h1f&~+npwgc
  k&~+h1o=w|hj�xh1w * lx�j��hjv+k$h1c k&~thZhj�xh1o}kj����~thji&h�J�hji&h �m� < F
~+lxctiAnpo+eg�9lxo+c]h1w|h1��k$i&npuZlm�po+hjk&eg�;v+i&n �$h1��k&e|�xh-k$iAeg�x�xhji)k$n J�hjiAf1�)��~th;�jlxw|nxiAeguZhjk$hji)k$iAeg�x�xhji���npu�v�rtk$h1c
k&~th;k$iAlxo+f$�xhji>f$h�h1o+hji&�x��yMnxi)h1lx�>~�k$n JDhji9lxf � $ � ������� �t� � e��Bhji&h1o}k)k&~tiAh1f&~tnpwgc+f�J�hjiAh;lmv+v�wge|h1cqyMnxi
c+e��Bhji&h1o}k�cthjk$h1��k$nxi f&rts�f$��f$k$h1uZf � 6 X h 9�y nxi�k&~th���¢��=  � 4�X h 9CyMnxi�k&~+h 5 ¡�b6�>�

��~th	w|hj�xh1w * u�rtnpo k$iAeg�x�xhji1  J�~+eg�>~ J�lxf6egu�vBnxi&k&lxo}k�y nxi k&~+egf lxo+lxwg��f&e fj �J)egwgw sBh;h;:�v�wglxegoth1c
egoZc+hjk&lxegw � \ o�f&~tnxi&kj �e|y�k&~th�k$i>lxo+f$�xhjiAf$h�u�npu�h1o}k&r+u nxy lxo���v�lmiAk&eg�jw|h�J�~�eg�A~Z~�lxc�k&~th�f&e|�po+lmk&r+i&h�nxy l
u;rtnpo2JDlxf�lmsBn �xh9l	��hji&k&lxe o�k&~+i&h1f&~tnpwgc  }k&~th1o%w|hj�xh1w * lx�j��hjv+k$h1c%k&~+h�hj�xh1o}kj����~th�u�lxego�yzr+o+��k&egnpo�nxy
l�u;rtnpo��A~+lxu�sBhji)egf�k$n cthjk$h1��k lxo+c]u�h1lxfArti&h9k&~th-v�lxf&f&lm�xh;nxyO�A~+lmi&�xh1c�v�lmi&k&e �jw|h1fj����~th-u�h1lxfArti&h1c
lmi&iAeg�^lxw�k&egu�h nxy�k&~th%h1w|h1��k$i&npo�eg��fAe|�po+lxw�i&h1wglmk&e|�xh%k$n�k&~th%v�lmi&k&eg�jwgh�v�lxf&fAlm�xh k&e u�hqcthjk$hjiAuZego+h1f�~tn J
�jw|npf$h6k&~+h9�A~+lmi&�xh1c�v�lmi&k&eg�jw|h6~+lxf���npuZh9k$n�k&~th9f$h1o+f&h�J)e|i&h nxyKk&~+h �>~+lxu�s�hji �[\ o%k&~+h�� � 5 c+hjk$h1��k$nxi
k&~th9u;rtnpoq�A~�lxu-sBhjiAf�~+l �xh-uZl':tegu;r+u"ctiAe|yMk�k&e u�h1f�rtv%k$n * �@6 � f�J�~+e �A~%egf�l	wglmi&�xh6yMiAlx��k&e|npo%nxy/k&~th
k$nxk&lxw k&e u�h6sBhjkPJDhjh1o�sBh1lxu ��i&npf&fAegot�pf�oth1��h1fAf&e|k&lmk&egot�ZlZiAlmv�egc%�xh1othji>lmk&e|npoqnxy\k$iAe|�x�xhji�c+h1�jegf&e|npo+f1�

��~th����]� lxo�c k&~th ��� ���A~+lxu�sBhjiAf2J�hjiAh�lmi&iAlxo+�xh1c e o v�lxe|i>f J�e|k&~ iAlxc+eglxw w|� lxw e|�poth1c
f$h1o+f&h J�egi&h1fZk&~+lmk2JDhji&h�v�lmiAlxwgw|h1w�k$n k&~+h�sBh1lxu wgegothx �npoth�wgl1�xhji%sBh1egot�HyMr+i&k&~thji�l JDl �XyMi&npu k&~th

�x�



sBh1lxu wgegothZk&~�lxoHk&~+h�nxk&~thji � b�o��H�A~+lmi&�xh1c v�lmi&k&eg�jw|h�h1uZlxo+lmk&egot� yMi&npu k&~th ��npw wgegf&e|npo v�npe o�k�k&~+lmk
i&h1lx�>~th1c k&~th u;rtnpo �A~+lxu�sBhjiAf%~+lxc k$n {+i>f$k�v�lxfAf�k&~th l':�e lxwgw|� nxiAe|h1o}k$h1c uZlm�pothjk&eg��{+h1wgc nxy9k&~th
f$npw|h1o+npegc
�H��~+egf;{+h1wgc cth �+h1��k$h1c k&~thqiAlxc+eglxwD�xh1w|n��je|k�� ��npu�vBnpoth1o}k�nxy�k&~thqv�lmi&k&eg�jwgh � f�u�npu�h1o}k&r+u
l�J�l1� yMi&npu e|k&f)e o+e|k&eglxw iAlxc+eglxwKc+e|i&h1��k&e|npo ego�v+i&nxvBnxi&k&e|npo]k$n%k&~th�ego��xhji>f$h�nxy�k&~th�i>lxc+eglxw/u�npu�h1o}k&r+u
��npu�vBnpoth1o}kj�2CD����npo+f$k$i>r+��k&egot��k&~+h�cthjk$h1��k$nxi J�e|k&~ J�egi&h1f6k&~+lmk_J�hji&h�iAlxc+eglxwgwg��lxwge|�po+h1c
 Kl�fAegu�v�w|h
u�h1lxo+f	k$nHu�h1lxf&rti&h%k&~thqv�lmi&k&eg�jw|h � f	lxot�pw|hqiAh1wglmk&e|�xh%k$n�k&~thqiAlxc+e lxwDc�e|i&h1��k&e|npoQJ�lxf�vBnpf&f&e|s�wghx� ��~th
k&egu�h c+e��Bhji&h1o+��h)sBhjkPJDhjh1o%nprtk$v�rtk&fDyMi&npu3iAlxc+eglxwgwg�;lxwgeg�poth1c�J)e|i&h1f�v+i&n ��egcth1c l	u�h1lxf&rtiAh1u�h1o�k J�~+e �A~
J�lxf-ego}�xhjiAf$h1w|� v+i&nxvBnxi&k&egnpo+lxw/k$n�k&~thZv�lmiAk&eg�jw|h � f6k$iAlxo�f$�xhjiAf$h�uZnpu�h1o�k&r�uq��b3f$h1w|h1��k&e|npo=nxy�lqfAuZlxwgw
k&egu�h;c+e��Bhji&h1o+��h	egf�l%f$h1wgh1��k&e|npo]nxy�~+e|�p~�k$iAlxo+f$�xhjiAf&h;u�npuZh1o�k&r+u lxo+c�l f$h1w|h1��k&e|npo�nxy�l wglmi&�xh;k&egu�h
c+e��Bhji&h1o+��h9e f�lZf$h1w|h1��k&e|npo�nxy\wgn J k$iAlxo�f$�xhjiAf$h-uZnpu�h1o�k&r�uq�

�]l':tegu;r+u c+e��Bhji&h1o�k&e lxw k&eguZe ot�Zk&~ti&h1fA~tnpwgc+f�JDhji&h	egu�vBnpf$h1c�ego�k&~thZ������lxo+c������ f&rts3D
f$��f$k$h1uZf�ego�nxiActhji�k$n]f$h1w|h1��k9hj�xh1o}k&f	ego J�~+e �A~�k&~thjiAh JDlxf�lmk-w|h1lxf$k-npoth�u;rtnpoRJ�egk&~�lqk$iAlxo+f$�xhji>f$h
u�npu�h1o}k&r+u lms�nV�xh�f$npuZh�uZego+e u�r+u �mlxwgrthx�%�]r+wgk&e|v�w|h	f&�jlmk$k$hjiAego+�]nxy�u�r+npo+fj  k&~+h�w|hjyMk D iAe|�p~}k9lxu D
s�e|�pr�e|k �Hnxy)k&~th��A~+lxu�sBhji�ctiAe|yMk D k&egu�h1f1 �lxo+c k&~thqk&e uZegot��i&h1f$npw rtk&e|npo nxy�k&~thqh1w|h1��k$i&npo+e �jf�ego h �Bh1��k
f&u�h1lmiAh1c k&~th]��nxiAi&h1f$vBnpo+cth1o+��h]s�hjk J�hjh1oXk&~th�k&e uZegot� c+e���hji&h1o���h�y iAnpu k&~th�c+iAe|yMk;k&e u�h1f�lxo+c k&~th
k$iAlxo+f&�xhjiAf$h�uZnpu�h1o�k&r�u�nxyOk&~th;�A~+lmiA�xh1c�v�lmi&k&eg�jw|h-e o]��rth1f$k&e|npo
����~+h-k$iAe|�x�xhji uZlxcth;r+f$h9nxyOk&e uZegot�
c+e��Bhji&h1o+��h1f�k&~+lmk���nxi&i&h1f$vBnpo+c�k$nE7 ��� h Y��je|h1o+���ZyMnxi�k&~+h�cth1fAe|i&h1c�u;rtnpo%u�npu�h1o}k&r+u k&~ti&h1f&~+npwgc
� � e|h
7 ��� nxy k&~th u;rtnpo+fDlmk�l��pe|�xh1o k$iAlxo+f&�xhjiAf$h6u�npu�h1o}k&r+u3k&~ti&h1f&~+npwgcZv�lxfAf$h1c k&~th)k$i>e|�x�xhji�y nxi�l��pe|�xh1o
k&eguZe ot�)c+e���hji&h1o}k&eglxw}f$hjk$k&egot�}�>� \ o-k&~th��jlxf$h�nxy+k&~th������ k&~thDk$iAlxo+f&�xhjiAf$h�u�npu�h1o}k&r+uCk&~ti&h1f&~tnpw c J�lxf
6 X h 9 lxo�c�k&~+h;k&e uZegot� c+e��Bhji&h1o�k&e lxwK�jrtk J�lxf < � o+fj�-��~th�k&e uZegot� f$h1w|h1��k&e|npo+f�JDhji&h�lx�j��npu�v�wge f&~th1c
��egl-h1wgh1��k$i&npo+eg�jf�sBnplmiAc+fD�jlxwgw|h1cq��� * �9� � �)nxk$h6k&~+lmk�k&~th1f&h�sBnplmiAc�f���npo}k&lxegoth1cqlxo%lxc+c+egk&e|npo+lxw�w|n JDhji
k&~ti&h1fA~tnpwgcNJ�~+e �A~ J�lxf�r+f&h1c y nxi�c+egu;rtnpo k$iAe|�x�xhjiAf��>� \ o k&~th]�jlxf$h�nxy k&~th ��� � k&~thqk$iAlxo+f$�xhji>f$h
u�npu�h1o}k&r+u�k&~ti&h1f&~tnpw c JDlxf * � X h 9 lxo+c k&~thZk&eguZe ot�qc+e��Bhji&h1o�k&e lxw��jrtk J�lxf < � o+f1 /lxo+c k&~+egf J�lxf
lx�j��npu�v�w egf&~th1c ��egl;h1w|h1��k$i&npo+eg�jf�sBnplmiAc�f��jlxwgw|h1cq��� * �6�+��~+h c�e���hjiAh1o�k&eglxw�k&eguZh �jr+k&f�J�hjiAh6k&r+oth1c k$n
k&~th���nxiAi&h1��kDl �xhjiAlm�xh �^lxw rth�r+f&ego+�6k$iAlx�?>�f�uZh1lxf&rti&h1c�ego�k&~th�yzr+wgw�� ��5 k$iAlx�?>�egot�-f&��f$k$h1u���b)o�lxc+cth1c
r+o+��hjiAk&lxego�k��]ego�k&~th	u�h1lxf&rti&h1c�k$iAlxo+f&�xhjiAf$h�u�npu�h1o}k&r+u y i&npu k&~thZ��� � i&h1f&r�w|k$h1c]yMi&npu k&~th	otnpo�D
r+o+egy nxiAu uZlm�po+hjk&eg�	{+h1wgc�ego k&~+e f i&hj�pe|npo
����~th�� � * � �jlmiAc+f JDhji&hZs�r+egw|k�J�e|k&~�f&egu�egwglmi�yMr+o���k&e|npo+f

� <



k$n k&~th;��� * �C�jlmiAc+f1����~th-�jlmiAc�f�v+iAn ��egcth1cqk J�n k&eguZego+�Zk&~ti&h1f&~+npwgc+fj tnpoth�nxy J�~+eg�>~ J�lxf)r�f$h1c�yMnxi
f&ego+�pw|h6u�rtnpo�k$iAe|�x�xhjiAf � ~�e|�p~qk&~ti&h1fA~tnpwgc���lxo+cqnpo+h6y nxi�c�egu�r+npo%k$iAe|�x�xhjiAf � wgn J k&~+i&h1f&~tnpwgc��>�

��~th9c+e���hji&h1o}k&eglxwBk&egu�egot��f&e|�po+lxwByMi&npu l�fAegot�pw|h <Zwgl �xhji)�>~+lxu-sBhji�JDlxf�y npr+o�c%k$nZsBh9ego+lxcth;D
��r+lmk$h-yMnxi)k&~+h9i&h �$h1��k&e|npo]nxy�r�o J�lxo�k$h1c�k$iAe|�x�xhji>f�sBnxk&~]ego]k&~th	���]� lxo+c������;�
\ o�k&~+h	����� k&~th
r+o JDlxo}k$h1c
 /yMlxw f$hx  k$iAeg�x�xhjiAf JDhji&h�lqiAh1f&r+w|k nxy�v�r+o+�>~�k&~+i&nprt�p~�nxy�~+lxctiAnpo+eg�;k$iAlx�?>�f;f$npu�hZnxy�J�~+e �A~
f&lmk&egf&{+h1c]k&~+h	c�e���hjiAh1o�k&eglxw k&eguZego+��i&h1��r+e|i&h1uZh1o�k&f�lmy k$hji9u;r+w|k&egv�w|h-��npr+wgnpu-s�f&�jlmk$k$hjiAe ot�qego�k$n%oth1lmiAwg�
iAlxc+e lxw+c+e|i&h1��k&egnpo+fj�/��lxo}��v�lmi&k&eg�jw|h1f�v+i&n�c+r+��h1cZego�e oth1wglxf$k&eg� �� � ��npwgwge f&e|npo+f/h1o}k$hjiDuZlmk$hji>eglxw�lxw|npo+�9k&~th
sBh1lxu D wgego+h�v�i&n�c�r+�jegot�	f$h1��npo+c+lmi>e|h1f�k&~+lmk�h1o}k$hji�k&~th���� � �>~+lxu�s�hji>fj����~th1f&h9f$h1��npo+c+lmiAegh1f�lmv+vBh1lmi
k$n-sBh�i>lxc+eglxw+lxfDu�h1lxf&rtiAh1c�ego�k&~th���� � lxo+c�~+h1o+��h)f&lmk&e f$y �	k&~th)k$iAe|�x�xhji�k&~ti&h1f&~tnpw c
�/�KiAe|�x�xhji>f�yMi&npu
k&~th1f$h6r+o J�lxo�k$h1cqf$npr+iA��h1f�~+lxc k$n;sBh f&rtv+v�i&h1f&f$h1c�k$n >xhjhjvqk&~th k$iAe|�x�xhji�iAlmk$h6lmk�uZlxo+lm�xh1lms�wgh wghj�xh1wgfj�
5 nxi9k&~+h����]� i&hj�pe|npo k&~thZlxc+c+e|k&egnpo+lxwKw l1�xhjiAf6nxyDk&~th������VJDhji&hZr+f&h1c
� 5 nxi9k&~th���� � iAhj�pe|npo l
uZego�egu�r�u�e|npo+e �1egot��fAe|�po+lxw JDlxf�iAh1�}r+egi&h1c=yMi&npu k&~thq�jlxw|nxiAe u�hjk$hjiZlxw|npot� J�e|k&~ l�¡)lxc+i&npo+eg� � � �
c+e|�pegk&e��1lmk&e|npoqego%k&~th6k$n J�hji lx~th1lxc]nxyKk&~th	����� �A~�lxu-sBhji1�

��~th�u;rtnpo�f$��f$k$h1uZf JDhji&hZlmi&iAlxot�xh1c�wgnx�peg�jlxwgw|�]e o�{��xh;D cthj�xi&hjhZk$iAeg�x�xhji6k$n JDhjiAf � otnxk6k$nqsBh
��npotyzr+f$h1c_J�e|k&~9l��jlxw|nxiAe u�hjk$hji�� k$n J�hji � J�~+eg�>~9egfK{+y k$hjh1o3D cthj�xi&hjh J�h1ct�xh�ego�l �1egu�r+k&~��>�/��~th1f$h�k$n J�hji>f
h;:tegf$k$h1c yMnxi9sBnxk&~�k&~th�J�h1f$k;lxo+c�h1lxf$k;~+lxw|�xh1f-nxyDk&~+h�cthjk$h1��k$nxi1�qb3{+�xh;D cthj�xi&hjh�k$iAe|�x�xhji�k$n JDhji�yMnxi
h1e|k&~thji�k&~th������ nxi�k&~+h ��� � JDlxfD��npu�v+iAe f$h1c�nxy
f&e :�k$hjh1o�u;rtnpo��>~+lxu�s�hji>fj��b�v�v+i&n�:teguZlmk$h1wg�;~+lxwgy
nxy�k&~+h;�>~+lxu-sBhjiAf JDhji&h	i&h1c+r�o+c+lxo}k�yMi&npu v�rti&h1w|��l �xhjnpu�hjk$i>eg�jlxw\��egh J�vBnpego�kj �s�rtk�k&~thj� J�hji&h	�xhji&�
egu�vBnxi&k&lxo}k/y i&npu�lxo	h Y��je|h1o+����f&k&lxo+ctvBnpego}kj�Kb�o�ego+c+e|��egc+r�lxwp�A~+lxu�sBhji ��T � ! S
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i&h1c+r�o+c+lxo+���x�T\ y)lxo}�=iAlxc�eglxwgw|� lxwgeg�poth1c v�lxe|i;nxy��>~+lxu-sBhjiAf;{+iAh1c J)e|k&~+egoHk&~th%k&eguZego+� c+e���hji&h1o}k&eglxw
k&~ti&h1fA~tnpwgc
 \k&~th1o k&~th%��nxi&i&h1f&v�npo�c+egot��{+�xh;D cthj�xi&hjhqk$n J�hjiZyMnxi	k&~+lmkZf&rts�f$��f&k$h1u�i&hjvBnxi&k$h1c l�u;rtnpo
k$iAlx�]>�f$hjh1o
�

\ o�k&~th �jlxf$h nxy k&~th9����� ��npot{+iAu�lmk&e|npo�yMnxiDk&~th6u�rtnpo�k$iAlx�]>�J�lxf�v�i&n ��egcth1c�s}��k&~+h6�����/�
��~th9����� egfD��npu�v+iAegf&h1c�nxy * � F(F	�A~+lxu�sBhjiAf�w|n��jlmk$h1c%sBh1~+e o+c�lxc+c�e|k&e|npo+lxw�f$k$hjh1wBlxo+c%lmi&iAlxot�xh1c%ego%l
sBn�:1D wge >xh9yMnxiAuZlmk&egnpo]yMnprti)w l1�xhjiAf�cthjhjv�lmi&npr+o+c]k&~th	������� 8 ego���h9k&~th-k&r+s�h1f�nxy�k&~th����]� lmi&h	otnxk
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lmi&iAlxo+�xh1c�lxf v+i&n �$h1��k&e|�xh�v�lxe|iAf1 Bo+n%c�e���hjiAh1o�k&eglxw/k&egu�egot��iAh1�}r+egi&h1u�h1o}k �jlxo�sBh�lmv+v�w e|h1c
� \ o+f$k$h1lxc�l
v�lmk$k$hjiAo;uZlmk&�>~+egot��f&�A~th1uZhZJ�lxfKcthj�xh1wgnxv�h1c-k$n�e o+f&rti&h\k&~+lmk\lxo}�9�jlxo+c+egc+lmk$h����]��u;rtnpo9h;:t~+e|s�e|k
k&~th
yMh1lmk&rti&h1f�h;:�vBh1��k$h1c�nxy�l�u;rtnpo
����~+egf�ego+�jwgr+c+h1cqk&~th-iAh1�}r+egi&h1u�h1o}k�k&~+lmk�k&~th-v�lmk$k$hjiAo nxy��A~+lxu�sBhjiAf
J�e|k&~9nxs�f$hji&�xh1c;~+e|k&f s�h���npo+f&egf$k$h1o}k�J)e|k&~6k&~th����]� k$i>lx�?> J�egk&~+ego k&~th�h;:�vBh1��k$h1c;u�r+wgk&e|v�w|hOf&�jlmk$k$hjiAe ot�
r+o+��hjiAk&lxego�k��x�

� rtiAegot��k&~+h-cth1f&e|�po�nxy/k&~+h;�����K ���npu�v�rtk$hji�f&egu;r+wglmk&e|npo�f�J�hji&h-v�hjiAy nxiAuZh1cqk$n�cthjk$hji>uZegoth
lxwgwBv�lmk$k$hji>o+f�nxy/kPJDn�wgl �xhji�~+e|k&f�k&~+lmk�i&h1f&r+w|k�yMi&npu u;rtnpo+f�J�egk&~%k&~th9cth1f&e|iAh1c%k$iAlxo+f$�xhjiAf&h-u�npu�h1o}k&l��
��~th1f&h;v�lmk$k$hjiAo+f�J�hjiAh	lxfAf$n��je lmk$h1cTJ�e|k&~ lxwgw/{+�xh;D cthj�xi&hjh����]� k$n JDhjiAf6k&~ti&npr+�p~ J)~+eg�A~�k&~th�u;rtnpo
v�lxf&f&h1c
� 5 i&npu"k&~th6f&e u�r+w lmk&e|npo+f�egk J�lxf�cthjk$hjiAuZe oth1c�k&~�lmk�h1lx�A~qlx�j��hjv+k$h1cqv�lmk$k$hjiAo%nxy\����� �A~�lxu D
sBhjiAf�JDlxf%k��}v�e �jlxwgw|� lxf&f$n��jeglmk$h1c J�egk&~ k J�n lxc �&lx��h1o�k����]� k$n J�hji>f�lxw|k&~tnprt�p~Xn��j�jlxf&e|npo+lxwgwg� k&~th
lxf&f$n��jeglmk&e|npo JDlxf�J�e|k&~%k&~ti&hjhx�

� ~+h1o lqu�r+npo JDlxf�f$hjh1o�k$nqv�lxf&f9k&~ti&nprt�p~�l%v�lmiAk&eg�jr+wglmi-����� iAhj�pe|npo e|k J�lxf9yMnpr+o+c k$n
h;:t~+e|s�e|k)npoth�nxy�k&~+h����]� v�lmk$k$hjiAo+f6lxf&f&n��jeglmk$h1c J)e|k&~ k&~+lmk6v�lmi&k&eg�jr�wglmi6���]� i&hj�pe|npo
����~th������
k$iAe|�x�xhji�~+lmiAc3J�lmi&h JDlxf9s�r+egw|k)k$n�h;:�v�w|npe|k k&~+egf ��nxi&iAh1wglmk&e|npo
�	b npo+hZu�hj�plms}��k$h�w|n�n(> D rtv�k&lms�w|hEJ�lxf
v+i&hjv�lmi&h1c=lxo+c ego+f&k$iAr+u�h1o}k$h1c f&r+�>~=k&~�lmk�yMnxi�h1lx�>~ f$k$nxi&h1c �����dv�lmk$k$hjiAoHl uZlxf >�nxy�lxfAf$n��je lmk$h1c
{+�xh;D cthj�xiAhjh����]� k$n JDhjiAf���npr+wgcHsBh�yMhjk&�A~th1c lxo�cH��npu�v�lmi&h1c k$n�k&~thq���]� k$n J�hji>fj� ��~th������
v�lmk$k$hjiAu"f$h1o�f&egot�;�je|iA�jr+e|k&f�lxo+c w|n}n(>�rtv u�h1u�nxiAe|h1f JDhji&h egu�v�w|h1uZh1o�k$h1c�ego�l	f$��f$k$h1u3�jlxwgw|h1c%�]� * �6�
��~th�uZlxf?>�nprtk$v�rtk6nxy�k&~+h��]� * �HJ�lxf9w|nx�peg�jlxwgwg��b � � h1cTJ�egk&~=���]� k$n JDhji-{��xh;D cthj�xi&hjh�k$i>e|�x�xhji
egotyMnxiAuZlmk&egnpo
��\ o k&~+e f JDl ��k&~th%���]� JDlxf;r+f$h1c=lmk�w|hj�xh1w * k$n���npo+{+iAu�k&~�lmk�l�~+eg�p~�k$iAlxo+f$�xhji>f$h
u�npu�h1o}k&r+u u;rtnpo�~�lxc�ego+cthjh1c%v�lxf&f$h1cqk&~tiAnprt�p~%k&~th;�������

\�k�f&~tnpr+wgc sBhZotnxk$h1c=k&~+lmk9k&~th ���]�Cc+egc�otnxk-v+i&n ��egcth���npu�v�w|hjk$h���n �xhji>lm�xh nxy�k&~th%���]�
lxo+cqk&~�r+f�J�lxf�otnxk�lms�w|h6k$nZv+i&nV��e cth6��npot{+iAuZlmk&egnpoquZlxf >�f�y nxi)lxwgwBnxyKk&~+h����]�Ck$n J�hjiAf1� 5 nxi�k&~+npf$h
k$n JDhjiAf � k&~+hji&hEJ�hjiAh �m� nxy�k&~th1u�� ����� ��npot{+i>uZlmk&e|npo JDlxf6o+nxk6i&h1�}r�e|i&h1c ego]k&~+h�k$iAe|�x�xhji1�-��~th1f$h
k$n JDhjiAf�uZlxcthqrtvNJ�~+lmkEJ�lxfE>�otn J�o lxf�k&~+h �A���]��D npo+w|� ��i&hj�pe|npo nxy)k&~thqk$iAe|�x�xhji � ��~+h k$n J�hji>f
J�~+e �A~	i&h1��r+e|i&h1c���npo+{+iAuZlmk&e|npo�~+e|k&f�ego	k&~+h������ � k&~thjiAh�J�hjiAh 4 � nxyBk&~th1u��O��npu�vBnpf$h1c�k&~th �A���]��D
����� ��i&hj�pe|npo�nxy/k&~+h�k$iAeg�x�xhji1����~th9h1wgh1��k$i&npo+eg�jf)sBnplmiAc+f�J�~�eg�A~���npu-s�e oth1c�k&~th;w|hj�xh1w * ������lxo+c
����� egotyMnxiAuZlmk&egnpo�k$n�uZlW>xh9k&~th {�o+lxw
wghj�xh1w * k$iAe|�x�xhji�cth1�je f&e|npo i&hjk&lxegoth1c%k&~+h9uZlmk&�A~�egotyMnxiAuZlmk&e|npo
yMnxi�w|hj�xh1w � k&lxf?>�f)lxo+c�lmi&h9�jlxwgwgh1c]�]� � � � 8 hjh9{+�prtiAh � �@Fp�>�
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��~th;k$iAe|�x�xhji iAlmk$h	yMi&npu k&~th����]��D ����� i&hj�pe|npo J�lxf�wgn JDhji&h1c�f&rts�f&k&lxo�k&eglxw w|� J�~th1o ��npu D
v�lmi&h1c%k$n�k&~th�������D npo+wg��i&hj�pe|npoqlxf�l�i&h1f&r+wgk�nxy/k&~th9lxc+cth1c%iAh1�}e|iAh1u�h1o�kj����~th6y i>lx��k&e|npo%nxy�� �xn�n�c��
hj�xh1o}k&f-ego k&~th�������D ���]� f&hjk JDlxf9lxw f$nq~+e|�p~thji k&~+lxo�k&~+lmk6nxy�k&~th�������D npo�w|��hj�xh1o}k&fj��b�k9~+e|�p~
wgr+u�egotnpf&e|k���f$npuZh-iAlmk$h;wgeguZe|k&lmk&egnpo JDlxf)oth1��h1f&f&lmi&�x��b�f�k&~+h-wgr+uZe otnpf&e|k���ego+��iAh1lxf$h1c�k&~th	���]��D npo+w|�
k$iAe|�x�xhjiOi>lmk$h1f J�hji&h�>xhjv+kOego;�A~+h1�?>;s}��v+i&h1f&�jlxwge ot� � u�h1lxo�egot��k&~+lmk\npo+w|�-l�iAlxo+c+npuZw|�6f$h1w|h1��k$h1cZfArts�f$hjk
nxy�k&~th�v�lxf&f&ego+�qhj�xh1o�k&f"JDhji&h�lx��k&r+lxw w|� lx�j��hjv+k$h1c��>�]b��j��hjv+k&lxo+��h%nxy�lxwgw�k&~th%������D ���]�Ck$iAeg�x�xhjiAf
v+i&hjyMhji&h1o}k&eglxwgw|��n �xhji6���]��D npo+w|� hj�xh1o}k&f�i&h1fAr+w|k$h1cqego%k&~th�wglmi&�xh1f$k���npwgwgh1��k&e|npo�nxy/hj�xh1o�k&f)nxy\ego�k$hjiAh1f$kj�

\ o�k&~th9�jlxf$h-nxy\k&~th������; ���npot{+i>uZlmk&e|npoqk&~+lmk)lZ~+e|�p~q��k�u�r+npoqk$iAl1�xhji>f$h1c�k&~th��A~+lxu�sBhjiAf
J�lxf6v+i&nV��egc+h1c�s}��f$hj�xhjiAlxw�f&rts�f$��f$k$h1uZf1�EI o+h�nxy�k&~th1f&h�f&rts�f&��f$k$h1u�fj 
k&~th�� 8 �;  ��npo+f&e f$k&f nxy�f&�jego�D
k&egwgw lmk$nxiAf6w|n��jlmk$h1c�npo�sBnxk&~ f&egc+h1f nxy�k&~th������;� b v�lmi&k&eg�jw|h	k$iAl �xhjiAf&ego+�]l%iAlxc+eglxw w|�]lxwge|�po+h1c=�����
v�lxe|i J)egwgw/lxwgf$n%v�lxf&f6k&~+i&nprt�p~�k&~thZf&�je o�k&egw wglmk$nxiAfj�;��~th1f$hZf&�je o�k&egw wglmk$nxiAf lmi&h�i&h1��r+e|i&h1c k$n]c+hjk$h1��k9k&~th
v�lmi&k&e �jw|hx�

�)o+y nxi&k&r�o+lmk$h1w|�x �k&~th������ k$iAe|�x�xhji iAlmk$h"JDlxf J�l1��k$n}n%~+e|�p~ lmk k&~th;f&k&lmi&k)nxy�iAr+o * l�� 5 nxi
lmsBnprtk�~+lxw|y)nxy)k&~+e f	iAr+o k&~th���� � k$i>e|�x�xhjiEJDlxf�iAlmk$h;D wgegu�e|k$h1c lxo+c lxfZf&r+�>~ e|k�c+egc otnxk�v�i&n ��egcth
u;r+�A~ r+f$hjyzr+w�egotyMnxiAuZlmk&e|npo
� � r+iAegot� l]k$h1u�vBnxiAlmiA��npoth;D J�hjh > f&~�rtk&ctn J)o=nxy�k&~+h lx�j��h1w|hji>lmk$nxiZk&~th
��� ��k$iAe|�x�xhji r+o+cthji]J�h1o}k�l uZl � nxi lxo+c�f&r+�j��h1f&f$yzr+wKu�n�c�e|{��jlmk&e|npo
����~�egf�k$iAe|�x�xhji �A~�lxot�xh�h1o�lms�w|h1c
k&~th���� �3k$iAe|�x�xhji9k$n�v�i&n ��egcth�r+f$hjyzr+wOc+lmk&l%yMnxi9k&~+e f k&~th1f&egf yMnxi-lmsBnprtk9~+lxw|y�nxy�i>r+o * lqlxo+c lxwgw\nxy
iAr+o * s �6�]rtnpo�f)lmi&h	uZego�egu�r�u e|npo+e��1e ot�Zv�lmi&k&e �jw|h1f)lxo�c�lxf f&r+�>~]k&~+hj�]cthjvBnpf&e|k$h1c�f&uZlxwgw/lxu�npr+o}k&f
nxy�h1othji&�x�Hego�k&~th �jlxw|nxiAegu�hjk$iA��npo=k&~th1egi J�l1� k&~tiAnprt�p~=lxo+cHnprtk�nxy�k&~th%� � 5 cthjk$h1��k$nxi1����lms�w|h1f
JDhji&h-f$k$iAr�ot�Zwgego3>�egot��k&~th;��¡�b � k&~+egf�egf�k&~+h-�jlxw|nxiAeguZhjk$i&� fArts�f$��f$k$h1u k&~+lmk)l	v�lmi&k&eg�jw|h JDnpr+wgc%v�lxf&f
k&~ti&npr+�p~Znpo�egk&f[J�l1��k$n-k&~+h ��� �6�Ok$n-h1w|h1��k$iAnpo+eg�jf�sBnplmiAc�f��jlxwgw|h1c ��� * ¡ J�~+eg�>~�k&~th1o�y h1c�ego�k$n�k&~th
w|hj�xh1w * ��� � k$iAe|�x�xhji9cth1�je f&e|npo�D uZlW>�egot��s�nplmi>c+fj�6��~th�i&h1�}r�e|i&h1u�h1o}k)k&~�lmk�J�lxf lxc+cth1c k$nql������
�A~�lxu-sBhji�k$i>e|�x�xhji � � � * �)��lxo�c�l�� 8 � fA�jego�k&e wgwglmk$nxi�k$iAeg�x�xhjiZJ�lxf�k&~+lmk�h1othji&�x�Z~+lxc�k$n-sBh�nxs�f&hji&�xh1c
ego]k&~th;��nxiAi&h1f$vBnpo+c+ego+����¡)b k$iAe|�x�xhji�k$n JDhji � ��� * ¡ �>� ��~th-h1w|h1��k$iAnpo+eg�jf)s�nplmi>c+f�J)~+eg�A~���npu-s�egoth1c
k&~th6w|hj�xh1w * � � * � lxo�c]� 8 � lxo+c�� � * ¡dego+y nxiAu�lmk&e|npo�lxw f$n	v�hjiAy nxiAuZh1c f&npu�h6w|hj�xh1w � k&lxf >�f1 �lxo+c
k&~thj� JDhji&h��jlxw w|h1c���� � � � 8 hjh-{+�pr+i&h � �@Fp�>�)��~th-lxc+c+egk&e|npo+lxwK��¡�bCi&h1��r+e|i&h1u�h1o}k�JDnxi?>xh1c J�h1wgw � e|k
J�lxf�cthj{�o�e|k$h1w|��JDnxi&k&~qk&~+h-f&uZlxwgwBiAh1c+r+��k&e|npoqego�n �xhjiAlxwgw h Y��je|h1o+���+�> �lxw|k&~+nprt�p~�wge >xh6k&~+h����]��D npo+w|�
hj�xh1o�k&~+h;��� �dk$iAeg�x�xhji)~+lxc%k$nZsBh6v+iAh1f&�jlxw|h1c�lmk�k&~+h-~+e|�p~th1f&k�w r+uZegotnpfAe|k&e|h1fj�
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b)f�~+lxf�sBhjh1o f$k&lmk$h1c  �k&~th�{�o+lxw�wghj�xh1w * k$iAeg�x�xhji�cth1�jegfAe|npo ~+lxc k$n=s�h�u�lxcth�sBhjy nxiAh�k&~th
�xh1othjiAlxw}h1w|h1��k$i&npo�eg��iAh1f$hjk�J�lxf\f$h1o�kj� X eg�xh1o-k&~thDf$vBhjh1c-nxytk&~+h�h1w|h1��k$iAnpo+eg�jf/lxo+c-k&~+h�wglmi&�xh�c+eguZh1o+f&e|npo+f
nxy�k&~th cthjk$h1��k$nxi � J�~+eg�>~=u�h1lxo}k-k&~th f$vBhjh1c k&~th f&e|�po+lxw f6k$iAl1�xh1wgh1c lxwgnpot�]k&~th�J�e|i&h1f JDlxf;lx��k&r+lxwgw|�
egu�vBnxi&k&lxo}k>��k&~th6{�o+lxw
wghj�xh1w * cth1�jegf&egnpo�J�lxf�uZlxc+h9lmk�k&~th9wglxf$k�vBnpf&fAe|s�w|h�u�npu�h1o}k � k&~th6h1w|h1��k$i&npo�eg�jf
sBnplmiAc i&h1f$vBnpo+fAe|s�w|h y nxi�k&~+egf J�lxfZ�jlxwgw|h1c 5 �)¢ �  �k&~th�u�h1lxo�egot��nxy�k&~+egfZlx��i&npo}��u egfZr+o#>�otn J�o��>�
5 ��¢ � ~+lxc npoth�k$i>e|�x�xhjiZs�e|k�iAh1f$hji&�xh1c yMnxiZk&~th�~+e|�p~ k&~ti&h1fA~tnpwgc ������k$i>e|�x�xhji1 �npothqk$iAe|�x�xhji�s�e|k
i&h1f$hjiA�xh1cZyMnxi�k&~th�~+e|�p~	k&~ti&h1fA~tnpwgc���� � k$iAe|�x�xhji1 �npoth�k$i>e|�x�xhji�s�egk�y nxi�k&~th�C�C���f�lxo�cZk&~th�iAh1f$k[JDhji&h
i&h1f$hjiA�xh1cqy nxi�h1wgh1��k$i&npo�lxo+c�c�egu�r+npo�k$i>e|�x�xhjiAfj� � e��Bhji&h1o}k�k$iAe|�x�xhji�s�egk���npu�s�ego�lmk&e|npo+f�JDhji&h6i&h1��r+e|i&h1c
s���k&~thZc�e���hjiAh1o�k6w|hj�xh1w * k$i>e|�x�xhjiAf9lmk-c�e���hjiAh1o�k k&egu�h1f1� 5 nxi-h;:tlxu�v�w|hx  h1lmi>w|� e o�i>r+o * l%k&~th�C�C��
k$iAe|�x�xhji�s�e|k JDlxf�iAh1�}r+egi&h1c k$n�~+l1�xh-{+i&h1c � egoqlxc+c+egk&e|npo k$n�nxk&~thji�k$iAe|�x�xhji�s�e|k&f>�> �s�rtk�wglmk$hji�npoqego%k&~th
iAr+o%k&~�egf�i&h1��r+e|i&h1u�h1o}k�J�lxf�cti&nxv+vBh1c
�

\ o�f&r+uZu�lmi&�x +k&~thji&h_J�hjiAh�k&~tiAhjh-~+e|�p~���k)u;rtnpo]k$iAe|�x�xhjiAf�lmk)w|hj�xh1w * ����~thj� JDhji&h �A���]��D
npo+w|� ��  �A������D ���]� ��lxo+c �A��� ����� \ o k&~+egf k&~th1f&e f)k&~+h�k&~ti&hjh�k$iAe|�x�xhji6iAhj�pe|npo+f J�egw w sBh	i&hjyMhji&i&h1c
k$n�lxf �$� ��  �$� ��lxo+c � ��������~thq���]��D ������k$iAe|�x�xhji � �$� ��i&hj�pe|npo�� JDlxf�o+hj�xhji�v+i&h1f&�jlxw|h1c  �s�rtk
k&~th6nxk&~thji)kPJDnZk$iAe|�x�xhji>f�J�hjiAh9v+i&h1f&�jlxwgh1c J�~th1o%k&~th9wgr�uZegotnpf&egk �ZsBh1�jlxu�h9wglmiA�xhx� ��nxk)lxwgwBk&~th9u;rtnpo
k$iAe|�x�xhji>f�JDhji&h JDnxi?>�e ot� lmk6lxwgwKk&egu�h1f1��\ o�yMlx��kj 
k&~th���� � k$iAeg�x�xhji�J�lxf6otnxk JDnxi?>�e ot��yMnxi k&~th	{+iAf$k
~+lxw|yOnxy�iAr+o * l��-��~th;sBh1lxu D sBh1lxu ��npr+o�k$hji>f�JDhji&h�r+f$h1c�lxf v�lmiAk)nxy�k&~th�k$i>e|�x�xhji9ego�k&~th�{�iAf$k�v�lmi&k
nxyDiAr+o * lqnpo+w|�x� 8 vBh1�je|{���k$iAe|�x�xhji-h Y��je|h1o+��� v+i&nxs�wgh1uZf lxo+c�k&~th1e|i9f$npw rtk&e|npo+f lmi&hZcth1fA��iAe|sBh1c�wglmk$hji
egoqf$h1��k&egnpo <t� � �

��������� � �	��
����������

� ~+h1othj�xhji�lxo hj�xh1o}k�v�lxf&f$h1c w|hj�xh1w * cth1lxc k&egu�h J�lxf�e o+�jrti&i&h1c � G hj�xh1w � vBhji&yMnxiAu�h1c l
u�nxi&h�f$nxv�~+egf$k&eg�jlmk$h1c�k$h1f&k6npo�k&~th	hj�xh1o�k-lxo�c�k&~+egf�k$n}n(>�lmv+v+iAn�:teguZlmk$h1w|� �m� � f1� � rtiAe ot��k&~�egf�k&egu�h
k&~th sBh1lxuZf���npo}k&ego�rth1cXk$n ��npwgw egcthx �s�rtk�k&~th�h1wgh1��k$i&npo+eg�jf�i&h1��nxiActh1c otnpo+h]nxy9k&~th�egotyMnxiAuZlmk&egnpo e|k
nxk&~thji?J)egf$h"J�npr+w c�~+l �xhZlxo+c k&~th�c+lmk&l y iAnpu k&~th1f$h	hj�xh1o�k&f JDlxf6w|npf&kj� G hj�xh1w � i&h1c+r+��h1c k&~th;hj�xh1o}k
iAlmk$h%yMi&npu lmsBnprtk � >�¡ �qk$n�lmsBnprtk < � ¡ �x� G hj�xh1w � c�egcHo+nxk	r�f$h%k&~th�yzr+wgw�hj�xh1o}kZegotyMnxiAuZlmk&e|npoHk$n
uZlW>xh e|k&fZcth1�jegfAe|npo f&ego���h�l yzr+wgw�h1w|h1��k$i&npo�eg�jfZi&h1lxc+nprtkZk$n�n(> n �xhji �m�x�x� � fj� ¡�n J�hj�xhji1 �k&~th�h;:�k$iAl
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�m� � f�uZh1lxo�k�k&~+lmk�egotyMnxiAuZlmk&egnpo�~+lxc�sBh1��npu�h�l1�mlxegwglms�w|h�J�~+eg�>~Z~th1w|vBh1c	eguZuZh1o+f$h1w|�;ego	k&~th�cth1�je f&e|npo�D
uZlW>�egot��v+iAn���h1f&f�k&~+lmk�J�lxf�r+o+l �^lxegw lms�w|h6lmk�w|hj�xh1w * �

��lxw|nxiAe u�hjk$hji��jwgr+f$k$hji>egot��egotyMnxiAuZlmk&e|npo2J�lxf�l1�mlxegwglms�w|h9lmk�w|hj�xh1w � � G hj�xh1w * r+f&h1c�ego+c+eg��egc�r+lxw
h1othji&�x�H�^lxw rth1f"J�~+eg�>~ ~�lxcHsBhjh1o u�h1lxf&r+i&h1c ego h1lx�A~ nxy)k&~th �m� < F��jlxw|nxiAegu�hjk$hji�k$i>e|�x�xhjiAfj�=��~th1f$h
k$n JDhjiAf9lmiAhZlmi&iAlxot�xh1c�ego�lxo �   �HuZlmv ��¡)n JDhj�xhji1 /~+e|�p~ h1othji&�x� ~+lxcti&npo+e � �$hjk&f k$h1o+cth1c�otnxk6k$nqsBh
egf$npw lmk$h1c�k$n9lxoZego+c�e|��e c+r+lxwpk$i>e|�x�xhji�k$n JDhji1��b�k�wghj�xh1w � lxoZlxw|�xnxiAegk&~+u JDlxf�lmv+v�wgegh1c J�~�eg�A~�w|n�n(>xh1c�yMnxi
�$hjk9�jlxo+c+egc+lmk$h1f f$v�i&h1lxc�nprtk n �xhji;f$hj�xhjiAlxwOoth1e|�p~}sBnxiAegot��k$n JDhjiAfj����~+e f)lxw|�xnxi>e|k&~+u ego h ��h1��k�lxc+cth1c
k&~thZk$i>lxo+f$�xhjiAf$h�h1othji&�x��cthjvBnpf&e|k&e|npo�f nxy�o+h1e|�p~�sBnxiAe ot�%k$n JDhjiAf-k$nx�xhjk&~+hji;r+o}k&egwOotn�u�nxi&hZoth1e|�p~}sBnxiAf
��npr+wgc�sBh�yMnpr+o+c J�~�eg�A~�v�lxfAf$h1c l�otnpu�ego+lxw/h1othji&�x��k&~ti&h1fA~tnpwgc
����~+e f6u�hjk&~tn�c�lxwgw|n JDh1c k&~+h�k$nxk&lxw
k$iAlxo+f&�xhjiAf$h9h1othjiA�x� nxy\h1lx�>~ �$hjk)�jlxo+c�egc+lmk$h6k$n�sBh9uZlxc+h-l1�mlxegwglms�wgh9lmk�w|hj�xh1w � � \ o]lxc+c+e|k&e|npo  t�pw|nxs�lxw
f&r+u�uZlmk&e|npo+fZlxo�cXuZe f&f&egot��k$iAlxo�f$�xhjiAf$h�h1othji&�x� h1f$k&egu�lmk&e|npo+f�J�hji&h uZlxcthx� b �pw|nxs�lxw�k$iAlxo+f$�xhji>f$h
egu�s�lxwglxo+��h nxy�cthjvBnpf&egk$h1c=h1othjiA�x�=egoHk&~thqcthjk$h1��k$nxiZegu�v�w e|h1f9k&~+lmk	h1othjiA�x�RJDlxf�o+nxk�nxs�f&hji&�xh1c lxo+c
k&~+lmkDf$npu�h�v�lmiAk&eg�jw|h1fOyzlxegw|h1c�k$n;cthjvBnpf&e|kOh1othjiA�x�	e o�k$n9k&~+h��jlxw|nxiAeguZhjk$hji�lxf�k&~thj�	h;:�e|k$h1c�k&~th�cthjk$h1��k$nxi �
��~+e f�r+otnxs�f$hjiA�xh1c%h1othji&�x�qegf��jlxwgw|h1c �$uZegf&f&e ot��k$i>lxo+f$�xhjiAf$h-h1othji&�x� ��nxi���¢�� yMnxi�f&~+nxi&k>�>�

��~th��Dh1o}k$iAlxw 5 lxf$k)�KiAlx�]>xhji � � 5 �)��v+i&nV��egc+h1c%kPJDnWD c+egu�h1o+fAe|npo+lxw
k$iAlx�]>�egotyMnxiAuZlmk&e|npo ����~th
���)�C~�lxc�{+�xhZl':teglxw�wgl �xhjiAf-lxo+c�yMnprti-f&k$hji&hjn]wgl �xhjiAfj� �����C�A~+lxu�sBhji-~+e|k&f6~+lxc=lxf&f$n��jeglmk$h1c=cti>e|y k
k&egu�h1f"J�~�eg�A~H�pl1�xh���nxi&iAh1f$vBnpo+c+egot�]v�npfAe|k&e|npo=e oty nxi>uZlmk&e|npo
� G n�n(> D rtv k&lms�wgh1f;e cth1o�k&eg{+h1c v�lmk$k$hji>o+f
nxy�~+e|k&f6ego k&~thZl':teglxw�wgl �xhjiAf � k&~th1f&h�wgl1�xhji>f6v+i&nV��egc+h1c wgnpot�pe|k&r+c+e o+lxwKe oty nxi>uZlmk&e|npo���k$n]u�h1lxf&r+i&h�k&~th
k$iAlxo+f&�xhjiAf$h9u�npu�h1o}k&r+u"nxy/ego+c+e|��egc+r�lxw�k$iAlx�?>�f�lxf�k&~thj� �jrti&�xh1c%nprtk JDlmi>c+f�k&~ti&nprt�p~%k&~+h9���)������~th
� 5 ���jlmk$hj�xnxiAe��jh1c=k&~th�k$iAlxo+f&�xhjiAf$hZu�npu�h1o}k&r+u nxy�ego+c+eg��egc�r+lxw
k$iAlx�]>�f�ego�k$n%npoth�nxy�h1e|�p~}k6v�npfAf&e|s�w|h
k$iAlxo+f&�xhjiAf$h�uZnpu�h1o�k&r�u iAlxot�xh1f�nxi�s�ego+fj� \�k�lxw f$n=v+iAn ��egcth1c k&~th � vBnpf&e|k&e|npo nxy6k&~th]k$iAlx�?>�� b�k
w|hj�xh1w � u;rtnpo �A~+lxu�sBhji f&k&rts�f J)~+eg�A~ v�lxf&f$h1c w|hj�xh1w * JDhji&h�i&h1�}r�e|i&h1c k$n uZlmk&�>~ l � 5 � k$iAlx�?>
lmsBn �xh�lxoHlmv+v+i&nxv�iAeglmk$h	k$iAlxo+f$�xhji>f$hZu�npu�h1o}k&r+u � k&~�egf �^lxw rthEJDlxf * � X h 99�>�Kb�k9k&~th�f$k&lmi&k6nxy�k&~th
iAr+o � {+yMk$hjh1o�cthj�xi&hjh�uZlmk&�A~�egot� �2JDlxf6r�f$h1c
 Bu�h1lxo+egot� k&~thZ� 5 �Ck$iAlx�?> JDlxf6ego�h �Bh1��k u�lxcth	k&~ti&hjh
k$n JDhjiAf J�egcthx�;b ~+e|�p~���k����]���x��� �3f&k&rts ~+lxc�k$n�uZlmk&�>~�k$n�k&~th	k$n JDhji J)~+eg�A~���nxi&iAh1f$vBnpo+cth1c
k$n�k&~th � v�npfAe|k&e|npoHnxy�k&~th%k$iAlx�]> lxf�cthjk$hji>uZegoth1cHs}�Hk&~th]� 5 �"nxi	npothqk$n JDhjiZnpo h1e|k&~thji�f&e cth�nxy
e|kj� 5 e|yMk$hjh1o�cthj�xi&hjh�uZlmk&�A~+e ot�EJDlxf�r+f$h1cqsBh1�jlxr+f$h6nxy/k&~th9lxu�s�e|�pr+egk ��e o%k&~th9lx��k&r+lxw k$i>lx�?>%vBnpf&e|k&e|npo
c+rth6k$n�k&~th9i&h1f&npwgrtk&e|npoqnxy\k&~th	� 5 �6����~th�� 5 � v+i&nV��egc+h1c�l�sBhjk$k$hji�h1f$k&e uZlmk&e|npo�nxy\k$iAlx�]>qvBnpf&e|k&e|npo

�m�



k&~+lxo k&~+egfZlxo+c uZegc3J�l1� k&~ti&npr+�p~ iAr+o * lHlxo h1w|h1��k$iAnpo+eg�jfZsBnplmiAc �jlxwgw|h1c k&~+h]� i>lx�?> D G egf$k2CDnplmiAc
� � � G ��JDlxf6e o+f$k&lxwgw|h1c J�~+e �A~�~+lxc k&~th��jlmv�lms�egw e|k ��k$n�e u�v�w|h1u�h1o}k � {��xhZcthj�xi&hjhZuZlmk&�>~+egot� ���;��~+egf
J�lxf�lx��k&r+lxwgwg�HsBhjk$k$hjiZk&~+lxo k&~th�� 5 � i&h1f$npw rtk&e|npo lxo+c wgn}n(> D rtv k&lms�w|h1f J�hji&h�r+f$h1c k$n=uZlW>xh�k&~th
k$iAlx�]> D k$nWD f$k&r+s�u�lmk&�A~�{��xh9nxi�k$h1o�cthj�xi&hjh1f � egk�lxwgw cthjvBh1o+c+h1c%npo�~tn JC�jw|npf$h9k&~+h9k$iAlx�?>�e o��}r+h1f$k&e|npo
J�lxf�k$n	l�k$n JDhji�h1ct�xhV�>����~th�v�rti&vBnpf$h)nxy k&~th k&e|�p~}k$hji�u�lmk&�A~+ego+�"J�lxf�k$n	yMr+i&k&~thjiDi&h1c+r+��h r+o JDlxo}k$h1c
k$iAe|�x�xhji>f�lxo+c=k&~th�k$i>lx�?>=wge f$k6sBnplmiAcRJ�lxf�fAr+�j��h1f&f$yzr+w�e o�k&~+egf-i&hj�plmiAc
��¡)n JDhj�xhji1 �k&~th � � G sBnplmiAc
J�lxf�yMnpr+o+c]k$n ~+l �xh;lxo egoth Y��je|h1o+���%y nxi l wglmi&�xh-v�lmi&k�nxyOk&~th�i&h1f$k�nxyOiAr+o * l�� 8 hjh	f$h1��k&e|npo <t� � yMnxi
lxo�lxo+lxwg��f&e f�nxy/k&~�egf�v+i&nxs�wgh1u lxo+c�e|k&f�f$npw rtk&e|npo��>�

����������� �	��
���������� � �

� ~+h1o�lxo�hj�xh1o�k v�lxfAf$h1c�wghj�xh1w � l�yzr+wgw i&h1lxctnprtk�nxyOk&~th;h1w|h1��k$i&npo+eg�jf)n��j�jrti&i&h1c
����~+egf�k$n}n(>
n �xhji �m�x�x� � fj� G hj�xh1w � � < � � k&~th1o vBhji&y nxi>u�h1c�l {�o�lxwKk$h1f&k�npo�k&~+h;hj�xh1o}k9lxo+c i&h1c+r���h1c�k&~+h;k$i>e|�x�xhji
iAlmk$h�yMi&npu lmsBnprtk < � ¡ ��k$n�l%uZlxo+lm�xh1lms�w|h * � ¡ �x�	b�yMk$hji6hj�xh1o}k9c+e|�pe|k&e��1lmk&egnpo o+n%uZnxi&h�cth1lxc k&egu�h
n��j�jrti&i&h1c
� G hj�xh1w � ��npo�f&egf$k$h1c nxy l�s�lxo#>Hnxy 8 egwge ��npo X iAlmv�~+eg�jf���npuZv�rtk$hjiAf�J�~+eg�>~ nxv�hji>lmk$h1c ego
v�lmiAlxw w|h1w �O��~thji&h�JDhji&h6y nxiAk � D h1e|�p~�k ������f�lxo+c 7(6	egotv�rtk�s�r ��hjiAf1�\¢�lx�A~�e otv�rtkDs�r �Bhji�JDlxf��jlmv�lms�w|h
nxy�~tnpwgc�egot�	k&~th�e oty nxi>uZlmk&e|npoqyMnxi)npo+h-hj�xh1o}k�lxo+c]h1lx�A~ v+i&n���h1f&f$nxi�JDlxf��jlmv�lms�wgh9nxyOv+i&n���h1f&f&ego+�Znpoth
hj�xh1o}k\lmk\l)k&egu�hx�K��~th�h;:�k$iAl�egotv�rtk
s�r ��hji>f�JDhji&h�o+h1��h1f&f&lmi&�9k$n lxwgw|n JHyMnxi/k&~th�vBnpf&f&egs�egwge|k���nxy+i>lxo+ctnpu
s�rti>f$k&f�nxy/w|hj�xh1w � k$iAe|�x�xhjiAf�J)~+eg�A~�JDnpr+wgc nxk&~thji?J�e f$h�~�l1�xh9f&lmk&rti>lmk$h1cqk&~th6w|hj�xh1w � egotv�rtk&f � lmyMk$hji�lxwgw  
k&~th9k&~+hjnxi&hjk&eg�jlxw u�l':�egu;r+u"yMnxi�k&~th9wghj�xh1w � k$iAeg�x�xhji�iAlmk$h J�lxf��jwgnpf$h9k$n 4 �x� ¡ �V�>�D��~th9��n�cth J�~+e �A~
cthjk$hjiAu�egoth1cRJ)~thjk&~thji-nxi�otnxk;lxo=hj�xh1o}k	v�lxf&f$h1cHw|hj�xh1w � J�lxf	l]f&�jlxw|h1c ctn J�o=�xhji>f&e|npo nxy�k&~th�yzr+wgw
� � 5 n � ego+h�hj�xh1o}k�iAh1��npo+f$k$iAr+��k&egnpo���n�c+hx�

� egk&~Zk&~th�w|hj�xh1w � egotv�rtkOiAlmk$h�sBh1ego+�9sBh1w|n J < Fm¡ �x tl;w|hj�xh1w � ����� ~+lxc�n �xhji�npoth�f$h1��npo+c�k$n
v+i&n���h1f&fKlxo�ego�c+e|��egc+r+lxwVhj�xh1o�kj�\� e|k&~�k&~+egf lxu�npr�o�kKnxytk&egu�h�egk.JDlxf/otnxk/oth1��h1f&f&lmi&�6k$n r+f$h���npu�v�w|hjk$h1w|�
�jr+f$k$npu�e��jh1c�~+lmiAc3J�lmi&h	lxo+c�f$vBhjh1c�D nxv+k&eguZe �jh1c]f$nxyMkPJ�lmi&hx� G hj�xh1w � vBhji&yMnxiAu�h1c l�w lmi&�xh	y iAlx��k&egnpo�nxy
k&~th�yMr+w w � � 5 n � egoth-i&h1��npo+f$k$iAr���k&e|npo�fAr+�A~�lxf�k$iAlx�]>�e ot�t ��xhjiAk$h;:�ego+�t ��jlxw|nxiAe u�hjk$hji��jw r+f$k$hjiAego+�t �lxo+c
u;rtnpo�i&h1��npo+f&k$iAr+��k&e|npo
� G hj�xh1w � J�lxf�lms�w|h�k$n-i&h1��npo+f$k$iAr���k�k&~th�h;:tegf$k$h1o+��h�nxy
lx��k&r+lxw+v�lmi&k&eg�jw|h1f�ego	k&~th
hj�xh1o}k)lxo+c�f&h1w|h1��k�hj�xh1o}k&f�s�lxf$h1c�npo�k&~th6v+iAnxv�hjiAk&e|h1f�nxy\k&~th1f$h6sBh1wge|hj�xh1c�D k$nWD ~�l1�xh;D h;:tegf$k$h1c�v�lmi&k&eg�jw|h1f1�

\ o%k&~+h-�jlxf$h9nxy/k&~th-~+eg�p~ ��k�ego+�jw r+f&e|�xh u�r+npo%k$iAe|�x�xhji)wghj�xh1w � egu�vBnpf$h1c npo+w|�%w|n�npf$h9��r+lxwge|k��

� *



�jrtk&f�npo k&~th)u;rtnpo
� 5 nxi�h;:tlxu�v�w|hx �k&~thji&h�~+lxc�k$n�sBh)l����)� k$iAlx�?>�J�e|k&~�l�k$iAlxo+f&�xhjiAf$h u�npu�h1o}k&r+u
�xi&h1lmk$hji�k&~+lxo * F X h 9 J�~+eg�>~	uZlmk&�A~th1c�k$n9lxoZlxf&f$n��jeglmk$h1cZu;rtnpo�f$k&r+s � l6u�rtnpo J)~+eg�A~	egf\k&~+h�cth1�jl1�
v+i&n�c+r+��k\nxyBl ^ v�lmi&k&e �jw|h�k ��v�eg�jlxwgw|�;~+lxfOl9��kOn �xhjiZ< � X h 96�>�}b)c+c�e|k&e|npo+lxwgwg�x ml6u;rtnpoZ�jlxo�c+egc+lmk$h�J�lxf
i&h �$h1��k$h1c�egy\l�wglmi&�xh-lxuZnpr+o�k)nxyOh1othji&�x� J�lxf)cthjvBnpf&egk$h1c�ego}k$n�k&~th-u�lmk&�A~+ego+��~+lxctiAnpo+eg�6�jlxw|nxiAe u�hjk$hji
k$n JDhji1�
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� � 5 i&h1��nxiActh1c c�lmk&l�y nxi�lmv+v+i&n :�egu�lmk$h1w|�=k&~+egi&k � uZegwgw e|npo=hj�xh1o}k&f�c�rtiAegot� iAr+o * � ��~th1f$h
hj�xh1o}k&f_JDhji&h f$k$nxi&h1cHnpo=~�r+o+cti&h1c�f6nxy�c+lmk&l]k&lmvBh1f�lxo+c k$nxk&lxw|h1c lmv+v+iAn�:teguZlmk$h1w|��f&e :�k$hjiAlms���k$h1f�nxy
c+lmk&l�� ��~+h�hj�xh1o}k&f�npo k&~th1f$h k&lmv�h1f"JDhji&h%v+i&h1f$h1wgh1��k$h1cHs�� k&~th k$iAe|�x�xhjiEJ)e|k&~=l�~tnpf$k;nxy�c+e���hji&h1o}k
f$h1w|h1��k&egnpo���iAe|k$hjiAe l� +lxo+cqnpo+w|� lZf&uZlxw wBy iAlx��k&egnpoqnxy\k&~th1u JDnpr+wgc%v+i&nV�xh-r+f$hjyzr+wByMnxi�k&~+egf�k&~+h1f&egfj�

b�yMk$hjiZk&~thqc+lmk&l�~�lxc s�hjh1o iAh1��nxiActh1c
 �k&~+hq{+iAf$k;k&lxf > y nxiZk&~�egf	lxo+lxw|��f&egf"JDlxf	k$nHf$h1w|h1��kZl
�xh1othjiAlxw�c+lmk&l f$hjk J�~�eg�A~ ��npr�wgc�sBh�r+f$h1c � ��~+hZyMr�wgw �m� uZe wgwge|npo�hj�xh1o}k;c�lmk&l]f$hjk_JDlxf-k$n}n s�e|�qyMnxi
i&hjvBh1lmk$h1c r+f$h%lxo+c e|k_J�lxf	oth1��h1f&f&lmiA�=k$n�f$h1w|h1��k	l�uZlxo+lm�xh1lms�w|h%f&rts�f$hjk�nxy)e|kj� b�f;v+i&nx�xiAlxu�uZegot�
��n�cth�J�lxf_J�iAe|k$k$h1o lxo+cHi&hj{�oth1cHe|k JDnpr+wgc=s�h oth1��h1f&f&lmiA� k$n lxo�lxw|� �jh%lxo+c=i&h1lxo+lxw|� �jh�k&~�egf�fArts�f$hjk
c+lmk&l�f$hjk-uZlxo}��k&egu�h1fj� ��~+egf6egf J�~���lx�j��h1f&fAe|s�egwgegk � JDlxf�egu�vBnxi&k&lxo}kj����w|k&eguZlmk$h1w|��e|k J�lxf-cth1fAe|i&h1c
k&~+lmk�k&~th6c+lmk&l�f&hjk�s�h6f&u�lxwgw�h1otnprt�p~%k$n�{+k�npoq~+lmiAcqc�egf >� }nxk&~thji]J�egf$h6e|k�JDnpr+wgc%~+l1�xh6h1o�cth1cqrtv%npo
u;r+�A~�wgh1f&f�lx�j��h1f&f&egs�w|h9c+lmk&l�k&lmvBh1fj�

��~+egf9k&~th1f&egf�f$k&r+c+e|h1f9k&~th�v+iAnxv�hjiAk&e|h1f6nxy�^Bf9��egl]k&~th�cthjk$h1��k&egnpo=nxy�k&~th1egi-cth1�jl1�=v+i&n�c+r+��k&fj 
f$vBh1�je|{��jlxw w|�]~+e|�p~���k9u�r+npo+fj�Z��~thZwghj�xh1wOk&~ti&hjhZ~+eg�p~���k-u;rtnpo�v+iAh1f$h1w|h1��k&e|npo�f$k$iAh1lxuZf JDhji&h�k&~�r+f
k&~th-wgnx�peg�jlxw
f$k&lmi&k&ego+�ZvBnpego�k�yMnxi�k&~th-��iAh1lmk&e|npoqnxy\k&~th9c+lmk&l�f$hjkj�

��~th;w|hj�xh1w/k&~ti&hjh;k$iAlx�?>�i&h1��npo+f$k$iAr���k&e|npo���n�cth	cthjk$hjiAu�egoth1c�k&~th;uZnpu�h1o�k&r�u nxy�k&~th�k$i>lx�?>�f
J�~+e �A~�k&~th6���)�Xcthjk$h1��k$h1c
� G hj�xh1w�k&~+i&hjh6lxwgf$n;�xi&nprtvBh1c�u;rtnpo%�A~�lxu-sBhji�~+e|k&fDego}k$n;f&k&rts�fDlxo+c k$iAe|h1c
k$n uZlmk&�A~ f$k&rts�f�k$n k$iAlx�?>�f ��e l k$iAlx�]> h;:�k$iAlmvBnpwglmk&e|npo
� 8 k&rts�f J)~+eg�A~ J�hjiAh uZlmk&�>~th1c k$nHk$i>lx�?>�f
JDhji&h�lxf&f&e|�poth1c�l%�mlxwgrth �$c�: ��� �$c�: �qegf�k&~+hZc+egf$k&lxo+��h;yMi&npu k&~th	h;:�k$iAlmvBnpwglmk$h1c k$iAlx�?> v�lmk&~ k$nqk&~th
�A~�lxu-sBhji�f$k&rtsqw|n��jlmk&e|npo lxo+c%egf�l	u�h1lxfArti&h�nxy ~tn J JDh1wgw�k&~th f$k&rtsquZlmk&�A~+h1c%k$n�k&~th k$iAlx�]>�� G hj�xh1w �

�x�



lxwgf$n�cthjk$hjiAuZego+h1c%k&~th�~+lxc+i&npo+eg� lxo+cqh1wgh1��k$i&npuZlm�pothjk&eg��h1othji&�x�qcthjvBnpf&egk&e|npo+f�lxf&f$n��jeglmk$h1c J�e|k&~qh1lx�>~
k$iAlx�]>��

\�yDlxo�hj�xh1o�k JDlxf6k$nqv�lxf&f k&~th�w|hj�xh1w � ~+e|�p~���k u;rtnpo�k$iAeg�x�xhji9k&~thji&h�~+lxc�k$nqsBh�lqw|hj�xh1w �
k$iAlx�]> ego�k&~thZhj�xh1o}k J�~�eg�A~�~+lxc=l���k9�xiAh1lmk$hji-k&~+lxo * F X h 9 � k&~+egf6�mlxwgrthEJ�lxf9iAh1wgl':�h1c k$n *�4 X h 9
c+rti>egot��iAr�o * s��>� ��~thji&h%lxwgf$n�~+lxc k$n�s�h%lxo lxf&f$n��jeglmk$h1c u;rtnpo f$k&rts egoHi&nprt�p~+w|��k&~+h h;:�vBh1��k$h1c
vBnpf&e|k&e|npo���egl�k&~+h�k$iAlx�]> D k$nWD f&k&rtsHuZlmk&�>~+egot� v+i&n���h1f&fj�9b"����� f$k&rts�~+lxc k$nq~+l1�xhZl c�:�wgh1f&f�k&~+lxo
* � �juq��\ o�k&~+hZ�jlxf$h�nxyDk&~th ����� k&~�egf9uZlmk&�>~+egot�qi&h1��r+e|iAh1u�h1o�k J�lxf � 4 �ju lxo+c�yMnxi9k&~th �����"e|k
J�lxf�< � �juq�

G hj�xh1w � k$h1o�cth1c�k$n�n �xhjiAh1f$k&eguZlmk$h�k&~thZu�npu�h1o}k&r+u nxy����)�dk$iAlx�]>�f�c+rtiAego+��k$iAlx�]> iAh1��npo�D
f$k$iAr���k&e|npo
�6b)o�r+o�cthji&h1f$k&egu�lmk&e|npo���npr�wgc i&h1f&r+w|k�ego�k&~th	i&h � h1��k&egnpo�nxy�egu�vBnxi&k&lxo}k)hj�xh1o}k&fj  f&n%egk�J�lxf
egu�vBnxi&k&lxo}k�k$n	l1�xnpe cqr+o+cthji&h1f&k&eguZlmk&e|npo+f1�/b)v+v+i&n :�e uZlmk$h1w|�	npoth k&~+e|iAcZnxy k&~th w|hj�xh1w � ~+eg�p~���k�u;rtnpo
k$iAlx�]>�f�c+egf&lmv+vBh1lmi&h1c;c+rti>egot��yMr+w w�n � e oth�k$iAlx�?>	i&h1��npo+f&k$iAr+��k&e|npo	s�r+k\egk JDlxfO�xhjiA��iAlmiAh�y nxi�lxc+c�e|k&e|npo+lxw
~+e|�p~q��k�k$iAlx�]>�f�k$nZh1u�hji&�xh9yMi&npu n � egothx�

5 nxi�lxo hj�xh1o�k�k$n	i&h1lx�>~%k&~th ego+�jwgr+fAe|�xh�~+e|�p~ ��k�u;rtnpo%c+lmk&l	f$hjk�e|kD~�lxc�k$n	{+i>f$k�v�lxfAf�npo+h�nxy
k&~th�~+e|�p~;��kOw|hj�xh1w � u;rtnpo	f$k$i&h1lxuZfj�Ob yzrti&k&~+hji\f&hjk/nxy�n � egoth�f$h1w|h1��k&e|npo��jr+k&f$JDhji&h�k&~th1o�lmv+v�wge|h1c
�.\ k
J�lxf��xhji>e|{+h1cZk&~�lmkDlxwgw�nxy
k&~th�y npw w|n J�e ot�-�jrtk&f J�hjiAh)yzr+wgw|�;h Y��je|h1o}kDnxi�lmk�w|h1lxf$k�lxwgu�npf&k�yzr+wgw|�;h Y��je|h1o}k
yMnxi�k&~th"^ k$n �
	 �
� cth1�jl ���A~+lxo+o+h1w �

5 e|iAf$kj �l9v�npfAf&e|s�w|h�~+eg�p~���k�u;rtnpoZk$i>lx�?>Z~+lxc�k$n;~+l1�xh�lxo�n � ego+h�i&h1��npo+f$k$i>r+��k$h1cZk$iAlx�]>Z��k�nxy
lmk�w|h1lxf$k * F X h 9;����rtnpo+f�yMi&npu ^ cth1�jl ��f�k��}v�eg�jlxwgw|��~�l1�xh9l���k�lmi&npr�o+c2< � X h 9�� 5 eg�prti&h � � * f&~tn J�f
k&~+egf�c�egf$k$iAe|s�rtk&e|npo
�/��~th6v+i&n���h1c+rtiAh�yMnxi)u�lW>�ego+�;k&~�egf�v�w|nxk�J�e wgw�s�h6�peg�xh1o�egoqlZwglmk$hji)�A~+lmv+k$hji �

8 h1��npo+c
 �k&~th�k$iAlx�]> � f�lxf&f$n��jeglmk$h1c ~�lxcti&npo+eg� h1othjiA�x� cthjvBnpf&egk&e|npo ego k&~th]�jlxw|nxi>egu�hjk$hji J�lxf
i&h1��r+e|i&h1c%k$n�sBh-w|h1f&f�k&~+lxo 6 X h 9;����~+egf��jrtk�i&h � h1��k$h1c ~+e|�p~]��k
�$hjk�hj�xh1o}k&fj  J�~+eg�>~qk$h1o+c�k$n cthjvBnpf&e|k
u;r+�A~ uZnxi&h�h1othji&�x� k&~+lxoR6 X h 9 ego k&~thZ~�lxcti&npo+eg�;�jlxw|nxiAe u�hjk$hji1�Z�]r+npo+f9lmi&hZuZe o+egu;r+u egnpo+e��1egot�
v�lmi&k&e �jw|h1f�lxo+cql	~+e|�p~%��k�u;rtnpo k ��v�eg�jlxwgwg��cthjvBnpf&e|k$h1c � X h 9 nxi�w|h1f&f�e o�k&~+h ~�lxcti&npo+eg���jlxw|nxiAe u�hjk$hji1�
5 e|�prti&h � � � f&~tn J)f6k&~+egf c+egf&k$iAe|s�rtk&egnpo
����~+h;v�i&n���h1c�rti&h	y nxi�uZlW>�e ot�%k&~+egf v�w|nxk J)egwgwKs�h��peg�xh1o ego�l
wglmk$hji��>~+lmv+k$hji1�

��~+e|i>c
 xl9u�r+npoZf$k&rts�e o	h1e|k&~thji�k&~th ���]�� }�����=nxi������ J�lxf�i&h1��r+e|iAh1c�k$n�sBh�lxfAf$n��je lmk$h1c
J�e|k&~;k&~th�~+eg�p~;��kOk$iAlx�?>�����~th�f$k&rts � fOlxf&f$n��jeglmk$h1c �$c�: � uZlmk&�A~+e ot� �^lxwgr+h�~�lxc	k$n6s�h�w|h1f&f\k&~�lxo * � �ju
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 Muon Pt

Entries

UDFLW
OVFLW

    3086

  1.000
  21.00

GeV
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eV

↓
cut
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5 eg�prti&h � � * ����o}s�eglxf$h1cqc+e f$k$iAe|s�r+k&e|npo�nxy\k&~th6k$i>lx�?>���k�yMnxi�^��jlxo�c+egc+lmk$h9u;rtnpo+f

 Muon CHA energy deposition

Entries

UDFLW
OVFLW

    3220

 0.0000E+00
  66.00

GeV
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eV

↓
cut
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5 eg�prti&h � � � ����o}s�eglxf$h1cqc+e f$k$iAe|s�r+k&e|npo�nxy/k&~th;��¡)bdh1othji&�x�qcthjvBnpf&e|k&egnpo�yMnxi�^��jlxo�c+egc+lmk$h9u;rtnpo+f
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 cmu dx

Entries

UDFLW

OVFLW

    1589

  1.000

  6.000
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E
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↓
cut

↓
cut

 cmp dx

Entries

UDFLW

OVFLW

    1568

 0.0000E+00

  1.000

cm

E
ve
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↓

cut
↓

cut

 cmx dx

Entries

UDFLW

OVFLW

    1175

  1.000

  2.000
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↓
cut

↓
cut
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5 e|�prti&h � � � �O�)o}s�eglxf&h1c;c�egf$k$iAe|s�rtk&e|npo6nxy�c�:�uZlmk&�>~+egot� �mlxwgrth1f/y nxi ^��jlxo+c�egc+lmk$h�u�r+npo+f\ego;k&~th����]�� 
����� lxo+c �����

yMnxi�k&~th)�����-  �m� �ju y nxiOk&~+h)���]�=nxi �m� �ju yMnxiOk&~th)��� �;� 5 e|�prti&h � � � f&~+n J�f\k&~th1f&h�c+egf$k$i>e|s�rtk&e|npo�f
yMnxi�k&~+h;c+e���hji&h1o}k)c+hjk$h1��k$nxi9f&rts�f$��f$k$h1uZf1����~+h-v+i&n���h1c+rtiAh-yMnxi�uZlW>�egot� k&~+egf�v�w|nxk�J�egwgw s�h��pe|�xh1o�ego
lZwglmk$hji)�A~+lmv+k$hji �

��~thqf$h1w|h1��k&egnpo v+i&n���h1f&f	i&h1f&r+wgk$h1c ego c+lmk&l�f$hjk&f�yMnxi�iAr+o+f * l lxo�c * s nxy 6'<t @6 A(A lxo+c lmv3D
v+i&n :�e uZlmk$h1w|� � 4 �   �x�x� hj�xh1o}k&f�iAh1f$vBh1��k&e|�xh1w|�x��b�k �m�x� >�s��}k$h1f)vBhji�hj�xh1o�k)k&~+egf���nxi&i&h1f&v�npo�c+f�k$n�lmsBnprtk
4 �x� �pe|�plms��}k$h1f nxy�{�w|h;f$v�lx��hx�9� ~+egwgf&k�k&~+egf�uZl ��otnxk sBh�h1o+nxiAu�npr+f�s���k$n�c�l1� � f6f$k&lxo+c+lmiAc�fj  J�~th1o
k&~th�c�lmk&l J�lxf9i&h1��nxiAc+h1c 4 �x� �pe|�plms���k$h1f J�lxf-�xhjiA����npo�f&egcthjiAlms�w|hx�E\�k JDlxf;otnxk-oth1��h1fAf&lmi&��k$n]f&l �xh
lxwgw �m�x� >�s��}k$h1f;nxy�c+lmk&l]y nxi�h1lx�A~Hhj�xh1o�k � lmk�� ��5 lxo=hj�xh1o�k	ego�k&~�egf9yMnxiAu�egf��jlxwgw|h1c l � yMr�wgw � 8 �
hj�xh1o}k ���>�[\ o�f$k$h1lxcZl9f&u�lxwgw|hjiO�xhjiAf&egnpo�nxy�k&~+h�hj�xh1o�kj ��jlxwgw|h1cZl �$��b � ��  J�lxf�r+f&h1c
�O��b � hj�xh1o}k&f[JDhji&h
��npu�v+iAh1f&f$h1c �xhjiAf&e|npo�f�nxy � 8 � hj�xh1o}k&fj��b ��b � hj�xh1o�k�J�lxfDk ��v�eg�jlxwgw|�ZlmsBnprtkDnpoth k$h1o}k&~�k&~+h fAe��jh)nxy
l;yMr�wgw � 8 � hj�xh1o}k�lxo+c2JDlxf�f&k$iAe|v+vBh1cZnxy/uZlxo}��wglmi&�xh v�egh1��h1f�nxy/cthjk$h1��k$nxi�ego+y nxiAu�lmk&e|npo�J)~+eg�A~�JDhji&h
otnxk�o+h1��h1f&f&lmi&�%yMnxi)u�npf$k)lxo+lxw|��f$h1fj� 5 rti&k&~thjiAuZnxi&hx �u;r+�A~]nxy/k&~+h-c+lmk&l J)e|k&~+ego%lxo�hj�xh1o}k�J�lxf)i&hjnxi D
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�plxo+e��jh1c�e o]k&~thZ�Bb � �xhji>f&e|npo�k$nquZego+e uZe��jh-k&~+h	r+k&egwge��jh1c�{�w|h	f$v�lx��hx�;��b � hj�xh1o�k&f J�hji&h�f&r�e|k&lms�w|h
yMnxi�k&~+egf�lxo+lxwg��f&e fj�

�Dnpo+f$h1��rth1o}k&w|�x tk&~th-e o+�jwgr+f&eg�xh u;rtnpo�c�lmk&lZf$hjk�yMnxi�iAr+o * JDlxf)lmsBnprtk�< � �pe|�plms��}k$h1f1 
J�~+e �A~
u�hjk9k&~+h�ego+e|k&e lxw/c�egf >�f$v�lx��hZ�xnplxw �2\ k-��npo�k&lxe oth1c=lmsBnprtk6npoth �}r�lmi&k$hji9nxy�l�uZegw wge|npo hj�xh1o�k&f_J�~+e �A~
~+lxcqv�lxf&f$h1cqk&~th9f&h1w|h1��k&e|npo���iAegk$hjiAegl��
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��~th��xnplxw
nxy k&~�egfDk&~th1f&egf�egfDk$nZcthjk$hjiAu�egoth�k&~th ^�k$iAlxo+f$�xhjiAf&h uZnpu�h1o�k&r�u f$vBh1��k$iAr+u"ego k&~th
u;rtnpoZcth1�jl �Z�A~+lxo+o+h1w+lmk�k&~th�h1o+hji&�x�	nxy�k&~th 5 hjiAuZegw lmsZ� hj�mlmk$i&npo
��� � 5 cthjk$h1��k&f�npo+w|�	l6yMiAlx��k&e|npo�nxy
k&~th9u;rtnpo+f J�~+e �A~%lmi&h9��i&h1lmk$h1c�ego k&~+egf�cth1�jl1�%�A~�lxo+oth1w  +lxo+c%~th1o���h6k&~th ^�k$iAlxo+f$�xhjiAf&h9u�npu�h1o}k&r+u
�jlxo%sBh�c+hjk$hjiAuZegoth1c�yMnxiDnpo�w|��l;y i>lx��k&e|npo nxy k&~th ^Bf J�~+e �A~ lmi&h6lx��k&r+lxwgw|�Znxs�f$hji&�xh1c
� \ k�egf�oth1��h1f&f&lmi&�
k$n-uZlW>xh)l6wglmi&�xh�o�r+u-sBhjiOnxyB��nxi&i&h1��k&e|npo�fOk$n9k&~th�h;:�vBhjiAegu�h1o}k&lxwtc+lmk&l� }f&npu�h�nxy J�~+eg�>~�lmi&h���npu�v�w|h;:B�
\ y�k&~th;nxiAe|�pego+lxw ^=k$iAlxo+f$�xhjiAf&h	uZnpu�h1o�k&r�u c�egf$k$iAe|s�rtk&e|npoqegf)k$n%s�h	egotyMhji&i&h1c  �f$vBh1�jeglxw/�jlmi&h�u�r�f$k)sBh
k&lW>xh1o;f&ego+��h�f&h1w|h1��k&e|npo-��i>e|k$hjiAegl�lxo+c9h Y��je|h1o+���9egf ��nxi&i&h1wglmk$h1c-k$n�k&~th�nxi>e|�pego+lxwxk$i>lxo+f$�xhjiAf$h�u�npu�h1o}k&r+u
nxy\k&~th_^/�

�]lxo}����nxi&iAh1��k&e|npo+fDlmi&h�lmv�v�wge|h1c�k$n;k&~th�c+lmk&l J)e|k&~Zk&~th�~th1w|v�nxy ��npo}k$h-��lmiAw|n 8 egu�r�wglmk&e|npo+fj�
\ o�l%��npo}k$h���lmiAwgn�l wglmi&�xh	o}r+u�sBhji)nxy�hj�xh1o�k&f6lmi&h�f&e u�r+w lmk$h1c���egl�l ��npu�v�r+k$hji1 
lxo+c]k&~+h;cth1fAe|i&h1c
��nxi&i&h1��k&egnpo�yzlx��k$nxiAf)lmiAh-nxs+k&lxego+h1cqs}�%h;:tlxuZego+lmk&egnpoqnxyOk&~th9h �Bh1��k)nxy\k&~th�lmv+v�lmiAlmk&r+f)lxo+c�f$h1wgh1��k&e|npo
��iAe|k$hji>egl6~+l1�xh�npoZk&~+h �$f&egu;r+wglmk$h1c��-c+lmk&l�����~th)�]npo}k$h6��lmi>w|n9egf��>~th1�?>xh1c%lmkDuZlxo���w|hj�xh1w f�k$n-h1o�f&rti&h
k&~+lmk�egk���npoty nxi>uZf�k$nZi&h1lxw e|k �x �lxo�cqk&~+lmk�k&~th9��nxiAi&h1��k&e|npo�yzlx��k$nxiAf�nxs+k&lxegoth1c�lmiAh-lx�j�jrtiAlmk$hx�
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b)w u�npf$k�egu�u�h1c+eglmk$h1w|�	lmyMk$hjiD��i&h1lmk&egnpo
 �l"^ J�egw wtcth1�jl1�x tlxo+c�k&~th�v+i&n�c+r+��k&f�y iAnpu�k&~+egf�cth1�jl1�
f$npu�hjk&e u�h1f�J�egwgw�sBh kPJDn�u�r+npo+f � npoth6vBnpf&e|k&e|�xh1wg���A~+lmiA�xh1c�lxo+c%k&~th nxk&~thji�o+hj�plmk&e|�xh1w|�%�A~+lmi&�xh1c��>�[\�y
k&~th ^�e f���i&h1lmk$h1cqlmk�nxi�oth1lmi�i&h1f$kj �k&~th1o�k&~th u�rtnpo�fj }s�����npo+f&hji&�^lmk&egnpo�nxyKu�npu�h1o}k&r+u"lxo+c�h1o+hji&�x�x 
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J�egw wOk$iAl1�xh1w�ego nxv+vBnpf&e|k$h�c�e|i&h1��k&e|npo+f�lmk�~+lxwgy�k&~th�k$nxk&lxwDh1othji&�x��nxy�k&~th ^/ Knxi;lmk	lxoHh1othji&�x��h1��r+lxw
k$n=iAnprt�p~+w|� ~+lxw|y�k&~th]uZlxf&fZnxy�k&~+h ^/�[\ y)k&~+h ^ egfZuZn ��egot�=ego k&~+h�k$iAlxo+f$�xhji>f$h]v�w lxothx �k&~th1o k&~th
f&lxu�h%lmv+v�w e|h1f-lxf�sBhjy nxi&h h;:t��hjv+k�k&~+h u;rtnpo u�npu�h1o}k&l J)egwgwOsBhZsBn�npf$k$h1c ego k&~th c+e|i&h1��k&egnpo=k&~th ^
J�lxf�nxiAe|�pego+lxw w|��u�n ��egot��lxo+c%~th1o+��h k&~th6u;rtnpo+f J�egw w�~+l �xh9l;c�egf$k$iAe|s�rtk&e|npo�nxy/u�npu�h1o}k&l�lms�nV�xh9lxo+c
sBh1w|n J k&~th6�^lxw rth9f$hjh1oqyMnxi)l�cth1�jl ��lmk�i&h1f$kj�

��~+egf%k&~+h1f&egfqrtk&egw e��jh1f%k&~th ��h1o}k$iAlxw-u;rtnpo cthjk$h1��k$nxi h1w|h1u�h1o}k&f ���]�� �������lxo+cC�����;�
��~th1f&h cthjk$h1��k$nxi>f	v+i&n ��egcth���n �xhjiAlm�xh�yMnxi���h1o�k$i>lxwgw|� c+e|iAh1��k$h1cHu;rtnpo+f � k&~th%��n �xhjiAlm�xh]v+i&n ��egcth1c=s}�
k&~th1f$h�cthjk$h1��k$nxiAf%egf�lxwgu�npf&k���npu�v�w|hjk$h�nprtkZk$n � � * �> �lxo+c ~th1o+��h�k&~thj� lmi&h�sBhjk$k$hji�lmk�cthjk$h1��k&e ot�
u;rtnpo+f�yMi&npu ^Bf�J)e|k&~�wglmi&�xhji�k$iAlxo+f$�xhjiAf&h9u�npu�h1o}k&l��

��npo}k$h���lmiAwgn � f�lmi&h�r+f$h1c k$n cthjk$hjiAu�egoth2J�~+lmk	y i>lx��k&e|npo nxy ^Bf � lxf�l�yzr+o+��k&egnpoHnxy)k&~th ^
k$iAlxo+f&�xhjiAf$h�u�npu�h1o}k&r+u��$J)egwgw}v+i&n�c+r+��h�u�r+npo+f J�~+eg�>~�lmi&h�lxegu�h1c�lmk�k&~th�c+e��Bhji&h1o}k\u;rtnpo�cthjk$h1��k&egnpo
f&rts�f$��f&k$h1uZfj��b)o�lxc+cth1c]��npuZv�wgeg�jlmk&e|npo�i&h1f&r+w|k&f�y iAnpu k&~th9yzlx��k�k&~+lmk)otnxk�lxwgw cthjk$h1��k$nxi6f&r+s�f$��f$k$h1uZf
JDhji&h_JDnxi?>�egot��lxw w k&~th;k&egu�hx��\ k�e f�oth1��h1f&fAlmi&��k$n�fAegu�r�wglmk$h-k&~+e f�sBh1~+l1��e|nxi�ego�k&~th��]npo�k$hZ��lmiAw|n lxf
JDh1wgwOf&ego+��h J�~�lmk9egf6r+w|k&egu�lmk$h1w|��cth1fAe|i&h1c�egf k&~th2^Hk$i>lxo+f$�xhjiAf$hZuZnpu�h1o�k&r�u�f$vBh1��k$iAr+u vBhji9r+o+egk�nxy
ego}k$hj�xiAlmk$h1c]w r+uZegotnpfAe|k �x�
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\ o�nxi>cthji6y nxi6k&~+h�^Hk$iAlxo+f$�xhjiAf&hZu�npu�h1o}k&r+u ego�lxo�hj�xh1o}k9k$nqsBh	c+hjk$hjiAuZegoth1c k&~th�k$i>e|�x�xhji
~+lxf�k$n;c+hjk$h1��k�k&~th)v+i&h1f$h1o���h�nxy k&~th)hj�xh1o�k�lxo+c�e|k�u;r+f$k�sBh�J�iAe|k$k$h1o�k$n�k&lmvBhx����~+h�hj�xh1o�k�u;r+f$kDlxwgf$n
v�lxf&f�k&~th%f$h1w|h1��k&e|npo ��iAe|k$hji>egl�k$n i&h1uZlxegoHego k&~+h ^ hj�xh1o�k�f&lxuZv�w|hx�]��~+h1f$h�f$h1wgh1��k&e|npo �jrtk&f�e o+�jwgr+cth
f$vBh1�je|{���k$iAeg�x�xhji�i&h1��r+e|i&h1uZh1o�k&fj���)w|k&e uZlmk$h1w|�x +npo+wg� ^�hj�xh1o}k&f�J�~thji&h9lmk�wgh1lxf$k�npoth9nxy\k&~th�u�rtnpo�f�ego
k&~th;hj�xh1o�k9�jlxr�f$h	k&~th;~�e|�p~���k�u;rtnpo k$iAe|�x�xhji k$n � {+i&h � lmi&h	nxy�ego}k$hji&h1f$kj�6��~�egf�v�iAeguZlmi&� � k$iAeg�x�xhji��
u;rtnpoZ~+lxfOk$n-v�lxf&f�f$k$i>egot�xh1o}k � �xnpwgc��9f&h1w|h1��k&e|npoZ�jrtk&f1  J�~+e wgf$k/k&~th�f$h1��npo+c�u�rtnpo�egfOi&h1��r+e|i&h1c;k$n9v�lxf&f
�$f&egwg�xhji���f$h1w|h1��k&e|npo]�jrtk&fj�

��~th�h Y��jegh1o+����nxy�h1lx�A~�lmv+v�wgegh1c;�jr+k�u�r�f$kOsBh�c+hjk$hjiAuZegoth1c  plxf[JDh1wgwtlxf�ego+c�e|��e c+r+lxw�c+hjk$h1��k$nxi
f&rts�f$��f&k$h1u"h Y��je|h1o+�je|h1f�lxo+c���nxi&i&h1f&v�npo�c+egot�;k$iAe|�x�xhji)h Y��je|h1o+�je|h1f1�
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\ o k&~th]f$k&r�ct� nxy_^BfZh;:�k$i&h1u�h �jlmi&h u;r+f$k�s�h]k&lW>xh1oXk$n ��nxi&i&h1��k&w|� e cth1o�k&egy �QJ�~thjk&~thji lxo
ego+c�e|��e c+r+lxwpk$i>lx�?>�~+lxcZ�jlxr+f&h1c�lxo�hj�xh1o}k�k$n9k$i>e|�x�xhji1�O��~th�c+e���hji&h1o}kOk$iAe|�x�xhji�w|hj�xh1wgf�r+wgk&eguZlmk$h1w|�;uZlW>xh
k$iAe|�x�xhji cth1�jegfAe|npo+f�J�~�eg�A~qvBhji&k&lxe oqk$n�k&~th�k$nxvBnpw|nx�x�qnxy�lxo�h1o}k&e|i&h�hj�xh1o�kj Botnxk)lxo ego+c�e|��e c+r+lxw+k$i>lx�?>��
��~th1egi)cth1�jegfAe|npo+f�lmi&h;fArtv+vBnpf$h1c�k$n%sBh;s�lxf$h1c�npo�k&~+h�k$iAeg�x�xhji9egotyMnxiAuZlmk&e|npo J�~+eg�>~�egf�l1�mlxegwglms�w|h-yMnxi
h1lx�A~Hk$iAlx�]>�e o�lxo�hj�xh1o�kj�%��oty nxiAk&r+o+lmk$h1w|�x  egk JDlxf-y npr+o�c�k&~+lmk9k&~thZego+y nxiAu�lmk&e|npo�y iAnpu J�~+eg�>~�k&~th
{�o+lxw+k$iAe|�x�xhji�c+h1�jegf&e|npoEJ�lxfDuZlxcth�J�lxf�otnxkDlxw J�l1��f�k&~th)f&lxu�h)lxf�k&~th)e o+c+e|��egc+r+lxw�k$iAlx�?>�egotyMnxiAuZlmk&e|npo
c+e|�pegk&e��1lmk&e|npo+fj�

��~thji&h%lmi&hqk J�n uZlxe oHk��}vBh1f	nxy)h Y��je|h1o+��� ��npo+��hjiAo+fj� ��~thji&h%�jlxo sBh hj�xh1o�k&fEJ)~thji&h%k&~th
��npu�v�wghjk$h�c+lmk&l�i&h1lxctnprtk;egu�v�w e|h1c k&~thji&h�fA~tnpr+wgc o+nxk�~+l �xh�sBhjh1o=l]k$iAe|�x�xhji	lxo+c �xhjk;k&~thji&h�JDlxf	l
k$iAe|�x�xhji ��� ~+egw|h	��npotyzr+f&ego+�t 
k&~th JDl � k$n�c+h1lxw J�e|k&~�f&r+�>~�hj�xh1o�k&f�egf k$n�f&egu�v�w|�qi&h �$h1��k6k&~th1uq�	��~th
f$h1��npo+c=k ��vBh�nxy�h Y��je|h1o+����v+iAnxs�w|h1u�egf-u�r+�>~=u�nxiAh�v+i&nxs�w|h1uZlmk&eg�"D�k&~+h1f$h�lmi&h�hj�xh1o�k&f"J�~thjiAhZk&~th
��npu�v�wghjk$h�c+lmk&l i&h1lxctnprtk�e u�v�wge|h1c-k&~+lmk�l �pe|�xh1o	k$i>lx�?>�f&~tnpr+w c�~+l �xh�k$iAe|�x�xhjiAh1cZlxo+c�e|kOc+egc	otnxkj� 8 r��A~
hj�xh1o}k&f9~+l1�xh	�xiAl �xhZegu�v�w eg�jlmk&e|npo+f�e o]k&~th�f$k&r�ct�qnxy ^Bf�D�k&~thj���jlxo�u�h1lxo�k&~+lmk e|k egf�egu�vBnpf&f&e|s�w|h6k$n
>�otn J yMnxi)fArti&h J�~+eg�>~qu�r+npo � nxi�sBnxk&~�� J�lxf�i&h1f&v�npo�f&e|s�w|h)y nxi�k&~th9k$iAe|�x�xhji �

��~thji&h�JDhji&h�w|hj�xh1w * lxo�c�w|hj�xh1w � h Y��je|h1o+���;v+i&nxs�w|h1uZf�J�~+eg�>~ J�hjiAh�s�nxk&~	nxy�k&~th�wglmk$k$hji�u�nxi&h
v+i&nxs�w|h1uZlmk&eg��k��}vBhx��¡)n JDhj�xhji1 tk&~thj� JDhji&h�yMlxegiAw|�	uZegotnxi�v+i&nxs�w|h1u�f�lxo+c�s}�ZuZlW>�egot��h;:�k$i>l�f$h1wgh1��k&e|npo
�jrtk&f�e|k J�lxf-vBnpf&f&egs�w|h	k$n���nxi&iAh1��k�yMnxi-k&~th1u��%��~th1f$hZv+iAnxs�w|h1uZf J)egwgw\sBhZc+egf&�jr�f&f$h1c�k&~tnxiAnprt�p~+w|��ego
wglmk$hji��A~+lmv+k$hji>fj����~th-w|hj�xh1w * v+i&nxs�w|h1u egf�c+h1f&��iAe|sBh1cqego�f&h1��k&e|npo A}�=<t� * lxo+cqk&~+h�w|hj�xh1w � v+i&nxs�wgh1u egf
cth1f&��i>e|sBh1c e oqf$h1��k&e|npo A}�=<t� � �
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�� <=����
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b)o�hj�xh1o�k�J�~�eg�A~�v�lxf&f$h1f�k&~th�{�o�lxw�^qf$h1wgh1��k&e|npo��jr+k&f�egf�otnxk�o+h1��h1f&f&lmiAegwg�;l ^qhj�xh1o}kj���9otn J�o
f$nprti>��h1f�nxyOs�lx�]>}�xiAnpr+o+c ego+�jwgr+c+h�� v�r+o+�>~�k&~tiAnprt�p~���hj�xh1o}k&fj  ��npf&uZe �9iAl ��fj Bu;r+w|k&e|v�wgh��xhjiAk$h;:�hj�xh1o}k&f
lxo+c�u;rtnpoqv�lxe|iAf�v+iAn�c+r���h1c%s}�%lZu�h1�>~+lxo+egf&u��jlxwgw|h1c � i&h1wgw D £�lxo
� �$��r�o+�A~}k&~ti&nprt�p~ ��hj�xh1o�k&f)n��j�jrti
J�~th1o=f$npu�hZv�egh1��hZnxy�l�~+e|�p~ h1othji&�x��v�lmi&k&eg�jwgh�nxi �$hjk�uZlxo+lm�xh1f�k$n��xhjk�k&~ti&nprt�p~=k&~th��jlxw|nxiAe u�hjk$hji
lxo+c�~+egk)k&~th�u;rtnpo��A~�lxu-sBhjiAfj  �jlxr�f&egot�%k&~+lmk6k$iAlx�]>�k$nqsBh�ego}k$hji&v+i&hjk$h1c�lxf9l%u;rtnpo J�~th1o�ego yzlx��k

< �



e|k9egf6o+nxkj�Z��~+egf ego�k&rti>o��jlxo=�jlxr+f$h�k&~th�hj�xh1o�k�k$nqsBhZuZegf$k&lW>xh1o+wg��ego}k$hji&v+i&hjk$h1c=lxf9l ^/�K�DnpfAuZeg�jfj 
J�~+e �A~%lmi&h v+iAegu�lmiAegw|�	u�r+npo+fj t�jlxo%yMlW>xh9l ^]sBh1�jlxr+f$h6l�u;rtnpo2J�~+eg�>~�k$iAl �xh1wgf���npu�v�w|hjk$h1w|��k&~+i&nprt�p~
k&~th�� � 5 cthjk$h1��k$nxi�lmv�v�h1lmi>fj [J�~th1o lxfAf&r+u�h1c k$n�sBh%h1uZlxo+lmk&ego+� yMi&npu k&~th���npw wgegf&e|npoHi&hj�pe|npo  �k$n
~+l �xh�npo+h��>~+lmi&�xh�npo�npo+h)f&egc+h�nxy k&~th�cthjk$h1��k$nxi�lxo+c�k&~th�nxv+vBnpf&e|k$h��>~+lmi&�xh npo k&~th�nxk&~thji�f&e cthx�O��~+egf
egf�sBh1�jlxr+f&hqk&~th � � 5 cthjk$h1��k$nxi � f uZlm�pothjk&e �q{+h1wgc �jlxr+f&h1f�l�u;rtnpo u�nV��e ot��k$n J�lmiAc+f�k&~th]��h1o}k$hji
nxy�k&~th�cthjk$h1��k$nxi;k$n]k$i>l1�xh1wDlxw|npot�qk&~th f&lxu�hZk$iAl �$h1��k$nxi&� lxf�e|k � f6nxv+vBnpf&e|k$h1wg� �>~+lmi&�xh1c=��npr�o�k$hji&v�lmi&k
u�nV��ego+� l JDl �	y i&npu�egkj�/b�fOv�lmi&k\nxy�k&~th�^ f$h1w|h1��k&e|npo���i>e|k$hjiAegl� p�jrtk&fOlmiAh�lmv+v�wge|h1c�npo	k&~th�c+lmk&l6fAlxu�v�w|h
k$n i&h1c+r+��h%��npf&uZeg�jf�k$n�l�uZe o+egu;r+uq��¡)n JDhj�xhji1 �k&~th1f&h �jrtk&f;lmi&h%otnxk;yMr+w w|��h Y��je|h1o�k�lmk;i&h �$h1��k&egot�
s�lx�]>}�xi&npr�o+c
�;��r+w|k&egv�w|h-�xhjiAk$h;: hj�xh1o}k&f-lmi&h	hj�xh1o}k&f J�~+hji&h�k J�n�ego+cthjvBh1o+cth1o}k)~�e|�p~]h1o+hji&�x��k$i>lx�?>�f
nxiAe|�pe o+lmk$h1c]yMi&npu c+e��Bhji&h1o}k �� � ��npwgwgegf&egnpo+fj ��jlxr+fAegot��k&~+h-hj�xh1o}k�k$n%sBh-uZe f$k&lW>xh1o+w|��ego}k$hji&v+iAhjk$h1c�lxf l
^/� � i&h1w w D £�lxo�e f�lZv+iAn���h1f&f�ego J)~+eg�A~]lZv�~tnxk$npo �jlxo]c+h1�jl1�]ego}k$n�k J�n%u;rtnpo+fj��\ y/k&~+h-v�~tnxk$npo�egf�nxy
��npu�v�lmi>lms�w|h9h1othjiA�x�qk$n�k&~+lmk)nxy�l2^�k&~th1o�k&~thjiAh�egf)otn�J�l1�qk$n%c+egf$k&e ot�pr+egf&~�sBhjkPJDhjh1o k&~th ^ cth1�jl1�
lxo+c	k&~th � i&h1wgw D £�lxo	v+i&n�c+r+��h1c;v�lxe|iAf1� 5 nxiAk&r+o+lmk$h1w|��k&~th���i&npf&f D f&h1��k&e|npo�yMnxi � iAh1wgw D £�lxo	hj�xh1o}k&f�egf\�xhji&�
f&uZlxw w
lmk�k&~th1f$h9h1o+hji&�pe|h1fj�

�Dnxi&i&h1��k&egnpo+f�u;r+f$k�sBh�lmv�v�wge|h1c�k$n�i&h1u�nV�xh)k&~th1f&h�s�lx�]>}�xi&npr�o+cZhj�xh1o}k&fDy i&npu k&~th�{�o+lxw+f$vBh1� D
k$iAr+u��K��~+e f
egf vBhji&yMnxiAu�h1c9r�f&egot��k&~thDego��mlmiAeglxo}k uZlxf&fKnxy�k&~th�k J�n�u�r+npo+fj�[^Bf u�h1lxf&r+i&h1c-ego9k&~th�� � 5
cthjk$h1��k$nxi�h;:t~+e|s�egk�l��xhji&��o+lmi&iAn J ego}�^lmiAe lxo�kDuZlxf&f � k&~th ^�w egoth1f&~+lmvBhV�/iAh1f$npo+lxo+��hx +lxo+c�k&~th o}r�u-sBhji
nxy\s�lx�?>��xi&npr+o�cqhj�xh1o�k&f)ego%k&~th9{�o+lxw�^�f&lxu�v�w|h6�jlxo�sBh9cthjk$hjiAuZe oth1c%��e l�l��jlmi&hjyMr�w
h;:�lxu�ego+lmk&e|npoqnxy
k&~th9k&lxe wgf�nxy\k&~th9ego}�^lmiAe lxo�k�uZlxfAf�c+egf$k$i>e|s�rtk&e|npo �
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��~th�^ k$iAlxo�f$�xhjiAf$h�u�npuZh1o�k&r+u lxo+c�^ ego}�^lmi>eglxo�kOuZlxfAf�lmi&h�u�h1lxfArti&h1c�r+f&e ot� k&~th�u�npu�h1o}k&l
nxy/k&~th6kPJDn�u;rtnpo+f�lxo+c���npo�f$hji&�mlmk&e|npo%nxy/uZnpu�h1o�k&r�u lxo+c%h1othji&�x� v+iAe o+�je|v�w|h1f1�K¢�lx�>~ ^ �jlxo+c�egc+lmk$h
hj�xh1o}kKk&~�r+f ~+lxfKlxo9h;:�vBhjiAegu�h1o}k&lxwgw|��cthjk$hjiAuZego+h1c_^;k$iAlxo+f&�xhjiAf$h�uZnpu�h1o�k&r�u lxo+c9lxo-h;:�vBhjiAe u�h1o�k&lxw w|�
cthjk$hjiAu�egoth1cE^�e o��mlmiAeglxo}k/u�lxf&fj�\¢�i&i&nxi>fKego�k&~th1f$h��mlxwgrth1f\lmi&h�cthjk$hjiAu�egoth1c;r+f&egot�)hji&i&nxi\v+i&nxv�lm�plmk&e|npo
�
\ o+c+e|��egc+r+lxw�u�r+npoqk$iAlx�?>qu�npuZh1o�k&r+u �^lxwgr+h1f�lmi&h9cthjk$hjiAu�egoth1c%yMi&npu ���)�Xk$i>lx�?>�egot�Zc+lmk&lEJ)~thji&h9l

< *



sBh1f$kD{+k��jrtiA�xh�J)~+eg�A~���nxi&i&h1f$vBnpo+c�f�k$n�l�v�lmi&k&eg�jr+w lmi�k$iAlx�]>�u�npu�h1o}k&r+u"egf�{+k$k$h1c k$n�l�f$hjk�nxy vBnpego}k&f
J�~+e �A~�i&hjv+i&h1f$h1o}k�k&~+h9���)� �>~+lxu-sBhji�~+e|k�vBnpf&e|k&e|npo+f1�/��~+h�hji&i&nxi>fDe oZk&~th�k$iAlx�?>�v�lmiAlxu�hjk$hji>fD�jlxo%sBh
cthjk$hjiAu�egoth1c�y i&npu"~tn J J�h1w w�k&~th6�jrtiA�xh�{�k&f�k$n�k&~+h�c+lmk&l	vBnpego}k&fj�O��~th1f&h)hji&iAnxiAf�lmi&h6f$h1w|y)D ��npo+f&egf$k$h1o}k
s�rtk;~+l1�xh sBhjh1oHc+hjk$hjiAuZegoth1c=k$n�sBh�n � s}�=lxoHn �xhji>lxwgw�fA�jlxw|h�yzlx��k$nxi	sBh1�jlxr+f$h k&~th�lms�f&npwgrtk$h�hjiAi&nxi
f&�jlxw|h�egf�r+o3>�otn J)o
�ObCfAegu�v�w|h lxo+lxw|nx�x�q�jlxo]s�h6r+f&h1cqk$nZh;:�v�wglxego%k&~+e f�wglxf$k�f$k&lmk$h1u�h1o}kj�

8 rtv+vBnpf$h �xnpr ~�lxc uZlxo�� ��n�n(>�e|h �$lmiAf J�e|k&~ lxo lxf&f$nxiAk&u�h1o�k�nxy �$h1wgw|��sBh1lxo+f	ego h1lx�A~Xnpoth
lxo+c]�xnpr JDhji&h	lxf >xh1c]k$n h1f$k&egu�lmk$h-k&~th;o}r+u�sBhji�nxy �$h1wgw|��sBh1lxo+f�ego�h1lx�>~ �$lmi1��£�npr ��npr+wgc]�prth1f&f)k&~th
o�r+u-sBhji�nxy �$h1wgw|��s�h1lxo�f�ego]h1lx�A~ �&lmi�J)e|k&~]�xnpr+i�hj�xhx  lxo�c]�xnpr���npr+wgc lxwgf$n%uZlW>xh�lxo h1f$k&eguZlmk&egnpo�nxy
k&~th)hji&i&nxi�ego�h1lx�A~%�pr+h1f&fj�/£�npr%��npr+wgcZk&~+h1oZh1u�v+k��Znprtk�h1lx�A~ �$lmiDnpoth � h1wgwg�}sBh1lxoZlmk�l9k&eguZh)lxo+c�{�o+c
nprtk�h;:tlx��k&w|��~tn JduZlxo}� � h1wgwg�}sBh1lxo+f�JDhji&h-lx��k&r+lxw w|�qego%h1lx�A~ �$lmi ��¡)nxv�hjyzr+wgwg� � e|y/�xnpr JDhji&h-�xn�n�c�lmk
h1f$k&egu�lmk&egot�}���xnpr+i�nV�xhjiAlxwgwK�prth1f&f$h1f�JDnpr+wgc�f$npu�hjk&egu�h1f ~+l �xh	s�hjh1o]k$n}n%~+e|�p~�lxo+c f$npu�hjk&egu�h1f�k&~thj�
JDnpr+wgc�~+l �xh�sBhjh1o�k$n�n�w|n J9�Z� ~th1o�k&~th �&lmiAf JDhji&hZyzr+wgw\nxy��$h1wgw|��sBh1lxo+f�k&~th1o��xnprti�hji&i&nxi9h1f$k&e uZlmk$h
JDnpr+wgc ~+l1�xh%sBhjh1oHw lmi&�xhx �lxo+c J�~th1oHk&~th �&lmiAf"JDhji&h lxw u�npf$k;h1u�v+k �=�xnprti	hji&i&nxi	h1f$k&eguZlmk$h2JDnpr+wgc
~+l �xh�s�hjh1o	f&u�lxwgw � � ~+lmkO�xnpr JDnpr+wgc+o � k$>�otn J r�o+w|h1f&fK�xnprZ��npr+o}k$h1c	k&~th�� h1w w|�}sBh1lxo+f/ego;h1lx�A~ �$lmi J�lxf
~tn J JDh1wgw �xnpr JDhji&h-h1f$k&e uZlmk&egot�Zk&~+h-hji&i&nxi � yMnxi�l X lxr+f&f&e lxo]c+egf&k$iAe|s�rtk&egnpo 6(F � nxyO�xnprti � h1w w|�}sBh1lxo
�prth1f&f&h1fOf&~tnpr+wgc���npu�h�J�e|k&~+e o9npoth�f$k&lxo+c+lmi>c;c+hj��eglmk&egnpo-nxy�k&~thDlx��k&r�lxw��^lxwgr+hV�>�$\ o�lxw w�w e >xh1wgeg~tn�n�c6�xnpr
JDnpr+wgc�v�i&nxs�lms�w|� h1e|k&~thji�lxw J�l1��f)nV�xhji&h1f$k&egu�lmk$h;k&~+h-hji&i&nxi � ego J�~+eg�>~��jlxf$h	l�u;r+�A~ wglmi&�xhji)y i>lx��k&e|npo
nxy��xnprti �$h1wgw|��s�h1lxo �prth1f&f$h1f"JDnpr+wgc sBh�J�e|k&~+ego npoth�f&eg�puZl]nxy�k&~+h lx��k&r+lxw��mlxwgrth�k&~�lxo=�xnprQJDnpr+wgc
h;:�v�h1��k>� nxi9h1wgf$h��xnprTJDnpr+wgc�lxw JDl ��f�r+o+cthji&h1f&k&eguZlmk$h�e|k � ego J�~�eg�A~��jlxf$h�k$n}n�yMh J�nxy��xnprti9�prth1fAf$h1f
JDnpr+wgc�sBh J�egk&~+ego�npoth�fAe|�puZlqnxy��xnprti�hji&i&nxi�h1f$k&eguZlmk$hV�>� \ o nxk&~thji_J�nxi>c+fj /�xnprti-hji&iAnxi-h1f$k&egu�lmk$h1f
JDnpr+wgc wge >xh1w|�	sBh�J�iAnpot��s��Zlxo n �xhjiAlxw w�fA�jlxw|h)yzlx��k$nxi1��¡)n JDhj�xhji1 �e oZk&~+egf �$h1wgw|��s�h1lxo�h;:�vBhjiAe u�h1o�k��xnpr
~+l �xh���npr+o�k$h1c k&~+h%lx��k&r�lxw�o}r+u�sBhji�nxy � h1wgwg�}sBh1lxo+f;egoHh1lx�A~ �&lmi1 �lxo+c e|k	egf;k&~thji&hjyMnxi&h%vBnpf&f&e|s�wghZk$n
cthjk$hjiAu�egoth J�~+lmk�k&~+h6hji&i&nxi�f&�jlxwgh9yMlx��k$nxi�egfj�

��~th�hji&iAnxiAfOlmi&h�s�lxf&h1c�npo X lxr+fAf&eglxo � egf$k$i>e|s�rtk&e|npo�fj� ��~th�k&lxe wgfOlmi&h�otnpo3D X lxr+f&f&e lxo
�/bXsBh1f$k
lmv+v+iAn�:teguZlmk$hZ{+k�k$n]k&~th�c+lmk&l]�jlxo+o+nxk�cthjk$hjiAu�egothEJ�~+e �A~�hj�xh1o}k&f	��npu�h�yMi&npu�k&~+h���h1o}k$iAlxw�nxi;k&~th
k&lxegwgf\ego;k&~th�c�egf$k$iAe|s�rtk&e|npo
� b {+iAf$k/nxiActhji���nxi&iAh1��k&e|npo�k$n k&~th1f$h�otnpo3D X lxr+f&f&e lxo�k&lxe wgfO�jlxo	sBhDnxs�k&lxegoth1c
s��qk&~th�ego}k$i&n�c+r+��k&e|npo�nxy�l�f&�jlxwgh-yzlx��k$nxi�yMnxi�k&~th-hji&iAnxi�h1f$k&egu�lmk$h1fj����~th_>�o+n J�o�o+lmk&rtiAlxwKwgegoth1f&~�lmv�h
nxy\k&~th_^�egf�r�f$h1cqk$n�f$hjk�k&~th-f&�jlxw|h6yzlx��k$nxi1�

< �



��~th;o+lmk&rtiAlxw ^ wge oth1f&~+lmvBh9egf�J�h1wgw D >�otn J�o
����~th"^=uZlxf&f�c+egf$k$iAegs�rtk&e|npo J�~�eg�A~�egf�nxs�k&lxegoth1c
h;:�v�hji>egu�h1o}k&lxwgw|��e f�u�r+�>~�s+iAnplxcthji � f$hjh�{+�prti&h F��BAx�> �s�h1�jlxr�f$h-e|k�~+lxf�sBhjh1oqf&u�h1lmi&h1c]s}�%k&~th6hji&iAnxiAf
ego+~+hji&h1o�k9e o�k&~th�k$i>lx�?>�egot��c�lmk&l��%¢�i&i&nxi�v+i&nxv�lm�plmk&e|npoHegf-r�f$h1c�k$n�cthjk$hjiAuZego+h�k&~th�hji&iAnxi�ego�k&~+h2^
uZlxf&f9y nxi9h1lx�>~Q^ �jlxo�c+egc+lmk$hx�ECD��lxc �$r�f$k&egot�%k&~th�hji&iAnxi-f&�jlxw|h�yzlx��k$nxi1 /k&~thZo+lmk&rtiAlxwOf&v+i&h1lxc�nxy�k&~th
^ egf s�i&nplxcth1oth1c�k$n]l � s�h1f&k6{+k �qi&hjv+iAh1f$h1o�k&lmk&egnpo�nxy�k&~+hZh;:�vBhjiAe u�h1o�k&lxw w|��nxs�f$hjiA�xh1c c+egf$k$i>e|s�rtk&e|npo �
��~th	f&�jlxw|h	yzlx��k$nxi9cthjk$hjiAuZe oth1c y nxi k&~+egf � sBh1f$k {+k �%egf)k&~th1o�r+f$h1c�k$n�u�n�c+e|yM�qk&~th	�]npo}k$h���lmiAw|n k$n
sBh1f$k�uZegu�eg��k&~th6nxs�f$hji&�xh1c�c+lmk&l��

b�k)k&~�egf)f&k&lm�xh	lxw w ��nxi&i&h1��k&egnpo+f�J�~+eg�>~]othjh1c�k$n�sBh;uZlxcth-k$n%k&~th	��npo}k$h���lmiAw|n ~+l1�xh	sBhjh1o
lmv+v�w e|h1c
����~th1f$h%��nxi&i&h1��k&e|npo+f�e o+�jwgr+cth�f$h1w|h1��k&e|npo h Y��je|h1o��je|h1fj �ego}k$hj�xiAlmk$h1c wgr+u�egotnpf&e|k&egh1f � y nxi�h1lx�>~
k$iAe|�x�xhji i&hj�pegnpo��> 
{�c+r+�je lxw ��nxi&i&h1��k&egnpo+fj 
lxo+c k&~th�lmv+v�wge �jlmk&e|npo�nxy�k&~th�hjiAi&nxi6f&�jlxw|h	yMlx��k$nxi>fj� \ o yzlx��kj 
k&~th���npo}k$h���lmiAw|nHe f�r+f$h1c k$nHu�nxiAh�lx�j�jrtiAlmk$h1wg� cthjk$hjiAuZe oth�k&~th f&egot�pw|h�~+e|�p~ ��k�u;rtnpo k$i>e|�x�xhji
h Y��je|h1o��je|h1fj�

� ��� � �	� 2 � �C� �����B�	�
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��~thZu�h1lxfArti&h1cQ^ ��k-f$vBh1��k$iAr�u�egf6k&~th1o=��npu�v�lmi&h1c=k$n]k&~th�f&v�h1��k$i>r+u v+i&n�c+r+��h1c�s���k&~th
�]npo�k$h6��lmiAw|nt�O��~th�fA~+lmvBh1f�lmi&h�yMnpr+o+c�k$n�sBh��jw|npf$h�s�r+k�lmi&h�otnxk�e oZlm�xi&hjh1u�h1o}kj����~+e fOegfOsBh1�jlxr+f$h�nxy
~+e|�p~+hjiKnxiAc+hjiKh �Bh1��k&f�ego-k&~th���npo}k$h���lmiAw|n�hj�xh1o�k\�xh1othji>lmk$nxi1����~thDf$npwgrtk&e|npo;egfKk$n � k&r+oth �)k&~th��]npo}k$h
��lmiAwgnZf$n�k&~+lmk�k&~th�f&~+lmvBh1f�nxyKk&~+h-u�h1lxf&rtiAh1c�lxo+c��]npo�k$h���lmiAw|n�^ ��k�f$vBh1��k$iAl�uZlmk&�>~
����~+hji&h9lmi&h
k&r+o+e ot��v�lmiAlxu�hjk$hjiAf6s�r+egw|k ego}k$nqk&~th���npo}k$h ��lmi>w|n%y nxi-lxc �$r+f&k&egot� k&~thZ~+e|�p~}k9lxo+c J�egc+k&~ lxo�c�lxwgf$n
k&~th w|n��jlmk&egnpo nxy�k&~thZvBh1lW>�nxy�k&~th ^ ��k;f$vBh1��k$iAr+uq�%��~th�v�lmiAlxu�hjk$hji>f-lmi&h�k&r+oth1c=r�o�k&egw�l]uZlmk&�>~
egf�nxs+k&lxegoth1cXsBhjkPJDhjh1o k&~th���npo}k$hH��lmiAw|n lxo+cXk&~th c�lmk&l ^d��k f$vBh1��k$iAl�� ¢ :t��h1wgw|h1o}k%lm�xi&hjh1u�h1o}k
egf�nxs+k&lxegoth1c
 �lxo�cX��npo+f&h1�}rth1o}k&w|� k&~+h �]npo�k$h=��lmiAwgn=�xh1othjiAlmk$h1cV^ ��k%f$vBh1��k$iAr+u egfZsBh1wge|hj�xh1c k$n
��nxi&i&h1��k&wg� iAhjv+i&h1f$h1o}k6k&~th�lx��k&r+lxw�cthjk$h1��k$nxi D ego�cthjvBh1o+cth1o}k ^ ��k-f$vBh1��k$iAr�uq�Zb fAegu�v�w|h	u�hjk&~tn�c�yMnxi
cthjk$hjiAu�ego+egot�;k&~th9hjiAi&nxiAf�ego%k&~+h_^���k�f&v�h1��k$i>r+u egf�vBhji&yMnxiAu�h1c
�

b�yMk$hji�lxw wO��nxi&i&h1��k&e|npo+f�~+l1�xh�sBhjh1o lmv+v�wgegh1c
 
k&~thZ{�o�lxwZ^ ��k-f&v�h1��k$i>r+u v�w|nxk9e f v+i&n�c+r+��h1c
�
��~th nV�xhjiAlxwgw
��i&npf&f D f$h1��k&e|npoqyMnxi�^]v+i&n�c+r+��k&e|npo%ego k&~th6u;rtnpoq�A~�lxo+oth1w
egf��jlxwg�jr�wglmk$h1c
 tlxf�JDh1wgwBlxf�k&~th
^ ��k-c+e��Bhji&h1o}k&eglxwO��i&npf&f D f&h1��k&e|npo
� C�nxk&~Hu�h1lxf&rtiAh1u�h1o�k&f�lmi&hZyMnpr+o+c�k$n�lm�xi&hjh��xhji&�TJDh1wgw J�egk&~�k&~th
��nxi&i&h1f&v�npo�c+egot�	u�h1lxf&rtiAh1u�h1o�k&f)ego%k&~th9h1wgh1��k$i&npo��A~�lxo+oth1w �
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�Klms�w|h 4 � * fA~tn J�f\k&~+hDs�i&h1lW>�c+n J�o;nxy�k&~+h�e o�k$hj�xiAlmk$h1c�wgr+uZego+npf&e|k � s���w|hj�xh1w � k$iAeg�x�xhji1�/��~thji&h
lmi&h9k&~+i&hjh9k&egu�h6vBhjiAegn�c+fDk$n���npo�f&egcthji1����~th1f$h9lmi&h9i>r+o * l�v+i&h;D fA~}rtk&c+n J�o
 ti>r+o * l�vBnpf$k D f&~�rtk&ctn J�o
 
lxo+c�i>r+o * s �Z��~th�i>r+o * l�f&~�rtk&ctn J�o�n��j�jr+i&i&h1c �&r+f$k6v+i>e|nxi k$n�iAr+o < 6 * < 6�� ��r+o * s=s�hj�plxoRJ�e|k&~
iAr+oHo}r�u-sBhji 4(4 � < � � \�k_JDlxf	lxwgf&n�oth1��h1f&fAlmi&��k$n�yzrti&k&~+hji�f&rts
c+eg��egc+h�k&~th�iAr+o * l]vBnpf$k D f&~�rtk&ctn J�o
��� � k$iAeg�x�xhji9ego�k$n kPJDnqk&egu�h	vBhjiAe|n�c+fj� � h1f$v�e|k$h�lxwgwKnxy�k&~+h	e u�v+i&nV�xh1u�h1o�k&f J)~+eg�A~ JDhji&h�uZlxcth	k$n
k&~th-��� � k$iAe|�x�xhji�c�rtiAegot�-k&~th6f&~}r+k&ctn J�o  �egk&f�k$i>e|�x�xhji�iAlmk$h6npo+��h6lm�plxego sBh1�jlxu�h6l�v�i&nxs�w|h1u3lmk�k&~th
~+e|�p~+h1f$k/w r+uZegotnpfAe|k&e|h1f.J)~+eg�A~"JDhji&h�sBh1egot� lx�A~+e|hj�xh1cZs}��k&~th�lx�j��h1w|hjiAlmk$nxi1��b)y k$hjiOi>r+o"< 6'< � 76ct��o+lxuZeg�
v+i&h1fA�jlxwgegot�	nxy\k&~th���� � k$iAe|�x�xhji�J�lxf�eguZv�w|h1u�h1o}k$h1c
�

��~th	wglxf$k k&~ti&hjh	��npwgr+u�o+f�nxy�k&lms�w|h 4 � * ��npo}k&lxego�k&~th�ego}k$hj�xiAlmk$h1c�wgr+uZe otnpf&e|k��%e oty nxi>uZlmk&e|npo
�
��~th �$cth1wge|�xhji&h1c �Zego}k$hj�xiAlmk$h1c�wgr+uZego+npf&e|k � ��nxi&i&h1f$vBnpo+c�f�k$n�k&~+h�ego}k$hj�xiAlmk$h1c wgr+uZego+npf&e|k ��J�~+eg�>~ J�lxf
cth1wgeg�xhji&h1c k$n � � 5 s}� k&~th=lx�j��h1wghjiAlmk$nxi lxo�c ctn}h1f]otnxk]cthjvBh1o+c npo k&~th�k$i>e|�x�xhji]i&hj�pegnpo
� ��~th
� JDnxi?>�e ot� �9ego}k$hj�xiAlmk$h1c�w r+uZegotnpfAe|k �-��nxiAi&h1f$vBnpo+c+f\k$n9k&~+h�ego�k$hj�xi>lmk$h1c�wgr+u�egotnpf&e|k��-lmk�� ��5 J�~+h1o�k&~th
~+lmiAc#JDlmi&h6ego k&~th9c+hjk$h1��k$nxi�k$iAe|�x�xhji�iAhj�pe|npo JDlxf�nxv�hji>lmk&e|npo+lxw � 5 nxi)h;:�lxu�v�w|hx tego k&~th6v+i&h;D f&~�rtk&ctn J�o
hjiAlHnxy-iAr�o * l � iAr+o+f�< � * �x� k$nN< 6 * < 4 � k&~th �$� � � ������D npo+w|�+��~�lmiAc3J�lmi&h J�lxf � J�nxi]>�ego+� �=yMnxi
* � � � 4 v+s � � nprtk;nxy�l�cth1wgeg�xhji&h1c * <t� � F^v�s � � � \ o k&~th%f&lxu�h%k&egu�h vBhjiAe|n�c k&~th �$� � � ������D ���]���
~+lmiAc#JDlmi&hTJ�lxf � JDnxi?>�egot� � yMnxi * � �@7 4 v+s
� �qlxo�c k&~th � ��� ~+lmiAc3J�lmi&hTJ�lxf�otnxk � JDnxi?>�egot� �NJDh1wgw
h1otnprt�p~�k$nZsBh9r+f$h1c�ego%k&~�egf�lxo+lxw|��f&egfj�

��~th �$wge|�xh � ego}k$hj�xiAlmk$h1c wgr+u�egotnpf&e|k��q��nxi&i&h1f$vBnpo+c+f)k$n%k&~th	ego�k$hj�xi>lmk$h1c�wgr+uZego+npf&e|k �qlmk�� � 5
J�~th1o k&~th%k$iAeg�x�xhji�i&hj�pe|npoNJ�lxf	s�nxk&~ � JDnxi?>�egot� ��lxo+c �$otnxk	v+iAh1f&�jlxw|h1c���� b)f	k&~thqego�f$k&lxo�k&lxo+hjnpr+f
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k$iAe|�x�xhji iAr+o iAr+o iAr�o G � k$iAe|�x�xhji)k&lms�w|h9o+lxuZh cth1wgeg�xhji&h1c J�nxi]>�ego+� wgeg�xh
i&hj�pe|npo f$k&lmi&k h1o+c ego}k�wgr+u e o�k�wgr�u e o�k�wgr�u

v+s � � v�s � � v�s � �
� * l < � * �x� < 6 * < 4 ���]� ���]� � 5 � 7 � * <t� � F * � � � 4 * � � � 4

* l < 6 * < 6 < AWF � 4 ���]� ��� � 5 � 7 � 4m� ¢ X 6�� � A 6�� * < 6�� * <
* s 4(4 � < 4 A * �p�x� ��� ��� � 5 � * � 4m� ¢ X F(7��@F'< F(7�� 4 < �x� �BA �
k$nxk&lxw *(* � �=< 7 * � F��@7 � 4 � � * �

� * l < � * �x� < 6 * < 4 ���]� ���]� � 5 � 7 � * <t� � F * � �@7 4 * � �@7 4
* l < 6 * < 6 < AWF � 4 ���]��� � 5 � 7 � 4m� ¢ X 6�� � A 4 �@6 � 4 �@6 �
* s 4(4 � < � A * �p�x� ���]��� � 5 � * � 4m� ¢ X F(7��@F'< F(F��@6(7 F(F��@6(7
k$nxk&lxw *(* � �=< 7 * � A}� � A * � A}� � A

� * l < � * �x� < 6 * < 4 otnZr+f$hjyzr+wBk$iAe|�x�xhji * <t� � F � � �x� � � �x�
* l < 6 * < 6 < 6'< � F ����� � 5 � * � 4m� ¢ X � * � � 6 * � � < * � � <
* l < 6'< � 7 < AWF � 4 ����� � 5 � * � ¢�� 4m� ¢ X <t�@7 * <t�@6 4 <t� * F
* s 4(4 � < � A * �p�x� ����� � 5 � * � 4m� ¢ X F(7��@F'< F(7�� �x� � 4 � � F
k$nxk&lxw *(* � �=< 7 7 4 � � * < � � 4 �

k$iAe|�x�xhji�k&lms�w|h-o+lxuZh l�wglmsBh1w
r+f$h1cqego]� � 5 k$n��>~+lmiAlx��k$hjiAe �jh�c+lmk&lZlx�j��r+e|iAh1cq��e l�l	v�lmi&k&eg�jr+w lmi�k$iAe|�x�xhji�v�lmk&~
cth1wge|�xhji&h1cqe o�k�wgr�u e o�k$hj�xiAlmk$h1c�wgr+uZe otnpf&e|k���cth1wge|�xhjiAh1c%k$nZk&~th9k$iAeg�x�xhji�i&hj�pe|npo
J�nxi]>�ego+�	e o�k�wgr�u e o�k$hj�xiAlmk$h1c�wgr+uZe otnpf&e|k��Zy nxi�k&~th JDnxi?>�e ot��k$iAe|�x�xhji�iAhj�pe|npo

wgeg�xh e o�k�wgr�u {�o+lxw
ego}k$hj�xiAlmk$h1c]wgr�uZegotnpf&egk ��ego��jwgr+c+ego+�-k$iAe|�x�xhji)v+i&h1f&�jlxwgh
v�s � � e o�k$hj�xiAlmk$h1c�wgr+uZe otnpf&e|k��Z�^lxw rth1f�~+l �xh�lxo�lx�j�jrti>lx��� nxy � � � �

�Klms�w|h 4 � * � G e|�xh9ego}k$hj�xiAlmk$h1c]wgr�uZegotnpf&egk&e|h1f�s�� i&hj�pe|npo
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wgr+u�egotnpf&e|k�� cth1wge|�xhjiAh1cXs�� k&~+h�lx�j��h1wghjiAlmk$nxi]�xiAlxc�r+lxwgw|� ego���i&h1lxf$h1c
 )k&~th�k$iAe|�x�xhjiqiAlmk$h1f%k$h1o�cth1c k$n
ego+��iAh1lxf$h�lmk�l)yzlxf$k$hji�k&~�lxo�wgegoth1lmi/iAlmk$hx�O� n9l �xnpegcZ~+lmi>c3JDlmiAhDf&lmk&r+iAlmk&e|npo�ego+c�e|��e c+r+lxwpw|hj�xh1w � k$iAeg�x�xhjiAf
J�~+e �A~ JDhji&h�cthjh1u�h1c-wgh1f&f eguZv�nxiAk&lxo�k k&~�lxo9nxk&~thji/k$iAe|�x�xhjiAf$JDhji&h�v+iAh1f&�jlxw|h1c � f&npu�hjk&egu�h1fKk&~th�iAh1wglmk&e|�xh
ego+��iAh1lxf$h;e o�l�v�lmi&k&eg�jr�wglmi)iAhj�pe|npo � f�k$iAe|�x�xhji iAlmk$h	n �xhji�lxotnxk&~thji i&hj�pe|npo � f�k$iAeg�x�xhji�i>lmk$h	�jlxr�f$h1c k&~+lmk
k$iAe|�x�xhji k$nHwgh1f&f$h1o ego f$k&lmk&rtiAhV�>� b)f�k&~th lx�j��h1w|hjiAlmk$nxiqwgr+uZe otnpf&e|k�� ego���i&h1lxf$h1c
 �k&~th J�hjh >�w|�x �nxyMk$h1o
~th1lmk$h1c
 �u�hjhjk&egot�pf�s��%k&~th��$�KiAe|�x�xhji���nxi]>�ego+� X i&nprtv ��cth1�jegcth1c%k&~th6yzlmk$h-nxy\ego+c�e|��e c+r+lxw+k$i>e|�x�xhjiAfj�

I o+w|��k&~+h9�����dk$iAe|�x�xhji�J�lxf�v+i&h1f&�jlxw|h1c%c+r+iAegot��iAr+o * l�� � rtiAegot��iAr+o * s%sBnxk&~%k&~th-���]��D
npo+w|��lxo+cZk&~th ��� � k$iAe|�x�xhji�i&hj�pe|npo+fZJ�hjiAh�v+i&h1fA�jlxw|h1c
�O��~th�h �Bh1��k�nxy
v�i&h1f&�jlxwgego+�9u�h1lxo�k�k&~+lmk�k&~+h1f$h
k$iAe|�x�xhji>f�J�hjiAh �$wge|�xh ��yMnxi�f&w e|�p~�k&wg��w|h1f&f�k&~�lxo�~+lxw|y/nxyKk&~+h-l1�mlxegwglms�wgh e o�k$hj�xiAlmk$h1c wgr+u�egotnpf&e|k��x�

\�y/k&~th-�]npo�k$h���lmiAw|nZfAegu�r�wglmk&e|npo nxy\k&~th9cthjk$h1��k$nxi egf�k$n���nxi&i&h1��k&wg� iAhjv+i&h1f$h1o}k�k&~th-c+e f$k$iAe|s�r3D
k&e|npo�nxyDhj�xh1o}k&f-lxu�npot�]k&~thZf&lxu�v�wgh1f k&lW>xh1oRJ�e|k&~�v�lmi&k&eg�jr+wglmi6cthjk$h1��k$nxi	��npot{+�pr+iAlmk&e|npo
  k&~+h �$wge|�xh �
ego}k$hj�xiAlmk$h1c]w r+uZegotnpfAe|k �ZyMnxi�h1lx�>~]cthjk$h1��k$nxi ��npot{+�prti>lmk&e|npoqu�r�f$k�sBh >�otn J�o
���/lms�w|h 4 � * fA~tn J�f�k&~+egf
c+egf&k$iAe|s�rtk&egnpo
� ¡)n JDhj�xhji1 +yMnxi�l��pe|�xh1o k$iAe|�x�xhji�i&hj�pegnpo�e|k�egfDlxwgf$n;��egk&lxw�k$n >�otn J k&~th �$wge|�xh�ego�k$hj�xi>lmk$h1c
wgr+u�egotnpf&e|k��Zn �xhji>wglmv ��sBhjkPJDhjh1o�h1lx�A~�nxy\k&~th6�mlmiAe|npr�f�k$iAe|�x�xhji�iAhj�pe|npo+f � e|h-k&~th9��nxi&i&h1wglmk&egnpoqsBhjkPJDhjh1o
wge|�xh	ego}k$hji&�mlxwgf>�>� � hjk$h1��k$nxiAf6sBh1egot� �$wge|�xh � lmk9c+e��BhjiAegot�Zk&e u�h1f�v+i&h1f$h1o}k&f l��xhjiA�]c+e��Bhji&h1o}k�f&egk&r+lmk&e|npo
yMi&npu cthjk$h1��k$nxi>f lxw w�sBh1egot� �$wgeg�xh �=f&egu;r+w|k&lxo+hjnpr+f&w|�x� ��~thji&hjyMnxi&hx �ego lxc�c+e|k&e|npo k$nHk&~th �$w e|�xh�ego}k$h;D
�xiAlmk$h1c�w r+uZegotnpfAe|k � �� }k&~+h �$w e|�xh9ego}k$hj�xiAlmk$h1c�wgr+u�egotnpf&e|k��	n �xhjiAwglmv ��y nxi�h1lx�>~qv�lxe|i�nxyKk$iAe|�x�xhji�i&hj�pegnpo+f
J�lxf�cthjk$hjiAu�egoth1c
�

�)o+y nxi&k&r�o+lmk$h1w|�x Octhjk$hjiAuZe o+lmk&e|npoHnxy�k&~th n �xhjiAwglmv {+�pr+i&h1f�e f�l ��npo��xnpw rtk$h1c v+i&n���h1f&fj����~+egf
~+lxfOk$n9c+n J�e|k&~	k&~th�J�l1��� � 5 >xhjhjv�fOk$iAlx�]>	nxy�ego�c+e|��egc+r+lxw}w|hj�xh1w � k$iAe|�x�xhji�e o�k$hj�xiAlmk$h1c�wgr+uZe otnpf&e|k&e|h1f1�
� ~+lmk�uZlW>xh1f;k&~+e f6v+i&n���h1f&f9h1f&v�h1�je lxwgw|��c+e Y��jr+wgk e f9k&~th r+f$hZnxy�ct��o+lxuZe �	v+i&h1f&�jlxw|h1f1� 5 nxi;l]�pe|�xh1o
f$hjk�nxyDi>r+o+f9e|k�egf9vBnpf&f&egs�w|h;k$n cthjk$hji>uZegoth�k&~th �$wge|�xh ��e o�k$hj�xiAlmk$h1c wgr+u�egotnpf&e|k��]yMnxi�l]�pe|�xh1o=w|hj�xh1w �
k$iAe|�x�xhji � k&~+egf�JDlxf�ctnpoth-e o�k&lms�w|h 4 � * �>��� n cthjk$hjiAuZego+h9k&~th �$w e|�xh-ego}k$hj�xiAlmk$h1c wgr+uZego+npf&e|k ��n �xhjiAw lmv �
kPJDn�f&k$hjv�f�~+l �xh-k$nZsBh k&lW>xh1o
�

8 k$hjvqnpoth6ego}�xnpw|�xh1f�cthjk$hjiAu�ego+egot��k&~th �$wge|�xh6ego}k$hj�xiAlmk$h1c�wgr�uZegotnpf&egk � �9yMnxi�h1lx�A~qk$iAeg�x�xhji�c+rti D
egot�Hk&~th]k&e u�h]vBhjiAe|n�c J)~th1o h1lx�>~ nxy6k&~th�nxk&~+hji k$i>e|�x�xhjiAf�JDlxf � JDnxi?>�e ot� ���d��~�egf�egf��jlxwgw|h1cXk&~th
�$r+o+��nxiAi&h1��k$h1c�wge|�xh;ego�k$hj�xi>lmk$h1c�wgr+uZego+npf&e|k �%nV�xhjiAwglmv ��� \ k�e f �$r+o���nxi&i&h1��k$h1c��%sBh1�jlxr+f$h;k&~th;h ��h1��k6nxy
k&~th9v�i&h1f&�jlxw|h1f�~�lxf�otnxk��xhjk�sBhjh1oqk&lW>xh1o�ego}k$nZlx�j��npr+o�k ��k&~+egf�e f�ctnpoth9egoqf$k$hjv�kPJDnt�
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k$iAe|�x�xhji iAr+o iAr+o iAr�o G � k$iAe|�x�xhji)k&lms�w|h9o+lxuZh JDnxi?>�e ot� w e|�xh r+o+��nxi&i&h1��k$h1c�wge|�xh
i&hj�pe|npo f$k&lmi&k h1o+c ego�k�w r+u ego�k�w r+u ego}k�wgr+u

n �xhjiAw lmv
v+s � � v+s � � v+s � �

� * l < � * �x� < 6 * < 4 ���]� ���]� � 5 � 7 � * � � � 4 � � �x�
* l < 6 * < 6 < AWF � 4 ���]� ��� � 5 � 7 � 4m� ¢ X 6�� * < 4 �=< 7
* s 4(4 � < 4 A * �p�x� ��� ��� � 5 � * � 4m� ¢ X �x� �BA � �x� �@7 �

k$nxk&lxw * � F��@7 � 4 � � * � � F��=< *
� * l < � * �x� < 6 * < 4 otnZr+f$hjyzr+w�k$iAe|�x�xhji � � �x� � � �x�

* l < 6 * < 6 < 6'< � F ����� � 5 � * � 4m� ¢ X * � � < * � � <
* l < 6'< � 7 < AWF � 4 ����� � 5 � * � ¢�� 4m� ¢ X <t� * F � �@6(F
* s 4(4 � < � A * �p�x� ����� � 5 � * � 4m� ¢ X � 4 � � F � <t�=<(<

k$nxk&lxw F(7�� �x� < � � 4 � � 7�� * 6
v+s � � ego}k$hj�xiAlmk$h1c]w r+uZegotnpfAe|k �Z�mlxwgrth1f�~�l1�xh�lxo]lx�j�jrtiAlx���qnxy � � � �

�/lms�w|h 4 � � ����o+��nxi&i&h1��k$h1cXwge|�xhqego}k$hj�xiAlmk$h1c wgr�uZegotnpf&egk ��n �xhji>wglmv yMnxi�k$iAe|�x�xhjiZiAhj�pe|npo+fEJ�~�eg�A~QJDhji&h
f$npu�hjk&e u�h1f�v+i&h1fA�jlxw|h1c

��nxk$h�k&~+lmkZk&~thqnpo�w|�HnV�xhjiAwglmv uZh1lxf&rti&h1u�h1o}kZnxy6f&e|�po�e|{��jlxo+��hqegf	k&~+lmk�s�hjk J�hjh1o k&~th �$���
lxo+c=k&~th � ���]k$i>e|�x�xhji�iAhj�pe|npo+fj����~+h �$� �]k$iAe|�x�xhji;i&hj�pe|npo JDlxf;othj�xhji;v+i&h1f&�jlxwgh1c
���Dnpo+f$h1��rth1o}k&w|�x 
lxwgwKnxk&~thji n �xhjiAw lmv�f �jlxo�s�h�nxs+k&lxegoth1c���egl�fAegu�v�w|h�lxc+c+e|k&e|npo]nxi6f&rts+k$iAlx��k&egnpo�r+fAegot��k&lms�w|h 4 � * � �)nxk
npo+w|��k&~�lmkj ts�rtkDk&~th �$� �;k$iAe|�x�xhji�JDlxf�nxvBhjiAlmk&egnpo+lxw 7 A}� * � nxy k&~th�k&egu�hx� � rtiAe ot�-k&~th f&~tnxiAk�vBhjiAe|n�c+f
J�~th1o�k&~th �$� ��k$iAe|�x�xhji)i&hj�pe|npo J�lxf�e otnxvBhjiAlms�w|hx �k&~th��$� ��lxo+c � ���Zk$iAe|�x�xhji)i&hj�pe|npo+f�J�hjiAh-r+f&r+lxw w|�
egotnxvBhjiAlms�w|h6lxf�JDh1wgw ����~+hji&hjy nxiAhx tk&~th �$wge|�xh ��ego�k$hj�xi>lmk$h1c�wgr�uZegotnpf&egk �Z�mlxwgrth1f�yMnxi�k&~+h �$� ��lxo+c � ���
k$iAe|�x�xhji�i&hj�pe|npo+f�yMnxi�vBhjiAe|n�c+f J�~th1o�k&~th��$� ��k$i>e|�x�xhji�i&hj�pegnpo JDlxf)otnxk � JDnxi?>�e ot� �Zlmi&h-fAuZlxwgw �

�Klms�w|h 4 � � f&~+n J�f�k&~th9i&h1w|hj�mlxo}k �$r+o+��nxi&iAh1��k$h1c�wgeg�xh9ego�k$hj�xi>lmk$h1c�wgr�uZegotnpf&egk �ZnV�xhjiAwglmv ��u�h1l'D
f&rtiAh1u�h1o�kOyMnxiOk&~th �$���9lxo+c � ���6k$iAe|�x�xhji�i&hj�pe|npo+fj�\b�f�lxo	h;:�lxuZv�w|hx �ego;k&~th��jlxf&h�nxy�k&~+h � ���6k$i>e|�x�xhji
i&hj�pe|npo   F(7�� �x� v�s � � nxy�wgr�uZegotnpf&egk � JDlxf;cth1wge|�xhjiAh1c=c+rti>egot� � JDnxi?>�e ot� �]ego}k$hji&�mlxwgfj \lxo+c < � � 4 � v+s � �
nxy�wgr+uZego+npf&e|k � J�lxf9cth1w e|�xhji&h1c�c+rtiAe ot� �$wgeg�xh �%v�hji>e|n�c�fj� � rtiAego+��k&~th�vBhjiAegn�c�k&~th � ����k$iAe|�x�xhji J�lxf
� JDnxi?>�e ot� �� pk&~th �$���6k$iAe|�x�xhji J�lxf �$wgeg�xh � y nxi � 7�� * 6^v�s � � � k&~+egfOegf/k&~th �$r�o+��nxi&i&h1��k$h1cZw e|�xh�ego�k$hj�xi>lmk$h1c
wgr+u�egotnpf&e|k��Zn �xhji>wglmv ���>�

��~thDk$hjiAu �$r+o+��nxiAi&h1��k$h1c��6egf/r+f$h1c;sBh1�jlxr+f$h�e|k\egf\otnxk\k&~th�lx��k&r+lxw�n �xhji>wglmv �O��~th � ��� k$i>e|�x�xhji
h;:tlxu�v�w|h�f&~tn J)f�k&~+lmkDc+rtiAe ot�6k&~th)c+h1wge|�xhji&�	nxy$F(7�� �x� v+s
� ��nxy � JDnxi?>�e ot� � � ���;wgr+uZego+npf&e|k �x �k&~th � ���

< A



��nxiAi&h1wglmk&e|npo ��nxiAi&h1wglmk&e|npo yMiAlx��k&e|npo y i>lx��k&e|npo y i>lx��k&e|npo yMiAlx��k&e|npo
c+h1f&��iAe|v+k&egnpo yzlx��k$nxi nxy/hj�xh1o}k&f nxy\hj�xh1o�k&f nxy/hj�xh1o�k&f nxy\hj�xh1o�k&f

k$i>e|�x�xhji&h1c k$iAe|�x�xhjiAh1c k$iAeg�x�xhji&h1c J�egk&~ �
s��qb s}� C s}�%bCnxi�C k$iAe|�x�xhjiAf

��npu�v�w|hjk$h1wg� ��nxi&iAh1wglmk$h1c * � � � 4 � � 4 � � 4 � � 4 �
�jhji&n���nxi&i&h1wglmk&e|npo � � � � 4 � � 4 � �BA 4 � � 4

��npuZv�w|hjk$h1w|�%lxo�k&e D ��nxi&i&h1wglmk$h1c D * � � � 4 � � 4 � * � �x� � �x�

�Klms�w|h 4 � � ��¢ �Bh1��k�nxy/k&~th9v�i&h1f&�jlxw|h9��nxi&iAh1wglmk&e|npoqyzlx��k$nxi

k$iAe|�x�xhji�J�lxf��$w e|�xh ��yMnxi�< � � 4 � v+s � � lxo�c-k&~th �$� ��k$iAeg�x�xhji$J�lxf��$wge|�xh ��yMnxi � 7�� * 6^v+s � � ��\�k/egf/oth1��h1f&f&lmi&�
k$n�c+hjk$hjiAuZegoth�k&~+h � v+i&h1fA�jlxw|h���nxi&i&h1w lmk&e|npo yzlx��k$nxi��� O~tn J3nxyMk$h1o npoth�i&hj�pe|npoRJ�lxf �$w e|�xh � J�~+h1o�k&~th
nxk&~thji)i&hj�pe|npo J�lxf�lxwgf$n �$wge|�xh ���

� n�egw wgr+f$k$iAlmk$h�J�~}� k&~+egf;egf	oth1��h1f&f&lmiA�x ���npo+f&egc+hji;k J�n ~}��v�nxk&~+hjk&eg�jlxw�k$i>e|�x�xhji�i&hj�pe|npo+f �$b��
lxo+c � C ��� 8 rtv�v�npf&h6k&~th�nV�xhjiAlxwgwKh Y��je|h1o+���]nxyOh1lx�A~ k$iAe|�x�xhji i&hj�pe|npo�egf)v�hjiAy h1��kj �s�rtk�fArtv+vBnpf$h9h1lx�>~
i&hj�pe|npo]egf�v+i&h1f&�jlxwgh1c�~+lxw|yKnxy/k&~+h6k&egu�hx�

�Dnpo+f&e cthji npo+w|�R^ hj�xh1o�k&f_J�~thjiAh�npothZu�r+npo�h1o�k$hji>f9h1lx�A~HnxyDk&~thZkPJDn]k$i>e|�x�xhji9i&hj�pe|npo�fj�E\�y
k&~th;v+i&h1f&�jlxwgh1f)lmi&h	��npu�v�wghjk$h1w|�]lxo}k&e D ��nxi&i&h1wglmk$h1c  �k&~+h1o J�~+h1othj�xhji npoth-v+iAh1f&�jlxw|h	egf�npo�k&~th;nxk&~thji6egf
n �Hlxo+c���eg��h��xhji>f&l���\ o�k&~+egf�lxo}k&e D ��nxi&iAh1wglmk$h1c��jlxf$h	lxwgw hj�xh1o}k&f JDnpr+wgc�sBh;lx�j��hjv+k$h1c�s}�]k&~th�k$i>e|�x�xhji
w|nx�peg� � lmyMk$hji�k&~th)v�i&h1f&�jlxw|hV�> �s�rtkDotn;hj�xh1o�k�JDnpr+wgc�~+l1�xh6k$iAeg�x�xhjiAfDy nxi�sBnxk&~�u;rtnpo+f�sBh1�jlxr+f$h�k&~th kPJDn
k$iAe|�x�xhji>f�J�npr�wgcqothj�xhji�sBh��$wgeg�xh ��f&egu;r+w|k&lxothjnpr+fAw|�x�

��h;:�kZ��npo+f&e cthji�k&~th��jlxf$h J�~+hji&h%k&~thqv+i&h1f&�jlxwgh1f�lmi&h���npu�v�w|hjk$h1wg� ��nxi&iAh1wglmk$h1c
� � ~th1o+hj�xhji
npoth v+i&h1fA�jlxw|h6egfDnpo%k&~th nxk&~thji�v+i&h1fA�jlxw|h�JDnpr+wgc%lxwgf&n;sBh�npo
 +lxo+c2J�~th1o+hj�xhji�npoth v+i&h1f&�jlxw|h6egfDn ��k&~th
nxk&~thji)v+i&h1f&�jlxw|h J�npr+w cqlxwgf$nZsBh6n �\��I o�w|��~+lxwgyKnxy\k&~th9hj�xh1o}k&f�J�npr+w c%v�lxf&f�k&~+h-u�r+npoqk$iAe|�x�xhji1 �lxo+c
sBnxk&~�u;rtnpo+f�ego%h1lx�>~�v�lxfAf&egot�	hj�xh1o}k�JDnpr+wgc%v�lxf&f�k&~th9k$iAe|�x�xhji �

5 ego+lxwgw|� ��npo�f&egcthji%k&~th��jlxf$h nxy;��npu�v�w|hjk$h1wg�Xr+o+��nxiAi&h1wglmk$h1c v+i&h1f&�jlxwgh1fj� \ o k&~+egf%�jlxf$hx  s}�
iAlxo+c+npu �A~+lxo���hx �k&~th-v+i&h1f&�jlxw|h1f�J�npr�wgcqn �xhji>wglmv ~�lxw|yKnxy\k&~th-k&egu�hx �lxo�c A 4 � nxy\k&~th�hj�xh1o�k&f�JDnpr+wgc
~+l �xh%fAr+�j��h1f&f$yzr+w�k$iAe|�x�xhjiAfj�TI oth k&~+e|iAc=nxy�k&~th k$iAe|�x�xhji&h1c hj�xh1o}k&f J�npr+w cH~+l �xh%kPJDn�u;rtnpo+f_J�~+e �A~
v�lxf&f&h1c%k&~th k$iAe|�x�xhji1���/lms�w|h 4 � � egwgw r+f$k$iAlmk$h1f�k&~th h ��h1��k�nxy/k&~th1f$h6~}�}vBnxk&~thjk&e �jlxw�v�i&h1f&�jlxw|h6��nxi&i&h1w lmk&e|npo
yzlx��k$nxiAfj�

< F



b)f6�jlxo s�h�f$hjh1o y i&npu k&~+h�k&lms�w|hx 
k&~thZo�r+u�s�hji nxyDhj�xh1o�k&f-h1o�k$hji>egot�qk&~th	{�o+lxwOc�lmk&lqf$hjk9egf
�xhji&�qcthjvBh1o+cth1o}k�npoqk&~th�wge|�xh9ego}k$hj�xiAlmk$h1c]w r+uZegotnpfAe|k ��n �xhjiAwglmv�sBhjkPJDhjh1o�k&~th9k$i>e|�x�xhjiAfj� \ o%k&~th-{�o+lxw
lxo+lxw|��f&egf�hj�mlxwgr+lmk&e|npo nxy k&~th�v+i&h1fA�jlxw|h���nxiAi&h1wglmk&e|npo yzlx��k$nxi�ego}�xnpw|�xh1f�l;�jlmiAhjyMr+w�f$k&r+c+�Znxy k&~th ^�D u;rtnpo
c+lmk&lZf&hjkj� � egf&�jr+f&fAe|npo%nxy\k&~+egf�lxo+lxw|��f&egf�e f�v+i&h1f$h1o}k$h1c]lmk�k&~+h6h1o+cqnxy/k&~th-oth;:�k��A~�lmv+k$hji1�

< 7
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��~th�otnpo3D ^	hj�xh1o}k&f�J�~�eg�A~9��npo}k&lxuZego�lmk$h�k&~thDc+egu;rtnpo6ego}�^lmiAe lxo�k uZlxfAf lxo+c�c+egu;rtnpo6��kKv�w|nxk&f
lmi&h9��npu�v�iAegf$h1cquZlxe o+w|�Znxy\��npf&uZeg�jf � k&~th9��npf&uZeg� {�w|k$hji�JDlxf�otnxk�vBhji&yMh1��k>�>  � iAh1wgw D £�lxo+o � v�~+nxk$npoqk$n
c+egu;rtnpo��	hj�xh1o�k&fj )v�r+o+�>~�D k&~ti&npr+�p~ hj�xh1o}k&f � J�~thji&h l �$hjk�yzlW>xh1f%lHu;rtnpo��> )lxo+cXu;r+w|k&egv�w|hq�xhji&k$h;:
hj�xh1o}k&f � J�~thji&h;kPJDn�ego+c+hjv�h1o�cth1o�k)~+e|�p~ ��k u�rtnpo�f)nxi>e|�pego+lmk&ego+��yMi&npu c+e��Bhji&h1o�k)�xhji&k&eg��h1f6�jlxo�yzlW>xh
lT^�D hj�xh1o�kj����~th f&uZlxwgw � i&h1wgw D £�lxo+o ��i&npf&f D f$h1��k&e|npo egf;f&egu;r+wglmk$h1c=lxc+h1�}r+lmk$h1wg�RJ�e|k&~+e o�k&~th �]npo}k$h
��lmiAwgn�lxo+c ~th1o+��h�k&~th�npo�w|�qs�lx�?>��xi&npr+o�c+f�nxyOiAh1lxw/e o�k$hji&h1f&k)lmi&h	��npf&uZeg��iAl �x �v�r+o+�A~3D k&~ti&nprt�p~
 �lxo+c
u;r+w|k&e|v�wghK�xhji&k$h;:9hj�xh1o}k&fj� \ k JDlxfKoth1��h1f&f&lmi&� k$n�~+l1�xh�l�k&~tnxi&nprt�p~�r+o+cthjiAf&k&lxo+c+egot�Dnxy�k&~th�s�lx�]>}�xi&npr�o+c
lxo+c k&~th�f&h1w|h1��k&e|npo h Y��jegh1o+�je|h1f	nxy�k&~th]�jrtk&f�cth1fAe|�poth1c k$n=uZe o+eguZe��jh�k&~+egf	s�lx�]>}�xiAnpr+o+c
� b �jw|h1lmi
r+o+c+hjiAf$k&lxo+c+e ot�]nxy�k&~th]f$h1wgh1��k&e|npo v+i&n���h1f&fZuZlW>xh1f�e|k	vBnpf&f&e|s�wgh�k$n=c+hjk$hjiAuZegothq��r+lxo}k&e|k&lmk&e|�xh1w|� k&~th
o�r+u-sBhji�nxy�s�lx�]>}�xi&npr�o+c hj�xh1o�k&f9e o]k&~th;{�o+lxw/f&lxu�v�w|hx �lxo�c�k$nqcthjk$hji>uZegoth�k&~th�h Y��je|h1o+����nxyDlxwgw nxy
k&~th��jr+k&f J�~�eg�A~TJDhji&h r+f$h1c�k$n f$h1w|h1��k�l � v�rti&h �]f&lxu�v�w|h�nxy�^ hj�xh1o�k&f � k&~+egf�egf6vBhji&yMnxiAu�h1c e o�k&~th
yMnpwgw|n J)egot�9�A~�lmv+k$hji��>��b)y k$hji�lxwgw�f$h1w|h1��k&e|npo��jrtk&f�~�l1�xh�s�hjh1o�lmv+v�wgegh1c�k&~th�s�lx�?>��xi&npr+o+c�v+i&h1f$h1o}k�ego�k&~th
{�o+lxw
fAlxu�v�w|h9egf�c+hjk$hjiAuZegoth1c%k$n�s�h6h;:�k$i&h1u�h1wg� f&u�lxwgw �

b ^�D �jlxo+c�egc+lmk$h�hj�xh1o�k�egf�i&h1��r+e|i&h1c
 �lmk�l;u�ego+egu;r+uq pk$n���npo}k&lxego%l�f&h1��npo+c%k$iAlx�?> egcth1o}k&e|{+h1c
lxf9l�u;rtnpoTJ)~+eg�A~�v�lxf&f$h1f9lqf$hjk-nxy �$f&e w|�xhji��qf$h1w|h1��k&egnpo �jrtk&fj�Z��~+hZf$h1w|h1��k$h1c �$f&e w|�xhji��qu;rtnpo u;r+f$k
~+l �xh�u�nxi&h]k&~+lxo l u�ego+egu;r+u ��kj �sBh]��npo}k&lxegoth1c e o l {�c+r��jeglxwDi&hj�pe|npo � egk�~+lxc k$nHs�hqvBnpego}k$h1c
lmkZf&rtvBhjiAw l1�xhjiE<�nxi�~+eg�p~thji J�e|k&~+egoHk&~th��������> \s�hqlxf&f&n��jeglmk$h1c J�e|k&~ l�k$iAlx�]> k&~�lmkZcthjvBnpf&e|k$h1c l
wgegu�e|k$h1c h1othji&�x��ego k&~th�~+lxctiAnpo+eg�;lxo+c�h1w|h1��k$i&npuZlm�po+hjk&eg���jlxw|nxi>egu�hjk$hjiAfj Klxo+c�v�lxf&f6f$hj�xhji>lxw���r+lxwge|k��
�jrtk&f�e o+�jwgr+c+e ot��lZf&hjiAe|h1f�nxyO�jrtk&f�cthj�xnxk$h1c]k$nZk&~th9h1w eguZego+lmk&egnpo�nxy\k&~th9��npf&u�eg�6iAl ��s�lx�]>}�xiAnpr+o+c
�[\ o

4 �



lxc+c+egk&e|npo k$n�ego+c+eg��egc�r+lxw+k$iAlx�]>q�jrtk&fj +k&~thjiAh J�hji&h-�pw|nxs�lxw
i&h1��r+e|iAh1u�h1o�k&f�npo�k&~th-c+egu;rtnpo%uZlxf&f1 �lxo+c
npo l���npuZu�npo �xhji&k$h;: y nxi	k&~th%c+egu;rtnpo
����~th h Y��je|h1o+���=nxy)lxo}�=�jrtk J�~+eg�>~ J�lxf	otnxk	h1u�r�wglmk$h1c
J�e|k&~�ego=k&~+h]��npo}k$h���lmi>w|n�~+lxc k$n sBhqcthjk$hjiAuZego+h1cHs�� ego+cthjvBh1o+cth1o}k	u�h1lxo+fj� ¢��xhjiA�Hh �Bnxi&k J�lxf
uZlxcth�k$n�lxc �&r+f$k�k&~+h �]npo�k$h-��lmi>w|n�v�lmiAlxu�hjk$hjiAfDk$n�lx�j�jrtiAlmk$h1w|��i&hjv+i&h1f$h1o}kDk&~th)h;:�vBhjiAegu�h1o}k&lxw�c+lmk&l��
¡)n JDhj�xhji1 \k&~th��]npo�k$hq��lmiAw|n�ctn�h1f-o+nxk-f&egu;r+wglmk$h���npf&uZe ��iAl1��f-lxo�c�k&~thZi&h1uZn �mlxw�nxy���npf&uZeg�ZiAl1��f
ctn�h1f;i&h1f&r+w|k;ego k&~+h%wgnpf&f-nxy)l fAuZlxwgw�o�r+u�sBhji�nxy�^ hj�xh1o}k&fj� ��~+e f-egf�npoth%h;:�lxuZv�w|h�nxy)lT^ hj�xh1o}k
f$h1w|h1��k&egnpo�h Y��je|h1o+��� J�~+eg�>~�egf otnxk k&lW>xh1o e o�k$nqlx�j��npr+o}k6s}��k&~thZ��npo}k$h ��lmi>w|nt�9��~th1f$h	h;:�k$hjiAo+lxwgwg�
cthjk$hjiAu�egoth1c f$h1wgh1��k&e|npo h Y��jegh1o+�je|h1f �jlxo k&~th1oXsBh]ego+f$hjiAk$h1c ego}k$n k&~th �]npo}k$h���lmi>w|nt �ego nxiActhji�k$n
nxs+k&lxego]l�v+i&h1�jegf&h ��nxiAi&h1f$vBnpo+cth1o+��h6sBhjk J�hjh1o]k&~th � lmk&l�lxo+c�k&~th-��npo}k$h	��lmiAw|nt�

5 e|�prti&h�6�� * egf\l6r+f$hjyzr+w �+n J��A~�lmi&k[J�~+e �A~	f&~tn J�f\k&~th�uZlxego�cth1�je f&e|npo+fKk&~+lmk�lmi&h�uZlxc+h�c�rtiAegot�
s�lx�]>}�xi&npr�o+c i&h1u�n �mlxw ��\�k lxwgf$n%f&~tn J�f)k&~th;f&k&r+c+e|h1f�J�~+eg�>~�lmiAh�i&h1��r+e|iAh1c]ego]nxiActhji k$n�vBhji&yMnxiAu k&~th
c+e��Bhji&h1o}k�h Y��je|h1o+��� �jlxwg�jr�wglmk&e|npo+fZlxf�J�h1w w�lxfZk&~th]{�o+lxw�s�lx�]>}�xiAnpr+o+c ��npo}k&lxuZego+lmk&egnpo h1f$k&egu�lmk$h1fj�
��~+e f ��n J��A~+lmi&k J�egwgw)sBh v�lmi&k&eg�jr+wglmi>w|� r+f$hjyzr+w ego k&~th�yMnpwgw|n J)egot� �A~+lmv+k$hji J�~th1o k&~th�h Y��je|h1o��je|h1f
lxo+c s�lx�?>��xi&npr+o+c h1f&k&eguZlmk$h1f�lmiAh]cthjk$hjiAuZe oth1c ��r+lxo�k&egk&lmk&e|�xh1w|�x� ��~�egf�egotyMnxiAuZlmk&e|npo v�i&h1f$h1o}k$h1c ego
k&~+egf;�A~�lmv+k$hjiZ�jlxo sBh�i&hj�plmi>cth1c lxf�l ��r+lxwgegk&lmk&e|�xh e o�k$i&n�c+r+��k&egnpo=ego}k$n�k&~th r�o+cthjiAf$k&lxo�c+egot��nxy)k&~th
s�lx�]>}�xi&npr�o+c
�

� ��� � ��
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����

\�kDegf�v�npfAf&e|s�w|h�yMnxi�f$npu�h�y iAlm�puZh1o�kDy iAnpu l�� hjkDk$n;v�lxf&f�k&~ti&nprt�p~�k&~th)�jlxwgnxiAegu�hjk$hji�lxo+c�k&~th1o
npoZk$n-k&~th�u;rtnpoZ�A~�lxu-sBhjiAfj�O��~�egfOegf >�otn J)oZlxf � v�r�o+�A~�D k&~+i&nprt�p~����\� ~th1o�v�r+o��A~�D k&~tiAnprt�p~	n��j�jr+iAf
k&~th � hjk;egf6k ��v�eg�jlxw w|� l�~+e|�p~�h1o+hji&�x��npothx Olxo+c=��npo�f$h1�}r+h1o�k&w|��f&r��A~=l � hjk_J�egwgw\k$h1o�c k$n�c+hjv�npfAe|k-l
w|nxk�nxy\h1othjiA�x� ego�k&~th-�jlxw|nxiAe u�hjk$hji1�[\ oqk&~th-f&h1w|h1��k&e|npo�nxy[^�hj�xh1o}k&f)k&~thji&h9lmi&h;�jrtk&f�egu�vBnpf$h1c%npo]k&~th
k$nxk&lxw lxu�npr�o�k�nxy/h1othji&�x��k&~�lmk�egf�lxwgw|n JDh1c%k$n�sBh�c+hjv�npfAe|k$h1c%ego k&~th6�jlxw|nxiAegu�hjk$hji�lxfAf$n��je lmk$h1c J�e|k&~%l
k$iAlx�]>qk&lW>xh1o]k$nZsBh9lZu;rtnpo
 �lxo+cqk&~th1f$h��jrtk&f�i&h �$h1��k)uZnpf$k�nxy/k&~th9v�r+o��A~�D k&~tiAnprt�p~
��¡)n JDhj�xhji1 Be|k�egf
sBh1wge|hj�xh1c%k&~+lmk)lZf&uZlxwgw
o�r+u�sBhji�nxyKv�r�o+�A~�D k&~+i&nprt�p~%hj�xh1o}k&f)lmi&h�uZegf&egc+h1o�k&e|{�h1c�lxf ^�D hj�xh1o�k&f1�

\�kqegf vBnpf&f&egs�w|h]k$n h1f&k&eguZlmk$h�k&~th o�r+u-sBhji nxy�hj�xh1o}k&f�ego k&~th�{�o�lxw ^ D f&lxu�v�w|h J�~+e �A~ lmi&h
lx��k&r+lxwgwg�=v�r+o��A~�D k&~tiAnprt�p~=hj�xh1o}k&fj� ��~+egf	egf	ctnpo+h s��Hf&k&r+ct��egot�]hj�xh1o}k&f J)~+eg�A~Hv�lxf&f�lxw w�nxy)k&~th ^
�jrtk&f�h;:t��hjv+k)y nxi�k&~+h6nxv+vBnpf&e|k$h;D f&e|�poq�>~+lmi&�xh;�jrtk � u�h1lxo+ego+��k&~th9kPJDn�egc+h1o�k&e|{�h1c �$u�rtnpo�f ��~+l1�xh�k&~th

4�*



5 e|�prti&h 6�� * � 5 wgn J��A~+lmi&k)egwgwgr+f&k$iAlmk&egot�;k&~th6s�lx�]>}�xi&npr�o+c�i&h1uZn �mlxw
v+i&n���h1f&f

4 �



f&lxu�h��>~+lmi&�xhV�>� 8 r��A~�f&lxu�h;D fAe|�po�hj�xh1o}k&f�lmi&h�sBh1wge|hj�xh1c	k$n6sBh�v�r+o+�>~�D k&~ti&npr+�p~�hj�xh1o}k&fj� \ k�egf/sBh1wge|hj�xh1c
k&~+lmk6l�i&nprt�p~+w|�qh1��r+e|�mlxw|h1o}k�o�r+u�sBhji)nxy�v�r+o+�A~3D k&~ti&nprt�p~�hj�xh1o�k&f J�egwgw
h;:tegf$k�J�e|k&~�ego�k&~th	f&lxu�v�w|h�nxy
^ hj�xh1o}k&f � J)~thji&h6k&~th��$u;rtnpo+f ��lmi&h9nxv+vBnpf&e|k$h1wg���A~�lmi&�xh1c��>�

��JDn�w|hj�pe|k&e uZlmk$h � v�r+o+�A~3D k&~ti&nprt�p~��9hj�xh1o�k&f�JDhji&h c+egf&��nV�xhji&h1c2J�e|k&~+egoZk&~th)f&lxuZv�w|h�nxy fAlxu�h;D
f&e|�po��>~+lmi&�xh�hj�xh1o}k&fj �J�~+eg�>~ e u�v�wge|h1f)k&~+lmk6k&~th�o�r+u�s�hji6nxy�v�r+o+�>~�D k&~ti&npr+�p~�hj�xh1o}k&f-e o�k&~th	{�o+lxw[^
f&lxu�v�w|h�egf��xhji&�]f&u�lxwgw ����~�egf�egf�egu�vBnxi&k&lxo}k�sBh1�jlxr+f$h	f&r+�>~]hj�xh1o}k&f6�jlxo�~+l1�xh�f$k$i>lxot�xhE^=��k��mlxwgrth1f
� f&ego���h�k&~thj� lmi&h otnxk ^ hj�xh1o�k&f	k$n�sBhj�pegoRJ�egk&~��>�q��~+egf J)egwgw\sBhZh;:�v�wglxegoth1cHego cthjk&lxe w�ego=k&~th�oth;:�k
�A~�lmv+k$hji1�

��~th6o�r+u-sBhjiDnxy�� v�r+o+�A~3D k&~ti&nprt�p~���hj�xh1o}k&f�J�~+e �A~%��npo�k&lxu�ego+lmk$h6k&~th6{�o�lxw�f&hjkDnxy[^�hj�xh1o}k&f
�jlxo k&~th1o sBh�h1f$k&egu�lmk$h1c
� �Kn�lx�j��npu�v�wge f&~ k&~+e fj \{+iAf$kj \k&~th iAlmk&e|n nxy�nxv+vBnpf&e|k$h;D fAe|�po=k$n�f&lxu�h;D fAe|�po
� v�r+o��A~�D k&~tiAnprt�p~�� hj�xh1o}k&fZJ�~�eg�A~�lmi&h�i&h � h1��k$h1c�s}�;sBnxk&~�nxy�k&~th��jlxw|nxiAe u�hjk$hji��jrtk&f � e|k J�egwgw�sBh�f&~tn J�o
k&~+lmk�lxwgw
hj�xh1o}k&f�J�~�eg�A~qyzlxegw
sBnxk&~qnxy\k&~th��jlxw|nxiAegu�hjk$hji��jrtk&f�lmv+vBh1lmi�k$n�sBh9otnpo�D ^�hj�xh1o�k&f���egf�c+hjk$hji D
uZego+h1c
����~th-o�r+u�s�hji�nxy�f&lxu�h;D f&eg�po � v�r+o��A~�D k&~tnpr+�p~��Zhj�xh1o}k&f�J�~+eg�>~�v�lxf&f)lxwgw nxyOk&~+h��jlxw|nxiAe u�hjk$hji
�jrtk&f;egf6k&~th1oHf&�jlxw|h1cHs}��k&~+e f6iAlmk&e|nt����~+hZi&h1f&r+wgk&egot�qo}r�u-sBhji-egf�lxo h1f$k&e uZlmk$h�yMnxi-k&~+h�o�r+u-sBhji9nxy
� v�r+o��A~�D k&~tiAnprt�p~��	hj�xh1o}k&f�J�~�eg�A~qlmi&h6sBh1wgeghj�xh1c%k$n���npo}k&lxuZego+lmk$h9k&~+h9{�o+lxw�^�fAlxu�v�w|hx�

� ��� ( ���B��!&.���� �-�

\�kDegf�~}��v�nxk&~+h1f&e��jh1cZk&~�lmk���npf&uZe ��iAl ��fDlmi&h)uZn ��egot��e oZl-ctn J�o JDlmiAc c+e|iAh1��k&e|npo � lxfDnxv+vBnpf$h1c
k$n u�n ��egot� rtv1JDlmiAc�f�k&~tiAnprt�p~ k&~+h�h1lmi&k&~��>�C��~+hj� k&~}r+f�h1o}k$hjiqk&~th�� ��5 cthjk$h1��k$nxi�f$npu�h J)~thji&h
k&~ti&npr+�p~ e|k&fqrtv+vBhji�~th1u�egf$v�~thjiAhx )lxo+c k&~+hj� h;:te|k�f$npuZh J�~thji&h�k&~tiAnprt�p~ e|k&f�wgn JDhji�~th1uZe f$v�~thji&hx�
�Dnpf&u�eg��i>l1��f�f$k$iAe >xh lxo�� u�r+npo �>~+lxu�s�hji�e o�k&~th1egiDv�lmk&~
 tlxo+c k&~thj��f$npuZhjk&egu�h1fDv�lxf&fD�xhji&� �jw|npf$h k$n
k&~th�sBh1lxuZw egothx�Kb u;rtnpoZu�nV��e ot�9k$n J�lmiAc+f�k&~th�cthjk$h1��k$nxi � f���h1o}k$hji J)egwgw�k$iAlx��h�k&~+h��xhji&��f&eguZe wglmi\v�lmk&~
lxf�lZv�lxe|i�nxy\nxv+vBnpf&e|k$h1w|� D �A~�lmi&�xh1c�u;rtnpo+f�u�nV��e ot��l�J�l1�qyMi&npu k&~+h-cthjk$h1��k$nxi � f���h1o�k$hji �D��~+h6n � egoth
k$iAlx�]>�ego+����n�c+h J�egw w�k��}v�eg�jlxwgw|�%ego}k$hji&v+i&hjk�l�f$npwge|k&lmi&�%��npf&uZe �6iAl1�%k$iAlx�]>]lxf�k J�n�nxv+vBnpf&e|k$h1w|� D �A~�lmi&�xh1c
nxv+vBnpf&e|k$h1wg� D c+egi&h1��k$h1c%k$iAlx�?>�f�J)~+eg�A~%h1u�lxo+lmk$h-yMi&npu l	�xhji&k$h;:]o+h1lmi�k&~th9sBh1lxuZwge othx�

�Dnpf&uZe �ZiAl ��f	�jlxoHyMlW>xhqlT^�D hj�xh1o�k�ego=npoth nxy�kPJDn J�l1��fj����~th�{+iAf$k;lxo+cHuZnpf$k;��npu�u�npo
u�h1�>~+lxo+egf&u e f)yMnxi-lq��npf&u�eg�;iAl1� k$nqv�lxf&f k&~tiAnprt�p~�k&~thZcthjk$h1��k$nxi;��npego+�jegcth1o}k6ego k&egu�h	k$n�l%sBh1lxu
��i&npf&fAegot�t ^k$iAe|�x�xhjiAego+��npoth�nxy�k&~thDu�rtnpo�cthjk$h1��k$nxiAf/ego9e|k&f v�lmk&~
�/��~th�n � e oth�lxo+lxw|��f&egf ��n�cthDego�k$hjiAv+i&hjk&f

4 �



f&r+�>~�lxo�hj�xh1o}k-lxf6lq�jlxo+c+egc�lmk$h�^�D hj�xh1o�kj /e|y�k&~thZe o��mlmiAeglxo}k6uZlxf&f nxyDk&~th	kPJDn�nxv+vBnpf&e|k$h1w|� D �A~�lmi&�xh1c
nxv+vBnpf&e|k$h1wg� D c+egi&h1��k$h1c�k$i>lx�?>�f�y nxi>u�h1c y i&npu3k&~th6��npf&u�eg��iAl1� egf��jw|npf$h k$n	k&~th6uZlxf&f�nxy k&~+h ^/�tb�f�J�egwgw
sBhZf$hjh1o
 Kk&~thji&hEJDhji&h�f$hj�xhjiAlxw�ctn �jh1o hj�xh1o}k&f-nxyDk&~+egf k��}vBhZv�iAe|nxi k$n�k&~thZiAh1u�n �mlxw�nxy���npf&uZeg�	i>l1��fj�
��~th1f&h�hj�xh1o�k&f�lmi&h)h;:�vBh1��k$h1c�k$n-sBh �$��r+e|hjk ����b)v�lmi&k�yMi&npu k&~th)��npf&u�eg��iAl �x }k&~+hji&h)lmi&h)k ��v�eg�jlxwgwg��yMh J
nxk&~thji�k$iAlx�?>�f ego�k&~+h-hj�xh1o}kj�)��~th-h;:�egf&k$h1o+��h-nxy �$hjk&f�nxyOv�lmi&k&eg�jw|h1f)ego���npf&u�eg�9iAl �qhj�xh1o�k&f6fA~tnpr+wgcqsBh
h;:�k$i&h1u�h1w|� iAlmi&hx�

��~th�f$h1��npo+c
 tw|h1f&fDwge >xh1wg�x  J�l1��y nxi�l	��npf&uZeg�)iAl1��k$n;yzlW>xh6l ^ D hj�xh1o�k�n��j�jrtiAf J�~th1o l���npfAuZeg�
iAl �]v�lxf&f&h1f)k&~+i&nprt�p~�k&~th�� ��5 cthjk$h1��k$nxi9��npego��jegcth1o}k�J�egk&~�lxotnxk&~+hji�hj�xh1o}k J�~+e �A~]~�lxf)iAh1f&r+w|k$h1c ego
k&~th���iAh1lmk&e|npo nxy�l�~+eg�p~+w|��h1othjiA�pe��jh1c u;rtnpo � yMnxi9h;:tlxu�v�w|hx K� D hj�xh1o}k&f;nxy k$h1o=i&h1f&r+w|k9e o�l�f$npwge|k&lmiA�
~+e|�p~�w|�Hh1o+hji&�pe��jh1c u�r+npo��>� \ k�egf�vBnpf&f&e|s�w|hqy nxi%l �$w|hj�pe|k&eguZlmk$h � ���� ��i&h1lmk$h1c hj�xh1o�k%k$n ego+�jwgr�cth]l
��npf&uZe ��iAl ��k$iAlx�?> � lxf�cthjk$hji>uZegoth1c�s���n � ego+h�k$iAlx�?>�egot�}�> tf&r��A~Zk&~�lmk�k&~th���npu�vBnpf&e|k$h�hj�xh1o}k�lmv+vBh1lmiAf
k$n���npo�k&lxe o l�c+e u�rtnpoHego}�^lmiAe lxo�k;uZlxf&f	oth1lmi	k&~th ^/�/b�f"J�egwgw�s�h%f&~tn J�o
 \k&~thqo�r+u-sBhji�nxy�hj�xh1o}k&f
nxy�k&~�egf	k ��vBh%e f��xhjiA� f&u�lxwgw � npo+w|�=npo+h hj�xh1o}kZnxy�k&~+egf;k ��vBh JDlxfZc�egf&��n �xhjiAh1c ego k&~th%h1o�k&egi&hqc+lmk&l
f$hjk>�>��¡)n JDhj�xhji1 +hj�xh1o}k&f�nxy k&~+e f�k��}vBh6lmi&h�h1f$vBh1�jeglxwgw|��egu�vBnxi&k&lxo}kDk$n�i&h1uZn �xh6sBh1�jlxr+f$h�k&~th lmi&s�e|k$iAlmiA�
lxf&f$n��jeglmk&e|npo nxy�k J�n]e o+cthjvBh1o+cth1o}k)u;rtnpo+f � v�i&n�c�r+�jegot�%l ^�D wge >xh�ego}�mlmiAeglxo}k u�lxf&f>���jlxo�i&h1fAr+w|k6ego�l
wglmi&�xh ^�k$iAlxo�f$�xhjiAf$h9u�npuZh1o�k&l��[\ o%k&~+egf��jlxf$h-k&~th6r+o+��nxi&i&h1w lmk$h1c%k$iAlx�?>�f�lmi&h9otnxk�k��}v�eg�jlxwgw|�Zs�lx�?> D k$nWD
s�lx�]>�����~thji&h9e f�lxwgf$n�o+n�i&h1lxf$npo�k$n�h;:�vBh1��k�k&~�lmk�hj�xh1o�k&f�nxy\k&~+egf�k��}vBh J)egwgw�sBh��$�}r+eghjk ��f&ego���h6k&~thji&h
lmi&h9nxk&~+hji�k$iAlx�?>�f)y i&npu k&~th ���� ��npwgw egf&e|npo2J�e|k&~�ego k&~th6hj�xh1o�kj�

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

��~th�lms�f$h1o���hZnxy �$hjk&f � * � X h 9"e f6l%i&hjy hjiAh1o+��h�f&�jlxw|hV�> /lmi&hZego}k$hj�xiAlxwOk$n�� � 5 � f-lms�egwge|k���k$n
h1f$k&egu�lmk$h9k&~th-o�r+u�s�hji�nxy\��npf&uZe �6iAl1�%hj�xh1o}k&fj�

5 e|�prti&h�6�� � fA~tn J�f�k&~th�c+egf$k$i>e|s�rtk&e|npo�nxy�k&~th�o}r�u-sBhjiOnxy * � X h 9 �$hjk&f�ego	k&~th�{�o+lxw�f&lxu�v�w|h�nxy
^%�jlxo+c�egc+lmk$h�hj�xh1o}k&fj��b�wgu�npf$k�npo+h;D k&~+e|iAc	nxyBk&~th�^ D �jlxo+c+egc+lmk$h�hj�xh1o}k&f � *   � < 79nprtk�nxy �   * A * ����npo}k&lxego
lmk�w|h1lxf$k\npoth * � X h 9 � hjkj����npf&uZeg��iAl1��hj�xh1o�k&f�lmi&h�otnxk\h;:�vBh1��k$h1c	k$n9��npo}k&lxego�lxo}� * � X h 9�� hjk&f1 �lxo+c
~th1o+��h�e|k�e f�vBnpf&f&e|s�w|h�k$n-h1f$k&e uZlmk$h)k&~+h�o�r+u�s�hji�nxy ��npf&uZeg��iAl1��hj�xh1o}k&f�egoZl;f&lxu�v�w|h�nxy$^�D wge >xh�hj�xh1o}k&f
s�� cthjk$hji>uZego+ego+��k&~th-y iAlx��k&egnpoqnxyKhj�xh1o}k&f�ego%k&~th-f&lxuZv�w|h J�~+eg�>~q��npo�k&lxe o]lmk�w|h1lxf&k�npoth * � X h 9��$hjkj�

b ��npf&uZe �)i>l1��k&~�lmk�e fDe o�k$hji&v�i&hjk$h1c�lxf�k&~+h�k J�n�k$i>lx�?>�f�nxyKl ^�u�r+f&kD��npo}k&lxego%s�lx�]> D k$nWD s�lx�]>
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 10 GeV jets
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5 e|�prti&h 6�� � �Dc+egf$k$i>e|s�rtk&e|npo�nxy * � X h 9 �$hjk&f�y nxi)k&~th6{�o+lxw
fAlxu�v�w|h6nxy[^��jlxo+c+e c+lmk$h6hj�xh1o�k&f
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k$iAlx�]>�fj�O��~+hDf&lxuZv�w|hDnxy ^�hj�xh1o�k&f J�~+hji&h�k&~+h�lxo+�pw|h�sBhjk J�hjh1o	k&~thDk$iAlx�]>�fOk&~�lmkKyMnxiAuCk&~th�^Ze fK�xiAh1lmk$hji
k&~+lxo * 6 � cthj�xi&hjh1f�u;r+f$k���npo}k&lxego%k&~th ��npf&uZeg��iAl ��s�lx�]>}�xiAnpr+o+c
��b ��npuZv�lmiAegf$npo nxyKk&~th)yMiAlx��k&e|npo%nxy
hj�xh1o}k&f J�egk&~ * � X h 9 � hjk&f�ego�k&~th1u s�lx�?> D k$nWD s�lx�?> iAh1wglmk&e|�xhZk$n�k&~+h�i&h1uZlxego+e ot�%hj�xh1o�k&f-��e|h1w c+f k&~th
yMiAlx��k&e|npoqnxyO��npf&uZe � iAl1�%s�lx�]>}�xi&npr�o+c
�

\�k f&~tnpr�wgc�sBh�o+nxk$h1c�k&~�lmk ^=hj�xh1o}k&f J�e|k&~ l�f&u�lxwgw|hji)lxo+�pr+wglmi�k$iAlx�?> f$hjvBhjiAlmk&e|npo�lmi&h	u�nxi&h
wge >xh1wg� k$n ~+l1�xh �$hjk&f lxfAf$n��je lmk$h1c J�egk&~ k&~th1uq� \ y9l=fAlxu�v�w|h�nxy_^ D wge >xh]hj�xh1o}k&f%egf�f&h1w|h1��k$h1c J)~thji&h
k&~th	lxot�pr+wglmi�f$hjv�lmiAlmk&egnpo�sBhjk J�hjh1o k&~th�k$iAlx�?>�f k&~+lmk�y nxiAu k&~th ^ e f��xi&h1lmk$hji6k&~+lxo�nxi�h1�}r+lxwKk$n * 6 �
cthj�xi&hjh1f1 +k&~th1oqk&~th6yMiAlx��k&e|npo�nxy/hj�xh1o}k&f���npo}k&lxego+e ot�Zlmk�w|h1lxf$k�npoth * � X h 9��$hjk�egf�i&h1c+r���h1cqy iAnpu npoth
k&~+e|i>c%k$n�lmsBnprtk�npoth9��r+lmi&k$hji � * 6 � nprtk�nxy[6(6'<Zhj�xh1o}k&f>�>�

��� ��� � ��� ��� � � � � � ������� �

��~th ¡)lxc+i&npo%� � ��� fDv+i&n ��egcth�lxo h;:���h1wgwgh1o�k�~+lxo+c�w|h�yMnxi�cthjk$hjiAuZego�egot� J�~�eg�A~ ^�D wge >xh�hj�xh1o}k&f
lmi&h;egoqyzlx��k���npf&u�eg�9iAl �qhj�xh1o�k&f1����~th-¡�lxcti&npo�� � ��� f)v+i&n ��egcth�lx�j�jrtiAlmk$h;k&eguZegot�Ze oty nxi>uZlmk&e|npoqyMnxi
l k$iAlx�?> sBhjkPJDhjh1o f&�jego}k&egwgw lmk$nxiAf-npo k&~+h k$nxv lxo�c s�nxk$k$npu nxy)k&~thqcthjk$h1��k$nxi1� 5 nxi�l �$w|hj�pe|k&e uZlmk$h �
^�D hj�xh1o}kj �k&~th�~+lxctiAnpo+eg��� � ��� f�k&eguZegot�6ego+y nxiAu�lmk&e|npoZf&~tnpr�wgc	h;:�~�e|s�e|kOoth1lmiAwg��h1��r+lxw ��e|�p~�kOk&e u�h1f�yMnxi
k&~th6k J�nZu;rtnpo%k$iAlx�]>�fj �f&ego+��h k&~th kPJDn�u;rtnpo+f�J�e wgw�~�l1�xh6sBhjh1oq��i&h1lmk$h1c�lmk�k&~th9fAlxu�h9u�npu�h1o}k�lxo+c
J�egw w
i&h1lx�A~�k&~th	u�r+npo�cthjk$h1��k$nxi>f�lmk�i&nprt�p~�w|�%k&~th�f&lxuZh�k&eguZhx��¡�n J�hj�xhji  
y nxi l���npf&u�eg�-i>l1�qhj�xh1o}kj 
k&~th6~+lxctiAnpoq� � ��� f�k&eguZego+��egotyMnxiAuZlmk&egnpo�yMnxi�k&~th k$iAlx�]>%e o�k&~+h r+v+vBhjiD~th1u�egf$v�~thjiAh�egfDh1lmiAw e|hji�k&~+lxo
k&~th9~+lxc+i&npoq� � ��� f�k&egu�egot�;y nxi�k&~+h6k$iAlx�?>qego%k&~th9wgn JDhji�~th1uZegf&v�~thji&h � s}� k&~th6k$nxk&lxw
��e|�p~}k�k&egu�h k$n
��i&npf&f�k&~th-cthjk$h1��k$nxi��>����~+e f�k&e u�h9c+e��Bhji&h1o+��h9�jlxo]s�h6r+f&h1cqk$n�~th1w|vqk$n�egcth1o}k&e|y � ��npf&uZeg� i>l1�%hj�xh1o�k&f1�

5 e|�prti&h 6�� � f&~tn J)f�k&~th-c+e f$k$iAe|s�r+k&e|npoZnxyO~+lxctiAnpo�� � � k&eguZe ot��egotyMnxiAuZlmk&e|npo%yMnxi�lxwgw
k$i>lx�?>�fj 
v+iAegnxi�k$nZk&~th-eguZv�w|h1u�h1o}k&lmk&e|npo%nxy\�jrtk&f�cth1fAe|�poth1c%k$nZi&h1uZn �xh���npfAuZeg� iAl ��fj� ��nxk$h-k&~+lmk�k&~th-~�lxcti&npo
� � �Ck&eguZhZc+e��Bhji&h1o+��hZ�jlxo+otnxk�f$npw|h1w|� sBh	r�f$h1c�k$n]egc+h1o�k&e|yM����npfAuZeg�	iAl � hj�xh1o}k&f�s�h1�jlxr�f$h�k&~thj��ctn
otnxk�v+i&nV��egc+h;��npu�v�w|hjk$h��xhjnpuZhjk$iAeg�jlxwO��n �xhji>lm�xhx� I o+wg� F 4 � nxy�k&~th;k$nxk&lxwZ^=fAlxu�v�w|h�nxy�hj�xh1o}k&f6~+lxf
f&r+�>~ c+lmk&l�� ��~th]��nV�xhjiAlm�xh�egfZlx��k&r+lxwgwg� sBhjk$k$hji�y nxi�uZnxi&h]��h1o}k$iAlxwgw|� c+e|iAh1��k$h1c k$iAlx�?>�fj �f&e o+��hqk&~th
~+lxctiAnpo+eg� �jlxw|nxiAeguZhjk$hji�v+i&nV��egc+h1f���n �xhjiAlm�xh;nprtk�k$n�lxoqhjk&lZnxy\lmsBnprtk � �@7�lxo+c%y h JDhji�k$iAlx�]>�f)sBhj�xnpo+c
k&~+egf�~+l1�xhq~+lxc+i&npo=� � � k&eguZego+�]egotyMnxiAuZlmk&e|npo �2\ y�npo+w|��k&~+h�c+egu;rtnpo=hj�xh1o�k&f	lmi&h%��npo+f&egc+hji&h1c yMnxi
J�~+e �A~ sBnxk&~qw|hj�pf�v�lxf&f�k&~tiAnprt�p~%f&rtvBhjiAwgl �xhji�6;nxi�~+e|�p~thji1 �oth1lmiAwg�27 ��� nxyKk&~th6hj�xh1o�k&f�~+l1�xh-~�lxcti&npo
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 had tc timing info (ns)
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5 e|�pr+i&h 6�� � � �
	��
� ~+lxcti&npo�� � � k&eguZegot��ego+y nxiAu�lmk&e|npo
 tlxwgwBk$iAlx�]>�f

� � � k&e uZegot�9ego+y nxiAu�lmk&e|npoZl1�mlxegwglms�w|h�yMnxi�sBnxk&~�w|hj�pf1�\¡�lxcti&npo�� � � k&e uZegot�9ego+y nxiAu�lmk&e|npo�egf�lxw u�npf$k
lxw J�l1��f�l1�mlxegwglms�w|h)yMnxi�lmk�w|h1lxf$k�npo+h�nxy/k&~th kPJDnZk$iAlx�]>�f�D�npo+w|��7;nxyKk&~th6hj�xh1o�k&f�lmi&h9uZegf&fAegot��~�lxcti&npo
� � � k&eguZegot��egotyMnxiAuZlmk&e|npoqyMnxi sBnxk&~�nxy�k&~th;u�r+npo]k$iAlx�]>�f1 Be u�v�w|��egot�	k&~+lmk�k&~thji&h	egf�f&npu�h;~�lxcti&npo
� � � k&egu�egot��egotyMnxiAuZlmk&e|npo%v�i&h1f$h1o}k�y nxi�7(7��BA � nxy/k&~th9hj�xh1o}k&fj�

5 e|�prti&h 6��=<]f&~+n J�f6l�wgnx�plmiAe|k&~+uZe �-v�wgnxk�nxyDk&~th�k&eguZhZc+e��Bhji&h1o+��h	y nxi9c�egu�r+npo�hj�xh1o}k&f�v+iAe|nxi
k$n h1e|k&~thji�k&~th;lmv�v�wgeg�jlmk&e|npo]nxyOk&~th	��npf&uZeg�-iAl1��{�w|k$hji)nxi�k&~th;i&h1��r+e|i&h1u�h1o}k�k&~�lmk)k&~th;c+egu;rtnpo]u�lxf&f
sBh�sBhjk J�hjh1o 6 � X h 9"lxo+c * �m� X h 9;�$I�y�ego}k$hji&h1f$k6egf�k&~th	s�r�u�v�sBhjk J�hjh1o *�4 o�f6lxo+c � * o+fj  J�~+e �A~
egf�sBh1wge|hj�xh1c�k$nqsBh��jlxr+f$h1c�s�����npf&u�eg�	iAl1� hj�xh1o}k&fj����~thji&h�lmi&hZlqf&u�lxwgw\o}r+u�sBhji nxy�hj�xh1o}k&f J�~+e �A~
~+l �xh�J�~�lmk�lmv+vBh1lmiDk$n-sBh)uZe f&u�h1lxf&rtiAh1c�k&eguZego+�-egotyMnxiAuZlmk&e|npo � k&~th�k&eguZh)c+e��Bhji&h1o+��h�egf�w lmi&�xhV�>� \�kDegf
sBh1wge|hj�xh1c-k&~+lmkKk&~�egf ~+lmv�v�h1o�f.J�~th1o-k&~thDnxiAe|�pego+lxw�u�rtnpo;egf/uZegf&f&h1c-lxo+c-k&~thDfA�jego�k&e wgwglmk$nxi iAhj�pegf$k$hjiAfKk&~th
v�lxf&fAegot�	nxy/l	v�lmi&k&eg�jw|h6lmk�f$npuZh9wglmk$hji�vBnpego}k�e o%k&egu�hx� 5 nxi)k&~th9f&lxu�h6i&h1lxf&npoqk&~thji&h9lmi&h�lxwgf$n�hj�xh1o}k&f
J�~+e �A~ ~+l1�xh�l k&egu�h	c+e��Bhji&h1o+��h_J�~+eg�>~�egf ��npu�v�lmiAlms�w|h;k$n%k&~th�k&e u�h;c�e���hjiAh1o+��h-nxy�k&~th;��npfAuZeg��iAl1�
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 hadronic TDC timing difference (ns)

Entries
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5 e|�prti&h 6��=<t� �
	 �
� ~+lxc+i&npo�� � � k&egu�egot��c+e��Bhji&h1o+��h

hj�xh1o}k&f � k&~th���npfAuZeg�)iAl1�Zhj�xh1o}k&f�lmi&h lmi&h l-s�r�u�vZnpo%l-yzlxwgwge ot�9f$vBh1��k$iAr+u��>�O¡)h1o+��hx +ego�k&~th)iAh1u�n �mlxw
nxy���npfAuZeg�	iAl ��f yzlx��k$nxiAf6nxk&~thji-k&~+lxo�k&~th�~+lxcti&npo�� � � k&eguZh	c�e���hjiAh1o+��h�u�r+f&k�sBh�r+f$h1c  Be o�nxi>cthji
k$nZi&h �$h1��k�lxf)wge|k$k&w|h nxy\k&~th9f&e|�po�lxw
lxf�vBnpf&f&e|s�w|hx�

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

��~th�� � 5 k$iAlx�]>�e ot�=��n�cth�lxf&f&r+uZh1f�k&~+lmkZk&~th]v�lmi&k&eg�jw|h1fZk$iAl1�xh1w�y i&npu k&~th]��h1o}k$hji�nxy k&~th
cthjk$h1��k$nxi6nprtk JDlmi>c+fj  J�~+eg�>~]egf�J�i&npot��y nxi lxo ego+��npuZego+����npf&uZeg�-iAl1�]k$iAlx�?>�����~+egf�nxyMk$h1o i&h1f&r+w|k&f)ego
l%vBn}nxi>w|��u�h1lxfArti&h1c�k$iAlx�]>� �J�~+eg�>~�ego�k&rtiAo��jlxo �jlxr�f$hZvBn}nxi6�xhjiAk$h;:�ego+�t�Zb)c+c�e|k&e|npo+lxwgwg�x �l���npfAuZeg�
iAl ��k$iAlx�]>%�jlxo%�peg�xh6iAegf$h�k$n�l	v�n�nxi��A~+e D f&�}r�lmi&h1c {+k�J�~th1o k&~th k$iAlx�?>%egf���npo+f&k$iAlxegoth1c k$n�k&~th �xhji&k$h;:
cthj{�o+h1c9s��6k&~th�sBh1lxuCf$vBnxkj ^e|y�k&~thjiAhDegfKotn�sBh1lxu �xhji&k$h;:�oth1lmi/k$n�J)~thji&h�k&~+h���npf&uZe ��iAl �9k$iAlx�?>�uZlxcth
e|k&f �jw|npf$h1f&k lmv�v+i&nplx�A~�k$n%k&~th	sBh1lxuZwge othx�6��npf&uZeg��iAl1��f6lmi&h	i&h1u�nV�xh1c lx�j��nxiAc+e ot��k$nqk&~+h�yMnpwgw|n J�egot�
f$k$iAlmk$hj�pegh1fj�Z\ oqlxwgw �jlxf$h1f�k&~th9lmv+v+iAnxv+iAeglmk$h6h Y��jegh1o+�je|h1f�J�e wgw�o+hjh1c�k$nZsBh6cthjk$hjiAuZe oth1c
�

4 F



* ����~th)wglmiA�xh�wgr�uZegotnpf&egk&e|h1f\k&~+lmkDk&~th�lx�j��h1wghjiAlmk$nxi�JDlxfDnxyMk$h1o iAr+o�lmk�u�h1lxo}kDk&~+lmkDegkZJ�lxf�k��}v�eg�jlxw
k$n]{�o+c�u�nxi&h�k&~+lxo�npo+h�v+iAeguZlmiA���xhji&k$h;: ego k&~thZf&lxu�h�hj�xh1o}kj�Z¡)h1o+��hx Ke|k J�lxf6vBnpf&f&e|s�w|h-yMnxi
k J�n�~+e|�p~%��k�k$iAlx�]>�f)ego%lxo%hj�xh1o�k�J�~�eg�A~%�jlxu�h9yMi&npu"f$hjv�lmi>lmk$h-��npwgwgegfAe|npo+f�k$n�yzlW>xh-l ^�hj�xh1o}kj�
\ k JDlxf�vBnpf&f&egs�w|h9k$nqegcth1o}k&e|yM��u�npf$k�nxy�k&~th1f&h;hj�xh1o}k&f s��]egu�vBnpf&ego+��l%uZl':�e u�r+u c+egf&k&lxo+��h�nxy
4 �ju s�hjk J�hjh1o k&~th%s�h1lxuED ��npo+f$k$iAlxego+h1c u�rtnpo k$i>lx�?> �xhji&k&eg��h1fj�N\ o lxc+c+e|k&e|npo k$n�i&h1uZn ��egot�
i>lxo+ctnpuZw|� ��nxi&i&h1wglmk$h1c�u�r�w|k&e|v�w|h �xhji&k$h;:�hj�xh1o}k&fj �k&~+egf��jrtk�lxw f$nZi&h1u�nV�xh1c]hj�xh1o}k&f�J�e|k&~q~+e|�p~�w|�
u�egf&u�h1lxf&r+i&h1c9k$iAlx�]>�f1��J)~+eg�A~�ego+�jwgr�cth1c sBnxk&~-��npf&uZe ��iAl �9hj�xh1o�k&f\lxo+c��$w|hj�pe|k&e uZlmk$h � ^�hj�xh1o�k&f1�
��h1u�n ��egot� �$w|hj�pe|k&egu�lmk$h �Q^ hj�xh1o�k&f2J�~+e �A~ ~+lxcXlmk�w|h1lxf&k�npoth ~+e|�p~+w|� uZegfAu�h1lxf&rti&h1c k$iAlx�?>
J�lxf lx��k&r+lxwgw|�%sBh1othj{��je lxw sBh1�jlxr+f$h�k&~th;�]npo�k$h���lmi>w|n���npr+wgc�otnxk�sBh�i&h1wge|h1cqnpo�k$n i&hjv+i&n�c+r+��h
h;:�vBhjiAegu�h1o}k&lxwpk&lxe wph �Bh1��k&fOlx�j�jrtiAlmk$h1w|�x�O��~+e f �jrtk\~+lxc-l)othj�pwge|�pe|s�w|hOh ��h1��k\npo�i&h �$h1��k&egot�)��npfAuZeg�
i>l1��hj�xh1o}k&fj }sBh1�jlxr+f&h�k&~thji&h�J�hji&h�nxk&~thji�~+lxo�c+w|h1f � f$hjh)sBh1w|n J��$J)~+eg�A~�c+egc�l-u;r+�>~ZsBhjk$k$hji �$nxs �
\ k�sBh1�jlxu�h vBnpf&f&e|s�wgh�k$nZcth1��nprtv�w|h k&~+egf��jrtk�y iAnpu"k&~th {�o+lxw��xhjiAf&e|npo%nxyKk&~th9��npf&uZe �)i>l1� {�w|k$hji1�
��~+egf\�jrtk J�lxf�egu�v�w|h1u�h1o}k$h1c�yMnxi�k&~th�v�rti&vBnpf$hDnxy�i&h �$h1��k&egot�9u;r+w|k&egv�w|hD�xhji&k$h;:�hj�xh1o�k&fj �lxo+cEJ�lxf
o+nxk�othjh1cth1c�e o%nxiActhji�k$nZiAh � h1��k���npfAuZeg�6iAl ��hj�xh1o}k&fj�

� ��� ~th1oqsBh1lxu D ��npo�f$k$iAlxego+e ot�_J�lxf�vBhji&yMnxiAu�h1c npo%h1lx�A~]k$iAlx�?>� +k&~th9�>~+e D f&��r+lmi&h1c%nxyKk&~th6{+k�J�lxf
e o+e|k&eglxwgwg��i&h1��r+e|i&h1c�k$n�sBh�l�i&h1lxf$npo+lms�wghZ�^lxw rthx  nxk&~thji]J�egf$h�k&~th�hj�xh1o�k"JDlxf-i&h �$h1��k$h1c � k&~+e f9egf
l f$k&lxo+c�lmiAc � � 5 �jrtk>�>�d��~�egfZ�jrtk2J�npr�wgc ~+l �xh�iAh1u�n �xh1c sBnxk&~X��npfAuZeg��i>l1� hj�xh1o}k&fqlxo+c
�$wghj�pe|k&eguZlmk$h �R^ hj�xh1o�k&f1 �h;:t��hjv+k	k&~+lmk	k&~th �jr+k_J�lxf	i&h1wgl':�h1c k$n�k&~th%vBnpego}k-k&~+lmk�e|k;~+lxc otn
h �Bh1��k�npo k&~th%{�o+lxwDf&lxu�v�w|h lmk�lxwgw � ��~+egf�i&h1wgl':tlmk&e|npoQJDlxf�c+npoth�sBh1�jlxr+f&h k&~+h%��npfAuZeg��iAl1�
{�w|k$hji J�lxf-cthjk$hjiAu�egoth1c�k$n]sBh��xhji&��f&r��j��h1f&f$yzr+wOlmk-i&h �$h1��k&egot����npf&uZeg�	iAl ��f1 /lxo+c=lmv+v�w|��egot�ql
�>~+e D f&��r+lmi&h1c]�jrtk�npo�sBh1lxu D ��npo+f&k$iAlxego+ego+�	o+hjh1c+w|h1f&f&wg����npu�v�wge �jlmk$h1c�uZlmk$k$hjiAfj�

� ��¢��xh1o�k&f�J)~+eg�A~�~+l1�xh6~+lxc+i&npo�� � � k&egu�h1f�yMnxiDsBnxk&~ ~+e|�p~���k�u�rtnpo�k$iAlx�]>�f�J�~�eg�A~�uZlW>xh1f�k&~th
hj�xh1o}k�w e >xh1w|� k$n�sBhZl���npf&uZeg�ZiAl1��lmi&hZiAh � h1��k$h1c
� ��~+egf6e o��xnpw|�xh1f-i&h1��r+e|iAego+��k&~+lmk-k&~th�rtv+vBhji
lxo�c wgn JDhji	~+h1uZegf$v�~+hji&h1f9nxy�k&~+h cthjk$h1��k$nxi�h1lx�>~ ~+l1�xh%npoth nxy�k&~th k$iAlx�]>�fj �k&~+lmk	k&~th�k$i>lx�?>�f
sBh�lmv+v+i&n :�egu�lmk$h1w|��s�lx�?> D k$nWD s�lx�]>� �lxo+c�k&~�lmk�k&~th ~+lxctiAnpo�� � � k&egu�h�c+e��Bhji&h1o+��h)y nxi�k&~th�kPJDn
k$i>lx�?>�f�u;r+f$k�sBh�J�egk&~+ego	lxoZlmv+v+iAnxv+iAeglmk$h��mlxwgrth�iAlxo+�xhx����~+egfO�jrtk J)egwgw�i&h �$h1��k�l9f&u�lxwgwto}r�u-sBhji
nxy��$w|hj�pegk&eguZlmk$h ��^ hj�xh1o}k&fj �egoqlxc+c+e|k&egnpo�iAh � h1��k&ego+��u�npf$k�nxy/k&~th-��npfAuZeg� iAl � hj�xh1o}k&fj�
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<t��¢��xh1o�k&f J�~+e �A~ ~+l �xh=k$iAlx�]>�f�ego h1lx�A~C~th1uZegf&v�~thji&h�nxy;k&~th=cthjk$h1��k$nxi�lxo+c J�~�eg�A~ lmi&hHlxwgf$n
lmv�v+i&n�:teguZlmk$h1wg��s�lx�?> D k$nWD s�lx�?> lxo+c J�~+eg�>~=lxwgf&n�~+l �xh%~�lxcti&npo=� � � egotyMnxiAuZlmk&egnpo yMnxi�npo+wg�
npo+h�nxy�k&~th�k J�n�k$i>lx�?>�f9lmi&h�i&h �$h1��k$h1c e|y�k&~+h�h;:�egf&k&egot�%~+lxcti&npo�� � �dk&eguZe ot� e oty nxi>uZlmk&e|npo�egf
��npo�f&egf$k$h1o}k J�e|k&~ k&~+lmk nxy�l ��npfAuZeg�	iAl �x���Kn�lx�j��npu�v�wgegfA~�k&~�egfj 
c+e��Bhji&h1o}k �jr+k&f6lmi&hZegu�vBnpf$h1c
c+hjv�h1o�c+egot�qnpoQJ�~thjk&~+hji�nxi	otnxk;k&~th�k$i>lx�?> J)~+eg�A~H~+lxf	~+lxcti&npoH� � � k&eguZegot��egotyMnxiAuZlmk&e|npo
l �^lxe wglms�w|h	egf�lxo r+v+vBhji)~th1uZe f$v�~thji&h-k$iAlx�?>�nxi l w|n J�hji9~th1u�egf$v�~thjiAh9k$iAlx�?>�  J�~+e �A~��pe|�xh1f�iAegf$h
k$n c+e��Bhji&h1o}k9h Y��je|h1o+�jegh1fj�q��~th�h Y��je|h1o��je|h1f9nxy�k&~th1f&h��jrtk&f�lmi&h�otnxk��xhji&���xn}n�c
 /sBh1�jlxr+f$h�nxy
k&~+h�wglx�]>Znxy ~+lxc+i&npo�� � � k&eguZe ot�-egotyMnxiAuZlmk&egnpoZego�k&~th�hj�xh1o}k&f � e|k�egf�npo+wg��v+i&h1f$h1o}k�yMnxiDnpoth)nxy
k&~+h9kPJDn�k$iAlx�]>�f��>��¡)n JDhj�xhji1 �k&~+hji&h9lmi&h-otnxk��xhji&�quZlxo�� hj�xh1o}k&f�nxy\k&~+egf�k��}vBh9k$n�s�hj�pe o J�e|k&~
 
lxo�cqk&~th-f$k$i>lmk$hj�x�%e f�l�i&h1lxf$npo�lms�w|h6npothx�

4 ��b�wgw�lxc�c+e|k&e|npo+lxw�k$iAlx�?>�f�e o�h1lx�A~ hj�xh1o}k;lmi&h f$k&r+c+egh1c ego l�f$h1lmiA�A~HyMnxi-vBnpf&f&e|s�w|h���npf&uZeg��i>l1��fj�
¢�lx�A~ lxc�c+e|k&e|npo+lxwKk$iAlx�]> egf ��nprtv�w|h1c k$n h1lx�>~�nxy�k&~+hZ�jlxo+c+egc+lmk$h	~+e|�p~���k u;rtnpo k$iAlx�]>�fj /lxo+c
k&~+h;~+lxc+i&npo]� � � k&egu�h	c+e��Bhji&h1o+��h � e|yOe|k)egf�l1�mlxegwglms�w|hV��egf)r+f$h1c�k$n c+hjk$hjiAuZegoth;e|yOlxo��]nxy�k&~th
iAh1f&r+w|k&ego+� k$i>lx�?>�v�lxe|i>f6lmi&h���npo+f&e f$k$h1o�k J)e|k&~�sBh1egot�qlq��npf&uZe ��iAl1�x� ��~+egf6f&h1lmiA�A~Hc+egf&��nV�xhji&h1c
npo�w|��npo+h9hj�xh1o�k�nxy\k&~+egf�k��}vBhx� \�k�egf�~���vBnxk&~th1f&e��jh1cqk&~�lmk)ego%k&~+e f�hj�xh1o�k�lZ��npf&uZe �6iAl1�%v�lxfAf$h1c
k&~+i&nprt�p~�k&~th�cthjk$h1��k$nxi���npego+�jegcth1o}k J�e|k&~�l�� D u;rtnpoHhj�xh1o�k�s�h1e ot�%v+i&n�c+r+��h1c
  lxo�c�k&~thZ� D

u;rtnpo��jlxo�c+egc+lmk$h9��nprtv�w|h1c%k$nZnpoth9nxy/k&~th6k J�n ��npf&uZeg� iAl �%k$iAlx�?>�f�k$nZyzlW>xh-l�^�hj�xh1o}k>�>����~+egf
f&h1lmiA�A~ JDlxf6npo�w|�]vBhji&yMnxiAu�h1c�e|y�k&~thZ~+lxcti&npo�� � � k&egu�h�c+e��Bhji&h1o+��hEJ�lxf9l1�mlxegwglms�w|hx� \�k J�lxf
vBnpf&fAe|s�w|h�k$n9h1f$k&eguZlmk$h�k&~+h�o}r+u�sBhji\nxy���npf&u�eg��iAl1�;hj�xh1o}k&f[J�~+e �A~;k&~+egfOf$h1lmi>�A~ZuZe f&f$h1c;sBh1�jlxr+f$h
~�lxcti&npo � � ��k&egu�egot��egotyMnxiAuZlmk&egnpoRJ�lxf;w lx�?>�egot� � fAego+��h�k&~+h�h Y��je|h1o���� nxy�k&~th%f$h1lmiA�A~QJ�lxf
yzlxe|iAwg�	~�e|�p~
 }lxo�c�f&e o+��h�k&~th f$h1lmiA�>~qc+egf&��nV�xhji&h1c�npo+w|��npoth�hj�xh1o�kj tk&~+h1o�k&~+h)o�r+u-sBhjiDnxy hj�xh1o}k&f
k&~+h-f$h1lmiA�>~]uZegfAf$h1c%k&rtiAoth1c%npr+k�k$nZsBh6f&uZlxwgw �>�

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

��iAegnxi�k$n]k&~thZlmv+v�wge �jlmk&e|npo nxyD�jrtk&f-cth1f&e|�poth1c�k$nqiAh1u�n �xh ��npf&uZeg�;iAl ��fj /lqf$k&r+ct� JDlxf-��npo�D
c+r+��k$h1c k$n cthjk$hjiAu�egoth k&~th�lmv+v+i&nxv+i>eglmk$h�~+lxc+i&npo � � � k&e uZegot� lxo+c lxot�pr+wglmi k$iAlx�?> f$hjv�lmi>lmk&e|npo
v�lmiAlxuZhjk$hjiAf J�~�eg�A~ JDhji&h�othjh1cth1c=ego�nxiActhji9k$n�egu�v�w|h1uZh1o�k lxo�h Y��je|h1o}k-��npf&u�eg�	iAl1��{�wgk$hji1� 5 egiAf$kj 
c+egr�u�npo+f J�hji&h9f&h1w|h1��k$h1c J�~+eg�>~%~+lxc%k$iAlx�?>�f�ego h1lx�>~qnxyKk&~+h c+hjk$h1��k$nxi � f�~th1u�egf$v�~thjiAh1fj��CDnxk&~qk$i>lx�?>�f
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JDhji&h%i&h1�}r�e|i&h1cHk$n�~�l1�xh�~+lxctiAnpo � � � k&eguZh1fj�T\�y�k&~th%k&egu�h%c+e��Bhji&h1o+��h2JDlxf	vBnpf&e|k&eg�xh � othj�plmk&eg�xhV�
yMnxi�k&~th9w|n J�hji�~+h1uZegf$v�~+hji&h)k$i>lx�?>qi&h1wglmk&eg�xh6k$n�k&~th-rtv+vBhji�~th1uZe f$v�~thji&h�k$iAlx�]>� +k&~�egf�cthjk$hjiAuZe oth1c%k&~th
hj�xh1o}k�J�lxf��jwglxf&f&h1c�lxf �$ctn J�o J�lmiAc�D uZn ��egot� � � �$rtv1J�lmiAc�D u�nV��ego+� ���>�

��w|nxk&f�nxyKk&~th9lxot�pr+w lmi�f&hjv�lmiAlmk&e|npo%sBhjkPJDhjh1oqk&~th6k$i>lx�?>�f � v+iAe|nxi�k$n�sBh1lxu D ��npo+f&k$iAlxego+ego+�}�OyMnxi
sBnxk&~ k&~+h �$ctn J�o J�lmiAc�D uZn ��egot� � lxo+c k&~+h �$rtv1J�lmiAc�D u�nV��ego+� � hj�xh1o}k&f J�hji&h�uZlxcthx�Cb f$v�e >xh ego
k&~th�oth1lmi>w|�=s�lx�]> D k$nWD s�lx�?> i&hj�pe|npo y nxi�k&~th �$c+n J�o JDlmi>c�D u�n ��egot� � hj�xh1o�k&f���npr+wgc eguZuZh1c+eglmk$h1w|� sBh
f$hjh1o
 �lxo�nxs���egnpr+f�lmi&k&egyMlx��k)nxy���npf&uZeg�-iAl1��fj����v�v�hji)lxo+c]w|n J�hji wgegu�e|k&f�y nxi)k&~th�~�lmiActnpo�� � � k&egu�h
c+e��Bhji&h1o+��h�J�hji&h�k&~th1o=eguZv�w|h1u�h1o}k$h1c lxf�v�lmi&k9nxy�k&~th ��npf&uZeg��i>l1� f$h1w|h1��k&egnpo v+i&n���h1f&fj�%��~thZw eguZe|k&f
JDhji&hqlxc �$r�f$k$h1c ego nxiActhji	k$n�uZego+egu�e��jh�k&~thqo�r+u�s�hji;nxy)r+v J�lmiAc�D u�nV��e ot� �$wghj�pe|k&eguZlmk$h �R^Xhj�xh1o}k&f
ego]k&~th�lxot�pr�wglmi)c+e f$k$iAe|s�r+k&e|npo%v�w|nxk&fj �J�~+egwgh9lmk)k&~th;f&lxu�h	uZl':teguZe��jh9k&~+h�o�r+u-sBhji)nxyOhj�xh1o�k&f6ego]k&~th
ctn J�o J�lmiAc�D uZn ��egot�9hj�xh1o}k&fZJ)~+eg�A~ J�hji&h�s�h1w e|hj�xh1c�k$n-sBh�u�npf&k&w|����npf&uZeg��i>l1��fj�O��~+egfOu�hjk&~+n�c�uZlxcth
e|kZvBnpf&fAe|s�w|h%k$n f$hjk�k&~th w|n JDhji%lxo+c rtv�v�hji�~+lxcti&npo � � � k&eguZe ot� wgeguZegk&f	k$n=sBh *�4 o+f�lxo+c � * o�fj 
i&h1f$vBh1��k&e|�xh1wg�x 3J�~+eg�>~ ��nxiAi&h1f$vBnpo+c+f�k$n�k&~th6k&e u�h;D nxy D ��e|�p~�k�yMnxi�lZ��npf&u�eg��iAl1� J�~+e �A~%�jlxoqyzlW>xh-l�^�k$n
k$iAl �xhjiAf$h-k&~+h9cthjk$h1��k$nxi1�

5 e|�prti&h 6�� 4 fA~tn J�f�k&~th kPJDn lxot�pr+wglmi;c+egf$k$i>e|s�rtk&e|npo�fj �J�egk&~ k&~th nxs}��e|npr+f;wglmi&�xh%f&rtiAv�wgr+f6nxy
s�lx�]> D k$nWD s�lx�]>=ctn J�o J�lmiAc�D uZn ��egot��hj�xh1o}k&fj� 5 e|�pr+i&h 6��@6�f&~tn J�f6k&~+e f6f&rti&v�w r+f�h;:�v�wge �je|k&w|� J�~+h1o�k&~th
rtv1JDlmi>c�D u�n ��egot��hj�xh1o}k&f/lmi&h�f&r+s+k$iAlx��k$h1c6yMi&npu k&~+h�ctn J)o J�lmiAc�D u�nV��e ot��hj�xh1o�k&f1�\��~+egfBv�w|nxkKf&rtv+vBnxi&k&f
k&~th �A~tnpe ��h�nxyKlxo lxo+�pr+wglmi�f$hjv�lmiAlmk&e|npo nxy * 6 � c+hj�xi&hjh1f�lxf�lxo lmv�v+i&nxv+iAe lmk$h)lxot�pr+w lmiDw|n J�hji�wge uZe|k�yMnxi
k&~th-f&h1w|h1��k&e|npoqnxy\��npf&uZeg�9iAl1��fj�

8 hj�xhjiAlxw�c�e���hjiAh1o�k6u�hjk&~tn�c+f6��npr+w c�k&~th1o�sBhZr+f$h1c�k$n�cthjk$hjiAu�egoth�~tn J uZlxo�����npf&uZe �	iAl1��f
~+lxc�lx��k&r+lxwgwg�]sBhjh1o�f$h1w|h1��k$h1cTJ�egk&~+ego�k&~+h	c+n J�o JDlmi>c�D u�n ��egot�qf&lxuZv�w|hx� 5 e|iAf&kj  J�e|k&~�k&~thZf$vBh1�je|{+h1c
�jrtk&fj (< F�ctn J�o JDlmiAc3D u�n ��egot��hj�xh1o�k&f JDhji&h�f$hjh1o	lxo+c;npo+w|� � rtv1J�lmiAc�D u�nV��ego+��hj�xh1o}k&f J�hjiAhDf$h1wgh1��k$h1c
�
��o+cthji k&~+h�lxf&f&r�u�v+k&e|npo-k&~+lmkKk&~+h�hj�xh1o}k&f$J)~+eg�A~�lmv+vBh1lmi&h1c�k$n)~+l �xh�r+v J�lmiAc�D u�nV��e ot��k$iAlx�]>�f\lmi&h�otnxk
��npf&uZe �jfj +k&~+egf�egu�v�wgegh1f�k&~�lmk�k&~th-ctn J�o JDlmiAc3D u�n ��egot��fAlxu�v�w|h9��npo}k&lxego+f�< 4 	 � 	 �

� � 	 �
��npf&uZeg�6i>l1�%hj�xh1o�k&f1 

lxo+c � 	 � 	 �

� � 	 �
^�hj�xh1o�k&fj�

8 h1��npo+c
 }e|y�k&~th�f&h1w|h1��k$h1c < F ctn J�o JDlmiAc3D u�n ��egot�6hj�xh1o}k&fZJDhji&h�ego�cthjh1c�u�npf$k&w|�;��npf&uZeg�jf�k&~th1o
k&~thji&h�f&~tnpr+wgc%sBh-l�wglx�?>qnxy * � X h 9 �$hjk&f�ego%k&~th1f$h�hj�xh1o�k&fj��b�f�~+lxf�sBhjh1o�f$k&lmk$h1c
 �k&~th9h;:�v�h1��k&lmk&egnpo
yMnxi�l�iAlxo+c+npu f&lxu�v�wgh6nxy[^�hj�xh1o�k&f�J�e|k&~qlZo+npo�D sBh1lxu D ��npo+f$k$iAlxe oth1c�lxot�pr+w lmi�f$hjv�lmiAlmk&egnpoqsBhjkPJDhjh1o
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 angular seperation, downward-moving

Entries       73

degrees

ev
en

ts

 angular seperation, upward-moving

Entries       21
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5 e|�prti&h 6�� 4 �"lxot�pr+w lmi=f$hjv�lmiAlmk&egnpo�y nxi ctn J)o J�lmiAc�D u�nV��e ot� ��fHrtv1JDlmiAc3D u�n ��egot� hj�xh1o}k&fj �r�f&egot�
~+lxctiAnpoq� � � k&eguZego+�	w eguZe|k&f
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 angular seperation, downward minus upward

Entries       94
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5 e|�prti&h 6��@6��Dlxot�pr+wglmi�f&hjv�lmiAlmk&e|npo]nxy/ctn J�o JDlmiAc3D u�n ��egot��hj�xh1o}k&f)u�ego}r�f�rtv J�lmiAc�D uZn ��egot�	hj�xh1o�k&f
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k&~thqu;rtnpo k$iAlx�?>�f	�xi&h1lmk$hjiZk&~+lxo * 6 � cthj�xiAhjh1f�egf-yMnxi	npothq�}r�lmi&k$hji	nxy�k&~th hj�xh1o�k&f�ego=k&~+h%fAlxu�v�w|h
k$n ��npo}k&lxego lmkqw|h1lxf$kqnpoth * � X h 9 � hjkj��\�y9k&~+h < F c+n J�o JDlmi>c�D u�n ��egot� hj�xh1o}k&f JDhji&h ^�D hj�xh1o�k&f1 
k&~th1o�iAnprt�p~+w|� * � nxy�k&~+hZhj�xh1o�k&f�f&~tnpr+w c���npo�k&lxego=lmk-w|h1lxf$k9npo+h * � X h 9 � hjkj� 8 ego+��h	k&~th�r+v J�lmiAc�D
u�nV��ego+�Zf&lxu�v�w|h9��npo}k&lxegoth1c�npo+w|� npoth-f&r+�>~qhj�xh1o}kj �lxo+c�fAego+��h6k&~thji&h9e f�otn�i&h1lxf$npo]k$nZh;:�v�h1��k)u�nxi&h
�$ctn J�o J�lmiAc�D lmv�v�h1lmi>egot� � v�~}��f&e �jf�hj�xh1o}k&f�k&~+lxo �$r+v J�lmiAc�D lmv+vBh1lmiAe ot� �]v�~���f&eg�jf;hj�xh1o}k&f � k&~+egf J�lxf
�xhjiAe|{�h1c J�e|k&~�k&~th��]npo�k$hq��lmiAw|n}�)k&~+h1o�k&~thZh;:�v�h1��k&lmk&egnpo egf yMnxi9k&~thji&hZk$nqsBh * 	 �

� � v�~}��f&eg�jf hj�xh1o}k&f
J�e|k&~qlmk)w|h1lxf$k�npoth * � X h 9�� hjk)ego%k&~th9f&lxu�v�w|h6nxy/c+n J�o JDlmi>c�D u�n ��egot��hj�xh1o�k&fj�

\ o%k&~+h9f&lxu�v�w|h nxy�< F�ctn J�o J�lmiAc�D uZn ��egot�	hj�xh1o�k&f1  � hj�xh1o}k&f�JDhji&h9yMnpr+o+c2J�~+eg�>~q��npo�k&lxe oth1c
lmk)wgh1lxf$k�npoth * � X h 9 �$hjkj�D��~�egf�egf���npo+fAegf$k$h1o}k�J�e|k&~qk&~+h * 	 �

� � v+i&h1c�eg��k&e|npoqlmsBn �xhx� �)nxk$h-k&~+lmk�k&~+h �
hj�xh1o}k&f[J�e|k&~ * � X h 9�� hjk&f�lmi&h�s�h1w e|hj�xh1c;k$n6s�h�^�hj�xh1o}k&fj }lxo+c	k&~+h�e o��mlmiAeglxo}k/u�lxf&f$h1fOnxy�k&~th1f$h�hj�xh1o}k&f
JDhji&h�ego=yMlx��k	lxwgw��jw|npf$h�k$nT7 � X h 9 � k&~thj�TJDhji&h F 4 X h 9;  F(F X h 9�lxo�c F(7 X h 96�>�O��~+i&hjh2^�� �$hjk
hj�xh1o}k&f-ego�k&~+egf f&lxu�v�w|h�egu�v�wgegh1f�l%k$nxk&lxw�o�r+u�s�hji�nxy�^ hj�xh1o}k&f-e o�npr+i f&h1w|h1��k$h1c f&lxu�v�w|h�nxy * � 	 � 	 �

� � 	 �  
J�~+e �A~�egu�v�wge|h1f�k&~thji&h JDhji&h � 6 	 � 	 �

� � 	 � ��npf&uZeg��i>l1��f-ego�k&~th�f&lxu�v�w|h	nxy�< F�f&h1w|h1��k$h1c hj�xh1o}k&fj  J�~+eg�>~�egf
��npo+f&e f$k$h1o�k�J�e|k&~%k&~th9ego�e|k&eglxw < 4 	 � 	 �

� � 	 �
{+�prti&hx�

5 e|�prti&h 6��BAXf&~tn J)f�k&~th e o��mlmiAeglxo}k u�lxf&f�c+egf$k$iAegs�rtk&e|npo yMnxi�k&~th f$h1w|h1��k$h1c�f&lxuZv�w|h=nxy�< F
ctn J�o J�lmiAc�D uZn ��egot�=hj�xh1o}k&fj����~th uZlxf&f%f$vBh1��k$iAr+u ctn�h1f�otnxk h;:t~+e|s�e|k�k&~th �>~+lmiAlx��k$hjiAe f$k&eg�jf nxy-l
^HuZlxf&f vBh1lW>� Blxwgk&~tnprt�p~ k&~thji&h�egf otn%ctnprts+k�k&~+lmk6k&~th;hj�xh1o}k-f&lxu�v�wghx  J)~+egw|h-u�lxcth�rtv�u�npf$k&w|��nxy
��npf&uZe � iAl1�%hj�xh1o}k&fj �ctn�h1f�ego�cthjh1cq��npo�k&lxe o]lZf&u�lxwgw
o}r�u-sBhji�nxy[^ hj�xh1o�k&f1�

¡)l ��e ot� c+hjk$hjiAuZegoth1c=k&~th�lmv�v+i&nxv+iAe lmk$h�~+lxctiAnpo=� � � k&egu�h�c�e���hjiAh1o+��h�rtv�v�hji;lxo+c w|n JDhji
wgegu�e|k&f�e o nxiActhjiqk$n f$h1w|h1��k�l f&lxu�v�w|h�nxy�v+i&h1ctnpuZe o+lxo�k&wg� ��npf&uZeg��i>l1��fj 6e|k%s�h1�jlxuZh�v�npfAf&e|s�w|h�k$n
cthjk$hjiAu�egoth�lmv+v+i&nxv�iAeglmk$hZf&ego+�pw|h	k$iAlx�?>�~+lxctiAnpo � � �Ck&eguZe ot�q�jrtk&f9ego�nxiAc+hji9k$n]f$h1w|h1��k-nxi9i&h �$h1��k�l
f&lxu�v�w|h�nxy/��npf&uZeg�)iAl1��f J�~th1o k&~th ~+lxcti&npo � � � k&eguZego+��egotyMnxiAuZlmk&egnpo J�lxf�npo+w|�Zl1�mlxegwglms�w|h)yMnxi�npoth
nxy\k&~th6kPJDn�k$i>lx�?>�fj�

5 e|�prti&h 6��@F�fA~tn J�fDk&~th�i&h1w|hj�mlxo}kD~+lxc+i&npo�� � � k&eguZe ot�-c+egf&k$iAe|s�rtk&egnpo+f\y nxi�k&~th rtv+vBhjiD~th1uZe D
f$v�~+hji&h	k$iAlx�?>�fj \lxo+c�{+�prti&h 6��@7qfA~tn J�f9k&~th�i&h1w|hj�mlxo�k�~+lxcti&npo�� � �dk&egu�egot�qc+egf$k$i>e|s�rtk&e|npo�f�yMnxi9k&~th
w|n J�hji�~th1uZegf&v�~thji&h�k$iAlx�]>�fj��b)f��jlxo�sBh�f$hjh1o�y iAnpu k&~th)v�w|nxk&fj �e|k�egfOvBnpf&fAe|s�w|h�k$n�c+hjk$hjiAuZegoth�s�nxk&~�k&~th
��npf&uZe �6iAl1�%i&h �$h1��k&e|npoqh Y��je|h1o+���qlxo+cqk&~th_^ D hj�xh1o�k�lx�j��hjv+k&lxo+��h;h Y��je|h1o+��� y nxi�lxo�lmi&s�egk$iAlmi&��fAegot�pw|h
k$iAlx�]> ~+lxc+i&npo%� � � k&e uZegot�;�jrtkj����~th�npo+w|����npu�v�wgeg�jlmk&egnpo�J�~�eg�A~%lmiAegf&h1fDe fDe o�k&lW>�egot��lx�j��npr+o}k�k&~th
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yzlx��k�k&~+lmk�k&~th���npf&uZe ��iAl1�ZfAlxu�v�w|h�egf�otnxk�l6v�rti&h�f&lxu�v�w|h�k$n-sBhj�pego J)e|k&~
��\ o�k&~th��jlxf$h)nxy
k&~th�rtv+vBhji
~th1uZe f$v�~thji&h�k$iAlx�?>�fj  lxo�lmv+v�i&nxv+iAeglmk$h�k&eguZego+���jrtk npo�f&egot�pwgh-k$iAlx�]>�f JDnpr+wgc�sBh;lmiAnpr+o+c D * � o+fj�-b�f
�jlxo�s�h9f&hjh1o�yMi&npu {+�pr+i&h_6��@F� Bcth1uZlxo+c+e ot�	k&~+lmk)rtv�v�hji�~+h1uZegf$v�~+hji&h6k$iAlx�?>�f�~+l1�xh;l�~+lxctiAnpo�� � �
k&eguZe ot��lms�nV�xh D * � o+f�JDnpr+wgcqsBh6h Y��je|h1o}k�lmk)s�nxk&~�i&h � h1��k&e ot����npf&uZe �6iAl1�%hj�xh1o}k&f)lxo�c]lmk�lx�j��hjv+k&e ot�
w|hj�pe|k&e uZlmk$hE^=hj�xh1o}k&fj��b�wgu�npf&k lxw w nxy�k&~th;r+v+vBhji�~th1u�egf$v�~thjiAh���npf&uZe �-iAl �]hj�xh1o}k&f9~+l �xhZl ~�lxcti&npo
� � � k&egu�h�sBh1w|n J D * � o�fj tlxo+c�lxw u�npf$k�lxw w�nxy
k&~th w|hj�pe|k&e uZlmk$h ^�hj�xh1o�k&f�~�l1�xh6lxo�r+v+vBhji�~th1uZe f$v�~thji&h
~+lxctiAnpo]� � � k&egu�h9�xi&h1lmk$hji k&~+lxo D * � o+fj� 5 nxi k&~th�w|n J�hji ~th1uZe f$v�~thji&h6k$i>lx�?>�fj B{+�prti&h 6��@7�e u�v�wge|h1f
k&~+lmk l�iAh1lxf$npo+lms�w|h	f$hjk�nxy�k&eguZe ot���jrtk&f�J�npr�wgc���iAh1lmk$h	l�J�ego�ctn Jdk$n%lx�j��hjv�k�hj�xh1o}k&f sBhjkPJDhjh1o D 4 o+f
lxo+c � *�4 o+fj� \ k�egf-i&h1lxc+egwg� lmv+v�lmi&h1o�k�k&~+lmk��jr+k$k&egot�]npo=k&~th�wgn JDhji;~th1u�egf$v�~thjiAh�nprtkPJ�lmiAc�D u�nV��e ot�
k$iAlx�]> � f�~+lxcti&npo � � �dk&e u�hZegf9w|h1fAf h Y��je|h1o}k9k&~+lxo �jrtk$k&e ot�qnpo�k&~thZego���npuZegot�qrtv+vBhji6~th1uZe f$v�~thji&h
k$iAlx�]> � f�~+lxcti&npo]� � � k&egu�hx �f&ego+��h-e o%k&~+egf��jlxf$h;e|k�egf�u�r+�>~]~+lmi>cthji�k$n�c�e���hjiAh1o�k&eglmk$h�lZ��npf&uZeg�9iAl1�
k$iAlx�]>Zy iAnpu l-wghj�pe|k&eguZlmk$h�v�~���f&eg�jfOk$i>lx�?>�� 5 nxiDh;:�lxu�v�w|hx }l�wglmi&�xh�yMiAlx��k&e|npo�nxyBk&~th)w|n J�hji�~th1uZe f$v�~thji&h
��npf&uZe �ZiAl ��k$iAlx�?>�f�~�l1�xh%l]~+lxctiAnpo � � � k&eguZh�J�~+e �A~TJDnpr+wgc�yzlxwgw J)e|k&~+ego�k&~th�v+i&nxvBnpf$h1c�k&e uZegot�
J�ego�ctn J k$n�lx�j��hjv�k�v�~}��fAeg�jf�hj�xh1o�k&f1�

� n	cthjk$hjiAu�egoth�k&~+h�f$h1wgh1��k&e|npo h Y��je|h1o+���Znxy h1lx�A~q�jrtk�lx�j�jrtiAlmk$h1w|� lxwgw��jrtk&f�u�r+f&k�sBh�f&k&r+c+e|h1c
npoth;D lmk D l'D k&eguZhx��b)f9e o�k&~thZv+iAhj��e|npr�f9�A~+lmv�k$hji1 Kh1lx�>~Hf&h1w|h1��k&e|npo�h Y��jegh1o+����egf9cthjk$hjiAu�egoth1c�s���{+iAf$k
i&h1wgl':tegot�6npo�w|��k&~+h��jrtk�sBh1egot�9f&k&r+c+e|h1c
 plxo�c�cthjk$hjiAu�ego+egot�6f$vBh1�je|{��jlxwgw|�-k&~�lmk��jrtk � f�h Y��je|h1o+���x�\� ~+lmk
J�lxfDc+npoth�nxy f&eg�po+e|{��jlxo+��h)egoZk&~+e f��A~�lmv+k$hji�JDlxf�k$n;c+hjk$hjiAuZegoth�J�~+lmk J�hji&h�lmv+v+i&nxv�iAeglmk$h)�jr+k&f�ego�k&~th
egcth1o}k&e|{��jlmk&egnpo�lxo+c�iAh � h1��k&e|npo nxyD��npf&uZeg�;iAl ��fj� \ o k&~th��A~�lmv+k$hji J�~+e �A~�y npwgwgn J�f lxwgw\�jrtk&f J�e wgw ~+l �xh
lxw|i&h1lxc+� sBhjh1o�egu�vBnpf$h1c
 th;:t��hjv+k�y nxi)k&~th�f$vBh1�je|{��6�jrtk�sBh1egot�Zf&k&r+c+e|h1c
� \ o]k&~+egf�JDl �x �k&~th�h Y��je|h1o+���
nxy\h1lx�A~��jrtk��jlxoqsBh9cthjk$hjiAu�egoth1c
�

� ��� � ��' �
! ��'&��N �����B� � �O����
����

\�k9e f v�npfAf&e|s�w|h;k&~+lmk6k&~th�u�rtnpo�f J�e|k&~+ego�lquZe f&egcth1o}k&e|{+h1cT^�D hj�xh1o}k-lx��k&r+lxwgw|� nxiAe|�pe o+lmk$h1c�lmk
kPJDn]c+e���hji&h1o}k6ego}k$hjiAlx��k&e|npo+fj� 5 nxi9h;:tlxu�v�w|hx  egk e f v�npfAf&e|s�w|h�y nxi6k&~+hji&h	k$n]~+l1�xh�sBhjh1o�k J�n�c+e���hji&h1o}k
ego}k$hjiAlx��k&e|npo+f J�e|k&~�ego	k&~th f&lxu�h�sBh1lxu D ��iAnpf&f&egot�t  J�~+eg�>~Zv+iAn�c+r���h1cZkPJDn	ego+cthjvBh1o+cth1o}k�u;rtnpo�k$i>lx�?>�fj 
lxo+cqk&~+h1f$h-u;rtnpoqk$iAlx�]>�f�J�hji&h-k&~th1o�uZegfAegcth1o}k&e|{+h1c lxf�sBh1egot�	v�lmi&k�nxy\k&~th9fAlxu�h"^�D hj�xh1o}kj�

b u�l':�egu;r+u k$iAlx�]> �xhji&k$h;: f$hjv�lmiAlmk&egnpo �jrtkZegf�v�lmi&k�nxy)k&~+h ^�D hj�xh1o}k�f$h1w|h1��k&e|npo v+i&n���h1f&fj�
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 upper hemisphere track hadron TDC timing

Entries       48

ns

co
sm

ic
 e

ve
nt

s

 upper hemisphere track hadron TDC timing

Entries     2555

ns

no
n-

co
sm

ic
 e

ve
nt

s

 upper hemisphere track hadron TDC timing
ns

co
sm

ic
 fr

ac
tio

n

0

2.5

5

7.5

10

-45 -30 -15 0 15 30 45

0

500

1000

-45 -30 -15 0 15 30 45

0

0.25

0.5

0.75

1

-45 -30 -15 0 15 30 45

5 e|�prtiAh 6��@F��Drtv+vBhji�~th1uZe f$v�~thji&h ~+lxctiAnpoq� � � k&eguZego+�	e oty nxi>uZlmk&e|npo
 t��npf&uZe �6y i>lx��k&e|npo

6 A



 lower hemisphere track hadron TDC timing
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��~th�v�i&nxs�lms�egw e|k ��k&~�lmk-l�u;r+w|k&e|v�wgh��xhji&k$h;:�hj�xh1o}k JDnpr+wgc�n��j�jrti J)e|k&~�l%�xhji&k$h;:=f$hjv�lmi>lmk&e|npoTJ�~+e �A~
J�lxf J�e|k&~+ego]k&~th ^�D hj�xh1o�k9u�l':�egu;r+u �xhji&k$h;:�f$hjv�lmiAlmk&e|npo��jrtkj Bi&h1w lmk&e|�xh	k$n k&~+h;v�i&nxs�lms�egw e|k �%k&~+lmk6l
u;r+w|k&e|v�wgh6�xhji&k$h;:]hj�xh1o}k�JDnpr+wgc]n��j�jrti�J�e|k&~�lZ�xhji&k$h;:�f&hjv�lmiAlmk&e|npo J�~+eg�>~ J�lxf�nprtk&fAegcth-k&~+h ^�D hj�xh1o}k
uZl':tegu;r+u �xhji&k$h;: f$hjv�lmiAlmk&e|npo��jr+kj .JDlxf9h1f$k&eguZlmk$h1c
�	b)y k$hji9h1f&k&eguZlmk&egot�%k&~th�o�r+u�s�hji6nxyDu�r�w|k&e|v�w|h
�xhji&k$h;:-hj�xh1o}k&f J�~+e �A~-~�lxc�l��xhji&k$h;:;f$hjv�lmiAlmk&e|npo�nprtk&f&egcth�nxy+k&~th�^ D �jrtk/u�l':�egu;r+u �xhji&k$h;:�f$hjv�lmi>lmk&e|npo
� �xhjkDv�lxf&f$h1c�lxwgwtnxk&~thji�^�D hj�xh1o�k��jrtk&f>�> �e|k[J�lxf�k&~th1oZvBnpf&f&egs�w|hDk$n�h1f$k&e uZlmk$h�k&~th�s�lx�?>��xi&npr+o+c�o}r�u-sBhji
nxyOu�r�w|k&e|v�w|h��xhji&k$h;:qhj�xh1o}k&f)��npo}k&lxegoth1c J)e|k&~+ego k&~th9{�o+lxw�^�f&lxu�v�w|hx�
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��~thDf$h1w|h1��k&e|npo;��iAe|k$hjiAe l�k&~+lmk\lmi&hDlmv�v�wge|h1c6k$n�k&~thD~+e|�p~-��kKu;rtnpo;f&lxu�v�w|hDego9nxi>cthji k$n�h;:�k$i>lx��k
lqf&lxu�v�w|h�nxy�^ �jlxo+c+e c+lmk$h	hj�xh1o�k&f�lmi&h�h;:�k$h1o�f&e|�xhx�	b)wgw/nxyDk&~th�f$h1w|h1��k&e|npo���i>e|k$hjiAegl%lmi&hZcth1fAe|�poth1c k$n
v�rti>e|y �	k&~th ^�D fAlxu�v�w|h�J�~+eg�>~%egf�r�w|k&eguZlmk$h1w|��f$h1w|h1��k$h1c
����~+hj��lxwgf$n	f$hji&�xh6k$n	i&h �$h1��k�s�lx�]>}�xi&npr�o+cqlxo+c
f$v�r+iAe|npr+f�otnpo�D ^�hj�xh1o}k&fj�

* ��b�k w|h1lxf$k)kPJDn ~�e|�p~]��k)u;rtnpo+f�u;r+f$k�~+l1�xh;sBhjh1o]f&r��j��h1f&f$yzr+wgw|� i&h1��npo+f$k$i>r+��k$h1c]s��qk&~th�n � egoth
k$i>lx�?>�egot����n�cthx�

� ��b�k�wgh1lxf$kOnpoth�u�r+npo�u�r+f&k\~�l1�xh�v�lxfAf$h1c � �xnpwgc�� f$h1w|h1��k&egnpo���iAe|k$hjiAegl��\��~+e f/e f/l yzlxe|iAwg�9f$k$iAegot�xh1o}k
f&hjk�nxyO�jrtk&f�J�~+e �A~%i&h1��r+e|i&h6lxo�lmv+v+i&nxv+i>eglmk$h6u�rtnpo]f$k&rts �

� ��b f$h1��npo�c�u;rtnpoZu;r+f$k�~+l �xh�v�lxfAf$h1c �$f&egwg�xhji��9f$h1w|h1��k&egnpo���iAe|k$hji>egl� �l9w|h1fAf�f$k$iAego+�xh1o�k�f&hjk�nxy
�jrtk&f
k&~�lxo=k&~th � �xnpwgc�� f$h1w|h1��k&egnpoH�jrtk&f1� ��rtnpo f$k&rts�f�lmi&h o+nxk�i&h1��r+e|iAh1c�k$n�sBh lxf&f$n��jeglmk$h1cQJ�e|k&~
�$fAegw|�xhji���u;rtnpo+fj tnpo�w|� lZk$iAlx�?>%nxyOf&r3Y��jegh1o�k���r+lxwge|k��x�

<t��b � �xnpwgc���u�r+npoHu;r+f$k	lxc+c+e|k&egnpo+lxwgw|��~+l1�xh��jlxr�f$h1c k&~th�hj�xh1o}k	k$n�s�h�J�iAe|k$k$h1oHk$n�k&lmvBhx� \ o
nxk&~+hjiZJDnxiAc+fj �l � �xnpwgc��9u;rtnpoZego	k&~+h�hj�xh1o�kDu�r+f&k�~+l1�xh�s�hjh1o�lx�j��hjv+k$h1c�s��	w|hj�xh1wgf *   � lxo+c � �

4 ����~th�c+egu;rtnpo e o��mlmiAeglxo}k-uZlxf&f � k&~th �]^�D uZlxf&f ���9nxy�k&~th�hj�xh1o}k	u�r+f&k-yzlxwgw J�e|k&~�ego�l]f&r�e|k&lms�w|h
i>lxot�xhx�
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��~thji&h%lmi&hqk&~tiAhjh%c�e���hjiAh1o�k	u�r+npo f$��f&k$h1uZf�lxf	k&~thj�HlmiAh%c+hj{�oth1c ego k&~+egf;lxo+lxw|��f&egfj� ��h;D
�pe|npo+f * lxo�c � lmiAhZu�rtk&r�lxwgw|��h;:t�jwgr+f&eg�xh;s���cth1f&e|�po�f&ego���h	o+n����]� i&hj�pe|npo�v�lmiAk&eg�je|v�lmk$h1f6ego sBnxk&~
k&~th �$���qlxo+c�k&~th �$� �%k$i>e|�x�xhji9i&hj�pe|npo�fj� \ k6egf6lxf&f&r+uZh1c � lxo�c�lxwgf$nq�xhjiAe|{�h1c���k&~+lmk k&~thji&hZegf�h �Bh1� D
k&e|�xh1w|�%otn���nxi&i&h1w lmk&e|npoqsBhjkPJDhjh1o�k&~th9u;rtnpoqu�npuZh1o�k&r+u�lxo+cqe|k&f�f$h1wgh1��k&e|npo%h Y��je|h1o+���x �y nxi�k&~+h9�jlxf$h
nxyO~+e|�p~q��k�u�rtnpo�fj�

* �����]��D npo+w|� � J�~thji&h6k&~+h;����� egf�o+nxk�i&h1�}r�e|i&h1cqlxf�v�lmiAk�nxyKk&~+h9k$iAe|�x�xhji��

� �����]��D ����� � J�~+hji&h6k&~th;����� e f�i&h1�}r�e|i&h1cqlxf�v�lmiAk�nxyKk&~+h9k$iAe|�x�xhji��
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��nxk$h�k&~+lmk9k&~th1f&hZk&~ti&hjh�i&hj�pegnpo+f9lmi&h�r�f&r+lxwgw|�]i&hjy hjiAi&h1c�k$n]lxf �$� �� ��$� ��lxo+c � ��� J)e|k&~+ego
k&~th-lxo�lxw|��fAegfj�
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\�k9e f�c+h1f&e|i&h1c�lmk6k&~+e f6f$k&lm�xhZk$n�cthjk$hjiAu�egoth	k&~th�v+i&nxs�lms�egwge|k��qk&~+lmk9l%�pe|�xh1o ~�e|�p~���k9u;rtnpo
J�egw w�v�lxf&f�k&~th;egcth1o}k&e|{��jlmk&e|npoqlxo�c]f$h1w|h1��k&egnpo]��iAe|k$hji>egl�lxo+c]�jlxr�f$h9k&~th�hj�xh1o�k)k$n�sBh J�iAegk$k$h1oqk$n�k&lmvBh
� J�~+e �A~2J�npr�wgcqu�h1lxo%k&~+lmk�k&~th6hj�xh1o}k�JDnpr+wgc J�ego�c�rtvqego k&~th9~�e|�p~%��k�u�r+npoqc+lmk&l�f$hjk>�>����~+egfD~+lxf
k$nZsBh9ctnpoth6yMnxi�h1lx�>~�cthjk$h1��k$nxi�f$��f$k$h1uq�

\�k\egfK��egk&lxw�k$n cthjk$hjiAuZe oth�k&~th1f&h�h Y��jegh1o+�je|h1fj�\��~th1f$hDo}r�u-sBhjiAf$J�egwgw�wglmk$hji\s�hDego}k$i&n�c�r+��h1c-ego}k$n
k&~thZ�]npo�k$h ��lmiAw|nqf$n%k&~+lmk9f&egu;r+wglmk$h1cR^�D hj�xh1o}k9c+egf&k$iAe|s�rtk&egnpo+f���nxi&iAh1f$vBnpo+c�lxf6�jw|npf$h1w|� lxf v�npfAf&e|s�w|h
k$n k&~th�u�h1lxfArti&h1c ^ D hj�xh1o�kqc+egf&k$iAe|s�rtk&egnpo+fj�X��~th�v+i&n���h1c+rtiAh J�egwgw�sBh�k$n lmv+v�w|� lx�j��hjv�k&lxo+��h lxo+c
f$h1w|h1��k&egnpo]{�wgk$hjiAf�yMnxi k&~th;�]npo�k$h���lmi>w|n��xh1othji>lmk$h1c�hj�xh1o}k&f6lxo+c]k$n%��npuZv�lmi&h-k&~+h�i&h1fAr+w|k&egot���]npo}k$h
��lmiAwgn�c+egf$k$i>e|s�rtk&e|npo k$n k&~th���nxiAi&h1f$vBnpo+c+ego+�Zu�h1lxf&rti&h1c�c+egf$k$i>e|s�rtk&e|npo�fj� 5 nxi h;:tlxu�v�w|hx �u�rtnpo�f�yMi&npu
~+e|�p~Xk$iAlxo+f&�xhjiAf$h�u�npu�h1o}k&r+u�^Bf k$h1o+c k$n uZe|�xiAlmk$h�k$n JDlmiAc�f%k&~th�w|n J � ��h1o}k$iAlxw i&hj�pegnpo J)~thji&h
k&~th ���]� egfZwgn��jlmk$h1c
� ¡)h1o+��hx �k&~th ^�D u;rtnpoXcthjk$h1��k&e|npo h Y��je|h1o+��� cthjvBh1o+c+f	npo k&~th�nxiAe|�pe o+lxw�^
k$iAlxo+f&�xhjiAf$h	u�npu�h1o}k&r+uq�6��~+egf)�A~+lmi>lx��k$hjiAegf$k&eg��nxy�k&~th�cthjk$h1��k$nxi9u;r+f$k�sBh-k&lW>xh1o�ego}k$n%lx�j��npr+o�kj� \ o
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k&~+egf\h;:�vBhjiAegu�h1o}k\k&~th�u;rtnpoZcthjk$h1��k&e|npoZh Y��je|h1o+���	ego	k&~th�w|n J�D � ���]�Xi&hj�pe|npo�egfO~+e|�p~thji\k&~+lxo�ego	k&~th
f&wgeg�p~�k&w|��~+e|�p~thji D � ��� � i&hj�pegnpo
  i&h1f&r�w|k&egot�%ego�lqwglmi&�xhji6yMiAlx��k&e|npo nxyDu;rtnpo+f J�~�eg�A~�~+egk�k&~+h����]�
sBh1egot� J�iAe|k$k$h1o�k$n k&lmvBhx����~�r+f�k&~+h�� � 5 c+hjk$h1��k$nxi9lxf)l�J�~tnpw|h�egf�sBhjk$k$hji6lmk)cthjk$h1��k&e ot� ^
f�J�egk&~]l
wglmi&�xhji�k$iAlxo+f$�xhjiAf&h-u�npu�h1o}k&r+uq��¡)h1o+��h9k&~th�c+e��Bhji&h1o�k�h Y��jegh1o+�je|h1f�u;r+f$k�sBh6k&lW>xh1o]e o�k$nZlx�j��npr+o}k)egy
�]npo�k$h���lmiAw|nZf&e u�r+w lmk&e|npo+f�lmi&h9k$nZsBh6r+f$h1c�k$nZh;:�k$i>lx��k�k&~th9v�lmiAlxu�hjk$hji�nxyZ^ v+iAn�c+r���k&e|npo
�

��~th cthjk$hjiAuZego�lmk&e|npo=nxy�k&~th1f$h h Y��je|h1o+�je|h1f"J�lxf;v�hji>~+lmv�f�k&~th uZnpf$k;��npuZv�w|h;:Hlxo+c wglmsBnxi D
ego}k$h1o+f&e|�xh6v�lmi&k�nxy\k&~+egf�k&~th1fAegfj��¢[:�k$iAlmnxi>c+ego+lmi&�%�jlmi&h-~�lxcqk$n�sBh6k&lW>xh1o ego%nxiActhji�k$n cthjk$hjiAuZe oth6k&~th
��nxi&i&h1��k)�^lxw rth1fj�

CDnxk&~Hf$h1wgh1��k&e|npo=h Y��je|h1o+�je|h1f�lxo+c k$iAeg�x�xhji-h Y��je|h1o��je|h1f JDhji&h�nxs+k&lxegoth1cHr+f&egot�qk&~+h2^�D u;rtnpo
f&lxu�v�w|hx����~�egf6f&lxu�v�wghEJDlxf�r+f$h1c�sBh1�jlxr+f$h�e|k JDlxf�k&~th�w lmi&�xh1f$k-~+eg�p~ f$k&lmk&egf$k&e �jf9r+o}s�eglxf$h1c fAlxu�v�w|h
l1�mlxegwglms�w|hx�O��~thji&h�lmi&h�lmv�v+i&n�:teguZlmk$h1wg��k$h1o�k&eguZh1f�lxf�uZlxo}��~+e|�p~3D ��k�u;rtnpo+f�y iAnpu � D cth1�jl1� hj�xh1o}k&f
J�~+e �A~Z��npr+w cZ~+l1�xh�sBhjh1o�r+f&h1c
�/¡)n JDhj�xhji1 +lxwguZnpf$k�lxwgwtnxy
k&~+h1f$h�hj�xh1o}k&f JDhji&h�J�iAe|k$k$h1o�k$n�k&lmvBh)f$npw|h1wg�
sBh1�jlxr+f$h6k&~th�~+e|�p~q��k)u�rtnpo]ego%k&~th9hj�xh1o}k)f&r��j��h1f&f$yzr+wgw|�Z{�i&h1c�w|hj�xh1wgf *   � lxo+c � nxy\k&~th-k$iAe|�x�xhji1�[\ k
egf�otnxk�vBnpf&fAe|s�w|h�k$n�ctnZu;rtnpo�f$h1wgh1��k&e|npo�lxo+c%k$iAeg�x�xhji�h Y��je|h1o+���%f$k&r+c�e|h1f�r+f&ego+�	fAegot�pw|h;D u;rtnpo%hj�xh1o}k&f
J�~+e �A~ JDhji&h_J�iAe|k$k$h1o]k$n�k&lmvBh�f$npwgh1w|�%s�h1�jlxr�f$h-nxyOk&~th;u�r+npo�k&~+lmk egf�sBh1egot��f$k&r+c+e|h1c �D��~+h-o}r�u-sBhji
nxy hj�xh1o}k&f�J�egk&~ ~�e|�p~���k�u�rtnpo�f�yMi&npu"� D cth1�jl1��f�J�~�eg�A~2JDhji&h J�iAe|k$k$h1o k$n	k&lmvBh�sBh1�jlxr+f&h�nxy/l	otnpo�D
u;rtnpoqk$iAe|�x�xhji�JDlxf�o+hj�pwge|�pe|s�wghx��\ k�egf�k&~th_^ D u�rtnpo]f&lxu�v�w|h J�~�eg�A~%v+iAn ��egcth1f�k&~th6sBh1f$k�f$k&lmk&e f$k&eg�jf�yMnxi
k&~+egf�f&k&r+ct�x�

\ o�^ D u�rtnpo	hj�xh1o}k&fj }k&~thji&h�lmi&h�k J�n-~�e|�p~	��k�u;rtnpo+fj� 5 nxi�k&~�egf\f$k&r+ct��npoth�u�r+npo�egf\i&h1��r+e|i&h1c
k$nZk$iAeg�x�xhji)lxo+cqk$n�v�lxf&f�lxw w
k&~th-f$h1wgh1��k&e|npo�lxo+cqk$i>e|�x�xhji)�jrtk&f�i&h1��r+e|i&h1c%k$nZsBh9ego��jwgr+cth1c%ego%k&~th-{�o+lxw
f&lxu�v�w|hx� ��~th1o k&~th�nxk&~+hji]u�r+npo ego k&~th hj�xh1o}k]egf]f$k&r+c+e|h1c ego lxo r+o�s�eglxf$h1c J�l1�x��b �jlmi&hjyzr+w
h;:tlxuZego+lmk&e|npo�iAhj�xh1lxwgf9k&~thZc+h1f&e|i&h1c�h Y��jegh1o+�����mlxwgrth1f1�	��~th�h1lxf&e|h1f$k JDl � k$n�ctnqk&~+egf JDnpr+wgc�sBh	k$n
f$k&r+c+�-npo+w|� ^�hj�xh1o�k&fZJ�~thji&h�k&~th�k J�n9u;rtnpo+f\h1o}k$hji�c+e���hji&h1o}k\cthjk$h1��k$nxi�f$��f$k$h1uZf1�\��~th�� � 5 k$i>e|�x�xhji
cth1f&eg�poHuZlW>xh1f;k&~+e f�f&lxuZv�w|h�k&~+h egc+h1lxw��>~tnpeg��hx����~th�{�o+lxwDu�rtnpoHk$iAe|�x�xhji�cth1�je f&e|npo lmk�h1lx�>~ w|hj�xh1w
egf	�pw|nxs�lxw�ego o+lmk&rtiAhx� \ o h �Bh1��k�egkZegf	k&~th]w|nx�pe �jlxw�I�� nxy6lxwgw�nxy k&~thqk$iAeg�x�xhji�cth1�jegf&egnpo+f	y nxi�k&~+lmk
f&rts�f$��f&k$h1u � y nxi�k&~+lmk-w|hj�xh1wM�>��� ~th1o�k&~thji&h�lmi&hZkPJDn]nxi;u�nxi&h�~�e|�p~���k-�jlxo�c+egc+lmk$hZu;rtnpo+f9e o�k&~th
f&lxu�h�k$iAe|�x�xhji�i&hj�pe|npo
 /k&~thZ�pw|nxs�lxw�o+lmk&rtiAhZnxy�k&~thZk$iAeg�x�xhji;cth1�je f&e|npo ctn�h1f-o+nxk-eguZu�h1c�eglmk$h1w|��uZlW>xh
e|k)nxs}��e|npr+f�J�~+eg�>~]�jlxo+c�egc+lmk$h�u;rtnpo�v+i&n�c+r+��h1c]k&~th�k$i>e|�x�xhji � nxi vBhjiA~+lmv�f�sBnxk&~�u;rtnpo+f�c+egc��>��\�k egf
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oth1��h1f&fAlmi&��k$n��xn	k$n�h;:�k$iAlmnxiAc+ego�lmi&�Zw|h1ot�xk&~+fDk$n�{+�pr+i&h)npr+k J)~+eg�A~ �jlxo+c+e c+lmk$h6u�rtnpo �xh1othji>lmk$h1cqk&~th
k$iAe|�x�xhji ����~+egf�egf�ctnpo+h9��e l�l��jlmiAhjyMr+w/lxo+c���npu�v�w|hjk$h;f&egu;r+wglmk&e|npoqnxyOk&~+h�k$iAeg�x�xhji)h1w|h1��k$iAnpo+eg�jf�r�f&egot�
k&~th�ego+c+e|��egc+r�lxw}hj�xh1o}k�c+lmk&l9iAh1lxctnprtk�lxf�k&~th egotv�rtkOk$n�k&~+h)f&egu;r+wglmk&egnpo
��CD�Zf$k&r�ct��e ot�9hj�xh1o}k&f J)~thji&h
k&~th�k J�n u�rtnpo�f h1o�k$hji;c+e��Bhji&h1o�k v�lmiAk&f6nxy�k&~+hZf&lxu�h�cthjk$h1��k$nxi;f&rts�f&��f$k$h1u�  k&~th�n �xhji>lxwgw�f$k&lmk&egf&k&eg�jf
lxo+cqk&~+hji&hjy nxiAh9k&~th9lx�j�jrtiAlx���qnxy/k&~th-f&k&r+ct���jlxo]sBh9egu�v+i&nV�xh1c
�

b f&nprtiA��h%nxy���npo�f$k$hjiAo+lmk&e|npo � lmv�lmi&k�yMi&npu k&~thq�pw|nxs�lxw�o�lmk&rti&h%nxy)k&~+hqk$iAe|�x�xhjiZcth1�jegfAe|npo+f>�
J�lxf%k&~th�yMlx��k%k&~+lmk%k$iAlx�]>Xi&h1��npo�f$k$iAr+��k&e|npo n��j�jrtiAf%c+rti>egot� sBnxk&~ npo+wgego+h�c+lmk&l k&lW>�egot� lxo+c k&~th1o
lm�plxego�n � egoth � J�~thjiAhZlqu�nxi&hZ��npu�v�wghjk$hZk$iAlx�?>�i&h1��npo�f$k$iAr+��k&e|npo n��j�jrti>f>�>�Z� n���npu�v�w|hjk$hZlqk$i>e|�x�xhji
lxo+lxw|��f&egf/ego�k&~+egf/f&e|k&r+lmk&egnpo;egk/egf/oth1��h1f&fAlmi&�-k$n6uZlmk&�>~	k&~th�n � egothDi&h1��npo+f$k$i>r+��k$h1c;k$iAlx�?>;k$n k&~th�npo+wgegoth
i&h1��npo+f&k$iAr+��k$h1c k$iAlx�?>� .J�~�eg�A~�ego]k&r+iAo�u;r+f$k�sBh�uZlmk&�>~th1c�k$nqu�r+npo f&k&rts�f�lxo+c�c+hjk$h1��k$nxi-~+e|k&f�lxo+c
k$n�lxwgf$nqlxo}�]k$iAeg�x�xhji9lxf&f$n��jeglmk&egot�%k&~th1f$hZu�lmk&�A~th1f J)e|k&~�fAe|�po+lxwgf f$hjh1o�ego k&~th	hj�xh1o}kj�;��~thji&hjyMnxi&hx  e|k
egf�oth1��h1fAf&lmi&� k$n cth1lxw�J�e|k&~ sBnxk&~ n � ego+h k$i>lx�?>�f�lxo+c f$k&r+s�f�lxo+c npo+wge oth�k$i>lx�?>�f�lxo+c f$k&r+s�f�ego l
��npo+f&e f$k$h1o�k�lxo+c=��n�nxiAc+ego�lmk$h1c lmv+v+i&nplx�>~
�%b3��npuZv�rtk$hji�fArts+i&nprtk&e oth��jlxwgw|h1cH����� 8 � � � �A���]��D
f J�e u ��� J�lxf�r+f$h1c�k$n;f&e u�r+w lmk$h�k&~th�k$iAl �$h1��k$nxi&��nxy k&~+h�u;rtnpo lxfDegk�h;:te|k$h1c�k&~th�c+hjk$h1��k$nxi � r+f&egot��k&~th
u�h1lxf&r+i&h1c k$iAlx�]>�e ot��v�lmiAlxuZhjk$hjiAf�lxf;egotv�rtk>�>����~�egf6uZlxcth e|k6vBnpf&f&e|s�wgh;k$n uZlmk&�A~Hk$iAlx�]>�f;k$n�f&k&rts�f
lxo+c k$iAeg�x�xhji�k$n JDhjiAfj� b�wgf$nt �l�yzr+wgwDf&egu;r+wglmk&e|npo nxy�k&~thq~+e|�p~ ��kZu;rtnpo k$iAeg�x�xhji JDlxf�r�f$h1c
� ��~+egf
f&egu;r+wglmk&egnpo r+k&egwge��jh1f;k&~thqk&eguZh�c+e|�pe|k&e��1lmk&egnpo+f;i&h1��nxiActh1c yMnxiZh1lx�>~ nxy�k&~th�cthjk$h1��k$nxi%�A~+lxo+o+h1wgf�ego l
��npu�v�r+k&lmk&e|npo+lxw+h1u;r+wglmk&egnpoZnxyBk&~th�k$i>e|�x�xhji�h1wgh1��k$i&npo+eg�jfj�O��~�egfOk$iAe|�x�xhjiDf&egu;r+wglmk&e|npoZh ��h1��k&e|�xh1wg�ZuZlxcth
e|k�vBnpf&fAe|s�w|h�k$n	uZlmk&�A~�k$iAe|�x�xhji�f&e|�po+lxw fOk$n;lx��k&r�lxw�k$iAlx�]>�f1����~th�iAh1wgeglms�egw e|k �9nxy
k&~+h)f&egu;r+wglmk&egnpoZ�jlxo�sBh
�A~+h1�?>xh1c�s��]��npu�v�lmiAe f$npo�nxy�k&~+h;f&e u�r+w lmk$h1c��pw|nxs�lxw I�� J�e|k&~]k&~th	~+lmiAc3J�lmi&h-�xh1o+hjiAlmk$h1cRI��9����~th
yzr+wgw
egotyMnxiAuZlmk&egnpoqi&hj�plmiAc+e ot�EJ�~+eg�>~�u;rtnpo � nxi)s�nxk&~��D�xh1othjiAlmk$h1c k&~th9k$i>e|�x�xhji�J�lxf�iAhjk&lxegoth1c]e oqk&~th
f&egu;r+wglmk&egnpo e oq��npo�k$iAlxf&k�k$nZk&~th�f&egu�v�wghji�I�� vBhji&yMnxiAu�h1cqego%k&~th9~�lmiAc3J�lmi&hx�

b�yzlxegwgr+i&h%k$n uZlmk&�A~ k$iAlx�?>�f�k$nHf$k&rts�f	k$n k$i>e|�x�xhji�cth1�jegfAe|npo+f	v+i&nxvBhjiAwg� c+rtiAego+��h1e|k&~+hji�lxo
h Y��je|h1o���� f$k&r�ct��nxi�c+rtiAego+�-hj�xh1o}k)f$h1w|h1��k&egnpo J�npr�wgc%i&h1f&r+wgk�e o%s�eglxf$h1fj����~th1f$h6s�eglxf&h1f�nxy k$h1o�w|h1lxc%k$n
lxo�n �xhjiAh1f$k&eguZlmk&e|npo�nxyDl%v�lmi&k&eg�jr�wglmi)h Y��je|h1o+���x 
nxi6h1wgf$h	lxo�n �xhji>f$h1w|h1��k&e|npo�nxy�k&~th	hj�xh1o�k&f J�e|k&~+ego l
f&lxu�v�w|hx��b�f�lxo]h;:�lxu�v�w|h � lxo+c]k&~thji&h-lmi&h�o}r+uZhji&npr+f�k$n �A~tn�npf$h-yMi&npu��> �f&rtv+vBnpf$h k J�n%u�r+npo+f�nxy�l
^ sBnxk&~�h1o}k$hjiDc�e���hjiAh1o�kOv�lmiAk&f�nxyBk&~th�������D ���]�Hi&hj�pe|npo �[I6oth�u�r+npo
 �nxi�hj�xh1o f$npu�h)f$v�rtiAegnpr+f\f$hjk
nxyK~�e|k&f�otnxk�lxf&f$n��jeglmk$h1c J�e|k&~ h1e|k&~+hji�u�rtnpo  ���npr�wgc v+i&n�c+r+��h l	�pw|nxs�lxwBw|hj�xh1w * ~+e|�p~ ��k)���]��D �����
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u;rtnpo�k$iAe|�x�xhji  }s�r+kOk&~th�nxk&~thjiDw|hj�-uZe|�p~}kOyzlxegw+w|hj�xh1w * �\��~th�u�r+npo J�~+e �A~�yzlxegw|h1c	k$n��xh1othjiAlmk$h)wghj�xh1w *
��npr+wgc ego�k&rtiAo f&lmk&egf$yM��w|hj�xh1w f � lxo+c �  3J�~+egwgh�k&~th u�rtnpo2J�~�eg�A~ ~+lxc f&r+�j��h1f&f$yzr+wgwg��k$iAe|�x�xhji&h1c%w|hj�xh1w *
��npr+wgc;yzlxegw}npoth�nxiOsBnxk&~�nxy�k&~th1f$h�w|hj�xh1wgf1�$\ o;k&~+egf\�jlxf$h�k&~th�hj�xh1o}k J�npr+w c�sBh J�iAe|k$k$h1o;k$n6k&lmvBh�sBh1�jlxr+f$h
lxwgw�k&~tiAhjh�w|hj�xh1wgfOnxy�k&~th�k$iAe|�x�xhji�~+lxc�sBhjh1o�f&lmk&egf${�h1c
�/¡)n JDhj�xhji1 toth1e|k&~+hjiOnxy�k&~th�u;rtnpo+f�npo�k&~th1e|iOn J�o
JDnpr+wgc ~+l1�xh k$iAe|�x�xhjiAh1c�k&~+h)hj�xh1o}kj +lxo+c
 �yMnxi�k&~+e f�i&h1lxf&npo
 �k&~th)hj�xh1o}k�f&~tnpr�wgcZsBh�h;:t�jwgr+c+h1c�yMi&npu3k&~th
{�o+lxw�^ D u�rtnpoqc�lmk&lZf$hjkj��� e|k&~tnprtk�l���npuZv�w|hjk$h-r+o�cthjiAf$k&lxo+c�egot�-nxy\k&~th6k$i>e|�x�xhji�e|k�egf�e u�vBnpf&f&e|s�wgh�k$n
h;:t�jwgr+cth9f&r��A~�lxoqhj�xh1o}kj�

��~thE^�k$iAlxo+f&�xhjiAf$h	u�npu�h1o}k&r+u�h Y��je|h1o+�je|h1f�lmi&h;k$n�sBh-cthjk$hji>uZegoth1c]y i&npu l%��npo}k$h���lmiAw|n
f&egu;r+wglmk&egnpoHlxf&fAr+uZegot��l�f&ego+�pw|h�k$i>lx�?> f&lmk&egf${+h1c k&~th�f&h1w|h1��k&e|npo ��iAe|k$hji>egl�lmkZlxw w�w|hj�xh1wgfj�=��~thqc+lmk&l
lxo+lxw|��f&egfqlx�j��npuZv�wgegf&~+h1f%k&~th1f$h=f&lxuZh=��npo+c+e|k&egnpo+f%s}� uZlmk&�>~+egot� lxo n � egoth�u;rtnpo k$n lxo npo+wgegoth
u;rtnpo�lxo+c;k&~th1o	s��-h;:tlxuZego+ego+�)k&~th�npo�wgegothDu�rtnpo�lxfOegk/v�i&nx�xi&h1f&f$h1f\k&~+i&nprt�p~	k&~th�f$h1w|h1��k&egnpo	v+i&n���h1f&fj�
X hjnpu�hjk$i>eg�jlxwB�jrtk&f�lmiAh)lmv+v�w e|h1c�s�lxf$h1c�npo�k&~th)u;rtnpo � fDu�h1lxf&rtiAh1cZk$iAlx�]>�ego+��v�lmi>lxu�hjk$hjiAfj �r+f&ego+�9k&~th
i&nprtk&e oth������ 8 � � k$n�uZlmk&�>~�k$iAlx�]>�f)k$n�f&k&rts�f�lxo+c�r+w|k&eguZlmk$h1wg��k$nZk$iAeg�x�xhji�k$n JDhjiAf�lxo+c]c+hjk$h1��k$nxi
~+e|k&f1� b �jlxo+c+egc+lmk$h � �xnpwgc�� u;rtnpo u�r+f&k�v�lxfAf;wghj�xh1wgf *   � lxo+c � egoHnxiActhji;y nxi	k&~th%hj�xh1o}k�k$n sBh
ego+�jw r+cth1c ego k&~thq{�o�lxw�f&lxu�v�w|hx� ��~th�u�r+npo k$iAe|�x�xhji�fAegu�r�wglmk&e|npo uZlmk&�A~+h1f�lxwgw�k$i>e|�x�xhji�cth1�je f&e|npo+f
k$n=h1lx�>~Xlxo�c hj�xhji&� u;rtnpo k$i>lx�?> �jlxo+c+e c+lmk$hx� �)h1lmi D vBhji&yMh1��k�lm�xi&hjh1uZh1o�k%egf�yMnpr+o+c sBhjk J�hjh1oXk&~th
f&egu;r+wglmk&egnpo]lxo+c k&~th�lx��k&r+lxw\c+lmk&l � lxwgw/c+egfA��i&hjv�lxo+�je|h1f�JDhji&h	h1e|k&~thji�h1wgeguZego�lmk$h1c]nxi h1wgf$h;k&lW>xh1o ego}k$n
lx�j��npr+o}k)ego%k&~+h6{�o+lxw cthjk$hji>uZego+lmk&e|npo%nxy/k&~th-c+hjk$h1��k$nxi)h Y��jegh1o+���t�>�

I o+w|�_J�e|k&~�l6��npu�v�w|hjk$h�k$iAe|�x�xhji�f&egu;r+wglmk&e|npo J�lxf�e|kOvBnpf&f&egs�w|hDk$n9i&h �$h1��k�hj�xh1o�k&f J�~+e �A~ JDnpr+wgc
nxk&~thji?J)egf$h�~+l �xh�s�eglxf$h1c k&~+hZ{�o+lxw�f&lxu�v�w|hx�q��JDn�e u�vBnxi&k&lxo�k6k$hji>uZf J)egwgwOotn J sBh�cthj{�oth1cTJ�~+e �A~
J�egw w�sBh r+f$h1c%k&~ti&npr+�p~tnprtkDk&~+egf�lxo+lxw|��f&egf�k$nZcth1f&��i>e|sBh)k&~th6c+e���hji&h1o}k�k ��vBh1f�nxyKs�e lxf$h1f J�~+eg�>~ o+hjh1cth1c
k$nZsBh9r+o+c+hjiAf$k$n�n�c
�

�)o�cthjiAf$h1w|h1��k&egnpo%nxy/hj�xh1o}k&f ��lxo �$r+o+cthji�hj�xh1o}k ��n��j�jrti>f�J�~th1o%k&~th-hj�xh1o�k�f&h1w|h1��k&e|npo]��i>e|k$hjiAegl
i&h1f&r�w|k&f�e o�l;f&uZlxwgwghji D k&~+lxo�D cth1fAe|i&h1cZc+lmk&l	f&lxuZv�w|h � egh ^�D u;rtnpo hj�xh1o}k&f�lmi&h6cth1f$h1w|h1��k$h1c��>�O� ~+egwgh)e|k�egf
cth1f&egi&h1c k$n�~+l1�xh�lxf-wglmi&�xh�lqc+lmk&lqf$hjk9lxf6vBnpf&fAe|s�w|hx Br+o+cthji>f$h1w|h1��k&e|npo�egf6otnxk6r+fAr+lxwgw|��l%v+iAnxs�w|h1u ego
k&~+lmk e|k)fA~tnpr+wgc�f&k&egwgw
i&h1fAr+w|k)e o]��npo+f&e f$k$h1o+���x� 5 nxi�h;:tlxu�v�wghx �e|yOl�k&e|�p~}k$hji D k&~+lxo�D oth1��h1fAf&lmi&�]f$h1wgh1��k&e|npo
�jrtk�egf�lmv+v�wgegh1cZk$n�l-v�lmi&k&eg�jr+wglmi���r+lxo�k&egk �x �k&~th1o y h JDhji�hj�xh1o}k&f�J�egwgw�uZlW>xh6e|kDe o�k$n;k&~th {�o+lxw�c+lmk&l	f$hjk
k&~+lxo%nxk&~thji]J�egf$hx��¡)n JDhj�xhji1 �lxo�h Y��je|h1o+���%f$k&r+ct��J�npr+w c%v+i&n�c+r+��h l���nxi&i&h1f$vBnpo+c+e ot�pw|�Zw|n J�hji D k&~�lxo�D
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vBnpf&f&e|s�w|h�f$h1w|h1��k&e|npo;h Y��jegh1o+���x�\� ~th1o�k&~+egf/f$h1w|h1��k&egnpo-h Y��jegh1o+���-egf/r+f$h1c;lxf/v�lmi&k nxy�k&~th��]npo}k$h)��lmiAw|n
f&egu;r+wglmk&egnpo
 Kl f&uZlxwgwghji D k&~+lxo�D vBnpf&f&egs�w|h	lx�j��hjv+k&lxo+��h JDnpr+wgc yMnpwgw|n J9��b�oHlxo+lxwg��f&e f J�npr�wgc �xh1othji>lmk$h
��nxi&i&h1��k)i&h1f&r+wgk&fj tlxw|sBh1e|k�J�e|k&~qf&uZlxw w|hji D k&~+lxo�D vBnpf&fAe|s�w|h�f$k&lmk&egf$k&eg�jf1�

I��xhjiAf$h1wgh1��k&e|npo�nxy�hj�xh1o}k&f �Klxo � nV�xhji-hj�xh1o}k �qn��j�jrtiAf J�~th1o k&~th�f$h1wgh1��k&e|npo���iAe|k$hjiAe l�lmi&h	k$n�n
w|n�npf$h�iAh1f&r+w|k&ego+� e o�l9s�eglxf$h1c�c�lmk&l-f&lxu�v�w|h�J�~+e �A~Zegf�wglmi&�xhji�k&~+lxo�egk�f&~tnpr+w c�sBhx���]I �xhji��-hj�xh1o}k&f��jlxo
i&h1f&r�w|kOego�ego+��npo+fAegf$k$h1o+�je|h1f\sBhjk J�hjh1o�k&~th���npo}k$h ��lmiAw|n6f&egu;r+wglmk&e|npo�lxo�c	k&~th�c+lmk&l�� I��xhji>f$h1w|h1��k&e|npo�nxy
hj�xh1o}k&f�egf\k&~+h�uZlxego	v+iAnxs�w|h1u J�~+e �A~�u;r+f$kOsBh�uZego+e uZe��jh1c
�.\ o�k&~+e fOlxo+lxw|��f&egf\k&~th)�]npo}k$h ��lmiAwgn r�f$h1f
lxoqnV�xhjiAlxwgw f&e ot�pw|h�k$iAlx�?>%h Y��je|h1o�����k$n�c+hjk$hjiAuZegoth�k&~th9lx�j��hjv+k&lxo���hx� 5 nxi)h;:�lxuZv�w|hx +e|k�egf�eguZv�nxiAk&lxo�k
otnxk�k$nZlxwgw|n J hj�xh1o�k&f)ego}k$n;k&~+h�{�o+lxwBc+lmk&l�f&lxu�v�wgh�J)~+eg�A~%uZlxc+h egkDk&~+hji&h ��egl	l �$f&~�lmiAegot� ��sBhjkPJDhjh1o
k&~th�u;rtnpo+f nxy�c�e���hjiAh1o�k w|hj�xh1wgf nxy�k&~th	k$iAe|�x�xhji1�;��~+egf�J�npr�wgc i&h1f&r+w|k ego l%{�o+lxw/c+lmk&lqf$hjk J�egk&~]k$n�n
uZlxo}��hj�xh1o}k&fj �lxo+c�l6�jlxwg�jr+wglmk$h1c�fAegot�pw|hDk$iAlx�?>	h Y��jegh1o+��� J�~�eg�A~ J�lxf\k$n}n�wglmi&�xhx�O��~thDn �xhji&h Y��je|h1o+���
JDnpr+wgc k&~+h1o=sBh�r�f$h1cHe o k&~thq��npo}k$h]��lmiAw|n f&egu;r+wglmk&e|npo k$n �xh1o+hjiAlmk$hql�f$hjk;nxy�f&egu;r+wglmk$h1cHhj�xh1o}k&f
J�~tnpf&h��A~+lmi>lx��k$hjiAegf$k&eg�jf JDnpr+wgcZc�e���hji�y i&npu k&~tnpf$h)nxy
k&~th)c+lmk&l-hj�xh1o�k&f1�[\ o�k&~+egfOh;:tlxu�v�wgh�k&~th)�]npo}k$h
��lmiAwgn�cthjk$hjiAuZego+h1c lx�j��hjv+k&lxo+��h2J�npr�wgc�sBhZs�eglxf$h1c�~�e|�p~�sBh1�jlxr+f$hZk&~+h�f$h1w|h1��k&e|npo h Y��je|h1o+��� JDnpr+wgc
sBh6s�eglxf$h1cq~�e|�p~
�

CDh1�jlxr+f$h]nxy�k&~th�vBnxk$h1o}k&eglxw�v+iAnxs�w|h1u J�e|k&~ � nV�xhji��Hhj�xh1o�k&f�ego�k$n=k&~th]c+lmk&l fAlxu�v�w|h \ J�egwgw
v+i&h1f&h1o�k	l�f$h1��npo+c h;:�lxuZv�w|h�J)~+eg�A~ J�egw wOsBh c+e f&�jr+f&f$h1cHego cthjk&lxegwDwglmk$hji1� 5 nxi�l�wglmi&�xh y iAlx��k&egnpoHnxy
k&~thZc+lmk&l%k&~+hji&hEJDlxf-lxo�h1w|h1��k$i&npo+e �jf v+i&nxs�w|h1u lxf&f&n��jeglmk$h1cRJ�e|k&~�k&~th�w|hj�xh1w � u;rtnpo�k$iAeg�x�xhji1����~+egf
i&h1f&r�w|k$h1c]ego�n��j�jlxf&egnpo+lxw i>lxo+ctnpu k$i>e|�x�xhjiAf � J)~th1o]otnpo+h�f&~tnpr�wgc�~+l �xh�n��j�jrti&i&h1c���lxo+c]lxw f$n�ego]otnpo�D
k$iAe|�x�xhji>f � J�~th1o%k&~thj�qf&~+npr+wgc%~+l1�xh-n��j�jrtiAi&h1c���npo�l	k$iAlx�]> D s�� D k$iAlx�?>�s�lxf&egfj�O��~+h9f$h1w|h1��k&e|npo���i>e|k$hjiAegl
ego�k&~�egf�lxo+lxwg��f&e f�lxcth1��r+lmk$h1w|�Zcth1lxw|k J�e|k&~�k&~th�h;:�k$iAl9i>lxo+ctnpu k$i>e|�x�xhjiAf�s�h1�jlxr�f$h�l;f&egu;r+wglmk$h1cZw|hj�xh1w �
k$iAe|�x�xhjiZe f-i&h1��r+e|iAh1cHegoHk&~+egf;lxo+lxw|��f&egf1����~th�i>lxo+ctnpu yMlxwgf&h;D k$iAe|�x�xhjiAf JDhji&hqcth1f$h1w|h1��k$h1c lxf;v�lmiAk;nxy
k&~th�otnxiAuZlxw�f$h1w|h1��k&e|npo�v+i&n���h1f&fj��¡)n JDhj�xhji1 tk&~th)iAlxo+ctnpu otnpo�D k$iAe|�x�xhji>f��jlxr+f&h)k J�n;v+i&nxs�wgh1uZfj� 5 egiAf$kj 
k&~th iAh1f&r+w|k&ego+� c+lmk&l f$hjk]egfqf&u�lxwgw|hjiqk&~+lxo egk�f&~tnpr+wgc ~�l1�xh sBhjh1o sBh1�jlxr+f$h u�lxo�� hj�xh1o�k&f J�~+e �A~
h;:�v�hji>e|h1o+��h1cZl-iAlxo+ctnpu otnpo�D k$iAe|�x�xhji J�hjiAh)otnxk J�iAe|k$k$h1o�k$n;k&lmvBhx� 8 h1��npo+c
 �lxo+c�u�nxiAh)egu�vBnxi&k&lxo}k&w|�x 
J�e|k&~�ego=k&~+h%fAuZlxwgw|hji D k&~�lxo�D e|k D f&~tnpr�wgc sBhqc+lmk&l�f$hjk�k&~thjiAh%lmiAhqhj�xh1o�k&fEJ)~thji&h%npothqnxiZu�nxi&h%nxy�k&~th
u;rtnpo �jlxo+c+egc+lmk$h1f�h;:�v�hji>e|h1o+��h1cHiAlxo+ctnpu otnpo�D k$i>e|�x�xhjiAfj �lxo+cHnxk&~thjiZu;rtnpo �jlxo+c+egc+lmk$h1f;k$iAeg�x�xhji&h1c
otnxiAu�lxwgw|�x����~+egf�lx��k&r+lxwgw|�=wgh1lxc+f-k$n�lxo n �xhji>f$h1w|h1��k&e|npo nxy�hj�xh1o�k&f�yMnxi	k&~th {�o+lxwDc+lmk&l�f$hjkj �c+rth�k$n
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k&~th6�pw|nxs�lxw�o�lmk&rti&h nxyKk&~+h wghj�xh1w � k$iAe|�x�xhji1����~�egf�~+lmv+vBh1o+f�s�h1�jlxr�f$h9e|k�egf�egu�vBnpf&f&egs�w|h�k$nZcthjk$hji>uZegoth
J�~thjk&~+hji-lxo�hj�xh1o}k JDlxf J�iAe|k$k$h1o�k$n]k&lmv�h�s�h1�jlxr�f$h�nxyDl�v�lmi&k&eg�jr+w lmi u;rtnpo �jlxo�c+egc+lmk$hEJ�egk&~+ego k&~th
hj�xh1o}kj� �)nxk&~+egot� �jlxo sBh c+npoth�k$n h1w eguZego+lmk$h k&~th � n �xhji � hj�xh1o�k&f�y i&npu k&~th�c+lmk&l f&hjk2J)e|k&~tnprtk
ctiAlxf&k&eg�jlxwgw|�	i&h1c+r��jegot�9k&~th�f&e��jh)nxy k&~th)c�lmk&l�f$hjkj��b)wgw�k&~+lmk��jlxo�sBh)c+npoth)egf�k$n�k$iA�Zk$n�h1f&k&eguZlmk$h�k&~th1e|i
egu�v�lx��k�lxo+c�lxc �&r+f$k�k&~th6iAh1f&r+w|k&f�lx�j��nxiAc�egot�pw|�%wglmk$hji�npo
�

� n f&r�uZuZlmiAe��jhx )ego k&~+egf%lxo+lxw|��f&egfj )lxoXh �Bnxi&k�~+lxf sBhjh1o uZlxcth�k$n ��npu�vBh1o+f&lmk$h�yMnxiqk&~th
n �xhji>f$h1w|h1��k&e|npo�nxy\hj�xh1o�k&fj����~+hji&h J�lxf�otn J�l1�qk$n l1�xnpegc�k&~th1u�h1o�k&e|iAh1w|��s�rtk�lmk)w|h1lxf&k�k&~th1e|i�e u�v�lx��k
~+lxf�sBhjh1o�u�ego+eguZe �jh1c
�K��~+h9f$h1w|h1��k&e|npoqh Y��je|h1o+���%cthjk$hjiAuZego�lmk&e|npo JDlxf�nxv+k&eguZe �jh1c
 tlxo+cqk&~th-w lmi&�xh1f$k
vBnpf&f&e|s�w|h�f&hjk�nxy/r�o�s�e lxf$h1c ^ hj�xh1o}k&f�J�lxf�nxs+k&lxe oth1c
�

����� 2 <=����
��3,-��'&��./�
!&��
 ( � !$����� !A�

��~th9f$h1wgh1��k&e|npo]��iAegk$hjiAegl J�~+e �A~�lmi&h�r+f$h1cqk$n�f&h1w|h1��k ^��jlxo�c+egc+lmk$h9hj�xh1o}k&f)y i&npu k&~th-~+e|�p~]��k
u;rtnpo�f&lxu�v�w|hx����~th1f$h9�jr+k&f�lmi&h-u�nxiAh-f$h1w|h1��k&e|�xh-k&~+lxoqk&~tnpf$h-y nxi�k&~+h-lxwgw �$u;rtnpo��Zf$h1wgh1��k&e|npo
�

* � � X npwgc�� u�rtnpo�f)lmi&h;i&h1��r+e|i&h1c]k$n�vBnpego}k)lmk f&rtvBhjiAw l1�xhji F�nxy�k&~thZ���)� � � 8 egwg�xhji���u;rtnpo+f�lmi&h
iAh1�}r+egi&h1c%k$nZvBnpego}k�lmk)f&rtvBhjiAwgl �xhjiAf�<�k&~tiAr F;nxy/k&~+h;���)���

� ��~+egf�egf�cthjk$hji>uZegoth1cqr+fAegot�	k&~th;����� I � � {�c�r+�jeglxwBi&nprtk&e othx�

� �)��rtnpo�f&k&rts�n � ego+h9��k�� * F X h 9��

� ��~th9u�r+npo � f�n � ego+h6i&h1��npo+f$k$iAr���k$h1c�k$iAlx�]>%��k�u;r+f$k�sBh6�xi&h1lmk$hji�k&~�lxo * F X h 9;�

� �)��rtnpo�f&k&rts�sBh1lxu ��npo+f$k$i>lxegoth1cq��k�� �m� X h 9

� 5 nxi�h1lx�>~ e o+c+e|��egc+r+lxw�iAr+o�k&~+h�sBh1lxu f$vBnxk�egf[J�h1wgw�cthj{�oth1c � e o�k&~th�:Zlxo+cZ�	��n�nxiAc+e o+lmk$h1f
lmk9wgh1lxf$k>�>�;��~th�egotyMnxiAuZlmk&e|npo egf r+f$h1c�k$nqh �Bh1��k&e|�xh1w|��lxc+c�lxo�lxc+c+e|k&egnpo+lxw/v�npe o�k�k$nqk&~th
w egf$k�nxyD���)�d~+e|k&f)yMnxi9l��peg�xh1o�k$iAlx�?>�  lxo+c�~th1o+��h	l%u�nxi&h�lx�j�jrtiAlmk$hZc+hjk$hjiAuZego+lmk&egnpo�nxy
k&~+h�u�npu�h1o}k&r+u nxy�l��peg�xh1o]k$iAlx�]>]egf�nxs+k&lxegoth1c
 �lxf&f&r+u�egot��k&~+lmk�k&~th-k$i>lx�?>�nxiAeg�pego+lmk$h1c
lmk�k&~th-��npwgwge f&e|npo vBnpego�kj�
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<t��¡�lxcti&npo�eg� h1othji&�x� � 6 X h 9

� ��~th�i&h1��r+e|iAh1u�h1o�k�v�rtk&fDl�w eguZe|kOnpo k&~th�lxu�npr+o}k�nxy ~�lxcti&npo+eg��h1othji&�x��cthjvBnpf&egk$h1c�ego�k&~th
~�lxcti&npo+eg� �jlxw|nxi>egu�hjk$hji�ego k&~th-i&hj�pe|npo%nxy/k&~th6k$iAlx�?>�����~th9�jrtk � f�v+i>eguZlmi&�Zv�rti&vBnpf$h egf�k$n
iAh � h1��k�otnpo�D u;rtnpo%v�lmi&k&eg�jwgh1fj�

4 ��¢�w|h1��k$i&npuZlm�po+hjk&eg�9h1othjiA�x� � � X h 9

� ��~th�i&h1��r+e|i&h1u�h1o}kOv�rtk&f�l9wgeguZegk/npoZk&~th�lxu�npr+o}k�nxyBh1w|h1��k$i&npu�lm�pothjk&eg��h1o+hji&�x��cthjvBnpf&e|k$h1c
e o%k&~th9h1w|h1��k$i&npu�lm�pothjk&eg�9�jlxw|nxi>egu�hjk$hji�ego%k&~+h9i&hj�pe|npoqnxy/k&~th9k$i>lx�?>�����~th6�jrtk � f�v+iAegu�lmi&�
v�rti&vBnpf$h6egf�k$nZi&h �$h1��k)o+npo�D u�r+npo%v�lmi&k&eg�jw|h1f1�

6�����~th9uZl':tegu�r�u"�xhji&k$h;:]f$hjv�lmiAlmk&egnpo�u�r�f$k�sBh � 4 �ju

� ��~th�i&h1��r+e|iAh1u�h1o�k�v�rtk&f�l;wgegu�e|kOnpo�~+n J yMlmi�lmv�lmi&k�k&~th)nxi>e|�pego+lmk&ego+�6k$iAlx�?>�f�lmi&h)lxw w|n JDh1c
k$n�~+l �xhqnxiAe|�pego�lmk$h1c
� 5 nxiZl�w|hj�pe|k&eguZlmk$h ^�D hj�xh1o}k�k&~th%u�rtnpo�f�nxi>e|�pego+lmk$h%lmk	k&~thqf&lxu�h
vBnpego}kj��¡�n J�hj�xhji  /f&e o+��h	h;:�vBhjiAeguZh1o�k&lxwOc+lmk&lqe f s�h1e ot�qr+f$h1c
  e|k9e f6oth1��h1f&f&lmi&� k$n�lxwgw|n J
yMnxi�k&~th-v�npfAf&e|s�egw e|k ��nxy\f&uZlxwgwBk$i>lx�?>�egot�Zhji&iAnxiAfj�

A}����~th9u�r+npo�u�r�f$k�v�lxf&f�k&~+h-��npf&uZeg� {�w|k$hji1�

� ��~th���npf&uZeg��{�wgk$hji�lmk$k$h1u�v+k&f�k$n6iAh � h1��k���npf&u�eg��hj�xh1o�k&f1� I oth�nxy�k&~+h�JDl ��f�e|kOctn}h1f\k&~�egfOegf
k$n)h;:�lxu�egoth�k&~+h�k&eguZego+��nxytk&~th�~+lxc+i&npo9� � ��f y nxiKk$iAlx�?>�f�J�~+eg�>~9lmi&h�o+h1lmiAw|� * F � cthj�xiAhjh1f
lmv�lmi&kj� 8 r+�>~�k$iAlx�]>�f�lmi&hZh1e|k&~thji-kPJDn]v�lmi&k&e �jw|h1f k$iAl1�xh1w egot��nprtk JDlmi>c k$n J�lmiAc+f-nxv+vBnpf&e|k$h
��nxi>othjiAfDnxy k&~th cthjk$h1��k$nxi1 +nxi�h1wgf&h�k&~thj� ��nxi&i&h1f$vBnpo+c�k$n;npo+h)v�lmiAk&eg�jw|h�k$i>l1�xh1wgego+�;k&~+i&nprt�p~
k&~+h-cthjk$h1��k$nxi � l���npf&uZe �6iAl1�+�>� \�y/k&~th-u;rtnpo�egf�lZ��npf&uZeg�9iAl1�%k&~th1o]k&~th-~+lxctiAnpoq� � ��f
J)egwgw iAh1��nxiAc�c+egf$k&e o+��k&w|�qc+e��Bhji&h1o}k�k&e u�h1fj� \ y�k&~th	k$iAlx�?>�f6nxiAeg�pego+lmk$h1c�f&egu;r+w|k&lxothjnpr�f&w|�qlmk
k&~+h���h1o}k$hji;nxy�k&~th cthjk$h1��k$nxi � y iAnpu�k&~th cth1�jl1��nxy�l ^ ��k&~th1o=k&~th�~+lxc+i&npo=� � ��f J�egwgw
sBh-~�e|k�lmk lmv+v+i&n :�egu�lmk$h1w|�%k&~th�f&lxuZh-k&egu�hx��\ k)egf�vBnpf&f&e|s�wgh�k$n v�wglx��h��jrtk&f�npo�k&~+egf�k&egu�h
c�e���hjiAh1o+��hx  lxo+c���npo+f$h1��rth1o}k&w|� k$nqi&h � h1��k9��npfAuZeg�	iAl ��hj�xh1o}k&fj���)o+y nxi&k&r�o+lmk$h1w|�x  npo+wg��l
yMiAlx��k&e|npo�nxy\u;rtnpoqk$i>lx�?>�f�~+l �xh�l1�mlxegwglms�w|h9~+lxcti&npoq� � � k&eguZegot��c+lmk&l��
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F���\ o+c+eg��egc�r+lxw�cthjk$h1��k$nxi �jrtk&f�o+h1��h1f&f&lmi&�%yMnxi�lZ~+e|�p~q��k�u�rtnpo�k$nZsBh �jw lxf&f$h1c�lxf � �xnpw c���� � �)nxk$h
k&~�lmk�k&~th9i&h1��r+e|iAh1u�h1o�k&f�lmiAh-u�nxi&h-f&k$iAegot�xh1o}k�k&~+lxoqsBhjyMnxi&hV�

� 5 nxi�u;rtnpo+f�ego k&~th]������D npo�w|�HiAhj�pe|npo
�����]� c�: � � �ju lxo+c k&~th�������u;r+f$k�sBh
�jw lxf&f$h1c�lxf)~+l1��egot��sBhjh1o�ego%�xn�n�c J�nxi]>�ego+�;nxi>cthji�yMnxi�k&~th9iAr�oqegoq�}r+h1f$k&e|npo
�

� 5 nxi-u�r+npo+f6ego k&~th�������D ���]� iAhj�pe|npo
�-����� c�: � 4 �ju�lxo�c�s�nxk&~�k&~+hZ���]�3lxo+c
k&~+hZ���]� u;r+f$k sBh��jwglxf&f$h1c�lxf6~+l ��e ot�%s�hjh1o�ego �xn�n�c JDnxi?>�egot� nxiActhji6yMnxi k&~th�iAr+o ego
��rth1f$k&egnpo
�

� 5 nxi�u�r+npo+f	ego k&~th]����� npo+w|� iAhj�pe|npo
������� c�: � 6m�ju lxo+c k&~+h������ u�r+f&k;sBh
�jw lxf&f$h1c�lxf)~+l1��egot��sBhjh1o�ego%�xn�n�c J�nxi]>�ego+�;nxi>cthji�yMnxi�k&~th9iAr�oqegoq�}r+h1f$k&e|npo
�

7�����~th9u�r+npo+f�J�e|k&~�ego k&~th6hj�xh1o�k�u�r�f$k�sBh nxv+vBnpf&e|k$h1w|� �A~+lmi&�xh1c �

* � ����~th9c+egu;rtnpoqego}�^lmi>eglxo�k�uZlxfAf�yMnxi�k&~th6hj�xh1o}k)u;r+f$k�wgegh�sBhjk J�hjh1o 6 � X h 9�lxo+c * �m� X h 9��

����� 2 <=����
�� �]� !�� ����� ( � !$����� !A�

b � �xnpwgc �;u;rtnpo%u;r+f$kDv�lxf&f�w|hj�xh1wgfDnpothx �k J�nZlxo+c k&~tiAhjhx����~th�y npw w|n J�e ot����iAegk$hjiAegl;lmi&h6r+f$h1c
k$nZcthjk$hjiAu�egoth k&~+egfj� �)nxk$h9k&~+lmk)����� 8 � � egf�r+f&h1c�k$n�cthjk$hjiAuZego+h�J�~+hjk&~thji�k&~th9u;rtnpoqf&~tnpr+w c�sBh
�jwglxf&f&h1cqlxf �$� � � ���]��D npo+w|��i&hj�pe|npo��>  �$� � � ������D ���]� i&hj�pe|npo���nxi � �����#\ o%k&~+egf�cthjk$hjiAuZe o+lmk&e|npo
k&~th9sBh1f$k�v�npfAf&e|s�w|h�k$iAlx�]>�ego+�Zv�lmiAlxu�hjk$hji>f)lmi&h�r+f$h1c�lxf)egotv�rtk&f�yMnxi ���]� 8 � �  �o�lxu�h1w|� k&~th9sBh1lxu
��npo+f$k$i>lxegoth1cqk$iAlx�]>�e ot��v�lmiAlxu�hjk$hji>fj�

� ��� ��� �	��
�����
����

5 nxi �$��� � ������D npo+w|�+�>��b {��xh;D cthj�xi&hjh	���]��D npo+w|� k$n JDhji�J�egk&~+ego � � 4 cthj�xi&hjh1f � ego%v�~+eM��nxy
k&~thZv�i&h1c+eg��k$h1c=����� 8 � � � c ���]��D npo+w|� v�~+e\vBnpf&e|k&egnpo�u�r+f&k-~+l1�xh�{+i&h1c � lxc �$npego+e ot�]���]��D npo+w|�
k$n JDhjiAf9lmiAh	��npo�f&egcthji&h1c�e|y�k&~thj��lmi&h�lxwgf&n �$��� � e|y�k&~+h	lxc � npego�egot��k$n J�hji�egf �jwglxf&f&e|{�h1c lxf �$� � k&~th1o
e|k6egf6otnxk9��npo�f&egcthji&h1c��>����~th	hj�xh1o}k-u;r+f$k9lxwgf$nq~+l �xhZ{+i&h1c�k&~+h��pw|nxs�lxw\w|hj�xh1w * ������D npo+w|�]k$i>e|�x�xhji
� k&~+egf�egf�h;:�vBh1��k$h1c]k$n�~+lmv+vBh1o%�pe|�xh1oqk&~+h-lmsBn �xh9i&h1��r+e|iAh1u�h1o�k&f��>�

AWF



5 nxi��$� � � ������D ���]���>� b {+�xh;D c+hj�xi&hjh�������D ����� k$n JDhji J�egk&~+ego � � 4 c+hj�xi&hjh1f � ego�v�~+e �
nxy�k&~thqv+i&h1c+e ��k$h1c ���]� 8 � � � c ���]��D ����� v�~�e�vBnpf&egk&e|npo u�r�f$k�~+l1�xh�{+i&h1c � e|y�k&~th�lxc �$npego+egot�
k$n JDhji�egf�otnxk l ������D ���]�"k$n J�hjiqk&~th1o e|k egf�o+nxk���npo+f&e cthji&h1c��>�C��~th]hj�xh1o}kqu�r�f$k�lxwgf&n ~+l �xh
{+i&h1c k&~th �pw|nxs�lxw�wghj�xh1w * ������D �����"k$iAe|�x�xhji � k&~+egf egf�h;:�vBh1��k$h1c k$n ~�lmv+vBh1o �pe|�xh1oXk&~th�lms�nV�xh
i&h1��r+e|i&h1uZh1o�k&f>�>�O��~+h)��nxi&i&h1f&v�npo�c+egot����� * � f&egu;r+wglmk$h1c�k$iAe|�x�xhji�k$n JDhji�u;r+f$k�lxw f$n;~�l1�xh�{+i&h1c � k&~+egf
ego+�jw r+cth1f�l�k&eguZe ot���jrtk�npoqk&~th;���]�X�A~+lxu�sBhji)~+e|k&f�lxo�c J�egwgw�sBh6h;:�v�wglxegoth1cqegoqc+hjk&lxegwBsBh1w|n J��>�

5 nxi � ������b {+�xh;D cthj�xi&hjh������ k$n JDhji�J)e|k&~+ego � �BA 4 cthj�xiAhjh1f � ego v�~+eM�9nxy�k&~thqv+iAh1c+eg��k$h1c
����� 8 � � � c%����� v�~+e+v�npfAe|k&e|npoZu;r+f$k�~�l1�xh�{+i&h1c � egy�k&~+h)lxc �$npego+ego+��k$n J�hji�egf�otnxk�l	��� � k$n JDhji
k&~th1o�e|k egf o+nxkK��npo+f&e cthji&h1c��>�/��~thOhj�xh1o}k/u;r+f$k lxw f$n)~+l �xh�{+iAh1c6k&~th��pwgnxs�lxwpw|hj�xh1w * ��� � k$iAe|�x�xhji � k&~+egf
egfDh;:�v�h1��k$h1c�k$nZ~+lmv+vBh1o �pe|�xh1o%k&~th6lmsBn �xh9i&h1��r+e|iAh1u�h1o�k&f��>�\��~th6��nxi&i&h1f$vBnpo+c+e ot�;��¡ * � f&egu;r+wglmk$h1c
k$iAe|�x�xhji�s�e|k � l�c+lmk&l�s�lxo3> �jlxw w|h1c k&~th���I�� ¢Cs�lxo3>�egf9r�f$h1c c+rti>egot�%k&~+egf�cthjk$hjiAuZego�lmk&e|npo���u;r+f$k
lxwgf$nZ~�l1�xh9{+iAh1c � k&~+egf�ego��jwgr+cth1f�l	k&eguZe ot���jrtk�npoqk&~th;����� �A~+lxu�sBhji�~+e|k&f�lxo�c J�egwgw�sBh6h;:�v�wglxegoth1c
ego%cthjk&lxegwBsBh1w|n J��>��b�wgf$nt �k&~th9��nxi&i&h1f&v�npo�c+egot���]� � �Ck$n JDhji � k&~th9w|nx�pe �jlxw
b � � nxyKk&~th9� � * �dlxo+c
��¡ * � k$iAe|�x�xhji�s�egk&f>�Du�r�f$k�~+l1�xh�k$iAe|�x�xhji&h1c �

��~th-lmsBnV�xh�ego+�jw r+cth1f�f$hj�xhji>lxw otnpo+f&k&lxo+c+lmiAc�wghj�xh1w * k$i>e|�x�xhji��jr+k&f � otnpo+f&k&lxo+c+lmiAc]y i&npu�k&~th
��npo}k$h;:�k)nxy/nxk&~+hji�� � 5 lxo+lxw|��f$h1f>�>�

��~th ���]� 8 � � v�~+e��jrtk&f;lmi&h%egu�v�wgh1u�h1o�k$h1c k$n]�xhjiAe|yM��k&~+lmk;l�k$iAe|�x�xhji;k$n JDhji�~+lxf�{+i&h1c
J�e|k&~�ego�l9yMiAlx��k&e|npo�nxy l-cthj�xi&hjh)nxy
k&~th�v�i&h1c+eg��k$h1c�k$i>e|�x�xhji�k$n J�hji ����~+egf��jrtk�egf�oth1��h1f&f&lmi&��k$n�v+i&hj�xh1o}k
k&~th	n �xhji>f$h1w|h1��k&e|npo�nxyDhj�xh1o}k&f6v+i&nxs�wgh1uq�9��~th;k$iAlx�?>�egot�qv�lmiAlxu�hjk$hjiAf6lmi&h�otnxk >�otn J�o h;:�lx��k&w|�x /lxo+c
u;r+w|k&e|v�wgh	fA�jlmk$k$hjiAegot�]uZh1lxo+f9k&~+lmk;l�u;rtnpoRJ�e wgw\~+e|k9l]u;rtnpo c+hjk$h1��k$nxi;nV�xhji;l]f&u�h1lmi&h1c=iAlxot�xh�nxy
v�~+e��^lxwgr+h1fj �iAlmk&~thji k&~+lxo lmk npoth�f&v�h1�jeg{��%vBnpego�kj� 5 nxi%lmv+v+iAn�:teguZlmk$h1w|� npoth ego {+�xh�k$iAlx�?>�f kPJDn
lxc �$npego+ego+��k$i>e|�x�xhji�k$n JDhjiAfDlmi&h�lxwgwgn JDh1cZlxf�vBnpf&f&egs�w|hDk$iAe|�x�xhji�f&nprtiA��h1fj �lxo�c�y nxi�k&~th�nxk&~thji�F ��� nxyBk&~th
k$iAlx�]>�f�npo+w|��k&~thZk$i>e|�x�xhji-k$n J�hji	k&~+lmk;egf6v+i&h1c�eg��k$h1c�s�� ���]� 8 � � egf9��npo+f&e cthji&h1c
� ��~th1f$hZi>lmk&e|npf
lmi&h f&wge|�p~}k&w|��c+e��Bhji&h1o}k9y nxiZ��� � sBh1�jlxr+f$hZk&~th���� � egf6yzrti&k&~thji;l�J�l1�Hy i&npu�k&~th���npw wgegf&e|npo v�npe o�k
k&~+lxo�k&~th����]��� ��~th������ 8 � � v�~+e\�jrtk&f JDhji&hZcthjk$hji>uZegoth1c ��eglql%�xhji&���jlmi&hjyMr�w\h;:�lxuZe o+lmk&e|npo
nxy\~tn JVJDh1wgwBk&~th����]� 8 � ��v+iAh1c+eg��k&e|npo%��npu�v�lmiAh1f�k$nZk&~th6nxs�f&hji&�xh1c�w|hj�xh1w * k$i>e|�x�xhji1����~+h c+h1f&e|i&h
~thji&h"J�lxf)k$nquZlW>xh	k&~thZ����� 8 � � v�~+e �jrtk&f lxf�k&e|�p~}k6lxf)vBnpf&fAe|s�w|h9f$n k&~+lmk6f$v�r+iAe|npr+f�k$i>e|�x�xhjiAf ego
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oth1lmi&s��]k$n J�hji>f-��npr+wgc sBh;h1wgeguZego�lmk$h1c
� \ k�J�lxf9lxwgf&n%c+h1f&e|i&h1c�k$n�lx�j��hjv+k-lxf9u�lxo����xn}n�c�u�r+npo+f6lxf
vBnpf&f&e|s�w|hx�

\ o]k&~th��jlxf&h�nxyOk&~th������Xlxo+c]k&~th	������k&~thjiAh�lmi&h;lxc+c+e|k&e|npo�lxw f&egu;r+wglmk$h1c]k$iAe|�x�xhji�k$n JDhji
�jrtk&f_J�~+eg�>~ ego+�jw r+cth�k&eguZe ot���jrtk&f�npo k&~th �A~+lxu�sBhji;~+egk&fj� ��~th%�����Clxo+c ��� � �A~�lxu-sBhjiAf;�jlxo
~+l �xh�u;r+�A~Xw|npot�xhji�c+iAe|yMk;k&e u�h1f�k&~+lxo k&~th ����� � nxy�k&~+h�nxiActhji * �@6 � f>�>� ��~th�u�r+npo k$iAe|�x�xhji egf
f&rtv�v�npf&h1cZk$n�uZlW>xh6l	w|hj�xh1w * k$iAeg�x�xhji�cth1�jegf&e|npo�sBhjy nxi&h 5 ��¢ � uZlW>xh1f�egk&f�n J�o%{�o+lxw�w|hj�xh1w * k$i>e|�x�xhji
cth1�jegfAe|npo
����otyMnxi&k&r+o+lmk$h1wg�x  e|k k&rtiAoth1c�npr+k6k&~+lmk6npo�n��j�jlxf&e|npo�k&~thZu;rtnpo�k$iAeg�x�xhji9cth1�jegf&e|npo�lmiAiAe|�xh1c
k$n�n�wglmk$h�D\f$npu�hjk&eguZh1f 5 ��¢ � uZlxcth�e|k&f�{�o+lxwtcth1�je f&e|npo�sBhjyMnxi&h�k&~th�u;rtnpo�k$iAe|�x�xhji�c+h1�jegf&e|npo�lmi&i>e|�xh1c
�
��~+e f9n��j�jrti&i&h1c J�~th1o=k&~thji&h2J�hji&h%egu�vBnxi&k&lxo}k��>~+lxu�s�hji�~+egk&f-oth1lmi	k&~th%uZl':tegu�r�u�lxwgw|n J�h1c cti>e|y k
k&egu�h1f-ego�k&~th �����dnxi9k&~th ��� � � �$egu�vBnxi&k&lxo}k ��ego�k&~+e f6��npo�k$h;:�k;uZh1lxo+f6k&~+lmk9k&~+h1f$h�~+e|k&f-uZlxcth
k&~th;c+e��Bhji&h1o+��h-lxf)k$n�J)~thjk&~thji�nxi�otnxk�k&~+h-k$iAe|�x�xhji�{+i&h1c��>����~+egf�egf�v+i&nxs�wgh1uZlmk&eg� J�~+h1o�l�c+e���hji&h1o}k
u;rtnpo
  nxi-f&npu�h�nxk&~thji-~+lmv�v�h1o�egot�%ego�k&~th�hj�xh1o}kj $J�lxf6i&h1f$vBnpo+fAe|s�w|h�y nxi9k&~+h�hj�xh1o�k9sBh1ego+�2J�iAe|k$k$h1o
k$n�k&lmvBhx�R\ oHk&~�egf	f&e|k&r+lmk&e|npo k&~th%�pw|nxs�lxwDwghj�xh1w * u;rtnpo k$iAe|�x�xhjiZc+h1�jegf&e|npo �jlxo+otnxk	sBh%��npu�v�w|hjk$h1w|�
k$iAr+f&k$h1c
� G r+�]>�e w|�x Ok&~+egf�v+i&nxs�wgh1u egf	otnxk;�xhji&� f$hjiAe|npr+f � nxy)k&~th�nxi>cthji * vBhjiA��h1o}k>�>�=b�wgf$nt �e|k J�lxf
vBnpf&f&e|s�w|h%k$n r+f&h�k&~th����]�3lxo+c �������>~+lxu-sBhji ~+e|kZk&eguZh1fZk$n f&egu;r+wglmk$hqk&~th u�rtnpoXk$iAe|�x�xhji ego
nxiActhji�k$n;yMlxe w�u;rtnpo+f J�~th1o�k&~th f&egu;r+wglmk&e|npo�ego+c+e �jlmk$h1c�k&~+lmk�k&~th�k$iAe|�x�xhji�f&eg�po+lxw
JDnpr+wgc lmi&iAeg�xh)lmyMk$hji
5 ��¢ � ~+lxc]lxwgi&h1lxct�quZlxcth-egk&f�cth1�jegfAe|npo
����~th-lm�xi&hjh1u�h1o}k�s�hjk J�hjh1o�k&~th;w|hj�xh1w * ���]� lxo+c������
f&egu;r+wglmk$h1c�k$iAe|�x�xhji�lxo+c�k&~th lx��k&r+lxw�i&h1f$vBnpo+f$h�e f�h;:t��h1wgw|h1o}kj����~thji&hjyMnxi&hx �l�f&k&r+ct�EJ�lxf�vBhji&yMnxiAu�h1c�k$n
cthjk$hjiAu�egothEJ�~+lmk-k&~th�uZl':tegu;r+u 5 ��¢ � D lxw w|n JDh1c ���]�Clxo+cH��� � ctiAe|yMk6k&egu�h1f J�hji&hx \lxo+cH�jrtk&f
J�~+e �A~]��nxiAi&h1f$vBnpo+cth1c]k$n�k&~th1f&h��mlxwgrth1f�J�hjiAh-k&~th1o egu�v�wgh1u�h1o�k$h1c ����~th1f$h;�jrtk&f�J�hji&h	r+f$h1c�lxf�v�lmi&k
nxy\k&~th9k$iAeg�x�xhji)f&egu;r+wglmk&egnpo
 �J�~+eg�>~ JDlxf)r+f$h1cqk$n�cthjk$hjiAuZego+h J�~thjk&~thji)nxi�otnxk�lxo�ego+c+e|��egc+r�lxw�u;rtnpo
c+egc=ego+cthjh1c�v+iAn�c+r���h�l�w|hj�xh1w * k$iAe|�x�xhji �%¡)h1o+��hx \e|k J�lxf-vBnpf&fAe|s�w|h	k$n]h1w eguZego+lmk$h�k&~�egf9wglmk$h;D k$iAeg�x�xhji
v+i&nxs�w|h1u"y iAnpu yMr+k&rti&h6��npo+f&egc+hjiAlmk&e|npo+fj����~+egf�f$k&r+ct�%egf�f&~+n J�o�w lmk$hji�ego%k&~+egf��A~+lmv+k$hji �

� ��� � � �	��
����������

b yzr+wgw/w|hj�xh1w � k$iAe|�x�xhji�f&egu;r+wglmk&e|npo JDlxf9iAr+o y nxi6k$i>lx�?>�f J�~+eg�>~ v�lxf&f$h1c�k&~thZlmsBnV�xhZw|hj�xh1w *
i&h1��r+e|i&h1uZh1o�k&f\k$n-c+hjk$hjiAuZegoth�e|y�k&~thj�_JDnpr+wgc�lxw f$n6v�lxf&fOw|hj�xh1w � ��\ k J�lxfOh1f$vBh1�jeglxwgw|�;egu�vBnxi&k&lxo}k\k$n9r+f$h
l k$iAlx�?> D s�� D k$iAlx�]> w|hj�xh1w � f&egu;r+wglmk&e|npo lmk6k&~+egf�f$k&lm�xh�sBh1�jlxr+f$h	k&~th	�pw|nxs�lxw\w|hj�xh1w � ~+eg�p~���k�k$i>e|�x�xhji
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J�lxf�r+otiAh1wgeglms�w|h � lmkZk&~th � � w|hj�xh1w �;yMnxi�lmv+v+iAn�:teguZlmk$h1w|�Hnpoth�k&~+e|i>cHnxy k&~th�c�lmk&l�� �Klms�w|h1fEJ�~+e �A~
egwgw r+f$k$iAlmk$h k&~+egf�lmiAh-f&~tn J�oqwglmk$hji)e o%k&~+egf��A~�lmv+k$hji1�

��~th��jlxr+f$hTJ�lxfql ~+lxo+c+fA~+lW>�e ot�=v+iAnxs�w|h1u s�hjk J�hjh1o k&~th�k$iAlx�?> wgegf&k��jlmiAc lxo+c lxo+nxk&~thji
egu�vBnxi&k&lxo}k	w|hj�xh1w � �jlmiAc
� ��~th k$iAlx�?> wge f$k;�jlmi>cNJDlxfZe u�v�w|h1u�h1o}k$h1c oth1lmiZk&~th%h1o+c nxy)iAr+o * l�k$n
i&h1c+r���h�k&~th�o�r+u-sBhji�nxy-r+o JDlxo}k$h1c w|hj�xh1w � k$iAeg�x�xhjiAfj� \ k%r+f$h1cXk&e|�p~�k$hjiquZlmk&�>~+egot� sBhjkPJDhjh1o k&~th
k$iAlx�]>]vBnpf&e|k&e|npo]lxo+c]k&~+h�k$iAeg�x�xhji)k$n J�hjiAf � f&nWD �jlxwgw|h1c � 4 D cthj�xi&hjh�uZlmk&�>~+egot� � ego+f$k$h1lxc�nxy � *�4 D cthj�xiAhjh
uZlmk&�>~+egot� ���>����~+egfOi&h1fAr+w|k$h1c ego J�~�lmkDlmi&h otn JXsBh1wge|hj�xh1c�k$n�~+l1�xh sBhjh1oZn��j�jlxf&e|npo+lxw�iAlxo�ctnpu {�iAegot�pf
lxo+cXotnpo�D {+iAe ot�pf	nxy6k&~th]w|hj�xh1w � ~+eg�p~ ��k u�rtnpo k$iAe|�x�xhji1� ��~+hqyMr+w w�w|hj�xh1w � k$iAe|�x�xhji%f&egu;r+wglmk&e|npo
ego+�jw r+cth1c�l	cthjk$hji>uZego+lmk&e|npo nxy$J�~thjk&~thji�nxi�otnxk�k&~th9w|hj�xh1w � k$iAe|�x�xhji�fA~tnpr+wgc ~+l1�xh6{�i&h1c npoql�k$i>lx�?> D
s�� D k$iAlx�]>qs�lxf&egf1 �fAego+��h9w|hj�xh1w � uZlW>xh1f�e|k&f�cth1�jegf&e|npo%npo]l�k$iAlx�?> D s�� D k$iAlx�]>�s�lxf&e fj�

\�k�egf�sBh1wgeghj�xh1c�k&~�lmk�k&~th6k$iAlx�?>�wgegf&k��jlmi>c�~+lxo+c+fA~+lW>�e ot�-v+iAnxs�w|h1u3i&h1f&r+wgk$h1c e oqlxo%n��j�jlxf&egnpo+lxw
ego+��nxiAi&h1��k�w|hj�xh1w � k$iAe|�x�xhji�cth1�je f&e|npo sBh1egot��u�lxcth6y nxi�e o+c+e|��egc+r+lxw�k$i>lx�?>�fj����~th v+iAnxs�w|h1u"egf�r+otyMnxi&k&r�D
o+lmk$h1w|��sBh1wge|hj�xh1c;k$n-~+l �xh�s�hjh1o	i>lxo+ctnpu�ego	o+lmk&rtiAhx plxo+c	k&~thji&h�egf\otn J�l1�;k$n6h;:�v�r+ot�xh�k&~+egf\v�i&nxs�w|h1u
yMi&npu k&~thZc+lmk&l%sBh1�jlxr+f$h�k&~+h�v+i&nxs�w|h1u h;:tegf$k$h1c�yMnxi9lqwglmi&�xh�yMiAlx��k&e|npo�nxy�k&~th�iAr+o � \ k9egf i&h1wglmk&e|�xh1wg�
h1lxf$� k$n h1wgegu�ego+lmk$h�hj�xh1o}k&f	k&~+lmk JDhji&h%otnxk�f&r+v+vBnpf$h1c k$n ~+l1�xhquZlxcth e|k-k$n�k&lmvBhx Os}� cth1u�lxo+c+egot�
k&~+lmk�k&~+h9u�rtnpo�f�{+iAf$k�v�lxfAf�k&~th-w|hj�xh1w � fAegu�r�wglmk$h1c k$iAe|�x�xhji � J)~+eg�A~qc+n}h1f�otnxk)ego+�jwgr+c+h�k&~th9i>lxo+ctnpu
r+o+c+h1f&e|i&h1c-{+iAegot�pf��>�K¡)n JDhj�xhji1 }k&~+hDi>lxo+ctnpuCotnpo�D {+iAe ot�pf nxy�k&~th�k$iAe|�x�xhji�~+l �xh�f$hjiAe|npr�fK��npo+f&h1�}rth1o���h1f
yMnxi)hj�xh1o}k&f�k&~+lmk�~�l1�xh	lxo�lxc+c�e|k&e|npo+lxw wghj�xh1w � ~+e|�p~�v�k)u;rtnpo]k$i>lx�?>]ego]k&~th�fAlxu�h;c+hjk$h1��k$nxi�iAhj�pe|npo
 
lxf�egf�k&~th6�jlxf$h y nxi�u�lxo��2^]hj�xh1o}k&fj�Z\ k�egf�egu�vBnpf&f&e|s�w|h�k$n�f$k&lmk$h6y nxi�f&r+i&h�egy l��peg�xh1oqu�rtnpo k$iAeg�x�xhji&h1c
v+i&nxvBhjiAwg�x �sBh1�jlxr+f$h�k&~+h	wghj�xh1w � c+h1�jegf&e|npo yMnxi l%�peg�xh1o�f&rts�f$��f$k$h1u egf��pw|nxs�lxwOe o�o+lmk&r+i&h�lxo+c�egf�k&~th
w|nx�peg�jlxw�I�� nxyKk&~+h wghj�xh1w � i&h1f&r+w|k�yMnxi�lxwgw�nxyKk&~+h6k$iAlx�?>�f�J�e|k&~�ego�k&~�lmk�cthjk$h1��k$nxi)f&r+s�f$��f$k$h1uq��b�f�~+lxf
sBhjh1oZf$k&lmk$h1c
 }k&~+egfOk��}vBh�nxyBhj�xh1o}k�w|h1lxc+f\k$n�� n �xhji��-hj�xh1o�k&f1 �lxo+cZk&~thji&h�egfOo+n JDl ��k$n9h1wgeguZe o+lmk$h�k&~th1u
yMi&npu k&~+h�{�o+lxw�c+lmk&l;f$hjkj����~+e f�c+lmk&l;egf�lxo%egu�vBnxi&k&lxo}k�v�lmiAk�nxy k&~th�f&lxu�v�wgh)r+f$h1c�k$n;c+hjk$hjiAuZegoth)k&~th
{�o+lxw
f&h1w|h1��k&e|npoqh Y��jegh1o+���x����~th6k$i>e|�x�xhji)r+o���hji&k&lxego}k �%egf�l	v+i&nxs�w|h1u J�~+eg�>~qu�r�f$k�sBh6cth1lxw|k�J�egk&~
�

b)f]lxo h;:tlxu�v�w|hx 6f&rtv�v�npf&h k J�nXu�rtnpo�f�lmi&h vBnpego}k$h1c lmk�c+e���hji&h1o}kqv�lmi&k&f�nxy�k&~th ���]�
cthjk$h1��k$nxi1� 8 r+v+vBnpf$h\s�nxk&~-u�rtnpo�f k$iAe|�x�xhji/lmkKw|hj�xh1w * � 8 r+v+vBnpf$hOlxwgf$n�k&~+lmkKsBnxk&~9u�r+npo+f lmi&h�f&rtv+vBnpf$h1c
k$n �xh1othjiAlmk$h�l�wghj�xh1w � k$iAe|�x�xhji � lx�j��nxiAc+e ot��k$n%k&~th�yMr�wgw w|hj�xh1w � k$iAe|�x�xhji6f&egu;r+wglmk&e|npo��> �lxo+c f&rtv+vBnpf$h
k&~th9�pwgnxs�lxw w|hj�xh1w � ����� k$iAe|�x�xhji)e f�ego+cthjh1c%�xh1o+hjiAlmk$h1c
����~th9~+lxo�c+f&~+lW>�egot�	v+i&nxs�w|h1u u�h1lxo+f�k&~+lmk
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e|k�egfDegu�vBnpf&f&e|s�w|h�k$n >�otn J e|y
sBnxk&~ u;rtnpo+f�c+e c�ego+c+hjh1c��xh1othji>lmk$h9w|hj�xh1w � k$iAeg�x�xhjiAfj �nxi�e|y
npo+w|��npo+h�nxy
k&~th1u lx��k&r+lxwgw|� k$iAe|�x�xhji&h1c�w|hj�xh1w �  �lxo+cqk&~th�f$h1��npo+c�k$i>lx�?>�~+lxc�l�iAlxo+ctnpu�w|hj�xh1w � yzlxegw ��bdi>lxo+ctnpu
w|hj�xh1w � yMlxe w�J�npr+w c u�h1lxo k&~�lmkZnpoth�nxy k&~th�k J�n k$iAlx�]>�f�f&~tnpr+wgc o+nxkZv�lxf&f�k&~th]egu�vBnpf$h1c k$i>e|�x�xhji
i&h1��r+e|i&h1uZh1o�kj�NC�rtkZlxf�yzlmiZlxfZ�jlxo sBh >�otn J�o
 �s�nxk&~ u;rtnpo+f	v�lxf&f$h1c
� ��~thji&hqegf�o+n J�l1� k$n�yzlxegw
k$iAlx�]>�f	k&~+lmk;yzlxwgw�e o�k$n k&~+egf��jlmk$hj�xnxi&�x�=b�w|k$hjiAo+lmk$h1w|�x �fArtv+vBnpf$hZk&~th k$iAlx�]> J�~�eg�A~H~+lxf;k&~th�i>lxo+ctnpu
w|hj�xh1w � yzlxegw�v�lxf&f$h1f�wghj�xh1w �  +lxo+cqf&rtv�v�npf&h)k&~th k$iAlx�]> J�~+eg�>~�v�lxf&f$h1f�w|hj�xh1w � yzlxegwgf�w|hj�xh1w � ����~th1o%k&~th
hj�xh1o}k�f&~tnpr+wgc otnxk�sBh6ego�k&~+h�{�o+lxw.^]fAlxu�v�w|h lmk�lxwgw  �sBh1�jlxr+f$h k&~thji&h J�lxf�otn�u�rtnpo J)~+eg�A~�s���e|k&f$h1wgy
v�lxf&f&h1c]lxwgw wghj�xh1wgf�nxyOk&~th-k$iAe|�x�xhji1����~thjiAh-egf�o+n JDl ��k$n�h1w eguZego+lmk$h6hj�xh1o}k&f wge >xh6k&~+e f�yMi&npu k&~th-{�o+lxw
f&lxu�v�w|hx�

b)w w�k&~+lmk;�jlxoHsBh ctnpoth�e f9k$n���nxi&i&h1��k;k&~th�{�o�lxw�h Y��je|h1o���� �^lxw rth1f9s���k&lW>�e ot�]k&~th � n �xhji �
hj�xh1o}k�v+i&nxs�wgh1u3e o�k$n�lx�j��npr+o}kj��b�f�~+lxf�sBhjh1oqf$k&lmk$h1cqk&~+h6v+i&nxs�w|h1u�J�lxf�lmk�k&~th � � w|hj�xh1wByMnxi�lmsBnprtk
npoth9k&~�e|iAc nxy\k&~th9c+lmk&l� �f&nZe|k�JDlxf)lmk�k&~th * � w|hj�xh1w
n �xhji>lxwgw �

��~th6lmsBn �xh9ego��jwgr+cth1fDotnpo+f$k&lxo�c+lmiAc%w|hj�xh1w � k$iAe|�x�xhji��jrtk&f � otnpo+f$k&lxo+c�lmiAc y i&npu"k&~+h ��npo}k$h;:�k
nxy�nxk&~+hji�� � 5 lxo+lxwg��f$h1f��>�9� nqu�� >�otn J�wgh1ct�xh�otnq� ��5 lxo+lxw|��f&egf�~+lxf hj�xhji9r+f&h1c�k&~+h;yzr+wgwKw|hj�xh1w �
u;rtnpo k$iAe|�x�xhji�fAegu�r�wglmk&e|npo
 OnxiZu�nxiAh�f$vBh1�je|{��jlxwgw|�x Ok&~+h k$i>lx�?>�wgegf$kZ�jlmiAc fAegu�r�wglmk&e|npo
  J�~+hji&hjs}�Hk&~th
{�o+lxw
wghj�xh1w � k$iAe|�x�xhji)cth1�jegf&e|npoq�jlxo]sBh6v+i&h1c+eg��k$h1c%yMnxi�lxo�e o+c+e|��egc+r+lxw�k$iAlx�?>��
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b yMr+w wtw|hj�xh1w � k$iAeg�x�xhji�f&egu;r+wglmk&egnpo JDlxf�iAr+o	yMnxi�k$iAlx�]>�f J�~+e �A~	v�lxf&f&h1cZk&~th�lmsBnV�xh)w|hj�xh1wgf�npoth
lxo+c kPJDn���npo+c+egk&e|npo+fj�-����� 8 � � JDlxf6r+f&h1c lm�plxe o�k$n iAh1f$k$iAeg��k k&~th�f$k&rts�uZlmk&�>~�k$n�u�r+npo f&k&rts�f
J�e|k&~�ego%l	y iAlx��k&egnpoqnxy/l�cthj�xi&hjh-ego%v�~+e�nxy/k&~+h����]� 8 � � � c]w|hj�xh1w � k$iAlx�]>�e ot��v�lmiAlxu�hjk$hji>f�yMnxi�k&~th
k$iAlx�]>�f�nxy\e o�k$hji&h1f&kj�

��JDn�otnpo+f$k&lxo+c�lmiAc�w|hj�xh1w � k$iAeg�x�xhji-�jrtk&f JDhji&hZr+f$h1c � o+npo+f$k&lxo+c+lmi>c�y i&npu�k&~thZ��npo�k$h;:�k-nxy
nxk&~thji;� ��5 lxo�lxw|��f&h1f>�>������� 8 � � JDlxf9r�f$h1c�k$n�i&h1f&k$iAeg��k k&~th�f$k&r+s uZlmk&�A~
�Z��~+egf i&h1��r+e|i&h1uZh1o�k
i&h1u�nV�xh1c%y h J hj�xh1o}k&f�sBh1�jlxr+f$h�v�~+e�i&h1f$k$iAeg��k&egnpo+f�~+lxc%lxw|iAh1lxct�ZsBhjh1o�e u�vBnpf$h1c
�\b)c+c�e|k&e|npo+lxwgwg�x ������
npo+w|� w|hj�xh1w � f&k&rts�f�JDhji&h-lxwgw|n J�h1c]ego%k&~th��$� �Zi&hj�pe|npo
� 8 vBh1�je|{��jlxwgw|�x �J�~+egwgh�e|k�J�lxf�i&h1��r+e|iAh1c%k&~+lmk�l
u;rtnpo�ego	k&~�egfOi&hj�pe|npo�v�lxf&f�s�nxk&~Zk&~th�������D ���]� w|hj�xh1w * lxo+cZk J�n�k$iAe|�x�xhjiAfj �otn-lx��k&r+lxw
����� f$k&rts
J�lxf�i&h1��r+e|iAh1c�k$n-v�lxfAf�w|hj�xh1w � ��b ����� f$k&rts�e fOh;:�vBh1��k$h1c%egoZ��npo �$r+o���k&e|npo J�egk&~������ w|hj�xh1w * lxo+c
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kPJDn]k$i>e|�x�xhji-{+i>egot�pfj  s�rtk6k&~thZv+iAh1f$h1o+��hZnxy�l��xn�n�c=�}r+lxw e|k ��f$k&rts=e f9otnxk9�pr+lmi>lxo�k$hjh1c
�%b�k�wghj�xh1w �
k&~th�npo+w|�qi&h1��r+e|i&h1uZh1o�k�e u�vBnpf$h1cqnpo�k&~th����]��D �����XiAhj�pe|npo J�lxf)k&~+lmk)k&~+hji&h-sBh�lxo lmv+v+iAnxv+iAeglmk$h
w|hj�xh1w � �����Hu;rtnpo�f&k&rts �O��~+egf\iAh1f&r+w|k$h1cZe oZotnxk�npo+wg�	l-f&wge|�p~}k&w|�	~+e|�p~thji��jlxwg�jr�wglmk$h1cZh Y��jegh1o+����s�rtk
lxwgf$nZl���nxi&i&h1f$vBnpo+c+e ot�pw|��wglmiA�xhji�o}r�u-sBhji�nxy[^ hj�xh1o�k&f�ego%k&~th-{�o+lxw
f&lxu�v�w|hx�
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¢�lx�>~Hu;rtnpo=e f ��lm�x�xh1c lxf � �xnpwgc��� ��$f&e w|�xhji��%nxi � yMlxegw�������~th ^�D f&lxu�v�wghZegf-f$h1wgh1��k$h1c yMi&npu
hj�xh1o}k&f���npo}k&lxego+ego+� lmk�w|h1lxf$kZnpo+h � �xnpwgc�� u;rtnpo
  J�~+e w|hql f$h1��npo+c+lmiA� u;rtnpo e o k&~th�hj�xh1o}k�u;r+f$k
sBh-h1e|k&~+hji � �xnpw c���nxi �$f&e w|�xhji��� Blxo+c k&~th;c�egu�r+npo]ego}�^lmi>eglxo�k�uZlxf&f u;r+f$k�yMlxwgw�J�e|k&~+e o�l ^ f$h1wgh1��k&e|npo
iAlxot�xhx����~th6n �xhji>lxwgw f$h1wgh1��k&e|npoqh Y��je|h1o�����yMnxi�h1lx�A~�nxy/k&~th-cthjk$h1��k$nxi�i&hj�pe|npo+f�egf�k&~th1o�cthjk$hji>uZegoth1c
�

��~thji&h9lmiAh9k&~ti&hjh6k��}vBh1f�nxy/hj�xh1o}k&f�J�~�eg�A~qothjh1c�k$nZsBh9��npo+f&egcthjiAh1c
�

* ��b � �xnpw c��9u;rtnpoZh1o}k$hji&h1c�npoth�u;rtnpo�cthjk$h1��k$nxi�lxo+c�l �$f&egwg�xhji��6u�r+npo�uZegfAf$h1cZlxwgwtk&~+i&hjh�u;rtnpo
c+hjk$h1��k$nxiAfj�

� ��b � �xnpwgc �]u;rtnpo h1o}k$hji&h1c npo+h�u�r+npo=cthjk$h1��k$nxi;i&hj�pe|npoHlxo+c�k&~th�nxk&~thji�u;rtnpo=e o�k&~thZhj�xh1o}k
h1o}k$hji&h1c�lZc+e��Bhji&h1o}k�u�rtnpo]cthjk$h1��k$nxi1�

� ��CDnxk&~�u�rtnpo�f�h1o�k$hjiAh1c�k&~th-fAlxu�h9cthjk$h1��k$nxi�i&hj�pe|npo
�

G hjk���� ���  ���� ��� lxo�c	�
� ��� i&hjv�i&h1f$h1o}k�k&~th6n �xhjiAlxw w u�r+npoqf$h1w|h1��k&e|npo%h Y��jegh1o+�je|h1f�yMnxi�k&~th
k&~ti&hjhZc�e���hjiAh1o�k k$iAe|�x�xhji-i&hj�pe|npo+f � � � ��� f$k&lxo+c+f yMnxi � h Y��je|h1o���� ego�k&~+h����]��D npo+w|��i&hj�pe|npo��� /lxo+c
� � ��� f&k&lxo+c+f�yMnxi � h Y��je|h1o+���qegoqk&~th�������D ����� i&hj�pe|npo��� �lxo+c
� � ��� f&k&lxo+c+f�yMnxi � h Y��jegh1o+����ego
k&~th;�����Ci&hj�pe|npo����>�

�$����vBh * � hj�xh1o}k&fqlmi&h�i&h1wglmk&eg�xh1w|� r+o+e o�k$hji&h1f&k&egot�=sBh1�jlxr+f&h�k&~thj� ctn otnxk%h1o�k$hji�ego}k$n k&~th
n �xhji>lxwgwKf&h1w|h1��k&e|npo�h Y��je|h1o+���q�jlxwg�jr+wglmk&egnpo
�D��~+egf�egf�sBh1�jlxr+f&h-k&~th-f&h1��npo+c+lmi&��w|hj� � J�~+eg�>~�uZegf&f&h1c�lxwgw
nxyDk&~th�u�rtnpo=cthjk$h1��k$nxiAf>� ��npr�wgc�otnxk6~+l1�xh��jlxr+f$h1c�k&~th	hj�xh1o}k-k$nqsBh J�iAe|k$k$h1o k$n�k&lmvBhx  lxo�c�~th1o+��h
otn�h Y��jegh1o+���qf$k&r+c+e|h1f��jlxo�s�h6vBhji&yMnxiAu�h1c �

¡�n J�hj�xhji   � k��}vBh � �Zlxo�c � k ��vBh � ��hj�xh1o}k&f)lmi&h�egu�vBnxi&k&lxo}k�y nxi�f&h1w|h1��k&e|npoqh Y��jegh1o+���q�jlxwg�jr�D
wglmk&e|npo�fj�6¡�hji&hx 
npo+h � �xnpw c��%u�rtnpo��jlxr+f&h1f6lxo�hj�xh1o}k6k$n%i&h1lx�A~�k&~+h;{�o+lxwKc�lmk&l f&hjkj  lxo+c k&~th	nxk&~thji
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iAhj�pe|npo �xn�n�cqiAr+o �xn}n�c n �xhji r+o+cthji
hj�xh1o}k&f k$iAeg�x�xhjiAf k$iAe|�x�xhjiAf k$iAe|�x�xhjiAf

� lxo+c�� � * �x�x� � 4 � 6 � � �
� � *(* 6(F 6 4 F � � �

M ��/ /HS+T Q � �

�Klms�wgh_A}� * ��w|hj�xh1w * 5 �)¢ � f&e u�r+w lmk&e|npo i&h1f&r+w|k&f

u;rtnpo��jlxo�k&~th1o	sBh�f$k&r+c+egh1c;e o;lxo�r�o�s�e lxf$h1c"JDl �x����~th�i&hj�xhjiAf$h�~+npwgc+f/k$iArth�e|y�k&~th�f$h1��npo+c+lmiA��u;rtnpo
egf��jwglxfAf$h1c�lxf � �xnpwgc ��lxf�JDh1wgw � 8 npu�h6sBn�n(> >xhjhjv�e ot�Zegf�i&h1��r+e|i&h1c k$nZ��nxi&iAh1��k&w|�q~+lxo+c+w|h�k&~th-c�r+lxwBr+f$h
nxy�l�fAegot�pw|h6hj�xh1o}kj��CDnxk&~]k��}vBh1f)nxyOhj�xh1o�k&f �jlxo�sBh-r+f$h1c�lxf�v�lmiAk�nxyOk&~th-nV�xhjiAlxwgwKh Y��je|h1o+���qf$k&r�c+e|h1f
yMnxi�h1lx�A~ cthjk$h1��k$nxi�iAhj�pe|npo
�

\ o J�~+lmk�y npw w|n J�f1 �l�fAlxu�v�w|h�nxy � *   �m�p� hj�xh1o�k&f yMi&npu i>r+o+f * l lxo+c * s e f�r+f$h1c ����~+egf�c+lmk&l
f$hjk-e f9uZlxcth�r+v nxy�lxwgwOhj�xh1o}k&f J�egk&~ lmk-w|h1lxf$k-npoth�~+eg�p~���k-u;rtnpo � wgn}npf$h��jrtk&f>�> \lxo+c�k&~thZ{�o+lxwZ^
f&lxu�v�w|h JDlxf�h;:�k$iAlx��k$h1c�yMi&npu k&~th1f$h-hj�xh1o�k&fj�
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��~th 5 ��¢ � nprtk$v�rtk�k$iAeg�x�xhji�cth1�jegf&egnpoNJDlxfZ��npuZv�lmi&h1c ��egl�l f&e u�r+w lmk&e|npo nxy)k&~th 5 �)¢ �
egotv�rtk&fj�\��~th�v�hjiAy nxiAu�lxo+��h)nxy kPJDn 5 �)¢ � k$iAe|�x�xhji�cth1�jegfAe|npo+f J�hji&h nxy e o�k$hji&h1f&kj tk&~th�~�e|�p~���k����]�
k$iAe|�x�xhji  +lxo+c%k&~th9~+e|�p~%��k)�����dk$iAe|�x�xhji � o+nxk$h 5 ��¢ � uZlW>xh1f�otnZc+egf$k&e o+��k&e|npo lmk�w|hj�xh1w * sBhjkPJDhjh1o
k&~th �$����i&hj�pegnpo�lxo+cqk&~th��$� ��i&hj�pe|npo��>�

b)f��jlxo�sBh9f$hjh1oqyMi&npu k&lms�wgh_A}� *   5 ��¢ � v�hjiAy nxiAuZh1c ��l�J�wgh1f&f&w|�x�
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��~thZ{�o+lxw�w|hj�xh1w * u;rtnpo�k$iAe|�x�xhji	cth1�jegfAe|npo�yMnxi-h1lx�A~Hnxy�k&~th�k&~ti&hjh�u;rtnpo k$i>e|�x�xhji-i&hj�pegnpo+f
egf���npu�v�lmi&h1c k$n�k&~th���nxi&i&h1f$vBnpo+c+e ot� 5 �)¢ � egotv�rtkj� ��~thq{�o+lxw�w|hj�xh1w * u�rtnpo k$iAe|�x�xhji�cth1�je f&e|npo
egf�cthjk$hjiAuZego+h1c���e l�l]f&e u�r+w lmk&e|npo�nxy�k&~th w|hj�xh1w * k$iAe|�x�xhji � f$hjh�k&lms�wgh A}� � �>� �)nxk$h�k&~�lmk-k&~thq���]�
lxo+c �����)� w|hj�xh1w * k$iAe|�x�xhjiZcth1�je f&e|npo+f;lmi&h�ego+c�egf$k&egot�pr�egf&~+lms�wgh�sBh1�jlxr+f$h%k&~thj�Hy hjh1c k$n k&~+h�f&lxu�h
5 ��¢ � ego+v�rtkj �s�rtk%e|k%egf�vBnpf&fAe|s�w|h�k$n f$hjv�lmi>lmk$h�k&~th�k J�n c�rtiAegot�=k&~th fAegu�r�wglmk&e|npo nxy�w|hj�xh1w�npothx�
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i&hj�pegnpo �xn�n�c nV�xhji r+o�cthji
k$iAe|�x�xhjiAf k$iAeg�x�xhjiAf k$iAe|�x�xhji>f

iAl J � � 6(6(7 * �
iAl�Jd� � * F(7 * � �
iAl J � 6 4 F � 4 �

iAl J ����¡ A 4 A � �

�/lms�w|h_A}� � ��wghj�xh1w * u;rtnpoqk$iAe|�x�xhji)f&egu;r+wglmk&e|npo%i&h1fAr+w|k&f

��~+e f�h1o+lms�w|h1f�vBnxk$h1o�k&e lxw�v+i&nxs�w|h1uZfZk$n sBh]c+eglm�po+npf$h1c
� b�o � nV�xhjiqk$iAe|�x�xhji�� J�npr�wgc n��j�jrti2J�~th1o
k&~thq��nxi&i&h1f&v�npo�c+egot� 5 ��¢ � egotv�rtk_J�lxf�otnxkZf$hjh1o lxo�c k&~thqu�rtnpo k$i>e|�x�xhji�f&egu;r+wglmk&egnpo=v+iAh1c+eg��k$h1c
e|k�f&~tnpr+wgc�~+l1�xh��xh1o+hjiAlmk$h1c
 
lxo+c�lxo �$r+o+cthji�k$iAe|�x�xhji���JDnpr+wgc�n��j�jrti e|yOk&~th���nxi&iAh1f$vBnpo+c+egot� 5 �)¢ �
egotv�rtk_J�lxfZv�i&h1f$h1o}kEJ�~th1o k&~th�u;rtnpo k$iAeg�x�xhji�f&egu;r+wglmk&e|npo v�i&h1c+eg��k$h1c e|k�f&~+npr+wgc otnxkZ~+l �xh�sBhjh1o
�
��~+e fZcthj{�o+egk&e|npo uZe|�p~}k�f$hjh1u s�lx�?>1JDlmi>c+fj �s�rtk�k&~+h]v�rtiAv�npf&h%e fZk$nHu�lxego�k&lxe o ��npo+f&egf&k$h1o+���NJ�e|k&~
k&~th�cthj{�o+e|k&e|npoHnxy � nV�xhji�h Y��je|h1o��je|h1f ��� ��h1�jlxwgw�k&~+lmk � nV�xhji�h Y��jegh1o+�je|h1f ���jlxo+o+nxk�s�hqlxcth1��r+lmk$h1w|�
r+oti>l1�xh1w|h1c
 1J�~+e w|h �$r+o+c+hji�h Y��jegh1o+�je|h1f �;lmi&h k$i&nprts�wgh1f$npu�h�s�rtk�uZlxo�lm�xh1lms�w|hx��b�wgw�k&~+lmkDo+hjh1c+fDk$n;sBh
ctnpoth�k$n�lx�j��npr+o}k y nxi �$r+o+cthji)h Y��je|h1o+�jegh1f ��egf�k$n�i&h1uZn �xh	k&~th1u J)e|k&~�k&~th;lxegc�nxyOk&~+h�lmv+v+iAnxv+iAeglmk$h
f&egu;r+wglmk&egnpo
� ��hj�pe|npo �A���]¡��Hi&hjy hji>fZk$n l k&egu�h c+rtiAe ot��iAr+o * l J�~th1o k&~th������ k$iAeg�x�xhji�J�lxf
sBh1egot�]r�f$h1c=egoHlxo h;:�vBhjiAeguZh1o�k&lxw�u�n�c+h�egoH��npo �$r�o+��k&e|npoRJ)e|k&~ k&~th%~+lxctiAnpo=� � ��fj����~th�k$i>e|�x�xhji
J�lxf�f&r+�j��h1fAf$yMr�wgw|��f&e u�r+w lmk$h1c
 �s�rtk�otn�hj�xh1o}k&f�yMi&npu k&~�egf�vBhjiAe|n�c�JDhji&h-r�f$h1c�ego%k&~+e f�lxo+lxw|��f&egfj�

I o��jlmi&hjyzr+wOh;:tlxuZego+lmk&egnpo
  e|k6�jlxo sBhZf$hjh1o k&~+lmk9k&~thji&hEJDhji&h�f&hj�xhjiAlxw � n �xhji �]hj�xh1o}k&fj��b�w D
k&~tnprt�p~%k&~+hj��lmi&h6lmv+v�lmiAh1o�k&w|��f&uZlxwgwBego o}r�u-sBhji1 �e|k�egf�egu�vBnxi&k&lxo}k�k$n�iAh1lxwge��jh�k&~+lmk�k&~th6o}r�u-sBhjiAfDego
k&~th1f$hZf&k&r+c+e|h1f6lmi&hZlxw JDl ��f6s�eglxf$h1c
�	��~+egf egf sBh1�jlxr+f&hZu�npf$k6nxyDk&~th�hj�xh1o�k&f;ego k&~+egf6~�e|�p~���k9u;rtnpo
f&lxu�v�w|h;lmiAh	fAegot�pw|h;u�rtnpo�hj�xh1o}k&fj  lxo�c � nV�xhji9hj�xh1o}k&f ��ego�k&~+egf �jlxf$h���nxi&i&h1f&v�npo�c�k$n%hj�xh1o}k&f J�~+e �A~
JDhji&h�otnxk)k$i>e|�x�xhji&h1c s}�]k&~th�k$i>lx�?>]sBh1ego+��f$k&r+c�e|h1c
�)��i&nxs�w|h1u hj�xh1o}k&f6lxu�npr+o}k&egot� k$n npo�w|��l�fAuZlxwgw
yMiAlx��k&e|npo�nxy k&~th�nV�xhjiAlxwgwBf&lxu�v�w|h)�jlxo%lx��k&r+lxwgwg��s�h)lxo e o+c+eg�jlmk&e|npoZnxy l�uZnxi&h)f$hji>e|npr+f�v�i&nxs�w|h1u e|y
k&~th
r+o+c+hjiAw|��egot�Zhj�xh1o}k-f$h1w|h1��k&egnpo�v+i&n���h1f&f6egf�s�eglxf$h1c  Blxf-egf�k&~th��jlxf$hZ~thji&hx�;b)o � nV�xhji-h Y��je|h1o}k �%hj�xh1o}k
J�egw w+otnxk�uZlW>xh6e|kDe o�k$n�k&~th {�o+lxw�fAlxu�v�w|h�r+o+w|h1f&f�f$npu�hjk&~+e ot��h1w f$h)ego�k&~th�hj�xh1o�k��jlxr+f&h1f�k&~th)hj�xh1o}k�k$n
sBh�J�i>e|k$k$h1o�k$n;k&lmvBhx� 8 n J)~+egw|h�k&lms�w|h A}� � ego+c�eg�jlmk$h1f�l�iAlmk&e|n�nxy npoth egoZnpo+h)k&~tnpr�f&lxo+c�nxiDnpo+h)ego�k$h1o
k&~tnpr+fAlxo+c
 �k&~th�v�i&nxs�w|h1u egf�lx��k&r+lxwgw|���jw|npf&hji�k$n%k&~th;npoth�ego�npoth	~}r+o�cti&h1c]wghj�xh1w ���/lms�w|h A}� � f&~tn J�f

F 4



i&hj�pegnpo �xn�n�c nV�xhji r+o�cthji
k$iAe|�x�xhjiAf k$iAeg�x�xhjiAf k$iAe|�x�xhji>f

iAl J � *(* < * �
iAl�Jd� < �m� * �
iAl J � 6 4 � 4 �

iAl J ����¡ < A � �

�/lms�w|h_A}� � ��o+npo�D u�r+npoqk$iAe|�x�xhji&h1c]f&rts�f$hjk�nxy\k&~th9wghj�xh1w * u;rtnpoqk$iAe|�x�xhji)f&egu;r+wglmk&e|npo%i&h1fAr+w|k&f

k&~th�iAlmk&e|n�nxs+k&lxe oth1c yMi&npu k&~th r+o}s�eglxf$h1c fArts�f$hjk6nxy�k&lms�wgh2A}� � hj�xh1o}k&fj Ok$iAe|�x�xhjiAh1c s���o+npo�D u�r+npo+fj�
��~th�f$k&lmk&egf$k&eg�jf)lmi&h�fAuZlxwgw|hji1 ts�rtk�k&~th-iAh1f&r+w|k&f�J)e|k&~qi&hj�plmiAc�f�k$n�k&~+h-u�r+npo+f�lmi&h;r+o}s�eglxf$h1c
��b)f��jlxo
sBh�f$hjh1o egoHl���npuZv�lmiAegf$npoHnxy�k&lms�w|h1f A}� � lxo+c A}� �  �lxwgu�npf$k	lxwgw�nxy�k&~th � n �xhji�� k$iAe|�x�xhji>f�s�rtk-npo+wg�
l f&uZlxwgw�y iAlx��k&egnpoHnxy�k&~+h � �xn�n�c ��k$i>e|�x�xhjiAf�y i&npu k&~th%u�r+npo�D k$iAe|�x�xhji&h1c f&lxuZv�w|h�lx��k&r�lxwgw|� uZlW>xh%e|k
ego}k$n�k&~thqotnpo�D u;rtnpo k$iAe|�x�xhji&h1c f&lxu�v�w|hx� ¡�h1o���h�l f&hjh1uZegot�pw|� u�egotnxi	v+i&nxs�wgh1u�k&rti>o+f-npr+k;k$n�sBh
f&e|�po�e|{��jlxo}k&w|��u�nxiAh9f$hjiAe|npr+f�k&~�lxo�e|k�o+lxe|�xh1wg� lmv+vBh1lmiAf�k$nZsBhx�

8 vBh1�je|{��jlxwgwg�x me o�k&~+h��jlxf$h�nxy�k&~+h)�����; pl6othj�pwgeg�pe|s�w|h�{+�xh�nprtkOnxyBf&e :�k � D {+�xh�~}r�o+cti&h1c;hj�xh1o}k&f
egf�lx��k&r+lxw w|��{��xh9nprtk�nxy\f&e :q~}r�o+cti&h1c%lxo+cq{�y k���hj�xh1o}k&fj �lxo�cqi&hjv+i&h1f&h1o�k&f�lZi&nprt�p~+w|� * � h �Bh1��kj�

��~th�i&h1lxf$npo	yMnxiOk&~th � n �xhji �9h Y��je|h1o��je|h1f�JDlxf�e o�k$i&n�c+r+��h1c�h1lmiAwgeghji\e o;f&h1��k&e|npo�A}�=<t� * � \ o�f$npu�h
hj�xh1o}k&f�k&~th u�rtnpo k$iAeg�x�xhji�cth1�jegf&e|npo c+egc�otnxk�lmi&iAe|�xh lmk�k&~th 5 ��¢ � egotv�rtk&f�sBhjyMnxi&h 5 �)¢ � uZlxcth6e|k&f
{�o+lxw\k$i>e|�x�xhji�cth1�je f&e|npo
����~+egf6cth1wgl �xh1c=lmi&i>e|�^lxw J�lxf-l]��npo+f$h1��rth1o+��h�nxy�k&~th�w|hj�xh1w * u;rtnpo k$i>e|�x�xhji
�plmk$hZsBh1egot�%f&wgeg�p~�k&w|�]k$n}n]wgnpot�%k$nqs�h���npo+fAegf$k$h1o}k J�e|k&~ k&~th 5 ��¢ � c+h1�jegf&e|npo
�;��~+egf ego���npo+f&egf$k$h1o����
l �Bh1��k$h1cXsBnxk&~ k&~th������3lxo+c k&~th���� ���D��~+egf�v�i&nxs�w|h1u npo�w|� l ��h1��k$h1c k&~th ���]�"lxo+c �����
k$iAe|�x�xhji�i&hj�pe|npo+f1  sBh1�jlxr+f$hZk&~+h �����3�>~+lxu�s�hji>f9~+l1�xh u�r��A~=fA~tnxi&k$hji�c+iAe|yMk�k&e u�h1fj���Kn]cth1lxw[J�e|k&~
k&~+egf v+iAnxs�w|h1u l yMr+w w�f&egu;r+wglmk&egnpo nxy�k&~thH����� lxo+c ��� ��k$iAe|�x�xhji J�lxf%vBhji&yMnxiAu�h1c sBhj�pego+o+ego+�
J�e|k&~�e o+c+e|��egc+r+lxwK� � �Ci&h1lxctnpr+k9k&egu�h1fj�Z��~thZ�A~+lxu�sBhji�cti>e|y k�k&egu�h1f J�hji&h�f$nxy k JDlmiAh��plmk$h1c ego�k&~th
f&egu;r+wglmk&egnpo�k$n]h1wgegu�ego+lmk$h�k&~thZhj�xh1o}k&f_J�~thji&hZk&~+hZ{�o+lxwOk$i>e|�x�xhji�cth1�je f&e|npo�lmi&iAeg�xh1c k$n�n]wglmk$h�lmk�k&~th
5 ��¢ � egotv�rtk&f1� 8 hjh6k&lms�w|h_A}�=<t�

��nxk$h-k&~+lmk�k&~th6kPJDn �$r+o+c+hji��	���]�dhj�xh1o�k&f�ego k&lms�w|h_A}�=<Zlmi&h6k&~th6f&lxuZh6hj�xh1o�k&f)lxf�k&~th6kPJDn
�$r+o+c+hji��Z���]� hj�xh1o�k&f�sBh1�jlxr+f&h�k&~+h9��nxi&i&h1f$vBnpo+c+e ot� 5 ��¢ � e otv�rtk�f&e|�po+lxw f�lmi&h9e o+c+egf$k&e ot�pr+egf&~�lms�w|hx�
��~th����]�Co}r�u-sBhjiAf�npo+wg� �>~+lxot�xh1c]~+hji&h6sBh1�jlxr+f$h6k&~th;���]�Xo}r+u�sBhjiAf��A~�lxot�xh1c
�
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i&hj�pegnpo �xn�n�c nV�xhji r+o�cthji
k$iAe|�x�xhjiAf k$iAeg�x�xhjiAf k$iAe|�x�xhji>f

iAl J � � 6(6(7 * �
iAl�Jd� � * F(F(7 * �
iAl J � 6 4 6(6 * * A

iAl J ����¡ A 4 A � �

�/lms�w|h_A}�=<t��w|hj�xh1w * �plmk$h1c u�r+npoqk$iAe|�x�xhji�fAegu�r�wglmk&e|npo%i&h1f&r�w|k&f

i&hj�pegnpo �xn�n�c nV�xhji r�o+cthji
k$iAe|�x�xhjiAf k$i>e|�x�xhjiAf k$iAeg�x�xhjiAf

r+o}s�eglxf$h1c%� *(* < * *
r+o�s�eglxf$h1cq� < � 7 � *
r+o}s�eglxf$h1c � 6 � 6 * * A

r+o}s�eglxf$h1c]���]¡ < A � *

�/lms�w|h_A}� 4 ��w|hj�xh1w * �plmk$h1c u�r+npoqk$iAe|�x�xhji�fAegu�r�wglmk&e|npo%i&h1f&r�w|k&f

��~th6�plmk$h1c�f&egu;r+wglmk&e|npoqcti>lxf$k&eg�jlxwgw|��i&h1c+r+��h1cqk&~+h-o}r�u-sBhji�nxy/v+i&nxs�w|h1u � nV�xhji���hj�xh1o�k&fj�Db�k
k&~thqf&lxu�hqk&e u�h egk	��iAh1lmk$h1c l�f&uZlxwgwD�xi&nprtv nxy �$r+o+cthji �]hj�xh1o}k&fj �lxo+c k&~th1f$hqhj�xh1o}k&fZ�jlxo+otnxkZotn J
v�lxf&f)k&~th;{�o+lxw/f$hjk�nxy��jrtk&fj Bf&ego+��h;k&~+egf��plmk$h1c�f&egu;r+wglmk&e|npo J�egwgw s�h;r+f$h1c ego�npr+i f&h1w|h1��k&e|npo�v+i&n���h1f&fj�
¡)n JDhj�xhji1 Bk&~+egf�f&uZlxw w
hj�xh1o�k�i&h1c+r���k&e|npo�egf�JDh1wgw JDnxi&k&~]k&~th9v+iAe ��h6y nxi�~+l1��egot�Z��npu�v�w|hjk$h���npot{�cth1o+��h
ego%nprti�{�o+lxwBn �xhji>lxwgw w|hj�xh1w * f$h1w|h1��k&e|npo]h Y��je|h1o+�je|h1f1�

� n��}r�lxo�k&e|yM� k&~th�e u�vBnxi&k&lxo+��h�nxytk&~th�i&h1uZlxego�egot� � n �xhji �)hj�xh1o}k&fOlmyMk$hjiKk&~th��plmk$h1c	f&egu;r+wglmk&e|npo
egf�lxc+cth1cHk$n�k&~th�k$iAe|�x�xhji�f$h1w|h1��k&egnpo
 Oe|k�egf�oth1��h1f&f&lmiA� k$n lm�plxe o=h;:�k$iAlx��k	k&~th�o+npo�D u�r+npo=k$iAeg�x�xhji&h1c
f&rts�f$hjkj� ��~th]f$k&lmk&e f$k&eg�jf ~thji&h�lmiAh�f&uZlxw w|hji1 Ds�rtk�lxf�h;:�vBh1��k$h1cXk&~th]h �Bh1��k%egf�u�nxiAh]v+i&npo+npr+o+��h1c
�
8 hjh	k&lms�w|h A}� 4 �-b�f6�jlxo s�h	f$hjh1o�ego�k&lms�w|h1f A}� � lxo+cTA}� 4   k&~th�eguZv�nxiAk&lxo+��h-nxy�k&~th�h �Bh1��k9~+lxf sBhjh1o
ctiAlxf&k&eg�jlxwgw|� iAh1c+r+��h1c r+f&e ot��k&~+h �plmk$h1cXf&egu;r+wglmk&e|npo �=��~th%npo+w|�=i&h1lxw���npo+��hjiAo e f	k&~thqf&egot�pw|h%nV�xhji
h Y��je|h1o}k������dhj�xh1o�k � npoth9nprtk�nxy/npoth-~�r+o+c+i&h1c y nprtiAk$hjh1o�hj�xh1o}k&f�egf�JDnxi&k&~ JDnxi&i&��egot�ZlmsBnprtk>�>�

b wglmiA�xhji\fAlxu�v�w|hDnxy 7'<t @7 � <9hj�xh1o}k&f J�lxf\k&~th1o	r+f$h1c;k$n6yzrti&k&~thji\�}r�lxo�k&e|yM�9k&~th�eguZv�nxiAk&lxo+��h�nxy
k&~th����]�Xv+i&nxs�wgh1uq�/�/lms�w|h�A}�@6-f&~tn J�fOk&~th�iAh1f&r+w|k&f\nxyBk&~+egf�f$k&r+ct�x�\b�v�v+i&n�:teguZlmk$h1wg� * � nxy�k&~th�k&egu�h
����� k$iAe|�x�xhji>f�yzlxegw|h1c�k$n;lmi&i>e|�xh)lmk�k&~th 5 �)¢ � egotv�rtk&f�y nxi�f$npu�h r+o3>�otn J�oZi&h1lxf&npo
��¡�n J�hj�xhji  tk&~+egf

F A



i&hj�pegnpo �xn�n�c nV�xhji r�o+cthji
k$iAe|�x�xhjiAf k$i>e|�x�xhjiAf k$iAeg�x�xhjiAf

r+o}s�eglxf$h1c%� < �x� < *
r+o�s�eglxf$h1cq� F � 7 � *
r+o}s�eglxf$h1c � *(* �x� * � 4

r+o}s�eglxf$h1c]���]¡ � * 7 � *

�/lms�w|h A}�@6���otnpo�D u;rtnpoqf&r+s�f$hjk�nxy/wghj�xh1w * �plmk$h1c�u�r+npo%k$iAe|�x�xhji�f&egu;r+wglmk&egnpo�iAh1f&r+w|k&fj tr+fAegot��l�w lmi&�xhji
ego+egk&eglxwBc+lmk&lZf&lxu�v�w|h

i&hj�pegnpo �xn�n�c nV�xhji r+o+cthji
k$iAe|�x�xhjiAf k$iAe|�x�xhjiAf k$iAeg�x�xhjiAf

npw c�� 4 F(F � �
oth J � �x� F(6 * � 7 �
oth J � � * � F � < �
oth J � 6 �m� 4 �x�x� *�4

�/lms�w|h_A}�BA}�Dw|hj�xh1w � fAegu�r�wglmk&e|npo i&h1f&r+wgk&f

v+i&nxs�w|h1u c+egcqotnxk)h;:�e f$k�y nxi)k&~th �$� �Zi&hj�pe|npo�nxyOk&~th-w|hj�xh1w * k$iAe|�x�xhji1���Dnpo+f$h1��rth1o}k&w|� k&~th-f&r+f&v�eg�je|npo
u;r+f$k�wgegh�J)e|k&~qk&~th-fAe|�po+lxwgf�yMnxi�k&~th	���]� uZlxf >� #J�~�eg�A~qf&r+v+v+i&h1f&f�k&~+h;����� k$iAeg�x�xhji�i&h1��r+e|i&h1uZh1o�k
yMnxi�f$vBh1�je|{���{+�xh;D cthj�xi&hjh�k$n JDhjiAfj��b ��nxi&iAh1��k&e|npo���nxiAi&h1f$vBnpo+c+ego+�6k$n�l * � yzlxegwgrti&h�i>lmk$h�J�lxf�e o+�jwgr+cth1c
ego%k&~th-{�o+lxwBh Y��je|h1o���� �jlxwg�jr�wglmk&e|npo+fj�

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

��~th-fAlxu�h�cthj�xiAhjh-nxyO�jlmi&h"JDlxf�k&lW>xh1o lmk�w|hj�xh1w � ��b���npu�v�w|hjk$h�f&e u�r+w lmk&e|npo%nxyOk&~th-w|hj�xh1w �
u;rtnpo k$iAe|�x�xhji J�lxf�vBhji&yMnxiAu�h1c � k&~+e f�lxo+lxw|��f&egf	egf�r+o+e �}rth%ego k&~+egf	iAhj�plmiAc��> �lxo+c k&~thqi&h1f&r�w|k&f�lmi&h
f&~tn J�o�ego%k&lms�w|h_A}�BA}�

G hj�xh1w � h1u�v�w|n �xh1c�k&~th � npwgc � *�4 D cthj�xi&hjh�uZlmk&�>~+egot��c+rtiAego+��k&~th-{+i>f$k�v�lmi&k�nxyOiAr+o * l lxo+c
k&~th �$oth J
� � 4 D cthj�xi&hjh�uZlmk&�>~+egot� �)y nxi/k&~th�wglmk$k$hji\v�lmi&kKnxy+iAr+o * l)lxo+c�yMnxi\lxw wpnxy+iAr�o * s ��\ o-k&lms�w|h�A}�BA
� npwgc ���qi&hjyMhjiAf k$n�k&~+h � *�4 D cthj�xi&hjh � uZlmk&�A~�egot�qvBhjiAe|n�c
 
lxo+c �$oth J � �� ��$oth J � �]lxo+c �$oth J ���

i&hjyMhji\k$n�k&~+h � 4 D cthj�xiAhjh �9uZlmk&�A~�egot��v�hji>e|n�c � ��~thji&h J�lxf/o+n o+hjh1c�k$n f$k&r+c+� � npwgc ���)sBh1�jlxr+f$h�hj�xh1o}k&f

F(F



i&hj�pegnpo �xn�n�c nV�xhji r+o+cthji
k$iAe|�x�xhjiAf k$iAe|�x�xhjiAf k$iAeg�x�xhjiAf

npw c�� 4�*�4 �p� � *
oth J � < 6 � 6 6 <
oth J � * � * � A �m� *
oth J � 4 F � 7 � F � <

�Klms�wgh_A}�@F���w|hj�xh1w � iAr+o * lZf&e u�r+w lmk&e|npo i&h1f&r+w|k&f

i&hj�pegnpo �xn�n�c nV�xhji r+o+cthji
k$iAe|�x�xhjiAf k$iAe|�x�xhjiAf k$iAeg�x�xhjiAf

npw c�� � � �
oth J � � A(A(A < 4�* � A 7(6
oth J � F(7(7(6 * * � 6 4 �x�
oth J � < * < � F 4 �x� * * � 7 �

�/lms�w|h_A}�@7���wghj�xh1w � iAr+o * s�f&egu;r+wglmk&e|npo%i&h1fAr+w|k&f

k&~+lmk J�hji&h�J�iAegk$k$h1oZk$n-k&lmvBh)s�h1�jlxr�f$h�nxy
k&~th6��� � k$iAe|�x�xhjiAfDlmi&h�npo�w|��r+f$h1c�e oZk&~+egf�lxo+lxw|��f&egf�c�rtiAegot�
k&~th �$oth J ��� vBhjiAe|n�c
����~th � npw c ���%w|hj�xh1w � JDnxi?>xh1c�lxf6ego}k$h1o+cth1c
� ��~thjiAh�lmi&h�otn%c+egf&��iAhjv�lxo+�je|h1f
c+rti>egot� k&~+egf vBhjiAe|n�c
����~thji&hZlmiAhZl�wglmi&�xh�o�r+u�sBhji6nxyDc+e f&��i&hjv�lxo+�jegh1fj 
sBnxk&~ �$r+o+cthji �qlxo+c � n �xhji��� 
ego k&~th �$oth J �qegu�v�w|h1uZh1o�k&lmk&e|npo�nxy�w|hj�xh1w � �Z�]npf$k9nxyDk&~th1f$hZc+egfA��i&hjv�lxo+�je|h1f �jlxo�sBh�lmk$k$iAe|s�rtk$h1c�k$n
k&~th�yMlx��k�k&~+lmk�k&~th �$oth J ����lxo+c �$oth J ����k$iAe|�x�xhji�i&hj�pe|npo+f�JDhji&h-nxyMk$h1o v+i&h1f&�jlxw|h1c]s}��wghj�xh1w � ��\ k
yMnpwgw|n J)f\y i&npuCk&~+e f\v+i&h1f&�jlxw|h�k&~+lmk JDh�f&~tnpr�wgc-h;:�vBh1��kOn �xhji�h Y��je|h1o}kOhj�xh1o�k&fj }sBh1�jlxr+f$h�f$npu�hjk&eguZh1fOk&~th
f&egu;r+wglmk&egnpo-nxy�w|hj�xh1w � J�egwgw�v+i&h1c+e ��k/l6��nxi&iAh1f$vBnpo+c+egot��w|hj�xh1w � k$iAe|�x�xhji1 }lxo+c;k&~th�v+i&h1f&�jlxw|h�u�h1lxo�f\k&~+lmk
otn k$iAe|�x�xhjiOn��j�jrti&iAh1c
�/¡)n JDhj�xhji1 }k&~th �$oth J � ��k$iAe|�x�xhjiOiAhj�pe|npo JDlxfOo+hj�xhjiOv+i&h1f&�jlxw|h1c  plxo+c;k&~thji&hjyMnxi&h
k&~thji&h9fA~tnpr+wgc�sBh �jhjiAnZc+egf&��i&hjv�lxo+�je|h1fDsBhjkPJDhjh1oqk&~th9w|hj�xh1w � k$iAeg�x�xhji�f&egu;r+wglmk&e|npo lxo+c%k&~th9c�lmk&l� +s�rtk
r+otyMnxi&k&r+o�lmk$h1w|��f$npu�h�c�egf&��i&hjv�lxo��je|h1f9h;:tegf$kj� 5 r+i&k&~thjiAu�nxiAhx �JDh%f&~tnpr+wgc=lxwgf$n�o+hj�xhji�h;:�vBh1��k�k$n f$hjh
r+o+c+hji;h Y��je|h1o�k�hj�xh1o}k&fZego lxo}�Hnxy)k&~th �$oth J
��wghj�xh1w � k$i>e|�x�xhjiZi&hj�pe|npo�fj �s�rtk;k&~th���nxi&iAh1f$vBnpo+c+egot�
h1o}k$iAe|h1f�~thjiAh9lmi&h-otnpo�D �jhjiAn�lxf�JDh1wgw  tr+otyMnxi&k&r+o�lmk$h1w|�x�

��~th1f$h c+egf&��iAhjv�lxo+�je|h1f�lmi&h c�rth�k$n k&~th%� iAlx�]> G egf$k_CDnplmiAc � � � G � G hj�xh1w � ~�lxo+c+f&~+lW>�egot�
v+i&nxs�w|h1u cth1f&��i>e|sBh1c ego f&h1��k&e|npo A}�=<t� � J�~+e �A~ �jlxr�f$h1c i>lxo+ctnpu {�iAegot�pfZlxo�c iAlxo+c+npu otnpo�D {�iAegot�pf
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i&hj�pegnpo �xn�n�c nV�xhji r+o�cthji
k$iAe|�x�xhjiAf k$iAeg�x�xhjiAf k$iAe|�x�xhji>f

r+o}s�eglxf$h1c%npwgcq� *(* �p� F � �
r+o}s�eglxf&h1cqoth J � �x� * � �
r+o}s�eglxf$h1cqoth Jd� � F(6 6 *
r+o}s�eglxf&h1cqoth J � * F 4 �x� *

�/lms�w|h_A}� * � �Dr+o}s�eglxf$h1cqw|hj�xh1w � iAr+o * lZfAegu�r�wglmk&e|npo i&h1f&r+wgk&f

i&hj�pegnpo �xn�n�c nV�xhji r+o�cthji
k$iAe|�x�xhjiAf k$iAeg�x�xhjiAf k$iAe|�x�xhji>f

r+o}s�eglxf$h1c%npwgcq� � � �
r+o}s�eglxf&h1cqoth J � � F � AW7 *
r+o}s�eglxf$h1cqoth Jd� 4�* � * F �
r+o}s�eglxf&h1cqoth J � * AWF 6(F *

�Klms�w|h_A}� *(* �Dr�o�s�e lxf$h1c%w|hj�xh1w � iAr�o * s]f&egu;r+wglmk&e|npo%iAh1f&r+w|k&f

nxy�k&~th w|hj�xh1w � k$iAe|�x�xhji1��b �jlmi&hjyMr�w�f$k&r+c+� nxy�k&~�egf9v+iAnxs�w|h1u J�lxf	ctnpoth�r+fAegot�]l�lxoQF �   � 4�* hj�xh1o}k
ego+�jw r+f&e|�xh]u;rtnpo c+lmk&l f$hjk%yMi&npu iAr+o * l�  lxo+c l �x� F�  * F * ego+�jwgr+fAe|�xh�u;rtnpo c+lmk&l f$hjk J�lxfqr+f$h1c
yMi&npu iAr+o * s ��b)yMk$hji;i>r+oQ6'< * 6 4 k&~+h w|hj�xh1w � v+i&n���h1f&f$nxi J�lxf	i&hjv�wglx��h1cHs}�Hlxo lxwgv�~+l�v�i&n���h1fAf$nxi1�
��~+e f6��npego+�jegcth1o}k&lxwgw|��{3:�h1c�k&~th�~+lxo�c+f&~+lW>�egot� v+i&nxs�wgh1uq  lxo+c ~+h1o+��hZk&~thZv�i&nxs�w|h1u npo+wg� othjh1c�f6k$n
sBh�f$k&r�c+e|h1c�yMnxi�k&~+h lmv+v�i&nxv+iAeglmk$h�k&egu�h�vBhjiAegn�c
�q�/lms�w|h1fEA}�@F]lxo�cNA}�@7�f&~tn J k&~th i&h1f&r�w|k&fj��b)�plxego
 
k&~th�wglmi&�xh�nV�xhji9h Y��je|h1o����]�mlxwgrth1f6lmi&h�u�npf$k&wg��c+rth	k$nqk&~th	v+iAh1f&�jlxw|h1f yMnxi��$� �qlxo+c � �����
� ~+lmk9egf
i&h1��r+e|i&h1c%egf�k$nZ��r+lxo}k&e|yM��k&~th9eguZv�nxiAk&lxo+��h nxyKk&~th v+iAnxs�w|h1uq�O��~+e f J�lxf�lx�j��npu�v�wgegf&~th1c%s���c+npegot��lxo
r+o}s�eglxf$h1cqf&k&r+ct�x����~+e f�egf�vBhji&y nxi>u�h1cqego%k&lms�w|h1f�A}� * � lxo+c A}� *(* �

� rtiAegot��iAr+o * l�k&~th �$��� lxo�c �$� ��k$iAeg�x�xhji�iAhj�pe|npo+f�J�hji&h�othj�xhji v+iAh1f&�jlxw|h1c � s�rtk�k&~+h�� ���
J�lxf	v+i&h1f&�jlxw|h1c��>�=b v+iAh1f&�jlxw|h1c hj�xh1o�kEJ)egwgw�fA~tn J rtv lxf�lxo � n �xhji � w|hj�xh1w � hj�xh1o�kj� ¡�h1o���hx �ego l
f$k&r+c+�;nxy
v�i&nxs�w|h1uZlmk&e ��iAr+o * l � n �xhji��;hj�xh1o}k&fj �npo+w|�	k&~th �$� �;lxo+c �$� �-iAn J�f��jlxo�sBh)r�f$h1c
� � r+iAegot�
iAr+o * s  �npo+w|�qk&~th �$� ��i&hj�pegnpo J�lxf othj�xhji6v+i&h1fA�jlxw|h1c
 Blxo+c�f&n k&~�egf)e f�k&~th;npo+w|���jw lxf&f�k&~+lmk��jlxo�sBh
f$k&r+c�e|h1c
� �$��o+cthji��]hj�xh1o�k&f��jlxo sBh�w|hj�pe|k&e uZlmk$h1w|� f$k&r+c�e|h1c=egoHlxwgw��jlxf&h1fj OsBh1�jlxr+f$h�k&~+hj�=lmi&h%othj�xhji
f&rtv�v�npf&h1c�k$n�n��j�jr+i1�
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i&hj�pegnpo �xn}n�c nV�xhji r+o�cthji
k$i>e|�x�xhjiAf k$iAeg�x�xhjiAf k$iAe|�x�xhji>f

� � 4 6 A � �
� � * F � F � �

�Xnpo+w|� 4 AWF � �
� 6 AWF'< � �

�/lms�w|h_A}� * � �Dw|hj�xh1w � u;rtnpoqk$i>e|�x�xhji)f&e u�r+w lmk&e|npo

\�k�JDlxf cthjk$hjiAuZe oth1c k&~+lmk�k&~thji&h J�lxf�o+n i&h1lxf$npoXk$n=h;:�vBh1��k�k&~th]~�lxo+c+f&~+lW>�egot��v�i&nxs�w|h1u
k$n�cthjvBh1o+c npo k&~th k$iAe|�x�xhji	i&hj�pegnpo
� ¡)h1o+��h%k&~th%� � G D G � � ��I-� ~�lxo+c+f&~+lW>�egot�]yMlxegw rti&hZiAlmk$h J�lxf
cthjk$hjiAu�egoth1c k$n sBh * � 4 � � 6 � � � � F(6 � 6 � �x� * � � �ZyMnxiqk&~th c+r+iAlmk&e|npoXnxy�iAr�o * lNJ)~th1o k&~+egf
v+i&nxs�w|h1u"h;:�e f$k$h1c � J�~+e �A~ J�lxf�npo+w|��y nxi�lmsBnprtk�npoth6k&~+e|i>c%nxyKiAr�o * l��> �lxo+c � �=< � � * F � 4�* � � * F%�
yMnxi6k&~th�c+rtiAlmk&e|npo�nxy�i>r+o * s J)~th1o k&~+egf�v+i&nxs�wgh1u�h;:tegf$k$h1c � J�~�eg�A~���npego+�je cth1o�k&lxw w|� JDlxf9y nxi6lmsBnprtk
npoth9k&~�e|iAc%nxy\iAr+o * sB�>��b)�xhjiAlm�xh1c]nV�xhji�lxw w
nxy\iAr+o * l�lxo�cqiAr+o * s]k&~th9v+i&nxs�w|h1u ��nxi&i&h1f&v�npo�cth1c%k$n
�&r+f$k�n �xhji * �  �lxo+c�k&~+egf���nxi&i&h1��k&egnpo]egf�uZlxc+h9k$nZk&~th9{�o+lxwBh Y��je|h1o+��� �mlxwgrth1fj�

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

 � ��� ��� 
 	�� � � ��
 � �

\�k J�npr+w c�s�h�h1lxf&��egy�hj�xhji&��k&~+ego+� JDlxf�lxf-f&eguZv�w|h	lxf-w|hj�xh1w � � G hj�xh1w � uZlW>xh1f;lqf$nxy k JDlmiAh
�jrtkj Blxo+c�k&~thji&hjyMnxi&h�w|hj�xh1w � �jlxo]sBh�fAegu�r�wglmk$h1c�h;:tlx��k&w|�x�)��~th�o�r+u�s�hji>f�lmi&h	f&~tn J�o]ego]k&lms�w|hEA}� * � �
��~thjiAh9lmi&h �jhji&n�c�egf&��i&hjv�lxo��je|h1fj tlxf�h;:�v�h1��k$h1c �

����� <H�)��
 � ( '&������!��Z.O�D�B!&��
	�

\�k\egfKotn J vBnpf&f&e|s�w|hOk$n6�jlxwg�jr+wglmk$hDk&~th�nV�xhjiAlxwgw�f$h1w|h1��k&egnpo�h Y��je|h1o+�je|h1fj xlxf\l)yMr+o���k&e|npo9nxy+k$i>e|�x�xhji
i&hj�pe|npo   f&ego+��h	lxwgw\lxf$vBh1��k&f nxy�k&~+h	f&h1w|h1��k&e|npo��jlxo�sBh;lxfAf$n��je lmk$h1cTJ�e|k&~�ego+c�e|��e c+r+lxwBk$iAlx�]>�fj Klxo+c�k&~th
sBh1~+l1��e|nxi�nxy\k&~th-c+hjk$h1��k$nxi)egf�o+n JVJDh1wgw D r+o�cthjiAf$k$n�n�c yMnxi�lxo�ego�c+e|��egc+r+lxw�k$iAlx�?>��
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� � ����� � � 
������ � � � � � 
 ��� � 
 � � ��
 � � � � � � 
 � ��� ��� ����
 � �

¢�lx�>~=u;rtnpo=egf-lxf&f$n��jeglmk$h1cRJ�egk&~�npothZnxy�k&~thZyMnprti-e o+c+e|��egc+r+lxwKk$iAe|�x�xhji-i&hj�pe|npo+fj� 5 nxi	f&egu D
v�wge �je|k � JDh;lmi&h	�jlxwgwge ot�Zk&~th1f$h;i&hj�pe|npo�f �$����  �$� ��  � ��� lxo�c � \ ��� �$��� i&hjv+i&h1f&h1o�k&f)k&~thZ���]��D npo+w|�
i&hj�pe|npo   �$� ��k&~+h����]��D ����� i&hj�pe|npo   � ����e|k&f�o+lxu�h1f&lW>xhx �lxo+c � \ ��nxi �A��� \ ��i&hjv�i&h1f$h1o}k&f�k&~th
��h1o}k$iAlxw�i&hj�pe|npo%otnxk���n �xhji&h1cqs��Zl"J�nxi]>�ego+��u;rtnpo%cthjk$h1��k$nxi�f$��f$k$h1uq� I o+wg�;hj�xh1o}k&f�J�~�eg�A~�v�lxf&fDk&~th
{�o+lxw ^��jrtk&f�lmi&h)f&k&r+c+e|h1c
�\b�k�w|h1lxf$k�npo+h)w|hj�;u�r+f&k�v�lxf&f � �xnpwgc����jrtk&fj }lxo�c�k&~th)f$h1��npo+c+lmi&�Zwghj��u;r+f$k
v�lxf&f�h1egk&~thji � �xnpwgc��	nxi �$f&egw|�xhji��	�jrtk&f1����~thji&h6lmi&h6k&~�e|i&k ��vBnpf&f&e|s�wgh)�xhjnpu�hjk$i>eg�jlxw ��npot{+�pr+iAlmk&e|npo+f�yMnxi
l2^�hj�xh1o�kj� 5 nxi�h;:tlxu�v�w|hx +k&~+h-v+iAe uZlmi&��wghj���jlxo]sBh �$� ��lxo+c�k&~th�f$h1��npo�c+lmi&�qw|hj���jlxo�sBh�� ���� �nxi
k&~th�v+i>eguZlmi&��w|hj���jlxo�sBh �$���qlxo+c�k&~thZf$h1��npo+c�lmi&��w|hj���jlxo�sBh � \ ���	b�c+c+egk&e|npo+lxwgw|�x �h1lx�A~=w|hj���jlxo
sBh�h1e|k&~thji � �xnpw c��qnxi �$f&e w|�xhji��� Klxo�c�k&~th�f$h1��npo�c+lmi&��w|hj���jlxo sBh�h1e|k&~+hji � 4 k&~=l':teglxw �� �� <xk&~=l':teglxw �
nxi�� � iAc�l':teglxw ���"\�y�sBnxk&~ wghj�pf6lmi&h � �xnpwgc��%k&~th1o�npo+h	wghj��egf lmi&s�e|k$iAlmi>egw|�qlxf&f&e|�po+h1c�lxf k&~th�v+iAegu�lmi&�
w|hj�t��¢��xh1o�k&f�f&r��A~ lxf�k&~th1f$h lmi&h6ctnprts�w|h)��npr+o�k$h1cqe oZk&lms�w|h A}� * �  +sBh1�jlxr+f$h�sBnxk&~�wghj�pfDlmiAh)h �Bh1��k&e|�xh1w|�
r+o}s�eglxf$h1c ��\ y+npo+w|�9npo+hDnxy�k&~th�u�rtnpo�f\v�lxf&f$h1f�� �xnpwgc�� �jrtk&f1 pk&~th1o;npo+w|�9k&~+hDf$h1��npo�c+lmi&��wghj� e f/f&k&r+c+e|h1c
sBh1�jlxr+f$h-egk�egf�k&~th�w|hj� J�~+e �A~�egf�r+o�s�eglxf$h1c
�[\ y\npoth-nxy\k&~th�u�rtnpo]i&hj�pe|npo+f�JDlxf�otnxk��jwglxfAf$h1c]lxf�yMr+w w|�
JDnxi?>�e ot�9c+rtiAe ot�6l6v�lmi&k&eg�jr�wglmiOiAr+o
 �k&~th1o�lxo}��w|hj�9k&~+lmk[JDnpr+wgc�~+l1�xh)s�hjh1o��pe|�xh1o�k&~+lmkD�jwglxf&f&eg{��jlmk&e|npo
egf�i&h1�jw lxf&f$h1c�lxf � \ ���

\ o}k$hji&v+iAhjk&lmk&e|npo=nxy�k&lms�w|h2A}� * � egf-fAegu�v�w|hx�%��~th�f$h1��npo+cHi&n J"egf �$�[D � ������~thji&h JDhji&h * A 4
^ hj�xh1o�k&f J)~+eg�A~ ~+lxc l �xnpwgc �$� ��w|hj�t �lxo+c k&~th nxk&~thji�w|hj� J�lxf	vBnpego}k$h1cHlmk	k&~th �$� ���T\ oN6 � nxy
k&~th1f$h;hj�xh1o}k&f s�nxk&~�w|hj�pf�JDhji&h	�xnpwgc
 Blxo+c�e o *(* � hj�xh1o}k&f k&~th�v�iAeguZlmi&�qw|hj�2J�lxf��jw lxf&f&e|{+h1c�lxf��xnpwgc
 
lxo+c�k&~th)f&h1��npo+c+lmi&�Zw|hj�_JDlxf��jwglxfAf&e|{+h1c�lxf�f&e w|�xhji1� ��n J)f J)~thji&h�k&~th cthjk$h1��k$nxi�i&hj�pe|npo�f�lmi&h lxwge >xh�lmi&h
f&wgeg�p~�k&w|��uZnxi&hZ��npu�v�wge �jlmk$h1c
����~+h�{+yMk&~�i&n J egf �$� D � ���	��~thjiAh"JDhji&h < *�4 ^Hhj�xh1o}k&f J�~+e �A~�~+lxc�l
�xnpwgc �$� �qw|hj�t Klxo�c�k&~th�nxk&~thji-w|hj� J�lxf-lxw f$n%v�npe o�k$h1c�lmk9k&~+h �$� ���E\ o � 6'<�nxyDk&~th1f$h�hj�xh1o}k&f-sBnxk&~
w|hj�pf�J�hji&h-�xnpwgc
��¡)h1o+��h-k&~+hji&h JDhji&h-l�k$nxk&lxwKnxy[6 AW7Zf$h1��npo+c�lmi&� �$� �Zw|hj�pf�J�~+eg�>~���npr+wgc%sBh-f&k&r+c+e|h1c
ego�lxo]r+o}s�eglxf$h1c JDl �x��\ o�k&~th;�jlxf$h;nxyOk&~th	��� �; �e|k)egf�vBnpf&f&egs�w|h6yMnxi�k&~th	f$h1��npo+c+lmiA��w|hj��k$n�s�h;otnxk
npo+w|�	l-f&k&lxo+c+lmiAc � 4 k&~��-l':teglxw  }s�rtk�lxwgf&n � <xk&~��-lxo�c � � iAc���l':�e lxw  }lxo+cZk&~th)f&lxuZh��xn�h1f�yMnxi�k&~th ��� \
�jlmk$hj�xnxi&�x�%��~thZu�h1lxo�egot�qnxy � 4 k&~���lxo+c � <xk&~ �]lxo+c � � iAc ��l':�e lxw J�egwgw/sBh	h;:�v�wglxegoth1c�ego�c+hjk&lxegwOego
l wglmk$hji��A~+lmv+k$hji � ��~+h�iAlmi&hji � <xk&~���lxo+c � � iAc�� l':teglxw�wghj�pf;lmiAh otnxk	r+f$h1c egoHlxo�� nxy�k&~th�k$i>e|�x�xhji
h Y��je|h1o���� �jlxwg�jr�wglmk&e|npo+f�e o%k&~+egf��A~�lmv+k$hji1�
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v+iAegu�lmi&� f$h1��npo+c�lmi&� k$nxk&lxw k$nxk&lxw 4 k&~ <xk&~ � iAc
i&hj�pegnpo i&hj�pe|npo hj�xh1o}k&f X D X X D 8 X D 8 X D 8
� � 6 � �x� � A
� � * A 4 6 � *(* �
� � < � � 6 * A
� � 7 � 6 � � F
� � < *�4 � 6'< *�4�*
� � * F 4 *�4 � �x�
� � � 7 � 6 7 � *
� � 4 �x� *�4 � �x� 7 � * *
� � F(F 4 � � 4 7 *
� \ � 6'< � * 6 � 4 � 4 �
� \ * �x�m� � A 4 A �x� 4 �x� F
� \ � * < � * 7'< 4 < 6(6
�2� � �2� � K.% 	 � � ��� % � �#O K 	 + K � �

�Klms�w|h_A}� * � ��^ hj�xh1o}k&f��jw lxf&f$h1c�s��%f$h1��npo+c+lmi&�%w|hj�

��~thji&h�lmi&h�l%k$nxk&lxw�nxy �   * AW6 ^Hhj�xh1o}k&f J�~+e �A~�v�lxf&f9k&~th�{�o+lxw\�jrtk&fj� 4 F � nxy�k&~th1u�~+lxc�lmk
w|h1lxf$k�npoth�w|hj�;ego�k&~th �$� ��  �   � 7'<;nxy
k&~th1u ~+lxc�lmk�w|h1lxf&k�npoth�w|hj�-ego�k&~+h �$� ��  *   � * <;nxy
k&~th1u ~+lxc�lmk
w|h1lxf$k�npoth-w|hj� ego%k&~th � ���� �lxo�c *  BAW7(FZnxy\k&~th1u ~+lxc�npo+h-w|hj�Zh1o}k$hjiAegot��k&~th-r+o+��nV�xhji&h1c � \ �ZiAhj�pe|npo
 
J�~+e �A~�h1o+��npu�v�lxf&f&h1f�sBnxk&~ lmi&h1lxf�nxy k&~th6��h1o}k$iAlxw�i&hj�pe|npo%otnxk���n �xhji&h1c%s���l	u;rtnpo�c+hjk$h1��k$nxi�f$��f$k$h1u
lxo+cqlxwgf&n	u;rtnpoqcthjk$h1��k$nxi�f$��f$k$h1uZf�J�~�eg�A~2JDhji&h9cthjh1u�h1c�o+nxkDk$n�~+l1�xh6sBhjh1o JDnxi?>�e ot�	v+i&nxvBhjiAw|��yMnxi
k&~th iAr+o ego%��rth1f$k&e|npo
� 5 nxi�h;:tlxu�v�wghx �yMnxi�l	wglmi&�xh v�lmi&kDnxy i>r+o * l	k&~+h9�����Cf$��f&k$h1u�J�lxf��jwglxfAf&e|{+h1c
lxf � \ ���

4 7 � nxy�k&~th�hj�xh1o�k&fZJ�hjiAh�k$iAe|�x�xhji&h1cZfAr+�j��h1f&f$yzr+wgw|�6s��;s�nxk&~�u;rtnpo+f1� 5 nxi �  =< 4 <-nxy�k&~th�hj�xh1o�k&f1 
sBnxk&~=k$i>lx�?>�f_JDhji&h vBnpego�k$h1cHlmk�k&~+h 4 k&~ l':�e lxw�f&r+v�hji>wgl1�xhji � � 4 D 4 ��hj�xh1o�k&f>�>� 5 nxi � A � hj�xh1o�k&f1 �k&~th
v+iAe uZlmi&��k$iAe|�x�xhjiAh1c k$iAlx�?>QJ�lxf�vBnpego�k$h1c lmk�k&~th 4 k&~ l':�eglxw�f&r+v�hji>wgl1�xhjiZlxo+c k&~th�f&h1��npo+c+lmi&� otnpo�D
k$iAe|�x�xhjiAh1c k$iAlx�]> J�lxf�vBnpego}k$h1c lmk�k&~th <xk&~ l':�e lxw�f&rtvBhjiAw l1�xhji � � 4 D < � hj�xh1o}k&f>�>� 5 nxi � 4 7=hj�xh1o�k&f1 
k&~th v+iAegu�lmi&� k$iAe|�x�xhji&h1c k$iAlx�]> J�lxf%vBnpego�k$h1c lmk%k&~th 4 k&~ l':�eglxw f&r+v�hji>wgl1�xhji%lxo+cXk&~th�f$h1��npo+c+lmi&�
otnpo�D k$i>e|�x�xhji&h1cqk$iAlx�]> JDlxf�v�npe o�k$h1c�lmk�k&~th � iAc�l':teglxw f&r+v�hji>wgl1�xhji � � 4 D � ��hj�xh1o�k&f��>�
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v+iAegu�lmi&� f$h1��npo+c�lmi&� k$nxk&lxw f$k&rts G * GZ* GZ* G � G � G �
i&hj�pegnpo i&hj�pe|npo f&h1��npo+c+lmiAe|h1f lxo�c�c�: fAegu c+lmk k$iAe|� f&e u k$iAe|� k$iAe|�
� � 7 A F 4 F � F � 6(7 6(7 6(F
� � * A(A *�4(4 * � 6 * � 6 * � 4 6 � 6 �
� � < * � 6 � F � F � A � < � <
� � 7 � F A A � A � A � 6 4 6 4 6 �
� � 6(F � 6(6 * 4 7(6 4 7 4 4 7 4 4 �x� 4 �x� 4 �m�
� � * AW7 * A(A * 6 � * 6 � * 6 � *�4 < *�4 � * < A
� � �x� �m� � F � F � F � A � < � <
� � < 7 A < 7 � � A 4 � A 4 � A 4 �x� * *�4 � * < A
� � * � * * �m� * � 7 * � 7 * � 7 * � 6 * � 6 * � <

k$nxk&lxw f&h1��npo+c+lmiAe|h1f o�r+u�sBhji�nxy�� �xnpw c���nxi
�xf&e w|�xhji���u;rtnpo+f�J�~+npf$h6v�lmi&k&othji)egf � �xnpwgc��
f$k&rts�lxo�c�c�: h �Bh1��k�nxy\i&h1��r+e|i>egot�;k&~th9f$k&rts]lxo�cqc�:%�jr+k
GZ* fAegu h �Bh1��k�nxy\i&h1��r+e|i>egot�;k&~th9w|hj�xh1w * k$i>e|�x�xhji�f&egu;r+wglmk&egnpo � J �V�plmk$h1c�u;rtnpo��>~+lxu�s�hji>f>�
GZ* c�lmk h �Bh1��k�nxy\i&h1��r+e|i>egot�;k&~+lmk�k&~th9��nxi&iAh1f$vBnpo+c+egot��u;rtnpoqk$iAeg�x�xhji�k$n JDhji){�i&h1f
GZ* k$i>e|� h �Bh1��k�nxy\i&h1��r+e|i>egot�;k&~+lmk�k&~th 5 ��¢ � nprtk$v�rtk&f�k$iAe|�x�xhji�w|hj�xh1w *
G � fAegu h �Bh1��k�nxy\i&h1��r+e|i>egot�;k&~+lmk�k&~th6k$iAlx�]>q{+i&h1f�k&~th�w|hj�xh1w � k$iAeg�x�xhji�f&egu;r+wglmk&e|npo
G � k$i>e|� h �Bh1��k�nxy\i&h1��r+e|i>egot�;k&~+lmk�k&~th6k$iAlx�]>q{+i&h1f�k&~th�w|hj�xh1w � k$iAeg�x�xhji
G � h �Bh1��k�nxy\i&h1��r+e|i>egot�;k&~+lmk�k&~th9u;rtnpoqk$iAeg�x�xhji)w|hj�xh1w �

�/lms�w|h_A}� * <t��^�hj�xh1o�k&f��jwglxf&f$h1c�s}�qf$h1��npo+c�lmi&� wghj�t +h ��h1��k)nxyKk&~+h-c+e��Bhji&h1o}k��jrtk&f

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

 � � � ��
 � �
�

�Klms�w|h2A}� * <�v+i&h1f$h1o}k&f-l�uZlmk$iAe : nxy�hj�xh1o}k���npr+o�k&f�yMnxiE^ hj�xh1o�k&f	lxf;f$h1w|h1��k&e|npo ��iAe|k$hjiAe l�lmi&h
lmv+v�w e|h1c
����~th�lmv+v�wgeg�jlmk&egnpo nxy�k&~th � G � k$iAe|� ��i&h1��r+e|i&h1u�h1o}k-cthjv�w|hjk$h1f�fAe|�po+e|{��jlxo}k&w|����hji&k&lxegoHi&n J�f
sBh1�jlxr+f$h�nxyDv+i&h1f&�jlxw egot�t�;� e|k&~�k&~�egf k&lms�w|hEJDhZ�jlxo �jlxwg�jr+w lmk$h�k&~th�n �xhjiAlxw w�h Y��je|h1o��je|h1f y nxi-h1lx�A~ nxy
nprti��jrtk&f�lxf�l�yzr+o+��k&e|npoqnxy\k$iAeg�x�xhji)i&hj�pegnpo � �jlxwgw|h1c �$� ��  �$� ��lxo+c � ���ZyMnxi)f&e u�v�wgeg�jegk �+�>��¡�n J�hj�xhji
f$vBh1�jeglxwO�jlmi&h�u�r+f&k�sBh�h;:�hjiA�jegf$h1cRJ�~th1o��jlxwg�jr+w lmk&egot�%k&~th�h Y��je|h1o�����nxy � G � k$i>e|� �%sBh1�jlxr+f$hZnxyDk&~th
v+i&h1fA�jlxw|hx�O��~+egf J)egwgwtsBh�cth1lxwgk[J�e|k&~�egoZcthjk&lxegw�sBh1w|n J9� �)nxkDfA~tn J�o�egf�k&~+h�h �Bh1��k�nxy
k&~th�f&rtvBhjiAwgl �xhji D F
�jrtkj  J�~+e �A~�h1o�f&rti&h1c�k&~+lmk�h1lx�A~�k$iAlx�]>�v�lxfAf$h1c]k&~+i&nprt�p~ lxwgw nxy�k&~th����)� l':teglxw/f&rtvBhjiAwgl �xhjiAfj����~+egf
�jrtk�J�lxf�yzr+wgw|��h Y��jegh1o�k�yMnxi�k&~th������dlxo�cq���]�Xcthjk$h1��k$nxiAfj +s�rtk�ego k&~th9�jlxf$h6nxy/k&~th���� �de|k�J�lxf
vBnpf&f&e|s�w|h6y nxi l�k$iAlx�?>�k$n uZe f&f�f&r+v�hji>wgl1�xhji D F�lxo+c f$k&egwgwK~+e|k�k&~th	cthjk$h1��k$nxi1� 5 i&npu k&~th;hj�xh1o}k fAlxu�v�w|h
e|k�J�lxf�cthjk$hji>uZegoth1c%k&~+lmk�k&~th6h Y��je|h1o+���%nxy/k&~th-f&r+v�hji>wgl1�xhji D F	�jr+k�JDlxf�7'< 
@4(4 	 � 	 ���

� � 	 � � � �
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��~th	w|hj�xh1w � v+i&h1f&�jlxwgh;egf�v+iAnxs�w|h1uZlmk&eg�m�9��~+egf�egf�i&h1lxc+egw|��lmv�v�lmi&h1o}k�s���h;:tlxuZego+e ot� f&hj�xhjiAlxw
i&n J�f-nxy�k&lms�w|h A}� * <t� ��npo+f&egcthji-k&~th �A����� ��� ���]i&n J-����~th � G � f&e u �qh1o}k$i&� egf �x� * lxo+cHk&~th
� G � k$iAeg� ��h1o}k$i&� egfDnpo+w|� *�4 � �D��~th �$� �	k$iAe|�x�xhji�J�lxf�othj�xhji�v+iAh1f&�jlxw|h1c
 tlxo+c%e|k JDlxf�lxw u�npf$k�lxw J�l1��f
nxvBhjiAlmk&e|npo+lxw J�~th1o k&~th � ��� k$iAeg�x�xhji JDlxf J�nxi]>�ego+�t� ��~+egfqu�h1lxo�fqk&~+lmk�k&~th � ��� k$i>e|�x�xhji J�lxf
v+i&h1fA�jlxw|h1c%u�nxi&h k&~+lxo%~+lxw|y nxy k&~th k&egu�h � e|y k&~th � ���	k$iAe|�x�xhji�JDlxf�e otnxvBhjiAlmk&e|�xh�k&~th6w|hj�_JDnpr+wgc%~+l �xh
sBhjh1o��jw lxf&f$h1c%lxf � \ ���>���Dnpo+fAegcthji�k&~+h �$� ���-iAn J9����~+h � G � f&e u �9h1o}k$i&��egf * � 4 lxo+c�k&~th � G � k$iAe|� �
h1o}k$i&�qegf�6 � ����~�egf�u�h1lxo+f�k&~+lmk�k&~th �$����k$iAe|�x�xhji�JDlxf�v+i&h1f&�jlxw|h1cqlmsBnprtk�~�lxw|yKk&~+h6k&egu�hx�

��n J w|n�n(>�lmk k&~th � �"� � i&n J9�	��~th � G � f&egu ��h1o}k$i&� egf � A lxo+c�k&~th � G � k$iAeg� ��h1o}k$i&��egf
� <t�-��~+h�i&h1lxf&npo�k&~th��mlxwgrth1f lmi&h�f$nqf&e uZegwglmi�e f)k&~�lmk�J)~th1o]k&~+h1f$h	k$iAe|�x�xhjiAf JDhji&h	v+i&h1f&�jlxwgh1c egk�J�lxf
r+f&r�lxwgw|�	lmk�k&~th�f&lxu�h)k&egu�hx���]nxi&h)eguZv�nxiAk&lxo�k&w|�x }k&~th�k$iAe|�x�xhjiDv+i&h1f&�jlxw|h1f�lmi&h ��nxi&i&h1wglmk$h1c
�O� ~th1o�k&~th
ego+f&k&lxo�k&lxothjnpr�f�wgr�uZegotnpf&egk �"JDlxf�~+e|�p~�k&~th�v�i&h1f&�jlxw|h1f�y nxiDsBnxk&~�k&~+h � ����lxo+c�k&~th �$� �;i&hj�pe|npo�f[JDhji&h
k ��v�eg�jlxw w|��npo
 +lxo�c J�~th1o%k&~th-w r+uZegotnpfAe|k �EJ�lxf�w|n J k&~th6v+i&h1fA�jlxw|h1f�yMnxi�sBnxk&~%k&~th�� ����lxo+cqk&~th��$���
i&hj�pe|npo�f�J�hjiAh9k ��v�eg�jlxwgwg��n �\�

b)f�l	{�o+lxwBh;:tlxu�v�w|hx +w|n�n(>%lmk�k&~th�� � ����iAn J9����~+h�� G � f&e u �;�^lxwgr+h e f * � 6Zlxo+c%k&~th�� G �
k$iAe|� ���^lxw rth�egf * � 6���\ yOk&~th-v�i&h1f&�jlxw|h_JDlxf�npo
 �k&~th1o JDh"J�npr+w c+o � k�h;:�vBh1��k)k$n �xhjk�lxo}����� ��D �����
^Bfj� \ y
k&~th�v�i&h1f&�jlxw|h�JDlxf�n �/ �k&~th1o�J�h�JDnpr+wgcZh;:�vBh1��k�lxwgw�hj�xh1o�k&f�J)~+eg�A~�v�lxf&f$h1c G � f&e u k$n	lxwgf$n-v�lxf&f
G � k$i>e|�t +lxo+cqk&~+lmk)egf�J�~+lmk�~�lmv+vBh1oth1c
�

��~th1f$h	h;:tlxu�v�w|h1f eguZv�w|�qk&~+lmk npo+w|�]hj�xh1o�k&f J)~+eg�A~�~+l �xhZl �xnpwgcth1o�w|hj�qego�k&~th � ���%iAhj�pe|npo
f&~tnpr�wgc sBh���npo+f&egcthjiAh1cNJ�~th1o �jlxwg�jr�wglmk&egot��k&~th�f$h1w|h1��k&e|npo h Y��je|h1o+��� y nxi�k&~th � G � k$iAe|� � ��npw r+uZo
 
e|y�c�egu�r+npoN^ hj�xh1o}k&fZlmi&h%k$n�sBh r+f&h1cHyMnxi�k&~+egf;�jlxwg�jr+w lmk&e|npo
� ��~+e f��jrtk&f�c+n J�o npo k&~thqf$k&lmk&egf&k&eg�jf
��npo+f&e cthjiAlms�w|�x +lxo�c]~th1o+��h;e|y/k&~th��jlxwg�jr�wglmk&e|npo J�lxf)c+npoth9k&~+egf�JDl �qk&~th-nV�xhjiAlxwgw hji&i&nxiAf�npo]k&~th-{�o+lxw
f$h1w|h1��k&egnpo��^lxwgr+h1f�JDnpr+wgc sBh	wglmi&�xhx� G r+�?>�egw|�x Bk&~thji&h�egf lxotnxk&~+hji JDl �]k$n�ctn%k&~+e fj�9��~th;n �xhjiAlxw w�wge|�xh
ego}k$hj�xiAlmk$h1c wgr+uZego+npf&e|k ���^lxw rth1f J�~�eg�A~TJDhji&h�nxs+k&lxegoth1cHego�k&~th�v+i&hj��e|npr+f9�>~+lmv+k$hji	�jlxo=sBh�r+f&h1c�k$n
cthjiAeg�xh-k&~th�n �xhjiAlxwgw/f$h1w|h1��k&egnpo]h Y��jegh1o+�je|h1f�yMnxi�k&~th � G � k$iAeg� ����npwgr+u�o � npo+w|��l�f&uZlxwgwKu�n�c�e|{��jlmk&e|npo
othjh1c+f�k$nZsBh9uZlxcth6k$nZk&lW>xh;ego�k$n�lx�j��npr+o�k)k&~th9� � G D G � � ��I9� ~+lxo+c�f&~+lW>�egot�;v+i&nxs�w|h1u �>�
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\�k egf�otn J vBnpf&f&egs�w|h6k$nq�jlxwg�jr+wglmk$h	f$h1w|h1��k&egnpo�h Y��je|h1o+�je|h1fj� ��~th;h Y��je|h1o�����nxy�lxo�ego+c+eg��egc�r+lxw
�jrtk e f
�pe|�xh1o9s���� ������( � � $	� $ � � � I o+h�f&e|�puZl�r+v+vBhji lxo+c9w|n J�hji\wgeguZegk&f�lmiAh�cthjk$hjiAu�egoth1c ��egl�l�f&r�uZu�h1c
s�ego+npuZeglxw�c+egf$k$iAegs�rtk&e|npo�v�i&nx�xiAlxu �=6 �  �� A �  ��=F � ��b)w w��jrtk&f�lmi&h6f$k&r+c+e|h1c npoth;D lmk D l'D k&e u�hx��¢�lx�A~�f$h1wgh1��k&e|npo
h Y��je|h1o����Zegf�cthjk$hjiAu�egoth1c�s���{+iAf$kOiAh1wgl':�e ot�9npo+w|�;k&~th��jrtk�sBh1egot�9f&k&r+c+e|h1c
 �k&~thji&hjs��Zlx�j��hjv+k&egot�;u�nxi&h
hj�xh1o}k&f k&~+lxo]k&~+h;f$hjk�nxy ^�D �jlxo�c+egc+lmk$h�hj�xh1o�k&f6ego]k&~th;{�o+lxw fAlxu�v�w|hx Blxo+c cthjk$hjiAuZego�egot�Zf$vBh1�je|{��jlxw w|�
k&~+lmk��jr+k � f�h Y��je|h1o����x�

¡�n J�hj�xhji  �e|k�egf�o+nxk��}r�e|k$h k&~+lmk�f&eguZv�w|hx� \�k�e f�oth1��h1f&f&lmi&�%k$nZk&lW>xh�ego�k$n�lx�j��npr+o�k�k&~th9h �Bh1��k&f
nxyK��nxiAi&h1wglmk$h1c��jrtk&f1� 5 nxi�h;:tlxu�v�w|hx te|y k J�n��jrtk&f�i&h �$h1��k�k&~th6f&lxu�h9f$hjk�nxyKhj�xh1o�k&fj �k&~th1o%i&h1wgl':tegot�;npoth
�jrtk6lxo+c�otnxk k&~th	nxk&~thji J�egw w otnxk s+iAe ot��lxo}��u�nxiAh;hj�xh1o}k&f9ego}k$n%k&~th	f&lxu�v�w|h;sBh1egot� f$k&r+c+e|h1c ��\ k6egf
oth1��h1f&fAlmi&�%k$nZi&h1wgl':%sBnxk&~��jrtk&f�f&e u�r+wgk&lxothjnpr+f&w|�x te|yKk&~th-�jrtk&f�egoq�}r+h1f$k&e|npoqnV�xhjiAwglmv �

5 nxi/h;:�lxu�v�w|hx xego6i&h1u�nV��e ot��v�r�o+�A~�D k&~+i&nprt�p~6hj�xh1o}k&f\�jrtk&fKlmiAh�v�wglx��h1c�npo9sBnxk&~-k&~th�~+lxc+i&npo+eg�
lxo+c�h1wgh1��k$npuZlm�pothjk&eg��h1othji&�x��cthjvBnpf&e|k&egnpo+f6ego�k&~th��jlxwgnxiAegu�hjk$hji1� ��~th1f$h��jrtk&f9nV�xhjiAwglmvHe o�k&~th1e|i9hjy)D
yMh1��k&e|�xh1oth1f&fj� ¡)h1o+��hx 
e|k�e f�otnxk f&r3Y��jegh1o�k)k$n iAh1wgl':�npoth;nxy�k&~th1f$h	�jrtk&fj Bf$k&r+ct��egk&f�h �Bh1��kj  lxo+c�k&~th1o
k$n�ctn%k&~th�f&lxu�h�yMnxi6k&~th	v�lmi&k&o+hji �jr+kj�_\ k6egf oth1��h1f&f&lmi&��k$nqi&h1wgl': s�nxk&~��jrtk&f-f&egu;r+w|k&lxothjnpr+fAw|��lxo+c
f$k&r+c+��k&~th9e u�v�lx��k�nxy\h1lx�A~��jrtkj �lxo+cqk$n�cthjk$hjiAuZego+h�k&~+h-egu�v�lx��k�nxy\k&~th9��npu�s�ego+h1c�f$hjk�nxy\�jrtk&fj�

��~th v�rtiAv�npf&h�nxy\uZlxo}��nxy\k&~th��$fAegw|�xhji���f$h1wgh1��k&e|npo��jrtk&f�e f�k$nZi&h1u�nV�xh9s�lx�?>��xi&npr+o�cqhj�xh1o�k&f1�
5 e|�prti&h 6�� * egf�l	r+f$hjyzr+w �+n JD�>~+lmi&k�J�~�eg�A~ f&~tn J�f�k&~th uZlxego cth1�jegf&e|npo�f�k&~+lmk�lmi&h6uZlxc+h c�rtiAegot�-s�lx�?> D
�xi&npr+o�cXiAh1u�n �mlxw � \�kqlxwgf$n f&~+n J�f%k&~th f&k&r+c+e|h1f�J�~+eg�>~ lmi&h�i&h1��r+e|i&h1c ego nxiActhjiqk$n vBhji&yMnxiAu k&~th
c+e��Bhji&h1o}k�h Y��je|h1o+���%�jlxwg�jr+w lmk&e|npo+f�lxf�JDh1wgw lxf�k&~th9{�o+lxwBs�lx�?>��xi&npr+o+c���npo}k&lxuZego�lmk&e|npo�h1f$k&e uZlmk$h1fj�

��~thji&h�lmi&h�kPJDn�k��}vBh1fDnxy
h Y��je|h1o+�jegh1fj }�pwgnxs�lxw�h Y��je|h1o+�je|h1f � J�~+eg�>~�l �Bh1��k�~tn J uZlxo}�Zhj�xh1o}k&f
lmi&h6f$h1w|h1��k$h1c���lxo�c fAegot�pw|h�k$i>lx�?> h Y��je|h1o+�je|h1f � J�~�eg�A~ lxwgf$n	l ��h1��k�~+n J uZlxo}�Zhj�xh1o}k&f�lmi&h r+w|k&eguZlmk$h1wg�
f$h1w|h1��k$h1c  +s�rtk�egoql�u�nxi&h9��npu�v�wgh;:2J�l1�qsBh1�jlxr+f$h6k&~+hji&h9lmi&h9k J�n�k$iAlx�?>�f�k$n ��npo+f&egcthji��>�
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b � X h 9 h1w|h1��k$iAnpuZlm�pothjk&eg��h1o+hji&�x� c+hjv�npfAe|k&e|npo��jrtk9lxo+c�l 6 X h 9 ~+lxc+i&npo+eg��h1othji&�x��cth;D
vBnpf&e|k&e|npo��jrtk lmi&h�f$k&lxo+c+lmiAc�� � 5 u�rtnpo egcth1o}k&e|{��jlmk&egnpo��jrtk&f1� ��~th1f$h	�jrtk&f lmi&h;e u�vBnpf$h1c]npo sBnxk&~
u;rtnpoqk$iAlx�]>�fj�D��~th6v�r+i&vBnpf$h)nxy\k&~th9�jr+k&f�egf�k$nZiAh1u�n �xh�� v�r+o+�>~�D k&~ti&nprt�p~ �	hj�xh1o�k&f � {+�prti&h 6�� * egf�l
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r+f$hjyzr+wK�pr+egcth"J�~+e �A~ f&~tn J)f)k&~+h	f&k$hjv�f i&h1��r+e|i&h1c�k$nqlx�A~+e|hj�xh�k&~�egf>�>� \ y�otn h1othji&�x��c+hjv�npfAe|k&e|npo �jrtk&f
lmi&h lmv+v�wge|h1c�k$n npothZnxy�k&~+h�u;rtnpo k$iAlx�]>�f1 �e|k J�lxf-yMnpr+o+c�k&~�lmk �x� 7�lxc+c+e|k&e|npo�lxw\hj�xh1o�k&f"JDnpr+wgc sBh
lx�j��hjv+k$h1c
�%��~th1f&hZhj�xh1o�k&f;lmi&h�c�e|��e cth1c�ego�k$n]k&~ti&hjhZ�xi&npr+v�fj  k&~+npf$hZk&~+lmk9yzlxegwOk&~+hZh1w|h1��k$i&npuZlm�po+hjk&eg�
h1othji&�x�%cthjvBnpf&e|k&egnpo �jr+k�s�rtk�v�lxf&f�k&~th9~�lxcti&npo+eg��h1othjiA�x� cthjvBnpf&egk&e|npo%�jrtk � * �m� hj�xh1o}k&f>�> �k&~tnpf&h6k&~+lmk
v�lxf&f�k&~th9h1w|h1��k$i&npu�lm�pothjk&eg�9h1o+hji&�x�qcthjvBnpf&e|k&e|npoq�jrtk�s�rtk�yzlxegwBk&~th-~+lxc+i&npo+eg��h1othji&�x�qcthjvBnpf&egk&e|npoq�jrtk
� 6(6�hj�xh1o}k&f>�> �lxo+cqk&~tnpf$h-k&~+lmk�yzlxegwBsBnxk&~q�jrtk&f � < � hj�xh1o}k&f>�>�

������������� �
	���
������������������������� !���#"$	&%('�	#)+*,%�-.��	/�0��-1�2'3�4�5�,67*3�� 8�+�4%('9�� :���(��;=<>���/�?�@%��4%(�, A'3�/�CB����

��*?���C��	/�D	E*�<,�5�, F%('G�+ 8���(��;�<&���/�,�H%4�4%4�, ='+���

��~thji&h egf;otn�iAh1lxf$npo k$n sBh1wgeghj�xh�k&~+lmk�l f&e|�po+e|{��jlxo�k;o}r+u�sBhji-nxy�s�lx�?>��xi&npr+o+c hj�xh1o}k&fZlmi&h
v+i&h1f&h1o�k;ego k&~th��xi&nprtv nxy * �m� hj�xh1o�k&f"J�~+e �A~ yzlxegw�k$n�v�lxfAf-k&~th�h1w|h1��k$i&npuZlm�po+hjk&eg� h1othji&�x� �jrtk;s�rtk
v�lxf&f9k&~th�~+lxctiAnpo+eg�;h1othji&�x���jrtkj� 5 e|�pr+i&h�A}� * f&~+n J�f9l]c+e|i&h1��k9��npu�v�lmiAegf$npo�sBhjk J�hjh1o=k&~th�c+egu;rtnpo
uZlxf&f	nxy�k&~thqotnxiAu�lxwge��jh1c ^�D �jlxo+c+e c+lmk$h%hj�xh1o�k&f � f&~+lxcth1c i&hj�pegnpo���lxo+c k&~thqc+egu;rtnpo uZlxf&f	nxy�k&~th
yzlxegwgegot�%hj�xh1o}k&f � fA~tn J�o=lxf9vBnpego}k&f9ego+�jwgr�c+egot��hji&i&nxi9s�lmi>f>�>����~+hji&hZegf9l�f&��f$k$h1u�lmk&eg�ZuZlxf&f�f&~+e|yMk6ego
k&~th-c�egu�r+npo u�lxf&f�yMnxi�k&~+egf��xiAnprtv�nxy/hj�xh1o�k&fj �J�~+eg�>~qf&rt�x�xh1f$k&f�i&h1u�nV��ego+�Zk&~th1uq�

��~th�hj�xh1o}k&f�ego�k&~+e f��xi&nprtv ctn9k$h1o+c�k$n�~�l1�xh u�nxi&h �$hjk&fDego�k&~th1u k&~+lxo�k&~+h �$hjk�c+egf&k$iAe|s�rtk&egnpo
J�~+e �A~ J�lxf f&~tn J�o�e o]{+�pr+i&h"6�� � �6��~+e f�egf)k$n sBh�h;:�vBh1��k$h1c �pe|�xh1o�k&~th�v�lmiAlxu�hjk$hji J�~+eg�>~�e f�sBh1egot�
�jrtk\npo
�\��i&hjyMhji&h1o}k&eglxwgw|�9�jr+k$k&egot� npo�~+e|�p~�� hjkOlx��k&e|��e|k��-i&hjv+iAh1f$h1o�k&fOl�vBnxk$h1o}k&eglxw�v+i&nxs�w|h1u� mfAego+��hDk&~thji&h
��npr+wgc�sBh�l ��nxi&i&h1wglmk&egnpo�sBhjk J�hjh1o k&~th	o}r�u-sBhji�nxy � hjk&f lxo+c�k&~th	��k�nxy�k&~th ^ � lxo+c�l w|nxk�nxy�h �Bnxi&k
egf�sBh1egot��uZlxc+h-otnxk�k$n�s�eglxf�k&~th_^���k�c+egf$k$i>e|s�rtk&e|npo��>�

5 e|�prti&hEA}� � fA~tn J�f�l c+e|i&h1��k ��npu�v�lmiAe f$npo]sBhjk J�hjh1o k&~th ^ ��k)nxy�k&~th;o+nxiAuZlxwge��jh1c]{�o+lxwKf$hjk
nxy ^ D �jlxo+c+egc+lmk$h hj�xh1o}k&f � f&~+lxcth1c iAhj�pe|npo���lxo+c k&~th ^ hj�xh1o}k&f J)~+eg�A~Xyzlxegw�k&~+h�~�lxcti&npo+eg��h1othji&�x�
cthjvBnpf&e|k&egnpo��jrtk � f&~tn J)o�lxf�vBnpego}k&f�ego+�jw r+c+egot�	hji&iAnxi)s�lmi>f>�>�)��~+h :1D l':�egf�r+f$h1f�otnpo�D w egoth1lmi�s�ego+o+ego+�t�
��~th�{+iAf$k�s�ego
 Ky nxi	h;:tlxu�v�w|hx Oego��jwgr+cth1f6hj�xh1o}k&f J�e|k&~Hl ^ ��k�sBhjkPJDhjh1o � lxo+c � X h 9� �J�~+egwghZk&~th
* � k&~ s�egoHego+�jwgr�cth1f6hj�xh1o}k&fEJ�e|k&~HlT^ ��k;sBhjkPJDhjh1o �x� lxo+c < 4TX h 9; Olxo+cHk&~th w lxf$k�s�ego=ego��jwgr+cth1f
hj�xh1o}k&f�J�e|k&~%l�^���k�s�hjk J�hjh1o * F � lxo+c � A � X h 9��+��~+h6v�w|nxk�lmv+vBh1lmiAf�k$nZf&~tn J k&~+lmk�k&~+e fD�jr+k�uZl1�
ego+c+hjh1c v+i&hjyMhji&h1o�k&e lxwgw|� h1wge uZego+lmk$h%hj�xh1o}k&f J�~+e �A~ ~+l �xh�l�wglmi&�xhji ^ ��kj� ¡)n JDhj�xhji1 �k&~thqv�wgnxkZlxwgf$n
cth1u�npo�f$k$iAlmk$h1f�k&~+lmk�k&~�egf���nxi&iAh1wglmk&e|npo
 Be|yOe|k�h;:tegf$k&f1 �egf)f&uZlxwgw ����~thji&h�e f�otn�i&h1lxf$npo�k$n�sBh1wge|hj�xh-k&~+lmk
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5 e|�prti&hEA}� * ��c+egu;rtnpo�uZlxfAf�yMnxi6��¢�� yzlxegwgegot�t ���¡)b v�lxfAf&egot�Zhj�xh1o}k&fj 
��npu�v�lmiAh1c]k$n {�o+lxw ^�hj�xh1o}k
c+egf&k$iAe|s�rtk&egnpo
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5 e|�prti&h A}� � ��c�egu�r+npoH��k�yMnxi���¢�� yzlxegwge ot�t ���¡)b v�lxf&f&ego+�]hj�xh1o}k&fj ���npu�v�lmi&h1c k$n {�o+lxw�^ hj�xh1o}k
c+egf&k$iAe|s�rtk&egnpo

k&~th)�]npo}k$h6��lmi>w|n J�egw w�o+nxkj  J�~+h1o�k&~th�egc+h1o�k&eg�jlxw�f$hjk�nxy
�jrtk&f�lmi&h)eguZv�w|h1u�h1o}k$h1c
 pi&h �$h1��k�hj�xh1o}k&f J�e|k&~
lZf&e uZegwglmi�^���k)c+egf$k$iAegs�rtk&e|npo lxf�yMnpr+o+cqego%k&~th�c+lmk&l��

������������� �
	�� �3�2'��� �<������������ ���,�+ !���."$	>%4'+	 �/*?�H� ��	/�D�+- ��'3�4�5�,67*3�� 8�3�4%4' �+ 8���(��;G<&� �/�?�@%��4%(�, '+��� B����

)+*,%�-
��	/�D	E*&<,���� F%4' �� 8�+�4��; <&� �/�?�@%��4%(�, '3�/�

��~thji&h�egf�otn6i&h1lxf$npo�k$n-s�h1w e|hj�xh�k&~+lmk�k&~thji&h�e fOl9f&e|�po+eg{��jlxo�kOo�r+u�s�hji\nxyBs�lx�]>}�xi&npr�o+c�hj�xh1o}k&f
v+i&h1f&h1o�k�ego%k&~+h6�xi&nprtvqnxy 6(6	hj�xh1o�k&f�J�~+e �A~ yMlxe wBk$nZv�lxf&f�k&~th6h1wgh1��k$i&npuZlm�pothjk&eg�-h1othji&�x�%�jrtk�s�rtk�yzlxegw
k&~th�~+lxctiAnpo+eg�9h1o+hji&�x� �jr+kj� 5 e|�prti&h A}� � f&~tn J�f6l%c+e|i&h1��k ��npu�v�lmiAe f$npo s�hjk J�hjh1o k&~th�c+egu;rtnpo�u�lxf&f
nxy�k&~thZotnxiAu�lxwge��jh1c ^�D �jlxo+c�egc+lmk$h�hj�xh1o}k&f � f&~�lxcth1c�i&hj�pe|npo��6lxo+c�k&~thZc+e u�rtnpo�u�lxf&f6nxy�k&~th�yzlxegwgegot�
hj�xh1o}k&f � f&~tn J�oqlxf�vBnpego�k&f�ego��jwgr+c+ego+�9hji&i&nxi�s�lmiAf��>����~th6lm�xi&hjh1u�h1o}k�egfD�xn}n�c%h;:t��hjv+k�y nxi�k&~+h wgn JDh1f$k
s�ego �
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5 e|�prti&h_A}� � � � egu;rtnpo�uZlxf&f�y nxi ��¢�� v�lxf&fAegot�t ���¡�bCyMlxegw egot�	hj�xh1o�k&f1 ���npu�v�lmiAh1c�k$n�{�o+lxw�^ hj�xh1o}k
c+egf&k$iAe|s�rtk&egnpo
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5 e|�prti&h A}�=<t��c�egu�r+npoH��k�yMnxi���¢�� v�lxf&f&egot�t ���¡)b yzlxegwge ot��hj�xh1o}k&fj ���npu�v�lmi&h1c k$n {�o+lxw�^ hj�xh1o}k
c+egf&k$iAe|s�rtk&egnpo

��~th�hj�xh1o}k&f�ego�k&~+e f��xi&nprtv ctn9k$h1o+c�k$n�~�l1�xh u�nxi&h �$hjk&fDego�k&~th1u k&~+lxo�k&~+h �$hjk�c+egf&k$iAe|s�rtk&egnpo
J�~+e �A~ JDlxf6f&~+n J�o�ego�{+�prti&hE6�� � �-��~�egf)e f�k$nqsBh-h;:�vBh1��k$h1c��pe|�xh1o�k&~th"JDl ��k&~+h;hj�xh1o}k&f6lmi&h	sBh1egot�
f$h1w|h1��k$h1c ����i&hjyMhji&h1o}k&eglxwgw|���jrtk$k&egot�	npo �$hjk�lx��k&e|��egk � i&hjv+i&h1f$h1o}k&f�l	vBnxk$h1o�k&e lxwBs�eglxfj tf&ego���h)k&~thjiAh9��npr+wgc
sBh9l���nxi&i&h1wglmk&egnpo�sBhjkPJDhjh1o�k&~th9o�r+u�sBhji�nxy �$hjk&f�lxo+c�k&~th-��k�nxy\k&~th_^\�

5 e|�prti&hEA}�=<%fA~tn J�f�l c+e|i&h1��k ��npu�v�lmiAe f$npo]sBhjk J�hjh1o k&~th ^ ��k)nxy�k&~th;o+nxiAuZlxwge��jh1c]{�o+lxwKf$hjk
nxy ^ D �jlxo+c+egc+lmk$h hj�xh1o}k&f � f&~+lxcth1c iAhj�pe|npo���lxo+c k&~th ^ hj�xh1o}k&f J)~+eg�A~Xyzlxegw�k&~+h�~�lxcti&npo+eg��h1othji&�x�
cthjvBnpf&e|k&egnpo]�jrtk � f&~tn J)o�lxf�vBnpego}k&f)ego��jwgr+c+ego+�;hjiAi&nxi)s�lmiAf>�>�)��~th-v�wgnxk)lmv+vBh1lmiAf�k$n%fA~tn JCk&~+lmk�k&~+egf
�jrtk�uZl ��ego+c+hjh1c�v+iAhjy hji&h1o}k&eglxwgwg��h1wgeguZego�lmk$h)hj�xh1o}k&f�J�~+e �A~ ~+l1�xh9l	wglmi&�xhji�^���kj��¡�n J�hj�xhji1 �k&~th�v�w|nxk
lxwgf$n%cth1u�npo�f$k$iAlmk$h1f�k&~+lmk k&~+egf)��nxi&i&h1wglmk&e|npo  Begy�e|k�h;:tegf$k&fj 
egf�f&uZlxw w ��\ k�egf)sBh1wge|hj�xh1c�k&~+lmk�k&~th	�]npo}k$h
��lmiAwgn J�egw w  (J�~th1o�k&~th�e cth1o�k&e �jlxw�f$hjkDnxy �jrtk&f�lmi&h)e u�v�w|h1u�h1o}k$h1c
 }i&h � h1��kDhj�xh1o}k&f�J�e|k&~�l�f&eguZe wglmi ^]��k
c+egf&k$iAe|s�rtk&egnpo�lxf�yMnpr+o+cqe o%k&~th-c+lmk&l��

* � *
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5 e|�prti&h�A}� 4 �-c�egu�r+npo u�lxf&f6yMnxi;��¢�� yzlxegwgegot�t  ��¡�b yMlxegw egot��hj�xh1o}k&fj \��npu�v�lmi&h1c k$n�{�o+lxw[^Hhj�xh1o}k
c+egf&k$iAe|s�rtk&egnpo

������������� �
	��G��	>%��5<����5�,� �!� �+�,�� ���� "$	&%('�	 )+*,%�- B2����	 ��	/����-1�2'��4���,67*3�� 8�+�4%(' �� :���(��; <&� �/�?�@%��4%(�, '+���

*� �<���	/�D	E*�<����, !%4' �� 8�+�4��; <&� �/�?�H%4�4%(�, '+���

5 e|�prti&h A}� 4 f&~tn J�f6l%c+e|i&h1��k ��npu�v�lmiAe f$npo s�hjk J�hjh1o k&~th�c+egu;rtnpo�u�lxf&f�nxy�k&~th�otnxiAu�lxwge��jh1c
^�D �jlxo+c�egc+lmk$h�hj�xh1o}k&f � f&~+lxc+h1c=i&hj�pegnpo��6lxo+cHk&~th c+egu;rtnpo=uZlxfAf-nxy�k&~+h�yzlxegwgego+�qhj�xh1o�k&f � f&~+n J�o lxf
vBnpego}k&f�ego��jwgr+c+ego+�6hji&i&nxi�s�lmiAf>�>�O��~�egf��xi>lmv�~�c+h1u�npo+f$k$iAlmk$h1f�k&~�lmkDk&~+hji&h�e f�otn;i&h1lxf$npo%k$n	k&~+e o3>	k&~+lmk
lxo}� nxy/k&~th < � hj�xh1o�k&f�lmi&h"^�D hj�xh1o}k&f�fAego+��h6k&~thji&h9e f�otn�^�D uZlxfAf�vBh1lW>�nxyOlxo}�2>�ego+c �

������������� �!�E6C67*,�@; ��) ��	/� ��� '3%(�+ �'+; �5)C��	�� �+- ��'3�4�5�,67*3�>�+ !�4%4'#*� �<�	E*&<,���� F%4' �� 8�+�4��; <&���/�,�H%4�4%4�, 

'3�����

b)fK~+lxf sBhjh1o�f$k&lmk$h1c
 mk&~thji&h�e f otn�nxs���e|npr+f f$hjkKnxyts�lx�?>��xi&npr+o�c9hj�xh1o}k&f v+iAh1f$h1o�k$J�e|k&~+e o)h1egk&~thji
k&~th9{�iAf$k�nxi�k&~th9f&h1��npo+c��xi&npr+vqnxy/hj�xh1o}k&f�lms�nV�xhx����~�egf�egu�v�wgegh1f�k&~�lmk�k&~th-o�r+u�s�hji�nxy/s�lx�]>}�xi&npr�o+c

* �p�



��npu-s�e oth1cq¢�w|h1��k$iAnpuZlm�pothjk&eg�9lxo�c�¡)lxc+i&npo+eg� ¢�o+hji&�x� � hjvBnpf&e|k&egnpo���rtk�¢ZY��je|h1o+���
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�/lms�w|h�A}� *�4 �-{�o+lxwOf$hjk9nxy�h Y��je|h1o��je|h1f6yMnxi9k&~th���npu�s�egoth1c�h1wgh1��k$i&npuZlm�pothjk&eg��lxo+c ~+lxc+i&npo+eg�;h1othji&�x�
cthjvBnpf&e|k&egnpo �jr+k&f

� v�r+o��A~�D k&~tiAnprt�p~���hj�xh1o�k&fEJ)~+eg�A~ v�lxfAf�k&~+h {�o+lxw��jr+k&f�lxo+c uZlW>xhqe|k�ego�k$n k&~thqf$h1w|h1��k$h1c f&hjk�nxy�^
hj�xh1o}k&f�egfD�xhji&�%f&uZlxwgw �$\ o%k&~th6oth;:�k�f$h1��k&e|npo
 tk&e|k&wgh1c � h Y��je|h1o+��� nxy k&~th6nxv+vBnpf&egk$h;D f&e|�po%�A~+lmiA�xh9�jrtk �� 
k&~th�h;:�vBh1��k$h1c�o}r+u�sBhji nxy � v�r�o+�A~�D k&~+i&nprt�p~�� hj�xh1o}k&f J�~+eg�>~�uZlW>xh�e|k6ego}k$n%k&~th	{�o+lxw\f&lxu�v�wgh;nxy�^
hj�xh1o}k&f)egf��jlxw �jr+wglmk$h1c
�

¡�hjiAhx 
npo+w|�qk&~th;h Y��je|h1o+����nxy�k&~th���npu�s�egoth1c�h1w|h1��k$i&npuZlm�po+hjk&eg��lxo+c ~+lxcti&npo+e �9h1othji&�x� cth;D
vBnpf&e|k&e|npo%�jrtk&f�e f�cthjk$hjiAuZego+h1c
� \�k�egf�oth1��h1fAf&lmi&� k$n�k&lW>xh-ego}k$nZlx�j��npr+o�k�k&~th6h ��h1��k�nxyKctnprts�w|h � �xnpw c��
hj�xh1o}k&f � hj�xh1o}k&f J�~thji&h�s�nxk&~�~+e|�p~Z��k�u;rtnpo+fZJ�npr+w cZ�jlxr+f$h)k&~th�hj�xh1o}k�k$n;sBh�J�iAegk$k$h1o�k$n-k&lmvBhV�> tlxo+c
lxwgf$n;k$n;npo+w|�Z��npo+f&e cthji�k&~+h)i&h �$h1��k$h1c hj�xh1o�k&f�J�~+eg�>~�lmi&h�sBh1wge|hj�xh1c�k$n�sBh ^ D hj�xh1o�k&fj����~thji&h lmi&h �   * AW6
hj�xh1o}k&f-ego�k&~th�{�o+lxwOf&lxu�v�wghx  4 AW7qctnprts�wgh � �xnpw c��%hj�xh1o�k&f1 /lxo+c k&~th�{+iAf$k k J�n��xiAnprtv�f6��npu�v+i>egf$hZl
k$nxk&lxwOnxy * F(6 hj�xh1o�k&fj���Dnpo�f$h1�}r+h1o�k&w|�x 
k&~+h	��npu�s�ego+h1c�h Y��je|h1o+����e f�c+hjk$hjiAuZegoth1c k$nqsBhE7 41
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�
� 	 � � �

��~+e f�egf�f&~tn J�o�ego%k&lms�wgh_A}� *�4 �

� � � � � ��� �

 ��� �
� � � � � � � � � � �

�� ��� �

 ��� � �
� � ��� � � �

��~th��jrtkOi&h1��r+e|i>egot��k&~�lmk�k&~th�u;rtnpo+fOego;k&~th�{�o�lxw
^�D f&lxu�v�wgh�sBh�nxv+vBnpf&e|k$h1w|�;�A~+lmiA�xh1c�i&h �$h1��k&f
k&~ti&hjh-hj�xh1o�k&f�J�~+eg�>~ J�npr+w cqnxk&~thji?J�e f$h v�lxf&f�lxwgw�^�D �jrtk&fj�

��~th1f$hqhj�xh1o}k&f JDhji&h]f&k&r+c+e|h1c ego c+hjk&lxegw �N\ o npothqnxy k&~th1f$hqhj�xh1o}k&fj �k&~th���I�� ¢ s�lxo3> egf
uZegfAf&egot�t� ��~th]��I�� ¢ s�lxo3> ��npo}k&lxego+f�k&~th]�jlxw|nxiAe u�hjk$hji�h1othjiA�x� cthjvBnpf&e|k&e|npo �mlxwgrth1f�J�~+eg�>~ lmi&h
r+f$h1c�ego k&~+e f�lxo�lxw|��fAegfj�-��~+hZ� ��5 hj�xh1o}k9c+egf$v�wgl1��yMnxi6k&~+egf�hj�xh1o}k � f$hjh�{+�pr+i&h�A}�@6p��f&~tn J)f6lqwglmi&�xh
o�r+u-sBhji nxy�k$i>lx�?>�f6vBnpego�k$h1c�k$n J�lmiAc+f9k&~th	s�nxk$k$npu�iAe|�p~}k)nxy�k&~th�cthjk$h1��k$nxi1 Klxo�c lxw f$nql o�r+u�sBhji�nxy
~+e|k&f�nV�xhji-l J�egcth	lxot�pw|h�ego sBnxk&~ k&~th������ lxo+c k&~th������ cthjk$h1��k$nxi>fj�;��~+egf�J�egcth	lxot�pw|h	nxyD~+e|k&f
ctn�h1f�otnxk�h;:t~+e|s�egkDk&~+h9�A~+lmiAlx��k$hji>egf$k&eg�jf�nxy/l�u;rtnpo
�[\ k�egf�lxf&fAr+u�h1cqk&~+lmk�egy k&~th-��I�� ¢ s�lxo#>�JDhji&h
v+i&h1f&h1o�k�yMnxi�k&~�egf�hj�xh1o}kj �k&~+h1o�k&~th;�jlxw|nxiAegu�hjk$hji)h1othji&�x��cthjvBnpf&egk&e|npo%�^lxw rth1f�JDnpr+wgcqsBh9f&r#Y��je|h1o}k�k$n

* �p�



 Run 62870 Event 9484   ZS_1B.PAD                       6OCT94  4:47:35 11-NOV-02

  Pt   Phi   Eta  
z_1=  11.4, 34 trk
  55.0  116  0.67 
  39.6  289 -0.28 
 -16.9  116  0.68 
  11.8  114  0.66 
 -11.0  113  0.67 
  11.0  288 -0.25 
  -8.3   98  0.70 
   6.6  275 -0.75 
   6.1  117  0.68 
   5.2   97  0.70 
  -4.1  289 -0.21 
  -3.9  101  0.75 
  -3.7  283 -0.69 
   2.9  331 -0.61 
   2.5  281 -1.06 
  -2.4  287 -0.79 
   2.3  285 -0.70 
  -2.1  329 -0.66 
  -1.8   99  0.62 
  -1.8  283 -0.93 
  -1.6  303 -0.66 
   1.4  264 -1.35 
  -1.4  283 -1.37 
  -1.4  358 -0.58 
   1.2   40  0.83 
   1.0  272 -0.52 
  -0.9  340 -1.43 
   0.6  256 -1.06 
  -0.6  338 -0.61 
z_2=  43.8, 15 trk
z_3=  62.4,  3 trk
z_4=   0.6,  2 trk
  6 unattchd trks 
 31 more trks...  
 hit & to display PHI:

ETA:

  116.

  0.67

 Emax =    0.0 GeV    

CMX west
CMX east

Et(-vec)=   4.5 GeV  /                    
    Phi = 337.0 Deg  
 Sum Et =  75.7 GeV  

5 e|�prtiAh_A}�@6�� G e >xh;D f&e|�po �]^�hj�xh1o}k � J)e|k&~qotnZ��I�� ¢Xs�lxo3>

�jlxr+f$hqk&~�egf;hj�xh1o�k�k$n�sBh%i&h �$h1��k$h1c ego k&~th%{�o+lxw�^�D f$h1wgh1��k&e|npo
�=��~+hji&hqlmi&h�otn�hj�xh1o�k&f�ego k&~th%{�o+lxw
^Hf&lxu�v�wgh_J�~�eg�A~�~+l �xhZl u�egf&f&ego+����I�� ¢ s�lxo3>� 
lxo+c�f$n%k&~th	h �Bh1��k9nxy�k&~�egf)lxo+npuZlxw|npr+f hj�xh1o}k9egf
e|�potnxiAh1c
�

\ o�k&~th�{+iAf$k�nxy k&~th�nxk&~thji�k J�n	u�nxi&h ego}k$hji&h1f$k&egot�-hj�xh1o�k&f � f$hjh�{+�prtiAh A}�BAx��k&~th)��rth1f$k&egnpo+lms�w|h
�$u;rtnpo�� egf	vBnpego}k$h1c k$n JDlmiAc�fZk&~th�w|n J�hji w|hjyMkZ��nxiAothjiZnxy k&~th�cthjk$h1��k$nxi   �$r+f&kZr+o+cthjiZl �$hjk J�~+e �A~
lx��k&r+lxwgwg�]cthjvBnpf&e|k&f l%w|nxk�nxy�h1othji&�x� ego k&~th��jlxw|nxiAeguZhjk$hji1�9��~th �$u;rtnpo��%egf l���� \?I; Blxo+c�ctn�h1f&o � k
lx��k&r+lxwgwg�%f&k$iAe >xh-lxo}�qnxyOk&~th�u;rtnpo��A~+lxu�sBhjiAfj��\�k)f$hjh1uZf��}r+egk$h-wge >xh1w|� k&~+lmk)k&~th �$u;rtnpo���~�lxf�sBhjh1o
uZegfAegcth1o}k&e|{+h1c
 �lxo+cqegf�e o%yMlx��k�l � hjkj����~th6sBh1lxu D ��npo+f$k$iAlxe oth1c ^���k�y nxi�k&~�egf�hj�xh1o�k�egf�< 7 X h 9��

\ o%k&~+h f&h1��npo+cqhj�xh1o}k � f$hjh6{+�prtiAh A}�@Fp��s�nxk&~qu;rtnpo+f�lmiAh6v�npe o�k$h1c%lmk�k&~th���� � �A~+lxu�sBhjiAfj�

* � <



 Run 58956 Event38187   ZS_1B.PAD                       6MAY94 21:01:33  8-NOV-02

  Pt   Phi   Eta  
z_1=  32.5, 55 trk
  16.6 216  0.53 E
 145.9  224  0.09 
  76.9    1  0.44 
  -5.2  220  0.56 
   4.6  222  0.43 
   4.0  169  0.93 
   3.9  113  0.60 
  -3.4  222  0.46 
  -3.2  115  0.72 
   3.0  214  0.99 
  -2.3  117  0.51 
   2.3  113  0.67 
   2.1  162  0.83 
   2.1  215  0.33 
   1.8    9 -0.95 
  -1.6   98  0.57 
  -1.4   54 -0.10 
   1.3  302 -0.19 
  -1.2  241  0.83 
   1.1  202  0.36 
  -1.1  116 -1.08 
  -1.1  166  0.86 
   1.0  133  0.59 
   1.0  329 -1.19 
  -0.9  132  1.05 
   0.9  133 -0.39 
   0.8  203  0.35 
  -0.8  190 -0.12 
   0.8  193  0.60 
   0.8  203 -0.89 
   0.8  159  0.96 
  4 unattchd trks 

 29 more trks...  
 hit & to display PHI:

ETA:

  224.

  0.09

 Emax =   24.5 GeV    

CMX west
CMX east

Et(METS)=  38.2 GeV  /                    
    Phi =   6.2 Deg  
 Sum Et = 126.8 GeV  

5 e|�prtiAh_A}�BA}� �$��r�o+�A~�D k&~+i&nprt�p~���f&lxuZh;D f&e|�poqhj�xh1o}k)o�r+u�s�hji�npo+h

* � 4



 Run 63641 Evt 532625   WZS_1B.PAD                      2NOV94 11:21:18  8-NOV-02

  Pt   Phi   Eta  
z_1=  -2.7, 47 trk
 -22.9  342  0.70 
 -22.6  197 -0.89 
   3.8    4  0.16 
  -3.2  343  0.81 
  -2.7  225 -0.38 
   2.2  203 -0.78 
   1.9  238  1.03 
   1.8    2  0.75 
   1.6  254 -1.08 
   1.6  289 -1.16 
   1.4  297  0.99 
   1.4  177  0.52 
   1.4  276 -0.99 
  -1.3  193  0.13 
   1.2  167 -0.47 
   1.2   52  1.26 
  -1.1  253  1.51 
   1.1  221 -1.00 
   1.1  207 -0.58 
   1.1  276 -0.52 
   1.1  352  0.32 
  -1.0   72  0.86 
  -0.9  278 -1.23 
   0.8  268 -0.80 
   0.8  219  1.15 
  -0.8  212 -0.87 
   0.8  327  0.75 
  -0.7   63  1.19 
  -0.7  320  0.14 
  -0.7  201  0.78 
  -0.6  115 -1.34 
 13 unattchd trks 

 29 more trks...  
 hit & to display PHI:

ETA:

  342.

  0.70

 Emax =   10.8 GeV    

CMX west
CMX east

Et(METS)=  13.7 GeV  /                    
    Phi = 281.9 Deg  
 Sum Et = 119.0 GeV  

5 e|�prti&h_A}�@F�� �$��r+o+�>~�D k&~ti&nprt�p~ �Zf&lxu�h;D f&eg�poqhj�xh1o�k�o}r�u-sBhji�kPJDn

* � 6



I�v+vBnpf&egk$h9��~+lmi&�xh���rtk�¢ZY��je|h1o+��� �)r�u-sBhji�nxy C�lx�?>��xi&npr+o+c�¢��xh1o}k&f�ego 5 ego+lxw 8 lxu�v�w|h
* �x� 
 �x� 	 � 	 � �

�
� 	 � �

� < 
 * 	 � 	 �
��� 	 �

�/lms�w|h_A}� * 6���{�o+lxw
f$hjk�nxyKh Y��jegh1o+�je|h1f�yMnxi�k&~th6nxv�v�npfAe|k$h;D f&e|�poq�>~+lmi&�xh��jr+k

��~th�hj�xh1o�k%~+lxf lN^ uZlxf&f�nxy 6 *TX h 9�  J�~+e �A~ e f�otnxk k ��v�eg�jlxw)nxy9lQ^ hj�xh1o�kj� ��~thjiAh]lmi&h�lxwgf$n
l]o�r+u�sBhji9nxy)��� � �A~+lxu�sBhji;~+egk&f6y nxi;k&~th �$u;rtnpo���vBnpego}k$h1c lmk-k&~th w|n JDhji;iAe|�p~}k-��nxiAothji;nxy�k&~th
cthjk$h1��k$nxi1  J�~�eg�A~�lmi&h;f&npu�h J�~+lmk�f&r+f$v�e �je|npr+fj����~+egf�hj�xh1o�k egf���npo+f$h1��rth1o}k&w|��lZ�xn�n�c �jlxo+c+e c+lmk$h-yMnxi
i&h �$h1��k&e|npo�lxf)otnxk�l�^ hj�xh1o}kj�D��~th s�h1lxuED ��npo+f$k$iAlxego+h1c ^���k�yMnxi�k&~�egf�hj�xh1o�k�egf *�4�X h 9;�

b)f�yzrti&k&~thji���npo+{+iAuZlmk&e|npo�k&~+lmkDk&~th)f&lxuZh;D f&e|�po�hj�xh1o�k&f�lmi&h�otnxk�^�hj�xh1o�k&f1 �{��prti&h�A}�@7�f&~tn J�f
k&~th ego��mlmiAeglxo}k-uZlxfAf-nxy�lxwgw�f&lxu�h;D f&e|�po �$c+egu;rtnpo���hj�xh1o�k&f"J�~+e �A~=~�l1�xh%l�k$iAlx�]> k&~+lmk-yzlxegwgf-npoth�nxy
k&~th��jlxw|nxi>egu�hjk$hjiZh1othjiA�x� cthjvBnpf&egk&e|npo �jrtk&fj� b�f�h;:�vBh1��k$h1c
 Dk&~thji&h�lmiAh]�}r�e|k$hql�y h J uZnxi&h�hj�xh1o}k&f
� kPJDh1o}k � D f$hj�xh1o��xhjiAf&r�f�kPJDn}��sBh1�jlxr+f&h-v�r+o��A~�D k&~tiAnprt�p~%hj�xh1o�k&f�k$h1o+c]k$n�sBh-lxf&f&n��jeglmk$h1c J�e|k&~�w lmi&�xhji
�jlxw|nxiAe u�hjk$hji�h1othji&�x�qcthjvBnpf&egk&e|npo+fj�

\�k�e f�vBnpf&fAe|s�w|h)k$nZh1f$k&eguZlmk$h6k&~+h9o}r+u�sBhji�nxyKv�r�o+�A~�D k&~+i&nprt�p~ hj�xh1o�k&f)ego%k&~th {�o+lxw�^ fAlxu�v�w|h
s��=w|n�n(>�ego+��lmk	k&~th%i&h1wglmk&e|�xh yMi&h1�}r+h1o+��� nxy�nxv�v�npfAe|k$h;D f&e|�poH�xhjiAf&r+f	f&lxuZh;D f&e|�po hj�xh1o�k&f J�~+eg�>~H~+l �xh
l�k$i>lx�?>�k&~+lmk�yMlxegw f s�nxk&~=nxy�k&~th��jlxw|nxiAe u�hjk$hji-h1othjiA�x� cthjvBnpf&e|k&e|npo��jrtk&f1� 5 e|�prtiAh2A}� * � f&~+n J�f-k&~+lmk
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5 e|�prti&h A}� * � f&~+n J�fKk&~th���npfAuZeg��i>l1�9yMiAlx��k&e|npo��xhjiAf&r+f hjk&l� xy nxi/hj�xh1o}k&f J�~+eg�>~-��npo}k&lxego�~�lxcti&npo
� � � k&e uZegot��ego+y nxiAu�lmk&e|npo�y nxi;sBnxk&~ w|hj�pfj�qb�f-�jlxo=s�h�f$hjh1o
 /k&~th���npf&u�eg��iAl ��y iAlx��k&egnpo=cti&nxv�f6k$n
�jhji&n_J�h1wgw�sBhjyMnxi&h�hjk&l-i&h1lx�A~th1fDl9uZlm�po�e|k&r+cth�nxyBnpothx �lxo+cZlxwgf$n J�h1wgw�ego+f&egc+h�k&~th�yMr+w w�hjk&l-c+egf&k$iAe|s�rtk&egnpo
yMnxiDk&~+h)h1o}k&e|i&h f$hjk�nxy k$iAe|�x�xhjiAh1c ^�w|hj�pf1�\��~+egfDegf&o � kDf&rti&v+i>egf&egot� sBh1�jlxr+f$h6��npf&u�eg��i>l1��fDlmiAh�h;:�vBh1��k$h1c
k$nZsBh6u�n ��egot��egoql�c+n J�o JDlmi>c+f�c+e|i&h1��k&egnpo
 tlxf�nxv+vBnpf$h1c%k$n�l�f&e cth JDl ��f�c+e|i&h1��k&e|npo �\��~thji&hjyMnxi&hx tk&~th
yzlx��k�k&~�lmk�~+lxc+i&npo�� � � k&egu�egot��ego+y nxiAu�lmk&e|npo]egf�r+o+l �^lxe wglms�w|h9yMnxi6~+e|�p~]hjk&l u;rtnpo+f ��� � *W
 � �)~+lxf
wge|k$k&wgh l �Bh1��k�npo���npf&uZeg�9iAl1�%i&h1u�nV�^lxw � J�~+eg�>~qcthjvBh1o+c+f�npo]k&~th-~+lxctiAnpoq� � � k&eguZego+�ZegotyMnxiAuZlmk&e|npo
sBh1egot�	v+i&h1f&h1o�k>�> +sBh1�jlxr+f&h9f&r+�A~]u�rtnpo�f�lmi&h-w|h1fAf�wge >xh1w|��k$nZsBh6��npf&uZeg�6i>l1��fj�
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5 eg�prti&h_A}� * � ��o+n�~+lxcti&npoq� � � k&eguZegot��ego+y n	hjk&lZyMiAlx��k&e|npo�y nxi�k$i>e|�x�xhji&h1c�u;rtnpo+f
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5 e|�pr+i&h_A}� * � ����npf&u�eg�6iAl � yMiAlx��k&e|npo��xhjiAf&r+f�hjk&l
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5 e|�prtiAh_A}� * <t��c+egu;rtnpoquZlxfAf�y nxi)ctn J�o J�lmiAc�lxo+c�r+v J�lmiAc�D u�nV��e ot��hj�xh1o�k&f

������� �&��� � %������ �@� *3�E��� ��	/�D	E*�<,�5�, ����� �4%�6C%� >� %� �)��,�@67*��4%(�, %�� *��?*,%�- *>B�-1� )���� B2����	 6C�F�, ��

5 e|�prti&h"A}� * <%f&~tn J�f�k&~+h�c+egu;rtnpoquZlxfAf�yMnxi�hj�xh1o}k&f ��npo+f&egf$k$h1o}k�J)e|k&~qsBh1egot�Zl �$c+n J�o JDlmi>c�D
u�nV��ego+� � ��npf&uZe � iAl � J�~+eg�>~ egf�iAh � h1��k$h1cCs�� k&~+hH��npf&uZe � iAl � {�w|k$hji1 9egod��npu�v�lmiAe f$npo k$n k&~th1e|i
�$rtv1JDlmi>c�D u�n ��egot� ����npr�o�k$hji&v�lmi&k&fj� ��~+hji&h�lmi&hqk&~ti&hjh ^ hj�xh1o�k&f ego k&~th �$rtv1J�lmiAc�D u�nV��ego+� ��v�w|nxkj�
��~th	h;:�vBh1��k&lmk&e|npo�egf k&~+lmk6k&~thjiAh"J)egwgwKs�h	lxo�h1��r+e|�mlxw|h1o�k6o�r+u�s�hji nxy�^Hhj�xh1o�k&f�ego k&~th�ctn J�o J�lmiAc�D
u�nV��ego+��v�w|nxkj� \ o%k&~th �$ctn J�o J�lmiAc�D u�nV��ego+� ��v�w|nxkj tk&~thjiAh9ego+cthjh1c%lmv+vBh1lmiAf�k$n�sBh6lZf&uZlxw w�fAe|�po+lxwBlmk
k&~th"^ D uZlxf&f�vBh1lW>%lxu�npot�pf$k�J)~+lmk�lmv+vBh1lmiAf�k$nZsBh9u�npf&k&w|��s�lx�?>��xi&npr+o+cqhj�xh1o}k&fj�

b)f�l�yzrti&k&~+hji;�>~th1�?> {+�prtiAh A}� *�4 fA~tn J�f	k&~+h�o}r+u�sBhji�nxy * � X h 9 � hjk&f�f&hjh1o ego k&~thqkPJDn
�xi&nprtv�f�nxyOhj�xh1o�k&f1� ��nprt�p~+w|� npoth;D k&~+egiAcqnxyZ^ hj�xh1o}k&f�lmiAh9h;:�vBh1��k$h1c�k$n�~+l �xh�npoth-nxi)u�nxi&h * � X h 9
�$hjk&fj �lxo+c o+npoth�nxy k&~th���npfAuZeg��hj�xh1o}k&f lmi&h]h;:�vBh1��k$h1c k$n ~+l1�xh�l * � X h 9 � hjk lxf&f$n��jeglmk$h1c J�e|k&~
k&~th1uq� 5 nxi9k&~th �$rtv1JDlmi>c�D u�n ��egot� � hj�xh1o}k&fj �J)~+eg�A~ lmi&h�sBh1wge|hj�xh1c�k$nqsBh;uZnpf$k&w|� ^=hj�xh1o}k&fj  npo+h;nxy
k&~th�k&~ti&hjh�hj�xh1o�k&f�c+n}h1fDego+cthjh1c�~+l1�xh6l * � X h 9 �$hjkj� 5 nxi�k&~th �$ctn J�o J�lmiAc�D u�nV��ego+� �-hj�xh1o}k&fj 3J�~+e �A~
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10 GeV jets for downward moving events
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5 e|�prti&h_A}� *�4 � * � X h 9��$hjk&f�yMnxi�ctn J)o J�lmiAc�lxo+c]rtv J�lmiAc�D uZn ��egot��hj�xh1o}k&f

lmi&h%sBh1wge|hj�xh1c=k$n sBh%u�npf$k&w|�H��npf&uZeg��hj�xh1o�k&f J�e|k&~ l�f&u�lxwgw�o�r+u�sBhji � � 
 � 	 � 	 �

� � 	 �
�-nxy�^ hj�xh1o}k&fj �npo+wg�

k&~ti&hjh�nprtk9nxy�< 4 hj�xh1o�k&f	��npo}k&lxegoHl * � X h 9 � hjkj \egu�v�wg��ego+� k&~�lmk-k&~thZk$nxk&lxw�o�r+u�s�hji-nxy�^ hj�xh1o}k&f
ego k&~th �$ctn J�o J�lmiAc�D uZn ��egot� �qf&lxu�v�w|h�egf 7 
 � 	 � 	 �

� � 	 � � \ y�lxo�l1�xhji>lm�xh�nxyDk&~th	kPJDnqh1f$k&eguZlmk$h1f9e f k&lW>xh1o
 
k&~th o}r+u�sBhji-nxy�v+iAh1c+eg��k$h1cQ^ hj�xh1o}k&f�iAh � h1��k$h1c s���k&~th���npf&u�eg�ZiAl � {�w|k$hji;egf_6 
 � 	 � 	 �

� � 	 �
� * � � nxy�k&~th

hj�xh1o}k&f)egc+h1o�k&e|{�h1c lxf)��npf&uZeg�9iAl1��f�ego%k&~+h9f$k&lm�xh * ��npfAuZeg�6iAl �%{�w|k$hji�lmi&h-e o%yMlx��k ^ hj�xh1o�k&f��> 
J�~+e �A~
ego+c�eg�jlmk$h1f\k&~+lmk�k&~th�o�r+u�sBhjiOnxy���npf&u�eg��iAl1�	hj�xh1o}k&f�f&r��j��h1f&f$yzr+wgw|�9iAh � h1��k$h1c�s}�	f$k&lm�xh * nxyBk&~th���npfAuZeg�
iAl � {�w|k$hji�egf � 7 
 � 	 � 	 �

� � 	 � � 8 e o+��h �  @6(F(F�nxy �  @6(7'< ^�hj�xh1o}k&f�v�lxf&f�f$k&lm�xh * nxy/k&~th-��npfAuZeg� iAl ��{�wgk$hji1 tk&~th
n �xhji>lxwgw�^�f&h1w|h1��k&e|npo�f$k&lm�xh * ��npf&uZeg�9iAl1�%{�w|k$hji�h Y��je|h1o+���%egf�7(7 
 AWF 	 � 	 � �

�
� 	 � � �

\ o {+�prti&h2A}� � 4 k&~thji&h egf9otn�ego+c+eg�jlmk&egnpo�nxy�k&~th�v+iAh1f$h1o+��hZnxy���npf&uZe �ZiAl ��f�ego=l�fAlxu�v�w|hZnxy
hj�xh1o}k&f J�~�eg�A~�v�lxf&f6k&~th���npfAuZeg��iAl ��{�w|k$hji9s�r+k6yMlxegw\k&~+h�uZl':tegu�r�u �xhji&k$h;:=f$hjv�lmi>lmk&e|npo �jrtk � egk-egf
>�otn J�o k&~+lmk�uZlxo}����npf&u�eg�jfDyMlxegw�k&~th uZl':tegu�r�u �xhji&k$h;:%f$hjv�lmiAlmk&egnpo �jr+kDs�rtk�k&~thj��lmv+vBh1lmiDk$n�~+l �xh
lxw|i&h1lxc+��sBhjh1oZf&r��j��h1f&f$yzr+wgw|��i&h � h1��k$h1c�s���k&~th)~+lxcti&npoZ� � � �jrtk&f�ego	k&~+h���npf&uZeg��iAl1�	{�w|k$hji��>��\ o�yzlx��kj 
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e|y/lxo�lmk$k$h1u�v+k�e f�uZlxcth6k$n�c+hjk$hjiAuZegoth k&~th9o�r+u�sBhji�nxy/��npf&u�eg�6iAl ��f�e o%k&~th6�xiAlmv�~qyMnxi�{+�pr+i&h A}� � 4  
k&~th)�^lxwgr+h�egf � � 	 � 	 �

� � 	 �  ���npo+f&e f$k$h1o�k J�e|k&~ �jhjiAnt��¡�n J�hj�xhji  �k&~+h)f$k&lmk&egf&k&eg�jf�e o�{+�prti&h A}� � 4 lmiAh��xhji&�Zw|n J9�
8 k&lmk&ego+�]k&~+lmk�k&~thji&h�lmiAh �jhji&n���npf&uZeg�jf;ego l f&lxu�v�w|hZnxy � 4 hj�xh1o}k&f�egf-npoth�k&~+e ot�t�q¢ :�k$iAlmvBnpwglmk&egot�
� �jhji&n%ego � 4 hj�xh1o�k&f ��k$n � �jhjiAn ego �   * AW6�hj�xh1o}k&f � � k&~th-yzr+wgw
f&hjk�nxyZ^�hj�xh1o}k&f>��egf�otnxk�JDlmiAiAlxo�k$h1c ��b
�xi&h1lmk cth1lxwKnxy�h ��nxiAk�J�lxf)u�lxcth;e o�k&~th�v+i&hj��e|npr+f��>~+lmv+k$hji k$n%uZlW>xh�k&~+h;f$h1wgh1��k&e|npo]nxy���npfAuZeg��iAl1��f
J�~th1o k&~thq~+lxc+i&npo � � � k&eguZegot� egotyMnxiAuZlmk&e|npoQJ�lxf	v+i&h1f$h1o}k	y nxi�sBnxk&~ w|hj�pf	yzr+wgw|��h Y��jegh1o�kj� ��~th
~+lxctiAnpo�� � �C�jrtk&f � J�~th1o�k&~+h�k&eguZegot�qego+y nxiAu�lmk&e|npo�egf v+i&h1f$h1o}k6yMnxi6s�nxk&~�u;rtnpo+f��)i&h � h1��k�l%k$nxk&lxw
nxy[< 6 hj�xh1o}k&f � < 4 hj�xh1o�k&f6e o]k&~th	{+i>f$k)f$k&lm�xhx Klxo+c npoth�hj�xh1o}k9ego�k&~th	y npr+i&k&~�f&k&lm�xhx .J�~+eg�>~ J)egwgw sBh
cth1f&��i>e|sBh1c]ego cthjk&lxegw/sBh1w|n J �>� ��~thji&hjyMnxi&hx Bi&nprt�p~+w|� < � nprtk�nxyZ< 6�nxy�k&~+h;hj�xh1o}k&f6egcth1o}k&e|{+h1c�s���k&~th
f$k&lm�xh * lxo+cZf&k&lm�xh�<-��npf&u�eg��iAl ��{�w|k$hjiAfOlmi&h)sBh1wge|hj�xh1c	k$n-sBh���npf&u�eg�jfj �k&~+h�s�lxwglxo+��h�s�h1e ot� ^ hj�xh1o�k&f1�

b f&egu�v�w|h�k$iAeg�]>Zegf�r+f&h1cZk$n�c+hjk$hjiAuZegoth)~tn J uZlxo}��hj�xh1o�k&fDyzlxegw+k$n;sBh�i&h �$h1��k$h1c�s��	k&~th)f&k&lm�xh
* lxo�c�f$k&lm�xh"<���npf&uZeg�9iAl1�q{�wgk$hjiAfj� 5 e|�pr+i&h_6��=<�e f�r+f$h1c
�D��~+egf��xiAlmv�~�f&~+n J�f�k&~+lmk�k&~thjiAh-egf�l�wglmi&�xh
k&lxegw�y nxi�k&~th)~+lxc+i&npoZ� � � k&e u�h�c+e��Bhji&h1o+��h��^lxwgr+h�D$J�~�egw|h���npf&uZeg��iAl1��hj�xh1o}k&f�lmi&h�sBh1wge|hj�xh1c�k$n�~+l �xh
l	~+lxcti&npo � � � k&egu�h c+e��Bhji&h1o+��h�sBhjkPJDhjh1o *�4 o+f�lxo+c � * o+fj tlxo+c ^]hj�xh1o�k&f�lmi&h h;:�vBh1��k$h1c%k$n	~�l1�xh9l
~+lxctiAnpo]� � � k&e u�h�c+e���hji&h1o���h-w|h1f&f�k&~+lxo]k&~�egfj +k&~th;~+lxcti&npo�� � � k&egu�egot�Zr+o+��hjiAk&lxego�k����jlxo��jlxr�f$h
hj�xh1o}k&f	k$n uZe :�yMi&npu npoth �xi&nprtv k$n lxotnxk&~+hji1 Olxo+c=k&~�egf-egf�k&~th uZlxegoHi&h1lxf$npoHy nxi;k&~th n��j�jlxf&egnpo+lxw
uZegfAegcth1o}k&e|{��jlmk&e|npoqnxy���npf&uZeg�-iAl1��hj�xh1o}k&fj� 5 e|�prti&hEA}� * 6 f&~tn J)f)k&~+h�~+lxctiAnpo�� � � k&egu�h;c+e��Bhji&h1o+��h
yMnxi6k&~th�egcth1o}k&e|{+h1c�f&lxu�v�wgh�nxyD��npf&uZeg�;iAl ��hj�xh1o}k&f � hj�xh1o}k&f J�~�eg�A~ yzlxegwKf&k&lm�xh * nxy�k&~th���npf&u�eg�;iAl1�
{�w|k$hji���lxo+c�k&~thZ��nxi&iAh1f$vBnpo+c+egot�%~+lxctiAnpo � � �Ck&egu�hZc�e���hjiAh1o+��h�y nxi-k&~th�v�lxf&f&e ot� ^Hhj�xh1o�k&f1� �)nxk$h
k&~+lmk9k&~+hji&hZlmi&h�sBh1wge|hj�xh1c�k$n�sBh�lmv+v+iAn�:teguZlmk$h1w|� 6%hj�xh1o�k&f J�e|k&~+e o�k&~+h��xiAlmv�~�yMnxi9k&~thZ��npf&uZe �	iAl1�
hj�xh1o}k&f$J)~+eg�A~-lmi&h�sBh1wge|hj�xh1c-k$n)lx��k&r+lxw w|� s�h�^	hj�xh1o}k&fj�O��~thji&yMnxi&hx ^k&~th���npf&u�eg��iAl �6�xiAlmv�~�egf c+e f$k$nxi&k$h1c
c+rth�k$n9��npo}k&lxuZego+lmk&egnpo�s}�E^�hj�xh1o�k&f1����~th�^�hj�xh1o}k�~+lxcti&npo	� � � k&e u�h�c+e��Bhji&h1o+��h��xiAlmv�~�ego�c+eg�jlmk$h1f
l J�l1�Hk$n�f&r+s+k$iAlx��k-k&~+h�h �Bh1��k�nxy�k&~+h ^ hj�xh1o�k���npo}k&lxuZego+lmk&e|npo J�e|k&~�ego�k&~th ��npf&uZeg��iAl1�=fAlxu�v�w|hx�
�/lW>�ego+��k&~th	c+egf&k$nxi&k&e|npo�s}� ^=hj�xh1o}k&f9ego}k$n lx�j��npr�o�kj  k&~+h;��npf&u�eg�;iAl1��hj�xh1o�k �xiAlmv�~�ego�c+eg�jlmk$h1f)k&~+lmk
l���npf&u�eg��iAl � ~+lxf9l]~�lxcti&npo � � �Ck&e u�h�c+e��Bhji&h1o+��h�nxy�lmv+v�i&n�:teguZlmk$h1w|� � * o+f1����~thjiAhjy nxi&hx \e|yDk&~th
ego+��npu�egot����npfAuZeg��iAl1� k$iAlx�]> ~+lxf�l	~+lxc+i&npo%� � � k&e u�h J�~+eg�>~ e f�uZe f&u�h1lxf&rtiAh1c � w lmk$hV��s}��o+nxk�w|h1f&f
k&~+lxo 6�o+f;k&~th1o k&~th�hj�xh1o}kEJ�egw wOsBh�egcth1o}k&e|{+h1c lxf	lR^/ Kf&e o+��h�k&~+h�i&h1fAr+w|k&egot��~+lxcti&npo � � � k&egu�h
c+e��Bhji&h1o+��h J�npr+w cqk&~th1o�sBh-wgh1f&f�k&~+lxo *�4 o+f1�Db�w|k$hjiAo+lmk$h1wg�x �e|y\k&~th9npr+k$�xnpegot����npfAuZeg�9i>l1�qk$iAlx�]>�~+lxf
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l�~+lxctiAnpoq� � �Xk&egu�h J�~+eg�>~%egf�uZegf&uZh1lxf&rti&h1c � wglmk$hV�Ds���o+nxk�w|h1f&f�k&~+lxo * � o�f�k&~+h1oqk&~th hj�xh1o�k�J�egwgw
lxwgf$n-s�h�e cth1o�k&eg{+h1c�lxf�l_^\ �f&ego+��h�e o�k&~+egf��jlxf&h�k&~th)~�lxcti&npo�� � � k&e u�h�c+e��Bhji&h1o+��h�JDnpr+wgc	sBh��xiAh1lmk$hji
k&~+lxo � * o+fj����~+h�o�r+u-sBhji)nxy ^�hj�xh1o}k&f6ego]k&~th�k&lxe w nxy�{+�pr+i&h"6��=<q�jlxo�s�h;r+f$h1c�k$n c+hjk$hjiAuZegoth�k&~th
wge >xh1w eg~tn�n�c�k&~+lmk�l���npf&uZeg� i>l1� hj�xh1o�k�J)egwgw�s�h6uZe f&egcth1o}k&e|{+h1c�lxf�l�^�hj�xh1o�kj� * <t� 4 � nxy/k&~th_^�hj�xh1o}k&f
~+l �xh�l ~�lxcti&npo � � � k&egu�h%c+e��Bhji&h1o+��h%�xi&h1lmk$hjiZk&~�lxo 6�o�fj �lxo+c 6�� � � nxy)k&~th ^ hj�xh1o}k&fZ~+l �xh]l
~+lxctiAnpo�� � �Ck&egu�hZc+e���hji&h1o���h��xi&h1lmk$hji�k&~�lxo * � o+fj����h1eg�p~�k&ego+��k&~th1f$hZyMiAlx��k&e|npo�f9lmv+v+i&nxv�iAeglmk$h1w|�x 
k&~+egf-egu�v�wgegh1f k&~+lmk�lmv+v�i&n�:teguZlmk$h1w|� * � �=< � nxy�k&~th�k&e u�h�l]��npfAuZeg�Zi>l1� J�egwgwO~�l1�xh%l]~+lxctiAnpo � � �
k&egu�h�c�e���hjiAh1o+��h�f&r3Y��je|h1o�k&wg��uZegfAu�h1lxf&rti&h1c	k&~�lmk�k&~th�hj�xh1o}k J)egwgw�otnxk�sBh�egcth1o}k&e|{+h1c�lxf�l9��npf&uZe ��iAl1�
s���f$k&lm�xh * nxy k&~+h ��npfAuZeg��iAl1��{�w|k$hji1 tf&e o+��h)k&~+h ~�lxcti&npo%� � � k&egu�h6c+e��Bhji&h1o+��h�y nxi�k&~+h�k$i>lx�?>�f�J�egwgw
otnxk�sBh J�e|k&~�ego k&~th9lxwgw|n J�h1c���npfAuZeg�6iAl ��J)ego+ctn J9�O� ~+h1o�l���npf&uZeg�9iAl1� hj�xh1o�k�egf�uZegfAegcth1o}k&e|{+h1c%lxf
l2^�hj�xh1o�k c+rth6k$n ~+lxcti&npo�� � � k&eguZego+�ZuZegf&u�h1lxfArti&h1u�h1o}k&fj +e|k�e f�h;:�vBh1��k$h1c�k&~+lmk)lmv�v+i&n�:teguZlmk$h1wg�
kPJDnWD k&~+e|i>c+f9nxy�k&~th�k&egu�hZk&~th ~+lxcti&npo=� � � k&egu�h�c+e��Bhji&h1o+��h J�e wgw/s�h�w|h1f&f9k&~�lxo *�4 o�f � k&~th�f&k&lmi&k
nxy/k&~th6k&eguZego+�_J�e o+ctn J yMnxi���npf&uZeg� i>l1��f>�Dlxo+cqlmv+v+iAn�:teguZlmk$h1w|��npoth;D k&~+e|iAc nxy/k&~th6k&egu�h k&~th9~�lxcti&npo
� � �dk&egu�h	c+e��Bhji&h1o+��h J�e wgw sBh;�xi&h1lmk$hji9k&~+lxo � * o+f � k&~th	h1o+c nxy�k&~th	k&eguZegot�2J�ego�ctn JCy nxi9��npfAuZeg�
iAl ��f>�>����~thji&h�lmi&h�l6k$nxk&lxw�nxy.F hj�xh1o�k&fDego	k&~th�{�o+lxw
^%f&lxu�v�w|h�J�e|k&~�l9~�lxcti&npo�� � � k&eguZh�c+e��Bhji&h1o+��h
�xi&h1lmk$hjiDk&~+lxo � * o�fj �lxo+c�k&~+h�c+egu;rtnpo�uZlxf&fOv�w|nxkOnxyBk&~th1f$h�hj�xh1o}k&f�ego�c+eg�jlmk$h1fOk&~th�w e >xh1w|�-v�i&h1f$h1o+��h�nxy
npoth9��npf&u�eg� iAl1� hj�xh1o}k � f$hjh9{+�pr+i&h A}� * Ax�>����~th6wge >xh1w|����npf&uZe � iAl1� hj�xh1o�k)~+lxf�l	sBh1lxu D ��npo+f$k$i>lxegoth1c
c+egu;rtnpo u�lxf&f�nxy 6'< X h 9;  �jhji&n * � X h 9 � hjk&fj �lxo�cXl=k$iAlx�?> lxot�pr�wglmi�f$hjv�lmiAlmk&e|npoXnxy6n �xhji * A �
cthj�xi&hjh1f1� 5 iAnpu k&~+egf	e|k��jlxo sBh%egotyMhji&i&h1c k&~+lmk�k&~th%k$nxk&lxw���npo}k&lxuZego+lmk&egnpo nxy)��npf&u�eg�%iAl1� hj�xh1o}k&f
ego�k&~th;{�o+lxw�^Hf&lxuZv�w|h � yMnxi6��npf&uZeg��iAl ��f�J�~+e �A~�yMlxegw k$n%s�h�i&h �$h1��k$h1c�s}�]f&k&lm�xh;npo+h;nxy�k&~th;��npfAuZeg�
iAl ��{�w|k$hji�sBh1�jlxr+f$h k&~thj� ~+l1�xh6k$i>lx�?>�f�J�e|k&~%uZegf&uZh1lxf&rti&h1c ~+lxcti&npo%� � � k&egu�h1f���e fDlmv�v+i&n�:teguZlmk$h1wg�
k&~ti&hjh-hj�xh1o�k&fj�

��~th ~+lxcti&npo%� � �Xk&egu�egot��u�egf&u�h1lxf&r+i&h1u�h1o}k&fDlmiAh fAr3Y��je|h1o}k�h1otnprt�p~ k$nZ�jlxf$k�lxo h1w|h1u�h1o}k
nxy�ctnprts�k-npo lxo�� hj�xh1o}k � f��jwglxf&fAe|{��jlmk&e|npoHlxf;l ^ hj�xh1o}k � y nxiE6]hj�xh1o�k&f	k&~th ~+lxcti&npoH� � ��k&e uZegot�
uZegfAu�h1lxf&rti&h1uZh1o�k&fj x��nprtv�w|h1c J)e|k&~9k&~th�lxot�pr+w lmiKk$iAlx�]>;f&hjv�lmiAlmk&e|npo+f/lxo+c;lmv+v�lmi&h1o}k\c+e|i&h1��k&e|npo�lxwge|k �6nxy
k&~th6u;rtnpo%k$iAlx�?>�fj �lmiAh�sBh1wgeghj�xh1c�k$nZ�jlxr�f$h ^�hj�xh1o�k&f�k$n�sBh6uZegf&k&lW>xh1o+w|���jwglxfAf&e|{+h1c%lxf���npf&uZe �)i>l1��f>�>�
\ y
k&~th)k&e uZegot�;uZegf&u�h1lxfArti&h1u�h1o}k&f�e oZk&~th ^qhj�xh1o}k&f�n��j�jrti�lmkDk&~+h�f&lxuZh)iAlmk$h6ego���npf&uZeg�)iAl �Zhj�xh1o�k&f1 
k&~th1o�e|k�egf�s�h1w e|�xh1cqk&~+lmk�lmv+v+i&n :�egu�lmk$h1w|� * � �=< � nxy\k&~th;��npf&uZeg�-iAl1�qhj�xh1o}k&f�J�egwgwBsBh9iAh1�jwglxf&f&e|{�h1c�lxf
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^�hj�xh1o�k&fj����~thji&hjyMnxi&hx �e|k�egf�vBnpf&f&e|s�wgh�k$n�h1f$k&e uZlmk$h)k&~+h�o�r+u�s�hji�nxy ��npf&uZeg�)iAl ��hj�xh1o�k&f�J�~�eg�A~�yMlxegw�k$n
sBh9i&h �$h1��k$h1c s}�%k&~th;f$k&lm�xh * ��npf&uZeg�-iAl1�q{�w|k$hji1 �c�rth9k$n�~�lxcti&npo]� � � k&eguZego+��uZegf&uZh1lxf&rti&h1u�h1o}k&fj�
��~+e f���npo}k&lxuZego+lmk&e|npo�ego�k&~th	{�o+lxw ^Hf&lxu�v�w|h;egf�lmv+v+i&n :�egu�lmk$h1w|� 41
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��� 	 � � hj�xh1o�k&f1�9��~+egf�{+�prti&h	egf
��npo+f&e f$k$h1o�k J�e|k&~�k&~th)o�r+u�s�hji�nxy ��npf&uZeg��iAl1��hj�xh1o}k&f � k&~ti&hjh�hj�xh1o�k&f�� J�~�eg�A~�lmi&h�h1f$k&e uZlmk$h1c k$n-h;:tegf$k
ego%k&~th-{�o+lxw�^�f&lxuZv�w|h6lmy k$hji�f$k&r+ct��egot�	{+�pr+i&h A}� * A}�

������� �&��� �:�2'��� �< ��� *3�>� � ��	/� 	E*�<,�5�, �����=�4%�6C%� >� %� 3)+�,�H67*��4%(�, % � *,�?*�%�- *&B�-1��)��,� �, F- ;G�, 8� 6C���� 

��~th f$k&lm�xh * ��npf&uZeg�)iAl1��{�w|k$hji�egf�h;:�k$i&h1uZh1w|��h Y��jegh1o�k�lmk�i&h � h1��k&e ot�;��npfAuZeg��iAl1��fj� \ o�f&k&lm�xh
* lxo�c]f$k&lm�xh"<Zk&~th;c+egf$k$iAegs�rtk&e|npo v+iAegnxi�k$n ��npf&u�eg�6iAl �qi&h1u�n �mlxw/egf�sBh1wge|hj�xh1cqk$n�sBh �  @6(7'< ^�hj�xh1o}k&f
lxo+c < � ��npfAuZeg��iAl1��hj�xh1o}k&fj� \ o�f$k&lm�xh �  Bk&~thji&h	lmi&h"< F A�hj�xh1o�k&f v+i>e|nxi�k$n%��npf&uZeg��iAl ��i&h1u�nV�^lxw ��\�y
k&~th	hj�xh1o}k9o}r+u�sBhjiAf�lmi&h�f&�jlxw|h1c�lmv+v+iAnxv+iAeglmk$h1w|�x �k&~th�o�r+u-sBhji�nxy�v+iAh1c+eg��k$h1c ��npf&uZeg�;iAl �]hj�xh1o}k&f9ego
k&~+egf��xiAnprtv�nxy\hj�xh1o�k&f)lxu�npr+o}k&f�k$n2A 
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� � 	 � �
��~th�f$k&lm�xh � ��npf&uZeg��iAl �-{�w|k$hji\egf\otnxkOlxf/h Y��je|h1o}kOlmkOi&h � h1��k&e ot����npfAuZeg�DiAl1�-hj�xh1o�k&fj }sBh1�jlxr+f$h

k&~th�~+lxctiAnpo � � �Ce oty nxi>uZlmk&e|npo egf�npo+w|�]l �^lxegw lms�w|h	y nxi6npo+h;nxy�k&~th�w|hj�pfj�;��~th;hj�xh1o�k&f�r+f$h1c�ego k&~th
f$k&lm�xh * lxo+lxw|��f&egf�lmi&h9r�f$h1cqk$n�cthjk$hji>uZegoth k&~th9iAh1w|hj�^lxo}k�h Y��jegh1o+�je|h1f�yMnxi�k&~th9f$k&lm�xh � {�w|k$hji �

��~th	f$k&lm�xh � {�w|k$hji JDnxi?>�f6c+e��Bhji&h1o�k&wg�]cthjvBh1o+c+ego+��npo J�~thjk&~thji6nxi9o+nxk�k&~+h	~�lxcti&npo�� � �
k&eguZe ot��egotyMnxiAuZlmk&e|npoqegf�v�i&h1f$h1o}k�y nxi�lxo�rtv+vBhji�~th1uZegf&v�~thji&h nxi�lZwgn JDhji�~th1uZegf&v�~thji&h k$iAlx�]>��

\�y/k&~th6k$iAlx�]> J�e|k&~q~+lxctiAnpoq� � � k&eguZego+�	e oty nxi>uZlmk&e|npo%l1�mlxegwglms�wgh e f�lxo�rtv+vBhji�~th1uZe f$v�~thji&h
k$iAlx�]> � lxo�c e|y�k&~thqnxv+vBnpf&egot��k$iAlx�]> ~+lxfZl otnpo3D s�h1lxuED ��npo+f$k$iAlxego+h1c lxot�pr+wglmi�f&hjv�lmiAlmk&e|npo �xiAh1lmk$hji
k&~+lxo * 6 � cthj�xi&hjh1f>�> Kk&~th1o�k&~th�hj�xh1o�k;egf i&h �$h1��k$h1c=e|y�k&~th�~+lxctiAnpo�� � �Ck&egu�hZegf6wgh1f&f6k&~+lxo D * � o+fj�
5 e|�prti&h�6��@F�f&~tn J�f/k&~+lmk\k&~+egf\�jrtk�J�npr+w c-i&h �$h1��k\y nxiAk �-npr+k/nxy�y nxi&k�� D h1eg�p~�kOhj�xh1o}k&f��jwglxf&f&h1c;lxf/v+iAnxs�lms�w|h
��npf&uZe �6iAl1��fj Blxo+c�~th1o���h-k&~th9h Y��je|h1o+���qnxy\k&~+egf)�jrtk�egf�F � 	 �

� �
� �D��~+egf�v�lmiAk�nxyOk&~th-f$k&lm�xh � ��npfAuZeg�

iAl � {�w|k$hji�i&h �$h1��k&f�l�k$nxk&lxw nxy�<�hj�xh1o�k&fj�
\�y�k&~th�k$iAlx�?>RJ)e|k&~�~+lxcti&npoH� � � k&egu�egot�qegotyMnxiAuZlmk&e|npo=l1�mlxegwglms�w|hZe f-l�w|n J�hji	~th1uZe f$v�~thji&h

k$iAlx�]> � lxo�c e|y�k&~thqnxv+vBnpf&egot��k$iAlx�]> ~+lxfZl otnpo3D s�h1lxuED ��npo+f$k$iAlxego+h1c lxot�pr+wglmi�f&hjv�lmiAlmk&e|npo �xiAh1lmk$hji
k&~+lxo * 6 � cthj�xi&hjh1f>�> Ok&~+h1oHk&~+h�hj�xh1o}k�egf-iAh � h1��k$h1c e|y�k&~th%~+lxctiAnpoH� � � k&egu�h egf�h1e|k&~thji	w|h1f&f�k&~+lxo
D 4 o+f�nxi �xi&h1lmk$hji k&~+lxo *�4 o�fj� 5 e|�prti&h 6��@7�f&~+n J�f)k&~+lmk�k&~+egf��jr+k�JDnpr+wgc�iAh � h1��k�kPJDh1o�k�� D {��xh�nprtk)nxy

* � *



yMnxi&k � D h1e|�p~}k;hj�xh1o}k&f��jwglxf&f&h1cHlxf;v+i&nxs�lms�w|h���npf&u�eg��i>l1��fj �lxo+c ~th1o+��h�k&~+h�h Y��jegh1o+��� nxy�k&~+e f-�jrtk	egf
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� ����~+egfDv�lmi&k�nxy\k&~th-f&k&lm�xh � ��npf&uZe �6iAl1� {�w|k$hji�i&h � h1��k&f)l�k$nxk&lxw nxy�<Zhj�xh1o}k&fj�
\�y6k&~+h lmsBn �xh���npf&u�eg�]i>l1� {�w|k$hji�h Y��je|h1o+�je|h1f lmi&h�lmv+v�wge|h1c k$n k&~th�h;:�vBh1��k$h1c o}r+u�sBhji�nxy

��npf&uZe �jf � A�hj�xh1o�k&f>�> �lxo+c%lxf&f&r+u�egot�;k&~+lmk�k&~thji&h6lmi&h6h1��r+lxw
o�r+u-sBhjiAf�nxy��$rtv+vBhji D ~th1uZe f$v�~thji&h ��lxo+c
�$w|n J�hji D ~+h1uZegf$v�~+hji&h ��f&k&lm�xh � hj�xh1o}k&fj  k&~th1o k&~th	f$k&lm�xh � ��npf&uZeg��iAl �]{�w|k$hji�J�egw w i&h �$h1��k � �@7�npr+k�nxy
� � 4 rtv+vBhji D ~+h1uZegf$v�~+hji&h���npf&uZeg� iAl �=hj�xh1o}k&fj �lxo+c * �@F�nprtk	nxy � � 4 w|n J�hji?D ~th1uZegf$v�~thji&h���npfAuZeg��iAl1�
hj�xh1o}k&fj �yMnxi�l�k$nxk&lxw nxy�<t�BA	nprtk�nxy[A}� * ��npf&uZe � iAl1�%hj�xh1o}k&fj�

5 e|�prti&h A}� * F f&~tn J)fqk&~th=c+e u�rtnpo u�lxf&f�c+egf&k$iAe|s�rtk&egnpo yMnxi]k&~th�h1eg�p~�k�hj�xh1o}k&f J�~+eg�>~ lmi&h
i&h �$h1��k$h1c s���k&~+hZf$k&lm�xh � ��npf&u�eg�	iAl1� {�w|k$hji ���)npoth�nxy�k&~th�hj�xh1o}k&f-~+lxf-l * � X h 9 � hjk9lxfAf$n��je lmk$h1c
J�e|k&~ k&~th1u��-��~thji&h�egf otn%i&h1lxf&npo�k$n�c+egf$v�r+k$h-k&~th�otnxk&e|npo�k&~�lmk�k&~+h�h;:�vBh1��k$h1c�o�r+u-sBhji nxy���npfAuZeg�
iAl �qhj�xh1o�k&f egoqk&~�egf�f&lxu�v�w|h-egf�<t�BA} Blxo+c���npo+f$h1��rth1o�k&wg�qk&~th9h;:�v�h1��k$h1c o�r+u-sBhji�nxy ^�hj�xh1o�k&f ego�k&~+egf
f&lxu�v�w|h�egf � �=<t����npo+f$h1��rth1o�k&wg�x �k&~th)n �xhjiAlxwgw ^qf$h1wgh1��k&e|npoZh Y��jegh1o+���	nxy
k&~th�f$k&lm�xh � ��npf&u�eg��iAl ��{�w|k$hji
egf�7(7 
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� 	 � � � 5 rtiAk&~thjiAu�nxi&hx te|y <t�BA-nprtkDnxy�A}� * ��npf&uZe ��iAl ��hj�xh1o}k&f�lmi&h)sBh1wgeghj�xh1c�k$n;sBh�i&h �$h1��k$h1c%s}�

k&~th	��npf&uZeg��iAl ��{�w|k$hji1 Blxo+c�k&lW>�e ot��ego}k$n%lx�j��npr+o�k k&~+lmk * � � nxy�hj�xh1o}k&f6egcth1o}k&e|{+h1c�lxf���npfAuZeg��iAl1��f
ego�k&~th f$k&lm�xh * ��npf&uZeg�)iAl1��{�w|k$hji�lmi&h ego�yzlx��k�^�hj�xh1o�k&fj �k&~th1o�k&~+h�h;:�vBh1��k$h1c%��npo�k&lxuZe o+lmk&e|npoqego�k&~th
{�o+lxw
f&hjk�nxy ^�hj�xh1o�k&f�c+rth6k$nZk&~+h9f$k&lm�xh � ��npfAuZeg�6iAl ��{�w|k$hji�egf � �@7���npf&uZeg� iAl ��f1�

������� �&��� �
	>%��5< ��� *3�>� � ��	/� 	E*�<,�5�, �����=�4%�6C%� >� %� 3)+�,�H67*��4%(�, % �� ���� *��?*,%�- *>B�-1� )+�,� ��%4��	/����6C���� 

��~thji&h�lmi&h�npo+wg�T7�hj�xh1o�k&f"J�~�eg�A~H~+l1�xh%otn]~+lxc+i&npo=� � ��k&eguZegot��egotyMnxiAuZlmk&e|npo l �^lxe wglms�w|h
yMnxi)h1e|k&~+hji�u;rtnpo
��\�y�l f&eguZv�w|h9f&�jlxwge ot��egf�lmv+v�w e|h1c�lxf�sBhjy nxi&hx �k&~th;h1f$k&eguZlmk$h	egf)k&~+lmk�k&~thji&h"J�egwgw
sBh
lZk$nxk&lxw/nxy � 
 * � 	 � 	 � �

�
� 	 � � ��npf&uZe �9iAl �qhj�xh1o�k&f6ego]k&~+egf)f&lxu�v�w|hx� �)n��jr+k&f�lmiAh�lmv+v�w e|h1cqk$n hj�xh1o�k&f ego]k&~+egf

�xi&nprtv ����~th_^�f$h1wgh1��k&e|npoqh Y��je|h1o���� nxy/k&~th-��npfAuZeg� iAl � {�w|k$hji�y nxi�k&~th1f$h9hj�xh1o}k&f)e f * �x��� �

������� �&��� � �,�/�@��	 �@� *3�E��� ����	/�����4��*�' � �D%� ��	/� ������ !�

\ o�k&~+egfDf$k&lm�xh nxy k&~th ��npf&uZe ��iAl ��{�wgk$hji1 }lxwgw�k$iAlx�]>�f�ego lxwgw�hj�xh1o�k&f�lmiAh�f&�jlxo�oth1c2J�~th1oZh1egk&~thji
nxy9k&~th vBnxk$h1o�k&e lxw ^ w|hj�pf%~+lxf ~+lxcti&npo � � ��k&eguZegot�HegotyMnxiAuZlmk&e|npoXl1�mlxegwglms�w|hx� \�y9lxo lxc+c�e|k&e|npo+lxw
nxv+vBnpf&ego+�qk$iAlx�?>=e f6y npr�o+cRJ�~�eg�A~ ~�lxf-lxo lmv+v+i&nxv+i>eglmk$hZlxot�pr+wglmi;f$hjv�lmiAlmk&egnpo=lxo+c J�~+eg�>~=lxwgf$n�~+lxf
~+lxctiAnpoq� � � k&eguZego+�;ego+y nxiAu�lmk&e|npo%��npo+f&egf$k$h1o}k�J�egk&~�k&~+h9v�lxe|i�lx��k&r+lxwgwg��sBh1egot��l���npf&u�eg� iAl1�x �k&~th1o
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5 eg�prti&h_A}� * F���c+egu;rtnpo%uZlxf&f�yMnxi�egc+h1o�k&e|{�h1c f&k&lm�xh � ��npf&u�eg� iAl1�%hj�xh1o}k&f
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k&~th�hj�xh1o�k egf��jw lxf&f$h1c]lxf�l � v�~���f&eg�jf D v�wgr+f D ��npf&u�eg� ��hj�xh1o}kj Blxo�c�k&~th�hj�xh1o�k egf�iAh � h1��k$h1c
��I6oth9hj�xh1o}k
yzlxegwgf�k&~+egf��jr+kj�

5 e|�prti&h A}� * 7�egf�lZ� � 5 hj�xh1o�k�c+e f$v�wgl ��nxy k&~th9uZe f&egcth1o}k&e|{+h1c�^�hj�xh1o}k�J�~+e �A~%egf�u�npf$k�wge >xh1wg�
k$n s�h�l�� D hj�xh1o�k v�w r+f�l f&egu;r+w|k&lxothjnpr+f���npf&uZeg�-iAl1��hj�xh1o}kj�)��~th���npf&u�eg�9iAl ��lxot�pw|h1f�ego�yMi&npu k&~th
k$nxv3D iAeg�p~�k9k$n JDlmi>c+f9k&~thZwghjy kj /lxo+c�k&~thZ� D u�r+npo egf9c+egi&h1��k$h1c�ctn J)o J�lmiAc
����~th�� D u;rtnpo wghj�]lxo+c
k&~th9w|hj��h;:te|k&ego+�;k&~+h9cthjk$h1��k$nxi�k$n�k&~th9wghjy k�yMnxiAu l�c+egu;rtnpo%uZlxf&f�nxy F(F X h 9 J�egk&~ql�wglmi&�xh9c+egu;rtnpo
��k	nxy * < 4RX h 9 � k&~�egf"J�npr+w cH�jlxr+f&h�e|k�k$n�sBh iAlxo3>xh1c lxf	k&~th 6^k&~ wglmi&�xh1f&k ^X��k;h;:t��hjv+k�yMnxi�k&~th
yzlx��kDk&~�lmkDk&~�egf�hj�xh1o}k�egf�i&h �$h1��k$h1c%s}��k&~th���npfAuZeg�)iAl1��{�w|k$hji��>����~+h�v+i&nxvBnpf$h1c ego+��npu�egot����npfAuZeg�)iAl1�
u;rtnpo � yMi&npu k&~th;k$nxv3D iAe|�p~}k>��~+lxf l�~+lxc+i&npo�� � � k&eguZe ot���mlxwgrth�nxy D AZo�fj�)��~+h�nprtk$�xnpe ot� ��npfAuZeg�
iAl � u;rtnpo�~+lxf6l%~+lxctiAnpo�� � �dk&eguZegot��nxy *(* o�fj����~+h;nV�xhjiAlxwgw\k&eguZh	c�e���hjiAh1o+��h�egf * F%o+fj  J�~+e �A~
uZlW>xh1f�k&~th9k$iAlx�]> v�lxe|i�lxwgu�npf$k)��hji&k&lxegoqk$nZsBh9lZ��npfAuZeg� iAl �x�

\�k�egfOi&h1lxf$npo�lms�w|h�k$n;lxf&f&r+u�h�k&~+lmk�k&~th�h Y��je|h1o+����nxyBk&~th�f$k&lm�xh�<���npf&u�eg��iAl �;{�w|k$hji�egf * �x���  
f&ego���h�k&~th�i&h �$h1��k$h1cZhj�xh1o}k�egfOotnxkOsBh1wgeghj�xh1c	k$n9sBh�l ^ hj�xh1o�kj��b)o	h1f$k&e uZlmk$h�nxyBk&~th�o�r+u-sBhjiOnxyBhj�xh1o}k&f
J�~+e �A~%yzlxegwBk$nZsBh6i&h �$h1��k$h1c�s���k&~+e f��jrtk�egf�v�i&h1f$h1o}k$h1cqsBh1w|n J9�

\ o k&~th �   * AW6�egcth1o}k&e|{+h1c ^ hj�xh1o�k&fj Ok&~+hji&h�lmi&h 6�  � 4 � u;rtnpo=wghj�pfj� 4   4(4 6�nxy�k&~th1f&h�u�r+npo+f
~+l �xh�l w|n JHh1o+nprt�p~;hjk&l�J)~thji&hDk&~thj�-��npr+wgc;��npo+��h1e|�mlms�w|����npo�k&lxego	l���npf&uZeg�DiAl �x plxo+c;k&~thj�-lxwgf&n�~+l �xh
~+lxctiAnpoH� � � k&eguZego+�]egotyMnxiAuZlmk&e|npo �]��~thji&hjyMnxi&hx �lxf	l�i&nprt�p~Hh1f$k&eguZlmk$hx ZF A 
@4 	 � 	 �

�
� 	 � � nxy�vBnxk$h1o}k&eglxw

��npf&uZe �9iAl ��k$iAlx�?>�f ~+l1�xh�~+lxc+i&npo]� � � k&eguZego+�ZegotyMnxiAuZlmk&e|npo�l1�mlxegwglms�w|hx����~th�f$k&lm�xh < ��npf&uZeg�-iAl1�
{�w|k$hji\npo+wg�9i&h �$h1��k&fO��npf&uZeg�DiAl ��f J�~+h1o�k&~+h�~�lxcti&npo	� � �Hk&eguZego+�)egotyMnxiAuZlmk&egnpo�egf\l �^lxegw lms�w|hDy nxiOsBnxk&~
k$iAlx�]>�fj }lxo+c-k&~+hji&hjy nxiAhx pe|y�k&~thDlmsBnV�xhDvBhjiA��h1o}k&lm�xh�egf/f&�}r�lmi&h1c
 xe|k�J)egwgwxnpo+wg�9lmv+v�w|� yMnxi\lmv�v+i&n�:teguZlmk$h1wg�
AW6 
 6 	 � 	 �

�
� 	 � � nxy���npf&uZe �9iAl ��fj����~+egf)u�h1lxo+f)k&~+lmk�k&~th�h;:�vBh1��k$h1c�o}r+u�sBhji�nxy���npf&u�eg�-i>l1��f�J)~+eg�A~]k&~th

f$k&lm�xh_<���npf&uZeg� i>l1�%{�w|k$hji�yzlxegwgf�k$nZiAh � h1��k�egf � 
 � * 	 � 	 �
�
� 	 � hj�xh1o}k&fj�

������� �&��� � �,�H6C%4'�� *,; � %�- � ��� �F�/6 67*,�@; � <&�3� ���@6C%� F%� >� ��	/�D F�/6GB��+�D��) '��?�@6 %(' �5*,;?� %� ��	/� 
� �*,-

� �+*,6.��- �

5 e|�prti&h"A}� �m� f&~tn J�f)k&~th�c+e f$k$iAe|s�r+k&e|npo nxy/k&~+h�c+egu;rtnpo���k�yMnxi)iAh � h1��k$h1c ��npf&uZeg�-iAl1��f � J�e|k&~
hji&i&nxi/s�lmiAf��> m��npuZv�lmi&h1c�k$n)k&~th�c+egu;rtnpo9��kKyMnxi[^�hj�xh1o}k&f � f&�jlxw|h1c;k$n)k&~+h�o�r+u-sBhjiKnxy+i&h �$h1��k$h1c;��npfAuZeg�
iAl �qhj�xh1o�k&f>�>��b�f)�jlxo]sBh-f$hjh1o
 +k&~+h-kPJDn�v�w|nxk&f�lmi&h�f&eguZegw lmi1�D�Dnpo+f&h1�}rth1o}k&w|�x +k&~+hji&h�egf�otnZi&h1lxf$npo]k$n
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 Run 63033 Evt 589820   ZS_1B.PAD                      11OCT94  5:39:36 21-NOV-02

  Pt   Phi   Eta  
z_1= -26.2, 23 trk
-248.9  194  0.82 
  71.7  262  1.12 
 -34.4   28 -0.69 
   9.7   32 -0.66 
   5.6   28 -0.67 
   5.0   57 -0.73 
  -4.9   49 -0.67 
   4.5   57 -0.61 
   3.3   34 -1.18 
  -2.3   55 -0.55 
  -2.2   36 -0.87 
  -1.8   57 -0.65 
  -1.3  219 -0.05 
   1.3   48 -0.43 
  -1.0   98  0.82 
   0.7  221  0.50 
   0.6  142 -1.05 
   0.5  125  0.48 
  -0.5  116 -0.77 
  -0.5  183 -0.56 
  -0.5  350  1.20 
   0.3  354 -1.28 
   0.3  139 -0.75 
  7 unattchd trks 
   1.1  272 -0.59 
  -1.1  135 -0.99 
   1.1  354 -1.37 
  -0.5  270 -0.66 
   0.4   43 -0.24 
   0.3   78 -1.35 
   0.2  140 -0.13 

Hit & to refresh  PHI:

ETA:

  194.

  0.82

 Emax =   95.5 GeV    

CMX west
CMX east

Et(METS)= 127.8 GeV  /                    
    Phi = 213.3 Deg  
 Sum Et = 162.5 GeV  

5 eg�prti&h_A}� * 7�����~th6vBnpf&f&e|s�wgh)� D v�wgr+f D ��npf&uZeg� hj�xh1o}k�J�~�eg�A~ J�lxf�uZe f&egcth1o}k&e|{+h1c lxf�l�^ hj�xh1o}k
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5 e|�prti&h�A}� �m� �\c�egu�r+npo_^���k yMnxiKi&h �$h1��k$h1c	��npf&uZeg��iAl1�6hj�xh1o}k&fj ���npuZv�lmi&h1c�k$n�k&~thD{�o+lxw ^�c+egf&k$iAe|s�rtk&egnpo

k&~+ego#>�k&~+lmk�k&~+h�~+lxo�ctyMr�w+nxy ��npf&u�eg��i>l1��hj�xh1o}k&f�J�~+e �A~�v�lxf&fDk&~th ��npf&uZeg�)iAl1��{�w|k$hji�lxo+c%uZlW>xh k&~th1e|i
J�l1�qego}k$nZk&~th6{�o+lxw�^�f&lxu�v�w|h9�>~+lxot�xh9k&~+h-f&~+lmvBh nxy\k&~th_^���k)f$vBh1��k$iAr+u egoqlxo}�qf&e|�po+e|{��jlxo�k�J�l1�x�

��~th i&h1f&r+wgk&f�nxy�k&~th�lxo+lxw|��f$h1f nxy-h1lx�A~ nxy�k&~th�f$k&lm�xh1fqnxy�k&~th ��npfAuZeg� iAl1�X{�w|k$hjiqf&~tn J�o
ego=k&lms�w|h A}� * A}� �   * AW6�hj�xh1o�k&f	nprtk�nxy �   * F 4 �=< ^ hj�xh1o}k&f�lmi&h�lx�j��hjv�k$h1c s}��k&~th ��npf&uZeg��iAl1�={�w|k$hji1 
i&hjv+iAh1f$h1o�k&e ot�Zlxoqn �xhji>lxwgw h Y��jegh1o+����nxy[7(7 
 A 	 � 	 �

�
� 	 � � �

��~th9{�o+lxw ��npf&uZe �9iAl �q{�w|k$hji�h Y��je|h1o+����lxo+c ^�hj�xh1o}k���npo}k&lxuZego+lmk&egnpo]�mlxwgrth1f)lmi&h�f&r�uZuZl'D
iAe��jh1cqe oqk&lms�w|h_A}� * F��

� � � ��� ��� �

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

��~+egf�egf;l]�pw|nxs�lxw��jrtk	f&ego���h�k&~+egf��jrtk	c+e|i&h1��k&w|��l �Bh1��k&f�k&~th h1o�k&egi&h�hj�xh1o}k � u�npf$k��jrtk&f	lmi&h
f&ego+�pw|h;D k$iAlx�?>%�jrtk&f�lxo+cql �Bh1��k�npo+wg�Zk&~th6k$iAlx�]> egoq��rth1f$k&egnpo��>����~th�v�rti&vBnpf$h�nxy/k&~+egf��jrtk�egfDk$n�i&h �$h1��k

* � 6



�Dnpf&u�eg����l � 5 egwgk$hji �\lxf&f&e ot� ��i&h1c+e ��k$h1c��Dnpf&uZe � ��h � h1��k$h1c ��h �$h1��k$h1c
8 k&lm�xh ¢��xh1o�k&f �Dnpo}k&lxuZego+lmk&e|npo ^�hj�xh1o�k&f �Dnpf&uZeg���)l1��f
* ��sBnxk&~qk$iAlx�]>�f)~+l1�xh;~+lxctk&c+�6e oty n �  @6(F(F 4 � � < 6�� � � 7�� �
� ��npoth-k$iAlx�?>q~+lxf�~�lxctk&c+�6egotyMn < AW7 � �@7 � � �=< <t�BA
� ��oth1egk&~thji�k$iAlx�?>�~�lxf�~+lxctk&c+�6e oty n 7 � � * � � � � � � �
<t��f$h1lmi>�A~�yMnxi���nprtv�w|h1cq��npf&uZeg�jf �  BA(AW7 � � � * � � � * � �
M.�$/Q/=S�T Q �   * AW6 F 
 6 	 � 	 �

��� 	 � 7��=< <(<t�BA

�/lms�w|h_A}� * A}��i&h1f&r+w|k&f�yMi&npu ��npfAuZeg� iAl � {�w|k$hji

�Dnpf&u�eg����l � 5 egwgk$hji�¢[Y��jegh1o+��� ��r+u�s�hji�nxy��DnpfAuZeg����l �%¢��xh1o�k&f�ego 5 ego+lxw 8 lxu�v�w|h
7(7 
 A 	 � 	 �

�
� 	 � � F 
 6 	 � 	 �

��� 	 �

�Klms�wgh_A}� * F���{�o�lxw
f$hjk�nxy/h Y��je|h1o+�je|h1f�y nxi�k&~+h-��npf&uZeg� i>l1�%{�w|k$hji

k&~th wglxf$k9nxy�k&~th�k&~ti&hjh�u�lxego f$nprti>��h1f-nxy�s�lx�]>}�xi&npr�o+c
 \u�r+wgk&e|v�w|h��xhji&k$h;: hj�xh1o}k&fj� 5 e|�pr+i&h�6�� * e f-l
r+f$hjyzr+w
�>~+lmi&k�k$n�lx�j��npuZv�lxo��qk&~+h9cth1f&��iAe|v�k&e|npo s�h1wgn J9�

��~thD�xhji&k$h;:;f&hjv�lmiAlmk&e|npo	�jrtk�J�egwgw}�jlxr+f$hDk&~th�i&h �$h1��k&e|npo;nxy+hj�xh1o�k&f[J�~tnpf$h�^�D �jlxo+c+e c+lmk$h�k$i>lx�?>�f
nxiAe|�pe o+lmk$h-lmk)c�e���hjiAh1o�k��xhji&k&e ��h1f�J�~�eg�A~�lmiAh-u�nxi&h�k&~+lxo 4 �ju lmv�lmi&kj����~+egf��jlxo�n��j�jrti)e|y/k&~thji&h;lmi&h
u;r+w|k&e|v�wgh��xhji&k&eg��h1f J)e|k&~+ego k&~th�hj�xh1o�k � yMnxiqh;:�lxuZv�w|hx �k J�n u;rtnpo � D cth1�jl1��f>�>  nxi�e|y9npo+h nxy�k&~th
k$iAlx�]>�f�e o%k&~th hj�xh1o�k�J�lxf�~+eg�p~+w|�ZuZegfAu�h1lxf&rti&h1c%lxo+c%k&~+h�k$i>lx�?>�egot�Z��n�cth9uZegf&e cth1o�k&eg{+h1cZk&~th6k$i>lx�?> � f
nxiAe|�pe o+lmk&egot�	�xhji&k$h;: � i&h1f&r�w|k&egot��ego%k&~th-i&h � h1��k&egnpoqnxyOl�^�D hj�xh1o}k>�>�

��~+egf��jr+k�J�egw w
lxc+c+e|k&e|npo�lxwgw|�Zi&h �$h1��k)��npfAuZeg�9i>l1��fj�D¡)n JDhj�xhji1 Bk&~th;��npf&uZeg�6i>l1�q{�w|k$hji)egf��xhji&�
h Y��je|h1o}k � f&hjh lmsBn �xhV�-lxo+cHe|k-egf�otnxk�oth1��h1fAf&lmi&��k$n���npo�f&egcthji9k&~+h�h �Bh1��k�nxy�k&~th�n �xhjiAw lmv+v�egot���jrtk&f
� f&ego���h�k&~thji&hZlmi&hZotnxk6sBh1wgeghj�xh1c�k$nqs�hZlxo}�R^Hhj�xh1o�k&f_J�~+eg�>~ yMlxegw\sBnxk&~�k&~thZ��npfAuZeg�	iAl � {�w|k$hji9lxo+c
lxwgf$n�k&~+h9�xhji&k$h;:�f$hjv�lmiAlmk&egnpo]�jrtk>�>�

5 e|�prti&hEA}� � * fA~tn J�f)k&~th;c+egf$k&lxo+��h�sBhjkPJDhjh1o�k&~+h�sBh1lxu D ��npo+f&k$iAlxegoth1c]�xhji&k&eg��h1fj� ��nxk6f&~tn J�o
lmi&h�k&~th �   *(* 6;hj�xh1o�k&f�yMnxi�J�~+eg�>~�k&~+h�c+e f$k&lxo+��h egf �jhjiAnt����~th �jrtk�egf�v�wglx��h1c�lmk 4 �ju"lxo+c l�k$nxk&lxwBnxy
� 4 hj�xh1o}k&f�yzlxegwBk&~+e f��jrtkj�

5 e|�prti&h�A}� �x� f&~tn J�f�k&~th)ego}�mlmiAeglxo}k�uZlxf&f�c+egf$k$iAegs�rtk&e|npo;nxy
k&~th)hj�xh1o�k&f J�~+e �A~Zyzlxegwtk&~+h��xhji&k$h;:

* � A



distance between vertices
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5 e|�prtiAh_A}� � * ��c+egf&k&lxo+��h6sBhjkPJDhjh1o�sBh1lxu D ��npo+f$k$i>lxegoth1cq�xhji&k&e ��h1f

* � F



 invariant mass

Entries       25
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5 e|�pr+i&h_A}� �x� ��ego}�mlmiAeglxo}k�u�lxf&f�yMnxi�hj�xh1o}k&f�J�~�eg�A~%yzlxegwBk&~th6�xhji&k$h;:]f&hjv�lmiAlmk&e|npo��jr+k

c+egf&k&lxo+��h �jr+kj� ��~�egf9v�wgnxk�lmv+vBh1lmiAf�k$n�f&~tn J"k&~+lmk;k&~th hj�xh1o�k&f J�~+eg�>~ yzlxegw�k&~+h �jrtk	lmi&h%uZlxcth%rtv
nxy�w|hj�pegk&eguZlmk$h ^ hj�xh1o}k&f�lxo+c=lxwgf&n otnpo3D ^ hj�xh1o}k&fj �f&ego���h�k&~th%ego}�^lmiAe lxo�k-u�lxf&f	c+egf$k$iAegs�rtk&e|npo�~+lxf	l
�A~�lmiAlx��k$hjiAegf$k&e �_^�D uZlxf&f�vBh1lW>� ts�r+k�lxwgf$n�lEJDh1wgw D vBnxv�r�wglmk$h1c k&lxegw ��¡)n JDhj�xhji1 �k&~th6yMlx��k)k&~+lmk�f$n�uZlxo��
nxy�k&~thqs�ego+f	~+l �xh �jhji&n�hj�xh1o}k&f ego k&~th1u �jlxo sBhqcth1��h1e|��egot�t� �Kn ctn l c+egi&h1��k���npu�v�lmiAegf&npo e|kZegf
oth1��h1f&fAlmi&� k$n i&hjv�w|nxk9sBnxk&~Hk&~+egf�ego��mlmiAeglxo}k�u�lxf&f�c�egf$k$iAe|s�rtk&e|npo�lxf"J�h1wgw�lxf;k&~th ^�D hj�xh1o}k�ego}�^lmiAe lxo�k
uZlxf&fqc�egf$k$iAe|s�rtk&e|npo
 �r+fAegot� ��npu�v�lmiAlms�wgh�w lmi&�xh�s�ego+o�egot�t� ��~+e f�egfqfA~tn J�o e oX{��prti&h A}� �x� � ��~th
f&~+lxc+h1c lmi&h1l=i&hjv+i&h1f$h1o}k&f�lHotnxiAuZlxw e��jh1c v�w|nxk�nxy6k&~th ^�D �jlxo�c+egc+lmk$h]u�lxf&f�c+e f$k$iAe|s�r+k&e|npo
 �lxo+c k&~th
��i&npf&f&h1f)iAhjv+i&h1f$h1o}k)k&~+h�hj�xh1o}k&f J�~+eg�>~]yzlxegw|h1c]k&~th;�xhji&k$h;: f$hjv�lmiAlmk&e|npo��jrtkj� ��~th��>~+e D f&��r+lmi&h1c��mlxwgrth
nxs+k&lxego+h1c�s�����npu�v�lmiAegot�;k&~th1f$h kPJDn�v�w|nxk&f�egf * �  +lxo+c k&~thjiAh�lmi&h npo+wg��6;cthj�xi&hjh1f�nxy yMi&hjh1ctnpu�����~+egf
��npot{+i>uZf k&~thZh1lmiAw e|hji9~���vBnxk&~th1f&egf k&~�lmk9k&~thji&h�lmv�v�h1lmi>f k$n]sBh�f$npu�hZyMiAlx��k&e|npo�nxy�otnpo3D ^Hhj�xh1o�k&f;ego
k&~th-fAlxu�v�w|h nxy\hj�xh1o�k&f�J�~+eg�>~%yMlxe wgf�k&~th9�xhji&k$h;:�f$hjv�lmiAlmk&e|npo]�jr+k&fj�

5 e|�prti&h�A}� � <�f&~tn J�f9k&~th�c+egf$k$iAegs�rtk&e|npo�nxy�� hjk&f�y nxi�k&~th�f&lxuZhZ�xi&nprtvHnxyDhj�xh1o}k&fj�q��~+e f6c+egf D

* � 7
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5 e|�prti&h A}� �x� ��ego}�mlmiAeglxo}k�uZlxf&f�yMnxi�hj�xh1o�k&f�J)~+eg�A~�yzlxegw�k&~+h��xhjiAk$h;: f$hjv�lmi>lmk&e|npo%�jrtkD��npuZv�lmi&h1c%k$n	k&~th
^�D �jlxo+c�egc+lmk$h9ego}�^lmi>eglxo�k�u�lxf&f�v�w|nxk

* �m�



 10 GeV jet distribution

Entries       25
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5 e|�prti&h_A}� � <t� * � X h 9�� hjk)c+egf$k$iAegs�rtk&e|npo�y nxi�hj�xh1o�k&f�J�~+eg�>~%yMlxe wBk&~th6�xhji&k$h;:]f$hjv�lmi>lmk&e|npo��jrtk

k$iAe|s�rtk&e|npo ctn}h1f6o+nxk�h;:t~+e|s�e|k)k&~+h	�>~+lmiAlx��k$hjiAe f$k&eg�	k$iAlxe|k&f nxy�l iAlxo+ctnpu fAlxu�v�w|h;nxy�^ D hj�xh1o�k&fj�	¡)hji&hx 
k&~thji&h�lmi&h6k$n}n�uZlxo��%hj�xh1o}k&f�J)e|k&~ql�wglmi&�xh-o�r+u�sBhji�nxy �$hjk&fj�

5 e|�prti&h A}� � 4 f&~tn J)f6l�c+egi&h1��k���npuZv�lmiAegf$npo�sBhjkPJDhjh1o�k&~th�otnxiAuZlxw e��jh1c ^ D �jlxo+c+egc+lmk$h;hj�xh1o}k&f
� f&~+lxc+h1c�i&hj�pe|npo���lxo�c�k&~th�hj�xh1o}k&f J�~�eg�A~�yzlxegw\k&~th��xhji&k$h;: f$hjv�lmiAlmk&e|npo �jrtk � ��i&npf&f$h1f>�>����~thZc+e��Bhji D
h1o+��h1f�J�e|k&~+egoHk&~th�v�w|nxk�egu�v�w|�=k&~+lmkZk&~thji&h�lmi&h�lmv+v+i&n :�e uZlmk$h1w|�Q<�s�lx�?>��xi&npr+o+c hj�xh1o�k&f � u�npf$kZnxy
k&~th�hj�xh1o�k&f J�egk&~=wglmi&�xh o}r�u-sBhjiAf6nxy � hjk&f;ego k&~+h1u�� J�egk&~+ego�k&~th��xi&nprtvHnxy�hj�xh1o�k&f"J�~�eg�A~=yMlxegw�k&~th
�xhji&k$h;:�f$hjv�lmiAlmk&e|npo��jr+kj��¡�h1o+��hx �k&~th 4 �ju �xhjiAk$h;:�f$hjv�lmiAlmk&e|npo��jrtk�lmv�v�h1lmi>fOk$n-i&h1uZn �xh�kPJDh1o�k�� D k J�n
^�D �jlxo+c�egc+lmk$h�hj�xh1o}k&f�lxo+c y nprti-s�lx�?>��xi&npr+o+c=hj�xh1o�k&f1� 8 e o+��h �   * AW6�nprtk-nxy �   * 7(F�hj�xh1o�k&f�v�lxf&f-k&~th
�jrtkj +k&~+h6h Y��je|h1o+���%nxy/k&~+egf��jrtk�e f�7(7 
 � * 	 � 	 � �

�
� 	 � � � h Y��jegh1o�kj�

\�kKegf lxwgf&n�vBnpf&f&e|s�wgh/k$n�h1f$k&egu�lmk$h�k&~thDo}r+u�sBhji nxytu�r�w|k&e|v�w|h;D �xhjiAk$h;: s�lx�?>��xi&npr+o+c-hj�xh1o�k&f�J�~+e �A~
k&~+egf)�jrtk�yMlxegw f�k$n�iAh � h1��k � J�~th1o�k&~th;�xhji&k$h;:�f$hjv�lmi>lmk&e|npo�e f�w|h1f&f)k&~+lxo 4 �ju��> 
f&e o+��h9k&~th	o}r�u-sBhji�nxy
s�lx�]>}�xi&npr�o+c	hj�xh1o�k&fZJ�e|k&~	l �xhji&k$h;:�f$hjv�lmiAlmk&egnpo	�xi&h1lmk$hji�k&~+lxo 4 �ju�e fOotn J >�otn J)o
�/�Kn9lx�j��npu�v�w egf&~

* � *
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5 e|�prti&h�A}� � 4 � * � X h 9 �$hjkKc+egf&k$iAe|s�rtk&egnpo)yMnxi/hj�xh1o�k&f�J�~+e �A~6yzlxegwpk&~+h��xhji&k$h;:�f&hjv�lmiAlmk&e|npo��jrtkK��npu�v�lmi&h1c
k$nZk&~th ^�D �jlxo+c+egc�lmk$h6hj�xh1o�k�c+egf$k$iAegs�rtk&e|npo

* �x�



 vertex position
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5 e|�prti&h_A}� � 6��Dc+egf$k$iAegs�rtk&e|npo�nxy\k&~th6�xhji&k$h;:�vBnpf&e|k&e|npo

9OhjiAk$h;: 8 hjv�lmiAlmk&e|npo ��rtk�¢[Y��jegh1o+��� ��r+u�sBhji�nxy�C�lx�?>��xi&npr+o�c�¢��xh1o�k&f)ego 5 ego+lxw 8 lxu�v�w|h
7(7 
 � * 	 � 	 � �

�
� 	 � � � � 
 <(< 	 � 	 � �

�
� 	 � �

�/lms�w|h_A}� * 7��D{�o+lxw
f&hjk�nxyKh Y��je|h1o+�je|h1f�yMnxi�k&~th-�pw|nxs�lxw
�xhji&k$h;:�f$hjv�lmiAlmk&e|npo��jrtk

k&~+egf1 }k&~th ^�D �xhji&k$h;: v�w|nxkDnxy {+�prtiAh A}� � 6	egfDr+f$h1c
�O�\lxe|iAfDnxy vBnpego}k&fDlmi&h)v�eg�?>xh1c%lmk�iAlxo+ctnpu yMi&npu3k&~+egf
v�w|nxkj �lxo+c k&~th yMiAlx��k&e|npo nxy v�lxe|i>fZJ�~�eg�A~ ~+l1�xh9l��xhji&k$h;:qf$hjv�lmiAlmk&egnpo wgh1f&fDk&~+lxo 4 �ju egfDcthjk$hjiAu�egoth1c
�
��~+e f�y iAlx��k&egnpo J�lxf�h1f$k&e uZlmk$h1c]k$n�sBh9lmv+v+i&n :�egu�lmk$h1w|� * ��� ����~+egf�u�h1lxo�f�k&~+lmk)y nxi)hj�xhji&��u�r�w|k&e|v�w|h
�xhji&k$h;:�hj�xh1o}k�J�e|k&~]l	�xhji&k$h;:]f$hjv�lmiAlmk&egnpo�w|h1f&f�k&~�lxo 4 �juq +k&~+hji&h9lmi&h-o+e oth6u�r+wgk&e|v�w|h��xhji&k$h;:�hj�xh1o}k&f
J�e|k&~�l �xhji&k$h;:�f$hjv�lmiAlmk&egnpo��xi&h1lmk$hji-k&~+lxo 4 �juq�;��~+egf�egu�v�wge|h1f�k&~�lmk6k&~th�o}r+u�sBhji nxy�s�lx�]>}�xi&npr�o+c
hj�xh1o}k&f�J�~+eg�>~%uZlW>xh6e|k�ego�k$n	k&~th {�o�lxw�f&lxuZv�w|h�nxy ^�D �jlxo+c�egc+lmk$h�hj�xh1o�k&f�sBh1�jlxr+f&h�k&~+hj��~+l �xh9l;fAuZlxwgw
�xhji&k$h;: f$hjv�lmi>lmk&e|npo�egf6lmv+v+iAn�:teguZlmk$h1w|� � 
 <(< 	 � 	 � �

�
� 	 � � ���Klms�wgh A}� * 7]f&~tn J�f k&~th�{�o+lxw\f$hjk6nxyDh Y��je|h1o��je|h1f

yMnxi�k&~+egf��jrtkj�

* �x�
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\�k$JDlxf\cthjk$hji>uZegoth1c-k&~+lmk k&~th�egu�v�lx��k v�lmiAlxuZhjk$hji/f&r�u J�lxfKo+nxk/lxo;lmv+v+i&nxv�iAeglmk$h��mlmiAeglms�wgh�k$n
�jrtk�npo � k&~+egf�egf�l9f$k&lxo+c+lmi>c��jrtk�ego�� � 5 lxo+lxwg��f$h1f��>�\��~+egf J�lxf�sBh1�jlxr+f$h�nxy�k&~th�yzlx��k�k&~+lmk�k&~th�sBh1lxu
J�lxf;o+nxk;lxwgeg�poth1c vBhji&yMh1��k&w|� J�e|k&~
 Ootnxi"J�lxf�e|k;��npu�v�w|hjk$h1wg� v�lmiAlxwgwgh1wOk$nt Ok&~th s�h1lxu�wgegoth���h1o}k$hji�lmk
: ��� � � �/��~+h�f&wge|�p~}k f&wgnxv�h�nxytk&~th�sBh1lxudu�h1lxo�k/k&~+lmk/k&~th�e u�v�lx��k v�lmiAlxu�hjk$hji�JDlxf\��nxi&i&h1w lmk$h1c-k$n�k&~th
v�~+e D lxot�pw|h�nxyKk&~th6k$i>lx�?> � f$hjh9{+�prtiAh A}� � Ax�>��� ~+h1oqk&~th k$iAlx�?>�f�nxy\l�^�D �jlxo+c�egc+lmk$h6lmi&h6s�lx�]> D k$nWD s�lx�]>
k&~+egf���nxi&i&h1w lmk&e|npo��jlxo+��h1wgf nprtk ego�k&~th�egu�v�lx��k�v�lmiAlxu�hjk$hji9fAr+uq�6¡�n J�hj�xhji   ~+e|�p~ ��k ^�D �jlxo+c+e c+lmk$h1f
k$h1o+cHk$n�~+l �xh lxo+�pr+wglmi-v�~+e�c+e��Bhji&h1o+��h1f;u;r+�A~Hw|h1f&f�k&~+lxo * F � cthj�xi&hjh1f � f$hjh {+�prti&h A}� � Fp�>�]� ~th1o
k&~th]e u�v�lx��kZv�lmi>lxu�hjk$hjiAfZnxy k J�n otnpo s�lx�]> D k$nWD s�lx�?> k$i>lx�?>�f�lmi&h�lxc+cth1c k$nx�xhjk&~+hji1 �k&~th�h �Bh1��k�nxy
k&~th sBh1lxu � f	f&w|nxvBh�ctn�h1f	otnxk��jlxo+��h1wDnprtk�egoHk&~th fAr+uq����~th f&r+u nxy�k&~th%egu�v�lx��k;v�lmiAlxuZhjk$hjiAf�egf
��npo+f$h1��rth1o}k&w|��w lmi&�xhji�yMnxi�~+e|�p~%��k�^�D �jlxo�c+egc+lmk$h hj�xh1o}k&f�k&~+lxo%yMnxi�w|n J ��k�^�D �jlxo+c+e c+lmk$h hj�xh1o�k&f � f$hjh
{+�prtiAh A}� � 7p�>����~+hji&hjy nxiAhx }k&~th egu�v�lx��k�v�lmiAlxuZhjk$hji�fAr+u egfDotnxkDlxo lmv�v+i&nxv+iAe lmk$h��^lmi>eglms�w|h�k$n	�jrtkDnpo
 
f&ego���h9�jrtk$k&egot��npoqk&~�egf�v�lmiAlxu�hjk$hji�J�npr�wgcqr+w|k&egu�lmk$h1w|��s�e lxf�k&~th_^���k�c+egf$k$iAegs�rtk&e|npo ego%yzl1�xnxi�nxy/w|n J
��k ^�hj�xh1o�k&fj�

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

 ��� �
��� � � ��
 � �

�Klms�w|hEA}� �m� fAr+uZuZlmiAe �jh1f�k&~th;s�lx�]>}�xi&npr�o+c h1f$k&eguZlmk$h1f6lxo+c k&~th	f&egwg�xhji�u;rtnpo�f$h1w|h1��k&e|npo�hjy)D
{��je|h1o��je|h1fj����nxk$hZk&~�lmk6k&~th�k$iAlx�?> D {�o+c�egot�%h Y��je|h1o+����egf otnxk9ego��jwgr+cth1c ego�k&~th	n �xhji>lxwgw��jlxwg�jr+w lmk&e|npo
�
5 nxi � 4 k&~���l':teglxw�k$i>lx�?>�f � k$iAlx�?>�f J�~+eg�>~ v�lxfAf-k&~tiAnprt�p~=k&~+h�h1o}k&e|i&h��Dh1o}k$iAlxw��KiAlx�]>�ego+����~�lxu-sBhji1 
ego+�jw r+c+egot�	lxwgw {+�xh-l':teglxw f&r+v�hji>wgl1�xhjiAf��Dk&~th-k$i>lx�?> D {�o+c+ego+�Zh Y��je|h1o+���qegf�sBh1wge|hj�xh1cqk$n�s�h"7(7 
 A 	 � 	 �

�
� 	 � �  

lxo+c yMnxi�k$iAlx�?>�fEJ�~+e �A~ yMlxe w�k$n�v�lxfAf���npu�v�w|hjk$h1w|�Hk&~ti&nprt�p~ k&~th]�Dh1o}k$iAlxw��KiAlx�?>�egot�=��~�lxu-sBhji	k&~th
k$iAlx�]> D {�o�c+egot�	h Y��je|h1o���� �jlxoqsBh6u;r+�A~qw|n J�hji ����~+egf J�e wgw�sBh h;:�v�wglxegoth1c%ego%cthjk&lxe w
egoql�wglmk$hji��A~�lmv3D
k$hji1�

����
 ( ��'&.���'&�D�
!&��
0����� � �)' � � ,-��'&��./�
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0< � .�!&��
	.�!A���

¢��xh1o}k&fEJ�~thjiAh sBnxk&~ u;rtnpo+f�lmi&hqvBnpego}k$h1c lmk�k&~th�f&lxu�h�c+hjk$h1��k$nxi�f$��f$k$h1u ~+l �xh�lxw|i&h1lxct�
sBhjh1oqk&lW>xh1o]e o�k$nZlx�j��npr+o}k�s��qctnprts�wgh ��npr�o�k&ego+�Zf$h1��npo+c+lmi&�%w|hj�pf�J)~+eg�A~]lmi&h�� �xnpwgc����
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 impact parameter vs phi angle
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 Z Mass plot from offline tracking
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 Z Mass plot from beam constrained offline tracking
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 Z PT plot from level 3 online tracking

Entries

OVFLW

    1370

  29.00

GeV

E
ve

nt
s 

pe
r 

2.
0G

eV

0

20

40

60

80

100

120

140

0 15 30 45 60 75 90

5 e|�pr+i&h F��=<t��^���k�v�w|nxkj +npo�wgegoth�k$iAlx�?>�egot�

*�4 �



 Z PT plot from offline tracking

Entries

OVFLW

    2494

  29.00

GeV

E
ve

nt
s 

pe
r 

2.
0G

eV

0

50

100

150

200

250

300

0 15 30 45 60 75 90

5 e|�pr+i&h F�� 4 ��^���k�v�w|nxkj +n � egoth k$iAlx�?>�egot�

*�4 �



 Z PT plot from beam constrained offline tracking
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nxy�k&~th�����k&~+egl6�]npo�k$h6��lmiAw|n J�lxf�r+f&h1cZego���npo �&r+o+��k&e|npo J)e|k&~	k&~th�wglmk$h1f&k�f$hjk�nxy
f$k$iAr+��k&r+i&h�yMr+o���k&e|npo+f
� �jlxwgw|h1c]����¢�� 4WG � <(< � �Dlxo�c egk J�lxf�yMnpr+o+c k$n��xh1othjiAlmk$h9l�^�D u�lxf&f�f$vBh1��k$iAl"J�~+eg�>~ � lmy k$hji�i>r+o+o+ego+�
k&~th	�xh1othjiAlmk$h1c hj�xh1o�k&f-k&~ti&nprt�p~ k&~th�yzr+wgw\� � 5 c+hjk$h1��k$nxi-f&egu;r+wglmk&e|npo���uZlmk&�>~th1c�k&~th�c+lmk&lqlxw u�npf$k
vBhji&yMh1��k&w|�x� 5 rti&k&~thji>u�nxi&hx .J�~+h1o���~tnxk$npf J�lxf9ego}k$hj�xiAlmk$h1cHego�k$nqk&~+hZrtv
c+lmk$h1c���n�cthZo+n�f&e|�po+e|{��jlxo�k
egu�v�i&n �xh1u�h1o}k JDlxfDyMnpr+o+c
�\��~tnxk$npf J�lxf�w|hjy kDegoZv�wglx��h�uZnxi&h�lxfDl�k$h1f$k&lxu�h1o}k�k$n�k&~th�JDnxi?>Zego}�xnpw|�xh1c
ego e o�k$hj�xiAlmk&e ot��e|k�ego�k$n]k&~th�{�o�lxw�f&egu;r+wglmk&e|npo v�lx�?>mlm�xh�k&~�lxoHl]s�h1w e|hjy�k&~+lmk;e|k-lx��k&r+lxw w|� egu�v+iAn �xh1c
k&~th��]npo�k$h]��lmiAwgn f&e u�r+w lmk&e|npo
��¢�lx�A~ fAr+�j��h1f&f&e|�xhq�]npo�k$h���lmi>w|n ��n�c+ego+��egu�v�i&n �xh1u�h1o}k	i&h1��r+e|i&h1c
k&~th)�xh1othjiAlmk&e|npo�nxy uZegw wge|npo+f/nxy f&egu;r+wglmk$h1c ��npo}k$h9��lmiAw|n�hj�xh1o�k&fDsBhjy nxiAh)l-c+hj{�o+e|k&e|�xh)��npo+�jwgr+f&egnpo�npo
J�~thjk&~+hji�nxi�otnxk�egk�JDlxf�fAlmk&egf$yzlx��k$nxiAegw|� h1u�r�wglmk&egot��k&~th9uZh1lxf&rti&h1c�c�lmk&l��

5 ego+lxwgw|�x }lxo�r+o+y nxi&k&r�o+lmk$h�s�rt� JDlxfDi&hjvBnxi&k$h1c�J�e|k&~Z���}k&~+e l9�36�� *�4 A}����~+egf�s�rt�-l �Bh1��k$h1c%k&~th
��i&npf&f D f$h1��k&e|npoHnxy�^ v+i&n�c+r+��k&egnpo�lxo+c k&~thjiAhjy nxi&h l ��h1��k$h1c k&~th�lxo+lxw|��f&egfj�2\�k-s�h1�jlxuZh�oth1��h1f&fAlmi&��k$n
rtv+�xi>lxcth����}k&~+e lZk$n ��6�� �m�p� J�~�eg�A~ JDlxf�i&h1w|h1lxf&h1c�ego ��nV�xh1u-sBhji1  �m�x� * � � ~+egw|h-k&~th�nV�xhjiAlxwgw\f&~+lmvBh
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 measured z mass
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5 e|�prti&h F��BA}����h1lxfArti&h1c�c+e u�rtnpoqu�lxf&f�J�e|k&~qo�lmk&rtiAlxw$^ wge oth1f&~+lmvBh f&rtvBhjiAegu�vBnpf$h1c

nxy�k&~th ^=uZlxf&f�c+egc]o+nxk��>~+lxot�xhx 
k&~th;v+i&n�c+r+��k&e|npo�iAlmk$h1f6c+egc�e o+cthjh1c �A~+lxot�xh	f&wgeg�p~�k&w|�x��\ o�k&~th;h1o+c
k&~th-u�lmk&�A~�sBhjk J�hjh1o]k&~th-��npo}k$h	��lmiAw|nZlxo+cqk&~+h9c+lmk&lEJ�lxf�h;:t��h1wgw|h1o}kj �lxf�wglmk$hji�v�w|nxk&f�J�e wgwBf&~tn J-�


 ��� � �)
��B� ( ��� '&� ��� �	�
������
�����!A�)
 �)���
�	� <H�
�
�)�3,-.O��'&� �	��./�B���

\�k	egf;�jw|h1lmi	k&~+lmk	k&~th%c+egu;rtnpoHu�lxf&f	c+egf$k$iAegs�rtk&e|npo J�~�eg�A~ egf�nxs+k&lxegoth1c h;:�v�hji>egu�h1o}k&lxwgw|��egf
u;r+�A~qs�i&nplxcthji�k&~+lxo�k&~th JDh1wgw D >�otn J�o ^�uZlxf&f�wge oth1f&~+lmvBh�s�h1�jlxr�f$h-e|k�~+lxf�s�hjh1oqfAu�h1lmi&h1c�s��%u�h1l'D
f&rtiAh1u�h1o�k6hjiAi&nxiAfj� 5 e|�prtiAh�F��BAqf&~tn J�f6k&~thZuZh1lxf&rti&h1c c�egu�r+npo�uZlxf&f9~+e f$k$nx�xiAlxu yMnxi9iAr+o * s J�e|k&~
k&~th�iAlxc�eglmk&e|npo���nxi&i&h1��k$h1c2^%uZlxf&fOwge oth1f&~+lmvBh�f&rtvBhjiAegu�vBnpf$h1c � ~th1o+��hjyMnxi&k&~�k&~th�k$hji>u � iAlxc+eglmk&egnpo���nxi D
i&h1��k$h1c��"J�e wgw+sBh)c+i&nxv+vBh1c��>�\��~th o+lmk&rtiAlxw ^�wgegoth1f&~�lmv�h)~+lxf�l�f&eg�puZl-nxyKlms�npr+k � � 4EX h 9; 3J�~+egwgh�k&~th
u�h1lxf&r+i&h1c�c+egu;rtnpoquZlxfAf�~+lxf�lZfAe|�puZl	nxy\lms�npr+k 4�X h 9;�

5 nxi6h1lx�A~=�jlxo+c+egc+lmk$h�u;rtnpo k&~th���npwgw|h1��k&e|npo nxyDc+e|�pe|k&lmk&e|npo�f)yMi&npu k&~th	k$iAlx�]> cthjk$h1��k$nxi>f9lmi&h
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{+k�k$n lZ{+�xh-v�lmiAlxu�hjk$hji �jrti&�xhx����~th�u�h1lxf&rti&h1c�v�lmiAlxu�hjk$hjiAf)yMi&npu k&~th-{+k�~+l �xh�h1f$k&e uZlmk$h1c�hji&iAnxiAf
lxf&f$n��jeglmk$h1c J�e|k&~�k&~th1uq�6��~+h-v�lmiAlxuZhjk$hjiAf6lmi&h;k&~th;�jr+i&�^lmk&r+i&hx Bk&~th�v�~+e lxot�pwghx Bc � � �$c�D �jhjiAn ��  k&~th
c+egf&k&lxo+��h y i&npu"k&~+h6s�h1lxu�wgegoth�k$n�k&~th6h;:�k$iAlmvBnpwglmk$h1c%vBnpego�k�nxy\�jw|npf$h1f$k�lmv�v+i&nplx�A~�nxy k&~th6k$iAlx�]>t�> �k&~th
��nxk&lxot�xh1o}k � J�~+eg�>~��peg�xh1f�k&~th)hjk&l	c+egi&h1��k&e|npo���lxo+c � � � � �;D �jhji&n �� �k&~th c+egf$k&lxo+��h lxw|npot�;k&~th�sBh1lxuZwgegoth
k$n%k&~th;v�npe o�k)nxy��jw|npf$h1f$k6lmv+v�i&nplx�A~��>�6��~+h-{+�xh	h1w|h1u�h1o}k�s}��{��xh�h1w|h1uZh1o�k6��n �mlmiAeglxo}k hji&i&nxi6uZlmk$iAe :
v+i&nV��e cth1c]s���k&~th	{+k��pe|�xh1f6otnxk�npo+w|�]k&~th�hjiAi&nxiAf�y nxi6h1lx�>~�ego+c+eg��egc�r+lxwBk$iAlx�?>�v�lmiAlxu�hjk$hji  
s�rtk lxwgf$n
k&~th-��nxiAi&h1wglmk&e|npoqnxy\k&~th6hjiAi&nxiAf�sBhjkPJDhjh1o�k&~th9c+e��Bhji&h1o}k�k$iAlx�?>qv�lmi>lxu�hjk$hjiAf�k&~+h1uZf$h1w|�xh1fj��� ~th1o]kPJDn
f&r+�>~=�jlxo+c�egc+lmk$h�u;rtnpo+f�lmi&h���npu�s�egoth1c  Kf$k&lxo+c�lmiAc�hji&i&nxi�v+i&nxv�lm�plmk&egnpo �=7 � egf9r+f$h1c=k$n�cthjk$hji>uZegoth
h;:�v�hji>egu�h1o}k&lxwgw|��k&~+h9hji&i&nxiAf�egoqk&~th-c+hjiAe|�xh1c���r+lxo}k&e|k&e|h1fj�[\ oqk&~+e f��jlxf$hx �k&~+h-cthjiAe|�xh1c]�}r+lxo}k&e|k&e|h1f)lmi&h
k&~th-c�egu�r+npo u�lxf&f�lxo+c%k&~+h-c+egu;rtnpoq��k��mlxwgrth1f1�

�&� �&������� �
	�� �!� *, �<�*���<�� *,; � � � %�����	/��� �@�������

\�k;egf JDh1wgw D >�otn J)o k&~+lmk�k&~th�f$k&lxo�c+lmiAc � ��5 k$iAlx�?>�egot��hji&i&nxiAf;lmi&h�r�o+cthji&h1f$k&e uZlmk$h1c
�%��~th
i&h1f&r�w|k&egot� u�h1lxf&rti&h1c ^ u�lxf&f	v�w|nxk	egfj �lxf�l�iAh1f&r+w|kj �s�i&nplxcthji	k&~+lxo k&~thqhj�xh1o}k�hji&i&nxiAf�e o+c+eg�jlmk$h%e|k
f&~tnpr�wgc]sBhx� 5 e|�prti&hEF��@Fqf&~tn J�f6~tn J k&~th�o+lmk&rtiAlxwZ^Hwge oth1f&~+lmvBh-�xhjk&f�f&u�h1lmi&h1c�lxf9k&~th	hj�xh1o�k9hjiAi&nxi
ego+��iAh1lxf$h1fj� C�hjyMnxi&hqlxo}�H��nxi&i&h1��k&egnpo+f	lmi&h lmv�v�wge|h1c
 /k&~th%l1�xhjiAlm�xh�c+egu;rtnpo=uZlxfAf�hjiAi&nxi	y nxi	iAr+o * s
c+lmk&l�egf�h1f$k&egu�lmk$h1c]k$n�s�h * � � X h 9��B��~th�u�h1lxf&rti&h1c�c+egu;rtnpo�f$vBh1��k$iAr�uq +f&~tn J�o]lxf)k&~th-wglxf&k�nxyOk&~th
v�w|nxk&f�ego%{+�prti&h F��@F� ��jw|h1lmiAw|�%ego+c+e �jlmk$h1f�k&~+lmk�k&~th9k$i>lx�?>�egot�Zhji&iAnxiAf�lmi&h-ego�cthjh1cqr+o+cthjiAh1f$k&eguZlmk$h1c
�

��~th f$k&lxo+c+lmiAc J�l1� k$n�cth1lxw J�e|k&~=k&~+egf�v+i&nxs�w|h1u lmk�� ��5 egf9k$n�f&�jlxwgh�k&~th�hji&i&nxiAf;s�� lxo
lmv+v+iAnxv+iAeglmk$h�yzlx��k$nxi � otnxk$h k&~+lmk�sBn�npf$k&egot� k&~+h�u�h1lxf&r+i&h1c hji&iAnxiAf�s�� lxoXlmiAs�e|k$iAlmi&� f&�jlxwgh]yzlx��k$nxi
ego}�xnpw|�xh1f�f&�jlxwge ot��k&~+h%��nV�^lmi>eglxo�k�hjiAi&nxi�uZlmk$iAe :=s��=k&~+h%fA�}r+lmiAh nxy)k&~+egf;f&�jlxw|h%yzlx��k$nxi1 Degy�k&~th%{�o+lxw
hji&i&nxi>f9lmi&hZk$n�s�hZuZh1lxf&rti&h1c lmv�v+i&nxv+iAe lmk$h1w|�t�>�Z��~thZlx�j��hjv+k$h1cHhji&i&nxi�fA�jlxw|hZyzlx��k$nxi�lmk	� ��5 e f � � �  
J�~+e �A~ JDnpr+wgc%v�rtk�k&~+h9l1�xhjiAlm�xh;iAr+o * s c+egu;rtnpo%uZlxf&f�hjiAi&nxi�lmk � �@6 X h 9;�

5 e|�prti&h�F��@7�f&~tn J�f9k&~+h�u�h1lxf&r+i&h1c=i>r+o * s c+egu;rtnpo uZlxf&f-v�w|nxk_J�e|k&~ l � �@6 X h 9 f&uZh1lmi&h1c
o+lmk&rti>lxw ^�wge oth1f&~+lmvBh\v�w|nxk f&r+v�hji>egu�vBnpf$h1c
� 5 e|�prtiAhZF�� * � f&~+n J�f k&~th�f&lxu�hDu�h1lxf&rtiAh1c9iAr+o * s	c+egu;rtnpo
uZlxf&f v�w|nxk J�egk&~9l � � * X h 9 fAu�h1lmi&h1c-o�lmk&rtiAlxw ^�w egoth1f&~+lmvBh/v�w|nxk fArtvBhjiAegu�vBnpf$h1c
�
��~+hO�xi&h1lmk$hji/c+hj�xi&hjh
nxy�f&egu�egwglmiAe|k���sBhjkPJDhjh1o�k&~th-wglmk$k$hji�v�w|nxk&f)egf�lxo�ego+c+eg�jlmk&egnpo%k&~+lmk)l�f&�jlxw|h-yzlx��k$nxi nxy � � � uZl ��otnxk�sBh
lmv+v+iAnxv+iAeglmk$h yMnxi�k&~+egf�lxo+lxwg��f&e fj� \�k�egf�vBnpf&fAe|s�w|h�k$nZr+f$h6k&~th9c�egu�r+npoquZlxf&f�f$vBh1��k$iAr�u k$n�lx�j�jrtiAlmk$h1w|�
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 natural Z lineshape, no smearing
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 natural Z lineshape, 1 GeV smearing
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 natural Z lineshape, 2 GeV smearing
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 natural Z lineshape, 3 GeV smearing
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 measured dimuon mass, run 1b
GeV
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5 eg�prti&h F��@F���fAu�h1lmiAegot�	nxy\k&~th9o+lmk&r+iAlxw$^�wge oth1f&~+lmvBh
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cthjk$hjiAu�egoth]k&~+h]hji&i&nxiqf&�jlxwgh]yzlx��k$nxi�f$vBh1�je|{��qk$n nprti%c+lmk&l f$hjkj �l f&lxu�v�w|h�nxy-~+e|�p~X��k c+egu;rtnpo+fj�
��~th�cthjk$hjiAuZego+h1c hji&i&nxi%f&�jlxw|h�yMlx��k$nxi%lmv+v�wge �jlms�w|hqk$n=k&~�egf�f&lxuZv�w|h]ctn�h1f�e o+cthjh1c c+e���hji�y i&npu k&~th
� � 5 D lx�j��hjv+k$h1c��^lxwgr+h6nxy � � � �

� ��� ��� � �

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

� hjk$hjiAuZego+e ot�6lxoZn �xhji>lxwgw�f&�jlxwgh�yMlx��k$nxi J�~+e �A~ J�egw w}sBh�r+f&h1c�k$n�ego���i&h1lxf$h�k&~th�k$i>lx�?>�hji&i&nxi>fOk$n
k&~th1e|i���nxiAi&h1��k�w|hj�xh1w+e fOl6otnpo�D k$iAe|��eglxw�v+i&n���h1f&fj�\��~+e f/e f\s�h1�jlxr�f$h�k&~th�c+egu;rtnpo	uZlxf&f�hji&i&nxi�egf\c+e���hji&h1o}k
yMnxi�h1lx�A~�hj�xh1o�kj �lxo+cZegkOk$h1o+c+fOk$n;ego+��i&h1lxf$h�lxf�k&~th�c+egu;rtnpo�uZlxfAf�ego+��iAh1lxf$h1fj� 5 eg�prti&h�F�� *(* fA~tn J�f�k&~th
u�h1lxf&r+i&h1cZhji&iAnxi�ego�k&~th)c+e u�rtnpo�uZlxf&f��xhji>f&r+f�k&~+h)u�h1lxf&r+i&h1c�c+e u�rtnpo�uZlxf&fDe|k&f$h1w|y�y nxiDsBnxk&~ZiAr�o * l
lxo+c�i>r+o * s�c�lmk&l��[C�nxk&~��xiAlmv�~�f�ego�k&~+e fO{+�prti&h�lxfAf&r+u�h�l;� � 5 D lx�j��hjv�k$h1c�hjiAi&nxi�f&�jlxwgh�yMlx��k$nxiD�mlxwgrth
nxy � � � �

b)fD~+lxf�s�hjh1o f$k&lmk$h1c
 �f$k&lxo+c�lmiAc�hjiAi&nxi�v+iAnxv�lm�plmk&e|npo egf�r+f&h1cZk$n	cthjk$hjiAuZego+h�h;:�vBhjiAe u�h1o�k&lxw w|�
k&~th;hji&i&nxiAf ego�cthjiAe|�xh1c ��r+lxo�k&egk&e|h1f �=7 � f&r��A~�lxf�k&~th;c�egu�r+npo�uZlxfAfj��¡)h1o+��hx 
k&~th;{�o+lxwKhji&i&nxi ego�k&~th
u�h1lxf&r+i&h1c ^ u�lxf&f9��npu�h1f�h;:�v�wgeg�je|k&w|�]y i&npu�k&~th�u�h1lxfArti&h1c�hji&iAnxiAf9ego�k&~+hZkPJDn�f$hjk&f�nxy�ego+c+eg��egc�r+lxw
k$iAlx�]>qv�lmiAlxu�hjk$hjiAf1����~th9c+npuZego+lxo}k�f$nprtiA��h-nxy/hjiAi&nxi�J�~+e �A~q��npo}k$iAe|s�rtk$h1f�k$nZk&~th9{�o+lxwBhji&i&nxi�e oqk&~th
^=uZlxf&f egf)k&~th�u�h1lxf&rti&h1uZh1o�k�nxy�k&~th	�jrti&�mlmk&rti&h;y nxi h1lx�>~�k$iAlx�?>��9��~th�k$iAlxo+f$�xhjiAf&h	uZnpu�h1o�k&r�u nxy
l%k$iAlx�]> egf lx��k&r+lxw w|��l%f&eguZv�w|h�fA�jlxwgegot�%nxy�k&~+h	uZh1lxf&rti&h1c��jrtiA�^lmk&rtiAh;�mlxwgrthx����~th	h1f$k&eguZlmk$h1c�hjiAi&nxi
cthjvBh1o+c+f-~th1l1��egw|��npo=~+n J"uZlxo���nxy�k&~thq���)� f&rtvBhjiAwgl �xhjiAf6i&hj�pegf&k$hji;l�~+e|k6yMnxi�k&~th�k$iAlx�?>��]�]nxi&h
f$vBh1�je|{��jlxw w|�x Bk&~th�h1f$k&eguZlmk$h1c hji&i&nxi9cthjvBh1o+c+f�npo�~tn J uZlxo}��lxo+c J)~+eg�A~�nxy�k&~thZl':teglxwOf&rtvBhjiAwgl �xhjiAf
i&hj�pegf&k$hji�~+e|k&f1  f&ego+��hZegk9egf6k&~th�l':teglxwOf&r+v�hji>wgl1�xhjiAf J�~+eg�>~�lmi&hZk&~th�fArtvBhjiAwgl1�xhji>f J�~+eg�>~�lmi&h�r+f&h1c�k$n
cthjk$hjiAu�egoth k&~th-�jrtiA�^lmk&rtiAh6nxy\l	k$i>lx�?>��

��~th;���)� egf)i&nprt�p~�w|� l�k&~ti&hjh;u�hjk$hji w|npot������wgego�cthji�J�e|k&~�lZiAlxc�egr+f�nxy�lmsBnprtk * � � uZhjk$hjiAf
� f$hjh�{+�prti&h � �=<}�>��\ k�~+lxf 4 l':�eglxw f&rtvBhjiAwgl �xhjiAf � o�r+u-sBhji&h1c �   �  =<t @6�lxo�c Fp��lxo+c <�f$k$hji&hjn f&rtvBhjiAwgl � D
hjiAf � o}r�u-sBhji&h1c *   �   4 lxo�cQAx�>�]b�oHl':teglxw�f&rtvBhjiAwgl �xhji�wge|h1f-npo=h1lx�>~ f&egcthZnxy�l f$k$hji&hjn�f&rtvBhjiAw l1�xhji1�
8 rtvBhjiAw l1�xhji �jhji&n e f)�jw|npf&h1f$k k$n k&~+h�sBh1lxu D v�egv�hx�)lxo+c�f&rtvBhjiAwgl �xhji)h1e|�p~}k egf�yzrti&k&~+h1f$k)l JDl �x�-� i>lx�?>�f
J�~+e �A~�v�lxf&f�k ��v�eg�jlxwB~+eg�p~���k�u;rtnpo%f$h1w|h1��k&egnpoq�jrtk&f�lxo+c J�~+eg�>~�lmiAh�vBnpego}k$h1c lmk�lxo���nxy k&~th6��h1o}k$iAlxw
u;rtnpo cthjk$h1��k$nxiAf � �����- O�����K \�����9��J�e wgw/v�lxf&f6k&~tiAnprt�p~ lxwgw�o�egoth	nxy�k&~th�f&rtvBhjiAw l1�xhjiAf � k$i>lx�?>�f
lmi&h�i&h1�}r�e|i&h1c�k$n%~+l �xh;l�s�h1lxu�wgegoth �;D n �
f$hjk nxy�w|h1f&f�k&~+lxo 6 � ��h1o}k&egu�hjk$hjiAf�J�~�eg�A~�uZh1lxo+f�k&~+hj� J�egwgw
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5 e|�prtiAh F��@7��Du�h1lxf&rtiAh1c�uZlxf&f�J)e|k&~ � �@6 X h 9 f&uZh1lmi&h1c ^�wge oth1f&~+lmvBh f&rtvBhjiAegu�vBnpf$h1c
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5 eg�prti&h F�� * � ��uZh1lxf&rti&h1c�u�lxf&f�J�e|k&~ � � * X h 9 f&u�h1lmi&h1c ^�wgegoth1fA~+lmvBh�f&r+v�hji>egu�vBnpf$h1c
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ENTRIES      496
 0.000E+00   7.00   5.00

 0.000E+00   483.   1.00

 0.000E+00  0.000E+00  0.000E+00

 run 1a
GeV
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eV

ENTRIES     2172
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5 e|�prti&h F�� *(* �Dc+egu;rtnpoquZlxf&f�hji&i&nxi���f�k&~th-uZh1lxf&rti&h1cqc+e u�rtnpoqu�lxf&f
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lxw J�l1��f)f&k&lmi&k�n �RJ�e|k&~�ego k&~th���npot{�oth1f�nxy\k&~th	���)� f&ego���h6k&~th;���)� h;:�k$h1o+c�f�nprtk)k$n�lZuZl':tegu;r+u
�;D �mlxwgrth9nxy\lmsBnprtk *�4 � ��h1o}k&egu�hjk$hjiAf)ego%h1e|k&~thji)c+e|i&h1��k&e|npo��>��� iAlx�]>�e ot��hji&i&nxiAf�lxf&f$n��jeglmk$h1c J�egk&~qu�h1l'D
f&rtiAh1c�v�lmiAlxu�hjk$hjiAf9fAr+�A~�lxf6k&~+h	�jr+i&�^lmk&r+i&h J�egwgwKsBh	fAuZlxwgw|hji J�~th1o�u�nxiAhZegotyMnxiAuZlmk&e|npo�lmsBnprtk k&~th
k$iAlx�]>�egf >�otn J)o
 }lxo+c�k&~th)uZnpf$k�ego+y nxiAu�lmk&e|npo�k&~th����)� �jlxo��xh1othjiAlmk$h lmsBnprtk�l9k$i>lx�?>Zn��j�jrtiAfZJ�~th1o
k&~th9k$i>lx�?>qegoq��rth1f$k&e|npoqiAhj�pegf$k$hjiAf�~�e|k&f�egoqlxwgwBnxy\k&~th������ f&rtvBhjiAwgl �xhjiAfj� \ y/lxwgwB{��xh9nxyKk&~+h-l':�e lxw
f&r�D
vBhjiAwgl �xhjiAfO~+l1�xh�s�hjh1o�~�e|kKk&~+h1o�k&~th�sBh1f$kOlxo+c�u�npf$k�lx�j�jrti>lmk$h�k$iAlx�?>	{+k � l 4 D vBnpego}k\{+k>�/egf/vBhji&yMnxiAu�h1c
k$n�cthjk$hjiAuZego+hZk&~th��jr+i&�^lmk&r+i&hx� �)nxk;lxwgw�k$iAlx�?>�f J�egw w\i&hj�pegf$k$hji	~+e|k&f�ego h1lx�>~ fArtvBhjiAwgl1�xhji  /~tn J�hj�xhji  
lxo+c�e|yBk&~+egf�~+lmv�v�h1o�fOk&~th1o�k&~th�k$iAlx�]>Z{+k[J)~+eg�A~�egf�vBhji&yMnxiAu�h1cEJ)egwgwt~+l �xh�wglmiA�xhji�hji&iAnxiAf�sBh1�jlxr+f$h�otnxk
lxf uZlxo}�qv�npe o�k&f�J�egwgw
sBh-r�f$h1c�e o�k&~th�{+k�v+iAn���h1f&f1� ��nxk�npo+w|���jlxo l�k$iAlx�?> � f hjk&l�sBh;wglmi&�xh-h1o+nprt�p~
k&~+lmk6e|k�h;:�egk&f)k&~+hZ���)� sBhjyMnxi&h�e|k�i&h1lx�A~th1f npo+h;nxi6u�nxiAh;nxy�k&~th	l':�eglxw\f&r+v�hji>wgl1�xhjiAf�yzrti&k&~th1f&k�yMi&npu
k&~th�ego}k$hjiAlx��k&e|npo�vBnpego}kj Bs�rtk k$iAlx�]>�f9�jlxo�yzlxegw/k$nqi&hj�pegf&k$hji9~+e|k&f6ego�npoth�nxi9u�nxi&h�nxy�k&~th����)�Cl':teglxw
f&rtvBhjiAw l1�xhjiAf6sBh1�jlxr+f&h�ego+c�e|��e c+r+lxw/f&rtvBhjiAwgl �xhjiAf9lmi&h%otnxk9yzr+wgw|� h Y��je|h1o}kj����~th%���)�Ch Y��jegh1o+��� lx� D
k&r+lxwgwg��egu�v�i&n �xh1f�J)e|k&~%ego+��i&h1lxf&e ot��f&rtvBhjiAwgl �xhji�o}r+u�sBhji1 �k&~th-lxf&fAr+u�h1c%h;:�v�wglxo+lmk&e|npo%sBh1ego+�;k&~�lmk�lxf
k&~th-c�egf$k&lxo+��h6yMi&npu k&~+h9ego�k$hji>lx��k&e|npo�vBnpego}k�ego+��i&h1lxf&h1f�k&~th-cth1o�f&e|k � nxyO�A~+lmiA�xh1c�v�lmi&k&e �jw|h1f�cth1��i&h1lxf&h1f
egoHk&~th����)��lxo�c ~+h1o+��h�k&~+hji&h lmiAh w|h1fAf�wge >xh1w|��k$n�sBhq���)�HJ�e|i&h ~+e|k&f�nxk&~thji	k&~+lxo=k&~+npf$h%nxy�k&~th
k$iAlx�]>�s�h1e ot� {+kj�Ob)fZJ�h�fA~+lxwgw+f$hjh)wglmk$hji�ego	k&~�egf��A~�lmv+k$hji1 �k&~th����)� fArtvBhjiAwgl1�xhji�h Y��je|h1o+����egf�lxw u�npf$k
* �x��� y nxi�f&rtvBhjiAw l1�xhji F � k&~th�nprtk$hjiAu�npf$k�f&rtvBhjiAw l1�xhji��> }s�rtk�npo+wg�Zlms�npr+k F 4 � y nxi�f&rtvBhjiAwgl �xhji � � k&~th
ego+o+hjiAu�npf$k�f&rtvBhjiAw l1�xhji��>�

\ oXk&~+egf lxo+lxw|��f&egf�h1lx�A~ k$iAlx�?> egf�iAh1�}r+egi&h1c k$n i&hj�pe f$k$hjiqlmk%wgh1lxf$k�k&~+i&hjh l':teglxw f&rtvBhjiAw l1�xhji
~+e|k&f � nprtk nxyDl u�l':�egu;r+u nxy�{��xh;vBnpf&fAe|s�w|hV�>� 8 ego+��h	~+e|�p~+hji�hjk&l k$iAlx�]>�f-�jlxo�yMlxegw/k$n%v�lxf&f k&~+i&nprt�p~
lxwgw\{+�xh�nxyDk&~th�l':teglxw�f&rtvBhjiAw l1�xhjiAfj Bi&h1��r+e|i>egot�%lxo�� k&~ti&hjh�nprtk6nxyD{+�xhZl':teglxwOf&rtvBhjiAw l1�xhjiAf�k$n�sBh�~+e|k
h �Bh1��k&e|�xh1w|�qsBh1��npu�h1f�l�u�nxi&h-f$k$i>egot�xh1o}k�k&~ti&hjh9nprtk�nxy/yMnprti�nxi)hj�xh1o�k&~tiAhjh9nprtk�nxy\k&~ti&hjh-y nxi�~�e|�p~thji
hjk&l�k$i>lx�?>�fj����~+egf iAh1f&r+w|k&f9e o w|n JDhji�lx�j��hjv�k&lxo+��h%h Y��je|h1o+�je|h1f�lxf9k&~th�k$iAlx�?> hjk&l�ego+��i&h1lxf&h1fj� ��~th1f$h
w|n J�hji9lx�j��hjv+k&lxo���h1f-lmi&h	yzrti&k&~thji h;:tlx��hji&s�lmk$h1c�s��]k&~th	yzlx��k k&~+lmk9~+e|�p~thji�hjk&l%k$iAlx�]>�f J)egwgw u�egf&f�k&~th
u�nxi&h)h Y��je|h1o}k�npr+k$hjiDl':teglxw�fArtvBhjiAwgl1�xhji>f�lxo+c�nprtiDf&h1w|h1��k&e|npo�J�egwgw�sBh�u�nxiAh�cthjvBh1o+c+h1o�k�npo�k&~th�ego+othji
w|h1f&f�h Y��je|h1o}k�l':�eglxw�f&rtvBhjiAwgl �xhjiAfj� \ kDegf�k&~ti&nprt�p~�k&~th�r+o+cthjiAf&k&lxo+c+egot�6nxy k&~th1f$h�h Y��je|h1o+�je|h1f � lxo+c�k&~th
i&h1f&r�w|k&egot��k$iAlx�]>qi&h1f$npwgr+k&e|npo+f>�Dk&~�lmk)e|k�sBh1�jlxu�h�vBnpf&f&e|s�wgh�k$n ego+�jwgr�cth k&~th�~+eg�p~thji D hjk&l�k$iAlx�]>�f ego�k&~+egf
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lxo+lxw|��f&egf1 �lxo+c ~th1o+��h%k$n J�ego+c rtvNJ�e|k&~ l�u�r+�>~ wglmi&�xhjiZc+e u�rtnpo ^Xc+lmk&l�f$hjk�k&~+lxo ��npu�v�lmi>lms�w|h
� � 5 lxo+lxw|��f$h1fj�

� i>lx�?>�f J�~+eg�>~ ctn otnxk�~+e|k%lxwgw�nxy-k&~th fArtvBhjiAwgl1�xhji>f�J)egwgw�~+l1�xh wglmiA�xhjiqh1f$k&eguZlmk$h1c hji&iAnxiAf
lxf&f$n��jeglmk$h1c J�e|k&~]u�h1lxf&rti&h1c�v�lmiAlxuZhjk$hjiAf)fAr+�A~ lxf�k&~+h;�jrtiA�^lmk&rtiAhx �f&ego���h9k&~th;k$iAlx�?>�{�k�J�egw w
otnxk)sBh
lxfD��npo+f$k$iAlxego+h1c�lxfDe|kZJDnpr+wgc�sBh�e|y�uZnxi&h�vBnpego}k&f[JDhji&h)r�f$h1c�e o�k&~th�{�kj��\ k�e f�~}�}vBnxk&~th1f&e �jh1cZk&~+lmkDk&~th
uZlm�po+egk&r+cth	nxy�k&~+h�u�h1lxf&rtiAh1c�hji&i&nxiAf9c+hjv�h1o�c+f u�npf$k6npo�k&~thZ~�e|k&f6r+f$h1c e o�k&~+hZ{+k9lmk6k&~thZk$i>lx�?> � f
h;:�k$i&h1uZe|k&e|h1f1� \ o�k&~�egf lxo+lxw|��f&egf�sBh1lxu D ��npo+f$k$iAlxe o+egot�%egf r+f$h1c�lxf6v�lmiAk�nxy�k&~th�k$iAlx�]>�{+kj  lxo�c�~th1o+��h
npothZk$i>lx�?>�h;:�k$i&h1uZe|k�� vBnpf&egk&e|npo � k&~th�ego}k$hjiAlx��k&e|npo=v�npe o�k>�)egf >�otn J�o
����~�egf u�h1lxo+f9k&~�lmk9k&~th�l':teglxw
���)��f&rtvBhjiAwgl �xhji J�~+e �A~ egf9k&~th�{�o�lxwOnpoth�k$n�i&hj�pegf$k$hji	~+e|k&f9y nxi�k&~th�k$iAlx�]> egf9k&~+h�npoth J)~+eg�A~ J�egwgw
~+l �xh�k&~th �xi&h1lmk$h1f$k�eguZv�lx��k9npoHk&~th�k$i>lx�?> {+k�i&h1f$npwgr+k&e|npo
� 8 ego+��h�k&~+egf;lxo+lxw|��f&egf6i&h1��r+e|iAh1f-lmk	w|h1lxf$k
k&~ti&hjh;D npr+k D nxy D {+�xh6l':teglxw+f&r+v�hji>wgl1�xhjiAf�k$n-sBh�~+egkj pk&~th1o�k&~thji&h�lmi&h)k&~ti&hjh)k ��v�h1f�nxy
k$iAlx�?>�fDk$n���npo+fAegcthji1�
��~th1f&h�lmiAh � 4 k&~3D l':�eglxw�� � e|y�k&~th�wglxf&k\l':teglxwtf&r+v�hji>wgl1�xhji\k$n6sBhD~�e|kOegf/k&~th 4 k&~�l':�eglxwtfArtvBhjiAwgl1�xhji��>  � <xk&~�D
l':teglxw � � e|yKk&~th9wglxf$k�l':teglxw
f&rtvBhjiAw l1�xhji�k$nZsBh6~+e|k�egf�k&~th <xk&~]l':�eglxw f&rtvBhjiAwgl �xhji��> tlxo+c � � iAc�D l':teglxw � � egy
k&~th-w lxf$k�l':�e lxw
f&rtvBhjiAwgl �xhji�k$nZsBh9~+e|k�egf�k&~+h � iAc�l':teglxw f&rtvBhjiAw l1�xhji��>�

5 e|�prti&h F�� * � fA~tn J�f k&~th�u;rtnpoX��k�yMiAlx��k&e|npo�lxw�hji&iAnxiAf�yMnxi%k&~th k&~ti&hjh�c+e��Bhji&h1o�k�k ��vBh1f�nxy
k$iAlx�]> w|hj�pf J�~�eg�A~�lmi&h�r+f$h1c ego k&~+egf6lxo+lxw|��f&egf1��b fA�jlxw|hZyzlx��k$nxi�nxy � � � e f9lxf&f&r+uZh1c�y nxi-h1lx�A~Hv�w|nxkj�
��~th	�xiAlmv�~�yMnxi9lxwgw\k$iAlx�]>�f-egf�v�w|nxk$k$h1c�{+iAf&kj  lxo+c�k&~th1o�r+o+c+hjiAoth1lmk&~�lmi&h	k&~th�v�w|nxk&f�yMnxi6h1lx�A~=k$iAlx�?>
�jwglxf&fAe|{��jlmk&e|npo
�q��~+hZ{+iAf$k-nxy�k&~th�k&~tiAhjh�v�w|nxk&f�egf9yMnxi � 4 k&~�D l':�e lxw ��k$iAlx�]>�f1�]��~th��^lxf$k;uZl �$nxiAe|k ��nxy
k$iAlx�]>�f�yzlxwgw�ego}k$n�k&~+egf � 4 k&~�D l':teglxw � �jlmk$hj�xnxiA�x� � 4 k&~�D l':�e lxw ��k$iAlx�?>�f�~�l1�xh�l�uZl':tegu;r+u hjk&l rtv k$n
lmsBnprtk * � �  Dlxo�cHk&~+h 4 k&~ l':�eglxw�fArtvBhjiAwgl1�xhji�egf	lxwguZnpf$k * �x��� h Y��je|h1o}kj�H��~thqf$h1��npo+c v�w|nxk�egf;yMnxi
� <xk&~�l':�e lxw �Zk$iAlx�]>�f1�)��npf&k)nxy�k&~+h1f$h JDhji&h	~+e|�p~qhjk&l k$iAlx�]>�f�J�~+e �A~�h;:te|k$h1c�k&~th	���)� lmyMk$hji�~�e|k$k&egot�
k&~th_<xk&~�l':teglxw fArtvBhjiAwgl1�xhji  +s�rtk�f&npu�h JDhji&h;k$iAlx�?>�f�J)~+eg�A~]v�lxf&f$h1c]k&~ti&nprt�p~]s�rtk�yzlxegw|h1c]k$n�i&hj�pe f$k$hji
lq~+e|k ego k&~thZwglxf&k fArtvBhjiAwgl1�xhji � npo+wg��lmsBnprtk �m� nxy�k&~th � F � k$iAlx�?>�f6yMh1wgw\ego�k$n%k&~thZw lmk$k$hji9�jlmk$hj�xnxi&�t�>�
��~th�k&~+e|iAc�v�w|nxk-egf-y nxi � � iAc�D l':teglxw �]k$iAlx�?>�fj� 5 iAnpu l���npu�v�lmiAegf&npo nxy�k&~th�k&~ti&hjh�v�w|nxk&f-egoH�jlxo=sBh
f&rti>uZegf$h1c�k&~+lmkOk&~th�{�o�lxwtl':�eglxw�f&r+v�hji>wgl1�xhji J�~�eg�A~	~+lxfOiAhj�pegf$k$hji&h1c�l6~+egk\e f/lxoZh;:���h1wgwgh1o�kO�mlmiAeglms�wgh�yMnxi
�jwglxf&fAe|y ��egot� k&~th�c+e��Bhji&h1o}k�k$iAlx�?>�egot�-i&h1f$npwgrtk&egnpo+fj �f&e o+��h�k&~thji&h)lmi&h)�jw|h1lmi�cth1uZlmi>�jlmk&e|npo+f�sBhjk J�hjh1o�k&~th
k&~ti&hjh�v�w|nxk&f1�\��~th){�o+lxw�l':teglxwBf&rtvBhjiAwgl �xhjiZJ�~�eg�A~ ~+lxfDi&hj�pegf$k$hjiAh1c�l	~+e|kDctn�h1f�ego�cthjh1c�c+hjk$hjiAuZegoth)k&~th
k$iAlx�]> � f�n �xhjiAlxwgw i&h1f$npwgrtk&egnpo
� \�yKk&~th6{+yMk&~qlxo+c%{�o+lxw
l':teglxw
f&r+v�hji>wgl1�xhji�i&hj�pe f$k$hjiAf�~+egk&f � l � 4 k&~�D l':�e lxw �
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� e u�rtnpo]��wglxf&f&e|{��jlmk&e|npo ¢��xh1o}k&f � �KiAlx�?>���h1f$npwgrtk&e|npo��
4 D 4 � < �m�
4 D < � F *
4 D � � 6'<
<WD < �
<WD � *
� D � �

�/lms�w|h F�� * � � egu�r+npo%hj�xh1o�k&f�lx�j��nxiAc+ego+��k$n�k$iAlx�]> iAh1f$npwgrtk&e|npoq�jw lxf&f&e|{��jlmk&egnpo

k$iAlx�]>t�> Bk&~th1o]k&~th-k$iAlx�]>�e ot��hjiAi&nxiAf�J)egwgwByzlxwgw ego}k$n�k&~th;f&uZlxwgwgh1f$k�iAlxot�xh�nxyO�^lxw rth1fj��\�yOk&~+h-{+yMk&~]l':teglxw
f&rtvBhjiAw l1�xhji-egf-uZegf&f$h1c s�rtk6k&~th <xk&~ l':teglxw�f&rtvBhjiAw l1�xhji9i&hj�pe f$k$hjiAf-~�e|k&f � l � <xk&~3D l':�eglxw���k$iAlx�]>t�6k&~th1o
k&~th�k$iAlx�?>�egot��hji&i&nxiAf�J�egwgwBsBh-wglmiA�xhji)lxo+c]yMlxwgw ego�k$n l�uZe c�D iAlxot�xh9nxyOu�h1lxfArti&h1c�hjiAi&nxiAfj �lxo+c]e|y\sBnxk&~
k&~thq{+yMk&~ lxo+c yMnprti&k&~ l':teglxw�f&rtvBhjiAw l1�xhjiAf	lmi&h]u�egf&f$h1c s�rtk	k&~thqk&~�e|iAc l':�e lxw�f&rtvBhjiAwgl �xhjiZegf	~+e|k � l
� � iAc�D l':teglxw ��k$iAlx�?>+� k&~th1o k&~th�k$iAlx�?>�egot�]hji&i&nxiAf J)egwgw/yMlxw wOego�k$n]k&~thZwglmi&�xh1f$k-iAlxot�xhZnxyD�^lxw rth1f J�~+e �A~
lmi&h9yMnpr+o+cqe o%k&~+egf�lxo+lxw|��f&egf1�

��~th�nxs �$h1��k&e|�xh�egf\k$n�cthjk$hji>uZegoth�lxo�nV�xhjiAlxwgw�f&�jlxw|h�yzlx��k$nxi J)~+eg�A~ J)egwgw�sBh�r+f$h1c�k$n;lxc �$r�f$kOk&~th
k$iAlx�]>�ego+��hji&i&nxiAf k$n�k&~th1e|i ��nxiAi&h1��kKw|hj�xh1w �K��~tiAhjhOk ��v�h1f nxytego+c+e|��egc+r�lxw1k$iAlx�]>6i&h1f$npwgrtk&egnpo6�jwglxf&f&e|{��jlmk&e|npo+f
~+l �xh�s�hjh1o	egc+h1o�k&e|{�h1c-lxo+c	cthj{�o+h1c � 4 k&~�D l':teglxw   <xk&~�D l':�e lxw�lxo�c � i>c�D l':�e lxw �>� ^�hj�xh1o}k&f�lmi&h���npu�v+i>egf$h1c
nxy�kPJDn k$iAlx�?>�fj �lxo+cHk&~th�hjiAi&nxiAf9nxy�k&~+h�kPJDn�k$iAlx�?>�f	lmi&h���npu�s�ego+h1c k$nx�xhjk&~thji���egl�f$k&lxo�c+lmiAc hjiAi&nxi
v+i&nxv�lm�plmk&e|npo k$n cthjk$hji>uZegoth�k&~th�hjiAi&nxi6ego�k&~th ^HuZlxf&fj� ¡)h1o+��hx Bk&~thji&h	lmi&h�l�k$nxk&lxw\nxy�fAe :qv�npfAf&e|s�w|h
k$iAlx�]> i&h1f$npwgrtk&egnpo �jwglxf&f&e|{��jlmk&e|npo ��npu-s�ego+lmk&e|npo+f1� ��~thj� lmi&h � 4 D 4 ��  � 4 D < ��  � 4 D � ��  � <WD < ��  � <WD � �� 
lxo+c � � D � � � � 4 D < ��J�npr+w cqf$k&lxo+cqyMnxi)l � 4 k&~�D l':teglxw  �<xk&~�D l':teglxw c+egu;rtnpo%hj�xh1o}k ���>�D�/lms�w|h"F�� * f&~tn J�f
k&~th6s+iAh1lW>�ctn J�o%nxy k&~+h9c+e��Bhji&h1o�k�k��}vBh1f�nxy ^�hj�xh1o�k&f)lx�j��nxiAc+egot��k$n�h1lx�>~]w|hj� � f�k$i>lx�?>�egot��i&h1f$npw rtk&e|npo
�jwglxf&fAe|{��jlmk&e|npo
�O�/lms�w|h F�� * ego+c+eg�jlmk$h1fDk&~+lmk�lxwgw�s�rtk�npoth nxy k&~th hj�xh1o}k&f�~+lxf�lmk�w|h1lxf$kDnpoth � 4 k&~�D l':�e lxw �
k$iAlx�]>��

b f&uZlxwgwto�r+u�s�hjiOnxyBhj�xh1o}k&f�lmiAh�otnxk�r+f&h1c�ego�k&~th�c+hjk$hjiAuZego+lmk&egnpo	nxy�k&~+h�hji&i&nxi�fA�jlxw|h�yzlx��k$nxi1 
npoth;nxy�k&~th1u sBh1egot��k&~th;f&npwge|k&lmi&� � <WD � �%hj�xh1o}kj� \�k6egf�egu�vBnxi&k&lxo}k�k$n%r+o+c+hjiAf$k&lxo+c J�~}�x����~+h;l':teglxw
f&rtvBhjiAw l1�xhjiAf�lmi&h�lxwgw��xhji&��h Y��je|h1o}kj� 5 nxi	h;:�lxuZv�w|hx �J�~th1o=l]k$iAlx�?>Hegf6vBnpego}k$h1c=lmk-k&~+h�nprtk$hjiAuZnpf$k
f&rtvBhjiAw l1�xhji � f&rtvBhjiAw l1�xhji Fp�> Dlxf J�egwgw�sBh%fA~tn J�o w lmk$hji�ego k&~+egf	�A~�lmv+k$hji � f$hjhqk&lms�w|h F�� 4 �> �k&~+hji&h�egf
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 track Pt fractional error, all tracks

Entries     6370

 track Pt fractional error, 5th axial SL hit

Entries     5624

 track Pt fractional error, 4th axial SL hit

Entries      382

 track Pt fractional error, 3rd axial SL hit

Entries      364
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5 eg�prti&h F�� * � ��k$i>lx�?>���k�yMiAlx��k&e|npo�lxw
hji&i&nxiAf�lx�j��nxiAc+egot��k$n�k$iAlx�?>qi&h1f&npwgrtk&e|npoq�jwglxfAf&e|{��jlmk&e|npo
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lT7(7��@F � v+i&nxs�lms�egwge|k���k&~+lmk	k&~th%k$iAlx�?>QJ�egwgw�i&hj�pegf$k$hji�l�~+e|k	ego e|kj� ¡)n JDhj�xhji1 Dlmv�v+i&n�:teguZlmk$h1wg� npoth
ego�{��xh�~�r+o+cti&h1c � � � � � �6nxy�k&~th1f$h�k$iAlx�?>�f_J�egwgwOotnxk-i&hj�pegf$k$hji;l]~+e|k9e o�k&~+egf�f&rtvBhjiAwgl �xhji-c+rthZk$n e|k&f
f&wgeg�p~�k�egoth Y��je|h1o+���x� ��~thjiAh�lmi&h��jw|npf$h�k$n �   4 �x� � 4 D 4 � hj�xh1o}k&fj �J�~�eg�A~ u�h1lxo�fZl ~+lxo+c+yMr+w�nxy k&~th
� 4 D < �Hhj�xh1o�k&f�J�npr�wgc ~+l1�xh�sBhjh1o �jwglxf&f&eg{+h1c lxf � 4 D 4 �Hh;:���hjv�k�k&~+lmkZnpo+h�nxy k&~th�k$iAlx�]>�f�yMlxe w|h1c k$n
i&hj�pegf&k$hjiZl�~+e|k�ego k&~thqnprtk$hjiAuZnpf$kZf&rtvBhjiAwgl �xhji1�H��~thqf$npwge|k&lmi&� � <WD � � hj�xh1o}k�egf	l�f&egu�egwglmi;k ��v�hqnxy
hj�xh1o}k�k$n-k&~�egfOh;:tlxu�v�w|hx�O��~th�v�iAeguZlmi&�;w|hj� JDnpr+wgcZ~�l1�xh�sBhjh1o � 4 k&~3D l':�eglxw��9s�rtk�egk�yMlxe w|h1c	k$n-i&hj�pe f$k$hji
lZ~+egk�e o%k&~th9nprtk$hjiAuZnpf$k�f&rtvBhjiAw l1�xhji1 +lxo+c%k&~+h9hj�xh1o�k�JDlxf)r+w|k&egu�lmk$h1w|���jwglxf&fAe|{+h1cqlxf�l � <WD � �Zhj�xh1o}kj�
��~thjiAhjy nxi&hx Bego�l�f&uZlxw w o�r+u-sBhji)nxy�hj�xh1o�k&f1 �k&~+h-nprtk$hjiAuZnpf$k�fArtvBhjiAwgl1�xhji�J�~+e �A~]l�k$iAlx�?> egf�vBnpego}k$h1c
lmk�c+n}h1f�o+nxk�uZlmk&�>~�k&~th�nprtk$hjiAu�npf$kDf&rtvBhjiAwgl �xhji[J�~+e �A~�lx��k&r+lxwgwg�;iAhj�pegf$k$hjiAf�l9~+e|kj�O��~th)� ��5 �]npo}k$h
��lmiAwgn�f&egu;r+wglmk&e|npo�ctn�h1f9otnxk�f&r �Bhji9y iAnpu�k&~+egf � v�i&nxs�w|h1u ��� b)w wOcthjk$h1��k$nxiAf;lmi&h * �x��� h Y��je|h1o}k-ego
k&~thZ�]npo�k$h���lmi>w|n�f&e u�r+w lmk&e|npo
�-�Dnpo+f$h1��rth1o}k&w|�x Bk&~thji&h�egf�othj�xhji9l%c+e��Bhji&h1o+��h;sBhjkPJDhjh1o�k&~th	�]npo}k$h
��lmiAwgn9v+i&h1c+e ��k$h1cZk$iAlx�]>��jwglxf&f&eg{��jlmk&e|npo�lxo�c�k&~th ��npo}k$h9��lmiAw|n-uZh1lxf&rti&h1c�k$iAlx�?>��jwglxf&f&e|{��jlmk&e|npo
�\��~th
hji&i&nxi�f&�jlxw|h�yzlx��k$nxi�egfOr�w|k&eguZlmk$h1w|�;cthjk$hjiAuZe oth1c	��e l6l6��npu�v�lmiAegf&npo�sBhjkPJDhjh1oZk&~th � lmk&l-lxo�c�k&~th�� � 5
�]npo�k$h���lmiAwgnt�/¡)h1o+��hx xk&~th�f&uZlxwgw}o}r�u-sBhji/nxy�c+lmk&l)hj�xh1o�k&f � k&~+hDf$npw e|k&lmi&��� <WD � � hj�xh1o}k/yMnxi\h;:�lxuZv�w|hV�> 
J�~thjiAh�k&~th�v+i&h1c+e ��k$h1c�k$iAlx�?>��jwglxfAf&e|{��jlmk&e|npo=ctn}h1f-otnxk9uZlmk&�A~Hk&~thZu�h1lxfArti&h1c�k$iAlx�]> �jwglxf&f&eg{��jlmk&e|npo
 
lmi&hZotnxk�r+f$h1c�ego�k&~thZc+hjk$hjiAuZego+lmk&egnpo�nxy�k&~th�hjiAi&nxi-f&�jlxw|h�yzlx��k$nxi1 /sBh1�jlxr+f$h�k&~th�k$nxvBnpw|nx�x� nxy�k&~+h1f$h
hj�xh1o}k&f)egf�>�otn J�oqk$n�s�h9c�e���hjiAh1o�k�yMi&npu k&~+h���npo}k$h	��lmiAw|n�hj�xh1o}k&fj����~+egf�egf�lx�j��npu�v�wgegfA~th1c%��e l�k&~th
r+f$h6nxyOl	i&npr+k&egoth9�jlxwgw|h1c]���]� I � � � � 7 � �

��~th9iAnprtk&egoth;���]� I � �dk$n}n(>�lZk$iAlx�]> � f ego+egk&eglxwBvBnpf&e|k&e|npo�lxo�c]u�npu�h1o}k&r+u <WD �xh1��k$nxi-lxo+c
v+i&h1c�eg��k$h1c J�~+hji&h9k&~th�k$iAlx�?>�h;:te|k$h1c�k&~th	���)����b�f&e u�v�w|h9w|n�n(> D rtv]k&lms�wgh-k&~th1o cthjk$hjiAuZe oth1c J�~+e �A~
J�lxf�k&~th9wglxf$k�l':teglxw
f&rtvBhjiAw l1�xhji�k&~+lmk�k&~th k$iAlx�]> J�npr+w c ~�l1�xh9v�lxfAf$h1c%k&~ti&nprt�p~%sBhjyMnxi&h6e|k�h;:�egk$h1cqk&~th
���)� � ��~th�i&nprtk&egoth%���]� I � �"r+f&h1c k&~th v�~}��f&e �jlxw�vBnpf&e|k&e|npo�f6nxy�k&~th����)��fArtvBhjiAwgl1�xhji>f-ego=k&~+egf
w|n�n(> D r+v �K¡)n JDhj�xhji1 pk&~th�f&rtvBhjiAw l1�xhjiAf�J�hji&hD�xhji&�-e oth Y��je|h1o}k lmk\k&~th�sBnpr+o�c+lmiAe|h1f lxo�c-k&~th������ I6� �
i&nprtk&e oth�J�lxf � k&r�oth1c��_J�e|k&~Zk&~+h�~+eg�p~���k�u;rtnpo�c�lmk&l�f$hjk�k$n;h1o+f&rtiAh�k&~+lmkDk&~th�v�i&h1c+eg��k&e|npo�uZlmk&�A~+h1c
k&~th�c�lmk&l�lxf �jwgnpf$h1w|�6lxf vBnpf&f&egs�w|hx� ��~+e f
ego��xnpwg�xh1c-u�n�c+e|yM��e ot�De o+c+e|��egc+r+lxw^l':teglxwpf&rtvBhjiAw l1�xhji sBnpr+o+c�lmi&�
vBnpf&e|k&e|npo�f)s���npothZnxi9k J�n ��h1o�k&e u�hjk$hjiAfj� ��~thZego+o+hji6s�npr�o+c+lmi&��yMnxi�fArtvBhjiAwgl1�xhji 6 JDlxf-v�~���f&eg�jlxw w|�
w|n��jlmk$h1cqlmk�lxo�h;:te|k�iAlxc+e r+f�nxy * � * � * �juq +s�rtkDk&~th � k&r+oth1c �-�mlxwgrth�JDlxf�c+hjk$hjiAuZegoth1c�k$n�sBh * �p� � � �ju��
��~thZe o+othji sBnpr+o+c+lmi&�]y nxi-fArtvBhjiAwgl1�xhji F2J�lxf9v�~���f&eg�jlxwgwg�]w|n��jlmk$h1c lmk-lxo�h;:te|k6iAlxc+e r+f�nxy * � <t� � �ju� 
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s�rtk	k&~th � k&r+oth1c����mlxwgrth J�lxfZcthjk$hjiAu�egoth1c k$n sBh * � 4 �@Fm�juq� ��~th�ego}k$h1o�k�nxy k&~thqk&r�o+egot� J�lxf�k$n
cthjk$hjiAu�egoth�k&~th ���)� sBnpr+o+c+lmi&� vBnpf&e|k&e|npo J�~thji&h]k&~th o�r+u�sBhji�nxy6k$iAlx�]>�f v+i&h1c�eg��k$h1c k$n uZegfAf�l
��hji&k&lxego������ fArtvBhjiAwgl1�xhji�lxo+c2J�~+e �A~�i&hj�pegf$k$hji&h1c%~+egk&fDe o�k&~+lmk�f&r+v�hji>wgl1�xhjiDh1�}r�lxw|h1c k&~th6o}r+u�sBhji�nxy
k$iAlx�]>�f J)~+eg�A~ JDhji&h�v+i&h1c�eg��k$h1c k$n�~+e|k�k&~thZl':�e lxw/fArtvBhjiAwgl1�xhji s�r+k�yzlxegw|h1c k$nqi&hj�pe f$k$hji9l%~+e|k ego k&~+lmk
f&rtvBhjiAw l1�xhji � k&~th�n �xhjiAlxw wD���)��egoth Y��je|h1o���� u;r+f$k9{�iAf$k9~+l �xh�sBhjh1o h;:t�jwgr+cth1c D�npo+w|� k$iAlx�?>�f;oth1lmi
k&~th;f&rtvBhjiAwgl �xhji�sBnpr+o+c+lmi>e|h1f�lmi&h;nxy�ego�k$hjiAh1f$k>�>��� ~thjk&~thji�nxi�otnxk)k&~th	���)� i&hj�pe f$k$hji&h1c]l�k$iAlx�]>]~+e|k
J�lxf�yzlxe|iAwg��r�otv+i&h1c+e ��k&lms�w|h�e|y�k&~th k$iAlx�]>=h;:te|k$h1c k&~thq���)� J�egk&~+ego=lmsBnprtk�npoth%��h1o�k&eguZhjk$hji�nxy�k&~th
� k&r+oth1c �	s�npr�o+c+lmi&���^lxwgr+hx�

��~th�fAwge|�p~}k�c+e��Bhji&h1o+��h1f�e o�k&~th�c+lmk&l-sBhjkPJDhjh1o�k&~th�v+i&h1c+eg��k$h1c � k&r+oth1c��;���]� I � � c+egu;rtnpo
�jwglxf&fAe|{��jlmk&e|npo lxo+c k&~+h�lx��k&r+lxw�k$iAlx�]> i&h1f$npwgrtk&egnpo �jw lxf&f&e|{��jlmk&egnpo �jlxo sBh%f&hjh1o ego k&lms�w|h F�� � � 5 nxi
h;:tlxu�v�w|hx  �  =<(< 4 nxy�k&~th�c�egu�r+npo�hj�xh1o�k&fj Olx�j��nxiAc�egot��k$n�k&~thZi&nprtk&e oth������ I �
�9  JDhji&h��jwglxfAf&e|{+h1c
lxf � 4 D 4 �=hj�xh1o�k&fj�X¡�n J�hj�xhji1 �ego k J�h1o}k � D yMnprti�nxy�k&~th1f$hqhj�xh1o}k&fZnpo+h]w|hj��yzlxegw|h1c k$n i&hj�pegf&k$hji�l�~+e|k
ego�h1egk&~thji-k&~th�wglxf$k�l':teglxw�fArtvBhjiAwgl1�xhji � �x� hj�xh1o}k&f>�9nxi�h1wgf&h�e|k9yzlxegw|h1c�k$n�i&hj�pegf$k$hji;l]~+egk9ego k&~th�wglxf$k
kPJDn�l':teglxw\f&rtvBhjiAwgl �xhjiAf � � hj�xh1o�k&f>�>�	�)v�npo��jlmi&hjyzr+w/h;:tlxuZego+lmk&e|npo  �h1eg�p~�k$hjh1o�nxy�k&~th1f$h	kPJDh1o}k � D y nprti
hj�xh1o}k&f�~+lxc�l�k$iAlx�]> J�~+eg�>~�yzlxegw|h1c�k$n�iAhj�pegf$k$hji�l-~+egk�ego�k&~th�w lxf$k�l':teglxw�f&rtvBhjiAwgl �xhji1 �c+h1f$v�e|k$h�k&~+h)yzlx��k
k&~+lmk9k&~+h�k$iAlx�?>�v�lmiAlxuZhjk$hjiAf6v+i&h1c�eg��k$h1c�k&~+lmk9k&~th1f&h�k$iAlx�?>�f JDnpr+wgc�v�lxfAf9��npu�v�w|hjk$h1wg�]k&~ti&npr+�p~�k&~th
wglxf$k�l':teglxw
f&rtvBhjiAw l1�xhji1�O��~th1f&h�hj�xh1o}k&f�lmiAh9��npo+f&egcthjiAh1c�k$n�sBh h;:tlxu�v�w|h1f�nxyKk&~th6n �xhjiAlxw w
egoth Y��je|h1o����
nxy�k&~+hZ���)���B��~th;nxk&~thji9f&e :]hj�xh1o}k&f6yzlxegw|h1c k$n%i&hj�pegf$k$hji9l%~+egk�ego�k&~th	{�o+lxw\l':teglxw\f&rtvBhjiAwgl �xhji1 
lxo+c
k&~th�k$iAlx�]>�v�lmiAlxu�hjk$hji>f9v+i&h1c�eg��k$h1c�k&~+lmk9k&~th1f&h�k$iAlx�?>�f JDnpr+wgc�h;:te|k6k&~th����)� �&r+f$k6lmy k$hji�k&~thj��~+lxc
h1o}k$hji&h1c k&~th%{�o+lxwDl':teglxw�f&rtvBhjiAwgl �xhji"D k&~+hj� JDnpr+wgc npo+w|� v�lxf&f	k&~ti&nprt�p~ l�f&uZlxw w�vBnxi&k&egnpoHnxy)k&~th
l':teglxw�f&r+v�hji>wgl1�xhji1� ��~th1f$h�hj�xh1o�k&f	lmi&h�uZnpf$k�wge >xh1w|��k$n�sBh�h;:�lxu�v�w|h1f9nxy)����� egoth Y��jegh1o+��� lmk�k&~th
f&rtvBhjiAw l1�xhji6sBnpr+o+c+lmiA�x�;��~+hZ��nxi&i&h1wglmk&e|�xh�h;:�lxu�v�w|h�nxy�k&~+h�h Y��je|h1o+��� v+i&nxs�wgh1u lmk9k&~thZf&rtvBhjiAw l1�xhji
sBnpr+o+c+lmiA���jlxoZsBh�f&hjh1oZyzrti&k&~thji�c+n J�o�k&~+h�k&lms�w|hx� � A � hj�xh1o�k&f JDhji&h�v+i&h1c�eg��k$h1c�k$n-sBh � 4 D < ��hj�xh1o�k&f1 
lxf��jwglxfAf&e|{+h1c;s��-k&~th�i&npr+k&egoth������ I �
�9 ms�rtkOf$hj�xh1o�nxy�k&~th1u JDhji&h��jwglxfAf&e|{+h1c	ego;k&~th�c+lmk&l6lxf � 4 D 4 �
hj�xh1o}k&fj� \ o k&~+egf9�xi&nprtv=nxy�f&hj�xh1o=hj�xh1o}k&f;s�nxk&~=k$iAlx�?>�f	�jlxr+f$h1cHk&~th ����� k$n]iAhj�pegf$k$hji	~+e|k&f9ego=k&~th
{�o+lxwBf&r+v�hji>wgl1�xhji1 �s�r+kDk&~+h6i&nprtk&egoth9����� I6� � v+i&h1c�eg��k$h1c k&~+lmk�npoth6nxy/k&~th k$iAlx�?>�f�JDnpr+wgc h;:te|k�k&~th
���)� �&r+f$k�sBhjy nxi&h	k&~th	{�o�lxwKf&r+v�hji>wgl1�xhji J�lxf i&h1lx�A~th1c ����~thjiAhjy nxi&hx  lmk6k&~+hZ���]� I � � sBnpr+o+c�lmi&�
sBhjkPJDhjh1o k&~th 4 k&~%lxo+c�<xk&~%l':�e lxw�f&r+v�hji>wgl1�xhjiAf1 �i&nprt�p~�w|��h1�}r�lxw�o�r+u�s�hji>f�nxy hj�xh1o}k&f�h1e|k&~thji��jlxr+f$h1c%l
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f&rtvBhjiAw l1�xhji�k$nZ{+iAh J�~th1o�e|k�J�lxf�v+iAh1c+eg��k$h1cqk$n�u�egf&fj �nxi�h1wgf&h9i&h1f&r+wgk$h1cqegoqlZf&rtvBhjiAw l1�xhji�uZegfAf�J�~th1o
k&~th%v+i&h1c�eg��k&e|npo JDlxf	yMnxi�l ~�e|kj� b�f&e uZegwglmi;f$k&lmk$h1u�h1o}kZ�jlxo s�hquZlxc+h�yMnxi�k&~th%nxk&~thji������ I6� �
sBnpr+o+c+lmiA� nxy)egu�vBnxi&k&lxo+��hx \k&~th sBnpr+o+c+lmi&��sBhjkPJDhjh1o k&~th2<xk&~ lxo+c � i>cHl':teglxw�f&rtvBhjiAwgl �xhjiAfj� ��~+egf
J�lxf���npot{+i>uZlmk&e|npo%k&~+lmk�k&~+h;����� I �
� � k&r+o+e ot� �	~+lxcqsBhjh1o�f&r+�j��h1fAf$yMr�w �

\ o�k&~th cthjk$hjiAuZe o+lmk&e|npoZnxy k&~th)hjiAi&nxi�f&�jlxw|h�yMlx��k$nxi1 �k&~th f&uZlxw w�o�r+u�s�hji�nxy hj�xh1o}k&f�J�~thji&h�k&~th
����� I6� �d�jw lxf&f&e|{��jlmk&egnpoqv+i&h1c+e ��k&e|npo�c+egc]otnxk)uZlmk&�>~]k&~+h�lx��k&r+lxwKk$iAlx�?>]i&h1f$npwgrtk&egnpo��jwglxf&f&eg{��jlmk&e|npo
JDhji&h�otnxk r�f$h1c sBh1�jlxr+f$h�k&~thj�6~+lxc-l�f&wge|�p~}k&w|��c�e���hjiAh1o�k
k$nxvBnpw|nx�x� yMi&npu k&~th��]npo}k$h���lmiAwgn�f&egu;r+wglmk&e|npo
hj�xh1o}k&fj  J�~+e �A~ lxf&f&r�u�h1c l vBhji&yMh1��k&w|� h Y��jegh1o�k ���)����I o+��h k&~+h�hji&i&nxi]f&�jlxwgh�yMlx��k$nxi�~+lxfqsBhjh1o
cthjk$hjiAu�egoth1c
 +k&~+h1f$h��$eg�potnxi&h1c���hj�xh1o�k&f6��npr+w c�k&~th1o�sBh-r+f$h1c egoqk&~th;i&h1f$k)nxyOk&~+egf)lxo+lxw|��f&egf�J)e|k&~tnprtk
lxo}��v+i&nxs�wgh1u � y nxi i&h1lxf&npo+f�J)~+eg�A~�f&~tnpr+w cqsBh1��npu�h;�jwgh1lmi�wglmk$hji  �k&~th	f$npwgegk&lmi&� � <WD � �%hj�xh1o�k lxw J�l1��f
i&h1uZlxe oth1c�l�v+i&nxs�wgh1uq �lxo+c�vBnpf$k�hji&iAnxi D f&�jlxw|h;D yzlx��k$nxi D cthjk$hjiAu�ego+lmk&e|npo%e|k[J�lxfDi&h1�jwglxf&fAe|{+h1c�lxfDl�� 4 D � �
hj�xh1o}kZy nxi�k&~+hqv�rti&vBnpf$h1f�nxy�fA�jlxwgegot��k&~th%hji&i&nxi>f�lxf&f$n��jeglmk$h1c J�e|k&~ k&~+e f	hj�xh1o�kj  J�~+eg�>~ r+w|k&eguZlmk$h1wg�
u�h1lxo}k%k&~+lmkqk&~th k$iAlx�?>�egot� hji&i&nxi>f�yMnxiqnpoth�hj�xh1o}k J�hji&h��xhji&� f&wge|�p~}k&w|� r+o�cthji&h1f$k&egu�lmk$h1c
 �~+lmiAc�w|�
lxo}�}k&~+e ot��k$n JDnxi&i&�%lms�npr+k>�>�

\ c+h1lxwgw|�x �h1lx�A~ ego+c�e|��e c+r+lxw�k$iAlx�?>Xi&h1f$npwgrtk&egnpo �jwglxf&f&eg{��jlmk&e|npo JDnpr+wgcX~+l1�xh k&~th f&lxu�h]hjiAi&nxi
f&�jlxw|h yzlx��k$nxi1��¡)n JDhj�xhji1 �e|k�sBh1�jlxu�h lmv�v�lmi&h1o}k-k&~+lmk;k&~+egf_JDlxf;otnxk;k&~th��jlxf&hx�TI o+h�n �xhji>lxwgw�hjiAi&nxi
f&�jlxw|h�yzlx��k$nxiO�^lxw rthDe fKotnxk\f&r3Y��je|h1o�k/k$n6��nxi&i&h1��k\k&~th�k$iAlx�]>�ego+��hjiAi&nxiK�mlxwgrth1f/k$n k&~th1e|i\��nxi&i&h1��k�wghj�xh1w �/b
�]npo�k$h6��lmiAw|n9��npo}k&lxego+ego+�9l6yMr�wgw+� � 5 cthjk$h1��k$nxi�f&e u�r+w lmk&e|npo�lxo+c�v+iAhj��e|npr�f&w|�-cthjk$hji>uZegoth1c�f$h1wgh1��k&e|npo
lxo+c�k$i>e|�x�xhji�h Y��jegh1o+���	h1f$k&eguZlmk$h1f � f$hjh�h1lmiAw e|hji��A~�lmv+k$hjiAf>� JDlxf�r+f$h1c�k$n9�xh1o+hjiAlmk$h�c�egu�r+npo�^ hj�xh1o�k&f1�
��~th��]npo�k$hH��lmi>w|nH~+lxc lxf%npoth�nxy-egk&f e otv�rtk&f�lxoXhjiAi&nxiqf&�jlxw|h�yMlx��k$nxiqv�lmiAlxu�hjk$hji1� ��~+egfZhjiAi&nxi
f&�jlxw|h�yMlx��k$nxi"J�lxf�lmv+v�wge|h1c�k$n]k&~+h�k$iAlx�]>�ego+��hji&i&nxi;uZlmk$iAe :TJ�e|k&~�ego�k&~th�f&e u�r+w lmk$h1c�hj�xh1o�k	ego�nxi>cthji
k$n �xh1othjiAlmk$h���npo}k$h]��lmiAw|n �$u�h1lxf&rtiAh1c���k$iAlx�]>�e ot���mlxwgrth1f���egl X lxr�f&f&eglxoHf&u�h1lmiAego+�t��¡)h1o+��hx Ok&~th
�]npo�k$h6��lmiAw|n J�lxf�r+f&h1c�k$n-�xh1othji>lmk$h �$u�h1lxf&r+i&h1c��_^%u�lxf&f�f$vBh1��k$iAl9y nxi�u�lxo���c+e��Bhji&h1o}kOhji&i&nxiDf&�jlxw|h
yzlx��k$nxiAfj��� h1o�f�nxy)uZegwgwgegnpo+f nxy)�]npo�k$h]��lmiAwgn ^ hj�xh1o�k&f JDhji&h �xh1othjiAlmk$h1c lmyMk$hji	k&~th%�]npo}k$h���lmiAw|n
~+lxc�sBhjh1o �jlmi&hjyzr+wgwg��k&r+oth1c�k$n�u�lmk&�A~ k&~+h�c+lmk&l���� ~th1o�k&~th�hji&iAnxi-f&�jlxw|h�yzlx��k$nxi J�lxf-f&u�lxwgw � lxo+c
~th1o+��h%k&~th%k$iAlx�]>�e ot��hji&i&nxiAf JDhji&hqf&uZlxwgwM�6k&~th1o k&~th��]npo�k$h���lmiAw|n �$u�h1lxf&rtiAh1c��R^ u�lxf&f�f$vBh1��k$iAl
J�lxf)o+lmiAi&n J9 �lxo+c J�~th1o�k&~th-hji&iAnxi)f&�jlxw|h-yMlx��k$nxi�JDlxf�wglmi&�xh � lxo+c]~th1o���h9k&~th9k$iAlx�]>�e ot��hji&iAnxiAf�JDhji&h
wglmi&�xhV�6k&~th1o k&~+h �]npo�k$hq��lmiAw|n �$uZh1lxf&rti&h1c�� ^ uZlxfAf-f$vBh1��k$iAl JDlxf J�egcthx�%��~thZiAh1f&r+w|k&ego+�q�]npo}k$h
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����� I �
�d��wglxf&fAe|{��jlmk&e|npo ¢��xh1o}k&f �KiAlx�]> ��h1f$npwgrtk&egnpo]��wglxf&f&eg{��jlmk&e|npo ¢��xh1o}k&f
4 D 4 � <(< 4 4 D 4 � < � <

4 D < �m�
4 D � *
<WD < �
<WD � �
� D � �

4 D < � A � 4 D 4 6
4 D < � 4 6
4 D � * �
<WD < �
<WD � �
� D � �

4 D � � 4 7 4 D 4 �
4 D < 4
4 D � � 4 �
<WD < �
<WD � *
� D � �

�/lms�w|h F�� � �D�Dnpu�v�lmiAegf$npo sBhjkPJDhjh1o������ I6� � �jwglxf&f&eg{��jlmk&e|npo%lxo+cqlx��k&r+lxwBk$iAlx�]>%i&h1f$npwgrtk&egnpo �jw lxf&f&e D
{��jlmk&e|npo

* A �



��lmiAwgn �$u�h1lxfArti&h1c�� ^HuZlxf&f�v�w|nxk&f�JDhji&h���npu�v�lmi&h1c J�egk&~]k&~th	h;:�vBhjiAegu�h1o}k&lxwgw|�qu�h1lxf&r+i&h1cR^=u�lxf&f
v�w|nxkj��b"uZe o+egu;r+u �A~+e D f&�}r�lmi&h1c=lxo+lxwg��f&e f J�lxf-vBhji&yMnxiAu�h1c e o nxiActhji�k$n c+hjk$hjiAuZegoth�k&~+h��mlxwgrth�nxy
k&~th�hji&iAnxi9f&�jlxw|h�yzlx��k$nxi-yMnxi J�~+eg�>~ k&~th���npo}k$h ��lmi>w|n�u�h1lxf&rtiAh1c ^ uZlxf&f9f$vBh1��k$iAr�u uZnpf$k9�jw|npf$h1w|�
uZlmk&�>~th1c�k&~th-h;:�vBhjiAeguZh1o�k&lxwgwg��u�h1lxf&rtiAh1c ^�uZlxf&f�f$vBh1��k$iAr+uq�

��~+egf�lxo+lxw|��f&egf�J�lxf6vBhji&yMnxiAu�h1c y nxi9lxw w �   * AW6��jlxo+c+egc+lmk$h�^Hhj�xh1o}k&fj Klxo�c�lxo�n �xhjiAlxwgw\hjiAi&nxi
f&�jlxw|h yzlx��k$nxi��^lxw rth JDlxf�nxs+k&lxe oth1c
�O��~th f&lxu�h6lxo+lxw|��f&egf J�lxf�k&~th1o v�hjiAy nxiAuZh1c lxf�l	�A~+h1�?>%k&~+lmk�k&~th
hji&i&nxi�f&�jlxw|h)yMlx��k$nxi�c+e c�otnxkDcthjvBh1o+cZnpo�k&~th�k$i>lx�?>�iAh1f$npwgrtk&e|npo��jwglxf&f&e|{��jlmk&e|npo � yMnxiDh;:�lxu�v�w|hx �e o+f$k$h1lxc
nxytlxwgw|n J�egot��lxwgwmnxy�k&~th�nxi>e|�pego+lxwx�jlxo+c�egc+lmk$h ^;hj�xh1o}k&fj mnpo+w|��hj�xh1o�k&f$J�e|k&~ npo+h�k ��vBh�nxy�k$iAlx�?> i&h1f$npw rtk&e|npo
�jwglxf&fAe|{��jlmk&e|npo
 
f&r��A~�lxf � 4 D 4 �%hj�xh1o�k&f1 �JDhji&h�lxwgw|n JDh1c�ego�s�nxk&~ k&~th	h;:�vBhjiAegu�h1o}k&lxw\lxo+c k&~th	�]npo}k$h
��lmiAwgn hj�xh1o}k�f&h1w|h1��k&e|npo��>�E\ k JDlxf-c+egf&��nV�xhji&h1c�k&~+lmk9k&~+hZc+e��Bhji&h1o�k k$iAlx�]>�i&h1f$npwgr+k&e|npo��jwglxf&f&e|{��jlmk&e|npo+f
~+lxcXc+e��Bhji&h1o�k�hji&i&nxi�fA�jlxw|h]yzlx��k$nxiAf%lxf&f$n��jeglmk$h1c J�e|k&~ k&~th1u�� ��~thji&h]egf�l=f&u�lxwgw�v+i&nxs�w|h1u J�~+e �A~
f&~tnpr�wgc]sBh;vBnpego�k$h1c nprtk6~thjiAhx�-��~th���npo}k$h ��lmi>w|n lmv�v�wge|h1c]k&~th�f&lxu�h�hji&i&nxi6f&�jlxwgh;yzlx��k$nxi9k$nqh1lx�>~
k$iAlx�]>2J)e|k&~+ego lxo%hj�xh1o�kj�D��~thji&h J�lxf�otn	h1lxf$�2JDl �%k$nZu�n�c�e|y ��k&~+egfDnpo�l;vBhji�k$iAlx�?>%s�lxf&e fDe o�nxi>cthji1 
yMnxi�h;:tlxu�v�w|hx +k$n�lxwgw|n J � 4 k&~�D l':teglxw ��k$iAlx�]>�f)k$n�sBh6k$i&h1lmk$h1c c+e��Bhji&h1o}k&w|� y i&npu � <xk&~�D l':�e lxw �Znxi � � iAc�D
l':teglxw � k$iAlx�?>�f J)e|k&~+ego�k&~th�f&lxu�h�hj�xh1o}kj��� ~�lmk6k&~+egf lxo+lxw|��f&egf�s�lxf&e �jlxwgw|�]c+e c J�lxf6k$i&h1lmk6k&~+h�k&~ti&hjh
c+egu;rtnpo]k$iAlx�?>]�jw lxf&f&e|{��jlmk&egnpo+f�f$hjv�lmiAlmk$h1w|��lxo+c cthjk$hjiAuZe oth-lxo l1�xhjiAlm�xh�hji&iAnxi�f&�jlxwgh�yzlx��k$nxi y nxi�k&~th
hj�xh1o}k&f_J)e|k&~+ego�h1lx�>~ �jw lxf&f&e|{��jlmk&egnpo
� 5 nxi�k&~th � 4 D 4 �]hj�xh1o}k&f;k&~+egf�u�hjk&~tn�c v+i&h1f&h1o�k&f�otn]v+iAnxs�w|h1uZf
sBh1�jlxr+f$h k&~th kPJDnZu;rtnpo%k$iAlx�?>�f�lmi&h sBnxk&~ � 4 k&~�D l':teglxw �	k$iAlx�]>�fj +lxo�c egy npo+w|� � 4 D 4 �Zhj�xh1o�k&f�lmiAh9r+f$h1c
k$n�c+hjk$hjiAuZegoth6k&~+h9hji&i&nxi�fA�jlxw|h-yzlx��k$nxi)k&~+h1oqk&~th-cthjk$hji>uZegoth1cq�mlxwgrth9e f�lxwgf$nZk&~+h-lmv+v+i&nxv�iAeglmk$h6�mlxwgrth
yMnxi-h1lx�A~ k$iAlx�]>�� CDr+k-yMnxi�k&~th � 4 D < ��lxo�c=k&~th � 4 D � �]hj�xh1o}k&f;k&~th�k J�n�u;rtnpo=k$i>lx�?>�f_J)e|k&~+ego�h1lx�>~
hj�xh1o}k	~�l1�xh npoth � 4 k&~3D l':�eglxw��]k$iAlx�]>=lxo+cHnpoth�o+npo�D � 4 k&~�D l':teglxw ��k$iAlx�?>�����~+h�l1�xhji>lm�xhqhji&i&nxi	f&�jlxw|h
yzlx��k$nxi"J)~+eg�A~=egf9cthjk$hjiAu�egoth1c yMnxi-k&~+h1f$h�k J�n �xi&nprtv�f-nxy�k$iAlx�?>�f � J�e|k&~=c�e���hjiAh1o�k9k$i>lx�?>�i&h1f$npw rtk&e|npo
�jwglxf&fAe|{��jlmk&e|npo+f�� egf9lx��k&r+lxw w|� l JDh1e|�p~}k$h1cHl �xhjiAlm�xh%nxy�k&~thZhji&i&nxi;f&�jlxw|h�yMlx��k$nxi	yMnxi-k&~th � 4 k&~�D l':�e lxw �
k$iAlx�]>�f%��npu�s�egoth1c J�e|k&~ k&~th�hji&i&nxi%f&�jlxw|h�yMlx��k$nxi%yMnxi�k&~th otnpo�D � {+yMk&~�D l':teglxw ��k$iAlx�]>�f1� ��~th ego+e|k&eglxw
ego+��nxiAi&h1��k9lxf&f&r+uZv+k&e|npo�k&~+lmk9k&~+hZhji&i&nxi-fA�jlxw|hZyzlx��k$nxi�egf6k&~+hZf&lxu�hZyMnxi-lxwgwOk$i>lx�?>�f � 4 k&~�D l':teglxw  $<xk&~�D
l':teglxwOlxo+c � iAc�D l':teglxw �)~+lxf sBhjh1o�i&hjv�wglx��h1c�s}� lxo ego+��nxiAi&h1��k6lxf&f&r+u�v�k&e|npo k&~+lmk6k&~thji&hZegf npo+h;hjiAi&nxi
f&�jlxw|h yzlx��k$nxi;�mlxwgrth�y nxi;k&~th � 4 D 4 � hj�xh1o�k&fj �l�c+e���hji&h1o}k-�mlxwgrth�y nxi;k&~th � 4 D < � hj�xh1o�k&f�lxo+c l�k&~+e|iAc
�mlxwgrthZyMnxi�k&~+h � 4 D � � hj�xh1o�k&f1��¡)n JDhj�xhji1 �lxw|k&~tnprt�p~Hk&~+egf-wglmk$k$hji�lxf&f&r+u�v�k&e|npo egf�lxwgf$n�e o+��nxi&i&h1��kj \e|k
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i&hjv+iAh1f$h1o�k&f�lxoqegu�v+i&nV�xh1u�h1o}kj� 5 e|iAf$kj tu�npf$k�nxy/k&~th_^ �jlxo+c�egc+lmk$h6hj�xh1o}k&f�lmi&h�� 4 D 4 ��hj�xh1o�k&fj �lxo+c%s}�
h;:t�jwgr+c+ego+�;hj�xh1o}k&f�J�e|k&~�otnpo3D � 4 k&~�D l':�e lxw �Zk$iAlx�]>�f�k&~th-iAh1f&r+w|k&ego+�;hjiAi&nxi�f&�jlxw|h-yMlx��k$nxi cthjk$hjiAuZe o+lmk&e|npo
egfDsBh1wge|hj�xh1c�k$n	s�h��xhji&� lx�j�jrtiAlmk$h � k&~th6cthjk$hjiAu�egoth1c��^lxwgr+h�f&r��j��h1f&f$yzr+wgw|�	i&hjv+iAh1f$h1o�k&f�k&~+h�hjiAi&nxi�f&�jlxw|h
yzlx��k$nxi�y nxi	lxwgw�nxy�k&~th � 4 k&~�D l':�e lxw �]k$i>lx�?>�f>�>� 5 nxi�k&~th � 4 D < � lxo�c � 4 D � ��hj�xh1o}k&fj �k&~th%cthjk$hjiAu�egoth1c
hji&i&nxi%f&�jlxw|h�yMlx��k$nxi%�mlxwgrth1f�k&rtiAo npr+k�k$n s�h�f&uZlxwgw|hji�k&~+lxo k&~+h � 4 D 4 � hji&i&nxi%f&�jlxw|h�yMlx��k$nxi%�mlxwgrthx�
��~th1f&h�f&u�lxwgw|hji��mlxwgrth1fDi&hjv�i&h1f$h1o}k JDh1e|�p~}k$h1c l �xhjiAlm�xh1f�nxyKk&~th � 4 k&~3D l':�eglxw���k$i>lx�?>�egot�;hji&i&nxiAfDlxo+c k&~th
otnpo�D � 4 k&~3D l':�eglxw���k$iAlx�?>�egot��hji&i&nxiAfj �lxo+c�f&ego���h6k&~th-otnpo�D � 4 k&~3D l':�eglxw���k$iAlx�?>�egot��hji&i&nxiAf�lmiAh9k ��v�eg�jlxwgwg�
kPJDn]nxi-k&~ti&hjh�k&egu�h1f-wglmi&�xhji9k&~+lxo k&~thZhji&i&nxi>f y nxi�k&~th � 4 k&~�D l':teglxw �qk$iAlx�]>�f � f$hjh�{��prti&h F�� * � �> Oe|k9egf
k&~th9otnpo3D � 4 k&~�D l':�e lxw ��k$iAlx�]>�ego+��hji&i&nxiAf�J)~+eg�A~%lmi&h-v+i&h1f&r+uZh1c�k$n�s�h k&~th9c+npuZego+lxo}k�hji&i&nxiAf�e o�k&~+h1f$h
hj�xh1o}k&fj�=��~+e f-u�hjk&~tn�c k&~}r�f;��npuZh1f	�xhji&�=�jw|npf$h%k$n�cthjk$hjiAu�ego+egot�]k&~th�hjiAi&nxi�f&�jlxw|h%yMlx��k$nxi�yMnxi	k&~th
� <xk&~�D l':teglxw �	lxo+c k&~th � � iAc�D l':teglxw �;k$iAlx�]>�fj +fAego+��h)egkDegf�k&~th6otnpo�D � 4 k&~3D l':�eglxw���k$i>lx�?>�egot�;hji&i&nxiAf J�~+e �A~
lmi&h�k&~th�ctnpuZe o+lxo�k-npoth1f-c+r+iAegot�%hji&i&nxi�v+i&nxv�lm�plmk&egnpo
� ¡)n JDhj�xhji1 �k&~+hZ�^lxw rth1f J�~�eg�A~ lmiAh�lx��k&r+lxwgw|�
cthjk$hjiAu�egoth1cqlmi&h JDh1e|�p~}k$h1c]l1�xhji>lm�xh1f�nxy\k&~th6k J�nZk$i>lx�?>�fj� 8 e o+��h k&~th9cthjk$hjiAuZe oth1c � 4 D < ��lxo+c � 4 D � �
hji&i&nxiKf&�jlxw|h�yzlx��k$nxiAfKlmi&h�f&u�lxwgw|hji
k&~+lxo-k&~th � 4 D 4 �)hji&i&nxi f&�jlxwgh�yMlx��k$nxi  mlxo�c9k&~th�o�r+u�sBhjiAf
lmi&hZJDh1e|�p~}k$h1c
l1�xhji>lm�xh1fj pk&~th1o�f&ego+��hOk&~th � 4 D 4 ��hjiAi&nxiKf&�jlxwgh�yzlx��k$nxi/egf wglmi&�xhji k&~�lxo9k&~th � 4 D < � lxo+c � 4 D � �)�mlxwgrth1f k&~th1o
k&~th lx��k&r+lxw � <xk&~�D l':teglxw �	lxo+c � � iAc�D l':teglxw ��hji&i&nxi�f&�jlxwgh�yzlx��k$nxiAf�lmi&h�sBh1wge|hj�xh1c�k$n	s�h f&wgeg�p~�k&w|��f&u�lxwgw|hji
k&~+lxo k&~th � 4 D < ��lxo+c � 4 D � � JDh1e|�p~}k$h1c��^lxw rth1f�J�~+eg�>~]k&~+e f�lxo�lxw|��fAegf)c+hjk$hjiAuZegoth1f1� ��w|k&egu�lmk$h1w|�x 
k&~th
lx��k&r+lxw�� <xk&~�D l':teglxw ��lxo�c � � iAc�D l':teglxw ��hjiAi&nxi)f&�jlxwgh-yzlx��k$nxi)�mlxwgrth1f�lmiAh-nxyOotn���npo+��hji>o
 �sBh1�jlxr+f$h-k&~+egf
lxo+lxw|��f&egf�r+f$h1f�k&~th J�h1e|�p~}k$h1c l1�xhjiAlm�xh	hji&i&nxi)f&�jlxw|h-yzlx��k$nxi��^lxwgr+h1f�y nxi)h1lx�A~�nxy\k&~th���npu�s�egoth1c � 4 D < �
lxo+c�k&~+h � 4 D � ���jw lxf&f&e|{��jlmk&egnpo+fj �lxo+c�e|k�egfOsBh1wge|hj�xh1c	k&~�lmk�k&~+egf�e f�l6i&h1lxf$npo�lms�w|h�J�l1�	k$n-v�i&n���hjh1c J�e|k&~
k&~+egf)lxo+lxw|��f&egfj� 5 nxi npoth�k&~�egot�t Be|k)egf)f&e|�po+eg{��jlxo�k&wg� sBhjk$k$hji k&~+lxo�k&~th	r+f&r+lxwKu�hjk&~tn�c�nxy�lmv+v�w|��e ot��l
r+o+eg�xhjiAf&lxw�hji&i&nxi�fA�jlxw|h9yzlx��k$nxi)��nxi&i&h1��k&egnpo�k$n�lxwgwBnxy/k&~th6hj�xh1o}k&fj �yMnxi�lxwgwBk��}vBh1f�nxyKk$iAlx�]>�f1 �i&hj�plmiAc�w|h1f&f
nxy J�~+eg�>~ql':�e lxw
f&rtvBhjiAwgl �xhjiAf�JDhji&h9uZegf&f&h1c%s}�ql	�pe|�xh1o]k$iAlx�?>��
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��npo}k$h���lmiAwgn�hj�xh1o}k&f�lmi&h%�xh1othji>lmk$h1c r+f&ego+��l iAlxot�xh%nxy�k$i>eglxwDhji&i&nxi�f&�jlxw|h%yzlx��k$nxiAf � yMi&npu
* �@6 � k$n � � �x� ego�e o+��i&h1u�h1o}k&fDnxy � � � 4  tyMnxi�l;k$nxk&lxwBnxy � 7�k$iAe lxw�hji&iAnxi�fA�jlxw|h yMlx��k$nxiAf��>��b�v�v+i&n�:teguZlmk$h1wg�
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npothquZegw wge|npo=�]npo�k$h���lmiAw|n]hj�xh1o}k&fZlmi&h%�xh1othji>lmk$h1c y nxi	h1lx�A~ k$iAeglxw�hji&i&nxi�f&�jlxw|h%yzlx��k$nxi1� CDnxk&~ k&~th
c+lmk&l�lxo+c%k&~+h6�]npo}k$h;��lmiAw|n	hj�xh1o}k&f�lmi&h9f$hjv�lmiAlmk$h1c�ego}k$n	k&~ti&hjh6�xi&nprtv�fDlx�j��nxi>c+egot��k$n�h1lx�>~qhj�xh1o�k � f
k$iAlx�]> �jwglxf&f&e|{��jlmk&e|npo � � 4 D 4 ��  � 4 D < � lxo+c � 4 D � ���>� ^ uZlxf&f�~+egf$k$nx�xiAlxu�f9lmi&h���iAh1lmk$h1c=yMnxi-k&~th�c+lmk&l
lxo+c%lxwgf$n;yMnxi�h1lx�A~��]npo�k$h���lmi>w|n�k$i>eglxw�hji&i&nxi�f&�jlxw|h�yMlx��k$nxi  �lx�j��nxiAc+ego+��k$n	k&~th k&~ti&hjh6c+e���hji&h1o}kDk$iAlx�?>
�jwglxf&fAe|{��jlmk&e|npo+f�yMnxi�lxo]hj�xh1o�kj�D��~th6s�ego2J�e ctk&~qr+f$h1cqego%h1lx�>~�~�egf$k$nx�xiAlxu e f � � 4�X h 9;�

b��A~�e D f&��r+lmi&h1cX{+k��mlxwgrth egf�k&~th1oXc+hjk$hjiAuZegoth1c � * � � s}�Xlxo+lxw|� �1egot�Hl ~+egf&k$nx�xiAlxu nxy9k&~th
u�h1lxf&r+i&h1c c+egu;rtnpoXu�lxf&f �^lxwgr+h1f ��npr+v�w|h1c k$n l ~�egf$k$nx�xiAlxu ��nxi&iAh1f$vBnpo+c+egot�=k$n l �]npo}k$hH��lmiAw|n
v+i&h1c�eg��k&e|npo
�q��~th�k$nxk&lxw�o}r+u�sBhji9nxy�hj�xh1o}k&f	ego k&~th%��npo}k$h]��lmiAw|n�~+egf$k$nx�xiAlxu egf�uZlmk&�A~th1c k$n k&~th
k$nxk&lxw�o�r+u�s�hji nxy�c+lmk&l%hj�xh1o}k&fj��b)o�ego�c+e|��egc+r+lxw �>~+e D f&��r+lmi&h1c �mlxwgrth��jlxo�sBh�cthjk$hjiAuZe oth1c y nxi6h1lx�>~
s�ego �\��~th9�A~+e D f&�}r�lmi&h1c%y nxi)l�s�egoqegf�c+hj{�oth1cqlxfj�
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��~th�e o+c+e|��egc+r+lxw�s�e oZ�A~+e D f&�}r�lmi&h1c+f�lmiAh�lxc+c+h1cZk$nx�xhjk&~thji�k$n��pe|�xh�l-k$nxk&lxwB�A~+e D fA�}r+lmiAh1cZ�mlxwgrth
yMnxi�k&~th�h1o}k&e|i&hq{�kj� ��~+e D f&�}r�lmi&h1c �^lxw rth1fZlmi&h cthjk$hjiAuZego+h1c n �xhji �^lmi&��egot��{�kZiAlxot�xh1f � uZlxego+w|�Hk$n
�xhjiAe|yM�qk&~+lmk)k&~th�iAh1f&r+w|k&f�c+n�otnxk cthjvBh1o+cqnpo�k&~th;i&h1wglmk&e|�xh1w|�qr+o+v�nxv�r+wglmk$h1c ^ uZlxf&f)k&lxegwgf>�>� 5 e|�xh�{+k
iAlxot�xh1f6lmiAhZr+f$h1c
�9��~+h �$��\ ��£�� {+k iAlxo+�xh	f&v�lxo+f F � k$n * �x� X h 9;� ��~th � �)b��
��I�� ��{+k iAlxot�xh
f$v�lxo�f"A � k$n *(* � X h 9;�O��~th �&��¢ � \ ��� � {+k-i>lxot�xh f&v�lxo+f_6 � k$n * �m� X h 9��O��~th � � \ � ¢ � {+k
iAlxot�xh�f$v�lxo+f 4 � k$n * �m� X h 9;��b�o+c%k&~th �&��b ����{+k�iAlxot�xh-f&v�lxo+f�< � k$n * < � X h 9;�

5 nxi�l��pe|�xh1o k$iAlx�?> �jwglxf&f&e|{��jlmk&e|npo�l	�>~+e D f&��r+lmi&h1c��^lxw rth�sBhjkPJDhjh1o%k&~th c+lmk&l	lxo+c�k&~th �]npo}k$h
��lmiAwgn%e f)k&~�r+f6cthjk$hji>uZegoth1c�otnxk npo+w|�]y nxi6h1lx�>~ nxy�k&~+h�kPJDh1o�k�� D o+e oth�k$iAeglxw/hji&i&nxi9fA�jlxw|h�yMlx��k$nxi>f6s�rtk
lxwgf$n�yMnxi�h1lx�>~�nxy/k&~th6{+�xh6{+k�iAlxo+�xh1fj�D��rtiA�xh1f�lmi&h9k&~th1o%�xh1othji>lmk$h1c]yMnxi�k&~th9c+e��Bhji&h1o}k��A~+e D f&�}r�lmi&h1c+f
lxf9lqyzr+o+��k&egnpo�nxy�k&~th�k$i>eglxw\hji&i&nxi9f&�jlxwghZyMlx��k$nxi>f � lxo�h;:tlxu�v�w|hZe f6f&~tn J)o�ego�{+�prti&h F�� * �  �J�~+eg�>~�egf
k&~th � 4 D 4 �	k$iAlx�?>�i&h1f$npwgr+k&e|npo��>~+e D f&��r+lmi&h1c���f�k$i>eglxw�hjiAi&nxi�f&�jlxw|h�yMlx��k$nxi�v�wgnxk�yMnxiDk&~+h �&��¢ � \ ��� �	{+k
iAlxot�xhV�>  lxo�c l�v�lmiAlmsBnpwge �9{+k�nxy�cthj�xiAhjh;{��xh;egf�vBhji&yMnxiAu�h1c�r+f&egot� l%uZego+egu�e��1lmk&e|npoqi&npr+k&egoth	�jlxwgw|h1c
� \ ����\ � � * � � k$n%cthjk$hjiAu�egoth9k&~th	u�npf$k wge >xh1wg��k$iAe lxw hji&i&nxi f&�jlxw|h;yzlx��k$nxi1����~th9{+k�lxwgf$n i&hjk&rtiAo+f�k&~th
� hji&i&nxi ��ego�k&~thZcthjk$hji>uZegoth1c�hji&iAnxi-f&�jlxw|h�yzlx��k$nxi1 /s�rtk6k&~+egf � hjiAi&nxi���egf npo�w|�]�mlxwgegc�e|y�k&~thZhji&iAnxiAf6ego
k&~th-�>~+e D f&��r+lmi&h1c%�mlxwgrth1f�lmi&h9k&~th1uZf&h1w|�xh1f��mlxwgegc
�
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 min chi2 vs scale factor
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5 e|�prtiAh F�� * � ����~+e D f&�}r�lmi&h1c �^lxwgr+h6�xhjiAf&r+f�k$i>eglxw
hji&i&nxi)f&�jlxw|h6yzlx��k$nxi1  � 4 D 4 � �]¢ � {+k
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b)f�u�nxi&h]lxo�c u�nxi&h��]npo}k$h���lmiAwgn�hj�xh1o�k&f%lmi&h��xh1o+hjiAlmk$h1c
 �k&~th�hjiAi&nxi�ego k&~+h�{�o+lxw��>~+e D
f&��r+lmi&h1c �mlxwgrth1f�cth1��i&h1lxf$hx�-¡)n JDhj�xhji1 Kk&~th�r+f$hji�i&h1f$nprtiA��h1f JDhji&h�otnxk r+o+wge uZe|k$h1c
 �lxo+c npoth;u�egwgwge|npo
�]npo�k$h]��lmiAwgn]hj�xh1o}k&f	v�hji;k$iAeglxw�hji&i&nxi	f&�jlxw|h yMlx��k$nxiZuZh1lxo�k;k&~+lmk;k&~th�{�o+lxw��>~+e D f&��r+lmi&h1c+f;c+egcHotnxk
wge|h�npo l�f&uZn}nxk&~ �jrti&�xh � lxf	egf�i&h1lxc+egwg� lmv+v�lmi&h1o}k;e o={+�pr+i&h2F�� * � �>�=��~+egf �&e|k$k$hji�f$k$h1uZf;yMi&npu k&~th
f$k&lmk&egf&k&eg�jfZego k&~th ��npo}k$h���lmi>w|n ~+egf$k$nx�xi>lxuZfj �lxo�c e|kZu;r+f$k�sBh�r+o+cthji>f$k$n}n�c e|y)k&~th�hji&i&nxi�ego k&~th
uZego�egu�r�u�egfOk$n-sBh�c+hjk$hjiAuZegoth1c���nxi&i&h1��k&w|�x���Kn�r�o+cthjiAf$k&lxo�c	k&~th �&e|k$k$hji�h1lx�>~%f$hjk�nxy
ego+c�e|��e c+r+lxw}k$iAeglxw
hji&i&nxi�fA�jlxw|h6yMlx��k$nxi���npo}k$h;��lmiAwgn;hj�xh1o}k&f�e f�c+e|��egcth1c�e o�k$n�{+�xh6h1��r+lxw D fAe��jh1c �xi&nprtv�fj��bC�A~�e D f&��r+lmi&h1c
�mlxwgrth�egfOcthjk$hji>uZegoth1c	yMnxi�h1lx�>~ZnxyBk&~th1f$h�{��xh�f&rts3D �xiAnprtv�f/nxy ��npo}k$h ��lmi>w|n6hj�xh1o�k&f1 �lxo+cZk&~th�l1�xhjiAlm�xh
�A~�e D f&��r+lmi&h1c�egf�cthjk$hjiAuZego+h1c�lxf�JDh1wgw lxf�k&~th ��� 8 egoqk&~th-�>~+e D f&��r+lmi&h1c ����~th �)� 8 �mlxwgrth1f�lmi&h�k&~th
hji&i&nxi>f�egoqh1lx�>~�l1�xhjiAlm�xh	�mlxwgrth9nxy��>~+e D f&��r+lmi&h1c
� \ y/�xnpr w|n�n(>qlmk�{+�prtiAh_F�� * � �xnpr J�egw w
f$hjh-k&~+lmk)k&~th
k$nxk&lxw o�r+u�sBhji�nxy\h1o�k$iAegh1f�egf * < 4 � J�~+eg�>~qegf�{+�xh9k&e u�h1f�kPJDh1o}k � D o+egothx �kPJDh1o�k�� D o+e oth-sBh1egot�	k&~th-k$nxk&lxw
o�r+u-sBhji	nxy�k$iAeglxw�hji&i&nxiZfA�jlxw|hqyMlx��k$nxi>f>�	lxo+c k&~thqhjiAi&nxi�s�lmiAf�lmi&hqnxy��mlmi&��e ot��~th1e|�p~}k&fj �ego�c+eg�jlmk&egot�
k&~th�iAlxo+ctnpu r+o+��hji&k&lxe o�k���ego��xnpwg�xh1c�ego�i&hjvBh1lmk&egot��h1lx�>~�u�h1lxf&rti&h1uZh1o�k�{+�xh-k&e u�h1fj����~th	� \ ����\ �
�jrti&�xh�{+k�k&lW>xh1f�k&~+h)hji&iAnxi�s�lmi>f�yMnxi�h1lx�>~%nxy
k&~th � 7�c+lmk&l�vBnpego�k&f�ego}k$n�lx�j��npr+o}k�J�~th1o�egk�cthjk$hjiAu�egoth1f
k&~th�sBh1f$k�{�k��jrti&�xhx �J�~+e �A~ v+i&h1f&h1o�k&f�npoth�{�o+lxw�v�i&nxs�w|h1u ~thjiAhx�X��~th��>~+e D f&��r+lmi&h1c �)� 8 �mlxwgrth1f
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�/lms�w|h F��@6���I��xhjiAlxwgw ���)� � D nxy)D 4 l':teglxw
f&rtvBhjiAwgl �xhjiAf�~+e|k�h Y��je|h1o+���

k&~th	~+e|�p~]hjk&l�k$i>lx�?>�fj  lxo+c l�f$k&r�ct�qk$nqcthjk$hjiAuZego+h-k&~+egf�J�npr�wgc]sBh;egcth1lxw ����~+egf)egf�k&~+h;��iAr3:�nxy�k&~th
v+i&nxs�w|h1uq�\��~th�~+e|�p~+hji D hjk&l9k$iAlx�]>�i&h1��npo+f$k$i>r+��k&e|npo�e oth Y��je|h1o+���;egf�o+nxk[J�h1w w D >�o+n J�o
 �h1f$vBh1�jeglxwgw|�_J�e|k&~
i&hj�plmiAc�fOk$n-k&~th�k$i>lx�?>Z�jwglxf&fAe|{��jlmk&e|npo�cthj{�o+e|k&e|npo+f J)~+eg�A~�lmiAh�r+f$h1c�egoZk&~+egfOlxo+lxw|��f&egf1�/b�o��	uZegfAr+o+cthji D
f$k$n�n�cqe oth Y��je|h1o+����ego�k&~+h9w|n JDhji�f$k&lmk&egf$k&e ��~�e|�p~�D hjk&l;k$iAlx�?>%i&h1��npo�f$k$iAr+��k&e|npo h Y��jegh1o+����JDnpr+wgc%l �Bh1��k
k&~th6{�o�lxw��]npo�k$h	��lmiAw|n�c+lmk&l�f$hjk�e o lxoqr�otv+i&h1c+e ��k&lms�w|h�J�l1�x�D��~th6~+e|�p~%��k�u;rtnpoqc+lmk&l�f&hjkj tnpo�e|k&f
n J)o
 �e f�ego+fAr3Y��je|h1o}kOk$n���npo+c�r+��k�f&r��A~ l-f$k&r+c+�x��\ k�e f�lxf&f&r�u�h1cZk&~+lmkDl-f$k&r�ct� J�e|k&~Zh1wgh1��k$i&npo+fD��npr+wgc
sBhqvBhji&y nxi>u�h1c k$n=cthjk$hjiAuZe oth%k&~th�i&h1w|hj�mlxo}k�k$iAlx�?> i&h1��npo+f&k$iAr+��k&e|npo h Y��je|h1o+��� �^lxwgr+h1fj� ¡�n J�hj�xhji  
k&~thji&hqegf;l i&h1lxf$npo+lms�w|hqlxw|k$hjiAo+lmk&e|�xh J�~�eg�A~Hk&~+egf;lxo+lxw|��f&egf	rtk&egw e��jh1fj� \�k J�lxf�cth1�jegcth1cHk$n�k&r+oth%k&~th
�]npo�k$h���lmiAwgn f&e u�r+w lmk&e|npo�ego f&r+�>~ l�J�l1�]k&~�lmk)k&~th;yMiAlx��k&e|npo nxy�hj�xh1o}k&f J�~+eg�>~���npo}k&lxegoth1c�l ~+e|�p~�D
hjk&l�u�r+npo=i&h1w lmk&e|�xh�k$n k&~th hj�xh1o�k&f J)~+eg�A~H��npo�k&lxe oth1c kPJDn�wgn J�D hjk&l ��h1o�k$i>lxwDu;rtnpo+f;uZlmk&�>~th1c k&~th
��nxi&i&h1f&v�npo�c+egot�6iAlmk&egn-yMnpr+o+c�e oZk&~th�c+lmk&l�����~+e f�~+lxcZk$n;sBh)ctnpo+h�kPJ)eg��hx }npo���h)yMnxi�k&~+h � 4 D < �	hj�xh1o}k&f
i&h1wglmk&eg�xh6k$n�k&~th�� 4 D 4 ��hj�xh1o�k&f1 �lxo+c%npo+��h-y nxi)k&~th�� 4 D � ��hj�xh1o}k&f�iAh1wglmk&e|�xh9k$nZk&~+h�� 4 D 4 ��hj�xh1o}k&fj�

��~+egf6��npe o+�jegcth1o}k&lxwgw|��f$npw|�xh1cHf$hj�xhjiAlxwDo+lm�x�pegot��v�i&nxs�w|h1uZf6fAegu�r�w|k&lxothjnpr+f&wg�x� 5 nxi;h;:�lxuZv�w|hx 
k&~th	f&rtvBhjiAwgl �xhji s�npr�o+c+lmi&�%vBnpf&e|k&e|npo�f�ego�k&~thZ� � 5 �]npo�k$h���lmi>w|n fAegu�r�wglmk&e|npo]c�egc]otnxk6uZlmk&�>~�k&~th
c+lmk&l-v�hjiAy h1��k&w|�x�\b�w|k&~tnprt�p~Zegk[JDlxf�vBnpf&f&e|s�wgh�k$n�k&r+oth�k&~th�iAnprtk&egoth)����� I � �9 }lxo+c�k&~th1o�s�h�lms�w|h�k$n
lx�j�jrtiAlmk$h1wg�9v+i&h1c+e ��k�J�~+e �A~-l':teglxw}f&rtvBhjiAwgl �xhjiAfKl)�pe|�xh1o�k$iAlx�?>_J�npr�wgc9i&hj�pe f$k$hji/~�e|k&f ego � k&~th�ego+c+eg��egc�r+lxw
l':teglxw�f&rtvBhjiAw l1�xhji-h Y��je|h1o+�je|h1f9o+nxkPJ�e|k&~�f$k&lxo+c+ego+�}�> Kl�u�n�c+e|{��jlmk&e|npo ego�k&~+h ����� I �
� v+iAh1c+eg��k&e|npo
~+lxc�otn h ��h1��k6npo k&~th	��nxi&i&h1f&v�npo�c+egot�q� � 5 �]npo�k$h���lmi>w|n�k$i>lx�?>]iAh1f$npwgrtk&e|npo�fj �lxo�c ��npo�f$h1�}r+h1o�k&w|�
k&~thZ� � 5 �]npo�k$h���lmiAwgn�k$iAlx�]>]i&h1f$npw rtk&e|npo+f�J�hji&h	r+f&r�lxwgw|�%ego+��nxi&i&h1��k�oth1lmi k&~th�fArtvBhjiAwgl1�xhji�sBnpr+o+c�D
lmiAe|h1f1� C���f&e u�v�w|�qk&r+o�egot�%k&~thZ{�o�lxw���npo}k$h ��lmiAwgn�w|n J�D hjk&l�lxo+c�~+e|�p~3D hjk&lqhj�xh1o�k�y i>lx��k&e|npo+f6k$n�sBh
k&~th�f&lxu�hZlxf9k&~th�c+lmk&l�  e|k J�lxf v�npfAf&e|s�w|h�k$nqi&h1u�nV�xhZ�xi&nprtv�f�nxyDhj�xh1o�k&f J�~+eg�>~�nxs���e|npr+f&w|��c+egc�otnxk
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uZlmk&�>~�k&~th-c�lmk&lZlxo+cqi&hjv�wglx��h6k&~th1u � J�~+h1o�oth1��h1f&f&lmiA�t� J)e|k&~%hj�xh1o�k&f�J�~+e �A~qc+egc%uZlmk&�>~�k&~th�c+lmk&l��
5 nxi�h;:�lxu�v�w|hx  hj�xh1o}k&f-yMi&npu iAhj�pe|npo+f9nxyDv�~+lxf&h�f$v�lx��h J)~thji&h�k&~th � ��5 �]npo}k$h%��lmiAwgn�f&egu;r+wglmk&e|npo
i&hjk&rti>oth1c lqk$n�nWD v+i&h1�jegf&hZk$iAlx�?>�iAh1f$npwgrtk&e|npo � J�~+eg�>~TJDlxf-k ��v�eg�jlxw�lmk�k&~th ����� f&rtvBhjiAwgl �xhji9sBnpr+o+c�D
lmiAe|h1f���J�hjiAh�i&h1u�nV�xh1c�lxo+c�iAhjv�wglx��h1c J)e|k&~	hj�xh1o�k&f�yMi&npu oth1lmi&s��	i&hj�pe|npo+f�nxy�v�~+lxf$h�f$v�lx��h�J�~+eg�>~Z~+lxc
lxw|i&h1lxc+��sBhjh1oqi&h1uZn �xh1c�k&~ti&nprt�p~qk&~+h-otnxiAuZlxwK��npo}k$h���lmiAw|n�hj�xh1o}k)f$h1w|h1��k&egnpo�v+i&n���h1f&fj��� ~th1o+hj�xhji
f$npu�hjk&~�egot� wge >xhqk&~�egfEJ�lxf�ctnpothx Di&hjv�w lx��h1c hj�xh1o�k&f�JDhji&h]lxw J�l1��f��>~tnpf$h1o yMi&npu o+h1lmi&s}� ego v�~+lxf$h
f$v�lx��hx Dk$n�h1o+f&r+i&h%k&~+lmk�k&~thqhj�xh1o}kZk$nxvBnpw|nx�x� J�lxfZotnxk�sBh1ego+� lxw|k$hjiAh1c ego f$npu�h�f$��f$k$h1uZlmk&e � JDl �x�
b uZnxi&h;f&k&lxo+c+lmiAc��]npo�k$h���lmi>w|n�lx�j��hjv+k&lxo���h�u�hjk&~tn�c J�npr+w c�~+l �xh�sBhjh1o�k$nqlx�j��hjv+k6k$i>lx�?>�f � lxo+c
r+w|k&e uZlmk$h1w|�]lxo�h1o}k&e|i&h	hj�xh1o}k>� lmk6iAlmk$h1f J�~+e �A~���nxi&i&h1f$vBnpo+c+h1c�k$nqk&~+h;nV�xhjiAlxwgwOh Y��je|h1o+�je|h1f�yMnxi6k&~+lmk
k$iAlx�]> � fOv�~+lxf$h�f$v�lx��h � k&lW>�egot�6ego}k$n lx�j��npr�o�kOk&~th�k$iAeg�x�xhji�lxo+c	k&~th�k$iAlx�?>;i&h1��npo+f&k$iAr+��k&e|npo;h Y��je|h1o��je|h1fj 
yMnxi9f$k&lmi&k$hjiAf>�>�;¡�n J�hj�xhji  �J�e|k&~�k&~th�u�hjk&~tn�c J�~+e �A~ JDlxf6h1uZv�w|n �xh1c   f$npu�h >�o+n J�o�cthj{��je|h1o+�je|h1f�ego
k&~th;� ��5 �]npo�k$h���lmiAw|nZfAegu�r�wglmk&e|npo%��npr+wgc�lx��k&r�lxwgw|� s�h nV�xhjiA��npu�hx�
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¢�lx�>~Hcthjk$h1��k$nxi	i&hj�pegnpo J�lxf-h1egk&~thji�wgeg�xhx Kv+iAh1f&�jlxw|h1c � u�h1lxo�egot�]k&~�lmk-k&~th�k$iAe|�x�xhji"JDlxf;otnxk
wge|�xh6yMnxi�k&~�lmk�hj�xh1o�k>�> �nxi)o+nxk�J�nxi]>�ego+�t����~thji&h J�hji&h-k&~ti&hjh9k$iAeg�x�xhji�i&hj�pe|npo�f � �$� ��  �$� ��lxo+c � �����>�
b3�xnpwgc u;rtnpoTJ�lxf-�jwglxfAf$h1c=lxf-h1e|k&~thji �$�)� �� ��$��� �qnxi�� �)� ���%¢�lx�>~Q^ hj�xh1o}k�~�lxc�h1e|k&~thji9npo+hZnxi
kPJDn �xnpwgc]u;rtnpo+fj��b f&e w|�xhji)u;rtnpo J�lxf��jwglxf&f$h1c lxf�h1egk&~thji �$��f ��  �$��f ��  � ��f���  � \ 4 ��  � \ < ��nxi � \ � �
� k&~th � \ ���jwglxfAf&e|{��jlmk&e|npo�f���nxi&iAh1f$vBnpo+c�h1egk&~thji�k$n	k$iAlx�]>�f�J)~+eg�A~�JDhji&h)vBnpego}k$h1c lmk�~+npw|h1f�e o�k&~th u;rtnpo
��n �xhji>lm�xhx +nxi�h1w f$h�k$n;k$iAlx�?>�f J�~+eg�>~ JDhji&h�vBnpego}k$h1c�lmk�l-u;rtnpo cthjk$h1��k$nxi�i&hj�pe|npo�J�~+eg�>~ J�lxf�c+hjh1u�h1c
otnxk�k$n-s�h�JDnxi?>�egot�9yMnxi�k&~th�iAr+o�egoZ��rth1f$k&egnpo��>�/¢�lx�A~ ^ hj�xh1o}k�~+lxc�h1egk&~thji �jhji&n�nxi�npoth�fAegw|�xhji�u;rtnpo
�
��~+e f�iAh1f&r+w|k$h1c ego l�k$nxk&lxw�nxy � A�c+e��Bhji&h1o}k	v�npfAf&e|s�w|h ��npot{+�prti>lmk&e|npo+f	nxy)l�c�egu�r+npoHk$i>e|�x�xhji1� ��~th
c+e��Bhji&h1o}k�f$hjk&f�nxy�>�o+n J�o�c+h1lxc��A~+lxu�sBhjiAf�ego iAr�o+f * lZlxo+c * s]e o+��i&h1lxf$h1cqk&~�egfDk$nxk&lxw s�� l�yzlx��k$nxi�nxy
� �

I�y�k&~th � A�vBnpf&f&e|s�wgh9k$iAe|�x�xhji6��npot{+�pr+iAlmk&e|npo+f�J�e|k&~�egoqh1lx�A~ iAr+o
 BuZlxo}�]f&egu�v�w|�qothj�xhji6~+lmv3D
vBh1oth1c
� 5 nxi�h;:tlxu�v�wghx �k&~+h �$� �;k$iAe|�x�xhji�J�lxf�othj�xhji�v+i&h1fA�jlxw|h1c � i&h1c+r+�jego+��k&~th k$nxk&lxw
��npu�s�ego+lmk$nxi>eg�jf

* F 4



i>r+o ego}k$hj�xiAlmk$h1c ��npo+{+�prtiAlmk&e|npo � � �

wgr+uZego+npf&e|k � �jw lxf&f&e|{��jlmk&egnpo f$k&lmk&r�f f$k&lmk&r�f f&k&lmk&r+f
v+s � �

* l 4 � �x� * w e|�xh w e|�xh wge|�xh
* l * � � � 6 � w e|�xh w e|�xh s�i&n(>xh1o
* l � �BA(A � w e|�xh s�i&n(>xh1o v+i&h1f&�jlxwgh1c
* s � 7�� � 4 * w e|�xh w e|�xh wge|�xh
* s <t� � F < w e|�xh w e|�xh v+i&h1f&�jlxwgh1c
* s � � � < 4 w e|�xh s�i&n(>xh1o wge|�xh
* s 4 �@7 A 6 v+i&h1f&�jlxw|h1c w e|�xh wge|�xh
* s � � * � � w e|�xh s�i&n(>xh1o v+i&h1f&�jlxwgh1c
* s < 7�� � 6 A v+i&h1f&�jlxw|h1c w e|�xh v+i&h1f&�jlxwgh1c
* s � � �p� F v+i&h1f&�jlxw|h1c w e|�xh s�i&n(>xh1o
* s � � �p� 7 v+i&h1f&�jlxw|h1c s�i&n(>xh1o wge|�xh
� �0� % � � Y O �

�/lms�w|h F��BA}�Z\ o}k$hj�xiAlmk$h1c]wgr�uZegotnpf&egk&e|h1f�yMnxi�h1lx�>~�k$iAeg�x�xhji)��npot{+�pr+iAlmk&e|npo

yMi&npu � A�k$n * Fp�>�;b�c+c+e|k&egnpo+lxwgw|�x Blmk9w|h1lxf$k npoth�nxy�k&~th	k$iAe|�x�xhjiAf6~+lxc�k$n%sBh J�nxi]>�ego+�t�-b)w f$nt  l%oth1� D
h1f&f&lmiA�=v+i&h1��npo�c+e|k&e|npo yMnxi�k&~th �$� ��k$iAeg�x�xhji�k$n�s�h JDnxi?>�egot� JDlxfZk&~+lmk�k&~th �$� ��k$i>e|�x�xhji J�lxfZotnxk
s+i&n(>xh1o ����~ti&hjh v+i&h1c+npuZego+lxo}k�k$i>e|�x�xhji���npot{+�pr+iAlmk&e|npo+f�JDhji&h6egcth1o}k&e|{+h1c yMnxi�iAr+o * l� �lxo+cql	k$nxk&lxw
nxy
o+ego+h�k$i>e|�x�xhji)��npot{��prtiAlmk&e|npo+f�J�hji&h�egcth1o}k&e|{+h1c y nxi)iAr+o * s ���Klms�wgh F��BA�f&r+u�uZlmiAe��jh1f�k&~th�ego�k$hj�xi>lmk$h1c
wgr+u�egotnpf&e|k&egh1f y nxi�h1lx�A~ vBnpf&f&e|s�w|h	k$iAe|�x�xhji	��npot{+�prtiAlmk&egnpo
����~+egf9k&lms�w|h�e f-lxoHh;:�v�lxo�cth1c �xhjiAfAe|npo=nxy
k&lms�w|h_A}� � A}�
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��~thqi&h1wghj�^lxo}kZwge|�xhx Ds+i&n(>xh1o
 Dlxo+c v+iAh1f&�jlxw|h1c ego}k$hj�xiAlmk$h1cXwgr+uZego+npf&e|k&e|h1f J�hji&h]k&~th1o ��n�cth1c
ego}k$n-k&~th���npo}k$h6��lmiAw|n-f&e u�r+w lmk&e|npo
�\��~th)�]npo�k$h9��lmiAwgn JDlxfDf$hjkDrtv�ego�f&r+�A~�l J�l1��k&~+lmkDk&~th�fAegot�pw|h
u;rtnpo�~+e|�p~q��k�f$h1w|h1��k&egnpoqh Y��je|h1o+�jegh1f���npr+wgc%sBh6�mlmiAe|h1c
 +lxf�c+h1f&e|i&h1c
�

�]e wgwge|npo+f�nxy hj�xh1o}k&f�J�hjiAh)�xh1othji>lmk$h1c�r+f&ego+������k&~+egl�lxo+c k&~th1o%f&egu;r+wglmk$h1c r+f&ego+�-k&~+egfDu�n�c+e D
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{+h1c-�]npo}k$h���lmi>w|nt��\ y�k&~th�f&egu;r+wglmk&egnpo JDlxf/lx�j�jrtiAlmk$h�k&~th1o9k&~th�hj�xh1o�k&f$J�~+e �A~6v�lxfAf$h1c9k&~th�f&egu;r+wglmk&e|npo
f&~tnpr�wgc%~+l1�xh��xhji&�qf&eguZegw lmiD�>~+lmiAlx��k$hjiAegf&k&eg�jf�k$n�k&~th �   * AW6Zc+e u�rtnpo%hj�xh1o}k)c�lmk&lZf$hjkj�

I�y�k&~+h;hj�xh1o}k&f J)~+eg�A~ v�lxfAf$h1c k&~thZf&egu;r+wglmk&e|npo  �k&~th��]npo}k$h���lmiAw|nqlxf&f&eg�poth1c k&~th�v+iAegu�lmi&�
k$iAlx�]> npo+hZnxy�k&~+i&hjh�vBnpf&f&e|s�wgh;�jwglxfAf&e|{��jlmk&e|npo�fj  k$iAe|�x�xhjiAh1c �$� ��  k$iAe|�x�xhji&h1c �$� ��  nxi-k$i>e|�x�xhji&h1c � �����
��~th�f$h1��npo+c+lmi&�%k$iAlx�]> JDlxf)lxf&f&e|�po+h1c�npoth9nxy\h1w|hj�xh1o�vBnpf&f&e|s�w|h��jw lxf&f&e|{��jlmk&egnpo+fj +k$iAeg�x�xhji&h1c]lxo+c]otnpo�D
k$iAe|�x�xhjiAh1c �$��� � 4 k&~�l':�eglxwM�> �k$iAeg�x�xhji&h1c�lxo�c�otnpo3D k$iAe|�x�xhji&h1c �$� � � 4 k&~�l':�e lxw �> Bk$iAe|�x�xhji&h1c lxo+c otnpo�D
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��~thZ���}k&~+e l�uZlxo�r+lxw�f$k&lmk$h1f�k&~thZyMnpwgw|n J�egot�t� � �
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� 8*,- ���@� *�� � �, 8��� �
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*, �< *,6GB�% ���F�,�E����� ���}k&~�egl-egf�l-�xhji>f&lmk&egw|h�hj�xh1o�k��xh1othji>lmk$nxi1�[\ kDegf�vBnpf&f&e|s�w|h�k$n;�>~+lxot�xh k&~th f&~+lmvBh�nxy
k&~th;�xh1othjiAlmk$h1c ^=��k c+egf$k$i>e|s�rtk&e|npo�s}��lxc �&r+f$k&e ot��lxo}��nxy�f$hj�xhji>lxwKk&r�o+egot��v�lmiAlxu�hjk$hjiAf1�)� ~th1o k&~th
v�lmiAlxuZhjk$hjiAf�lmiAh�k&r+oth1cH��nxi&i&h1��k&w|��k&~+h1o k&~th ~+e|�p~thji9nxi>cthji��jlxwg�jr�wglmk&e|npo+f J�~+eg�>~ ����k&~+egl�c+n}h1f;otnxk
lmk$k$h1u�v+k�k$n�vBhji&yMnxiAu ~+l1�xh-s�hjh1o]lmv+v+i&n :�egu�lmk$h1c
�

��~thji&h�lmi&h	yMnprti9����k&~+egl�v�lmiAlxuZhjk$hjiAf J�~+e �A~�lmi&h	k&r+oth1c�ego�k&~+egf6lxo�lxw|��fAegf)e o�nxi>cthji6k$n�lmv3D
v+i&n :�e uZlmk$h�k&~th�^���k/c�egf$k$iAe|s�rtk&e|npo�J�~+eg�>~
 mlmy k$hji\�xnpegot�)k&~ti&nprt�p~-k&~th�cthjk$h1��k$nxi\i&h1f$vBnpo+f$hDf&egu;r+wglmk&e|npo
 
i&h1f&r�w|k&f�ego�l�f&u�h1lmi&h1c�lxo+c�lx�j��hjv+k$h1c��]npo�k$h���lmiAw|n2^���k�c+e f$k$iAe|s�r+k&e|npo2J�~+eg�>~�uZlmk&�A~+h1f�k&~th�c+lmk&l'D
u�h1lxf&r+i&h1c�c+egf&k$iAe|s�rtk&egnpo
�
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lm�plxego+f&k/k&~+h�^�sBnpf$npo �K��~+e fKv�lmiAlxu�hjk$hji J�lxf\k&r+oth1c;k$n9l��^lxwgr+hDnxy � � �m� ����~+egfKv�lmiAlxuZhjk$hjiOv+iAeguZlmi>egw|�
l �Bh1��k$h1c�k&~th-i&h1w lmk&e|�xh;~+h1e|�p~�k)nxy�k&~th�v�h1lW>]nxyOk&~thE^=��k�c+egf$k$i>e|s�rtk&e|npo �D��~+h�~+e|�p~+hji�k&~th;vBh1lW>� �k&~th
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�Bb �)� 6 � egf lxo�h �Bh1��k&e|�xh��jrtk D n � nxy�k&~th�k$i>lxo+f$�xhjiAf$h�u�npuZh1o�k&r+u hj�xnpw rtk&e|npo�f&�jlxw|hx  s�h1wgn J
J�~+e �A~�v�lmi&k$npo�fA~tn JDhjiAf lmi&h�o+nxk)hj�xnpw|�xh1c �)��~+e f�v�lmiAlxu�hjk$hji J�lxf�k&r+oth1c�k$n%l��^lxwgr+h9nxy � � � 4 � ��~+egf
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��k�v�h1lW>+�>�
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l �Bh1��k$h1c]k&~th J)egctk&~%nxy\k&~th_^���k�v�h1lW>��

� ��� ��� � � 	��
� � 
 � � � � � � � � ��
��	��� � � ��� � � � � � � � � � � � � � � �
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s�ego�f�lmi&h�f&~tn J�o � k&~th	� D l':tegf egf wgego+h1lmi��> �lxo�c�npo k&~th;iAe|�p~}k�nxy�k&~th	{+�prtiAh�lxwgw/k&~th;s�ego+f�lmi&h�f&~tn J�o
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Z Pt dependence on the error scale factor
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Z Pt dependency on the error scale factor
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Z Pt dependence on the error scale factor
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 }k&~+h6�]npo}k$h���lmiAw|n"JDlxf�k&r+oth1c k$nZf&egu;r+wglmk$h�k&~th
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� ��¡�� �9egu�  � ¡�� 8 � �-eguq  ����8 �#C�� �-eguq  � � 8 ��¡�� �9egu�  � � £	� ��� �9eguq  � � G � �9e|iAf&�>~
  � �/� �6n�h1~+o
  ���
��� �6npo+c+nt  � � �+� �6npo�e|�pf$sBhji&�t  � 8 � �9nxv+v   � �Z� �9nxiAc+lxfj  ��� �d� �9npf >^l�  � ¢�� �6nV�^lx�jf1  ��� � �9n J�lxwgc
  �
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