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� ² 5 ² 5 � ��Zi�%ZDy³Zx£�U�Z]eDo`RHf`Z]UWZ]hiX`o.²+²c²+²c²�²+²c²c²+²c²+²c²c²+²c²�²+²c²+²c²c² v z �

� ² � ¼4e�f`�{Z�Xj\�Z]h�oKVYX·m|ogX�eDT�VYtqVuX·m�²c²+²c²c²+²c²+²c²�²+²c²c²+²c²+²c²c²+²c²�²+²c²+²c²c² v{v 5
� ² � Ó2_{VYtqVqhH�¨oKX`R�\Hm ²c²+²�²c²+²c²+²c²c²+²c²+²c²�²+²c²c²+²c²+²c²c²+²c²�²+²c²+²c²c² v{v �
� ² ° �@R�U�VYh�_{oKVYX·m�U�_{hHVYX[_Df`VqhH� ²c²+²c²c²+²c²+²c²�²+²c²c²+²c²+²c²c²+²c²�²+²c²+²c²c² v{vx°
� ²"! Õ�eDtqp"R�t¥eÆX[Vq_Dh�d�f`_�p]Z"\�R�fKZ ²c²+²c²c²+²c²+²c²�²+²c²c²+²c²+²c²c²+²c²�²+²c²+²c²c² v{v�w
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°S²uv Î��{Z]fg��VqZ"��²c²+²c²c²+²�²c²+²c²+²c²c²+²c²+²c²�²+²c²c²+²c²+²c²c²+²c²�²+²c²+²c²c² v 5 v
°S² 5 QSVqU¨R�t¥e�X`Vq_{h�_Dk�Z��Sd}Z"f`VYU�Z"hnXµ²+²c²c²+²c²+²c²�²+²c²c²+²c²+²c²c²+²c²�²+²c²+²c²c² v 5f�

°S² 5 ²Yv ­ Õ�����l ²+²�²c²+²c²+²c²c²+²c²+²c²�²+²c²c²+²c²+²c²c²+²c²�²+²c²+²c²c² v 5f�
°S² 5 ² 5 Q�d}Z"p"X[fK_{UWZ"X[Z"fjf`Z]oK_{tqRSX[Vq_Dh ²c²+²c²�²+²c²c²+²c²+²c²c²+²c²�²+²c²+²c²c² v 5 °

°S² � QSd�Z]p"X`f`_{UWZ"X`Z]f�eDp"p]Z]dSX�eDh�p"Zc�jVuX[aªÖ�¶;k%R�h�p�X[VY_{h�o3²c²+²c²+²c²c²+²c²�²+²c²+²c²c² v 5 !
!



°S² � ²Yv Ö�¶;k%RHh�p"X`Vq_{h�o ²c²+²c²+²c²c²+²c²+²c²�²+²c²c²+²c²+²c²c²+²c²�²+²c²+²c²c² v 5 !
°S² � ² 5 � d�d�tYVqp�eÆX[Vq_DhµX[_WeDp"p]Z]dSX�eDh�p"Z ²+²c²�²+²c²c²+²c²+²c²c²+²c²�²+²c²+²c²c² v �©5
°S² � ² � Ç hHVYX[VqeDt'e�p]p]Z"dHX�e�h�p]Zcp]RHX�²c²+²c²+²c²�²+²c²c²+²c²+²c²c²+²c²�²+²c²+²c²c² v �u�
°S² � ² � Õ2_Dh�oKX`f`R�p�X[Vq_Dh�_Dk�p]RSX�k%RHh�p"X`Vq_{hP²c²�²+²c²c²+²c²+²c²c²+²c²�²+²c²+²c²c² v �{¬
°S² � ² ° ��VqogX[_{fgm�_Dk4Ö�¶Ïk%R�h�p�X[Vq_Dh�o ²+²c²+²c²�²+²c²c²+²c²+²c²c²+²c²�²+²c²+²c²c² v � v

°S² � Õ2RHX�_{h^X�eDfK�{Z"X�tYZ]h��DX`a ²+²c²+²c²c²+²c²+²c²�²+²c²c²+²c²+²c²c²+²c²�²+²c²+²c²c² v ��5
°S² ° Õ2RHX�_{h¨\�Vu�0Z"f`Z"h�p]Z$T}Z�X·�2Z"Z]hÅf`Z]eDp"X`Vq_{hcd�_{VqhiX[o/f`Z"p]_{hHoKX[fKR�p"X`Z]\ÅTim�X[a�Z�Z]tYZ]p�X[f`_Dh

o`d�Z]p�X[f`_DU�Z�X[Z]f�eDhH\ªX`a�Z�a�eD\�fK_{h|o`d�Z]p"X`f`_{UWZ"X`Z]fB²c²+²c²+²c²c²+²c²�²+²c²+²c²c² v �D�
°S²"! QSR�THX`f[eDp�X[VY_{h|_DkCe�p]p]VY\�Z]hiX[eDt@p]_{VYh�p]VY\�Z]hHp]Z]oc²�²+²c²c²+²c²+²c²c²+²c²�²+²c²+²c²c² v � °
°S² ¬ Õ2_{f`fKZ]p�X[Vq_Dh�o�X[_WU�VYo`oKVqh��ÅZ"h�Z]fK�Dm^o`d�Z]p�X[f`eÈ²�²+²c²c²+²c²+²c²c²+²c²�²+²c²+²c²c² v � !
°S² w �4�SX`f[eDp�X[VY_{h|_Dk4p"f`_{oKo�oKZ]p�X[Vq_Dh�o ²c²+²c²+²c²�²+²c²c²+²c²+²c²c²+²c²�²+²c²+²c²c² v�° 5

°S² wH²Yv �4��X[f`eDp"X`Vq_{h|_Dk�����Z{�)Z�y Z�¡´d¤£KbBp]fK_{o`o�o`Z"p"X`Vq_{h�oj²c²+²c²c²+²c²�²+²c²+²c²c² v�° 5
°S² wH² 5 Õ2fK_{o`ojoKZ]p"X`Vq_{hªUW_S\�Z"tqo�R�oKZ]\ªVqh|o`VYU»R�tqe�X[VY_{h�oB²+²c²c²+²c²�²+²c²+²c²c² v�°�w
°S² wH² � �4��X[f`eDp"X`Vq_{h|_Dk�����Z{�)Z�y Z�¡´d¤£gdHh�p"f`_{oKo�oKZ]p"X`Vq_{hHo©²+²c²c²+²c²�²+²c²+²c²c² v�! �

°S² � �4�SX`f[eDp�X[VY_{h|_Dk4½j¾S¿¯²�²c²+²c²+²c²c²+²c²+²c²�²+²c²c²+²c²+²c²c²+²c²�²+²c²+²c²c² v�!�!
°S²uv z QSZ]d�eDf[e�X`Vq_{h^_�kCf`Z"o`d�_{h�oKZck%R�hHp"X[VY_{h�o^²c²+²c²�²+²c²c²+²c²+²c²c²+²c²�²+²c²+²c²c² v�!Dw

°S²uv z ²uv Àj¾H¿^oKZ]d�e�f[e�X`Vq_{h ²c²+²c²c²+²c²+²c²�²+²c²c²+²c²+²c²c²+²c²�²+²c²+²c²c² v�!D�
°S²uv z ² 5 Àj¾ËeDh�\ªÀ�¿cÁ6Â�¾n¾0Ã{Â�¿�À�¾n¾«oKZ]d�eDf`e�X[VY_{h ²+²c²+²c²c²+²c²�²+²c²+²c²c² v ¬ v
°S²uv z ² � Àj¾ËeDh�\ªÀ�¿^oKZ]d�e�f[e�X`Vq_{h ²+²c²+²c²�²+²c²c²+²c²+²c²c²+²c²�²+²c²+²c²c² v ¬Æ�

°S²uv{v¹Ó2VqhHh�Vqh��ÅVYh^X[a�Z�_{RHXg¶·_Dk¥¶;d�t¥e�h�Z�eDhH�{tqZ�e�Xj§nVYh�Z]U�e�X[VYp]oFv ²c²c²+²c²�²+²c²+²c²c² v ¬ !
°S²uv 5.­ VqoKo`VYh���Z]h�Z"f`�Dm^oKd}Z"p"X`f[e ²c²+²c²c²+²c²+²c²�²+²c²c²+²c²+²c²c²+²c²�²+²c²+²c²c² v ¬D¬
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�� ���,1 � ��1 1 ����
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!H²uv ����Z{�)Z�y Z�¡¢d¤£KbBp]fK_{o`ojo`Z"p"X`Vq_{h�o�eDh�\|oKd}Z"p"X[f`eDt@k%R�h�p�X[Vq_Dh�oÅ²+²c²c²+²c²�²+²c²+²c²c² vx�D�
!H² 5 ½�¾S¿^eDogm�U�UWZ"X`fKm ²+²�²c²+²c²+²c²c²+²c²+²c²�²+²c²c²+²c²+²c²c²+²c²�²+²c²+²c²c² 5�� �
!H² � Ó2VqhHh�Vqh��ÅVYh^X[a�Z�_{RHXg¶·_Dk¥¶;d�t¥e�h�Z�eDhH�{tqZ�e�Xj§nVYh�Z]U�e�X[VYp]oFv ²c²c²+²c²�²+²c²+²c²c² 5 °�w
!H² � ����Z{�)Z�y Z�¡¢d¤£KbBf`Z"o`d�_{h�o`Z�k%R�h�p�X[VY_{h�oc²+²c²+²c²�²+²c²c²+²c²+²c²c²+²c²�²+²c²+²c²c² 5 ! ¬
!H² ° � ��Z{�)Z�y Z ¡ d¤£gd�hªp]fK_{o`ojoKZ]p"X`Vq_{hHo�e�h�\�oKd}Z"p"X`f[eDt'k%R�hHp"X[VY_{h�o ²c²c²+²c²�²+²c²+²c²c² 5{¬ v
!H²"! Q�m�oKX`Z]U�e�X[VYpFR�h�p]Z"fKX[eDVqhiX[VYZ]oG²+²c²c²+²c²+²c²�²+²c²c²+²c²+²c²c²+²c²�²+²c²+²c²c² 5 w{°

!H²"!H²Yv ��_{f`U�eDtYVqÔ�eÆX[Vq_DhµR�h�p"Z]fgX�eDVYhnX`VqZ"o ²c²�²+²c²c²+²c²+²c²c²+²c²�²+²c²+²c²c² 5 w{°
¬



!H²"!H² 5 � h�p]Z"fKX[eDVqhiX[VYZ]o�VYh|X`a�Z � ��Z{�)ZDy³Z ¡ d¤£Kb�eDh�eDtum�o`VqoÈ²+²c²c²+²c²�²+²c²+²c²c² 5 w ¬
!H² ¬ QSR�UWUµe�fKmµeDh�\ªp]_{h�p"tqR�oKVq_{hHo ²c²c²+²c²+²c²�²+²c²c²+²c²+²c²c²+²c²�²+²c²+²c²c² 5 � z
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� ²uv � p"p]Z]dSX�eDh�p"Z+\HZ"~�h�VuX[VY_{h^�jVYX[aªÖ�¶;k%R�hHp"X[VY_{h�o�²+²c²c²+²c²+²c²c²+²c²�²+²c²+²c²c² 5 � �
� ² 5 Ì4VYXKX[VYh��»d�fK_{�{f[e�U�o ²�²c²+²c²+²c²c²+²c²+²c²�²+²c²c²+²c²+²c²c²+²c²�²+²c²+²c²c² 5 �{°
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Ó�²uv Ì4VqtYtqVYh�� ­ m�Q����¸\�e�X�eDT�eDo`ZF�jVYX`a|o`p�e�tqZ]f�fKZ�eD\H_{RHX[o2²+²c²+²c²c²+²c²�²+²c²+²c²c² �{zu�

Ó�²uv{²Yv Õ2fKZ�e�X`Vqh��ÅX[eDT�tqZ��jVuX[a|o`p]eDtqZ"f�p]_{tYR�UWh�o ²c²+²c²+²c²c²+²c²�²+²c²+²c²c² �{zu�
Ó�²uv{² 5 ÖjZ"k%_Df`U�e�X`X`Vqh��»oKp�eDtYZ]f a�VqogX[_{fgm�~�tqZ ²+²c²c²+²c²+²c²c²+²c²�²+²c²+²c²c² �{z��
Ó�²uv{² � Ì�VqtqtYVqh���X[aHZc\�e�X�eDT�eDo`Z»²c²c²+²c²+²c²�²+²c²c²+²c²+²c²c²+²c²�²+²c²+²c²c² �{z °
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v"¶�v Ì�Z"m�h�U�eDh�\HV¥eD�{f`eDUJk%_{fjX[aHZ��%ZDy³Z"¡´d¤£�f`Z]eDp"X`Vq_{h�Vqhª_{h�Z�¶·d�a�_�X[_{h�Z��Sp�a�eDh��DZÅeDdS¶
d�f`_��SVqU�e�X`Vq_{h'²@²c²c²+²�²c²+²c²+²c²c²+²c²+²c²�²+²c²c²+²c²+²c²c²+²c²�²+²c²+²c²c² �{z

v"¶ 5 Ì�Z"m�h�U�eDh�\HV¥eD�{f`eDUJk%_{fjX[aHZ��%ZDy³Z ¡ d¤£�f`Z]eDp"X`Vq_{h�Vqh�l�t¥eDh�ZFÒ-e��{Z Ç UWd�R�tYo`Z � dS¶
d�f`_��SVqU�e�X`Vq_{h'²@²c²c²+²�²c²+²c²+²c²c²+²c²+²c²�²+²c²c²+²c²+²c²c²+²c²�²+²c²+²c²c² � v

v"¶ � QSp�a�Z"Uµe�X`Vqp¨��VYZ"� _Dk�X[a�Z � ��Zi�%ZDy³Z ¡ d¤£�fKZ�eDp�X[VY_{hËeDh�\«\�Z�~�h�VuX[Vq_Dh«_Dk�§�VYh�Z]U�e�X`Vqp
��eDf`VqeDT�tqZ"o]² ²+²c²c²+²�²c²+²c²+²c²c²+²c²+²c²�²+²c²c²+²c²+²c²c²+²c²�²+²c²+²c²c² �©�

v"¶ � b�VqogX[_{fgX[Z]\ÄU�_{UWZ]hiX`R�U	\�VqogX[f`VYT�RHX`Vq_{h�_Dk�d�f`_DX`_{hsVYhÄX[a�ZÅ�[��Z»hnR�p"tqZ]RHo]y@UWZ�eÆ¶
o`R�fKZ]\ªVqh�Q�X[eDhHk%_{fK\ÄeDhH\�
Fa�e�f`§D_x�|d�fKVq_{f$X[_|vx�{w 5 ² ²c²+²c²c²+²c²�²+²c²+²c²c² � !

v"¶g° ­ _{UWZ]hiX[RHU \�VYoKX`f`VqTHRHX[VY_{hÄ_Dk�dHf`_DX`_{hsVqhÄ����Z»UWZ�e�o`R�fKZ]\«Vqh�X[a�Z¨X·�$_ªQHeDp"t¥e�m
Z��Sd�Z]f`VYU�Z"hiX[o]²�²c²c²+²�²c²+²c²+²c²c²+²c²+²c²�²+²c²c²+²c²+²c²c²+²c²�²+²c²+²c²c² �i¬

v"¶ ! ����Z�\�VYoKX`_{fKX`Z]\ªU�_{UWZ]hiX`R�UJ\�VYoKX`f`VqTHRHX[VY_{h�_{THX[eDVqhHZ]\|Vqh ­ eDVYh�ÔFZ��Sd�Z]fKVqUWZ]hiX�² � w
v"¶ ¬ Í�f`eDd�a�VYp�eDtS�SVYZ"��_Dk'§nVqhHZ]U�e�X[VYp�o`Z�X`X[VYh��{o�eDh�e�tYm�Ô]Z"\µVqhÅX`a�Vqo�X[aHZ]o`VYo]²�ÍFVY�DZ]h�eDf`Z

eDp"X`R�eDt¦T�Z�eDU	Z]hHZ]f`�DVqZ]o�eDh�\sp"Z]hiX[f`eDtCe�h��{tqZ"o�e�h�\sUW_{U�Z"hiX�e�_DkCX[aHZ¨Z]tYZ]p�X[f`_Dh
o`d�Z]p�X[f`_DU�Z�X[Z]f"² ²c²+²�²c²+²c²+²c²c²+²c²+²c²�²+²c²c²+²c²+²c²c²+²c²�²+²c²+²c²c² �²5

5 ¶�v QSp�a�Z"Uµe�X`VqpFtqexmD_{RHXj_Dk�r{�¦eDTªeDp]p"Z]tqZ"f[e�X`_{f]²c²�²+²c²c²+²c²+²c²c²+²c²�²+²c²+²c²c² � !
5 ¶ 5 QSp�a�Z"Uµe�X`VqpFtqexmD_{RHXj_DkC��eDtYt � ² ²c²+²c²+²c²�²+²c²c²+²c²+²c²c²+²c²�²+²c²+²c²c² � w
5 ¶ � Ó2Z�e�U©d}_Do`VYX`Vq_{hµU�_{hHVYX[_Df�f`Z]eD\�_{RHX�Z"tqZ]p�X[fK_{h�Vqp"o]²�²c²+²c²+²c²c²+²c²�²+²c²+²c²c² � �
5 ¶ � Ó2tq_�p�§{¶·\�VqeD�{f`eDUO_DkCÓ�Õ ­ f`Z]eD\�_{RSX�²�²c²+²c²�²+²c²c²+²c²+²c²c²+²c²�²+²c²+²c²c² °Sv
5 ¶g° l�a�_DX[_D�{f[eDdHas_Dk���e�tqt � p]fgm{_{�DZ]h�VYp¨X�eDfK�{Z"X`o]²���Z]tqVYR�U �gX[RHh�eµp�e�h�
µX�e�f`�{Z�XFVqo

e�X�X[aHZ�X`_{d|_Dk/X[a�ZceDoKo`Z]U¨T�tYmD²W²c²c²+²c²+²c²�²+²c²c²+²c²+²c²c²+²c²�²+²c²+²c²c² ° �
5 ¶ ! � tYR�U�VYhnR�U oKVq\�ZF�2eDtqt'eDh�\��¤eDh��{Z"oj_Dk�X`a�Z��gX[RHh�eÅp�eDh�
�X�e�f`�{Z�X�²j²�²+²c²+²c²c² ° �

�



5 ¶ ¬ b�V¥eD�Df[eDU _Dk � ��Z�X�e�f`�{Z�X$tY_S_Dd'²Cb�R�fKVqh��+��w{� zD�D� y � ��Z��ieDo�Vqh�X`a�ZjX�eDfK�{Z"X���e�o
p]_�_{tqZ"\^Tim^X·�2_Wa�Z�eÆX�Z��Sp�a�eDh��{Z"f`o�p]_{h�hHZ]p"X`Z]\�Vqh|d�eDf`eDtqtYZ]tÏ²�²c²+²c²�²+²c²+²c²c² °{°

5 ¶�w Õ2f`_{oKojo`Z]p�X[VY_{hª��VYZ"� _�kC��eDtqt � e�h�\�_�kCeÅa�VY�{aS¶·fKZ]oK_{tqRHX`Vq_{hµo`d�Z]p"X`f`_{UWZ"X`Z]f"²3² °�!
5 ¶�� ��tqZ]p�X[fK_{h|o`d�Z]p"X`f`_{UWZ"X`Z]fj\�Z�X[Z]p�X[_{fKo�Z"U�dHtq_xm{Z"\�VYh|X`a�Z�Z��Sd�Z]f`VYU�Z"hiX�²�²c²+²c²c² ° ¬
5 ¶�v z ��eD\Hf`_{h|o`d�Z]p�X[fK_{U�Z�X[Z"f�\HZ"X[Z"p"X`_{f`o�Z]UWd�tq_xmDZ]\ªVqh^X[a�Z�Z��Hd�Z]fKVqUWZ]hiX�²	²c²+²c²c² °Dw
5 ¶�vDv � d�eDVYf�_Dk��DZ]fgX[Vqp]eDt@\�fKVYk X�p�a�e�U»T}Z"f`o"y}e�o�UW_{R�hiX`Z]\ªe�XjX[a�ZFk%_�p�eDt0d�t¥eDhHZD²-²c²c² ! z
5 ¶�v 5 b�Z"~�hHVYX[VY_{h^_Dk/X[a�Zc��eDtqt'Õ2_S_{fK\�Vqh�e�X[ZcQ�m�ogX[Z]Uª²H²c²c²+²c²+²c²c²+²c²�²+²c²+²c²c² ! 5
5 ¶�v � b�Z"~�hHVYX[VY_{h^_Dk/X[a�ZcÌ�_�p�eDt0l�tqeDh�Z+Õ2_�_{f`\�VYh�e�X`Z�oKm�oKX`Z]Uª²�²+²c²c²+²c²�²+²c²+²c²c² ! �
5 ¶�v � QSVqUWd�tYVY~�Z"\�T�tq_�p�§{¶·\�VqeD�{f`eDU _�k4oKZ"X[RHd�_Dk�X[a�Z�U�eDVqhµd�aimSoKVqp"o�X[fKVq�{�DZ]f`o"²^²+²c²c² !i°
5 ¶�vx°-Ó2tq_�p�§{¶·\�VqeD�{f`eDUO_Dk�X`a�Zc��eDtYt � b � �BoKm�oKX`Z]Uª²Ê²c²+²c²+²c²c²+²c²�²+²c²+²c²c² !{�

� ¶�v QSR�U©_�k4X[aHZcX·�$_^Q z � b�ÕÉo`VY�{h�eDtYo��So�d�eDfgX[VYp]tqZ��DZ]tY_Sp"VYX·m��¯p�eDtYp]R�tqe�X[Z"\|k%fK_{U
X[a�Z|X[VYU�Z|_Dk ��Vq�DanXÄ�%¼�Î�ÌC£�T�Z"X·�$Z]Z"hÊX[a�ZÄQ}vse�h�\.Q 5 o`p"VqhiX[VYtqt¥eÆX[_{f»dHt¥eDh�Z"o]²
¼�a�Z�Q z � b�Õ o`VY�{h�eDtYo��$Z]f`ZWp]_Df`f`Z"p"X`Z]\Ëk%_{fF�ieDVYh�o]y'd�Z]\HZ]oKX[eDtqoceDhH\EtYVq�{aiX�e�XK¶
X[Z"h�R�e�X[VY_{h|Vqh^X[a�Z+Q z oKp]VqhiX`Vqtqtqe�X[_Df2d�eD\H\�tqZ�² 
�VYh�Z]U�e�X`Vqp]o�wH²¹²+²c²�²+²c²+²c²c² ¬u�

� ¶ 5 ����p"VqZ"h�p"m�_DkC®�b�ÕÈ�jVqf`Z"o�p]eDtqp"R�t¥e�X`Z]\ª�jVYX[aªX[a�Zck%_{f`U¨R�t¥e�� � ² 5 £�Ñ��ºei£���Ö�QH�
® 5 �jVqfKZFd�t¥e�h�Z��/�%T¤£���Ö�QH� �15 �jVqfKZ�d�t¥eDhHZD² 
FVqh�Z"UµeÆX[Vqp"o�v{²Å²c²�²+²c²+²c²c² ¬��

� ¶ � Ö�Z"p]_{hHoKX[fKR�p"X`Vq_{hÐ_�k�X[f[e�p�§�oÅ�jVuX[a¸\�Z"tYX[eÆ¶·f`exm�o"Ñs� X[_{d¤£ca�eD\�fK_{hÐo`d�Z]p�X[f`_DU�Z�X[Z]f
®»vªeDh�\¹® 5 �jVqfKZ^d�t¥e�h�Z]o��c�)T�_DX`X`_{U�£¨Z"tqZ"p"X[fK_{h¹o`d�Z]p�X[f`_DU�Z�X[Z]f � vªeDhH\ �)5
�jVqfKZFd�t¥eDhHZ]o]².²c²c²+²�²c²+²c²+²c²c²+²c²+²c²�²+²c²c²+²c²+²c²c²+²c²�²+²c²+²c²c² ¬ !

� ¶ � Ö�Z"p]_{hHoKX[fKR�p"X`Vq_{h+_Dk¤e�U»R�tYX`Vqd�tYZ�¶ÏX[f[e�p�§�Z"�DZ]hiX�yiZ"tqZ"p"X[fK_{h¨oKd}Z"p"X`f`_{UWZ"X`Z]f � v�eDhH\
�15 �jVqfKZFd�t¥e�h�Z]o"².²+²�²c²+²c²+²c²c²+²c²+²c²�²+²c²c²+²c²+²c²c²+²c²�²+²c²+²c²c² ¬ w

� ¶g° Ö�Z"p]_{hHoKX[fKR�p"X`Vq_{h¯_Dk�U¨R�tYX`Vqd�tYZ�¶·p"tqR�ogX[Z"f�X[f`eDp�§no]Ñ|� X[_{d¤£�a�e�\�f`_{h¯o`d�Z]p�X[f`_DU�Z�X[Z]f
� vjeDhH\ �15 �jVqfKZ�d�t¥e�h�Z]o����)T�_DX`X`_{U�£¦a�eD\�fK_{h�o`d�Z]p�X[f`_DU�Z�X[Z]f�®»v�eDh�\»® 5 �jVqf`Z
d�t¥e�h�Z]o"² ²c²+²c²c²+²�²c²+²c²+²c²c²+²c²+²c²�²+²c²c²+²c²+²c²c²+²c²�²+²c²+²c²c² ¬ �

� ¶ ! b�VqogX[f`VYT�RHX`Vq_{hÈ_DkµoKR�U _Dk�X`a�ZÉv z Íce�oEÕ2a�Z]fKZ]h�§�_�� � b�Õ2oEp"_{f`fKZ]p�X[Z]\Bk%_{f
d}Z"\�Z]ogX�eDtYo�eDh�\|�ieDVYh�o]² 
FVqhHZ]U�e�X[VYp]o�v{²3²c²�²+²c²c²+²c²+²c²c²+²c²�²+²c²+²c²c² w 5

� ¶ ¬ b�VqogX[f`VYT�RHX`Vq_{h _Dk�UW_{U�Z"hiX[R�U _Dk�d�fK_DX[_Dh�o�§nh�_�p�§DZ]\�¶·_{RHX^k%fK_{U ����Z«eÆX�X[a�Z
a�eD\�fK_{h|o`d�Z]p�X[f`_DU�Z�X[Z]fjZ"hnX`f[eDhHp]Z��jVqh�\�_x��y�oKVqU»R�tqe�X[Z"\^�jVYX[a�Í�� � ��¼F²Ð²c²c² w �

v z



� ¶�w ¼�a�Z �gT}_DXKX[_{U 
µQ z � b�Õ>p"_{f`fKZ]p�X[Z]\sk%_Df�d�Z]\�Z"oKX[eDtCeDhH\Ä�ieDVYh���o�d�_{o`VuX[VY_{h�_�k
d�eDfgX[Vqp"tqZ�aHVYX�eDtY_{h��FX[a�Z�Q z d�eD\H\�tqZ�²C¼�a�Z�tq_x�2Z"f�T�eDh�\W_Dk'Z��{Z"hnX`o2p"_{f`fKZ]o`d�_{h�\Ho
X[_����4y�X`a�Z2UWVq\H\�tqZ�T�eDhH\»_Dk�Z��{Z]hiX`oCp]_{fKf`Z"o`d�_{h�\�o4X`_�d�fK_DX[_{hHo]y{e�h�\¨X[aHZ2R�d�d�Z]f
T�eDh�\ªp]_Df`f`Z"o`d�_{h�\�o�X`_�\�Z"RHX[Z"f`_{hHo]²©²c²+²c²�²+²c²c²+²c²+²c²c²+²c²�²+²c²+²c²c² w ¬

� ¶�� l�_{oKVYX`Vq_{hE_Dk�d�eDfKX`Vqp]tYZ�a�VYX+eDp"f`_{oKo¨o`p"VqhiX[VYtqtqe�X[_{f�d�eD\�\�tYZ]o���o¨d�eDfgX[VYp]tqZ»�DZ]tY_Sp"VYX·m
�Ðp�eDtYp]R�tqe�X[Z"\�k%fK_{U	¼�Î�Ì T}Z�X·�2Z"Z]h«X[aHZ¨o`p"VqhiX[VYtqtqe�X[_{f�dHt¥eDh�Z"o]y0e�k X[Z"f�\�Z�X[Z"p"X[_Df
p�eDtYVqT�f`e�X[VY_{h'²<²c²c²+²�²c²+²c²+²c²c²+²c²+²c²�²+²c²c²+²c²+²c²c²+²c²�²+²c²+²c²c² w{�

� ¶�v z Ö�Z"p]_{hHoKX[fKR�p"X`Vq_{h _Dk�Z"�{Z"hiX[o��jVuX[a�_DRHXWZ���X[Z"h�\�Z]\6X�eDfK�{Z"X�p"_{f`fKZ]p"X`Vq_{hHo�X`_����	� �

o`VYZ"�{Zµo`tqVuX ��� ÕF�)ZDy³Zx£¨\�e�X�e|k%_{f¨oKp�e�XKX[Z]fKVqh���k%f`_{U eÄp]eDf`T�_{h-k%_{VYt�tq_�p�e�X`Z]\�v � ² 5
p]U \�_x�jh�oKX`f`Z�e�UG�%X[_Dd¤£�yneDhH\�v � ² 5 p"UPR�d�ogX[f`Z]eDU	�%T}_DXKX[_{Uµ£/k%fK_{U X`a�Z�X�eDfK�{Z"X
p]Z"hnX`Z]f"²«²+²c²+²c²c²+²�²c²+²c²+²c²c²+²c²+²c²�²+²c²c²+²c²+²c²c²+²c²�²+²c²+²c²c² � 5

� ¶�vDv«b�VqogX[f`VYT�RHX`Vq_{h�_Dk
���	�¨fKZ]p]_Dh�oKX`f`R�p�X[Z]\Ë�jVYX`asX[a�Z � � ! ! ­ Z�®�±�pÅZ"tqZ]p�X[fK_{hËo`d�Z]p�¶
X[fK_{U�Z�X[Z"fª_DdHX[VYp]oª\�e�X�e�T�eDo`Z��)oK_{tqVY\¤£�y�eDh�\ÈX`a�e�Xªo`VYU»R�tqe�X[Z"\��jVuX[a ­ Õ�����l
�)\�e�o`a�Z"\¤£�y¤e�X�§nVqhHZ]U�e�X[VYp]o�v{y�T�Z"k%_Df`Z�e�p]_{fKf`Z]p�X[VY_{h^X[_����	� ��o`Z]ZFX`Z���X�k%_Df�\�Z"X[eDVqtYo]²+�i°

� ¶�v 5 ��tqZ]p�X[fK_{h�Vqp�\�Z�e�\HX[VYU�Z�U�Z]eDo`R�fKZ]\�e�X^\HVY�}Z]f`Z"hiX���eDtqR�Z"o�_Dk�X[aHZso`R�U _Dk�X[a�Z
oKX`f`_{T�Z�f[e�X`Z]ojVqh�X`a�Z�o`d�Z]p"X`f`_{UWZ"X`Z]fKo]²¹²+²c²�²+²c²c²+²c²+²c²c²+²c²�²+²c²+²c²c² v zDz

� ¶�v b�Z]h�oKVYX·m^_�kC����Zc�ieDo�e�X�oKZ"�{Z"f[eDt/��eDtqR�Z"oj_Dk4X`Z]UWd}Z"f[e�X`R�f`ZceDh�\�d�f`Z"o`oKR�f`Z�y0p�e�tu¶
p]R�tqe�X[Z"\Ä�jVYX`asX[a�Z¨t¥e��B_Dk�p]_Df`f`Z"o`d�_{h�\�VYh��^oKX[e�X[Z"o�eDh�\ÄX`a�Z
����Z»Z]�nR�e�X`Vq_{h«_�k
oKX[e�X[Z�²�����Z{�)Z�y Z�¡¢d¤£�\�eÆX�eµR�oKZ]\ËVqhªX[a�Z¨p]f`_Do`o�oKZ]p"X`Vq_{hËe�h�eDtYm�oKVqoj��eDoFp"_{tqtYZ]p�X[Z]\
e�X � ��Z�X`Z]UWd}Z"f[e�X`R�f`Z�_Dk !H² � 
 eDh�\ªd�fKZ]o`oKR�f`Z"o¨v 5u5 e�h�\¯v ! z d�o`Vº²¦²+²c²+²c²c² v zu�

� ¶ 5 �ºei£����������ª\�VYoKX[fKVqT�RSX[Vq_Dh¯k%_{f ��� ÕF�)ZDy³Z"¡¢£+f`R�h 5 ° � wH²Ä¼�a�Z�d�Z�eD§¯e�X������������ z
p]_{fKf`Z"o`d�_{h�\�o»X`_«Z]t¥e�oKX[VYp ����ÕF�%ZDy³Zx£¨o`p]e�X`X`Z]fKVqh�� �$_DX[aHZ]f»d�Z�eD§noÅp"_{f`fKZ]o`d�_{h�\¹X[_
Vqh�Z"t¥eDogX[VYp ����ÕF�%ZDy³Z ¡ £�oKp�e�XKX[Z"f`VqhH���jVYX[a»X`a�Z�f`Z"p]_{VYtqVYh�� ����ÕÐhnR�p]tYZ]R�o�VYh�e�\�VqoKp]fKZ"X[Z
Z��Sp]VuX[Z"\«oKX�eÆX[ZD²��%T¤£����������Wm�VqZ"tq\sVYhs\�e�X[e�eDh�\«oKVqU»R�tqe�X[VY_{h�e�k X[Z"fFeDp]p"Z]dHX[eDh�p"Z
p]RHX`o�eDh�\�e�p"RHX�o`Z"tqZ]p�X[VYh��ÅX[a�Z�Z]tqeDoKX`VqpFd�Z�eD§¤²Ê²c²c²+²c²+²c²c²+²c²�²+²c²+²c²c² v z w

� ¶ � �ºei£����������^\�VYoKX[fKVqT�RSX[Vq_Dhsk%_{fF����Z{�)Z�y Z�£�fKR�h 5 ° 5 wH²ª�%T¤£����������^\HVqoKX`f`VYT�RHX[VY_{h«Vqh
\�e�X[eseDh�\¸oKVqU»RHt¥e�X`Vq_{h¯e�k X[Z"f¨p"RHX[o|�%o`Z"ZµX[Z��SX�£¨eDh�\¹e�\��KR�oKX`U�Z"hiXÅ_Dk�X[aHZµ����Z
\�Z]hHo`VYX·m�Vqh^X[a�Z�oKVqU»R�tqe�X[VY_{hµX`_ z ² zi¬ vx� ¬ �n±�p"U��]²0²c²+²c²+²c²c²+²c²�²+²c²+²c²c² v{v z

v{v



°�¶�v �ºei£ � 5 ¶·\�VYU�Z"h�o`VY_{h�eDt�\�_{U�eDVYhÐeDh�\È�)T�£+X[a�ZªeDd�dHf`_��SVqU�e�X[VY_{hÉ�Ï°�² � £�X[_«X[a�Z
\�VqogX�eDhHp]ZFk%R�h�p�X[Vq_Dh|X`_�VYX[o�T�_{R�hH\�eDfKmD²^²+²c²�²+²c²c²+²c²+²c²c²+²c²�²+²c²+²c²c² v 5 �

°�¶ 5 � d�dHf`_��SVqU�e�X[VY_{h¹�Ï°�² �i£�X`_|X`a�Z�\�VqogX�eDhHp]ZÅk%R�h�p�X[Vq_DhËX`_^X[a�ZWT}_DR�h�\�eDfgm«_Dk�X[a�Z
�{Z]_DU�Z�X[f`VYp�eDt}\�_{U�eDVqh^VYhªÌ4Vq��²�°�¶�vW�)ei£�²Ê²c²�²+²c²c²+²c²+²c²c²+²c²�²+²c²+²c²c² v � v

°�¶ � Õ2_{hiX[_{RHfFd�tq_DX`o�_Dk�X[aHZWdHf`_DX`_{h«o`VYh��{tqZ"o�\�VYoKX[fKVqT�RSX[Vq_Dh�o�p]_x�DZ]f`VYh��^X[a�ZÅa�eD\�f`_Dh
o`d�Z]p�X[f`_DU�Z�X[Z]f�eDp]p"Z]dHX[eDh�p"ZDÑ¨�ºei£ ���	���So � �	�ÆyC�%T¤£����	���So � �	�Æ²�¼�aHZ»o`_{tYVq\ªtqVYh�Z]o
Vqh�\HVqp�eÆX[Z�X`a�Z�Z]\��{Z"o�_�k�X`a�Z�Vqh�VuX[V¥e�t}p"RHX�d�t¥eDp"Z]\|_{h|X[a�ZceDp"p]Z"dHX�eDhHp]ZD²¦²c²+²c²c² v ���

°�¶ � Õ2_{hiX[_{RHfFd�tq_DX`o�_Dk�X[aHZWdHf`_DX`_{h«o`VYh��{tqZ"o�\�VYoKX[fKVqT�RSX[Vq_Dh�o�p]_x�DZ]f`VYh��^X[a�ZÅa�eD\�f`_Dh
o`d�Z]p�X[f`_DU�Z�X[Z]f�eDp"p]Z]dSX�eDh�p"ZDÑ��)ei£�� �	����o�� �	��y��)T¤£ ���	�F��o����	��²�¼�a�Z+o`_{tYVq\|tqVYh�Z]o
Vqh�\HVqp�eÆX[Z�X`a�Z�Z]\��{Z"o�_�k�X`a�Z�Vqh�VuX[V¥e�t}p"RHX�d�t¥eDp"Z]\|_{h|X[a�ZceDp"p]Z"dHX�eDhHp]ZD²¦²c²+²c²c² v � °

°�¶g° �ºei£c¼�a�Z|\�VqogX[f`VYT�RHX`Vq_{h�o+_DkjX[a�Z^p"RHXÅk%R�h�p�X[VY_{h	� � k%_{f»\�eÆX�e«eDh�\¹oKVqU»R�tqe�X[VY_{h
eDh�\ �)T�£�X`a�Z«f[eÆX[Vq_Ð_�k+X`a�Z«X·�2_ \�VqogX[fKVqT�RHX`Vq_{hHoË�%X`a�ZËT}Z]eDU Z"h�Z]fK�DmÉ_Dk � ² w
Í�Z�®»y�§nVYh�Z]U�e�X[VYp]oFv�£�²'²c²+²c²+²c²c²+²c²+²c²�²+²c²c²+²c²+²c²c²+²c²�²+²c²+²c²c² v � w

°�¶ ! �ºei£c¼�a�Z|\�VqogX[f`VYT�RHX`Vq_{h�o+_DkjX[a�Z^p"RHXÅk%R�h�p�X[VY_{h	� � k%_{f»\�eÆX�e«eDh�\¹oKVqU»R�tqe�X[VY_{h
eDh�\ �)T�£�X`a�Z«f[eÆX[Vq_Ð_�k+X`a�Z«X·�2_ \�VqogX[fKVqT�RHX`Vq_{hHoË�%X`a�ZËT}Z]eDU Z"h�Z]fK�DmÉ_Dk�v{² 5
Í�Z�®»y�§nVYh�Z]U�e�X[VYp]o � £�²'²c²+²c²+²c²c²+²c²+²c²�²+²c²c²+²c²+²c²c²+²c²�²+²c²+²c²c² v �{z

°�¶ ¬ Ö�Z]eDp"X`Vq_{hWd�_{VqhiX�eDtY_{h���X[a�Z�T}Z]eDU�f`Z"p]_{hHoKX[fKR�p"X`Z]\�Tim�X[aHZ�a�e�\�f`_{h�o`d�Z]p�X[f`_DU�¶
Z"X`Z]f�e�Xj§nVqh�Z"UµeÆX[Vqp"o 5 �Hy�p"_{VqhHp]Vq\HZ]h�p"ZcZ��{Z"hnX`o]²�²c²c²+²c²+²c²c²+²c²�²+²c²+²c²c² v �©�

°�¶�w Ö�Z]eDp"X`Vq_{hÄd}_{VYhiX[o�e�tq_{h���X[a�Z»T�Z�e�U fKZ]p]_Dh�oKX`f`R�p�X[Z]\ETimÄX`a�Z¨X·�$_^o`d�Z]p"X`f`_{UWZ�¶
X[Z"f`o]y4§�VYh�Z]U�e�X`Vqp]o 5 �Sy4p]_DVqh�p"Vq\�Z"h�p]ZWZ"�DZ]hiX[o"²s¼�fKR�Zµ�[��Zi�%ZDy³Z"¡¢d¤£Fp]_DVqh�p"Vq\�Z"h�p]Z"o
eDf`ZFp"_{hiX�eDVYh�Z]\ªVqh^X`a�Z�\�V¥eD�D_{h�eDt}T�eDh�\ª_Dk�Z"�{Z"hiX[o]²2²+²c²+²c²c²+²c²�²+²c²+²c²c² v �D�

°�¶�� Õ2_{VqhHp]Vq\HZ]h�p"Z�X[VYU�ZjT�Z"X·�$Z]Z"hªd�eDfKX`Vqp]tYZ]o�\�Z"X`Z]p�X[Z]\^VYh�X`a�Z�X·�$_»o`d�Z]p�X[fK_{U�Z�X[Z"f`o]y
p]_{fKf`Z"p"X[Z"\ªk%_Df�X[VqUWZF_Dk ��Vq�DanX�X`_ÅX[a�ZFk%_�p�eDt'dHt¥eDh�Z"o]²Ð²c²+²c²c²+²c²�²+²c²+²c²c² v � °

°�¶�v z Î��0oKZ"X[o�T}Z�X·�2Z"Z]hËU�VYo`oKVqh���Z]h�Z"f`�Dm � ��Z{�)ZDy³Z ¡ d�£KbPd�Z�eD§|VqhÄ\�e�X�eµeDh�\«o`VYU»R�tqeÆ¶
X[VY_{h'y�e�o�\�Z"X`Z]fKU�VYh�Z]\|Tim 
F_{tYU�_{�D_{f`_x��eDtq�D_{f`VuX[a�Uªyik%_{f�UWVqo`oKVqh��¨U�_{UWZ]hiX`R�U
T�VqhHoÅe�X�
 � §nVqhHZ]U�e�X[VYp�oKZ"X`X`Vqh��Do]²Eb�VY�}Z]fKZ]hiXÅU�eDf`§�Z]f+X·m�d�Z]o�p]_Df`f`Z"o`d�_{h�\ÐX[_
\�VY�}Z]fKZ]hiX�eDh��DR�t¥eDf�eDh�\|U�_DU�Z"hnX`R�UMo`Z"XKX[VYh��{oj_Dk¦X[a�Z�a�e�\�f`_{h|oKd}Z"p"X[fK_{UWZ"X[Z"f]y
�ja�VqtYZ�X[aHZcoKZ"XKX[VqhH��_Dk/X[aHZcZ"tqZ"p"X[fK_{h|o`d�Z]p�X[f`_DU�Z�X[Z]fjVYoj~S�HZ"\'²�²+²c²�²+²c²+²c²c² v � w

v 5
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!Æ¶�v ����Z{�)Z�y Z�¡¢d¤£Kb>p"f`_{oKo2oKZ]p"X`Vq_{hHo2Z���X`f[eDp�X[Z]\|eÆX2VYh�p]VY\�Z]hiX$Z]tqZ"p"X`f`_{h�Z]h�Z"f`�Dm � w z °S² °
­ Z"®¨²�¼�a�Zc\�Z"X`Z]p"X`Z]\�d�f`_DX`_{h|Vqoje�X�eDhH�{tqZ"o�T�eDp�§�_Dk����² ²c²c²+²c²�²+²c²+²c²c² 5Dz��

!Æ¶ 5 � ��Z{�)Z�y Z ¡ d¤£Kb>p"f`_{oKo2oKZ]p"X`Vq_{hHo2Z���X`f[eDp�X[Z]\|eÆX2VYh�p]VY\�Z]hiX$Z]tqZ"p"X`f`_{h�Z]h�Z"f`�Dm � w z °S² °
­ Z"®¨²�¼�a�Zc\�Z"X`Z]p"X`Z]\�d�f`_DX`_{h|Vqoje�X�eDhH�{tqZ"o�T�eDp�§�_Dk����² ²c²c²+²c²�²+²c²+²c²c² 5Dz °

!Æ¶ � ����Z{�)Z�y Z�¡¢d¤£Kb>p"f`_{oKo2oKZ]p"X`Vq_{hHo2Z���X`f[eDp�X[Z]\|eÆX2VYh�p]VY\�Z]hiX$Z]tqZ"p"X`f`_{h�Z]h�Z"f`�Dm � w z °S² °
­ Z"®¨²�¼�a�Zc\�Z"X`Z]p"X`Z]\�d�f`_DX`_{h|Vqoje�X�eDhH�{tqZ"o�T�eDp�§�_Dk����² ²c²c²+²c²�²+²c²+²c²c² 5Dz !

!Æ¶ � � ��Z{�)Z�y Z ¡ d¤£Kb>p"f`_{oKo2oKZ]p"X`Vq_{hHo2Z���X`f[eDp�X[Z]\|eÆX2VYh�p]VY\�Z]hiX$Z]tqZ"p"X`f`_{h�Z]h�Z"f`�Dm � w z °S² °
­ Z"®¨²�¼�a�Zc\�Z"X`Z]p"X`Z]\�d�f`_DX`_{h|Vqoje�X�eDhH�{tqZ"o�T�eDp�§�_Dk����² ²c²c²+²c²�²+²c²+²c²c² 5Dz{¬

!Æ¶g° ����Z{�)Z�y Z�¡¢d¤£Kb>p"f`_{oKo2oKZ]p"X`Vq_{hHo2Z���X`f[eDp�X[Z]\|eÆX2VYh�p]VY\�Z]hiX$Z]tqZ"p"X`f`_{h�Z]h�Z"f`�Dm � w z °S² °
­ Z"®¨²�¼�a�Zc\�Z"X`Z]p"X`Z]\�d�f`_DX`_{h|Vqoje�X�eDhH�{tqZ"o�k%_{fK�2eDf`\|_Dk���n²�²c²+²c²�²+²c²+²c²c² 5Dz �

!Æ¶ ! ����Z{�)Z�y Z�¡¢d¤£Kb>p"f`_{oKo2oKZ]p"X`Vq_{hHo2Z���X`f[eDp�X[Z]\|eÆX2VYh�p]VY\�Z]hiX$Z]tqZ"p"X`f`_{h�Z]h�Z"f`�Dm � w z °S² °
­ Z"®¨²�¼�a�Zc\�Z"X`Z]p"X`Z]\�d�f`_DX`_{h|Vqoje�X�eDhH�{tqZ"o�k%_{fK�2eDf`\|_Dk���n²�²c²+²c²�²+²c²+²c²c² 5 v z

v�°



!Æ¶ ¬ � ��Z{�)Z�y Z ¡ d¤£Kb>p"f`_{oKo2oKZ]p"X`Vq_{hHo2Z���X`f[eDp�X[Z]\|eÆX2VYh�p]VY\�Z]hiX$Z]tqZ"p"X`f`_{h�Z]h�Z"f`�Dm � w z °S² °
­ Z"®¨²�¼�a�Zc\�Z"X`Z]p"X`Z]\�d�f`_DX`_{h|Vqoje�X�eDhH�{tqZ"o�k%_{fK�2eDf`\|_Dk���n²�²c²+²c²�²+²c²+²c²c² 5 vDv

!Æ¶�w ����Z{�)Z�y Z�¡¢d¤£Kb>p"f`_{oKo2oKZ]p"X`Vq_{hHo2Z���X`f[eDp�X[Z]\|eÆX2VYh�p]VY\�Z]hiX$Z]tqZ"p"X`f`_{h�Z]h�Z"f`�Dm � w z °S² °
­ Z"®¨²�¼�a�Zc\�Z"X`Z]p"X`Z]\�d�f`_DX`_{h|Vqoje�X�eDhH�{tqZ"o�k%_{fK�2eDf`\|_Dk���n²�²c²+²c²�²+²c²+²c²c² 5 v 5

!Æ¶�� � ��Z{�)Z�y Z ¡ d¤£Kb>p"f`_{oKo2oKZ]p"X`Vq_{hHo2Z���X`f[eDp�X[Z]\|eÆX2VYh�p]VY\�Z]hiX$Z]tqZ"p"X`f`_{h�Z]h�Z"f`�Dmªv 5 ° � ² w
­ Z"®¨² ��Z"�ie�X[Vu�{Z � � �����4�De�tqR�Z"o�p]_{fKf`Z]oKd}_Dh�\�X`_�X`a�Zj\�Z"X`Z]p�X[Z]\µd�f`_DX`_{hÅk%_{fK�2eDfK\
_Dk ��ÅeDh�\ªd}Z"f`d�Z]h�\HVqp]RHt¥eDf�§nVqhHZ]U�e�X[VYp]o]² ²c²�²+²c²c²+²c²+²c²c²+²c²�²+²c²+²c²c² 5 v �

!Æ¶�v z � ��Z{�)Z�y Z ¡ d¤£Kb>p"f`_{oKo2oKZ]p"X`Vq_{hHo2Z���X`f[eDp�X[Z]\|eÆX2VYh�p]VY\�Z]hiX$Z]tqZ"p"X`f`_{h�Z]h�Z"f`�Dmªvx�i° � ² z
­ Z"®¨² ��Z"�ie�X[Vu�{Z � � �����4�De�tqR�Z"o�p]_{fKf`Z]oKd}_Dh�\�X`_�X`a�Zj\�Z"X`Z]p�X[Z]\µd�f`_DX`_{hÅk%_{fK�2eDfK\
_Dk ��ÅeDh�\ªd}Z"f`d�Z]h�\HVqp]RHt¥eDf�§nVqhHZ]U�e�X[VYp]o]² ²c²�²+²c²c²+²c²+²c²c²+²c²�²+²c²+²c²c² 5 v !

!Æ¶�vDvs����Z{�)Z�y Z�¡¢d¤£KbO\�VqogX[_{fgX[Z"\¯oKd}Z"p"X[f`eDtCk%R�h�p�X[VY_{h�o�Z���X[f`eDp"X`Z]\¸VYh«X[a�Z�Z��Sd�Z]fKVqUWZ]hiX�²
��Z"�ie�X[Vu�{Z � � �����2�De�tqR�Z"o�p]_{fKf`Z]oKd}_Dh�\�X`_WX`a�Z�\�Z"X`Z]p"X`Z]\sdHf`_DX`_{hªk%_DfK�2eDf`\ª_Dk���S²
��R�eDo`VYZ]tqeDoKX`Vqp�d�Z]fKd}Z"h�\�Vqp"R�t¥e�f�p]_{d�tqeDh�eDf2§�VYh�Z]U�e�X`Vqp]o"² ²+²c²c²+²c²�²+²c²+²c²c² 5 v�w

!Æ¶�v 5 ¼�a�ZÅ����Zi�)Z�y Z�¡¢d¤£KbP\HVqoKX`_{fKX`Z]\«oKd}Z"p"X[f`eDt4k%R�hHp"X[VY_{h�o�Z���X[f[e�p"X[Z"\ËVqhsX[aHZÅ��w{� zD�{�
Z��Sd�Z]f`VYU�Z"hiX¸� ~�tqtYZ]\�eDh�\ÈZ]UWdHX·mÉp]VYf`p"tqZ]o[£�y�eDh�\ÈX`a�ZE����Z{�)ZDy³Z"¡¢d�£Kb o`d�Z]p"X`f[eDt
k%R�h�p�X[Vq_DhW_�k¦r{eDh�o�Z�X�eDtº² ��R�e�o`VqZ"t¥eDogX[VYp�d}Z"f`d�Z]h�\�VYp]R�tqeDf�p]_Dd�t¥eDh�eDf�§nVqh�Z"Uµe�X`Vqp"o]²
��Z"�ie�X[Vu�{Z � � �����2��eDtqR�Z"o�p]_{fKf`Z"o`d�_{h�\�X`_ÅX[a�Z�\�Z�X[Z]p�X[Z"\Äd�fK_DX[_{h^k%_{fg��e�f`\ª_Dk ���² 5 v��

!Æ¶�v � ����Z{�)Z�y Z�¡¢d¤£Kb p"f`_{oKoÄoKZ]p"X`Vq_{hHoÄZ���X`f[eDp�X[Z]\ �jVuX[a�X[a�Z �KU�_�\�Z"tFVqh�\�Z"d}Z"h�\�Z"hnX 

X[Z"p�a�h�Vq�nR�Z�yDe�h�\F�jVYX[a�X`a�Z �Kp"pDv"¶·ex�DZ]f`eD�{VqhH� 
�X[Z"p�a�h�Vq�nR�Z��jVYX`a �Kp]p�v"¶·fKZ]h�_Df`U�eDtqVYÔ�e�X`Vq_{h�

X[_ª~H�SZ]\Ð��eDtqR�Z"o¨_Dk�� ��eDhH\ ��y�e�X+T}Z]eDU Z]h�Z"f`�Dm � ² wsÍFZ"®»²�¼�a�Z�\�Z�X[Z"p"X[Z"\
d�f`_�X[_{h|VqojeÆX�eDh��{tYZ]ojT�eDp�§�_�k ���²'²c²+²c²+²c²�²+²c²c²+²c²+²c²c²+²c²�²+²c²+²c²c² 5©5f�

!Æ¶�v � ����Z{�)Z�y Z�¡¢d¤£Kb p"f`_{oKoÄoKZ]p"X`Vq_{hHoÄZ���X`f[eDp�X[Z]\ �jVuX[a�X[a�Z �KU�_�\�Z"tFVqh�\�Z"d}Z"h�\�Z"hnX 

X[Z"p�a�h�Vq�nR�Z�yDe�h�\F�jVYX[a�X`a�Z �Kp"pDv"¶·ex�DZ]f`eD�{VqhH� 
�X[Z"p�a�h�Vq�nR�Z��jVYX`a �Kp]p�v"¶·fKZ]h�_Df`U�eDtqVYÔ�e�X`Vq_{h�

X[_ª~H�SZ]\Ð��eDtqR�Z"o¨_Dk�� � eDhH\ ��y�e�X+T}Z]eDU Z]h�Z"f`�Dm � ² wsÍFZ"®»²�¼�a�Z�\�Z�X[Z"p"X[Z"\
d�f`_�X[_{h|VqojeÆX�eDh��{tYZ]o�k%_{fK�2eDfK\ª_�k ���²µ²c²+²c²�²+²c²c²+²c²+²c²c²+²c²�²+²c²+²c²c² 5©5Æ�

!Æ¶�vx° � ��Z{�)Z�y Z ¡ d¤£Kb p"f`_{oKoÄoKZ]p"X`Vq_{hHoÄZ���X`f[eDp�X[Z]\ �jVuX[a�X[a�Z �KU�_�\�Z"tFVqh�\�Z"d}Z"h�\�Z"hnX 

X[Z"p�a�h�Vq�nR�Z�yDe�h�\F�jVYX[a�X`a�Z �Kp"pDv"¶·ex�DZ]f`eD�{VqhH� 
�X[Z"p�a�h�Vq�nR�Z��jVYX`a �Kp]p�v"¶·fKZ]h�_Df`U�eDtqVYÔ�e�X`Vq_{h�

X[_µ~S�HZ"\s��eDtqR�Z"o�_Dk�� � eDh�\ ��y0e�X�T}Z]eDUGZ]h�Z"f`�Dm¯v{² 5 Í�Z�®»² ��Z"�ie�X[Vu�{Z � � ���
�
p]_{fKf`Z"o`d�_{h�\»X[_�X[a�Z�\HZ"X[Z"p"X`Z]\�d�f`_�X[_{h¨k%_DfK�2eDf`\»_�k
���eDhH\Åd}Z"f`d�Z]h�\�VYp]R�tqeDf4§nVYh�Z�¶
UµeÆX[Vqp"o]²$²+²c²+²c²c²+²�²c²+²c²+²c²c²+²c²+²c²�²+²c²c²+²c²+²c²c²+²c²�²+²c²+²c²c² 5©5 °

v�!



!Æ¶�v ! � ��Z{�)Z�y Z ¡ d¤£Kb p"f`_{oKoÄoKZ]p"X`Vq_{hHoÄZ���X`f[eDp�X[Z]\ �jVuX[a�X[a�Z �KU�_�\�Z"tFVqh�\�Z"d}Z"h�\�Z"hnX 

X[Z"p�a�h�Vq�nR�Z�yDe�h�\F�jVYX[a�X`a�Z �Kp"pDv"¶·ex�DZ]f`eD�{VqhH� 
�X[Z"p�a�h�Vq�nR�Z��jVYX`a �Kp]p�v"¶·fKZ]h�_Df`U�eDtqVYÔ�e�X`Vq_{h�

X[_µ~S�HZ"\s��eDtqR�Z"o�_Dk�� � eDh�\ ��y0e�X�T}Z]eDUGZ]h�Z"f`�Dm¯v{² �^Í�Z�®»² ��Z"�ie�X[Vu�{Z � � ���
�
p]_{fKf`Z"o`d�_{h�\»X[_�X[a�Z�\HZ"X[Z"p"X`Z]\�d�f`_�X[_{h¨k%_DfK�2eDf`\»_�k
���eDhH\Åd}Z"f`d�Z]h�\�VYp]R�tqeDf4§nVYh�Z�¶
UµeÆX[Vqp"o]²$²+²c²+²c²c²+²�²c²+²c²+²c²c²+²c²+²c²�²+²c²c²+²c²+²c²c²+²c²�²+²c²+²c²c² 5©5 !

!Æ¶�v ¬ Ö�eÆX[Vq_Ä_Dk��[��Zi�%ZDy³Z"¡¢d¤£gb p]f`_Do`o�o`Z"p"X[VY_{h�o�Z���X`f[eDp�X[Z]\¹�jVYX`aÐX[a�Z^p"pDv"¶·ex�DZ]f`eD�{VqhH�
X[Z"p�a�h�Vq�nR�Z$�jVYX[aH_{RHXCfKZ]h�_Df`U�eDtqVYÔ�e�X`Vq_{h�X`_�~H�SZ]\»��eDtYR�Z]o�_Dk � ��eDh�\ ��yÆX[_�X`a�_{o`Z
Z���X[f`eDp"X`Z]\��jVYX`a�X[a�Z�UW_S\�Z"tu¶;Vqh�\�Z"d}Z"h�\�Z"hnX0X[Z]p�aHh�Vq�nR�Z � 
 � §�VYh�Z]U�e�X`Vqp]o���oKa�_x�jh
eDf`ZFogX�e�X`VqogX[Vqp]eDt'Z"f`f`_Df`o]² ²+²c²+²c²c²+²c²+²c²�²+²c²c²+²c²+²c²c²+²c²�²+²c²+²c²c² 5©5D¬

!Æ¶�v�w¸Ö�eÆX[Vq_Ä_Dk � ��Zi�%ZDy³Z ¡ d¤£gb p]f`_Do`o�o`Z"p"X[VY_{h�o�Z���X`f[eDp�X[Z]\¹�jVYX`aÐX[a�Z^p"pDv"¶·ex�DZ]f`eD�{VqhH�
X[Z"p�a�h�Vq�nR�Z$�jVYX[aH_{RHXCfKZ]h�_Df`U�eDtqVYÔ�e�X`Vq_{h�X`_�~H�SZ]\»��eDtYR�Z]o�_Dk � ��eDh�\ ��yÆX[_�X`a�_{o`Z
Z���X[f`eDp"X`Z]\��jVYX`a�X[a�Z�UW_S\�Z"tu¶;Vqh�\�Z"d}Z"h�\�Z"hnX0X[Z]p�aHh�Vq�nR�Z � 
 � §�VYh�Z]U�e�X`Vqp]o���oKa�_x�jh
eDf`ZFogX�e�X`VqogX[Vqp]eDt'Z"f`f`_Df`o]² ²+²c²+²c²c²+²c²+²c²�²+²c²c²+²c²+²c²c²+²c²�²+²c²+²c²c² 5©5 w

!Æ¶�v��¸Ö�eÆX[Vq_Ä_Dk � ��Zi�%ZDy³Z ¡ d¤£gb p]f`_Do`o�o`Z"p"X[VY_{h�o�Z���X`f[eDp�X[Z]\¹�jVYX`aÐX[a�Z^p"pDv"¶·ex�DZ]f`eD�{VqhH�
X[Z"p�a�h�Vq�nR�Z$�jVYX[aH_{RHXCfKZ]h�_Df`U�eDtqVYÔ�e�X`Vq_{h�X`_�~H�SZ]\»��eDtYR�Z]o�_Dk � � eDh�\ ��yÆX[_�X`a�_{o`Z
Z���X[f`eDp"X`Z]\��jVYX`a�X[a�Z�UW_S\�Z"tu¶;Vqh�\�Z"d}Z"h�\�Z"hnX0X[Z]p�aHh�Vq�nR�Z � 
 � §�VYh�Z]U�e�X`Vqp]o���oKa�_x�jh
eDf`ZFogX�e�X`VqogX[Vqp]eDt'Z"f`f`_Df`o]² ²+²c²+²c²c²+²c²+²c²�²+²c²c²+²c²+²c²c²+²c²�²+²c²+²c²c² 5©5 �

!Æ¶ 5�z Ö�eÆX[Vq_Ä_Dk��[��Zi�%ZDy³Z"¡¢d¤£gb p]f`_Do`o�o`Z"p"X[VY_{h�o�Z���X`f[eDp�X[Z]\¹�jVYX`aÐX[a�Z^p"pDv"¶·ex�DZ]f`eD�{VqhH�
X[Z"p�a�h�Vq�nR�Z$�jVYX[aH_{RHXCfKZ]h�_Df`U�eDtqVYÔ�e�X`Vq_{h�X`_�~H�SZ]\»��eDtYR�Z]o�_Dk � � eDh�\ ��yÆX[_�X`a�_{o`Z
Z���X[f`eDp"X`Z]\|�jVYX`aªX`a�Z�U�_�\�Z]t¢¶·VYh�\�Z]d�Z]hH\�Z]hiX�X`Z]p�a�h�VY�nR�Z�� 
 � e�h�\ 
 �

§nVqh�Z"UµeÆXK¶
Vqp"o ��oKa�_x�jhseDfKZcogX�e�X`VqogX[Vqp]eDt0Z"f`fK_{f`o"² ²c²+²c²�²+²c²c²+²c²+²c²c²+²c²�²+²c²+²c²c² 5u�Dz

!Æ¶ 5 vs½�¾S¿ÐZ���X`f[eDp�X[Z]\�e�XWVqh�p"Vq\�Z"hiX�Z"tqZ"p"X[fK_{h Z]h�Z"f`�Dm � w z °S² ° ­ Z"®»y��jVuX[a�_{RSX ��¶ �
d�a�eDoKZ�o`d�eDp"Z+U�e�X`p�a�Vqh��H² ²c²+²c²c²+²c²+²c²�²+²c²c²+²c²+²c²c²+²c²�²+²c²+²c²c² 5 ° z

!Æ¶ 5u5 ½�¾S¿�Z���X[f`eDp"X`Z]\^eÆX2VYh�p]VY\�Z]hiX�Z]tYZ]p"X`f`_{h�Z]h�Z"f`�Dm � w z °S² ° ­ Z�®»yn�jVYX`a ��¶ ��d�a�eDoKZ
o`d�e�p]Z�UµeÆX[p�a�VYh��WeDh�\ �¤e�X�o`VYU»R�tqe�X[VY_{h�p]fK_{o`ojoKZ]p"X`Vq_{h0²'²+²c²c²+²c²�²+²c²+²c²c² 5 ° �

!Æ¶ 5f� ½�¾S¿�Z��SX`f[eDp�X[Z"\Äe�X�Vqh�p"Vq\�Z"hnX�Z]tqZ"p"X`f`_{h|Z]hHZ]f`��m � w z °�² ° ­ Z�®»y�T�_DX`a|�jVuX[a|eDhH\
�jVYX`a�_{RHX ��¶ �¨d�a�e�o`Z�o`d�e�p]ZcUµe�X`p�a�VqhH��² ²c²�²+²c²c²+²c²+²c²c²+²c²�²+²c²+²c²c² 5 ° �

v ¬



!Æ¶ 5Æ� � ��Z{�)Z�y Z ¡ d¤£KbGp]f`_Do`oWo`Z]p�X[VY_{h�oWZ���X[f`eDp"X`Z]\.e�XW§nVqhHZ]U�e�X[VYp]o^v��jVuX[a Z"�DZ]hiX[o�f`Z�¶
oKX`f`Vqp�X[Z"\�X[_�d}Z"f`d�Z]h�\HVqp]RHt¥eDf$§�VYh�Z]U�e�X`Vqp]o2Tnm�X[a�ZFp"RHX�w z���� ����� � v z{z�� y�eDhH\
T�VqhHh�Vqh��cT�_DX[a�VYh � � �����$e�h�\�VqhWX[a�Z�_{RHXg¶·_Dk¥¶;d�t¥eDhHZ�e�h��{tqZ��/²�QSa�_x�jh^tqVYh�Z]o$eDf`Z
~�X[o�X`_^X[a�Z�\�e�X[eDd�_{VqhiX[o��jVuX[asX`a�ZÅk%_{f`U � � ��v
	 � � p"_{o ������Á � � p"_{o 5 ���
�[£�y
�ja�Z]fKZ ����� 	 vxw z�� Á �/² Ç hHo`Z"X`o�oKa�_x�>~�XKX[Z"\ª��eDtYR�Z]o�_Dk/X[aHZcd�eDf[eDUWZ"X`Z]fKo�� � y
� � eDh�\ � � y�eDh�\ªoKX�eÆX[VqogX[VYp�eDt}Z]f`fK_{f`o"²0²c²+²c²�²+²c²c²+²c²+²c²c²+²c²�²+²c²+²c²c² 5 ! z

!Æ¶ 5 °¯����Z{�)Z�y Z�¡¢d¤£KbGp]f`_Do`oWo`Z]p�X[VY_{h�oWZ���X[f`eDp"X`Z]\.e�XW§nVqhHZ]U�e�X[VYp]o^v��jVuX[a Z"�DZ]hiX[o�f`Z�¶
oKX`f`Vqp�X[Z"\�X[_�d}Z"f`d�Z]h�\HVqp]RHt¥eDf$§�VYh�Z]U�e�X`Vqp]o2Tnm�X[a�ZFp"RHX�w z���� ����� � v z{z�� y�eDhH\
T�VqhHh�Vqh��cT�_DX[a�VYh � � �����$e�h�\�VqhWX[a�Z�_{RHXg¶·_Dk¥¶;d�t¥eDhHZ�e�h��{tqZ��/²�QSa�_x�jh^tqVYh�Z]o$eDf`Z
~�X[o�X`_^X[a�Z�\�e�X[eDd�_{VqhiX[o��jVuX[asX`a�ZÅk%_{f`U � � ��v
	 � � p"_{o ������Á � � p"_{o 5 ���
�[£�y
�ja�Z]fKZ ����� 	 vxw z�� Á �/² Ç hHo`Z"X`o�oKa�_x�>~�XKX[Z"\ª��eDtYR�Z]o�_Dk/X[aHZcd�eDf[eDUWZ"X`Z]fKo�� � y
� � eDh�\ � � y�eDh�\ªoKX�eÆX[VqogX[VYp�eDt}Z]f`fK_{f`o"²0²c²+²c²�²+²c²c²+²c²+²c²c²+²c²�²+²c²+²c²c² 5 !Sv

!Æ¶ 5 !-½�¾S¿�_{TSX�eDVYh�Z]\�k%fK_{U>e�~�X0X[_�X[a�Z�_DRHXK¶;_Dk¥¶·d�tqeDh�Z�\�Z]d�Z]h�\HZ]h�p"Z$_DknX`a�Z � ��Z{�)ZDy³Z ¡ d¤£Kb
p]fK_{o`oCoKZ]p�X[Vq_Dh�o��jVuX[a»Z��{Z]hiX`o�f`Z]ogX[fKVqp"X`Z]\¨X`_�d�Z]f`d�Z]hH\�Vqp"R�t¥eDf/§nVqh�Z"UµeÆX[Vqp"o�TimcX[a�Z
p]RHXcw z���� ����� � v z{z�� ²ÅQSa�_x�jh¯p"R�fK�DZ�VYo�X[aHZ�k)e�p"X[_Df`VqÔ]e�X[VY_{hs_Dk�X`a�Z�QHeDtqUWZ
����Z{�)Z�y Z�¡¢d¤£KbBo`d�Z]p�X[f[e�t'k%R�h�p"X`Vq_{h^�jVuX[a|p]p�v{²Ð²+²c²c²+²c²+²c²c²+²c²�²+²c²+²c²c² 5 ! 5

!Æ¶ 5D¬ À�¾n¾»_DTHX�eDVYh�Z]\�k%fK_{UÈe�~HX'X[_�X[aHZ�_{RHXK¶;_Dk¥¶·dHt¥eDh�Z�\�Z]d�Z]hH\�Z]h�p"Z$_�k�X`a�Z�����Z{�)Z�y Z�¡´d¤£Kb
p]fK_{o`oÅoKZ]p"X`Vq_{hHo]y��jVYX`aÐZ"�{Z"hiX[oWf`Z]ogX[fKVqp"X`Z]\¸X`_«d}Z"f`d�Z]h�\�VYp]R�tqeDf»§nVqhHZ]U�e�X[VYp]o¨Tim
X[a�Zªp]RSX�w z���� ����� � v zDz�� ²ÉQSaH_��jh6p]R�fg�{ZsVYoÅX[a�Z|k)eDp"X`_{f`VYÔ�e�X`Vq_{h¹_Dk�X[a�Z
QHeDtYU�Z��[��Zi�%ZDy³Z"¡¢d¤£gb�oKd}Z"p"X`f[eDt'k%R�hHp"X[VY_{h^�jVYX`a�p"pDv{² ²c²+²c²c²+²c²�²+²c²+²c²c² 5 ! �

!Æ¶ 5 w-¼�a�Z � ��Zi�%ZDy³Z ¡ d¤£gbÊVqhS¶;d�t¥eDhHZ�p"f`_{oKoCo`Z"p"X`Vq_{h�o�k%_{fK�2eDf`\Å_�k ���_DTHX�eDVYh�Z]\+k%f`_{U�e�~�X
X[_»X`a�Z�_{RHXK¶;_Dk¥¶·dHt¥eDh�Z�\�Z]d�Z]hH\�Z]h�p"Z¨_Dk¦X`a�Z�����Z{�)ZDy³Z"¡¢d�£KbBp]f`_Do`ojo`Z"p"X[VY_{h�o"y��jVYX[a
Z"�DZ]hiX[o�f`Z"oKX`f`Vqp�X[Z"\ËX`_�d�Z]f`d�Z]hH\�Vqp"R�t¥eDf�§nVqh�Z"Uµe�X`Vqp"o�TimÄX`a�ZÅp]RHXFw z���� ���
� �
v z{z�� �%o`_{tYVq\^d�_{VqhiX[o[£�²���UWdHX·m^\�e�X[eDd�_{VqhiX[oje�f`Z�\�Z]oKp]fKVqT�Z]\ªVqh^X[a�ZFX`Z���X�² ²c²c² 5 ! �

!Æ¶ 5 � � ��Z{�)Z�y Z ¡ d¤£Kb>VYhS¶·dHt¥eDh�Zjp"f`_{oKo2o`Z"p"X`Vq_{h�o$T�eDp�§W_Dk ���_{THX[eDVqhHZ]\�k%fK_{UOec~HX2X[_cX[a�Z
_{RHXg¶·_Dk¥¶;d�t¥eDhHZ�\�Z"d}Z"h�\�Z"h�p]Z�_Dk¦X[aHZ�����Z{�)Z�y Z�¡¢d¤£Kb p"f`_{oKo�o`Z]p�X[VY_{h�o]yS�jVYX[a^Z��{Z"hnX`o
f`Z"oKX[fKVqp�X[Z]\ÐX`_«d}Z"f`d�Z]h�\�VYp]R�tqeDf»§nVqhHZ]U�e�X[VYp]o»Tim¸X`a�Z^p]RHXWw z � � ����� � v z{z �
�)oK_{tqVY\^d}_{VYhiX[o�£�²���U�dHX·m�\�e�X�e�d}_{VYhiX[ojeDfKZF\�Z]oKp]f`VYT}Z"\ÄVYh|X`a�ZFX[Z��SX]²Ë²+²c²+²c²c² 5 !{°

!Æ¶ �Dz QSZ]d�eDf[e�X`Z]\�����Zi�%ZDy³Z"¡´d�£Kb Àj¾Ëf`Z"o`d�_{h�o`Z+k%R�h�p"X`Vq_{h0y��jVYX[a¸����y	��y � � ���
�K£�d�a�eDoKZ
o`d�e�p]Z�UµeÆX[p�a�VYh���T}Z�X·�2Z"Z]h 
 � y 
 � eDh�\ 
 � §�VYh�Z]U�e�X`Vqp]o"²P²c²+²c²�²+²c²+²c²c² 5 ! ¬

vxw



!Æ¶ � v ­ _�\�R�tqRHo�_Dk�oKZ]d�eDf`e�X[Z"\ � ��Z{�)ZDy³Z ¡ d¤£Kb�À�¾S¿�f`Z]oKd}_Dh�o`Z»k%R�hHp"X[VY_{h'y��jVYX[aÐ����y �Sy
� � ���
�g£Cd�a�e�o`Zjo`d�e�p]Z�Uµe�X`p�a�VqhH�FT}Z�X·�2Z"Z]h 
 � eDh�\ 
 � §nVYh�Z]U�e�X[VYp]o�_{hHtYm{²�¼�a�Z�¶
_{f`Z�X[VYp�eDt'p"R�fK�DZ]o�eDh�\ªo`_{tYVq\^d�_{VqhiX`ojeDf`Z�h�Z"�ie�X[Vu�{Z ��Z]UWdHX·m^d�_{VqhiX[oje�f`ZFd�_{o`VuX[VY�DZD² 5 !Dw

!Æ¶ �©5¸­ _�\�R�tqRHo�_Dk�o`Z]d�eDf[e�X`Z]\�À�¿�ÁªÂH¾�¾}Àj¾�¾0ÃDÂ¤¿»p"_{U»T�VYh�e�X`Vq_{h+_Dk0�[��Zi�%ZDy³Z"¡¢d¤£gb.f`Z�¶
o`d�_{h�oKZ�k%R�h�p�X[VY_{h�o]yn�jVYX`a«� ��y ��y � � ���
�K£�dHa�eDo`Z�o`d�e�p]Z�U�e�X[p�aHVqh��cT}Z�X·�2Z"Z]h 
 � y

 � eDh�\ 
 � §nVqh�Z"UµeÆX[Vqp"o]²�QS_{tYVq\cd}_DVqhiX[o/eDfKZ$d�_{o`VuX[Vu�{ZDyÆZ]UWdHX·mcd�_{VqhiX[o�eDfKZ$h�Z"�ieÆ¶
X[Vu�{ZD²/¼�a�Z"_{f`Z�X[Vqp]eDt{p"R�fK�DZ]o/eDf`Z�d�_{oKVYX[Vu�{Z�yÆZ��Sp]Z]dSX/k%_Df@�¦eD�{Z"X/lCÒÈÁFÌ�Q Ç Á ­ ��Õ�Á �
T}_�\Hm«p"R�fK�DZDy¦�ja�Vqp�a¯VqoFh�Z"�ie�X`VY�{ZÅk%_{f �Dz{zW­ Z"®F±�p�� � � ������� °Dw zª­ Z"®F±�pDy
eDh�\|d�_{o`VuX[VY�DZFZ"�DZ]fKmn�ja�Z"f`Z»Z"tqoKZD²@²c²+²c²+²c²�²+²c²c²+²c²+²c²c²+²c²�²+²c²+²c²c² 5 !D�

!Æ¶ �u� ����Z{�)Z�y Z�¡¢d¤£gd�hcp]fK_{o`o/o`Z"p"X`Vq_{h�o/Z���X`f[eDp�X[Z]\¨e�X 
 � §nVqhHZ]U�e�X[VYp]o]yÆeDhH\»QHe�tqUWZ�o`d�Z]p�¶
X[f`eDt0k%R�h�p�X[VY_{h^k)eDp"X`_{f`VYÔ]Z]\|Tim^X[aHZcp"pDvcZ�¶;dªp"f`_{oKo�oKZ]p�X[Vq_Dh'²s²c²+²c²�²+²c²+²c²c² 5{¬f�

!Æ¶ ��� ����Z{�)Z�y Z�¡¢d¤£gd�h�p"f`_{oKo$oKZ]p"X`Vq_{hHo�Z���X[f`eDp"X`Z]\�eÆX 
 � y 
 � eDhH\ 
 � §nVqh�Z"Uµe�X`Vqp"o]yieDhH\
QHeDtYU�Z�oKd}Z"p"X`f[eDt'k%R�hHp"X[VY_{h^k)eDp"X`_{f`VYÔ]Z"\ªTim^X`a�Z�p]pDvcZ�¶;d�p"f`_{oKojo`Z]p�X[VY_{h'²�²+²c²c² 5{¬Æ�

!Æ¶ � °¯����Z{�)Z�y Z�¡¢d¤£gd�h�p]f`_Do`o^o`Z"p"X`Vq_{h�oµZ���X[f`eDp"X`Z]\Ée�X 
 � e�h�\ 
 � §nVqh�Z"UµeÆX[Vqp"o]yjeDhH\
QHeDtYU�Z�oKd}Z"p"X`f[eDt'k%R�hHp"X[VY_{h^k)eDp"X`_{f`VYÔ]Z"\ªTim^X`a�Z�p]pDvcZ�¶;d�p"f`_{oKojo`Z]p�X[VY_{h'²�²+²c²c² 5{¬ °

!Æ¶ � ! � ��Z{�)Z�y Z ¡ d¤£gd�hÈp]fK_{o`oªo`Z"p"X[VY_{h�oªZ���X[f`eDp"X`Z]\ eÆX 
 �
yF§nVYh�Z]U�e�X[VYp]o"yFeDh�\ QHeDtqUWZ

o`d�Z]p�X[f[e�t'k%R�h�p"X`Vq_{h^k)eDp�X[_{fKVqÔ"Z]\|Tim^X[a�Z�p]p�v+Z�¶·d|p]fK_{o`o�o`Z"p"X`Vq_{h'²¦²c²�²+²c²+²c²c² 5{¬ !
!Æ¶ �{¬ ¼�a�Z�VYhiX[Z]�Df[eDt�� ����� � �	�
 	 ��� � �
� � 
�
�� � ��� ������\�VY��Vq\HZ]\µTimWX[a�Z�Z���X[f`eDp"X`Z]\^����Zi�%ZDy³Z"¡¢d¤£gb

\�VqogX[_{fgX[Z"\-o`d�Z]p�X[f`eDt$k%R�hHp"X[VY_{h'² � � 
�
�� \�Z]hH_DX[Z"o¨X[a�ZµZ���X[f`eDp"X`Z]\Ð����Zi�)Z�y Z�¡¢d¤£gdHh
\�VqogX[_{fgX[Z"\ªoKd}Z"p"X`f[eDt'k%R�hHp"X[VY_{h'² 
 � §nVqh�Z"UµeÆX[Vqp"o��)T�Z�e�U©Z]h�Z"f`�Dm � ² wWÍFZ"®¨yHX[a�Z
\�Z"X`Z]p�X[Z]\�d�f`_�X[_{h|T�eDp�§^_�k���D£�²C²c²c²+²c²+²c²�²+²c²c²+²c²+²c²c²+²c²�²+²c²+²c²c² 5{¬D¬

Õ�¶�v Ó2tq_�p�§µ\HV¥eD�{f`eDUM_Dk4oKZ"X`R�dÄ_Dk/X[aHZcZ"tqZ"p"X[fK_{hªo`VqhH�{tqZ"o�X[f`VY�{�{Z"f]²W²+²c²�²+²c²+²c²c² �{z w
Õ�¶ 5 Ó2tq_�p�§µ\HV¥eD�{f`eDUM_Dk4p"_{VqhHp]Vq\HZ]h�p"Zcp"VqfKp]R�VuXj_Dk�X`a�Z�p]_{VYh�p]VY\�Z]hHp]ZFX[fKVq�{�{Z"f]²�²+²c²c² �{z �
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v{²uv 
FVqh�Z"Uµe�X`Vqp+o`Z"XKX[VYh��{oceDh�eDtum�Ô]Z]\EVqh«X`a�Vqo�X`a�Z]oKVqo]²�ÍFVY�DZ]h¯eDf`ZÅh�_DU�VYh�eDt���eDtYR�Z]o
_Dk@oKd}Z"p"X[fK_{UWZ"X[Z"f2oKZ"X`X`Vqh��Do]y�T}Z]eDUOZ]h�Z"f`�{VYZ]o�e�h�\µ_DX`a�Z]f$§nVqh�Z"Uµe�X`Vqpjd�eDf`eDUWZ"X[Z"f`o"² � v

v{² 5 ­ VqoKo`VYh���UW_{UWZ]hiX[RHU f[eDh��DZ]o�_�k�U�Z]eDo`RHf`Z]\Ä����Z{�)ZDy³Z"¡¢d�£Kb e�h�\s����Zi�)Z�y Z�¡¢d¤£gdHh
p]fK_{o`ojo`Z"p"X`Vq_{h�o�eDhH\�\�VYoKX`_{fKX`Z]\ªo`d�Z]p"X`f[eDt'k%RHh�p"X`Vq_{h�o"²¨²c²+²c²c²+²c²�²+²c²+²c²c² ���

� ²uv ¼�VqUWZ�p"_{R�f`oKZF_Dk¦p]_DtqtqZ"p"X`Vq_{h�_Dk¦����Z��nR�e�o`VqZ"t¥eDogX[VYp�eDh�\^Z"t¥eDogX[VYp�\�e�X[e»eDh�e�tYm�Ô]Z"\
Vqh�X`a�Vqo�X[aHZ]o`VYo]²O²c²+²�²c²+²c²+²c²c²+²c²+²c²�²+²c²c²+²c²+²c²c²+²c²�²+²c²+²c²c² v z °

� ² 5 Õ2a�f`_Dh�_{tq_D�Dmª_Dk�p]_{tYtqZ"p"X[VY_{hª_Dk�X[a�Z�vD² 5 ÍFZ"®PeDh�\ � ² w^ÍFZ"®��[��Zi�%ZDy³Z"¡¢d¤£�\�e�X�e
eDh�\ªeDh�e�tYm�o`VYo�_Dk�X`a�Z � ��ZFX�e�f`�{Z�Xj\�Z]h�oKVYX·m|ogX�eDT�VYtqVuX·ms�%o`Z"ZcX`Z���Xjk%_{f�\�Z"X[eDVqtYo�£�²�² v{v �

� ² � ��R�U¨T}Z"f+_Dk�f`R�h�o¨R�o`Z"\¸VqhEX[a�Z�p]f`_Do`o»oKZ]p"X`Vq_{h¸eDh�eDtumSoKVqoce�X¨Z�eDp�a¸����Zi�%ZDy³Z"¡´d¤£
§nVqh�Z"Uµe�X`Vqp�oKZ"XKX[VqhH��y�eDh�\ªp�e�tqp]RHt¥e�X`Z]\|Z"�}Z]p�X[VY�DZ�VqhiX[Z"�{f[e�X`Z]\ªtqR�UWVqhH_{o`VuX[VqZ"o]²Ë²c² v 5�z

°S²uv ­ Z�e�hÈZ"h�Z]fK�Dm�_Dk¨VYh�p]VY\�Z]hiXªZ]tYZ]p�X[f`_Dh �� �»eÆXªX`a�ZËVqhiX[Z"f[eDp�X[VY_{h.�{Z]fgX[Z��0yceDhH\
��eDtqR�Z"o�_Dk�� � � ��� �
	 eDhH\ � � ��� �
	 R�o`Z"\«Vqh �gp]pDv�¶·f`Z"h�_{fKUµeDtYVqÔ]e�X[VY_{h�
Å_Dk 	
������� �	�����	�� � 	����
����Z{�)Z�y Z�¡¢d¤£KbÊp"f`_{oKo�o`Z]p�X[VY_{h�o]yneÆX�Z�eDp�aÅhH_{U�VYh�eDt�T}Z]eDU�Z]h�Z"f`�Dm � 
�� � � ²�®�eDtYR�Z]o
_Dk
� � ��� �
	 Vqh^X[aHZ�X[eDT�tYZ��2Z"f`Zc_{THX[eDVqh�Z"\^�jVYX[a � � ��� ��	 	�� � � � ��� ��	 Á � �� ��� ��	 ²»²c² v�! z

°S² 5 ®�eDtqRHZ]o�_Dk ���
���
eDh�\ ���

���
Z���X[f`eDp"X`Z]\|k%_{f�X[aHZ � ��Zi�%ZDy³Z ¡ d�£KbBf`Z�e�p"X[VY_{h|e�X � � ����� 	

v�° z ­ Z�®�±�pEo`d�Z]p�X[f`_DU�Z�X[Z]fªo`Z�X`X`Vqh��{o"y��jVYX`aP� � � y ��y�� � ���
�K£�d�a�eDoKZ¯oKd�eDp"Z
UµeÆX[p�a�VYh��ª�%X`a�Z�d}_{VYhiX[ojeDfKZcdHtq_DXKX[Z]\|VYh�Ì�Vq��²�°x¶�vx�i£�²�²c²+²c²c²+²c²�²+²c²+²c²c² v ¬Æ�

°S² � ®�eDtqRHZ]o4_�k ���
���
eDhH\ � �

� �
Z���X[f`eDp"X`Z]\»k%_{f/X[a�Z$����Z{�)ZDy³Z"¡ d¤£KbÊfKZ�eDp�X[Vq_DhÅe�X � � ���
� 	 z

o`d�Z]p�X[f`_DU�Z�X[Z]f�o`Z"XKX[VYh��{o]y}�jVYX[aÐ� � � y ��y � � ���
�K£�d�a�eDoKZ»o`d�eDp]ZÅU�e�X[p�aHVqh��Ë� X[a�Z
d}_DVqhiX[ojeDfKZFd�tq_�X`X[Z"\|VqhªÌ4Vq�H²�°�¶ 5�z £�²«²c²+²c²�²+²c²c²+²c²+²c²c²+²c²�²+²c²+²c²c² v ¬ °

5 v



!H²uv � ��Z{�)Z�y Z ¡ d¤£Kb>p"f`_{oKo�o`Z"p"X`Vq_{h�o�eDh�\�\�VYoKX`_{fKX`Z]\µoKd}Z"p"X`f[eDt�k%R�h�p"X`Vq_{h�Z���X[f`eDp"X`Z]\ªe�X
§nVqh�Z"Uµe�X`Vqp"o�v �iX[a�Zj\�Z�X[Z]p�X[Z"\�d�f`_�X[_{h�Vqo�T�e�p�§Å_Dk �� ��Vqh�p"Vq\�Z"hnX�Z"tqZ"p"X[fK_{hWZ]h�Z"f`�Dm
� w z °�² ° ­ Z�®»²�²c²c²+²�²c²+²c²+²c²c²+²c²+²c²�²+²c²c²+²c²+²c²c²+²c²�²+²c²+²c²c² 5u� v

!H² 5 � ��Z{�)Z�y Z ¡ d¤£Kb>p"f`_{oKo�o`Z"p"X`Vq_{h�o�eDh�\�\�VYoKX`_{fKX`Z]\µoKd}Z"p"X`f[eDt�k%R�h�p"X`Vq_{h�Z���X[f`eDp"X`Z]\ªe�X
§nVqh�Z"Uµe�X`Vqp"o � �iX[a�Zj\�Z�X[Z]p�X[Z"\�d�f`_�X[_{h�Vqo�T�e�p�§Å_Dk �� ��Vqh�p"Vq\�Z"hnX�Z"tqZ"p"X[fK_{hWZ]h�Z"f`�Dm
� w z °�² ° ­ Z�®»²�²c²c²+²�²c²+²c²+²c²c²+²c²+²c²�²+²c²c²+²c²+²c²c²+²c²�²+²c²+²c²c² 5u�©5

!H² � ����Z{�)Z�y Z�¡¢d¤£Kb>p"f`_{oKo�o`Z"p"X`Vq_{h�o�eDh�\�\�VYoKX`_{fKX`Z]\µoKd}Z"p"X`f[eDt�k%R�h�p"X`Vq_{h�Z���X[f`eDp"X`Z]\ªe�X
§nVqh�Z"Uµe�X`Vqp"o ¬ �iX[a�Zj\�Z�X[Z]p�X[Z"\�d�f`_�X[_{h�Vqo�T�e�p�§Å_Dk �� ��Vqh�p"Vq\�Z"hnX�Z"tqZ"p"X[fK_{hWZ]h�Z"f`�Dm
� w z °�² ° ­ Z�®»²�²c²c²+²�²c²+²c²+²c²c²+²c²+²c²�²+²c²c²+²c²+²c²c²+²c²�²+²c²+²c²c² 5u�u�

!H² � ����Z{�)Z�y Z�¡¢d¤£Kb>p"f`_{oKo�o`Z"p"X`Vq_{h�o�eDh�\�\�VYoKX`_{fKX`Z]\µoKd}Z"p"X`f[eDt�k%R�h�p"X`Vq_{h�Z���X[f`eDp"X`Z]\ªe�X
§nVqh�Z"Uµe�X`Vqp"o�v z ��X`a�Z�\�Z"X`Z]p�X[Z]\¨d�f`_DX`_{hcVqo¦T�eDp�§F_Dk �� ��Vqh�p"Vq\�Z"hiX�Z"tqZ"p"X[fK_{hcZ]h�Z"f`�Dm
� w z °�² ° ­ Z�®»²�²c²c²+²�²c²+²c²+²c²c²+²c²+²c²�²+²c²c²+²c²+²c²c²+²c²�²+²c²+²c²c² 5u���

!H² ° ����Z{�)Z�y Z�¡¢d¤£Kb>p"f`_{oKo�o`Z"p"X`Vq_{h�o�eDh�\�\�VYoKX`_{fKX`Z]\µoKd}Z"p"X`f[eDt�k%R�h�p"X`Vq_{h�Z���X[f`eDp"X`Z]\ªe�X
§nVqh�Z"Uµe�X`Vqp"o�v � ��X`a�Z�\�Z"X`Z]p�X[Z]\¨d�f`_DX`_{hcVqo¦T�eDp�§F_Dk �� ��Vqh�p"Vq\�Z"hiX�Z"tqZ"p"X[fK_{hcZ]h�Z"f`�Dm
� w z °�² ° ­ Z�®»²�²c²c²+²�²c²+²c²+²c²c²+²c²+²c²�²+²c²c²+²c²+²c²c²+²c²�²+²c²+²c²c² 5u� °

!H²"! � ��Z{�)Z�y Z ¡ d¤£Kb>p"f`_{oKo�o`Z"p"X`Vq_{h�o�eDh�\�\�VYoKX`_{fKX`Z]\µoKd}Z"p"X`f[eDt�k%R�h�p"X`Vq_{h�Z���X[f`eDp"X`Z]\ªe�X
§nVqh�Z"Uµe�X`Vqp"o 5 w��%X`_{d¤£�eDh�\ 5 �^�)T�_DX`X`_{Uµ£ �iX[a�Z�\�Z"X`Z]p�X[Z]\^dHf`_DX`_{hµVYo2T�eDp�§�_Dk �� �
Vqh�p"Vq\�Z"hiXjZ]tqZ"p"X`f`_{h|Z]hHZ]f`��m � w z °S² ° ­ Z"®¨²¸²�²+²c²c²+²c²+²c²c²+²c²�²+²c²+²c²c² 5u� !

!H² ¬ ����Z{�)Z�y Z�¡¢d¤£Kb>p"f`_{oKo�o`Z"p"X`Vq_{h�o�eDh�\�\�VYoKX`_{fKX`Z]\µoKd}Z"p"X`f[eDt�k%R�h�p"X`Vq_{h�Z���X[f`eDp"X`Z]\ªe�X
§nVqh�Z"Uµe�X`Vqp"oªv���X[aHZÄ\�Z�X[Z]p�X[Z"\.d�f`_DX`_{hÊVYoWk%_{fg��e�f`\Ê_Dk �� ��Vqh�p"Vq\�Z"hnX�Z]tYZ]p�X[f`_Dh
Z]h�Z"f`�Dm � w z °S² ° ­ Z"®¨²C²c²+²c²+²c²c²+²c²+²c²�²+²c²c²+²c²+²c²c²+²c²�²+²c²+²c²c² 5u�{¬

!H² w ����Z{�)Z�y Z�¡¢d¤£Kb>p"f`_{oKo�o`Z"p"X`Vq_{h�o�eDh�\�\�VYoKX`_{fKX`Z]\µoKd}Z"p"X`f[eDt�k%R�h�p"X`Vq_{h�Z���X[f`eDp"X`Z]\ªe�X
§nVqh�Z"Uµe�X`Vqp"oµ° ��X[aHZÄ\�Z�X[Z]p�X[Z"\.d�f`_DX`_{hÊVYoWk%_{fg��e�f`\Ê_Dk �� ��Vqh�p"Vq\�Z"hnX�Z]tYZ]p�X[f`_Dh
Z]h�Z"f`�Dm � w z °S² ° ­ Z"®¨²C²c²+²c²+²c²c²+²c²+²c²�²+²c²c²+²c²+²c²c²+²c²�²+²c²+²c²c² 5u� w

!H² � ����Z{�)Z�y Z�¡¢d¤£Kb>p"f`_{oKo�o`Z"p"X`Vq_{h�o�eDh�\�\�VYoKX`_{fKX`Z]\µoKd}Z"p"X`f[eDt�k%R�h�p"X`Vq_{h�Z���X[f`eDp"X`Z]\ªe�X
§nVqh�Z"Uµe�X`Vqp"o�w ��X[aHZÄ\�Z�X[Z]p�X[Z"\.d�f`_DX`_{hÊVYoWk%_{fg��e�f`\Ê_Dk �� ��Vqh�p"Vq\�Z"hnX�Z]tYZ]p�X[f`_Dh
Z]h�Z"f`�Dm � w z °S² ° ­ Z"®¨²C²c²+²c²+²c²c²+²c²+²c²�²+²c²c²+²c²+²c²c²+²c²�²+²c²+²c²c² 5u� �

!H²uv z ����Z{�)Z�y Z�¡¢d¤£Kb>p"f`_{oKo�o`Z"p"X`Vq_{h�o�eDh�\�\�VYoKX`_{fKX`Z]\µoKd}Z"p"X`f[eDt�k%R�h�p"X`Vq_{h�Z���X[f`eDp"X`Z]\ªe�X
§nVqh�Z"Uµe�X`Vqp"o�v{v���X`a�Zµ\HZ"X[Z"p"X`Z]\¹d�f`_�X[_{h¸VYo+k%_{fg��e�f`\Ð_Dk �� ��Vqh�p"Vq\�Z"hiX»Z]tYZ]p�X[f`_Dh
Z]h�Z"f`�Dm � w z °S² ° ­ Z"®¨²C²c²+²c²+²c²c²+²c²+²c²�²+²c²c²+²c²+²c²c²+²c²�²+²c²+²c²c² 5��{z

5©5



!H²uv{v � ��Z{�)Z�y Z ¡ d¤£Kb>p"f`_{oKo�o`Z"p"X`Vq_{h�o�eDh�\�\�VYoKX`_{fKX`Z]\µoKd}Z"p"X`f[eDt�k%R�h�p"X`Vq_{h�Z���X[f`eDp"X`Z]\ªe�X
§nVqh�Z"Uµe�X`Vqp"o�v � ��X`a�Zµ\HZ"X[Z"p"X`Z]\¹d�f`_�X[_{h¸VYo+k%_{fg��e�f`\Ð_Dk �� ��Vqh�p"Vq\�Z"hiX»Z]tYZ]p�X[f`_Dh
Z]h�Z"f`�Dm � w z °S² ° ­ Z"®¨²C²c²+²c²+²c²c²+²c²+²c²�²+²c²c²+²c²+²c²c²+²c²�²+²c²+²c²c² 5�� v

!H²uv 5 � ��Z{�)Z�y Z ¡ d¤£Kb>p"f`_{oKo�o`Z"p"X`Vq_{h�o�eDh�\�\�VYoKX`_{fKX`Z]\µoKd}Z"p"X`f[eDt�k%R�h�p"X`Vq_{h�Z���X[f`eDp"X`Z]\ªe�X
§nVqh�Z"Uµe�X`Vqp"o � �iX[a�Zj\�Z�X[Z]p�X[Z"\�d�f`_�X[_{h�Vqo�T�e�p�§Å_Dk �� ��Vqh�p"Vq\�Z"hnX�Z"tqZ"p"X[fK_{hWZ]h�Z"f`�Dm
v 5 ° � ² w ­ Z�®»²�²c²c²+²�²c²+²c²+²c²c²+²c²+²c²�²+²c²c²+²c²+²c²c²+²c²�²+²c²+²c²c² 5���5

!H²uv � ����Z{�)Z�y Z�¡¢d¤£Kb>p"f`_{oKo�o`Z"p"X`Vq_{h�o�eDh�\�\�VYoKX`_{fKX`Z]\µoKd}Z"p"X`f[eDt�k%R�h�p"X`Vq_{h�Z���X[f`eDp"X`Z]\ªe�X
§nVqh�Z"Uµe�X`Vqp"o%!Hy'�Hy4v 5 e�h�\Ðv�° �0X`a�Z»\�Z�X[Z"p"X[Z"\Ëd�f`_DX`_{h«Vqo�T�eDp�§�_Dk �� �@VYh�p]VY\�Z]hiX
Z]tYZ]p"X`f`_{h|Z"h�Z]fK�DmËv 5 ° � ² w ­ Z�®»²�²c²+²c²+²c²�²+²c²c²+²c²+²c²c²+²c²�²+²c²+²c²c² 5��©�

!H²uv � ����Z{�)Z�y Z�¡¢d¤£Kb>p"f`_{oKo�o`Z"p"X`Vq_{h�o�eDh�\�\�VYoKX`_{fKX`Z]\µoKd}Z"p"X`f[eDt�k%R�h�p"X`Vq_{h�Z���X[f`eDp"X`Z]\ªe�X
§nVqh�Z"Uµe�X`Vqp"o � ��X[aHZÄ\�Z�X[Z]p�X[Z"\.d�f`_DX`_{hÊVYoWk%_{fg��e�f`\Ê_Dk �� ��Vqh�p"Vq\�Z"hnX�Z]tYZ]p�X[f`_Dh
Z]h�Z"f`�Dmsv 5 ° � ² w ­ Z"®¨²C²c²+²c²+²c²c²+²c²+²c²�²+²c²c²+²c²+²c²c²+²c²�²+²c²+²c²c² 5��D�

!H²uv�°�����Z{�)Z�y Z�¡¢d¤£Kb>p"f`_{oKo�o`Z"p"X`Vq_{h�o�eDh�\�\�VYoKX`_{fKX`Z]\µoKd}Z"p"X`f[eDt�k%R�h�p"X`Vq_{h�Z���X[f`eDp"X`Z]\ªe�X
§nVqh�Z"Uµe�X`Vqp"o �©� ��X`a�Z�\�Z"X`Z]p�X[Z]\¨d�f`_DX`_{hcVqo¦T�eDp�§F_Dk �� ��Vqh�p"Vq\�Z"hiX�Z"tqZ"p"X[fK_{hcZ]h�Z"f`�Dm
vx�i° � ² z�­ Z�®»²�²c²c²+²�²c²+²c²+²c²c²+²c²+²c²�²+²c²c²+²c²+²c²c²+²c²�²+²c²+²c²c² 5�� °

!H²uv�! � ��Z{�)Z�y Z ¡ d¤£Kb>p"f`_{oKo�o`Z"p"X`Vq_{h�o�eDh�\�\�VYoKX`_{fKX`Z]\µoKd}Z"p"X`f[eDt�k%R�h�p"X`Vq_{h�Z���X[f`eDp"X`Z]\ªe�X
§nVqh�Z"Uµe�X`Vqp"o �D� ��X`a�Z�\�Z"X`Z]p�X[Z]\¨d�f`_DX`_{hcVqo¦T�eDp�§F_Dk �� ��Vqh�p"Vq\�Z"hiX�Z"tqZ"p"X[fK_{hcZ]h�Z"f`�Dm
vx�i° � ² z�­ Z�®»²�²c²c²+²�²c²+²c²+²c²c²+²c²+²c²�²+²c²c²+²c²+²c²c²+²c²�²+²c²+²c²c² 5�� !

!H²uv ¬ ����Z{�)Z�y Z�¡¢d¤£Kb>p"f`_{oKo�o`Z"p"X`Vq_{h�o�eDh�\�\�VYoKX`_{fKX`Z]\µoKd}Z"p"X`f[eDt�k%R�h�p"X`Vq_{h�Z���X[f`eDp"X`Z]\ªe�X
§nVqh�Z"Uµe�X`Vqp"o �©� ��X`a�Zµ\HZ"X[Z"p"X`Z]\¹d�f`_�X[_{h¸VYo+k%_{fg��e�f`\Ð_Dk �� ��Vqh�p"Vq\�Z"hiX»Z]tYZ]p�X[f`_Dh
Z]h�Z"f`�Dmsvx�i° � ² zW­ Z"®¨²C²c²+²c²+²c²c²+²c²+²c²�²+²c²c²+²c²+²c²c²+²c²�²+²c²+²c²c² 5��i¬

!H²uvxwÊ����Z{�)Z�y Z�¡¢d¤£Kb>p"f`_{oKo�o`Z"p"X`Vq_{h�o�eDh�\�\�VYoKX`_{fKX`Z]\µoKd}Z"p"X`f[eDt�k%R�h�p"X`Vq_{h�Z���X[f`eDp"X`Z]\ªe�X
§nVqh�Z"Uµe�X`Vqp"o � ° ��X`a�Zµ\HZ"X[Z"p"X`Z]\¹d�f`_�X[_{h¸VYo+k%_{fg��e�f`\Ð_Dk �� ��Vqh�p"Vq\�Z"hiX»Z]tYZ]p�X[f`_Dh
Z]h�Z"f`�Dmsvx�i° � ² zW­ Z"®¨²C²c²+²c²+²c²c²+²c²+²c²�²+²c²c²+²c²+²c²c²+²c²�²+²c²+²c²c² 5�� w

!H²uvx�Ê����Z{�)Z�y Z�¡¢d¤£Kb�½j¾S¿cZ���X[f[e�p"X[Z"\»�jVYX`a�_{RHX ��¶ ��d�a�eDo`Z�oKd�eDp"Z�UµeÆX[p�a�VYh���y��jVYX[acX[a�Z
�Kp]p�v"¶�e��DZ]f[e��{Vqh�� 
�X[Z"p�a�h�VY��RHZ��jVYX[a¨p]pDv�¶·f`Z"h�_{fKUµeDtYVqÔ]e�X[VY_{h�_Dk�p]fK_{o`o�oKZ]p�X[Vq_Dh�o4X[_
� 	�w 5©5 � ! ­ Z"®¨y	� 	�v � w � � ! ­ Z"®�±Æpµ�%p]_{hiX`VqhnR�Z]\�Vqh|¼�eDT�tqZ !S² 5Dz £�² ²+²c²c² 5 °D°

!H² 5Dz ����Z{�)Z�y Z�¡¢d¤£Kb�½j¾S¿cZ���X[f[e�p"X[Z"\»�jVYX`a�_{RHX ��¶ ��d�a�eDo`Z�oKd�eDp"Z�UµeÆX[p�a�VYh���y��jVYX[acX[a�Z
�Kp]p�v"¶�e��DZ]f[e��{Vqh�� 
�X[Z"p�a�h�VY��RHZ��jVYX[a¨p]pDv�¶·f`Z"h�_{fKUµeDtYVqÔ]e�X[VY_{h�_Dk�p]fK_{o`o�oKZ]p�X[Vq_Dh�o4X[_
� 	�w 5©5 � ! ­ Z"®¨y	� 	�v � w � � ! ­ Z"®�±Æpµ�%p]_{hiX`VqhnR�Z]\ªk%f`_{U ¼4e�T�tqZ !H²uvx�i£�²�²c²c² 5 ° !

5u�



!H² 5 v � ��Z{�)Z�y Z ¡ d¤£Kb ½j¾H¿µZ���X[f`eDp"X`Z]\^�jVYX`a^T�VqhS¶;Timn¶;T�Vqh ��¶ �cd�a�eDoKZFo`d�eDp"ZFUµeÆX[p�a�VYh���y
�jVYX`a|X`a�ZFX[a�fKZ]ZFX[Z"p�a�h�VY��RHZ]o]²�²c²c²+²c²+²c²�²+²c²c²+²c²+²c²c²+²c²�²+²c²+²c²c² 5 ° ¬

!H² 5©5 ½�¾S¿�yDÀ�¾n¾ÅeDh�\ � ��Zi�%ZDy³Z ¡ d�£Kb6p"f`_{oKo�oKZ]p�X[Vq_Dh�o�Z���X[f[e�p"X[Z"\¨VYh+§nVqhHZ]U�e�X[VYp]o�v��jVYX[a
w z � � ����� � v z{z � p"RHX�eDh�\|~�XjX[_�_{RHXg¶·_Dk¥¶;d�t¥e�h�Z�p]fK_{o`ojoKZ]p"X`Vq_{hª\�Z"d}Z"h�\�Z]hHp]ZD² 5 !�!

!H² 5u� QSZ]d�eDf[e�X`Z]\Ê�[��Zi�%ZDy³Z"¡¢d¤£gb f`Z"o`d�_{h�oKZÄk%R�h�p�X[Vq_Dh�o]²�¼�_Dd6X�e�T�tqZ�Ñ¹����y ��y�� � �����K£
d�a�eDoKZÅo`d�e�p]Z�UµeÆX[p�a�VYh���T�Z"X·�$Z]Z]h 
 � y 
 � y 
 � §�VYh�Z]U�e�X`Vqp]o"²cÓ2_DX`X`_{U X[eDT�tYZDÑ
����y ��y	� � �����`£2dHa�eDo`Zco`d�eDp]Z�U�e�X[p�a�VYh���T}Z�X·�2Z"Z]h 
 � eDh�\ 
 � §�VYh�Z]U�e�X`Vqp]o�_Dh�tYmD² 5{¬�z

!H² 5�� ����Z{�)Z�y Z�¡¢d¤£gd�hªp]fK_{o`o�o`Z"p"X`Vq_{h�o"y�\�VqogX[_{fgX[Z"\�oKd}Z"p"X[f`eDt'k%R�h�p�X[VY_{hÄe�h�\|VqhiX[Z"�{f[eDt@_�k
X[a�Z�oKd}Z"p"X[f`eDtnk%R�h�p"X`Vq_{hFk%fK_{U ¬ ² ¬©5j­ Z"® X[_ 5Dz�­ Z"®�Z���X[f`eDp"X`Z]\»eÆX�§nVYh�Z]U�e�X[VYp]o
v{y � eDh�\ ¬ ��VYh�p]VY\�Z]hiX�Z]tYZ]p�X[f`_DhªZ"h�Z]fK�Dm � w z °S² ° ­ Z"®»²$²+²c²c²+²c²�²+²c²+²c²c² 5{¬ w

!H² 5 °�����Z{�)Z�y Z�¡¢d¤£gd�hªp]fK_{o`o�o`Z"p"X`Vq_{h�o"y�\�VqogX[_{fgX[Z"\�oKd}Z"p"X[f`eDt'k%R�h�p�X[VY_{hÄe�h�\|VqhiX[Z"�{f[eDt@_�k
X[a�Z�oKd}Z"p"X[f`eDtnk%R�h�p"X`Vq_{hFk%fK_{U ¬ ² ¬©5j­ Z"® X[_ 5Dz�­ Z"®�Z���X[f`eDp"X`Z]\»eÆX�§nVYh�Z]U�e�X[VYp]o
v z y'v � e�h�\ 5 w ��VqhHp]Vq\HZ]hiXjZ]tYZ]p"X`f`_{hªZ]hHZ]f`��m � w z °�² ° ­ Z�®»²F²c²+²c²�²+²c²+²c²c² 5{¬ �

!H² 5 ! � ��Z{�)Z�y Z ¡ d¤£gd�hªp]fK_{o`o�o`Z"p"X`Vq_{h�o"y�\�VqogX[_{fgX[Z"\�oKd}Z"p"X[f`eDt'k%R�h�p�X[VY_{hÄe�h�\|VqhiX[Z"�{f[eDt@_�k
X[a�Z�oKd}Z"p"X[f`eDtnk%R�h�p"X`Vq_{hFk%fK_{U ¬ ² ¬©5j­ Z"® X[_ 5Dz�­ Z"®�Z���X[f`eDp"X`Z]\»eÆX�§nVYh�Z]U�e�X[VYp]o
5 �Hy¤°ÅeDhH\Äw �HVqh�p"Vq\�Z"hnXjZ"tqZ"p"X[fK_{hªZ]h�Z"f`�Dm � w z °S² ° ­ Z"®¨² ²c²c²+²c²�²+²c²+²c²c² 5 w z

!H² 5{¬ ����Z{�)Z�y Z�¡¢d¤£gd�hªp]fK_{o`o�o`Z"p"X`Vq_{h�o"y�\�VqogX[_{fgX[Z"\�oKd}Z"p"X[f`eDt'k%R�h�p�X[VY_{hÄe�h�\|VqhiX[Z"�{f[eDt@_�k
X[a�Z�oKd}Z"p"X[f`eDtnk%R�h�p"X`Vq_{hFk%fK_{U ¬ ² ¬©5j­ Z"® X[_ 5Dz�­ Z"®�Z���X[f`eDp"X`Z]\»eÆX�§nVYh�Z]U�e�X[VYp]o
v{v{y'v � e�h�\ � ��Vqh�p"Vq\�Z"hiXjZ]tqZ"p"X`f`_{hªZ]h�Z"f`�Dm � w z °S² ° ­ Z"® eDhH\¯v 5 ° � ² w ­ Z"®¨²^² 5 wSv

!H² 5 w � ��Z{�)Z�y Z ¡ d¤£gd�hªp]fK_{o`o�o`Z"p"X`Vq_{h�o"y�\�VqogX[_{fgX[Z"\�oKd}Z"p"X[f`eDt'k%R�h�p�X[VY_{hÄe�h�\|VqhiX[Z"�{f[eDt@_�k
X[a�Z�oKd}Z"p"X[f`eDtnk%R�h�p"X`Vq_{hFk%fK_{U ¬ ² ¬©5j­ Z"® X[_ 5Dz�­ Z"®�Z���X[f`eDp"X`Z]\»eÆX�§nVYh�Z]U�e�X[VYp]o
!Hy���eDh�\Ev 5 �HVqh�p"Vq\�Z"hnXjZ"tqZ"p"X[fK_{hªZ]h�Z"f`�DmËv 5 ° � ² w ­ Z"®¨² ²c²c²+²c²�²+²c²+²c²c² 5 w 5

!H² 5 �Ê����Z{�)Z�y Z�¡¢d¤£gd�hªp]fK_{o`o�o`Z"p"X`Vq_{h�o"y�\�VqogX[_{fgX[Z"\�oKd}Z"p"X[f`eDt'k%R�h�p�X[VY_{hÄe�h�\|VqhiX[Z"�{f[eDt@_�k
X[a�Z�oKd}Z"p"X[f`eDtnk%R�h�p"X`Vq_{hFk%fK_{U ¬ ² ¬©5j­ Z"® X[_ 5Dz�­ Z"®�Z���X[f`eDp"X`Z]\»eÆX�§nVYh�Z]U�e�X[VYp]o
v�°Sy �u� e�h�\ ��� ��VqhHp]Vq\HZ]hiXjZ]tYZ]p"X`f`_{hªZ]hHZ]f`��m«v 5 ° � ² w ­ Z�® e�h�\¯v��i° � ² z�­ Z"®¨² 5 w �

!H² �{z � ��Z{�)Z�y Z ¡ d¤£gd�hªp]fK_{o`o�o`Z"p"X`Vq_{h�o"y�\�VqogX[_{fgX[Z"\�oKd}Z"p"X[f`eDt'k%R�h�p�X[VY_{hÄe�h�\|VqhiX[Z"�{f[eDt@_�k
X[a�Z�oKd}Z"p"X[f`eDtnk%R�h�p"X`Vq_{hFk%fK_{U ¬ ² ¬©5j­ Z"® X[_ 5Dz�­ Z"®�Z���X[f`eDp"X`Z]\»eÆX�§nVYh�Z]U�e�X[VYp]o
� ° ��VYh�p]VY\�Z]hiXWZ]tYZ]p"X`f`_{h Z]hHZ]f`��mÈv��i° � ² zE­ Z"®¨²�¼�aHZÄ\�Z�X[Z]p�X[Z"\Êd�f`_�X[_{h VqoWe�X
eDh��{tYZ]o�k%_{fg��e�f`\ª_Dk ��n²�²c²+²c²+²c²c²+²c²+²c²�²+²c²c²+²c²+²c²c²+²c²�²+²c²+²c²c² 5 w �

5��



!H² � v 
FVqh�Z"Uµe�X`VqpÅogmSogX[Z"Uµe�X`Vqp�Z]f`fK_{f»e��DZ]f[e��{Z]\Ð_x�{Z"f»eDp"p]Z"dHX�eDhHp]Z^VqhEX[a�Z � ��Z{�)Z�y Z�£
Z]tqeDoKX`Vqp�UWZ�eDoKR�f`Z"U�Z"hiX[o]² ²c²+²c²c²+²c²+²c²�²+²c²c²+²c²+²c²c²+²c²�²+²c²+²c²c² 5 w�!

!H² ��5 ��_{h�¶·§nVqh�Z"UµeÆX[Vqp¯Z]fKf`_{fKoËeDo`oK_Sp"V¥e�X`Z]\ �jVYX`aBX`a�Z¹����Z{�)Z�y Z�£«Z"t¥eDogX[VYp¸U�Z]eDo`RHf`Z�¶
U�Z"hiX[o]y¤e�h�\ªX`a�ZFX[_DX[eDt'Z"f`f`_Df�_Dk�X`a�Z�U�Z]eDo`RHf`Z]UWZ]hiX`o]²¹²+²c²c²+²c²�²+²c²+²c²c² 5 w�!

!H² �©� ¼�_DdÄd�eDfgX�_�k4X[aHZ+X�e�T�tqZ�Ñ2o`Z"h�o`VuX[Vu�SVuX[VYZ]oj_Dk�Z��SX`f[eDp�X[Z"\s����Z{�)Z�y Z�¡¢d¤£Kb�p]f`_Do`o�oKZ]p�¶
X[VY_{h�o¨X`_«R�h�p]Z"fKX[eDVqhiX[VYZ]oÅVYh¸§nVqh�Z"Uµe�X`Vqp�d�eDf[e�U�Z�X[Z]fKo]y�e��{Z"f[eD�{Z"\6_x�DZ]fWeDp]p"Z]dS¶
X�eDhHp]ZD²2¼�a�Zc~Hk X[a�k%fK_{UJX`a�Z+T�_DXKX[_{U©fK_x� �{VY�DZ]o�§nVqh�Z"Uµe�X`VqpFZ"f`f`_Df`o�eD\�\�Z"\ÄVqh
�nR�eD\�f`e�X[R�fKZDy¦eDoKo`R�UWVqhH�^R�h�p]Z"fKX[eDVqhiX[VYZ]oFVYhsX[a�ZÅfKVq�{aiXFp"_{tqR�UWh'²�¼�a�Z�T�_DX`X`_{U
f`_x�É�{Vu�{Z]o$X[_DX[eDt¤oKm�oKX`Z]U�e�X[VYp�Z]fKf`_{fKo2_Dk@X`a�Z�����Zi�)Z�y Z�¡´d¤£gb U�Z]eDo`R�fKZ]UWZ]hiX[o"yHk%_{f
Z�eDp�aª§nVqh�Z"UµeÆX[Vqp�o`Z"XKX[VYh���²�²c²+²c²c²+²c²+²c²�²+²c²c²+²c²+²c²c²+²c²�²+²c²+²c²c² 5 wDw

!H² �D� ��_{h�¶·§nVqh�Z"UµeÆX[VqpEZ]fKf`_{fKoËeDo`oK_Sp"V¥e�X`Z]\ �jVuX[a X[aHZ¸����Z{�)ZDy³Z"¡ d¤£Kb p]fK_{o`o«oKZ]p�X[Vq_Dh
U�Z]eDo`RHf`Z]UWZ]hiX`o]²�²c²+²�²c²+²c²+²c²c²+²c²+²c²�²+²c²c²+²c²+²c²c²+²c²�²+²c²+²c²c² 5 wD�

5 °
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¼�a�Z+f`Z]p"Z]hiX�eDp�aHVqZ"�DZ]UWZ]hiXF_Dk4X[a�ZWv z{z�� \HRHX·m�k)e�p"X[_Df]y¤a�Vq�DaS¶·p"R�f`fKZ]hiXFeDhH\Äa�VY�{aS¶·Z"h�Z]fK�Dm|Z]tYZ]p�¶
X[fK_{h»T�Z�eDU�e�X�X[a�Z�rDZ"�}Z]fKo`_{h��¦eDT�_{f[eÆX[_{fgm��)ZD²³��²uy��´v�� £¦Vqo/a�Z]tYd�VqhH��X[_�_��DZ]fKp]_{UWZ2X[aHZ$X[f`eD\�VuX[Vq_Dh�eDt
tqVYU�VuX�e�X`Vq_{hW_Dk4Z]tqZ"p"X`f`_{hªo`p]e�X`X`Z]f`VYh���y��$Z�eD§nh�Z"o`o�_�kCZ]tYZ]p�X[f`_DUµeD�Dh�Z"X`Vqp�VYhnX`Z]f`eDp"X`Vq_{h|_Dk�X[a�Z�Z]tYZ]p�¶
X[fK_{hsd�fK_{T�Z+�jVYX`aÄhnR�p"tqZ]Vº²�¼�anR�o"y'_{h�Z+p�eDh�k%R�tqtum|RHX[VYtqVqÔ"ZceD\H��eDhiX�eD�DZ]o�_�k�Z]tYZ]p"X`f`_{hÄo`p�eÆX`X[Z"f`VYh��
� tq_x��\�VYoKX[_DfKX[VY_{hs_Dk�X`a�ZÅVqh�p"Vq\�Z"hiX�eDh�\Ëo`p]e�X`X`Z]fKZ]\ËZ]tYZ]p"X`f`_{h«�2e��{Z]ocVqh�X[a�ZÅhnR�p"tqZ]RHo]y¦Z�eDoKZÅ_Dk
VqhiX`Z]f`dHf`Z"X[e�X[VY_{hË_Dk�X[a�ZWo`p]e�X`X`Z]f`VYh��ªd�f`_�p]Z"o`ocVqh«X[a�ZÅ�$Z]tYtu¶·�Df`_{R�hH\�Z]\��%k%_{fFtYVq�{aiX�e�h�\-UWZ]\�VYR�U
hnR�p]tYZ]V¥£$_{h�Z�¶·d�a�_�X[_{h^Z��Hp�a�eDh��{Z+eDd�d�fK_��HVYUµeÆX[Vq_Dh'y�eDh�\|§nVqh�Z"Uµe�X`Vqp ��Z��SVqTHVqtqVuX·mW_Dk¦X[a�ZFfKZ�eDp�X[Vq_Dh
Timµ�ja�VYp�a|_{h�ZFp�e�h|��eDfgm�Z"h�Z]fK�Dm^eDhH\ªUW_{UWZ]hiX[RHUMX`f[eDh�ogk%Z]f�X`_»X[a�ZFhnR�p"tqZ]RHo�Vqh�\�Z"d}Z"h�\�Z"hnX`tYmD²
¼�a�ZÅ����Z¨h�RHp]tqZ"R�oFT�Z]tq_Dh��{o�X`_µX[a�ZÅ�Df`_{R�dÄ_Dk�tqVq�DanX�hnR�p]tYZ]VCogX[R�\HVqZ]\sk%_Df�X[aHZ]Vqf�o`VqUWd�tYZ�¶;X`_�¶

VqhiX`Z]f`UWZ]\HV¥e�X`Z»d}_Do`VYX`Vq_{hÄVqhsX[aHZÅh�RHp]tqZ]eDfFoKm�ogX[Z]UWo]²Å¼�aHZW\HZ]RHX`Z]f`_Dh'y@X[a�ZÅoKVqUWd�tqZ"oKXFogmSogX[Z"U<_Dk
T�_{R�h�\ËhnR�p]tYZ]_{hHo]y/Vqo�e^T�eDoKVqp»X[Z"oKX`Vqh��|�{fK_{R�h�\«k%_{fFfKZ�eDtYVqoKX`Vqp+h�RHp]tqZ"_{hS¶;h�RHp]tqZ"_{h�� � ��£�d}_�X[Z]h�¶
X[VqeDtqo+\�Z]fKVY�DZ]\Ðk%f`_{U � �©oKp�e�XKX[Z"f`VqhH�«\�e�X�e�� 5 y � �Ï²-�@_��M\�Z"RHX[Z"f`_{h \�Z"h�o`VuX·m¸tqVYU�VuX[ocd}_Do`o`VYT�tqZ
UWZ]\�VYR�U U�_�\�Vu~�p�e�X`Vq_{hHo�_Dk4X`a�Z¨T�_{R�h�\�hnR�p]tYZ]_{h�o��0ogX[VqtYtÏy�oKR�T�hnR�p]tYZ]_{hHVqp¨\HZ]�{fKZ]Z]o�_DkCk%fKZ]Z]\H_{U�y
U�eDh�VYk%Z"oKX`Z]\.eDoµU�Z"o`_{hÊZ��Sp�a�eDh��{Z«p"R�f`fKZ]hiX[o"y�a�e��DZsT}Z"Z]hÉVq\HZ]hiX[Vu~�Z]\�X`_¸d�tqexm6e¸oKVq�{h�Vu~�p�e�hnX
f`_DtqZ�� 5 y � �Ï² Ç h�X`a�Z+�nR�e�o`VqZ"t¥eDogX[VYpFf`Z]�DVqUWZDy�UWZ]o`_Dh�Z��Hp�a�eDh��{Z»p"R�f`fKZ]hiX[o�eDf`Z�R�hHVqUWd}_{fgX�eDhiXjfKZ]tu¶
e�X`VY�{Z�X[_Wo`VYh��{tYZ�¶·d�eDfKX`Vqp]tYZFeDoKd}Z"p"X[o�_Dk4X`a�Z¨fKZ�eDp�X[VY_{h'y¤eDh�\ªX[a�Zc\�Z"RHX[Z"f`_{hsVYojR�o`Z"\Äk%_{fjoKX`R�\Hmª_Dk
X[aHZcZ"tqZ"p"X[fK_{U�eD�{h�Z�X[Vqp�oKX[fKR�p"X`R�f`Zc_Dk/X[a�Z�h�Z"RHX[fK_{h'²
� oFe�U�_{fKZcX`Vq�{aiX`tYm|T�_{R�h�\sogm�oKX[Z"U�y0����Z¨hnR�p"tqZ"R�oFVqo�T}Z�X`X`Z]f�oKR�VYX`Z]\Äk%_{f�oKX`R�\Hm�_Dk�oKX`f`R�p�¶

5{¬



X[RHf[eDtSU�_�\�VY~�p�e�X`Vq_{h�o/_Dk¤T�_{R�h�\�hnR�p"tqZ]_Dh�o]yneDhH\»k%_{fCVqhi�DZ]oKX`Vq�ieÆX[Vq_Dh»_Dk¤o`aH_{fKXg¶·f[e�h��{Z�d�e�fKX�_Dk � �
VqhiX`Z]f[e�p"X[VY_{h � 5 y � �º²C¼�a�Z�����Z�hnR�p]tYZ]R�o$d�f`_x��Vq\�Z"o�ect¥eDT�_{f[eÆX[_{fgm¨k%_{f�oKX`R�\Hm�Vqh��cX[a�fKZ]Z�¶·T�_S\Hm � �
k%_{fKp]Z]o"² � X�X[a�ZFo`eDU�Z�X[VqUWZDy�X[a�ZF�[��ZFhnR�p]tYZ]R�ojVYo�U�_Df`Z�oKR�o`p"Z]dHX`VqT�tYZ�X`_�eDp]p"R�f[eÆX[Z�X[aHZ]_{fKZ"X[VYp�eDt
p�e�tqp]RHt¥e�X`Vq_{h�o"yCp]_DU�d�e�f`Z]\ÐX`_EUWZ]\HVqR�U eDh�\¹a�Z]ex�nm¹hnR�p"tqZ]Vº²¸��Z]h�p"ZDy�X[a�Z|����ZªhnR�p"tqZ"R�o�d�f`_�¶
��Vq\�Z"oÅesR�h�VY�nR�Z�p]_DU»T�Vqh�e�X[VY_{h-_Dk�ogX[f`RHp"X[RHf[eDt$p]_{UWd�tqZ��SVYX·m-eDh�\Ðo`RHo`p]Z"dHX[VYT�VqtYVYX·mËX[_seDp]p"R�f[e�X`Z
X[aHZ]_{fKZ"X[VYp�eDt�X[fKZ�e�X`U�Z"hnX]y�o`Z"XKX[VYh��sX[a�ZµoKX�e��{Z�k%_{f¨k%fKR�VYXKk%R�t$VYhiX[Z]f`eDp"X`Vq_{h-T}Z�X·�2Z"Z]h6X`a�Z]_DfKmÐe�h�\
Z��Sd�Z]fKVqUWZ]hiX�²
Ç h»�nR�eDoKVqZ]tqeDoKX`Vqp�����Zi�)Z�y Z�¡¢d¤£@Z��Sd}Z"f`VYU�Z"hnX`o]yDX`a�Z�d�f`_�p]Z"o`o4VYh+�ja�VYp�a»e�o`VqhH�{tqZ�T�_{R�h�\»hnR�p"tqZ"_{h

eDT�oK_{f`THo�eDtYt0X[aHZcX`f[eDh�ogk%Z]fKf`Z]\�Z]h�Z"f`�Dm�eDhH\�UW_{UWZ]hiX[R�UJVqojZ]UWd�a�eDoKVqÔ"Z]\ � 5 y � �º²�b�Z�X[Z"p"X[VY_{h|_Dk
T�_DX[a�X[a�ZjoKp�e�XKX[Z]fKZ]\�Z"tqZ"p"X[fK_{h�eDh�\�X[a�Zjd�fK_DX[_{hWd�fK_���VY\�Z]o�§nh�_x�jtqZ]\H�{Z�_�k'UW_{U�Z"hiX[R�U eDh�\µZ��n¶
p]VuX�e�X`Vq_{hWZ]hHZ]f`��mµ_Dk@X`a�Z�R�hH\�Z"X`Z]p"X`Z]\|f`Z"o`VY\�R�eDt�oKm�oKX`Z]Uªy�eDtYtq_x�jVqh���oKZ]d�eDf`e�X[VY_{h�_Dk � ��Zi�%ZDy³Z ¡ d�£Kb
eDh�\E����Zi�)Z�y Z�¡¢d¤£gdHh¯fKZ�eDp�X[Vq_Dh¯p�a�e�h�h�Z]tYo]² Ç hEX`a�Z�~�f`ogX¨e�d�d�f`_��SVqU�e�X`Vq_{h'y��)ZDy³Z"¡ d¤£�Z��Sd}Z"f`VYU�Z"hnX`o
o[e�U�d�tYZ+X`a�ZÅÌ�_{R�fKVqZ]fjX[f`eDh�ogk%_{f`UG_Dk�X[aHZÅo`VqhH�{tqZ�¶·hnR�p]tYZ]_{hª��e��DZ�k%RHh�p"X`Vq_{h'²�¼�a�RHo]y'�jVYX`a«U�_�\S¶
Z]fKhÄÌ¤eD\H\�Z]Z��ªeDh�\|�De�f`V¥eÆX[Vq_Dh�eDt}X`Z]p�a�hHVq�nR�Z]o�_Dk�o`_{tYRHX[VY_{h|_Dk�X`a�Z�h�_{hS¶;f`Z"t¥e�X`VY��VqogX[Vqp�X[a�fKZ]Z�¶;T}_�\Hm
d�fK_{T�tqZ"U � � �ºy�_{h�Z�p�eDhªa�_{d�Z�X[_�X[Z"oKX�oKX[e�X[Z�¶·_Dk¥¶ÏX[a�Z�¶�eDfgX�f`Z]eDtqVYoKX`Vqp � � d}_DX`Z]hiX[VqeDtqo"²
��_x�$Z"�{Z"f]yHeD\�\�VuX[Vq_Dh�eDtHZ��0Z"p"X`o]y�o`R�p�a^e�o�~�h�eDt�ogX�e�X`Z�VYhnX`Z]f`eDp"X`Vq_{h�o��)Ì�Q Ç £�y{U�Z"o`_{hWZ��Sp�a�e�h��{Z

p]RHf`f`Z"hiX[oÅ� ­ ��Õ�£�e�h�\�fKZ]tqe�X[Vu�SVuX·m{y�a�ex�DZ+X`_�T�ZFX�eD§�Z]hÄVYhiX[_�eDp]p"_{R�hiX�VYh|\�e�X�e�VqhiX`Z]f`dHf`Z"X[e�X[VY_{h'y
d�fK_���VY\�Vqh���e�h�_DX[aHZ]f�X[Z"oKX[VYh����{f`_DR�h�\^k%_{f�X[aHZ]_{fKZ"X[VYp�eDt0U�_�\�Z]tYo � 5 y � �º² ��_{fKUµeDtYtYmDySZ��Hd�Z]fKVqUWZ]hS¶
X�e�tqVqogX[o�X[fgm�X[_»e��D_{Vq\�§�VYh�Z]U�e�X`Vqpjo`Z�X`X[VYh��{o��jVYX`aµt¥e�f`�{Z�Z��Sd�fKZ]o`oKVq_{hµ_Dk¦Ì�Q Ç e�h�\ ­ ��Õ�y�X[_¨a�ex�DZ
eDh6R�h�_{T�ogX[fKR�p"X`Z]\ÉeDp"p]Z]oKo�X[_EX[a�ZªhnR�p]tYZ]_{h��2e��{Zsk%R�hHp"X[VY_{h'².¼�a�VYoµa�e�oµd�fK_��DZ]\ÊhH_DXµX`_-T�Z
eDh Z�eDogmÐX�eDoK§¤y2�jVYX`a Z]eDf`tYVqZ"fÅd�f`Z"\�Vqp�X[Vq_Dh�o�_Dk�T�_DX`a�Ì�Q Ç eDh�\ ­ ��ÕJo`RHd�d�f`Z"o`oKZ]\.Vqh eËa�Vq�Da
UW_{U�Z"hiX[R�U X[f`eDh�ogk%Z]fF�nR�eDoKVqZ]tqeDoKX`Vqpcf`Z"�{VqUWZDy0eDh�\sX[aHZ»p]R�fKf`Z"hnXF��VYZ"�BX[a�eÆX ­ ��Õ�e�f`Z»VYh�\�Z]Z"\
o`RHd�d�f`Z"o`oKZ]\>THRHXªÌ�Q Ç eDf`Z«Z"h�a�eDhHp]Z]\�VqhÊX`a�Vqoµf`Z]�DVqUWZ �³° �Ï² Ì�_{fµX[aHZ«����Z{�)ZDy³Z"¡¢d�£�f`Z]eDp"X`Vq_{h'y
Ì�Q Ç p]eDhËT}Z»X`f`Z�eÆX[Z]\«dHf`Z]p"VqoKZ]tYmÄVqhsX`a�Z»h�_{h�¶·f`Z"t¥e�X`VY��VqogX[VYp¨Ì¤eD\�\HZ]Z"��X[a�fKZ]Z�¶·T�_S\HmÄp�eDtYp]R�tqe�X[VY_{h�o
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X[_�e�QSeDp]tqexm�Z��Sd}Z"f`VYU�Z"hnX �´v ¬ �ºy��ja�Vqp�a«e�p�a�VqZ��{Z]\Äe�UWVqoKo`VqhH�WZ"h�Z]fK�Dm|f`Z"o`_{tYRHX[VY_{hª_Dk�v{² � ­ Z"®¨²
¼�a�Zc\�e�X[e��2eDojp]_{tYtqZ"p"X[Z"\�VYh|��R�eDo`VYZ]t¥e�oKX[VYpFd}Z"f`d�Z]h�\HVqp]RHt¥eDf�§nVqhHZ]U�e�X[VYp]o]y��jVuX[a|T�Z�eDU©Z"h�Z]fK�{VqZ"o
° z � � °��Dw ­ Z"®¨y}UWVqoKo`VYh��µUW_{UWZ]hiX�e z � n v z�­ Z�®�±�p�y0�jVYX`aÄUW_{UWZ]hiX[R�U X`f[eDh�ogk%Z]fKo�_Dk n zDz
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Vqh �K\�VYd�
cd}Z"f`d�Z]h�\�VYp]R�tqeDf�§nVqh�Z"Uµe�X`Vqp"o]yi�jVYX`a�Z"h�Z]fK�Dm�eDh�\µUW_{UWZ]hiX[RHU X[f`eDh�oKk%Z"f`o$_Dk � zDz¨­ Z�®
eDh�\ � ¬ � ­ Z�®�±�p«fKZ]o`d�Z]p�X[Vu�{Z]tum{²B¼�a�ZsVYh�p]VY\�Z]hiX^Z"tqZ"p"X[fK_{h.Z]hHZ]f`��m6�2eDoª°�! z¸­ Z"®¨y2�jVYX`a.e
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855 MeV (ε=0.648) 0.610 ± 0.003

675 MeV (ε=0.457) 0.569 ± 0.003

540 MeV (ε=0.214) 0.540 ± 0.006

Jans et al. 0.587 ± 0.024

Schulze & Sauer 0.748

Forest et al. 0.721

Salme 0.748
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12C(e,e) elastic cross section analysis
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Measurement of 3He density with elastic 3He(e,e)
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Reaction point along the beam reconstructed by hadron spectrometer, m
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Reaction point along the beam reconstructed by electron spectrometer, mR
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Coincidence time, ns
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Missing momentum bin, MeV/c
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 � ����� � ���B� � ��� " � � 
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3�� � � �C� � � � 3 Y�� 	 � �C� � �.� � � � � �C���-� � �.��� 
 � �	� � �1�.����( � � � � �C� � ��� �
	���
�
������������������� R
N�� � � �C� � � � 3 Y�� 	 � �C� � �.� � � � ���C�1�.� � �.��� 
 � �	� � �1�.���<�#� � � � � 3 Y��B��� � � 
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 � ��� �-, ) ( ��,	�-� � �C�1� � � � 3 Y���.A���C� � �-� � � �B� �'�����0/ ���
� ���B� � � 3 Y��Z� ��1A�32;� � � � � ���01A���41 � �T� � .+� � ���5,61 " " � �#� � $ (?�#�B� � � 1����C� � �.� � � ���6� Y 3�� � � � , �
� Y N �C�1�71)� � � � Y ��� �0.#� � � � �#� � � � .%�.� � ,81 " � � ����� Y 3��:9 �<;C�1�5,B� � � 1�;7, ( � � = � �B����;�2;�+� � ���:; , � �-,
�51#�B�B�-, � 1A� � ;71 � � =?���B� ��;:,B�-;3;��-� � ,:1 " ;C���[�*� � �31A�=, � � �>;C�31?2o�>;C��� �@;B��� � � � �>;C�31A�<, � � �-;C�31?2��-;C���
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� � ,71 � � 1C;7;C� � �#�B�);C�1�51A�Z�-;����G� � �G� � ��� � �C;��01A��, �
3��ED � � �>; � � �#��� 7 ��.A� � � 7 ) � � � � � � �";��A1#�®( � �F;C�#;C���"�G1 ��� � � ��� � �51#� � ��.#� " �����>;��01A�

�-1A�B�Z�5, � 1A� � �.� � ;41H;B����,31 � �I;	�A1A�#1 " ;B���';B���B����Y �G1 � , �Q� ��� ���-. �5/ �*�C;	�A1A�I, � �0;B��;C�1����#�	�0, � 1�;B� ��;��.� � � �F;C� 3�� �'�*�#���1� � , �
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��� -YQ 1 � � � � � Q=� ;7; Q �#� �4/ ��SI;C�#� Q � 7 + � � � �G� � ��� � �C; Q 1A�®( �ZQ ;B�4� � � ;'� � � � Q ��;41�� � �-1)����;
Q �!� ( � � � � ���pY ; , S����G� � ��� � �C; Q 1A� ���

� � �>;'� Q � � � � �5, � � Q SI; Q 1A�K1 " D � � �-;�V , � � � � � � �C; Q 1A�I, Q ,d��.#� Q � �	� � � Q � ) � + $ � D � � �>;�V , �G� � ��� � �C; Q 1A��,
��,Z� �#�"��S � �C;B� � ���Z� Q�� �TY � ����� � , � ) S*�+�C��2��-;B� Q�� �C; Q 1A�K1 " ;C��� ��� , �G�C;3;C��� Q � � ��2TS � Q ;�� � � ) H,+ �
D � � �>;�V , � 7 + � � � ( � 7 + � � � + K 9/- �#� � ;B��� " � � � � 7 + � � � + K 9/- + � ��1 � , �G� � ��� � �ªY
; Q 1A��,m�+�B��� � 2B1�,3; Q � ��Q ,3; Q � � � Q ,B�*�	� � � " 1A������� DFD �B�#� � � " �71?2 \ ;41
	 N+�?\ K ��5 �ZD � � �>;�V ,� 7 + � � � + K 9/- �#���P;C�1� " � � � � � � � � � �C; Q 1A�I,��#�Z�r� � 2T1?,3; Q ��� Q ,3; Q � � � Q ,B�*�	� � � " 1A�
����� DFD �C�#� � �
" �71�2 \ ;41�	 �?\?\4K ��5 � � ��;C�1� " 1 � � 1 �ZQ � � ( � � �-1?2TS*�#�B�X;C����� � � � � � �C; Q 1A�I, ;41=;B���)2��G��, ���B�^Y
2�� ��;4, Q ��� Q =?���B����;8�Z� �?Q 1A��, 1 " 2 Q ,7, Q � � 2T1?2�� ��;���2������ DFD �X� Q�� , �I� Y 3 ;C���31)� � � � Y �@)��

����� DFD ���@���5��
������ @ ��� � � � 2�� ,7S�� �>;C�B� � " �����>; Q 1#� " � �-;71A� Q � ��� � , � � 3 ���-,�� � Q ���5,N;C�1�
�*�C;C� � � 1�,B� �J, Q � ;C� Q ,]�B� ��Q 1A� �HD � � �-;5VW, � � � � � � �C; Q 1A�I,��#�Z� 3h��� �t� � � �G� � ��� � �C; Q 1A��, )0' N#���
� � 7 �G� � ��� � �C; Q 1A� ) �	�G1�.A� ;C�1�����C;'��S�1 Q ��;7, �

����� DFD $ ����� ��� �K
��"! # ��$ ���&%I���;@ �1� �G� � ��� � �C; Q 1A��, 1 " D � � �-;P�#���N1 " -YQ 1 � ��� � � QT� ;7; Q
�#��� / ��SI;C�#� Q Q ��� Q �G�C;B�2�P,L;C�31A� � �B��� ���-; Q 1A� 1 " ;C��� ���71?,3,X,Z� �-; Q 1A�I,'� ���U;71 �(� �B�-,��G�";7;C��� Q � �
Q � ;B��� � �*� � ,3;'�";C� � -YQ 1 � ��� � � Q�� ;3; Q �+��� / �CSI;'�#� Q �G� � ��� � �C; Q 1A��,X,B���52 ;41�1�.#� �7S1�B��� Q �-;U;C�1�
2o� � � Q ;������)1 " ;B��� �Z�5, �G�C;3;C� � Q � � ( �ZQ ;C� ;C�1� � 7 + � � � �G� � ��� � �C; Q 1A� � , ��,Z2 ���'� ��,8� " � �-;41#�
1 " ; � 1 ��� � 1 � ;B�����*�C;C� � D � � �>;�V ,
� 7 + � � � � � � � � � �"; Q 1#��,��#�Z� ��S ;41)	 N#H*� � ��1�.A��;C�1�
�*�C;C� " 1A�+����� DFD " �71?2 3�\?\ ;41 3h��HmK �65�� �#(�� �I; " 1 � � 1 � ;C���,�*�C;C� �ZQ ;C� Q � ,3;C�C; Q ,3; Q �G� � � �Z�71A�3,
Q �K;B���6�B�-,3;Z1 " ;B���2�B� ��Q 1A�®R ;C����� � � � � � �"; Q 1#��, Q ��� Q �G�C;B�6;C���6�Z� � �C; Q .A� ��� Q 2TSG1A�L;'�#� � � 1 " K 9/-
�#��� Q ��;B� �72���� Q �C;B� R " 1A�72o�C; Q 1A��S��31 ���5,7,Z�5, � � � �#��� � ��.#��� � � � � � �C; Q 1A�I, � , �C,E2 ���'����,Z;C�1�
" � �>;41A� 1 " ; � 1B1�.A���7S��Z��� Q �-; � �31?,7,E,B� �-; Q 1A��, Q ��;B� Q ,d�Z� �?Q 1A� �
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80°<θBq<100°

0<Pmiss<10

  7.097    /     9

P1  0.1297E-01  0.6478E-03

P2 -0.4113E-01  0.7174E-01
P3  0.5109E-01  0.7372E-01

φBq, deg
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10<Pmiss<20

  7.231    /     9

P1  0.1223E-01  0.2836E-03

P2 -0.8835E-01  0.3489E-01
P3 -0.1490E-01  0.3232E-01

φBq, deg

20<Pmiss<30

  12.19    /     9

P1  0.1088E-01  0.1717E-03
P2 -0.8956E-01  0.2253E-01

P3 -0.1399E-01  0.2218E-01

φBq, deg
30<Pmiss<40

  10.61    /     9

P1  0.9331E-02  0.1253E-03
P2 -0.8958E-01  0.2035E-01

P3 -0.7555E-02  0.1818E-01

φBq, deg

40<Pmiss<50

  11.20    /     9
P1  0.7252E-02  0.1203E-03

P2 -0.1111  0.2486E-01

P3 -0.2161E-01  0.2229E-01

φBq, deg
50<Pmiss<60

  8.880    /     8
P1  0.5771E-02  0.1249E-03
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P3  0.1262E-02  0.2562E-01

φBq, deg
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80°<θBq<100°

60<Pmiss<70

  6.365    /     8

P1  0.4530E-02  0.1196E-03

P2 -0.1511  0.3539E-01
P3  0.1238E-01  0.2975E-01

φBq, deg
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70<Pmiss<80

  13.90    /     6

P1  0.3284E-02  0.1141E-03

P2 -0.1191  0.4158E-01
P3  0.3552E-01  0.3972E-01

φBq, deg

80<Pmiss<90

  5.246    /     5

P1  0.2390E-02  0.1128E-03
P2 -0.1969  0.4601E-01

P3 -0.3777E-01  0.5561E-01

φBq, deg
90<Pmiss<100

  1.516    /     5

P1  0.1741E-02  0.1202E-03
P2 -0.1454  0.6021E-01

P3 -0.2316E-01  0.7819E-01

φBq, deg

100<Pmiss<110

  14.48    /     3
P1  0.1348E-02  0.1021E-03

P2 -0.2100  0.6349E-01

P3  0.6294E-01  0.7834E-01

φBq, deg
110<Pmiss<120

  6.477    /     3
P1  0.9581E-03  0.8728E-04

P2 -0.2382  0.7525E-01

P3  0.1632E-01  0.9671E-01

φBq, deg
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 4413/200

 DISCR

fixed
 cable delay

 4518/100

DELAY/FO

modular
870 ns
delay

to ADC

to TDC

S1L 1-6>1-6

S2L 1-6>7-12
 pulser>14

S1R 1-6>1-6

S2R 1-6>7-12
 pulser>14

 4413/200

 DISCR

 4518/100

DELAY/FO

   fixed
 cable delay

modular
880 ns
delay

to TDC

to SCALERS CEB0

to ADC

 2373

  MLU

 4413/200

DISCR

 4518/100

DELAY/FO

    fixed
 cable delay

modular
880 ns
delay

 to ADC

to TDC
GAS CERENKOV

 

 4413/200

 DISCR

 4518/100

 DELAY/FO

4564

 OR

 4518/100

DELAY/FO

   fixed
 cable delay

modular
fixed
delay

   to ADC

to TDC

 

1-16

to SCALERS

to SCALERS

S-RAY>1

S1-OR>2

S2-OR>3

C/G-SUM

S-RAY

 S1

 S2

C/G

 2373

 MLU

C/A-OR

C/A

PROMPT TRIGGER T1

       SRAY

 PROMPT TRIGGER T2

No SRAY but all possible
combinations of S1, S2,
C/G, C/A with one missing
    ____
    SRAY*S1*S2*C/G
    ____
    SRAY*S1*S2*C/A
    ____
    SRAY*S1*C/G*C/A
    ____
    SRAY*S2*C/G*C/A

      HALL A ELECTRON PROMPT TRIGGER DESIGN 11/13/97

4516

AND
S1 1-6

 S2 7-12
pulser 14

    INPUT A
    1-12,14

 INPUT B
 1-12,14

 4518/100

DELAY/FO

to SCALERS CEB2to SCALERS CEB1

patch, row 1

 E1/2  E1/4

E1/6  E1/8  E1/10

 E1/14

patch, row 2

 E1/12

 4518/100

DELAY/FO

 E1/16

4564

 OR

S1R-OR
  OR
S2R-OR

ENABLE

E1/20

 4518/300

 DELAY/FO

 E2/12

 X5

1
 ECL->NIM

 RETIMING DELAY

  RETIMING
  DELAY to 
FTM in E-ARM

 E2/2

to SCALERS CEB3

patch, row 3

A1 - A10

B1 - B10

LINEAR
FAN-IN
  1-4

LINEAR
FAN-IN
  5-8

LINEAR
FAN-IN
 9-10

LINEAR

FAN-IN

NIM

NIM

NIM

NIM
     C/G 
ANALOG SUM>11

 NIM

 E2/4

LeCroy Model Number

FUNCTION

 CAMAC CRATE/SLOT

  CAMAC Module Notation

 4518/100

DELAY/FO

 E1/18

to SCALER

 Phillips

 E2/6,7

 E2/8

times used,blank if 1

1-12,14

1-12,14

>1-10
1-11

1-11

1-11

11

1-11

1-12,14 1-12,14

  1-12,14

1-12

 1-12

1-12,14 1-12,14

 4413/200

 DISCR

 4518/100

 DELAY/FO

    fixed
 cable delay

   to ADC

 
17-26

  AEROGEL

  CERENKOV

to SCALERS

modular
fixed
delay

to TDC

1-16

1-10

1-16

1-10

1-16

 17-26

  ANALOG
  MIXER/
AMPLIFIER

PRE-SHOWER
   1-48

 SHOWER
  1-96

to ADCs

6>13

7

(rear panel out)

S1-OR OR
S2-OR>7

>Lz��1%�� t 'N)QC���� � u ���-v�z:���$�Q�$~ u #Lx t y�%�� u #�y s�t6t � t ��yw� u "AxwzE"
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  4516

 logic(AND)

 4518/100

 delay/FO

MLU OUT
  0>1

T1>1

      hadron delay 1
0 - 300 ns variable delay 
  delay + hTOF = 300 ns

 4518/300

  Trigger
   Super
   (TS)
    VXI

  TDC 1875 START

 
 ECL->NIM

transit from
HRS1 to HRS2
  237 ns

 STOP to
coinc TDC
  = TC

transit from
HRS2 to HRS1
  340 ns

T1>1

AND

FTM

 AND

FTM

   NIM

ECL->NIM

 NIM/11

transit from
HRS2 to HRS1
  237 ns

Belden 9907 Belden 9907

  RG-213

 1>2

 

Accumulated
T2 delay is
136 ns up to
this point

     hadron delay 2
300 - 0 ns variable delay
delay 2 + delay 1 = 300 ns

 TS
LEVEL
TRANS
 VXI

Electron
   Arm

Hadron
Arm T3

   

Accumulated
T1 delay is
116 ns up to
this point

Coincidence Trigger 11/14/97

Delayed S2R from E-Retiming Delay

 Electron Arm
 Electronics

  Hadron Arm
 Electronics

E2/6,7

 1 Phillips

Phillips

ECL->NIM

H1/22,23

H2/9

E1>1

delay/FO
   X2
  H2/9

from H-ARM RETIMING DELAY (NIM)
 711

DISCR

NIM/10

 4518/300

 4518/300

delay/FO
   X4
 H2/10

delay/FO
   
  H2/10

1

H2/11

 NIM

ECL->NIM

NIM/12

1

3
5

4518/100

delay/FO

H1/18

1-16 to SCALERS ABC3 (h-)

to SCALERS ABC4

Hadron Arm T4
  MLU OUT 9

Downstream BCM (V/F)

5

5

3

Phillips

ECL->NIM

 E2/6,7

N3

Phillips

ECL->NIM

E2/18,19

 4518/300

delay/FO
   X4
 H2/14

4

fixed

delay

  DISCR

   QUAD
 LOGIC UNIT

   NIM

ECL->NIM

 NIM/11

 ADC
GATES

13

4

4
16

VXI

NIM

NIM

NIM

NIM

Phillips

ECL->NIM

E2/18,19

TDC 3

Phillips

ECL->NIM

E2/18,19

   65 ns
cable delay

E1

N2

E2

N1

E3

SCINT ADC GATE

START for
coinc TDC

Phillips

ECL->NIM

 E2/6,7

   NIM

  DISCR

  NIM/5

to SCALER CEB4

Downstream BCM (V/F)

   NIM

ECL->NIM

  NIM/1

1-16

T1 MLU (out 2)

T2 MLU (out 5)

T1>1

T2>2

Upstream BCM>14

TDC 1

13

16 16

Phillips

ECL->NIM

H1/22,23
N1>5

     E5 "TC
(E-ARM Trigger)"

FTM EXT

NIM/

 Level-1
 ACCEPT

 Level-1
 ACCEPT

 RETIMING
NIM > L1-T2

 Level-1
 ACCEPT

4

1

cable T1

VXI

 Level-1
 ACCEPT

L1-T2

TDC 1875 START

 TDC 1877 STOP (VDC)

TDC 1877 STOP (FPP)

to SCALER

cable T2

TDC 1877 STOP

ADC 1881 GATE

T2>2

transit from
HRS2 to HRS1
  237 ns
Belden 9907

cable T3

Logic

 Module

T2

T1

 T5

 T3

T4

Triggers
T1....T5

Triggers TS1
...TS5 plus
 Clock=TS8

Downstream BCM>16

Det Monitor>15

 Fixed Delay

Fixed Delay

to SCALERS ABC5 (h+)

2

14

Upstream BCM (V/F)

Upstream BCM (V/F)
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