
� �������	��

������������������
���������� ��!�
��	��"#�$�&%'�	��()!

*�+-,�.0/2143�576$398;:<+�=
> 3�5?6$3-8;:@+BA4:C.D5&8FE$GHE�IKJ-LM5&EN:

OP+�8Q5 >SR9TNTNUWV�X 3-,�.0GY3�/<ZN[]\_^ R-T�TNUB`

ab3�5 > =].c59+�\ X 3-deEN8FJ
Ogf Xih a XjhkTNU-hHl�m

nporqts�u�vYu-w0x�y{z?vYzt|�s�q?}
~i�$� |��Nq?z �p� z?q?}$�Nu��ru�������o � oMvYoMuN�

nporqts�u�vHu�w0x��{u�sY�$u�sH|�xHoru��
� �Nz4nporqts�u�vHu�w0x{�W|&�
y{z ��� u�� �e� � ~����������



���������
	��
�
���������
���������������
 �!��#"$�
%��&�� ��&��'(���*)+�
)(�#,���,
-/.���"����()+�
�#��0*��,
12%#��3�����"$�
%#%��435��67��8���'(�9�
�:����)<;
1/,��(0>=>?2!��2�&�� ��(�4'(���*)��
)(�#,@���#'A���
'(8B)(,�"�,���'()&�(.�"4)/�
��3C�#�*)(���& ��(��)�D*8@��)E!��
'E-F,��(�G�
%
 ��(,�H��
H���%#�#'()&�#"
'(���I�
�*)(�#"�'��I�
0*�#���J�#)/'&.��#)��
H�%��K-F,@�L'()+�
)&��'&)(�#"$�
%>�G�
���� �.�%9�
)(�#,
�M=N���O'(!�,
1P!�,
1P1/�O"$�
�I.�'&�J)(!��
�(�� ��&��'(�4�Q)+�
)&��,��I)(,�%#�$�
�(������1R0Q��,
12%��43��@�2H*8C"�,@��H��#���#���O3�,@�I�
�#��0*��,
12%#��3����S12�#)(!�'&)��
)(�#'()&��"��
%
3��
)+��=

T UWV�XWY�Z\[^]\_LXA`�ZaV

n |�����xHz?qQ}$�No#b>cNz?v�wcu�s{�rzt|�sH�No �N�ps�z?�r�<}Nzt| � or�r�pu�� � |�xF|>d�e �pq?u���xFsH|-vYx � xF}NzIf��Nu*g��rz � ��z�zt�Nq?u � z � o �
z
h$�$zts�x vH��vYxHz � vicNv�c$|-�r�M� q?u � z?v)vYu��rz?�M� w s�u � |���z
h$�$ztskx@d2eK� xF}Norv �$|��Bzts � g z z
h | � o �Nz�|�fN�NuQg �Mz � ��z
s�zt�$s�z?vYzt��xF|�xHoru�� � qt|��M�rz � |kjml�nQo
prqsl�tutWo@vxw2y�z4{@|�x;}$|-xe�rz?xHv2cNv }$| � zbxF}NzJ}$z?vHx�u-wA}Bu�xF}Cg{u�s�� � v@d2~i| � z?�r� �
xF}Nz�s�zt�$s�z?vYzt��xF|�xHoru���|-�r�Mu*g�vScNvbxYu �rzt|�sH���Nz
g�fN�Nu*g��rz � ��z�}�� q?u � }No �No �N� z
h �Bzts�x � u � |-o �IfN�NuQg �Mz � ��z
|�� � vHx;|-xHorvHxHorqt|-� � |�xF|>d

~�� |t��z?vHo |�� �Nz?x+g{u�s�f�orv{|���sH|��$}NoMqt|���s�zt�$s�z?vHzt��xF|-xHoru�� u-w�c$�Nq?zts�x;|-o �5fN�Nu*g��rz � ��z�xF}$|-x � u�vHx)�$z?u��
�N�rzI� � � zt|-vY�'xHu�q?u��NvYxFs�cNq?x4|�� � o ��xYztsH�$s�z?x@due � | �$� orxHoru�� � x;}Nz skzt�$s�z?vHzt��xF|-xHoru�� }$|�viw0u�s � |-�b�$s�u�}��
|�}Nor�rorvHxHorqpvHz � |���xHorq?v �)� |�f�o �N� orx v$cNorxF|�}N�Mz w0uNs4vYxF|-xHorvHxHorqt|-� � |��No �>cN� |-xYoMuN���x� u*g�|�s �e�J�t���>���O� zt|�s�� �
�t������� d �i� ztsixF}Nz�� |�vHx � z?qt| � z � xF}Nz � |&��z?vHo |��p�Nz?x+g uNs�f�}$|-v�}$z?q?u � z | �Bu��>cN� |�s4s�zt�$skz?vHzt��x;|-xHoru��
wcu�sezt�Nq?u � o �N�uc$�Nq?zts�xF|-o ��z
h$�$zts�xSfN�Nu*g��rz � ��z�o ��z
h$�$zts�xbvY��vHxYz � v��x� z?qrf-zts � |���z?x)|���d �M�t����� | � d]npu�s�z
s�z?q?zt��xH�r� � s�z?vYzt|�s�q?}Nzts�v4}$| � z � z � z?�ru��$z �P� z?xF}Nu � viw0uNs��rzt|�sH�No �N� � |&��z?vHo |��p�Nz?x+g uNs�f�v wKs�u � | q?u � �
}No �$|-xHoru��Cu-wbz
h �Bzts�x�f��Nu*g��rz � ��z�|�� �'� |-x;|>d � }Nz xHz?qQ}$�No#b>cNz?v�xF}$|-x }$| � z\}Bz?zt� � z � z?�ru��$z � |�s�z��Nz
g
|�� � vYxHor�M� z � u�� � o �N� � }>cNx�x;}Nz?�@}$| � zu}Bz?zt� vF}Nu*g �CxHu�}Bz skz � |�s�f&|�}N�r�<z��ez?q?xHo � z o �@vHu � z � u � |-o �Nv
�c�{uNu��Bzts�|�� � � zts�v$f-u � oMxYv �t��������~ �ro w0zts�orv4|�� � ��u�u��Bzts �t�����M� ��z?q
f-zts � |�� z?x |-�xd �t����� } � d

� vHo �N� � |&��z?vHo |��P�Nz?x+g{u�s�f�v � xF}Nz��rzt|�sY�No �N�P�$s�uNq?z?vHv ��u�z?v |-v w0u��r�ru*g�v@d��bo s�vYx � g{z�zt�Nq?u � zCxF}Nz
z
hNoMvYxHo �N��fN�NuQg �Mz � ��z u-w |��Cz
h �Bzts�x4uNsivHz?x�u-w z
h$�$ztskxHv4o � | � |&��z?vHo |�� �Nz?x+g{u�s�f � |-v4orv � uN�NzGgi}Nzt�
}>cNor� � o �N��| �$s�u�}$|�}NoM�rorvHxHorq z
h$�$ztskx vH�NvHxHz � d � }Nzt� � g{z�cNvHzp| � |-xF|�}$|-vHz'xYu�c$� � |-xHzpxF}Norv�f��Nu*g����
z � ��z � qtskzt|-xHo �N� u��Nziu�s � uNs�zj�Nz
g � |&��z?vYo |����Nz?x�g{u�s4f�v@d � }Nz4s�z?v$cN�rx�o �Nq?�9c � z?v4| s�z�� �Nz � zt��x�u�w	xF}Nz
u�s�or��o �$|-��z
h �Bzts�xSfN�NuQg �Mz � ��z |�� � vHu � z?xHo � z?v)x;}Nz o � zt��xHo���qt|-xHoru�� u-w	�Nz
g � orvHxHo �Nq?xHoru��Nv |�� � s�z?� |-xYoMuN���
vF}No �Nv@d � }Nz�|��$�$s�u�|�qQ} orv�s�u�}>cNvHx�xYu ztsHs�u�skv�o ��xF}NzIf��Nu*g��rz � ��z u-w x;}Nz4z
h$�$zts�x@dJ� � zt��g }Nzt� z
h �Bzts�x
fN�NuQg �Mz � ��z�orvmc$�$skz?�Mo |�}N�rz4|�� � o �Nq?u � �N�rz?xHz � g{z{qt|���u-wcxHzt�ucNvHz oMx xHu�o � �$s�u � z�x;}Nz��rzt|�sH�No �N� �$s�u�q?z?vYv@d

� zt|�sH�No �N�5cNvHo �N� � |t��z?vHo |�� �Nz?x+g{u�s�f�v)orv�vYo � oM� |�s�xHu4xF}$|�xmcNvYo �N� �Nz@c$sH|�� �Nz?x+g{u�s�f�v@d � }Nz4�$s�uNq?z?vHv
z � �N�ru-��o �N� � |t��z?vHo |��'�Nz?x+g{u�s�f�v � }Nu*g{z � zts � }$|-vix+g{u�o � �Bu�s�xF|���x�| �$� |���x;|-��z?v@d � �Nz � g z�qt|���zt|-vHor�r�
zt�Nq?u � z'z
h$�$zts�x�f��Nu*g��rz � ��zCo �S| � |&��z?vYo |��P�Nz?x�g{u�s4f |�� � cNvYz'xF}Norv�f��Nu*g��rz � ��zCxHu o �Nqts�zt|-vHzCxF}Nz
z�� q?orzt�Nq?�<|�� � |-q?q@c$sH|-q?��u-wb�rzt|�sH�No �N�Md � g{u � xF}Nz��Nu � z?v�|�� � |�s�q?v�o � �Mzt|�sH�Nz �P� |&��z?vYo |����Nz?x�g{u�s4f�v
u-wcxHzt�2q?u�sHs�z?vF�Bu�� � xHups�z?q?u����No#�t|�}N�rz � orvHxYo �Nq?xYoMuN�Nv |�� � qt|�cNvF|-��s�z?� |-xHoru��NvF}No �Nv@d#�{u��NvHz
b>cNzt��xH�r� � g{z
qt|�� � uNs�z�zt|-vHor�r��o ��xHztsY�$s�z?xj|�� � c$� � zts�vHxF|�� � xF}Nz\fN�NuQg �Mz � ��z4zt�Nq?u � z � o ��xF}Nz�s�zt�$s�z?vHzt��xF|-xYoMuN�Ed

�



� }NoMv��$|��Bzts oMv�|�}$s�orz;w	x$cNxHu�sko |���u�� � |&��z?vHo |�� �Nz?x+g{u�s�f�v)|�� � � z?xF}Nu � v wcu�sb�rzt|�sY�No �N��xF}Nz � wKs�u �
� |-xF|�dGe � � z?q?xHoru��Nv � |�� ��� g{z � orvHq@cNvHv�xF}Nz � |&��z?vHo |��p�$}Nor�ru�vHu��$}��W|�� � x;}Nz skzt�$s�z?vHzt��xF|-xHoru��Edue �
� z?q?xHoru��Nv � xF}$s�u�cN��}�� � g{z � z?vHqtsko }Bz � z?x;}Nu � v{wcu�s{�rzt|�sY�No �N� xF}Nz4�$s�uN}$|�}Nor�MorxHorz?v4|�� � vYxFs�cNq?x$c$s�z�u�w |
� |&��z?vHo |�� �Nz?x�g{u�s4fMd2eK� � z?q?xYoMuN�Nv � |�� � �B� g{z � orvHq@cNvHv � z?x;}Nu � v{wcu�s o � zt��xYo wc�No �N���Nz
g � orvHxHo �Nq?xHoru��Nv
|�}Bu�cNx�xF}Nz5g{u�sk� � |�� � o ��xHz?��sH|-xYo �N�pxF}Nz?vYz � oMvYxHo �Nq?xHoru��Nv o ��xHu | � |&��z?vYo |��W�Nz?x+g{u�s�fWd'�2z s�z?vYxFs�orq?x
u�c$s � orvHq@cNvHvHoru��#xYu � |&��z?vHo |��#|�� � b>c$|-vHo�� � |&��z?vHo |�� � z?x;}Nu � v wcu�s��rzt|�sH�No �N�Md ~ �2o ��xHzts�z?vYxHo �N�W|�� �
u-wcxHzt��z��ez?q?xHo � z��Nu���� � |&��z?vHo |�� |��$�$s�u�|-q?}�orv)��o � zt�5}�� � zt|�s���|�� ��� zts � |�� �t���>�@� |�� ��� �No s�xYz?v z?x{|-�xd
� �t������� d ~ �rvHu � g{z4�ro � orx�u�c$s � orvHq@cNvYvHoru��pxHu �$sku�}N�rz ��� u � |-o �Nv�g }Nzts�z � |�s�o |�}N�rz?v�xF|�f�z�u�� � orvHqts�z?xYz
vHxF|�xHz?v@d�npu�s�z���zt�NztsY|-��xHz?q?}$�No#b cNz?v�|�s�z ��o � zt� o � � c$��xHo �Nz5� �t���*��� |�� � ��z?q
f-zts � |�� z?x�|-�xd�� �t����� } � d

	 
���
�������
��E`��kV����\`���Z��EZ���� �

� z;w0uNs�zJg z � orvHq@cNvHv � |t��z?vHo |�� �Nz?x+g{u�s�f�v |�� � }Nu*gPxHui�rzt|�sH��xF}Nz � wKs�u � � |-xF| � oMxOg�or�r��}Nz?� � xHu�s�z � oMz
g
xF}Nz � |&��z?vHo |�� o ��xHztsY�$s�z?xF|-xHoru�� u-w �$s�u�}$|�}Nor�rorx���d ~ �$s�o � |�s�� z?�Mz � zt��x u-w xF}Nz{� |��N��c$|���z{u-w �$s�uN}$|�}Nor�Morx��
� � |&��z?vHo |�� u�s�u�xF}Nzts+g�orvHz � orv x;}Nz�z � zt��x�d � ��z � zt��x � g{z � zt|���| vHxF|�xHz u�w vHu � z��$|�skx�u-wbu�c$sJg{u�s�� �
o � vHu � z xHo � z o ��xHzts � |-�]o � xF}Nz��$|-vHx � �$s�z?vHzt��x � u�s�w(cNx$c$s�z�d ~ q?� |-vYvHorq�z
h | � �N�Mz�u�w |�� z � zt��x)orv{xF}$|-x{|
�$|�s�xYoMq@cN� |�s"!�o �Cu-w | q?u�o ��g oM�r�bq?u � z\c$�<}Nzt| � v@d ~ �BztsH}$|��Nv � u�s�z o ��xHztskz?vHxHo �N� z � zt��x�orv�xF}$|�x���u�� �
g�or�r�	q?�ru�vYz�|-x � u�skz�xF}$|���# ����� �Bzts�uNc$�Nq?z4u��%$�|���c$|�sk� ���$�����>� d

& o � zt��|�� z � zt��x�' � xF}Nz��$s�z � |-�rzt��x q?u��Nq?zt�NxHoru�� u-w orxHv)�$sku�}$|�}Nor�roMx���orv)xF}$|�xboMxborv{| � zt|-v$c$s�z{u-w]xF}Nz
wKs�z
b cNzt�Nq?�Rg�orxF}Pgi}NoMq?}(' uNq?q@c$s�v � g }Nzt�Rg{z s�zt�$zt|�x � |����CxHo � z?v |��pz
h$�$zts�o � zt��xug�orxF}2�$u�vHvYo }N�rz
u�cNxHq?u � z?v�''|�� ��)'P�c�Nu�x*' � d ~ � o��ezts�zt��x �Nu�xYoMuN�#oMv xF}$|-x�xF}Nz'�$s�u�}$|�}NoM�rorx��Pu-w+'�s�zt�$skz?vHzt��xYv xF}Nz
, o.-�z+o�o5y0/�1�o32�qso4/P}Nz?� � }�� |'�Bzts�vHu��@xF}$|-x4x;}Nz z � zt��x5':g�or�r�)uNq?q@c$s o �#|�vYo �N���Mz�z
h$�$ztsko � zt��x@d e_w |
�$ztskvHu��p|-vHvHor���Nv�| �$s�u�}$|�}Nor�rorx
�Cu-w � xHu�' � x;}Nzt�'}Nzu}$z?�rorz � z?v\g oMx;}'q?ztskxF|-o ��x���xF}$|�x�'�g�or�M�buNq?q@c$s
d�e_w
}Nz |-vYvHor���Nv4|��$s�u�}$|�}Nor�rorx�� u-w � xYu�' � xF}Nzt� }Nzu}Bz?�Morz � z?v^g�orxF}Cq?zts�xF|-o ��x
�CxF}$|-x�'Ig oM�r�{�Nu�x4}$|��$�$zt�Ed
e_w }Nz |�vHvHor���Nv�|��$sku�}$|�}Nor�roMx�� }Bz?x+g z?zt� � |�� ��� xHu6' � xF}Nzt� }Nz oMv xHu�vHu � z � z?��s�z?z5c$�Nv�c$s�z |�}Bu�cNx
g }Nz?xF}Nzts�u�s��Nu�x�'ag�or�r�	uNq?q@c$s
d

� }Nz'o ��xYztsH�$s�z?xF|-xYoMuN�Su�w�|W�$s�uN}$|�}Nor�Morx�� |-v�|pwKs�z
b>cNzt�Nq?�So ��| vHztskoMz?v�u�w�s�zt�$zt|-x�z
h$�$ztsko � zt��xHv
orv xFsH| � oMxYoMuN�$|-�r�M�Sskz;w0ztsHskz � xHu |-v�xF}NzPy7198
o;:�vxq=<�o�u�s>/rz+o@?BANo@tMvxq p
vbo ��xHztsY�$s�z?xF|-xHoru��Ed eK�#q?u���xFsH|�vHx � xF}Nz
o ��xYztsH�$s�z?xF|-xYoMuN�Su�w�|W�$s�uN}$|�}Nor�Morx�� |-v�| � z?��skz?z<u�wG}$z?�rorz;w orv�qt|-�r�Mz � xF}Nz pCAD198
o;:�vxq=<�o u�s j�l�n*o
p
qFl�t
o ��xYztsH�$s�z?xF|-xYoMuN� � o � }NuN�Nu�sbu-wexF}Nziy{z � zts�zt� ��� }Nu � |�v � |&��z?v � |�vYq?oMzt��xHorvHx wKs�u � xF}Nz � o � � � � ��� vOg }Nu
}Nz?� �$z � xHu �Noru��Nz?zts xF}Nz�xF}Nz?u�s��2u-w �$sku�}$|�}Nor�roMvYxHorq<o ��wczts�zt�Nq?z � � |&��z?v �t�����>� � |-q
f�o �N� ���t� � ��� d ~ v
g{z v;}$|-�r��vHz?z o � � z?q?xYoMuN� ��� xF}Nz wKs�z
b>cNzt��xHorvHx�o ��xHztsH�$s�z?xF|�xHoru��#orv |CvF�$z?q?o |-��qt|�vHz u�w xF}Nz � |&��z?vHo |��
o ��xYztsH�$s�z?xF|-xYoMuN�Ed

e �pxF}Nz � |&��z?vHo |��Co ��xHztsY�$s�z?xF|-xHoru�� � |��$s�u�}$|�}Nor�rorx�� u�sC}$z?�rorz;wkg�or�r� |���g�|&�Nv � zt�Bzt� � u��CxF}Nz vHxF|-xHz
u-wifN�Nu*g��rz � ��z4u-wbxF}Nz �$ztskvHu���gi}Nu �$s�u � o � z?v xF}$|�x �$s�u�}$|�}Nor�rorx���d���u�s{z
h$| � �N�rz � o wSg{z\g{zts�z�xHu ��o � z
vHu � z?u��Nzj| q?u�o � � }Nz�g{u�cN� � �Mo9f-z?�r�'|-vYvHor��� | �$s�u�}$|�}Nor�rorx�� u-w �BE�� xHu xF}Nz z � zt��x xF}$|-x)x;}Nz q?u�o �:g{u�cN� �

�



vF}Nu*g }Nzt| � v u�� xF}Nz<�Nz
hNx xYu�vHv@d�e0w � }Nu*g z � zts � g{z'q?u�� � o �Nq?z � xF}$|�x �$zts�vYu��PxF}$|�x xF}Nz'q?u�o � g�|-v
g{z?or��}�xYz � o �2wK| � u�siu-wj}Nzt| � v � }Nz5g{u�cN� � |-vHvHor���#|p}Nor��}Nzts �$s�u�}$|�}NoM�rorx��WxYu'xF}Nz z � zt��x@d � }�cNv � g{z
g s�orxHz{xF}Nzi�$s�u�}$|�}Nor�rorx
��u-w '�|-v � � '�� � �?� g }Norq?}�orv s�zt| � |�vbxF}Nz��$s�u�}$|�}Nor�rorx
� u-w ' -Nq=<�o@t��Md � }Nz�vH� � }$u��
� s�zt�$s�z?vHzt��xHv�x;}Nz4vHxF|�xHz u�wKfN�Nu*g��rz � ��z�u-wbxF}Nz4�$zts�vYu���g }Nu �$s�u � o � z?vixF}Nz4�$s�u�}$|�}Nor�rorx���d

~ �rvHu � o � xF}Norv{o ��xHztsH�$skz?xF|-xHoru�� � |��$zts�vYu�� qt|�� |-vYvHz?vHv�|4�$s�uN}$|�}Nor�Morx���}$|-vHz � u�� o ��w0u�s � |-xHoru�� xF}$|-x
}NzIl*p$p A��Go
p	xHuI}$zixFs�cNz�dL��uNsbz
h$| � �N�rz � u�c$sbq?u�o � xHu�vHvYztsbqt|�� |�vHvHz?vHv xF}Nzj�$sku�}$|�}Nor�roMx�� x;}$|-x)xF}Nz q?u�o �
g{u�cN� � vF}Nu*g }Nzt| � v u�� x;}Nz z?�rz � zt��xF} xHu�vYv � c$� � zts{xF}Nz�|-vHv$c � �NxYoMuN� xF}$|-x)x;}Nz vF| � z q?u�o � q?u � z?v�c$�
}Nzt| � v�uN� zt|-q?} u-w	xF}NzB� s�vHx{xHzt� xHu�vHvYz?v@d�� z�gis�orxHz � �4'��	� '�

��� � xYu � zt�Nu�xHz�x;}Nzj�$s�uN}$|�}Nor�Morx�� u-w	z � zt��x
' � -Nq=<�o@t�xF}$|�x�z � zt��x�' 
 orvixFs�cNz4|�� � ��o � zt� }$|-q
f���sku�c$� � f��Nu*g��rz � ��z��Md

n |���� s�z?vHzt|�skqQ}Nzts�v�}$| � zCg s�orxHxHzt� � u*g � � o �ezts�zt��x{vHz?xHv{u-w �$sku��$zts�xYoMz?v xF}$|-x)v;}Nu�cN� � }$zivF|-xYoMv ��z �
}�� � z?��s�z?z?v{u-w/}$z?�rorz;wk�_z�d �Wd � �{u*h �t�*���>�7& uNu � �t�����>� � | � |���z �t�����M� ��z
�bo �Nz?xHxHo �t� � ��� � sku � zt|-q?}�u-w
xF}Nz �MorvHxYv	u-w��$s�u��Bzts�xHorz?v � xF}Nz?vYz s�z?vHzt|�s�qQ}Nztskv	}$| � z � zts�o � z � xF}NzbvF| � z s�cN�rz?v��SxF}Nz{s�cN�rz?vbu-w��$s�u�}$|�}Nor�rorx
��d
� g{uu}$|-vHorq�s4cN�Mz?v � wKs�u � g }Norq?}�u�xF}Nzts s�cN�rz?v � |&��}$z � zts�o � z �e� |�s�z x;}Nzup A�� z@A72�o � g }Norq?}�vF|&�Nv�xF}$|-x
wcu�s�|���� z � zt��x�'�|�� � orxHv�q?u � �N�Mz � zt��x )' �

� �4'�� � ��� � � )'�� � ��� �

|�� � xF}Nz��Az+y , A7:@vJz@A 2#o � gi}NoMq?}�v;|t�Nv�xF}$|�x)wcu�s�|���� x+g u�z � zt��xHv�' 
 |�� � ' � �

� �4'�

�;'��	� � ��� � �4'
��� '�

��� � � �4'�

� � �

g }Nzts�z � �4'�

�@'
��� � �)� zt�Nu�xHz?v x;}Nz4�$s�u�}$|�}Nor�rorx
�CxF}$|-x '�
 |�� � '
��|�s�z�x;s�cNz���o � zt���Md
� x;}Nztsbq?u � � u��N�r� cNvYz � s�cN�rz?v�|�s�z u-w0xYzt��z
h �$skz?vHvHz � o � xHzts � v)u-w � |�s�o |�}N�rz?v sY|-xF}Nztsbx;}$|���z � zt��xHv@d

~ <�l�z�qFl 1 2#o	x;|�f-z?v�u�� � |-�9cNz?vbwKs�u � | q?u��r�Mz?q?xYoMuN��u-w � cNx$c$|��M�r� z
h�q?�9cNvHo � z |�� � q?u��M�rz?q?xHo � z?�r� z
h$}$|�cNvHxYo � z
vHxF|�xHz?v � g }Nzts�z�zt|-q?}'vYxF|-xHz q?u�sHs�z?vF�Bu�� � v4xYu vHu � z�z � zt��x�d ~ � |�sko |�}N�Mz � |&��}$z , q9p :@z+o�vxo � }$| � o �N�'|
� �NorxHz�u�s q?u�c$��xF|�}N�rz���c � }$zts u-w�vHxF|-xHz?v � uNs4orx � |&�P}$z :�y�tMvxqst ANy�A�prd ��uNs4z
h$| � �N�rz � |Cx+g{u*�KvHxF|�xHz
u�s�1
qFtWl�z�n � |�sko |�}N�Mz qt|���}BzGcNvHz � xHu skzt�$s�z?vHzt��x xF}Nz��$u�vYvHo9}N�Mz u�cNxHq?u � z?v u-w | q?u�o ��!�o � � g }Nzts�zt|-v�|
q?u���xHo ��cNuNcNv � |�s�o |�}N�rz�qt|�� }$zucNvHz � xHu�s�zt�$s�z?vHzt��x x;}NzGg{z?or��}�x u�w xF}Nz�q?u�o �EdCeK�CxF}Norv4�$|��$zts � g zIcNvHz
�ru*g zts��Kqt|-vHz��rz?xHxHzts�v��xcNv$c$|-�r�r�W�Nzt|�sixF}Nz zt� � u-w x;}Nz |-� �$}$|�}$z?x � xHu's�zt�$skz?vHzt��x vHo �N���rz � |�s�o |�}N�rz?v |�� �
c$�$�$zts��Kqt|-vHz��rz?xHxHzts�v xHu<skzt�$s�z?vHzt��x4vHz?xHv u-w � |�sko |�}N�Mz?v�d'� z^g s�orxHz�� ��� xHu � zt�Nu�xYz xF}$|�x � |�s�o |�}N�rz
�porv�o �pvHxF|�xHz � d � }Nzt��g{z�u�}NvHzts � z�xF}Nz�vHxF|-xHz w0uNs�z � ztsk� � |�s�o |�}N�rz o �CvHz?x�� � g{z�qt|-�r�bxF}Norv4vYz?x u-w
u�}NvHzts � |-xHoru��Nv�| vHxF|-xYz�u�w � � |�� � g skoMxYz!� �"� d � u � z?xHo � z?v � g{z��rzt| � z xF}Nz vYxF|-xHz�u-w�| � |�s�o |�}N�rz
u�s vHz?x�u-w � |�s�o |�}N�rz?v4o � �N�rorq?orx@d � }Nz��Az+y 14l 1
q92#qFvxn , q prvxz�q 1 A�vxqsy�tPy <@o@z�l�p
o@vOy0/�<@l�z�qFl71 2#o
p#� �$� zt�Nu�xYz �
� �$�%� � �?� orv xF}Nz�vYz?x�u-w)�$s�u�}$|�}Nor�rorxHorz?v � �$� �&� � � � w0u�s |-�r�evHxF|-xYz?v u�w'��d 


(*)!+�,.-0/21�34-
5*6879-�:;34-
<>=?1�38-
5$79-A@�38@�:�B868C*7>64D
<>,�:�E�F�GH/!I JLKM7>:;:*3ONP,Q5$7>NP,�:R1�64<9<>,QST6�U�C.38D�68D�79<97V5$=0S
,W-�:$7>5X=OYZ)!+�,.-�/
1�38-
5*6479-	:[D\3O5$+]S^7>:*1WC.,Q5*,_64-	SP1�38-
5$79-A@�38@�:RB864C*7>68D�<>,Q:�EOF�GH/!I JAK�7>:[:*3`NP,�5$7>NP,Q:[1�68<9<>,�S?6;aO,W-	,WC.68<97>b�,�S�U
C.34D	64D
79<97>5$=cS�,.-�:$7>5X=OY
)0,�S�3d-	3O5;NP64eL,�5$+�,Q:*,�S^7>:*5$79-	1�5$7>34-�:f79-g5$+�7>:RU�68U\,WC8Y

�



� �Nz q?u � � uN� s�cN�rz u-w �$sku�}$|�}Nor�roMx��CoMvajml�nQo
p � v��No$y�z+o����
� � � � � ��� � � � ����� � ��� �

� ��� � � � � �$�%� � � wcu�s � ��� � � ���g�

� zts�z � � � � � � � orv4xF}Nz �$s�uN}$|�}Nor�Morx�� � orvHxFsko }>cNxYoMuN� u-wP� }Bz;w0uNs�zug{zuf��Nu*g�� � |�� � � � � � � ��� � oMv xF}Nz
�$s�u�}$|�}NoM�rorx�� � orvHxFs�o9}>cNxHoru��#u�w]� |&wcxHzts�g{z5fN�Nu*g	�:d � }Nz?vHz � orvHxFs�o9}>cNxHoru��Nv |�s�z vHu � z?xHo � z?v4qt|��M�rz �
xF}NzT�Az�qFy�z�p4|�� � �>y*p
vxo@z�qFy�z4p u�w � � skz?vF�$z?q?xHo � z?�r��d�eK� � |����Cqt|-vHz?v � u��N�r�<x;}Nz skz?� |�xHo � z �$u�vHxHzts�oru�siu-w
� orviu-wbo ��xHzts�z?vYx@dSeK� xF}Norv�qt|-vHz �W� |&��z?v�
�x;}Nz?u�s�z � orvCg s�orxHxHzt�

� �$�%� �P��� �R�
� � ��� � � ��� � � �$�%� � �
g }Nzts�z � orv�| �Nu�s � |-�ro��t|�xHoru���q?u��NvYxF|���x@d ~ �Nu�x;}Nzts�s�cN�rz4orvixF}Nz�:���l�qFt z@A 2#o��

� �*� 

���������`����� � ���
��
��� 
 � �*� � �9� 

���������`� ��� 

��� �

� z v;}$|-�r� vYz?z xF}$|-x xF}Norv�s�cN�rz oMv�o � �Bu�s�xF|���x4o �2xF}Nz � z�� �NorxHoru��#u-w � |&��z?vHo |�� �Nz?x+g{u�s�f�v@d ~ �rvHu � g{z
}$| � z�xF}Nz -No@tMo�z+l�2#q��
o , pCA�� z@A 2#o��

��� � �$� ��� � � ��� � �$�%� � �
g }Nzts�z�� �

orv�| ��zt�NztsH|-�ro#�?z � v$c � x;}$|-x{o �Nq?�9c � z?v o ��xHz?��sY|-�rv�g }Nzt��vYu � z�u�s{|-�r��u-w	xF}Nz � |�s�o |�}N�rz?vio �
��|�s�z�q?u���xHo �NcNu�cNv@d2�bo �$|-�r�r� � g{z4}$| � z�xF}Nzuo �8�>l�t>p
qFy�t�z@A72�o��

� �$�%� � �_� ��� � �$�%� �P��� � � ��� � � �
� }Nz � |&��z?vHo |��p�$}Nor�ru�vHu��$}��pz
h�xYzt� � v�xHu � z?q?orvHoru�� � |�f�o �N��c$� � zts\c$�Nq?zts�x;|-o ��x��'o � | � orvHq?o �N�roD�Nz

fN�NuQgi�W|-v , o@:@q prqsy�t�v���o�y�z�nQdPe �#��zt�NztsH|-� � | � z?q?orvHoru��S}$|-v�xF}$skz?z q?u � �$u��Nzt��xHv��^g }$|-x�| � z?q?orvHoru��
� |�f�ztsbqt|�� � u��c}Norvkl 2�vxo�z$tWl�vxq9<@o
p �?� g }$|-x }Nz�fN�NuQg vk�c}Norv514oB2#qso4/�p �?� |�� � g }$|-x�}NzCg�|���xHv�� }NoMv]�Az+o4/
o@z"!
o@t :$o
p � d�eK� � z?q?orvHoru�� xF}Nz?u�s�� � g{z�cNvHz | , o@:@q prqsy�t%<@l�z�qsl 1 2#obxHu4skzt�$s�z?vHzt��x)|ivHz?xbu-w � cNx$c$|-�r�r��z
h�q?�9cNvHo � z
|�� � z
h$}$|�cNvHxHo � z |-�rxHztsH�$|�xHo � z?v �E� |&��z?vYo |��<�$sku�}$|�}Nor�roMxYoMz?v�xHu�s�zt�$s�z?vYzt��x�| � z?q?orvHoru�� � |�f�zts�
 v�}Bz?�Morz;wcv �
|�� � ANvxq=2#qsvxqFo
p4xHuWskzt�$s�z?vHzt��x | � z?q?oMvYoMuN� � |�f-zts�
 v��$s�z;wczts�zt�Nq?z?v@dP��z?q?orvHoru�� xF}Nz?u�s��P}$|-v�z?vHvHzt��xHo |-�r�r�
u��Nz�s�cN�rz#���Il$�Qq$�Iq��
o�o �8� o@:@vxo , A�vxq92#qFvxn �_nP�S� � d � }Norv s�cN�rz?v vF|&�Nv4xF}$|-x � ��o � zt�#|CvHz?x4u-w � cNx$c$|-�r�r�
z
hNq?� cNvYo � z |�� � z
h$}$|�cNvHxHo � z�|-�rxHztsH�$|-xHo � z?v � | � z?q?orvHoru�� � |�f-zts{v;}Nu�cN� � � �@� |-vHvHor���C|ucNxHor�roMx��CxHu z � zts��
�$u�vHvHo9}N�rz u�cNxHq?u � z4u-wbz � zts��'�Bu�vHvHo9}N�rz |-�rxHztsH�$|�xHo � z � � ��� |-vHvYoM�N� � � |&��z?vYo |�� � �$s�u�}$|�}Nor�rorxHorz?v�xHu z � zts��
�$u�vHvHo9}N�rz4u�cNxHq?u � z ��o � zt� z � ztsk� �$u�vYvHo9}N�Mz�|-�rxHztsH�$|-xYo � z � |�� � � ��� q?}NuNu�vHzixF}Nzj|��MxYztsH�$|-xHo � z�xF}$|�x � |*h��
o � o#�?z?v4}Norv�z
h �Bz?q?xHz � cNxHor�rorx
��d � z � ztsH|-�bs�z?vHzt|�s�qQ}Nztskvj}$| � z�vF}Nu*g � xF}$|-x�x;}NoMv4s4cN�Mz wcu��r�ruQg v�wKs�u � vYz?xHv
u-wbq?u � �Bz?�M�ro �N�'|*hNoru � vG�_z�d �Md �N� u���~ z@c � |��$�C|�� � npu�s���zt�NvHxYztsH� �&�*� � �D� | � |-��z ���t���*�N� d

e �4�$sH|�q?xHorq?z �-� z?q?oMvYoMuN� � |�f�o �N��c$� � zts/c$�Nq?ztskxF|-o ��x���qt|���}Bz�| � o�� q@cN�rxbxF|-v$fWd�eK� wK|-q?x � s�z?vYzt|�s�q?}Nzts�v
}$| � z�vF}Nu*g �CxF}$|-x4�Bz?u��N�rz u-wcxHzt� � oru�� |-xHz xF}Nz nP�S� s�cN�rz�� �{� ztskv$f��'|�� �&% |�}$�Nz � |�� �t� � ��� d � }Nz

�



� z � o |�xHoru��Nvj|�s�z4vHu vHor���No���qt|���x�|�� � �$s�z � orq?xF|�}N�rz�xF}$|-x�vHu � z4s�z?vHzt|�skqQ}Nzts�vi}$| � z�q?u � z4xYu skz��
z?q?xixF}Nz
s�cN�rz � % |�}$�Nz � |�� z?x |-�xd �C�t������� dWn |���� u�x;}Nzts s�z?vHzt|�skqQ}Nzts�v � }Nu*g{z � zts � |�s���cNz�xF}$|-x xF}Nz'|*hNoMu � v
cNvHz � xHu � ztsko � z xF}Nz4nP�O� s�cN�rz |�s�z4xHuNu q?u � �$z?�r�ro �N�'xHu�s�z���z?q?x � |�� � |�sk��cNz�w(c$s�xF}Nzts xF}$|-x��$z?u��N�rz#
 v
� z � o |�xHoru��Nv{wKs�u � x;}Nz s�cN�rz � |�f-z xF}NzkcNvYz u-w � z?q?orvHoru����KxF}Nz?uNs�z?xHorq4q?u��Nq?zt�NxYv�|�� � s�zt�$skz?vHzt��x;|-xHoru��Nv�|-�r�
xF}Nz � uNs�z�o � �$u�skxF|���xG�x� uQg�|�s ���t������� dLe_wbxF}Nzts�z#
 v |���� � u�c>}Nx � x;}NoMv�|�cNxF}NuNs }$|�v�xF}Nz4� |-xYxHzts � orz
g\d
� ��� ��
 �A` �CV�� 
2X�� ZBY����

~ �Az+y 1 2#o
� , y\�Il�qst��_u�s>A�tWq=<�o@z4pro � orv	� cNvHx�| vHz?x{u-w � |�s�o |�}N�rz?v@d ~�� |&��z?vHo |�� �Nz?x+g uNs�f oMv�| � u � z?��u-w
xF}Nz��xcNv$c$|-�r�r��c$�Nq?zts�xF|-o � � s�z?� |-xHoru��NvF}No �Nv4| � u��N� � |�s�o |�}N�rz?v�o �C| � u � |�o �Ed npu�s�z4�$s�z?q?orvHz?�r� � ��o � zt�C|
� u � |�o � u-w � |�s�o |�}N�rz?v�
 �
� � 
L�������8�`����� � xF}Nz 8ry�qstMvM�Az+y 1�l71
q92�qsvxn , q9p
vxz�q 1 A�vxqsy�t>/ry�z�
 orv)|��$s�uN}$|�}Nor�Morx��
� orvHxFs�o9}>cNxHoru�� u � zts�|-�r�$xF}Nz{vHxF|-xHz?v�u-w	
Gd ~ � |&��z?vHo |����Nz?x+g{u�s�f wcu�s�
�s�zt�$s�z?vHzt��xHv)|���u�o ��x)�$s�uN}$|�}Nor�Morx��
� orvHxFs�o9}>cNxHoru�� w0u�s�
Gd � }Nz@skzt�$s�z?vHzt��xF|-xHoru�� q?u��NvHorvHxHv u-w�|2vHz?x u�w4�MuNqt|-�iq?u�� � orxHoru��$|-�4�$s�uN}$|�}Nor�Morx��
� orvHxFs�o9}>cNxHoru��Nv � q?u � }No �Nz � g oMx;}�|4vYz?x�u-w |-vYvHzts�xHoru��Nv{u-wbq?u�� � orxHoru��$|-�eo � � zt�Bzt� � zt�Nq?z xF}$|-x�|-�r�ru*g u��Nz
xHu q?uN�NvHxFs�cNq?x{xF}Nz ���ru�}$|-����u�o ��x � oMvYxFs�o9}>cNxHoru�� wKs�u � xF}Nz��ru�qt|-� � orvHxFs�o9}>cNxHoru��Nv�d

� u�or�r� cNvYxFsH|-xHzixF}Nz�s�zt�$s�z?vYzt��xF|�xHoru�� � �rz?xicNv q?u��NvHo � zts xF}Nz � u � |-o ��u�w x;s�u�c>}N�rz?vF}NuNu�xHo �N��|iqt|�s xF}$|-x
g{u�� 
 x�vYxF|�s�x@d � }Nz�� s�vHx�vHxYzt��o �pq?u��NvHx;s�cNq?xHo �N�'| � |&��z?vHo |��p�Nz?x+g{u�s�f orv�xHu � z?q?o � z:g }$|-x � |�sko |�}N�Mz?v
|�� � vYxF|-xHz?v�xHu � u � z?�xd � �Nz �Bu�vHvHo9}N�rz qQ}Nu�orq?z u-w � |�s�o |�}N�rz?v w0uNs�xF}Norv � u � |-o �porv:jml�vxvxo@z�n���� � g�orxF}
vHxF|�xHz?v{��u�u � |�� � }$| �e��� ANoB2A��� � g�orxF} vYxF|-xHz?v��Nu�x�z � �Nx
� |�� � z � �Nx�� ��� l�A3-�oI��� � g�orxF} vHxF|�xHz?v��Nu�x
z � �Nx���|�� � z � �Nx�� ��� ANz�t � <@o�z\�"! � g�orxF}�vHx;|-xHz?v{��z?v |�� � �Nu � |�� �$# vxl�z�vS��% � g�orxF}�vYxF|-xHz?v���z?v |�� �
�NuMd � weq?u�c$s�vHz � g{z{q?u�cN� � o �Nq?�9c � z � |���� � u�s�z � |�s�o |�}N�rz?va� |-v/g{z�g{u�cN� � o � |�skzt|-���(g uNs�� � z
h | � �N�rz � d
~ �MvYu � g{z q?u�cN� �@� u � z?��xF}Nz4vYxF|-xHz?viu-wbu��Nz�u�s � u�skz4u-w)xF}Nz?vYz � |�s�o |�}N�rz?v4|-xj| � �Nzts �Mz � z?�bu-w � z?x;|-or��d
��uNs�z
h$| � �N�rz � g{z�q?u�cN� � �rz?x � l AB-No\}$z | q?u���xYo �NcNu�cNv � |�s�o |�}N�rzIg�orxF}CvHxF|-xHz?visH|��N��o �N� w s�u � �'& xHu
�t���(& d

� }Nz�vYz?q?u�� � vYxHzt�Co �2q?u��NvHx;s�cNq?xHo �N�<| � |&��z?vHo |�� �Nz?x+g{u�s�f orv4xHu�q?u��NvYxFs�cNq?x4| � o s�z?q?xYz � |-q?�Nq?�Morq
��sH|��$}�xF}$|-x�zt�Nq?u � z?v)|-vHvHzts�xYoMuN�Nv	u-w�q?uN� � oMxYoMuN�$|-��o � � zt�$zt� � zt�Nq?z�d{�2z)qt|-�r�$xF}Norvb��sH|��$}�xF}NzBjml�nQo
prqsl�t�!
tMo�vxw2y�z4{�prvxz@A :�v4A�z+o*) & o � zt�#| � u � |�o �+
 �,� � 
 �������8�O� � � � g{z qt|�� g s�orxHz xF}Nz-��u�o ��x �$s�uN}$|�}Nor�Morx��
� orvHxFs�o9}>cNxHoru��Cu-w.
 cNvYo �N� xF}Nz�q?}$|-o �'s�cN�rz u-w �$sku�}$|�}Nor�roMx��'|-v�w0u��r�ru*g�v��

� �*�Z
A�������8�O� ��� � ���
��
� � 
 � � � � �9�Z
A�������8�O� ��� 
L��� � � � �@�

~ uQg � w0u�s z � zts�� � � � xF}Nzts�zJg�or�r�A}Bz�vHu � z{v$c>}NvYz?x�/ ��0 � � 
 �������8�`� � � v�cNqQ}�x;}$|-x'� � |�� �1� � 
 �������8�O� � �
|�s�z�q?uN� � oMxYoMuN�$|-�r�M�Co � � zt�$zt� � zt��x4��o � zt�2/ � d � }$|-x{orv �

� �*� � �9�Z

�������Q�O� ��� 

��� �_� � �*� � �3/ � ��� � � ���

� }Nz?vHz�q?uN� � oMxYoMuN�$|-�	o � � zt�Bzt� � zt�Nq?o z?v � z�� �Nz xF}Nz � |t��z?vHo |����
�Nz?x+g uNs�f vYxFs�cNq?x$c$s�z�d � }Nz4�Nu � z?vio � xF}Nz

�



Battery Fuel

Gauge

Turn Over
Start

p(b=bad | ξ) = 0.02

p(f=empty | ξ) = 0.05

p(g=empty | b=good, f=not empty,ξ) = 0.04
p(g=empty | b=good, f=empty,ξ) = 0.97
p(g=empty | b=bad, f=not empty,ξ) = 0.10
p(g=empty | b=bad, f=empty,ξ) = 0.99

p(t=no | b=good,ξ) = 0.03
p(t=no | b=bad,ξ) = 0.98 p(s=no | t=yes, f=not empty,ξ) = 0.01

p(s=no | t=yes, f=empty ,ξ) = 0.92
p(s=no | t=no, f=not empty ,ξ) = 1.0
p(s=no | t=no, f=empty ,ξ) = 1.0
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