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

Level

Okay

Sensor

Flow

Valve

�1_�#��e^hf �Mb ��@%/;� _ � � �Efpf�� � � � �Ef m � � � � n ^`_ � 3 � � f�� _ � g gYf k � m ^�:

����� � � ��� � ��� � � � � ���"�

�B_�#��Y^`f �Mb � � �Ym � � � g!f�� � � � � f m � � � _ � � �Ef � � n ^`_ � 3 � � f�� _ � g�gYf k � m ^�:7�?_ b f b�� � gYf k � m ^�:
k�� �6k j m g k!� _ g�� n8m	k�� � _ � j ^`f k f � g ��jlm g k _Eg � m � � 	 � ^`_ �6n �Ef�� b � � f � _�� j ^hf k f 	 � ^`_ �4n �Ef���_ g k� f
gYf k � m ^�: � ^`f+^hf � ^`f�� f�g k f �cn � ^hf j k!� g'#��Ef?� � g � k�� f jlm g k _ g-� m ��� 	 � ^`_ �4n �Ef�� � ^hf+^hf � ^hf�� fUg k f �)� �
m�	 � ��� b�� � _ � � � ^ k _ j �'� � ^pf�� � � � �Ef � m � f
��� k� f �8m � m � � m � f �E_ ���e_ �)m � kpm � �)j m g k!� _ gYfU^�b � k
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gYf k � m ^�:'����� f � _Eg � ^ �	jlk _ j f b
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� � � � f q
�R^�Yf �

� � f ^hf�� ��� k g m ��_�� k�� f � �	jlkhm ^
�

� � � � f q;b o�� ���qMo $
�R^�Yf q;b q	o&&�	 � $
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� �Mj khm ^ khm � � � � � khm �	b � � f g m ^ � � �E_��Uf � ^`f�� ��� k _ �2@
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f
� _ � _ g �6k _ m gGb � g�� k f ��� m � ����� _ g�# � g)f#� k ^ � � �	jlkhm ^ � f j � g � m � _���� k� f � �	jlkhm ^!� jlm � _Eg�# � ^ m �
k�� f *%& $,� khm �MjUjlm �Yg k � m ^ k� f�f 	 _ � fUg j f�� m � k f�g<�Ef � � _Eg'# khm jlm � � � k!�4k _ m g���� � _ j!�<� ^hf � m ^hf
f � j _Ef�g k _Eg k _ � f�_ g � ���Mj f b )Zf khm m : k�� f ����� ^ m��Mj!��m � � ��� _ g�# � g[f�� k ^ � � �Mjlk`m ^ � _ g j f _ k _ �
k�� f ����� ^ m��Mj!� � � f � � m ^ j � _����Yf k ^hfUf _ g-� fU^hf�g j f�� � � _ j � � f � _�� j �����+gYf�� k b
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� ��  � g ��k�� f 5 � � � � ����� � �   � ��# m ^`_ k� � � _�� � g[_Eg � fU^hfUg j f � ��# m ^h_ k�� � � � _ j!� _�� n � � f � m g k� f
	 � ^`_ �6n �Ef f
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� ��� k _ � � f � � ^�#	_Eg � ���*� � _��Ef � f�^ � m ^ � _Eg'# �4k � m � kck �+_ j f � � � � g � jlm � � � k!�4k _ m g�� � �
� ^hf gYfUf � f � � m ^ m gef � � ^�#M_ g � �7��� _ g�# 	�� ^h_ �6n � f f �E_ � _ g �6k _ m g<b

� � � f ���6k�� � k ^�� j k �Y^`f�� � � f � n � j �E_����Yf k ^`fUf�� ��� � � ����� �Ef ��� k`m � m ^hf f � j _ fUg k _ � � �Ef � fUg�
k��6k _ m g�� m � k�� f � ��# m ^h_ k�� � k��� g � _ ^hf jlk _ � � � f � f g k!�6k _ m g�� m � 	 � ^`_ �4n �Ef�f �E_ � _Eg �4k _ m g<b
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dFf k ��� k�� : f � g mMk�� fU^ � m m : �6k�k�� f � � � �*f[f 	 � ��� �4k f � 5 ��� �6k _ m g o:b � ��� _Eg�# 	 � ^h_ �6n � f
f
� _ � _ g �6k _ m g0� � � _��)� � �<� � ^h_��Uf � _Eg 5 ��� �6k _ m g�o;b � k�� ^ m �'# � 5 ��� �4k _ m g�o:b 	:b � � f jlm � � ��
k!�4k _ m g ��� � k � m _Eg k fU^�Ef �
	 _Eg�# � k f � �lb)� g k�� f %8^!� k � k f � . 5 ��� �6k _ m gKo:b ��� 5 ��� �6k _ m gZo:b  � g �
5 ��� �6k _ m gZo;b &�1 � f � ��� k _ � � _ f � � m � f � �	jlkhm ^!� k`m #Mf k�� fU^�b � � f�� f � �Mjlk`m ^!� � fU^`fcfU_ k�� fU^ *%& $,�
m ^6� �	jlkhm ^!� #	fUgYfU^ �6k f �cn � f � ^�E_Ef�^ jlm � � � k��6k _ m g �lb6� g k� f � f j m g � � k f � . 5 ��� �4k _ m g)o;b $ ��5 ��� � 
k _ m g!o;b ��� � g � 5 ��� �6k _ m g!o:b 	�1��*f � � ^�#M_ g � � _ �Uf �[k�� f�^hf�� ��� k � m � k�� f % ^!� k � k f ��khm � � � ��� fU^
� �Mj khm ^��2��� � _ j � �*f � �6k fU^ ��� f � b�)Qf j
� g k� _Eg�: m � k�� f k � m � k f � � � � m gef m � fU^ �4k _ m g � k!� :;_Eg'#
� � f�� � �	jlkhm ^!� � � m � k� � k � g � � ^ m � � j _Eg�#4� m � f mMk� fU^,� �Mj khm ^ � ��_Eg � � k b � k _�� jlm g 	 fUge_EfUg k
khm4	 _ � � � �E_��Uf k�� _ � ��� _Eg�# � #	^ � �'� _ j
� � _�������� k ^ �4k _ m g � �B_�# �Y^hf o:b � . � 1 � �Ym � � k�� f #M^ � ��� _ j
� �
_�������� k ^ �6k _ m g<� m ^ 5 ��� �6k _ m g�o:b � k�� ^ m ��# � 5 ��� �4k _ m g o:b 	:b
/ �"��� � �� � ��  k ^`fUf j
� g n f 	 _ f�� f � � � � #M^ � ��� _Eg � � j f �[n � k�� f 	�� ^h_ �6n � f'f
� _ � _ g �6k _ m g

jlm � � � k��6k _ m g<b 5 �	j � g m � f _Eg k�� f #	^ ������jlm ^h^`f�� �8m g � � khm�� g m � f�^ �6k _ m g m � � ��� k _ � ���;_Eg�#
� �Mj khm ^�� khm #Mf k� fU^ � � g � _�� � �� m;j _ �6k f � �+_ k���k� f 	 � ^`_ �4n �Ef�� ��� f � _ g k� _�� � �	jlkhm ^Ub 5 �Mj!� f � #	f
_Eg k� f #M^ � ���Kjlm ^h^hf?� �8m g � � k`m � � �Mjlk`m ^,#	fUgYfU^ �6k f �[n � � � � � _Eg�# m � k � m � f 	�� ^h_ �6n � f � _ k
jlm gYgYf jlk � k�� f+g m � fp_Eg � � _ j � k� f�� �Mjlk`m ^ m ^h_�#M_Eg �6k f � � g �ck�� f+g m � f�_ g � � _ j!� k�� f�� �Mjlk`m ^�� � �
� �4k fU^ ��� f � b 5 �Mj!� f � #MfS_�� � �� m;j _ �6k f � �+_ k�)k�� f 	 � ^`_ �6n �Ef��6��� f � _Eg k�� f,� � �<� f � m � k � �Mjlk`m ^ �
� � _ j � _Eg k �Y^hg � ^`f k�� f _Eg k fU^�� f jlk _ m g n f k �*fUfUg k� f 	 � ^h_ �4n �Ef?� m � k� f k � m g m � f��)_ k jlm g�
gYf j k �lb / � � g�f�� � � � � f�� k�� f j �E_ ���ef k ^hf�f�_Eg �1_�#��e^hfSo:b � . n 1 _ � _ g � � j f � n � k� f jlm � � � k��6k _ m g
_�������� k ^ �6k f � _Eg �B_�#��Y^`fco;b � . � 1 b

� ��
 ��� �	����� '� � � * � _����Yf �R^`fUf � � �� 	 ! 	�� �����	�� �� � # ��� %�� #�� �����������	�������� ��	��,��	��"�  �
� � � 	�� � �������� � � �� 	 � � �"�����'(���	 ����� 	 . � H � 1� � 	 ��� �
� �� � ��� � ��� ����1(�� 	 ����� 	%� � �
� 	%� � �� 	 j �E_����Yf ��� 	 j ����� k fU^"� � � 	 � � � ����	�� �� # � ��� � ���� ��	��,��	��"�  � � � ( �  �� 	 ��� ���(�����
����>(���	 ��� � � 	 � � � ����	�� �� #�� ���������������4 �� ��� ����� � �� �  � � ����� � � ���� ��	��,��	��"�  � � � ���� �,��� � �� �
� � � ������ � ���  � 	 ��� �,��� � �� � � � 	 � � � ����	�� �� #�� ��� 	 � 	 � � ����� . � 1 � 	%� � �� 	 �8mMk fUg k _ � ��	����
�	 ��� ���(  � � � 	 � � � ����	�� ���#�� ��� 	�� 	 � � ����� . � 1 � 	%� � �� 	<� f � � f k � � �� ����,��� ��	��"��	��,�  �  � ��
�"��� � � �� �   ��� ������ # � � � � ���� � �  � 
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. � 1 . n 1 . j 1 . � 1
�B_�#��Y^`f�o;b ��@ 3��Y_�� � _ g�# ��j �E_����Yf k ^hf�f � ^ m � � 3 � � f���gYf k . � 1 � � f 3 � � f��'gYf k . n 1 � � f
� m ^ � � _ �Uf � #	^ � �'� . j 1%/ k ^h_ � g�# ��� �4k f � #M^ � ��� . � 1%/ j �E_ ���ef k ^hfUf

����c^�YgYgY_ g�# _Eg k fU^�� f j k _ m g � ^ m�� fU^ k �  

� �+���#� 
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&BfU^ � m ^ � _Eg�# � ^ mMn �6n _��E_�� k _ j _ g-� fU^`fUg j f<� � _Eg'# �Qj �E_����Yf k ^`fUf j
� g n f 	 _ f�� f � � � � � f���� � #Mf
��� ��� _ g�# � ��# m ^`_ k�� � b�)Zf�� k!� ^ k<n � � _�� j ���� _Eg'# �Ym � k`mpjlm � � � k f k� f � � ^�#	_Eg � � � _ � k ^`_ n � k _ m g m �
� j fU^ k!� _ g j �E_����Yf�� j
� ���Ef �ck�� f � � ���<g m � f�� � g � � �4k fU^ f�� k f�g �ck�� f � f��� � #Mf ��� ��� _ g�# � ��# m ^h_ k�� �
khm jlm � � � k f k� f � ^ m	n��6n _��E_ k � � _�� k ^h_ n � k _ m g m � � ��� k�� f j �E_����Yf�� b

� � f)_ gY_ k _ � � _ � �4k _ m g � k f � _�� _Eg jlm ^ �8m ^ �6k _Eg�# k� f *%& $,�c_Eg khm k�� f j �E_ ���Yf k ^hfUf b�)Qf+%8^!� k
jlm g 	 fU^ k k�� f *%& $,�c_Eg khm � �	jlkhm ^!� � g � � m ^ f �	j � � � j!� � �Mjlk`m ^ �*f j �em m � f ��j �E_ ���ef � k����4k
jlm g k�� _Eg � � ��� k� f 	 � ^h_ �4n �Ef?� _Eg k�� f9� �	jlkhm ^Ub�)Zf k�� fUg)_Ege_ k _ � � _ �Uf k�� f �8m	k fUg k _ � � m �1f �Mj!��j � _����Yf
khm n f � � ^ m � � jlk m � k�� f *%& $,� � ��� m;j _ �6k f � �+_ k�� _ k b � �<g m *%& $ n f � m g'#�� k`m � m � f j � _����Yf �*f
� f k _ k � �8m	k fUg k _ � � khm ���
	 f k�� f 	 � ���Yf � �4k f 	 fU^�'fUg k ^� b a m � � ��� k� f ^hf
� f 	 � g k _ g-� m ^ � �6k _ m g
_�� _ g k�� f k ^`fUf�� � g � � f j
� g ��� f _ k+khm jlm � � � k f k�� f � _ � k ^h_ n � k _ m g m � k�� f ^ m mMk g m � f b

� � f jlm � � � k��6k _ m g � ��� m;j _ �4k f � �+_ k���k� f 	 � ^`_ �4n �Ef f
�E_ � _Eg �4k _ m g � ��# m ^`_ k� � j
� g n f � fU^ 
� m ^ � f � � � � � f��� � #Mf ��� ��� _Eg�# � ��# m ^`_ k� � ��� � fU^`f � f���� � #	f�� � ^`f ��� ��� f � � � m g�# k�� f k ^hfUf
� k�� ^ k _Eg'# �+_ k��[k� f � f �
	 f�� � g � # m _ g�# khm � � ^ � � k� fc^ m mMk � � _ � _������ � k ^ �6k f � _Eg �B_�# �Y^hf o:b � . n 1
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�"g a�h.ikj&��l}u1���\y(j<j/m gon�p h#yrq*sSh(tut g s nrp j n j<i>s/v gxw�n h(t gon�p y.ikj<y gxw h(tfzo{}|~iuj/sSvuj/m�q*sSh(tut g s n t

vk�.j}tusS�}j�j2z�|�j2y�v�� w i�vu��j�� w �}j n v>tFvk��sSv gon y w zxy�j.ÜT� g l�j�lo�vk��j���j/s n s n m�y�s/i g s n |~j w �(Ü
s n m9vk�.j�| w y�s/i g s n |~j/t��(j<v��Fj<j n Ü s n m w vk��j�iay�sSi g s/��zxj/t�l tF��h(t�� gon tfvuj/s�m w ��|~iuj/sSv gxn�p�¦�Í
��i w ��tu|~i>s/v>|>��� g v�tfj<j���t�ikj/s�t w�n sS��zoj�v w tfvYsSikv�� g vk� ¦ 
 s n m'|>�(s n�p j g v w�n zx{r� w i®Ü h�t gxn.p
vk�.jajC��h(s/v gxw�n t���i w � tF��j w ikj<� u�l�u�l � t gxn�p vk� g t g m�j/s}�Fj p j n j�i>sSvuj w�n zx{��&E ä F�j n vki g j/t gon
vk�.j�| w y�s/i g s n |~j���s/vki g z gxn t�vkj/s�m w � �&E ä Í F7j n vui g j�t�E����.j<ikj ärg tFvk�.j n h����(j<i w �e| w�n v gxn h w h�t
y�sSi g sS�.zxj/t�F>l

p�nDp j n j<iYsSz�s�tkt�h��}j�vk�(s/v��Fj p j n j<i>s/vkj/mMs�q*s/h(tkt g s n±¦ 
 � w i�vk�.j�m g tu|~ikj�vkj�s�tut gop�n �}j n v
� � � ��� � * 
 s n mM�Fj}� w h�z�mDz go� j�v w h(t�j g v gxnMw i>m�j<i�v wrp j n j�i>sSvuj�s�q*s/h(tkt g s n ¦�Í � w i�vu��j
m g tk|~iuj<vkj�s�tkt gop�n ��j n v � � ����� � * Í l� j<v K �(j}vk�.j}t�j<v w �¡y�sSi g sS�.zxj/t���� g |¢�M�(s<y�j}m g ��j<ikj n v
y�sSzoh�j/t gon�* 
 s n m *kÍ l p ���FjMtfvYsSiuv}� g vu� ¦ 
 �Fj w�n zo{Q�(s<y�j£v w ikj/| w �=y�h.vkj�vk��j£�}j/s n t~�
y�sSi g s n |~j/t}s n m�| w y�sSi g s n |�j/t¤� w i¥| w�n v gon h w h(tay�sSi g s/��zxj/t���� g |>��s/ikjMm�j/tu|~j n m.s n v>t w ��t w �}j
y�sSi g sS�.zxj gxn K l(tF��h(t~� g �¦�ej���s�y�j�j n.w h p �rtBy�s�|~j�v w�� j<j2y�s/v�zoj/s�t�v¡t w ��j w �7vk�.j p j n j<iYsSvuj/m
q*sSh(tut g s n t gxn ��j<� w iu{��Fj¡|<s n h(tfjevk��j��§v w tBy(j<j/m�h#y w h�ies/z p�w i g vk���r�<h�t gxn.p vu��j�s/z p�w i g vk���
tf� w � n�gxn �2gop h�iuj|��l�u�l©¨�� w�n�p vk�.j H y�iuj<y gow h(t�zx{ p j n j�i>sSvuj/m-q�s/h(tkt g s n t��ejÖ9 n mªvu��j
q*sSh(tut g s n ¦ lGZ�n7� vu�(sSv g t�=u��j�tfv�B�� w i w h.i n j<j/m�t�� gxn vk��j¡t�j n t�j�vu�(sSv w h.i«q*s/h(tkt g s n s n m ¦ lGZ¤n7�
�(s<y�j�vk�.j�z¬sSi p j/t�v n h����(j<i w �¡| w�n v gxn h w h(t�y�sSi g sS�.zxj/t�vk��sSv�tf�(s/ikj�vk��j�tusS�}j�� w �}j n v>t�l�;Mj



�����������	���� �	�����*�	����������� �Ã���3���r������� v ¸ u

3 20

2

1 2

31

A

20

A A A

XXXX

�2gop h�iujK��l �h�P��j�vf� w i � h(t�j/ma� w i¡vk��j�j2z/y(j<i g �}j n v>t gon vk� g t�|¢�(sCy�vkj�i

vk�.j n | w y�{rvu��j�q*sSh(tut g s n'gxnMw iYm�j<i n.w v�v w |¢��s n�p j}vk��j;y�iuj<y gow h(t�zx{ p j n j<iYsSvkj�m9q*sSh(tut g s n �
s n m���s � j�vu��j n j/|~j/tutks/ik{�|>�(s n.p j/t gxn vk�.j�| w y�{�l
� n j�� gxp ��ve� w�n m�j<i�� w �-h(t�j~��h�z�vu� g t g m�j/s g t�ldtF��j�s n t��Fj<i g tFvu�(sSv¡vk�.j�| w �=y�h.v>sSv gxw�n sSz

p s gxn m�jUy�j n m�t w�n vk��jJm w ��s gxn s n m w�n vk��je��s<{��Fj p j n j<iYsSvuj�q�s/h(tkt g s n t~����h�v g v |<s n �(jFy�j�ik{
t gop�n�g 9�|<s n v�l o w�n t g m�j<i¦� w i7j2z.sS�=y�zoj7vk��j�� sSh�zov7m g s p�n.w t g tFm w ��s gon s n m�s�tutfh���j��Fj¡sSiuj�h�t gxn.p
vk�.jFj n h��}j<iYsSv gxw�n sSz p�w i g vk�.�§v w�p j n j<iYsSvujFvk�.j«q*s/h(tkt g s n t t�{�t�vkj<�¥sSv g |<sSzozx{�l�¨«��vuj<i p j n j<i>s/v gxn.p
vk�.ja� w tfv�z go� j<zx{���{1y w vk��j/t g t��¦| w ikikj�tBy w�n m gxn�p v w�� j<i w � sSh.zxv>t��2�eja� w h�z�mTtfvYsSikv p j n j<i>s/v gxn.p
t gon�p zoj«� s/h�zxv7��{1y w vk��j/t�j/t~l �7s�|¢� w�n j w �"vu��j/t�j�m g ��j<i>t2��i w � vk��j n�w ¿ � s/h�zxve��{/y w vk�.j/t g tP��{ ��h(t�v
w�n j�m g tk|~iuj<vkj�y�sSi g sS�.zxj�l p�n ��s n {�|<s�tfj/t�vu� g t¡t gon�p zoj�y�s/i g sS��zoj�ikjUy�ikj/t�j n v>t�s}t�j n t w i�� sSh.zxv<� gon
��� g |¢�M|<s�tfj g v�v�{1y g |<s/zxzx{ gon �(h�j n |~j/t�s£t gxn.p zxj�zoj/s��«| w�n v gon h w h(t�y�sSi g sS�.zxj E�iuj2y�iuj/tfj n v gon�p vu��j
tfj n t w i�iuj/s�m gon�p FYl p�n vk� g t�|<s�t�j!¨ K ¨ � v�s n m��(j<vuvkj<i�{�j�v<��¨ $�¨ � v�s n m��Fj p j<v¡s�m�iYsS��s/v g |
tBy(j<j�m�h#y�l£¨ t g � g z�sSi�t g vuh(sSv gxw�n sSi g tfj/t�����j n �ej p j n j<iYsSvuj}��{/y w vu��j/tfj�t�| w ikikj�tBy w�n m gxn�p v w
v�� w � sSh�zov>t��t gxn |~j�j/s�|¢� w�n j w �Fvu��j�v�� w ¿¬� sSh.zxv>t¡��{/y w vk�.j/tfj/t¡m g �j�i>tF��i w � t w �}j�t gon�p zoj�� sSh�zov
��{1y w vu��j/t g t2��{ ��h(tfv w�n j�y�sSi g sS�.zxj�l�;���j n �Fjeh(tfj�m�vk� g t g m�j�s w�n s�z�sSi p j�ikj�sSz_¿�� w ikz�m n j<v�� w i �
gxn o7��s8y�vuj<i;v ¸ �ej�s�|>� g j�y�j/m�s�tBy(j<j�m�h#yr� s�|~v w i w � v ��� g l�j�lo���eja�ej<ikj�s/��zxj�v w | w�n t g m�j<i�v �
v g �}j/t7s�t���s n {���{/y w vu��j/tfj�tFh(t gon�p vu��j�tks/�}j�| w �=y�h�vYsSv gow�n v g �}j�l

�× �� � � � �C% � �§$®5�� � � �*$K% �P- �i)
p�n vk��j7z¬s�tfv"t�j/|~v gow�n �FjPm�j/tk|�i g �(j/m�9(y�jPsSz p�w i g vk�.��t<� ����¿  �;L�/t gxn.p zxj ikj2y�iuj/tfj n vYsSv g y�j�����¿� �;L�
����¿���o ��o¡�"t gon�p zoj}ikjUy�ikj/t�j n v>sSv g y�j ����¿���o ��o¡� s n m w h�i�j n h��}j�i>sSv gxw�n sSz p�w i g vk�.�rlQt w
| w �=y(sSiuj�vk�.j/tfj�sSz p�w i g vu����t����Fj p j n j�i>sSvuj/m}i>s n m w �	��s<{�j/t g s n�n j<v�� w i � tF� g vk�£s�t�vkikh�|~vkh�iuj
tf� w � n�gon �2gxp h�ikj ��l ��l	tF� g t}tfvuikh(|~vuh�ikj£ikj/t�j<����zxj/t�vk��j w�n jrh(t�j/m9� w i}vu��jW�Ã¾ ¿��(s/i>m n j�tkt
ikj�m�h(|~v gxw�n ����h�vevk��j�m g tk|~iuj<vkj¡y�sSi g sS�.zxj/t�s/ikj n�w v gxn m�j2y(j n m�j n v u.hkjGcf]bj7c lFtF��j�m w ��s gxn}w �7s/zxz
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vk�.j�m g tk|�ikj<vuj�y�sSi g sS��zoj/t g t ÈP¸�Ì v Ï & vk�.j�j�y g m�j n |~j gxn s/zxz�vk�.j�jUz1y(j<i g �}j n v>t"��s�t§Ü Í �/l

� w vuj�vu��jrm�iYsS��s/v g |}m g ��j<iuj n |~j��(j<v��Fj�j n vu��j£|~z g � h�j�vuikj<j�h(t�j/m9��{'vk��j£j n h.�}j<i>s/v gow�n
sSz p�w i g vu��� s n m�vk�.j�tfvki w�n�p zx{£i w�w vuj/mrvkikj�j�h(t�j/m���{  �sSh�i g v � j n |[t�sSz p�w i g vu���rl � gxn |~j�sSzoz2vu��j
| w�n v gxn h w h(t"y�s/i g sS��zoj/t7sSikj gxn�w�n j*| w�n v gon h w h(t¦| w�n�n j/|�vkj/m�| w �=y w�n j n v���s n {�t�vki w�n�p zo{�i w�w vkj/m
vkiuj<j���h(tfv �(s<y�j�s�|~z g ��h�j¡vk�(s/v¡| w�n v>s gxn tesSzxz�vk��j�m g tu|~ikj<vuj�y�s/i g s/��zxj�t~��s n mavu��j<ikj�� w ikj*vk��j�t g � j
w �¡vu��j�vkikj�j g t�j2z/y w�n j n v g sSz gxn ä E�����j<iuj äTg t�vu��j�t g � j w �¡vk��j n j<v�� w i � ��s n m gxnMw h�i�|<s�t�jä!�<ã�¸ F>l p�n | w�n vki>s�tfv�������j n �ej gxp�n.w ikj�vu��j�| w�n v gon h w h(tFy�sSi g sS�.zxj/t���vk��j�m g tk|~iuj<vkj�y�s/i g s/��zxj�t
� w iu� s�t g �=y�zojF|>�(s gxn ��s n m�sSzxz.vk��j¡|~z g ��h�j/t gon vk��j�vuikj<j¡| w�n vYs gon�w�n zo{�v�� w m g tk|�ikj<vuj�y�s/i g sS��zoj/t~l
tF��h(t~��vu��j�t g � j w �¦vu��j�vkiuj<j�h(tfj/ma� w i�vu��j�j n h.�}j<i>s/v gow�n sSz p�w i g vk�.� g t w�n zx{ �&E ä F>l;Dj�|¢� w tfj�v w ikh n j2z/y�j�i g ��j n vYt w�n vu� g tly(s/ikv g |~h�z�sSi n j<v�� w i � �(j/|<s/h(tfj��Fj��Fj�ikj�sS��zoj�v w
h(t�j¡s�tGy(j/| g s/z(s�m�� w |�s/z p�w i g vk��� v w | w �-y�h�vkjevk��j¡m g tfvui g ��h�v gow�n�w y�j<i"vk��j¡m g tk|�ikj<vuj�y�s/i g sS��zoj/t~l
��j/|<sSzozvu�(sSv ¦ E K ¨ � Í � F�/ ¦ E � Í � ¨ K F ¦ E K F
����j<iuj K � È @ 
7Ì�¹�¹�¹CÌ @ Í � Ï lbt w j<y�sSzoh(sSvuj�vk� g t�j2z/y�ikj�tkt gow�n �Fj�j n h��}j<iYsSvuj�sSzoz¦vk��j gxn t�v>s n ¿
v g sSv gxw�n t � w � K lYo w �-y�h�v gon�p�¦ E.�8F g t�j/s�t�{rt gxn |~j�s/zxz"�Fj��(s<y�j�v w m w�g t�v w ��h�zxv g y�zo{avu��j
ikj�zxj<y�s n vPo�¾	ÛRj n vki g j/t�l � gon |~j ¦ EUÜ Í �&¨��/F g t7s¤q*sSh(tut g s n � gxn}w i>m�j<i7v w | w �=y�h�vuj ¦ E � Í �.¨$�/F
g v g t«j n�w h p ��v w | w �=y�h�vuj�vk��j��}j/s n s n m�y�s/i g s n |~j w �	Ü Í �/lltF� g t¡|<s n �(j�m w�n j�j��¥| g j n vkzo{E�
q g y�j n s n s�tut gop�n �}j n v7v w K � �ej·9�i>tfvJ| w �-y�h�vkj�vu��j¡�}j/s n s n may�sSi g s n |�j w ��Ü 
 ����i w � g v �ej
| w �=y�h�vuj�vk��j��}j/s n s n m�y�s/i g s n |~j w � Ü Í ����i w � g v�vu��j��}j�s n s n m�y�sSi g s n |�j w �	Ü � �(s n m£t w
w�n l�� w vkj�vk�(s/v��(j/|�sSh(t�j w �7vu��j�t g �=y�zoj n j<v�� w i � tfvkiuh(|~vuh�ikj��(vk�.j<ikj g t n�w�n j<j/m�v w | w �-y�h�vkj
vk�.j���h.zxz�| w y�s/i g s n |~j���s/vki g zl

tF��h�t~�«� w i}j<y�j<iu{�s�tkt gxp�n �}j n v �L�FjM|<s n | w �-y�h�vkj£vk��jçE�h n�n�w ik��s/z g � j/mOFVy�i w �(s/� g z g v�{¦ E�� ¨ � Í �7F�j���| g j n vkzx{�l � n |�j�vu� g t g t�| w �=y�h.vkj/m�� w iaj�y�j<ik{ �-�Fj n.w ik�¥sSz g � j�vk��j£ikj/t�h�zxv
v wrp j<v�vu��j}j2z.s�|�vby w t�vkj<i gxw i�m g tfvui g ��h�v gow�nç¦ E K ¨ � Í � F>l�tF��j�ikj~� w ikj�� sSzxvu� w h p � K �(s�t ã Í �
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| w �a� gon sSv gxw�n �Fj p j n j<i>s/vkj/m ã�¸³¸ t�j<v>t w �;y�sSi>s/�}j<vuj<i>t¤� w i�vk��j ��s<{�j/t g s nQn j<v�� w i � l ;Mj
tks/�=y�zoj/m�s n�gxn t�v>s n v g sSv gxw�n ��i w � j/s�|¢� w�n j w �"vu��j ��s�{�j�t n j<vYt s n m�h(tfj/m�vk��j¡tusS�=y�zoj/m�y�sSzoh�j
� w i§Ü Í � s�t g v>t w �(tfj�iky�j/may�s/zxh�j�l/;Mj�vu��j n | w �-y�h�vkj�m¤vu��j�vkiuh�jVy w tfvuj<i gow i¡m g tfvui g �.h�v gow�n}w y�j<i
vk�.j�m g tk|�ikj<vuj�y�sSi g sS��zoj/t~l/;Mj�| w �-y(sSiuj/m w h.i�s/z p�w i g vk����tFh�t gxn.p vf� w |~i g vkj<i g s/�

z  �v7¿�j<iui w i w y�j<i�vu��j�m g tu|~ikj<vuj�y�sSi g sS�.zxj/tF�(j<v��Fj�j n vk�.j�| w ikiuj/|~v¡m g tfvui g �.h�v gow�n,¦ s n m�vu��j
m g tfvui g �.h�v gow�n,¦ Ó p j n j<iYsSvuj/m}��{}vu��j�s8y#y.i w z g ��sSv gxw�n sSz p�w i g vu���W�

� � ¨ ¦ E K � �8F � ¦ Ó E K � �8FC¨
z ;���j�vk��j<i�vu��j�� w tfv�z gx� j<zo{�s�tut gop�n �}j n vJs�|<| w i>m gon�p v w vk�.j�sCy#y�i w z g �¥sSv gow�n s/z p�w i g vk���
�Js�t w�n j w ��vk��j7vk�.ikj<j7� w tfvz gx� j<zo{¡s�tut gxp�n �}j n v>t gxn vk�.jF| w ikiuj/|~v�y w t�vkj<i gxw i¦m g tfvui g �.h�v gow�n l

p v g t«�(s/i>m�v w | w �}j�h#y�� g vk� s�� s g i*| w �=y�sSi g t w�n �(j<v��Fj<j n vu��j�s/z p�w i g vk���¥t gxn vuj<ik�¥t w �
vk�.j n h.�a�(j<i w ��y�sSikv g |~zoj/t~���(j/|<s/h(tfj gxn}p j n j<iYsSz�m�h#y�z g |<sSvuj�tusS�=y.zxj/t7sSiuj��ah(|>��|>��j/s8y(j<i7vu�(s n
p j n j<i>s/v gon�p vk��jly(s/ikv g |~zojF� w i7vk��j§9(iYtfv7v g �}j � w�n |~j��ej p j n j<iYsSvkj¡s�m�hhy�z g |<sSvuj¡tksS�-y�zxj�vu��j<ikj
g t n�w�n j<j/m�v w |~iuj/sSvujFvk�.j�q�s/h(tkt g s n s p s gxn ����h.v ��h(tfv gxn |~iuj<�}j n v(vk��jJ| w h n vuj<i w ��vk��jly(s/ikv g |~zoj�l
tF��h(t~� g �7�Fj�| w �=y(s/ikj�vk��j�sSz p�w i g vk�.��t«iuj<z¬s/v g y�j�v w sSzoz¦vk�.j�tks/�=y�zoj/t gon |~zoh(m gxn.p m�hhy�z g |<sSvuj/t~�
�Fj p�g y�j£vk��jrj n h��}j�i>sSv gxw�n sSz p�w i g vu��� s n h n � s g i�s�m�y�s n vYs p j t gxn |~jMsSzoz g v>t@y(s/ikv g |~zoj/t}sSiuj
m g tfv gon |~v�q*sSh(tut g s n t�s n mrsSiuj�� w iuj�jUz1y(j n t g y�j�v w | w �=y.h�vkj�vk��s n m�h#y.z g |�sSvkjVy(s/ikv g |~zoj/t~l � n
vk�.j w vk��j<ie�(s n m� g �	�Fj*| w h n v w�n zx{�m g tfv gxn |�v«q*s/h(tkt g s n t�s n m gop�n�w ikj�vu��j�m�hhy�z g |<sSvuj/t¦�Fj p�g y�j
vk�.j�tusS�=y.z gxn.p sSz p�w i g vk�.��t�s n h n � s g i}s�m�y�s n v>s p j��F�(j/|�sSh(t�j��Fj gop�n�w ikj�vu��j�v g �}j}h(t�j/m9v w
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E s¶F E��YF
�2gop h�iuj®��l �1� ��j/tfh�zov>t w �evk�.j�y�sSi gxw h�t�sSz p�w i g vu����t w�n iYs n m w � n j<v�� w i � t�� g vu� 
!� ¸�¹ Å�s n m
� � v ¸³¸�¸³¸�¸ E�s¶F� �v n�w ik� E��YF ¾2j<iY|~j n v>s p j w �¡iuh n t����.j<ikj�vk��j�� w t�v�z gx� j<zo{���{/y w vk�.j/t g t
p j n j<i>s/vkj/m}��{}vk�.j�s/z p�w i g vk��� g t w�n j w � vk�.j�vu��ikj�j�� w tfvez go� j<zx{�s�tkt gop�n ��j n vYt

p j n j<i>s/vkj�m�h#y�z g |<s/vkjby�sSikv g |~zoj/t~lZtF��j<ikj�� w ikj�� gon�w iYm�j<i�v w ��s � j�s¤� s g i�| w �=y(s/i g t w�n �(j<v��Fj<j n
vk�.j�s/z p�w i g vk���¥t �Fj��}j�s�tfh.ikj/mavu��j g ily�j�if� w iu��s n |~j�ikj�z¬sSv g y�j¡v w vk��j�iuh n�n�gon�p v g �}j�l

tF��j�iuj/tfh.zxv>t�� w i}m g ��j<ikj n v � |[t�s n m 
 | t��ej<ikj~��h g vuj�t g � g z¬s/i<l �"gxp h.ikj,��l �Dt�� w �¡t¤vu��j
ikj�tfh�zov>t�� w i � � v ¸³¸yÌ�¸³¸�¸ s n m 
 �<¸�¹ Å�l �2gop h�iuj���l ��E�s¶F	tf� w �¡t"vk��je �vG¿�j<iui w i ��� g |>� g t�sSzo��s<{.t
�(j<v��Fj<j n ¸ s n m ã E ¸ �(j gon�p�p�w�w mOF«s n m �2gop h�iujK��l ��E��YFet�� w �¡t«vu��j�v w y>¿rua|~i g vuj<i gow�n � g l j�lx��vu��j
y(j<i>|�j n vYs p j w �7ikh n t«���.j<ikj�vk��j�� w tfv�z go� j<zx{�s�tkt gxp�n �}j n v¡s�|<| w i>m gon�p v w vk��j�sSz p�w i g vu���X��s�t
w�n j w �"vu��j�v w yJu�� w t�v7z gx� j�zx{�s�tut gxp�n �}j n v>t gxn vu��j�| w ikiuj/|~vdy w t�vkj<i gxw iJm g t�vki g ��h�v gxw�n E9v��(j gxn.p
p�w�w m[F>l(tF��j�z gxn jF� w iet gxn.p zxj¡ikjUy�ikj/t�j n v>sSv g y�j ����¿���o ��o ��s�t7s/zx� w tfv w�n v w y w ��vk�.j�z gxn jF� w i
����¿���o ��o s n m g t vu��j<iuj~� w iuj n.w v tf� w � n�gxn vk��j p i>s8y.�(t~ldtF��jeikj/s�t w�n � w i"vk� g t�y��.j n�w ��j n�w�n
� g zoz¦�(j�m g tk|~h(tutfj/mrz¬s/vkj<i gon vu��j}| w�n vkj2z�v w � ����¿� �;L������j<iuja�ej}t��(sSzozetfj<j�vk�(s/v�����j n vu��j
y(j<if� w ik��s n |~j w �7vk�.j�tks/�=y�z gxn�p sSz p�w i g vk�.� g tPy w�w i<� g v g t�y�j<iu{}t g � g z¬sSiev w vk��jVy(j<i�� w ik�¥s n |~j
w �Pvk��j�t gon�p zoj�ikjUy�ikj/t�j n v>sSv g y�j�s/z p�w i g vk��� l

tF��j�� w t�v¡tfvui gx��gxn.p�w ��tfj<iuy�s/v gow�n�gon~�2gxp h�ikj.��l � g tFvu��jLy w�w iLy(j<i�� w iu��s n |�j w � � w vk� � ��¿
��o ��oLs n mTt gxn�p zxj�ikj2y�iuj/tfj n vYsSv g y�j ����¿���o ��o¡����� g |>� gon m�j<j�m���s�t�vk��j�|<s�tfj gon sSzxz7vu��j
j2z/y(j<i g �}j n v>t �ej�iYs n lVtF��j�ikj/s�t w�nDg t«vu�(sSv�vu��j�tGy(s�|�j w �Jm g tu|~ikj�vkj�s�tut gxp�n �}j n v>t��(s�t���s n {
z w |�sSz(��s8z g ��sF��� g |¢��s/ikj¡�(sSiYm¤v w�p j<v w h�v w �ul ��w i7j2z.sS�=y.zxj���s�tutfh��}je�Fj¡�(s<y�j ��h(t�v ã�n.w m�j/t
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g t¡vk�(s/v����.j n h(t gon�p q g ���(t*tksS�-y�z gon�p �Fj�|>�(s n�p j w�n j�y�sSi g sS��zoj�sSv�s}v g �}j��(s n m�vu��j<ikj�� w ikj
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vk�.j/tfj�s�tut gop�n �}j n vYt�sSikj���h(|>�azoj/tktFz gx� j<zo{�vk�(s n�w h.i gon�g v g sSz	s�tut gxp�n �}j n v<�.s n m�vk��j�ikj~� w ikj�vu��j
y�i w �(s/� g z g v�{ w �*vkiYs n t g v gow�n�gon�p�gon v w j g vk��j�i w�n j w ��vu��j<� g t�j2z�vkikj��}j<zx{£t���sSzoz�l � tF��h(t~�¦vu��j
� g z gon�p i>sSvuj w �(vu��je|¢�(s gxn�g ty�j<ik{*tf�¥sSzxz�s n m�vu��jdy�j�if� w iu��s n |~j w ����o ��o�� g zxz��(jdy w�w i�ldtF��j
y�i w ��zoj<� g t��ah(|>��� w i>tfje����j n �ejF�(s<y�j ã³¸�n�w m�j�t gxn t�vkj/s�m w � ã ��t gxn |~jFvu��j<ikjJsSiujF��s n {�� w ikj
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ikj�tfv w �	vk� g t t�j/|~v gxw�n s n m}| w�n |~j n vki>s/vkj w�n vk��j¡j n h��}j<iYsSv gxw�n sSz p�w i g vu���r� ����¿� �; s n m�t gxn.p zxj
ikjUy�ikj/t�j n v>sSv g y�j � ��¿  �;Ll
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�2gop h�iuj®��l �1�* �v n.w ik� s�t�sa��h n |~v gow�n�w �evk��jYy�i gxw i�z go� j<z g � w�w m w �Fvu��j�m g tk|�ikj<vuj�s�tut gop�n �}j n vE�sbF§¾¦i gxw i w � ¸ l ¸³¸ v��,E��YF�¾¦i gow i w � ¸ l ¸�¸�¸ v �bÄ!E |¡F�¾¦i gow i w � ¸ l ¸³¸�¸³¸ v2w³�
w �¡vu��j�m g tu|~ikj<vujaj�y�j n vYt~l;t w m w t w �Fj�h(t�j/m�iYs n m w � n j<v�� w i � t�� g vu� 
ç� ¸y¹ Å�s n m � �
v ¸³¸yÌ�¸³¸�¸ s n m�tks/�=y�zxj�m}s�tut gxp�n �}j n v>t7v w � w vu��vk��j�m g tk|~iuj<vkj*s n m£| w�n v gon h w h(t7y�s/i g sS��zoj/t~l/;Mj
vk�.j n y(sSiuv g v gxw�n j/m w h�i£tusS�=y�zoj/t gxn v w tfh���tfj<vYt¥��s�tfj�m w�n vu��jrz go� j<z g � w�w m w ��vk��jMm g tk|~iuj<vkj
s�tut gop�n �}j n vYt~��s n mrh(tfj�mWu��}t�h(|¢�MtusS�=y.zxj/t gxn j<y�j<ik{£t�h��(tfj�v<l�;Mj�vkj/t�vkj/m�vk��jYy(j<i�� w ik�¥s n |~j
w �¡vu��j�s/z p�w i g vk����t�� w i�j�s�|>�'tfh���tfj<v�tfj2y(s/i>s/vkj<zo{�l ��w i ����¿  �; s n m9t gxn�p zxj�ikj2y.ikj/t�j n vYsSv g y�j
����¿� �; �Fjly(j<i�� w iu�}j/m=v ¸ iuh n t2� w i¦j�s�|>� w�n j w �	vk��j¡s�tkt gop�n ��j n vYt~lF� w vkj�vk��sSv7�Fj��(s<y�j w�n j
s�tut gop�n �}j n v®E È @ 
 � v Ì�¹�¹�¹�Ì @ Í � � v Ï F�� g vu��y.i w ��sS� g z g v�{ ¸y¹ Å Í ��� ¸y¹ v ã³ã � ã�¸ s�tkt gxp�n �}j n v>t
� g vu�Qy�i w �(s/� g z g v�{ ¸y¹ Å 
�� / ¸y¹ v � ¸y¹ ¸ v2u³��� % Í �Í ' s�tkt gxp�n �}j n v>tF� g vk�Jy�i w �(sS� g z g v�{ ¸y¹ Å 
�� / ¸y¹ v Í �¸y¹ ¸�¸ v���� % Í �� ' � g vk��y�i w �(sS� g z g vf{ ¸y¹ Å 
�� / ¸�¹ v ��� ¸y¹ ¸�¸³¸ v �bÄ��7s n mDt w�w�n l � h�iuvk��j<i n�w vujavu�(sSv��
sSzovk� w h p �Mvk�.jK9(i>t�v�t�h��(t�j<v��(s�t ��h�tfv w�n j�m g tk|�ikj<vuj�s�tut gop�n �}j n v�� g v g t�y w tkt g ��zxj�v w�p j n j�i>sSvuj
� w ikj¦vu�(s n�w�n jJtksS�-y�zxj��/t gxn |�j vu��jetks/�=y�zxjPsSz¬t w�gon |~zoh(m�j/tvu��jes�tkt gxp�n �}j n v�v w vk��je| w�n v gxn h w h�t
y�sSi g sS�.zxj/t�l �2gxp h�ikj&��l ��s n m �2gxp h�ikj&��loÄ�tf� w �-vu��j�ikj/t�h�zxvYt w � vk��j/t�j�j2z1y(j<i g �}j n vYt~l

¨�tj2z/y(j/|~vkj�m�/sSzoz�vk�.ikj<jesSz p�w i g vu����tRy�j�if� w iu�-�(j<vkvuj<i�����j n vu��j7z gx� j�z g � w�w m w �.vk��jem g tk|~iuj<vkj
j<y�j n v g t�� gop ��j<i�lFtF��jFiuj/s�t w�n�g t�vk��sSv7m g tk|~iuj<vkj7j<y�j n vYt� g vk��� gxp ��z gx� j<z g � w�w m�sSiujFj n h��}j�i>sSvuj/m
j/s/ikzx{ w�n s n mrs/ikj�� w ikj�z gx� j<zo{av w �(j�tks/�=y�zoj/m�j/s/ikzo{ gxn vk��j�tusS�=y�z gxn�p y.i w |~j/tut~l_k w �Fj<y�j<i��
n�w vkjFvu�(sSv vk��jem�j p i>s�m�sSv gxw�n�gon vu��jPy(j<i�� w ik�¥s n |~j w � � ��¿  �; s n m�t gon�p zoj iuj2y�iuj/tfj n v>s/v g y�j�� ��¿
 �; g t¦�ah(|>��� w ikj¡t�j<y�j<iuj�vk�(s n vk��j*m�j p i>s�m�sSv gxw�n�gxn vk��j6y(j<if� w ik��s n |~j w �"vu��j¡j n h.�}j<i>s/v gow�n
sSz p�w i g vu���rl�tF�.jFikj�s�t w�n�g tvk�(s/v�����j n vk��jem g tk|~iuj<vkj j<y�j n v g th n z go� j<zx{ u�hkj7cf]bjGc ��vk��jetks/�=y�z gxn�p
s8yhy�i w s�|>��j/t w ��vkj n tGy(j n mQsrz w v w �*v g �}j gon'p j n j�i>sSv gxn�p m�h#y.z g |�sSvkj¥tksS�-y�zxj/t w ��vu��j�z go� j<zx{
s�tut gop�n �}j n vYt~l � n vk��j w vu��j<i7�(s n mavk�.j�j n h��}j�i>sSv gxw�n sSz p�w i g vu��� m w j/t n�w ve��s�tfvkj*s n {�j2z�vkiYs
v g �}j w�n vk��jrz gx� j<zo{Ts�tkt gop�n ��j n vYtas<��vkj<i�vk�.j<{'�(s<y�j��(j<j n�p j n j�i>sSvuj/m�s n m�|<s n j��¥| g j n vuzx{
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E�sbF E��kF E�|PF
�2gop h�iuj*��l`Ä\�Wt w y u�y�j�i>|~j n v>s p j s�t}s���h n |~v gxw�nQw ��vu��jQy�i gxw iaz gx� j<z g � w�w m w ��vu��jrm g tk|~iuj<vkj
s�tut gop�n �}j n vÃE�s¶F(¾¦i gow i w � ¸ l ¸³¸ vC� E��YF§¾¦i gxw i w � ¸ l ¸�¸³¸ v �bÄ E�|PF�¾Pi gxw i w � ¸ l ¸�¸³¸�¸ v2w��
tBy(j n m g vYtFv g �}j w�n�p j n j<iYsSv gon�p � w ikj�s n m�� w ikj�h n z go� j<zx{�s�tkt gop�n ��j n vYt~l

�2gxp h�ikjÃ��l`Ä*m�j<� w�n tfvui>sSvuj/t7s n�w vk��j�i gon vuj<ikj�tfv gon�p y��.j n�w ��j n�w�n l�;���j n vk�.j�y(j<i�� w ik�¥s n |~j
w �evu��j�s/z p�w i g vk����t g tly w�w i�� vu��jby(j<i�� w iu��s n |�j w � � ��¿  �; s n mrt gxn�p zxj�iuj2y�iuj/tfj n v>s/v g y�j � ��¿
 �; g tFy�j<iu{}t g � g z¬sSi���s�t¡|<s n �(j�tfj�j n�gxn~�2gxp h�ikj ��loÄE�|¡Fes n m�vu��j�zxj~��vJt g m�j w � �2gxp h�ikj.��loÄE��YFYl
p�n vu��j/t�j�|<s�tfj/t���� w vk�£sSz p�w i g vu����t¦s/ikj�t gxp�n�g 9�|�s n vkzx{ w h�v9y(j<if� w ik�}j/m���{�vk�.j�j n h��}j�i>sSv gxw�n sSz_¿
p�w i g vk���rlFk w �ej<y�j<i<�/����j n vu��j�ikj�tfh�zov>t w �vu��j¡tks/�=y�z gxn�p sSz p�w i g vu����t���j�| w �}je� w iujFiuj<z g sS��zoj��
t gon�p zoj�ikj2y.ikj/t�j n vYsSv g y�j � ��¿  �; � w i � t���h(|>����j�vkvkj�i�vk�(s n ����¿  �; h n v g z g v>t�y(j<i�� w ik�¥s n |~j
g t�t g � g z¬sSi*v w vu��j;y�j�if� w iu��s n |~j w �¡vk��j�j n h��}j<iYsSv gxw�n s/z p�w i g vk��� �2s�t�|<s n �(j}t�j<j nTgon��"gxp ¿
h�iujK��loÄE�s¶Fes n m�vu��j�i gxp ��v¡t g m�j w � �2gxp h�ikj ��loÄE��YFYl8;Mj�| w�n ��j/|~vuh�ikj*vk�(s/v�vu��j�ikj�s�t w�n � w i�vk� g t
y���j n�w �}j n�w�nMg t�vk�(s/v�����j n vk��j=y(j<i�� w iu��s n |�j g txy w�w i<� g v�� w t�vkzo{Mtfvkj���t«��i w � n.w v�tusS�×¿
y�z gxn�p vk�.j�| w ikiuj/|~v7m g tk|~iuj<vkj gon tfvYs n v g sSv gow�n t�l � gxn |~j�� w vk� � ��¿  �; s n mat gxn�p zxj¡ikj2y.ikj/t�j n vYsSv g y�j
����¿� �; p j n j�i>sSvuj�vk��j�tks/�=y�zoj/t gon s nTg m�j n v g |<sSz"��s<{�����.j n �ej�m w�n�w v��(s<y�j�vu��j}| w ikiuj/|~v
s�tut gop�n �}j n vYt gxn w�n j��Fj¥sSikj�z gx� j�zx{ n.w v�v w ��s�y�j�vk��j�| w ikiuj/|~v�s�tkt gxp�n �}j n v>t gxn vu��j w vu��j<i�l
k w �Fj�y�j<i<�/����j n vk��jly(j<i�� w iu��s n |�j g t2�(j<vuvkj<i�� vu��j¡| w ikikj�|~v7tks/�=y�zoj/t¦sSiuj p j n j<i>s/vkj/m�s n m�vk�.j n
vk�.jV� h.j/tfv gxw�n�g t7����j<vu��j<iFvu��j<{��(s<y�j¡vk��j�| w iuikj/|~v7�ej gxp ��v w i n�w v�l �F{aj�z g � g n sSv gon�p vu��j�tusS�×¿
y�z gxn�p�n�w�g tfj�� w i�vu��j�tks/�=y�zxj��ej gxp ��vYt~��t gxn�p zxj�ikj2y.ikj/t�j n vYsSv g y�j � ��¿  �; j �j�|~v g y�j<zx{}�(j<��s�y�j�t
z go� j�vk��j�j n h.�}j<i>s/v gow�n sSz p�w i g vu��� gxn vk� g t�|�s�tfj��7s n mDvu��h�t�t gop�n�g 9�|<s n vuzx{ w h.v!y(j<if� w ik��t�vu��j
����¿� �; sSz p�w i g vu���rl

p�n�w h.i�9 n s/z(tfj<v w ��j2z/y(j<i g �}j n v>t��Fjevkj/t�vkj/m�vk��j(y(j<if� w ik��s n |~j w ��vk�.j�sSz p�w i g vu����t�ikj<z�sSv g y�j
v w � w � t � j<�ej/m�vu��j�m g t�vki g ��h�v gxw�nrg t~l ��j/|<sSzoz¦vk��sSv�����j n vu��jYy(sSiYsS�}j�vkj<i 
rg t�|~z w t�j<i�v w v��
vk�.j�m g tfvui g �.h�v gow�n�g t¦� w ikjJt � j<�ej/m�s n m�s�t���sSzozxj<i n h��a�(j<i w �	��{/y w vu��j/tfj�t s�|<| w h n v¦� w i � w ikj



�����������	���� �	�����*�	����������� �Ã���3���r������� v%v ¸

0.0 20.0 40.0 60.0
Time

0.0

0.2

0.4

0.6

0.8

1.0

L1
 n

or
m Enumeration

Single rep. RB−LW
RB−LW

0.0 20.0 40.0 60.0
Time

0.0

0.5

1.0

1.5

2.0

L1
 n

or
m

Enumeration
Single rep. RB−LW
RB−LW

0.0 20.0 40.0 60.0
Time

0.0

0.4

0.8

1.2

1.6

2.0

L1
 n

or
m

Enumeration
Single rep. RB−LW
RB−LW

E�sbF E��kF E�|PF
�2gop h�iuj×��l�w1�� �v n.w ik� s�t�sa��h n |�v gxw�nDw ��vu��j@y�sSi>s/�}j<vuj<i 
 E�sbF 
|� ¸�¹ Å³Å E��kF 
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×�<¸y¹ ÄP�
y�i w �(s/� g z g v�{r��s�tut~l£¨�t�t�� w � n'gxn �2gop h�iuj×��l�wrs n m �2gop h�iuj ��l Å��¦vk�.j�|~z w tfj<i 
Tg t�v w v��¦vu��j
�(j<vkvuj<i7vk��j�vu��ikj�j�s/z p�w i g vk����tFy�j�if� w iu�r��s�t j2z/y(j/|~vkj�ml � h.ikvk�.j<ik� w ikje�Fj*tfj<j�vu�(sSv n�w ��sSvuvkj<i
���(s/v�vu��j�y�sSzoh�j w � 
�g t~�vu��j�j n h��}j<iYsSv gxw�n sSz p�w i g vu��� s/zx��s<{.t��(s�t�vu��j��(j/tfvVy(j<i�� w ik�¥s n |~j
s n m�vk��sSv*t gxn.p zxj*ikj2y�iuj/tfj n vYsSv g y�j ����¿� �; w h�v9y(j<if� w ik��t ����¿� �;Ll

p�n | w�n |~zoh(t gow�n � w h�i¡ikj/t�h�zxvYt�t�j<j<� v w�gxn m g |<sSvuj�vk�(s/v�s<y w�g m gxn.p vk��j�tfv w |¢��s�tfv g | g v�{ w � � ��¿
 �; g t�s�h�tfj~��h�z g m�j�s gxn t � j<�Fj/m m g t�vki g ��h�v gxw�n t~l�tF��j}j n h��}j�i>sSv gxw�n s/z p�w i g vk���r�"��� g |>� g t
��h�zozx{�m�j<vkj<iu� gxn.g tfv g |��<� w i � t¦�(j/tfv�ldtF��j�t gxn�p zxj�ikjUy�ikj/t�j n v>sSv g y�j ����¿� �;L����� g |>� g t7tfv w |>�(s�tfv g |
gxnrg v>t�|>� w�g |~j w �ly(s/ikv g |~zxj�t���h�v�m�j<vuj<ik� gxn�g tfv g | gxn m�j<vuj<ik� gxn�gon�p vk��j g i��ej gxp ��v�� j n � w {�t�t w �}j
w �Pvk��jVy(j<if� w ik��s n |~j g �=y�i w y�j��aj n v�����h�v n.w v*sSzxz w � g v<l

�× �� � �¡-���4*-/-��	�i)
p�n vk� g tat�j/|~v gxw�n �ejrm g tk|~h�tktavu��ikj<j g tkt�h�j/taiuj<z¬s/v gxn.p v wTw h�i�j n h��}j�i>sSv gxw�n s/z p�w i g vk����� g vYt
ikj�z¬sSv gxw�n v w � ��¿  �;L��� w h n m gxn�p vk�.j�j�iki w i w � vk��j�sCy#y�i w z g ��s/v gow�n s n m�s�| w �-y(sSi g t w�n � g vu�
 �sSh.i g v � j n |[t�sSz p�w i g vu���rl

p�nrw h�iVy�iuj/tfj n v>s/v gow�n t w � s/i<��ej�y g j<�Fj/m�vk��j�j n h���j<i>s/v gxw�n s/z p�w i g vk��� s�t�say�j<iu{�|�z w t�j
ikj�z¬sSv g y�j�v w � ��¿  �;L� n s/�}j<zx{Ms�tasMm�j<vuj<ik� gxn�g tfv g |�sSzovkj<i n sSv g y�j}v w  �;Ll7¨�zovk� w h p �'vu� g t g t
|~j<iuv>s gxn zo{�s�ikj/s�t w�n sS��zoj�y g j���� g v g t n�w v�vk��j w�n zx{ w�n j��.s n m g v�|<s n �(j�s/i p h�j/m}vk�(s/v � ��¿  �;
s n m vu��j}j n h��}j�i>sSv gxw�n s/z p�w i g vk��� s/ikja��h n m�sS��j n vYsSzozx{Mm g �j�ikj n v<lr¨�v�s�y�j�ik{r�(s�t g |}zoj<y�j<z��
�¡s w ¿ �Fz¬s�| � �Fj�zxz g � j/mr �;L�"z gx� j�s n { w vk��j<i�tusS�=y.z gxn.p �}j<vu� w m� g t�� w v g y�s/vkj/mD��{Mvk��j}�ej/s �
z¬s<� w ��z�sSi p j n h����(j<i>t�� ����j n vk��j n h��a�(j<i w �«tks/�=y�zxj�t p i w �¡t g v p j<v>t�� w ikj�s n m�� w ikj
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�2gop h�iujr��l Å/��t w y;uLy(j<i>|�j n vYs p j¡s�t7s«��h n |�v gxw�n�w ��vk�.jly(sSiYsS�}j<vuj<i 
 E s¶F 
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×�<¸y¹ ÅE�|PF 
 ��¸y¹ Ä �
s�|�|~h�i>s/vkj*s n m�s/vFvk�.j�z g � g v g v g t¦j2z�s�|~v<l �¡h�ies/z p�w i g vk��� g t7s�� g s�t�j/maj/t�v g ��sSv w i¦vu�(sSvJ|<s n�n.w v
�(j�m g iuj/|~vkzo{a� w v g y�sSvkj�m¤��{}vk�.j�z�s<� w �¦z�sSi p j n h����(j<i>t���s n m�vk��h(t~� g v�|<s n y g j��Fj/m}s�t�s�y�j�ik{
m g �j�ikj n v�s/zxvkj�i n s/v g y�j*v w tksS�-y�z gon�p l

����+���� � � � �
� 	�� � "�� �

¨ n'g �-y w ikvYs n v g tkt�h�j g t�� w h n m gxn�p vk�.j}j<iki w i w � w h�i}sCy#y�i w z g �¥sSv gow�n l � n j=y w tkt g ��zxj£sCy>¿
y�i w s�|>� g tPv w � w h n mavk�.jLy�i w �(sS� g z g v�{���s�tkt w �"��{1y w vk��j/t�j/t¦��� g |>���Fj<iuj n�w v p j n j<iYsSvkj�ml�;Mj
|<s n y�sSikv g v gxw�n vu��j�tfj<v w � gxn t�v>s n v g sSv gxw�n t w � � � � ��� gxn v w @ ) Ø ����j<ikj&@-ikjUy�ikj/t�j n v>t vu��j gxn ¿
tfvYs n v g sSv gow�n tFvu�(sSv��ej<ikj p j n j<i>s/vkj/m�t w � sSi¡s n m Ø ikj2y.ikj/t�j n vYt¦vk��j gxn tfv>s n v g s/v gxw�n t vu�(sSv��ej<ikj
n�w v p j n j<iYsSvuj/mrt w � sSi�lbtF�.j�h n�n�w ik��s/z g � j/m=y�i w �(sS� g z g vf{£��s�tut w ����{1y w vk��j/t�j/t���� g |¢�r�ej<ikj
n�w v p j n j<iYsSvkj�m�t w � s/i g tn�

�� ��� ¦ E * ¨ �  F ¦ E � " ¨ * F
t w � w h n m9vu� g t�tfh�� �2�Fj n j�j/mDv w � w h n mTvk��j£m�j n t g v g j�t ¦ E ? " ¨ * F®E���� g |>�T��s<{r�(j

z¬s/i p j<i¦vk��s n v¡F w y�j<i"vk��jly w tkt g ��zxj gon tfvYs n v g sSv gow�n t w � � � � ��� E w i y.ikj~��j<iYsS��zo{�� w y�j�i2vu��jly w tkt g ��zoj
gxn tfv>s n v g s/v gxw�n t w � � � � ��� | w�n t g t�vkj n v�� g vu�rt w �}j�s�tut gxp�n �}j n v gxn ØiF>l p �7�ej�|<s n 9 n mrtfh�|¢� s
� w h n m �T��vk�.j n �Fj�|<s n ��i g vkj\�

�� ��� ¦ E * ¨ �  F ¦ E � " ¨ * F � �� ��� ¦ E * ¨ �  F�� � �� v � �� ��� ¦ E * ¨ �  F��	 �
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q g y�j n �T�¦vu� g t�� w h n mQ|�s n �(j�| w �=y�h.vkj/mrj��¥| g j n vkzo{��(s�tfj/m w�nQw h.i�j n h.�}j<i>s/v gow�nMw �

gxn tfv>s n v g s/v gxw�n t gxn @�ld� w vkj�vk�(s/v�vu��j�� w h n mrm�j/|~ikj�s�tfj�tF� w�n�w v w�n�g |<s/zxzo{a����j n �ej p j n j�i>sSvuj
gxn tfv>s n v g s/v gxw�n t~�"t gxn |~j���{rm w�gxn�p t w �Fj�� w y�j�vk��j<� ��i w � Ø v w @�l;tF��j�� gxp ��h�j/tfv gxw�n � w �
| w h�i>t�j�� g t¦� w �Qv w | w �=y�h.vkj�s�� w h n m �Tl � n j6y w tkt g ��zoj�sCy#y�i w s�|>� g t¦v w � w h n m�vk��j*m�j n t g v�{
w �*vk�.j�q*s/h(tkt g s n ¦ E ? " ¨ * F>l'¨�tutfh���javu�(sSv��Fj�|�s n 9 n mTvk��j£m�j n t g v�{ sSv�vu��j��}j/s n w �
vk� g t�q*sSh(tut g s n l(� w �¥sSvkvuj<iF����sSv�vk�.j�j<y g m�j n |~j g t~� g v>t�m�j n t g v�{�|<s n�n.w v¡��j*z¬sSi p j<i�vu�(s n vu��j
m�j n t g v�{�sSv7vk��j���j/s n ��s n m�vk��h(t~���ej p j<v7s n h#y#y(j<i7� w h n m�l � h.ikvk�.j<ik� w ikj��/�Fj�� g zxz�vYs � j�vu��j
s8yhy�i w s�|>� w � vkiu{ gon�p v w � w h n m � � g vk��ikj/tGy(j/|~v�v w s/zxz�vu��jVy w tkt g ��zoj�s�tkt gxp�n �}j n v>t w � � � � ��� �
s n m n�w v ��h(t�v�vk� w tfj�| w�n t g t�vkj n vF� g vk�*Ø}l
��n m�j�iFvk�.j/tfj�s�tutfh��-y�v gow�n t����Fj�|<s n � w h n m � j���| g j n vkzo{ g �"vu��j n j<v�� w i ��g tesqy w zo{�vuikj<j

s n m!¨ ? " ¨ � v�l o w�n t g m�j<i7s�h n�g y�sSi g sSvuj�q*sSh(tut g s n à E	� Ì�á Í F>l�tF�.j�m�j n t g v�{ w ��vk� g tPq*sSh�tkt g s n
sSv�vu��j7�}j/s n � g t 


� Í�� � lFtF��h(t~� gxn�w i>m�j�i�v w 9 n m�s n h#y#y(j<i"� w h n m w�n vu��jem�j n t g v�{ ¦ E ? " ¨ * FY�
�Fj n j<j/mrv w 9 n mMs}z w �Fj<i*� w h n m w�n vu��j�y�sSi g s n |~j w � ? " � w i�j<y�j<iu{£s�tkt gxp�n �}j n v * l;tF� g t
|<s n �(j�m w�n j�j/s�t g zx{���{�vki>s<y�j<iYt gon�p vk��j�vuikj<j gxn v w y w z w�p�g |<sSz w i>m�j<i�s n m p iuj<j/m g zx{.9 n m gon�p vu��j
tf�¥sSzxzoj/tfvey�sSi g s n |�j w �¦j�y�j<ik{�| w�n v gon h w h(tFy�sSi g s/��zxj�l

k w �Fj<y�j�i<� g �.�Fje��s n v"v w � w h n m�vu��j�m�j n t g v�{ w � ? " ���.j n vu��j n j�vf� w i ��g t n�w v s�y w zo{�vuikj<j
w i�����j n�? " �(s�t�� w iuj�vk��s nMw�n j�y�sSi g s/��zxj����Fj���h(tfv*| w�n t g m�j<i�vk�.j�| w y�s/i g s n |~j�t��(j<v��Fj<j n
y�sSi g sS�.zxj/t��7s n mTvk�.j=y�i w ��zxj�� �(j/| w �}j/t�� w iuj}m g ��|�h�zxv�l � t gxn�p srt g �=y.zxj�ikj�m�h(|~v gxw�n ��i w �
u¡¿ ��¨dt �Fj�|<s n tf� w � vu�(sSv.9 n m gon�p vu��j}t���sSzozxj/t�v�y�sSi g s n |~j w �*s�t gxn�p zxj�y�s/i g sS��zoj!E w y�j�i�s/zxz
vk�.j�y w tut g ��zxj gxn t�v>s n v g sSv gxw�n t w � � � � ��� F gxn�p j n j<i>s/z n j<v�� w i � t g td��¾/¿��(s/i>mlPo7h.ikikj n vuzx{����ej�m w
n�w v ��n�w �R����sSv g tFvk�.j�| w �=y�zoj2z g v�{ w �/9 n m gon�p vk�.j�hhy#y(j<i�� w h n m � gxn v�� w |�s�tfj�t<�

z ¾ w zx{�vkiuj<j/t ���.j<ikj ¨ ? " ¨yÚ�v
z ��j�vf� w i � t�� g vu��|~{.|~zxj�t���h�v}� g vk�5sDz w �©vkikj�j�� g m�vk��l p n�w vk��j�ia� w i>m.t~��vu��j/t�jrsSiuj
n j�vf� w i � t � w i���� g |>�}�Fj�|<s n ��h g z�m�s�|~z g � h�j¡vkiuj<j�� g vu��s�t���sSzoz n h����(j<i w �¦y�s/i g s/��zxj�t
gon j�y�j<ik{�|~z g � h.j�����j n �ej�m wan.w v6y�j�if� w iu�Xtfvui w�n�p vui g s n�p h�z¬s/v gxw�n l

tF��j*tfj/| w�n m}|<s�tfj g td��h g vuj gxn vkj<iuj/tfv gxn�p ��s n m®9 n m gon�p s n j��¥| g j n v sSz p�w i g vu��� gxn vk� g t7|<s�t�j
� w h�z¬m���s � j*vk��j�j n h��}j<iYsSv gxw�n sSz p�w i g vk�.� � w ikj�iuj<z g sS��zoj���s�t g v�� w h�z�m p�g y�j�s nrgon m g |<sSv gxw�n
w�n vk��j`��h(sSz g v�{ w � vk��j�s8yhy�i w z g ��s/v gxw�n l
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;Mjr| w�n |~zxh�m�j�vk� g ta|>�(s8y.vkj<i���{'| w �=y(sSi gxn�p vu��j�j n h���j<i>s/v gxw�n sSz p�w i g vu��� v w  �sSh�i g v � j n |[t
j2z.s�|~v gxn ��j�ikj n |�j�sSz p�w i g vk�.�rl p �J�Fj p�g y�j w h�i�sSz p�w i g vk�.� j n.w h p �9v g �}j g v�� w h�z�mDj n h��}j<i¤¿
sSvuj�sSzxz�vk��jVy w tut g ��zxj�m g tk|~iuj<vkj gxn t�v>s n v g sSv gxw�n t gxn j�y�j<ik{�| w�n v gon h w h(te| w�n�n j/|~vkj�m}| w �-y w�n j n v<�
s n mD� w h�z¬mT| w �}j�h#y'� g vk�Mvk��j}jUz�s�|~v�s n t��Fj<i�lQtF��h(t~�2� w i�t g �=y�zoj n j<v�� w i � t~������j<iuj g v g t
y w tut g �.zxj}v w j n h.�}j<i>s/vkj�s/zxzFvu��j�m g tk|~iuj<vkj gxn tfv>s n v g s/v gxw�n t w ��vu��j}y�sSi gxw h(t�| w�n v gxn h w h�t�| w�n ¿
n j/|�vkj/m�| w �-y w�n j n v>t�� vu��j*| w �=y.zxj2z g v�{ w � w h�iJsSz p�w i g vk�.� g t | w �=y(s/i>s/��zxj¡v w vk��j*| w �-y�zxj2z g v�{
w �	 �s/h�i g v � j n | t"sSz p�w i g vk�.�rl � w vk��s/z p�w i g vk���¥tj n h.�}j<i>s/vkj7vk�.j�tks/�}j n h����(j<i w ���{/y w vk��j�tfj/t��
j g vk��j<i*m g ikj/|~vuzx{}h�t gxn.p vu��j�j n h��}j<iYsSv gxw�n s/z p�w i g vk��� w i���{£|~iuj/sSv gxn�p s q*s/h(tkt g s n � s�|�v w i�s�t
gxn  �s/h�i g v � j n | t�sSz p�w i g vu���rl{tF��j�vf� w ��s gon m g �j�ikj n |�j/t�sSiuj\�

z �¡h�i�sSz p�w i g vu��� |~iuj/sSvuj/t�q�s/h(tkt g s n t w y�j<i�sSzoz¦vk�.j}| w�n v gxn h w h�t�y�s/i g s/��zxj�t gon vu��j�| w�n ¿
v gxn h w h(t�| w�n�n j�|~vkj/m�| w �=y w�n j n v���s�t w yhy w tfj/m�v w  �sSh�i g v � j n |[t�sSz p�w i g vk�.� ����j<iuj w�n zx{
t w �}j w �¡vk��j�| w�n v gon h w h(t�y�s/i g sS��zoj/t�sSikj gxn vk��j�tfvui w�n.p i w�w v�lQtF�.j}m g tks�m�y�s n v>s p j w �
w h�ies8y#y�i w s�|¢� g t2vk��sSv g v7|�ikj/s/vkj/t¦z¬s/i p j<iFq*sSh(tut g s n t�lPk w �ej<y�j<i<�/��{�m w�gxn�p t w�w h�ies/z p�w ¿
i g vk�.� | w �=y�h.vkj/t�vk��j�j2z.s�|~v�m g tfvui g ��h�v gow�n i>sSvu��j<i�vu�(s n �ej/s � ��sSi p�gon sSz�t�s n mrs<y w�g m.t
vu��j�| w tfvuzx{ w y�j�i>sSv gxw�n t gon y w zxy�j/m gxn vk��j¡�}j/tutks p jly(s�tut gon�p sSz p�w i g vu���r��t�h(|¢��s�t7��sSvui g z
gon y�j<iYt gow�n l

z �¡h�iJsSz p�w i g vk�.� �(s�t vu��j w y�j<ik�.j/s�m w � |~iuj/sSv gxn�p vk��j�|~z g � h�j�vuikj<j�� w ievk��j�m g tu|~ikj<vuj�y�s/i g ¿
s/��zxj/t*s n m�j n h��}j�i>sSv gxn�p vu��j gxn tfv>s n v g s/v gxw�n t«��i w � g v�lVk w �Fj<y�j<i�� gxn � w t�v�|<s�tfj/t¡vk� g t
j2z�vkiYsa| w �=y�zoj2z g v�{ g t n j p z gxp�g ��zoj�| w �=y�sSikj�m¥v w vk�.j w y(j<iYsSv gxw�n t gon y w zxy�j/m gxn �¥s n�g y�h>¿
z�sSv gon�p vu��j�q�s/h(tkt g s n t~l � h�iuvk��j�ik� w ikj�� g �"�ej ��n�w � gxn s�m�y�s n |~j�vk�(s/vF�ej��(s<y�j¡j n�w h p �
v g �}j�v w j n h���j<i>s/vkj�s/zxz7vk�.j gxn t�v>s n v g sSv gxw�n t~��vk�.j<ikj g t n�w�n j<j/mrv w j n h.�}j<i>s/vkj�vu��j<�
��{avu��j g i y.i gxw i�z go� j<z g � w�w m��s n m}�Fj�|<s n | w �=y.zxj<vuj<zx{�s<y w�g mavk��j w y�j�ik��j/s�m gon y w zxy�j/m gon
j n h��}j�i>sSv gxw�n ��{}vk�.jxy.i gxw i<l

tF��h�t~�/����j n � w vk��sSz p�w i g vu����t�(s<y�j¦j n.w h p ��| w �=y�h�vYsSv gow�n s/z�iuj/t w h�i>|~j�tv w | w �}j¦h#y�� g vu�
vk�.j�j2z�s�|~v s n t��Fj<i7vk�.j g iFy(j<if� w ik��s n |~j g t¦| w �=y(sSiYsS��zoj�s n ma|�s n m g �j�i w�n zo{���{�s�y w zx{ n�w � g sSz
� s�|�v w i�l tF��jr|>� w�g |~j��(j<v��Fj<j n vu��j£sSz p�w i g vk�.��t¤� g zxz¡m�jUy�j n m w�n vk�.jQy(s/ikv g |~h�z�sSi n j<v�� w i �
tfvuikh(|�vkh�iuj�� g �=y�zxj��}j n v>s/v gow�n m�j<v>s g z�tFs n m�����j<vu��j<i��ej n j<j/m}�Fj/s �}w i¡t�vki w�n�p �¥sSi p�gxn s/z¬t�l

k w �Fj<y�j�i<� w h.i�s/z p�w i g vk��� g t n�w v�m�j�t gxp�n j/m}� w i�tf��s/zxz n j�vf� w i � t����.j<ikj� �sSh�i g v � j n | t*sSz_¿
p�w i g vk��� g t¦vkiYs�|~vYsS��zoj�����h�vei>sSvu��j<i7� w iFz�sSi p j n j<v�� w i � t~l p�n vu� g t7|<s�tfj�� w h�iJsSz p�w i g vu��� j n � w {.t
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v�� w�g �=y w ikvYs n v�s�m�y�s n v>s p j/t<�

z �¡h�i�sSz p�w i g vu��� g t�s n s n {�v g �}j�s/z p�w i g vk��� � g v�|<s nMp�g y�j�t w ��j�s n t��Fj<i�E�s/zx�(j g v�s n
sCy#y�i w z g ��s/vkj w�n j�F7����j n j<y�j<ie�Fj�ikjC��h�j/t�v g v�l

z �¡h�i�sSz p�w i g vu��� �(s�t}sr��h(|¢� ��j�vkvkj�i}tGy(s�|~j | w �-y�zxj2z g v�{�l ��j/|<s/zxz�vu�(sSv� �sSh�i g v � j n |[t
s/z p�w i g vk��� w ��vkj n ikj/t�h�zxvYt gon j2z/y w�n j n v g sSzozx{£t g � j/m�|�z g ��h�j/tFj�y�j n � w i�t g �=y�zxj n j<v�� w i � t
t�h(|¢� s�t�vu��jby w zx{�vkikj�j/t�m g tk|�h(tkt�j/m gon o7�(sCy�vkj<i_��l p�n | w�n vkiYs�tfv�� w h�i�t�v w iYs p j�ikjC��h g iuj�¿
�}j n vYt¦sSiuj�m g |�v>sSvuj/m���{�vu��j�t g � j w �"vu��jV��h�j<iu{�s n m}s/ikj w ��vkj n j2z/y w�n j n v g sSzozx{�t���sSzozxj<i�l
��w iej2z.sS�=y�zoj�� g � w h.i6� h�j�ik{ gxn y w zoy�j/t w�n zx{�m g tu|~ikj�vkj�y�sSi g sS�.zxj/t7vk��j n �Fj�|<s n ��h(t�v � j<j2y
s�� s�|�v w i w y�j�i2vu��j/tfj¡m g tk|�ikj<vuj/t2s n m�h#y�m�sSvuj g v7s�t2�ej p j n j<i>s/vkj�� w ikj�q*s/h(tkt g s n t~��� g vk�>¿
w h�v � j<jUy gxn�p vk��j�q*sSh(tut g s n tFvk��sSv7�Fj p j n j<i>s/vkj�l7¨�t7s n�w vu��j<iFjUz�s/�=y�zxj�� g ���Fj��Js n vFv w
��n�w �-vk�.j39(iYtfv¡vf� w � w ��j n vYt w �et w �}j�| w�n v gon h w h(tFy�sSi g sS�.zxj/t $ vk��j n �Fj�|<s n�� j<j2y
s�t gxn�p zxj�q*sSh�tkt g s n,¦§w y�j<i�$ � sSv�j<y�j�ik{ g vuj<i>s/v gow�n �ej�t g �=y�zx{�| w zxz�s8y(t�j ¦ s n m}vu��j
|~h.ikikj n v7q*sSh(tut g s n}p j n j<i>s/vkj/m���{�vu��j¡j n h.�}j<i>s/v gow�n sSz p�w i g vu���rlFk w �Fj<y�j�i<� g ���Fj��Js n v
vu��javuikh�j���s/i p�gon sSz w y�j<i $��2�eja�¥s�{£�(s<y�jav w�� j<jUyMs�� g z�vuh�ikj w ��q*sSh(tut g s n t w y�j<i
$��(s n m w h�i¡tGy(s�|�j�ikjm� h g ikj<��j n v>t¦� g zoz�(j�t gop�n�g 9�|<s n vkzo{}z¬s/i p j<i<l

tF��h�t~� gon ��s n {�iuj/sSz z g ��j n j<v�� w i � t�����j�ikj� �sSh.i g v � j n |[t�sSz p�w i g vk�.� g t g �=y.i>s�|�v g |�sSz����ej
|<s n h(t�j w h.i j n h���j<i>s/v gxw�n sSz p�w i g vu��� s n m p j<vesSvezxj/s�tfves n s8y#y�i w z g ��sSvuj�s n tf�Fj�i<l/;Mj�t��(sSzoz
m w j2z.s�|~vuzx{�vk��sSv gxnrw i>m�j<i�v w y(j<i�� w iu� � sSh.zxv�m g s p�n�w t g t w�n s}iuj/sSz¦z g ��j`y���{.t g |<sSz tf{.tfvuj<� gon
o7�(sCy�vkj<i`v ¸ l
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� w � s/i<�/�Fj7�(s<y�j7| w�n |~j n vkiYsSvkj�m w�n��  2q'� w m�j�z¬t~�<���.j<ikj7s/zxz�vu��j7| w�n v gxn h w h(t � ¾	Û�t"sSiuj7z gxn j/sSi
� ¾	Û�t~l �¡n � w iuvkh n s/vkj<zo{���s n {¡ikj/s/z�� w ikz¬m�m w ��s gon t�(s<y�j n�w�n ¿�z gxn j/s/i"m�j��(j n m�j n | g j/t�(j<v��Fj<j n
vk�.j g i�y�sSi g s/��zxj/t�l��F��j��;Rq �(�7m g tk|~h�tktfj�m gxn�� �(s��.vkj<i�� ¸ ��| w�n v>s gon t���s n {Tj��.sS���.zxj/t w �
tfh�|¢� n.w�n ¿�z gon j/sSi�m�j��(j n m�j n | g j/t~l�� n vu� g t�|¢�(s���vkj�i<�2�ej}| w�n |~j n vui>sSvuj w�n n�w�n ¿�z gon j/s/i � ¾	Û�t
� w i�| w�n v gon h w h(t�y�sSi g sS�.zxj/t�l�� n�� ��s���vuj<i®Ä��2�eja� g zxz7s/z¬t w | w�n t g m�j<i n�w�n ¿�z gxn j/s/i � ¾8Û*t�vk�(s/v
gxn y w zoy�j�| w�n v gxn h w h(t��(sSiuj n v>t w � m g tu|~ikj<vuj�|>� g z�m�ikj n l
� n vu��j��.ikj/t�j n |~j w � n�w�n ¿�z gxn j�sSi � ¾	Û�t��2vu��jaiuj/tfh.zxv gon�p � w�gxn v�m g tfvui g ��h�v gow�nrg t n.w z w�n�p j�i

s�� g ��vkh�iuj w ��q*sSh(tut g s n t�� ��h.v�i>s/vk��j�i�s�� g ��vuh�ikj w ��m g t�vki g ��h�v gxw�n t���� g |>� gxnMp j n j<i>s/z�sSiuj
n�w�n ¿fq*s/h(tkt g s n s n m�|<s n�n�w v¡�(j�ikj���iuj/tfj n vuj/m gxn |~z w t�j/ma� w ik� l� w i�t g ���.z g | g v�{����Fj�tfvYsSikv w h.i
m g tk|~h(tut gow�n � g vk��s!��h.ikj<zo{�| w�n v gon h w h(t�� w m�j<z �<� g vu� w h�v s n {�m g tu|~ikj�vkj¦y�sSi g s/��zxj/t�l¦¨�t��Fjet��(sSzoz
tfj�j�� gon vu��j"��ikj�tfj n |�j w �7m g tk|�ikj<vuj�y�sSi g sS��zoj/tF�Fj�|<s n h(t�j�vk��j�vkj�|¢� n.g$# h�j/tP��i w � � ��s���vuj<i���l
� n j�y�j<iu{'tfvYs n m.sSi>m5s��%��i w s�|>������j n vu��j � w�gxn v}m g tfvui g ��h�v gow�n�g t n�w�n ¿�q*sSh(tut g s n-g t¤v w

s��%��i w � g ��s/vkj g v*s�t�s�q�s/h(tkt g s n ��s n m�vk��j�vYs�t ��g t�v w 9 n mrs�q*s/h(tkt g s n m g tfvki g ��h.v gxw�n ��� g |¢�
g t�s�t�|~z w tfj£s�t&� w tkt g ��zxj�v w vu��j w i gxp�gxn s/z¡m g t�vki g ��h�v gxw�n l ;Mji9(i>t�v�m g tu|~h(tut�vk��j�vkiYs�m g v gow�n s/z
s��%��i w s�|>����vk��j(' ²P��Z7e>wyZ¤w�)3u�^`m®ube�«�c_^ ��Z7j ��s n mªvu��j n tfj<jr� w � g v�|<s n �(j g ����i w y�j�m ��{
y g j<� gon�p vu��j"��i w ��zxj<�@s�t¡s n h��}j<i g |<s/z gxn vkj p i>s/v gow�n ��i w ��zxj��rl
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 gop h�iuj ��l �#" �F��j�j���vkj n m�j/m ��sSzo��s n 9(zovkj<iJs�m�s���vkj/m}� w i*tfvYsSv g | ��s�{�j�t g s n}n j<v�� w i � t
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�F��j ' ²P��Z7e>wyZ¤w )&u�^`m®ube «8c_^ �¢Z�j*) ' )�«,+ Á ����  � ¸ �GÆ g t�s n s/z p�w i g vk��� vk�(s/v���s�t�m�j<y�j�z w �(j/m
gxn vk��j�| w�n vkj ��v w ��m�{ n sS� g |�� w m�j�z¬t�i>s/vk��j<i�vk�(s n tfvYsSv g | n j�vf� w i � t�l - w �ej<y�j<i<��vk��j�tusS�}j
s��%��i w s�|>�Q|�s n s/z¬t w �(j}h�tfj/m�� w i�tfvYsSv g | ��s<{�j/t g s nMn j<v�� w i � t~� s n mT�Fj�tf��sSzxz ��ikj�tfj n v g v gon
vk� g t�| w�n vuj���v�l

 j<v�Ù ��j t w �}j}y�sSi g sS�.zxj gxn vk�.j ��s<{�j/t n j<v�� g vu����sSikj n vYt $ s n mQs�tkt�h��}j�vk�(s/v $
�(s<y�j�s ��n�w � n q*sSh(tut g s n m g tfvki g ��h.v gxw�n*¦ E $ F � à E $ & � � � Ì/. F�l�;Dj���h.ikvk�.j<i�s�tutfh���j�vk�(s/v
vk�.j � ¾	Û w �&Ù g t®Ù �10 E $<F�����j�ikj 0Rg t�s n�w�n ¿�z gxn j�sSi�m�j<vkj�ik� gon�g t�v g |���h n |~v gow�n l �F��j
s�tutfh�����v gow�n vk�(s/v 0Qg t�m�j<vuj<ik� gon�g t�v g |�m w j/t n�w v�ikj/t�vki g |~v�vu��j p j n j�i>sSz g v�{ w �*vk��j��}j<vu� w m�
t gon |~j£�FjM|<s n sSzx�Js<{�t�s�m�m5s n {�t w h�i>|~j w ��tfv w |>�(s�tfv g | g v�{�s�t}j���vkiYsDy�sSi g sS�.zxj/t�v w�0 l  w i
j��.sS���.zxj�� g �§Ù � 0 Ü Í
 æ Ü ÍÍ æ32 ����j<iuj ¦ E 2 F � à E 2 & ¸yÌ�á Í4 F�vu��j n �Fj�|�s n y g j<� 0
s�t¡s�m�j<vkj�ik� gon�g t�v g |¦��h n |~v gxw�n � g vk�65�y�s/i g sS��zoj/t§Ù �70 EtÜ 
¡Ì Ü Í�Ì82 FYl
�¡h�i�v>s�t ��g t�v w 9 n mrs�q*sSh�tkt g s n s�� ��i w � g ��s/v gow�n � w i ¦ E$ Ì Ù®F>l �F��j�s�� ��i w s�|>�rv>s � j n

��{����" g t"v w ikj��.z¬s�|�jFvk�.j ��h n |�v gxw�n90 ��{�s�t g ����zoj<i��h n |�v gxw�n;:0 � g l j�lx�PÙ � :0 E $<F>l �F��j g m�j�s
g t�vu�(sSv :09g t�t g ����zoj�j n�w h p � t w vu�(sSv�9 n m gxn�p vu��j�q*s/h(tkt g s n s�� ��i w � g ��sSv gxw�n v w*¦ E $ Ì Ù®F
�(j/| w �}j/t¦j/s�t�{�l��F��j�� w tfv�� w ��h�z�sSi*|¢� w�g |�j«� w i :0�g t�s�z gon j/sSi7��h n |~v gxw�n ��� g vk�}vu��j�s��%��j�sSz gon�p
��i w �(j<ikv�{�vu�(sSv w�n |~jr�Fjr��s � jrsTz gon j/s/i�s�� �.i w � g ��sSv gxw�n ��vk��jMm g tfvui g �.h�v gow�n<¦ E $ Ì Ù�F g t
gxn m�j<j/m�s�q*s/h(tkt g s n s n m�|<s n �(je| w ����h�vkj�m«h(t gxn�p �F��j w ikj<�<5�l=5�l � �" }h(t�j/t���(sSv g t �(j<ik�(s��(t
vk�.jr� w t�v�tfvYs n m�s/i>mRz gxn j�sSi�s�� ��i w � g ��s/v gow�n � w i 0 E $<F�� vk�.j �2s<{�z w i£t�j<i g j/taj�� �(s n t gxw�n
sSi w h n m�vk�.j���j/s n}w ��$<"
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�F��j �"s�{�z w i}t�j<i g j/t�s�� ��i w � g ��sSv gxw�n�g t�vk��jr��s�t g t¤� w i�vk��j � �" sSz p�w i g vk�.� tf� w � n�gon

 gop h�iuj ��l ��l	;Dj�t w iuv�vk��j n�w m�j�t gxn v w � w z w�p�g |<sSz w iYm�j<i§Ü 
�Ì�¹C¹�¹GÌ Ü Î s n m gxn |~ikj/s�t gon�p zo{a��h g z¬m
s��ah�zov g y�s/i g sSvkj�q*sSh(tut g s nrw y�j<i�vk�.j n.w m�j/t gon vu� g t w iYm�j<i�l	� w vkj�vk�(s/v<������j n �Fj p j�v�v w vu��j
n�w m�j&Ü Ð ���ej�s/zxiuj/s�m�{��(s<y�j�saq*s/h(tkt g s n s�� ��i w � g �¥sSv gow�n � w i�s/zxz g v>t���sSikj n vYt�s n m�vu��j<ikj�� w ikj
�Fj�|<s n h(tfj�vk��j �"s�{�z w i¡tfj<i g j/t7j�� �(s n t gxw�n s�t¡m�j�
 n j/m gxn � # h�sSv gow�n ��l ��l
�F��j w�n zo{�tf�¥sSzxz¡s�m�m g v gxw�n vu�(sSv��ej n j<j�mQv w ��s � j g t¥v w | w ����h�vuj�vk�.jM| w y�s/i g s n |~j�t

�(j<v��Fj<j n vk�.j n�w m�j®Ü Ð s n m w vk��j<i n�w m�j/t�vu�(sSv�s�� �(j/s/i��(j~� w ikj g v gxn vu��j�v w � w z w�p�g |<sSz w i>m�j�i
��h�v�s/ikj n�w v�m g iuj/|~vkzo{ g v>t �(s/ikj n v>t�l� j<v 
 �(j}t�h(|¢� s n�w m�j�l � n j}t g ���.zxj��Js<{ w ��
 n m gxn.p
�7w y� 
 Ì Ù�� g t�v w v w s�m�m 
's�t¦s �(s/ikj n v w �Ùa� g l�j�lx�<ikj ��ikj/t�j n v/Ù5s�t/Ù � � � æ � Ð �¼Ð Ü Ð�æ � 
 æ
2 ����j<ikj ��� � ¸ s n m�vu��j n h(t�j �F��j w iuj<�15�l 5�l��F��j w�n zx{ �.i w �.zxj<� � g vk�rvu� g t*s�� ��i w s�|¢�
g t�vk�(s/v�����j n �Fj p j<v�v w vk��j}z�sSvuj<i�y�sSi g s/��zxj/t��ej}� g zoz7j n mTh �'� g vu�T��s n { �(s/ikj n v>t��7s n m
vk�.jMsSz p�w i g vk�.� � g zxz¡�(j/| w ��j gon j��¥| g j n v�l��Mj�� g zxz*m g tu|~h(tut}s n s/zxvkj�i n s/v g y�j s�� �.i w s�|¢� gon��j/|�v gxw�n�� l���l���l
��v g t g ��� w ikvYs n v}v w j<���.�(s�t g � j�vk��sSv�h�t gxn.p vu��j �"s�{�z w i£tfj<i g j/t}s�� ��i w � g �¥sSv gow�n m w j/t

n�w v�zoj/s�mQv w s n5w ��v g ��s/z�
(i>t�v w iYm�j<i£s��%��i w � g ��s/v gxw�n � gxn vu��jTt�j n t�jrvk�(s/v�vu��jrikj�tfh�zov gxn.p
q*sSh(tut g s n s�� ��i w � g ��s/v gow�n v w vk��j m g tfvki g ��h.v gxw�n�� $���� ��� gxp ��v��(j'tfh��"! w ��v g ��sSz l  w i
j��.sS���.zxj���| w�n t g m�j<i�vk��j���h n |~v gxw�n �$#&%('�� g vu� � )%*�+#-,.)%0/�12���3��l��F��ja��j/s nrw �4�
g t�j/s�tf{�v w 
 n m���t gon |~j 365 ��78# 395 %('�78# ��l �F��j�y�s/i g s n |~j w �:� g t¡sSz�t w j�s�tf{£v w | w ����h�vkj
gxn |~z w t�j/mD� w ik� �Ft gxn |~j<;esSi=>���6# 365 �+'?7A@ 365 �B7C'D# 365 %FE�7A@ 365 %G'?7C'<#15H@ �I'F#J��l
�F��h(t~�vu��j��(j/t�v�q*sSh(tut g s n s�� ��i w � g ��sSv gxw�n � w i � K�L� g t	,M �N���O��l �F��j+
(i>t�v w i>m�j�i"�2s<{�z w i
tfj�i g j�t�s��%��i w � g ��s/v gxw�n s/v�vk��j��}j/s n y�s/zxh�j9% #P1 g t �.#Q1��¦zoj/s�m gon�p v w vk��jrq*sSh�tkt g s n
s��%��i w � g ��s/v gxw�n � w i � K��� s�tR,S>1T��1U��� g l j�lx�/s*m�j<zxvYs«��h n |�v gxw�n ����j�ikj¡sSzoz�vu��j���s�tkt g t2z w |<sSvuj/m
sSv4�V#�1�l �¡��y gow h(t�zx{���vk� g t g t�s n j���vkiuj<�}j<zo{&� w�w i*s�� �.i w � g ��sSv gxw�n l
W �  5�(s�t�v�� w t�j<i gow h(t�m g tus�m�y�s n vYs p j�t~l(�F�.jL
(i>t�v g t g v>t�s�|<|�h�i>s�|~{X w i�z�s�| � vk��j<iuj w �=�Yl

�F��j # h(s/z g v�{ w �"vk��j�s�� ��i w � g �¥sSv gow�n m�j��(j n m.t w�n � w �R�ej<zxz :0 s�� ��i w � g �¥sSvkj�t 0�gxn vk��j*z w |<s/z
sSiuj/s�s/i w h n m¤vu��jF��j/s n�w ��$ �vk��jJt g � j w ��vu� g t�z w |<s/z(sSiuj/s g t2m�j�vkj<iu� gxn j�m���{�vk��jey�sSi g s n |�j w �
$Y�>l��F��j W �" 9s�� ��i w � g �¥sSv gow�n}g tFs p�w�w m£s�� ��i w � g ��sSv gxw�n�w�n zo{ g �"vu��j�tfj/| w�n m�s n m}� gop ��j�i
w iYm�j<i�vuj<ik�¥t gon vk� g t�sSiuj/s�sSikj n j p z gxp�g ��zxj�l"� n �¥s n { �.i>s�|�v g |�sSz t g vuh(sSv gxw�n t~��vk� g t g t n.w v�vu��j
|<s�tfj�s n m�h(t gon�p vk��j W �" zoj/s�m.t«v w s&� w�w i�s�� ��i w � g ��sSv gxw�n  s�tF�Fj��(s<y�j�Z�h(t�v�t�j<j n � w i�vu��j
|<s�tfj w ���V#�% ' �>l
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�F��j�tfj�| w�n m �.i w �.zxj<� � g vk� W �" g t�vk�.j n j<j/m�v w | w ����h�vkj�vu��j p iYs�m g j n v�l�� w ��j n�w�n !
z gon j/s/i���h n |~v gxw�n t���s<{ n�w va�(j£m g�� j�ikj n v g sS��zojG�j�l p lo�¦vk��j���s�����h n |~v gow�n �Y� ��iuj<y�j n v gon�p vu��j
h(t�j w � W �  el  �h�iuvk��j<iu� w iuj���j�y�j n�g � 0Dg t*m g�� j<iuj n v g s/��zxj��.| w ����h�v gon�p vk��j�m�j<i g y�sSv g y�j/t���s<{
tfv g zozF�(j��(sSiYm��m�j��(j n m gxn�prw�n�0 s n m9vu��j}��s<{ g v g t�iuj���ikj�tfj n vkj/m�l �F�.j¥��h n |~v gow�n�0 ��s<{
n�w v��(j p�g y�j n j�� ��z g | g vkzx{�s�t�s n s n sSzo{�v g |<s/z ��h n |~v gow�n ��.h�v�i>sSvu��j<i�s�t�s¥z w�w�� h �Mv>sS�.zxj w i�s�t
sa��h n |~v gxw�nrg ����zoj<��j n vuj<m gon t w ��j���i w�p i>s/�}� gon�p z�s n�p h(s p j��¦s n m gxnrp j n j<i>s/z 0 � gxp ��v¡�(j
sa��z�s�| � � w �£vk�(s/v�t g ����zx{ p j n j<i>s/vkj/t*say�sSzxh.j�� w i�t w �}j p�g y�j n�gon ��h�vYt~l"���7vu� g t g t«vu��j�|�s�tfj��
g v*tfj�j<��t�vk�(s/v�vk��j�ikj g t n�w t g ���.zxj��Js�{£v w | w ����h.vkj�vk��j�m�j<i g y�s/v g y�j/t w �evk�.j �2s<{�z w i�tfj<i g j/t
j�� �(s n t gxw�n � g vk� w h�v�ikj/t w iuv gxn.p v w�n h���j<i g |<sSz�m g�� j�ikj n v g sSv gow�n ��j<vk� w m.t~l
� w�g ���.i w y�j7vk��j*s�|<|�h�i>s�|~{ w � W �" F� g v g t � w tkt g ��zxj*v w j���vkj n m g v7��{�v>s ��gxn.p�gon v w s�|<| w h n v

� gop ��j<i w i>m�j�iavuj<ik��t gxn vk��j��"s�{�z w i�tfj<i g j/t�j � �(s n t gow�n �e��h�v�vk��j}� w iu�ah.z¬s�t gon y w zxy�j/mrvkj n m
v w ��j�| w �}j���h(|>�T� w iuj£| w ���.zxj���l �F��j<
(i>t�v�| w ����z g |<sSv gxw�n g tavu�(sSv��Fj£�ah(t�v�| w ����h�vkj
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Ok (t)

Bias (t+1)Bias(t) Flow (t+1)

Measurement(t+1)

Ok(t+1)

¥M<[^9mV*A.\¦4§@i � ' � 0J.6:=.Z82:=$K*�EF$@>@.4L

<[8CGI0J.6(f3%.Z*P(+^K.6>U<�� .4*I.48257.H,Q0V.48CGA0J.657$KEFNJ*A.f:A:=$K*-:=0@mJGP:/$��pi
t .d>U.B(BL,Q<[GA0 8J$9<`:=SC:D.482:D$9*P:-<[8CGA0J.6$9T@3U<c$9m2:Q,Q(4S '_T@SF<c8257*A.f(9:=<c8J^'GA0V.h3K(+*I<?(+8;57.1$+&RGI0J.

NJ*I.B>U<?5OGA.B>�EX.B(9:DmJ*A.4EX.48UG]39(BL[mJ.f:hGA$lEC(BGP5P0�GA0J.C8J$K<?:D.�Lc.43%.4LR<[8�GI0J. >J(+G�(Ui¤#%.48;:=$9*\TJ<`(9:=.f:
NJ*I.B:=.48@GX( EX$9*A.C<c8UGI.4*A.B:DGA<c8J^�EX$@>U.4L[<c8J^�NJ*A$KTJL[.4Exi � 0J.lTJ<`(9:D.B:F(+*I.l8J$9GX.B(9:D<[L[S}EF$@>U.4Lc.B>
m2:D<[8J^ (F:D<[EFNJLc.1N2(+*�(+EF.4GI.4*]:=<[8;57.'GA0J.ZS�(B*A.\mJ8JY@8J$B,Q8�(+82>�54(B8�>U*A< &rGH$B3%.4*�GI<[EF.·iHjk82:=GI.B(9> q
,/.](9>V>U*A.B:I:/GA0J.-NJ*I$9TJLc.4E T@S\(9>V>U<[8J^60J<?>V>U.48F3K(+*I<?(BTJL[.B:�GI$hGA0V.HT2.4L[<c.7&M:DGP(+GI.HGA0;(+G/EX$@>U.4LJGI0J.
>U< ��.Z*A.48@G1TJ<?(K:=.B:1$+&QGI0J.C:D.482:=$K*P:Oi�W/<`(9:=.f:�:DGP(B*AGh,Q<cGA0 <Z.4*A$CEF.B(B8�(B82>�(C*A.B(K:=$98;(+TJLcS�L`(+*A^K.
3K(+*I<?(+8;57.6(+82>FN2.4*P:D<?:DG�$B3%.4*zGA<[EX.%q9<ki .%i[q%GI0J.�
�� �®&r$K* � �?�+����� > <?:Q(hL[<c8J.B(B* 
����¬$B&�GI0J.H&r$9*AE
� �?�+����� >�� � �?�+��� �
	 i � 0J.Q3K(+*A<`(+TJLc. 	 *I.4NJ*I.B:=.48@GP: v (+m2:I:=<`(+8\8J$9<`:=.Q,Q<[GI0'(�*I.4L?(BGA<c3%.4L[S1:DEC(+LcL
3K(+*I<?(+8;57.%q�(BL[Lc$+,Q<c8J^�&r$K*\:=$KEF.F(BEF$9mV8UG1$+&¢>U*I< &rG1GA$l$@545OmJ*h$B3%.4*1GA<cEF.%iC¥�<c^9mJ*I.�¦Z§Ui � :=0J$B,-:
$9mV*h:D.482:D$9*1EF$@>U.4L)q©m;:=<[8V^�(��2$B,":=.482:D$9*6(9:1(B8�.4eV(+EXNJL[.%i � 0V.oT2.4Lc<[.7&z:DGP(BGA.X57$98@GP(B<[82:�GD,z$
3K(+*I<?(+TVL[.B:�&r$9*1.43%.Z*AS :=.48;:=$9* '�GI0J.\:=G�(+GIm2:�$B&QGA0V.F:D.482:=$K*\µy,/$K*AY@<[8J^C$K*¢&)(B<[Lc.B>©¶-(B82>¨GI0J.\TJ<?(K:
3K(+*I<?(+TVL[.%iRjy&GI0J.1:D.482:=$K*Q<?:/,z$9*AY@<[8V^hGA0V.48F<[G�:_*I.B(9>U<c8J^\(+GzGA<cEF. �N� ¦H<`:/(':=mVE $B&�GI0J.1(95OGAm2(BL
|%m2(+8@GA<cG=S µyGI0J. �2$B,�<[8 ¥�<c^9mJ*I.'¦4§@i � ¶Q(B82>�GI0J.6:=.482:D$9*Z² :QTJ<?(K:7i
� 0J<?:H<`>U.B(F,/$K*AYV:h|%mJ<[GI.',/.4LcLkq�TJmVG�<cG1GA.482>V:¢GI$C$+3%.Z* �2G1GA0V.\>J(+G�( ''W/SlLc.4GAGI<[8J^FGI0J.\TJ<?(K:

(95Z57$9mJ8@GH&r$9*1.43%.4*IS >U<?:I57*A.4N;(+8257SlT2.4GD,z.4.48lGA0V.'EF$@>U.4L�NV*A.B>U<`57GA<c$982:](+82>�GI0J.\(95OGAm2(BL/:D.482:D$9*
EF.B(K:=mJ*I.4EF.48@GP:Oq%GA0J.6GA*P(K5aY@<[8V^\(+L[^K$9*I<[GA0VE EX<[^90@G-:=.ZGAGALc.1GA$X(+8l<[8;57$9*I*A.B57G-:DGA.B(K>US :=G�(+GA.·i�¥J$K*
.4eV(+EFNVL[.%qK(9:I:=mJEF.-,/.]02(43%.H:D$9EF. �2$B,w:=.48;:=$9*�:_.B(K5a0X$98J.H,Q<cGA0X:=$KEF.�TV<?(9:OiRjy&,/.¢(9>J>F:D$9EF.
57$K82:=G�(+8@G���GI$C(+LcL�GI0J.'TJ<?(K:=.B:-GA0J.48�(BL[LMGA0J. �2$B, EF.f(9:=mV*A.4EF.Z8%GP:/5Z(+8lT2.'.4e@NJL?(B<[8J.B>CTUSCGI0J.
�2$B,-:/T2.4<[8V^':=E (+L[Lc.4*�T@S
�QGA0;(+8CGA0J.Z<[*RGA*ImJ.H3K(+LcmJ.%q%<ki .%i[q%< &{GA0J. �2$B,�:D.482:=$K*/02(K:/TJ<?(K:��(B82>o<cG
EF.B(K:=mJ*I.B:�GI0J.��2$B,��®GA0V.48o,z.QNJ*A.f>U<?57GpGA0J.](957GIm2(+L �2$B,}GA$1T2.������Bi � 0J<`:�L[.B(K>J:�GA$6(h:DGP(+GI.
GA0;(+Gh<`:h(BL[EF$·:=G657$98;:=<?:DGA.48@Gh,Q<cGA0�GA0J.XEF.B(9:DmJ*A.ZEF.48@GP:1µy<[G1<`:�8J$KGh&rmJL[LcSl57$K82:=<`:=GA.Z8UG6T©.f54(+m2:D.



�����������	��
�������	�	������������������������������� ��!"�#���%$ º ¦ �

$9GI0J.4*]:=.48;:=$9*�:sE (fS\<[8;>U<?54(BGA.6:=$KEF.6>U<?:I57*A.ZN2(+825O<[.B:P¶�TJmJG-EF<c^90@G/T2.h3%.4*ISF>@<�� .4*A.Z8UG/&r*I$9E�GI0J.
(95OGAm2(BLM:=GP(BGA.%i
� $ �2elGI0J.'NJ*I$9TJLc.4E ,z.'Eom2:DGHEC(BY%.h:DmJ*A.\GA0;(+G1GA0J.'EX$@>U.4L�TJ<`(9:D.B:�*A. �2.B57GHGI*AmJ.\:D.482:D$9*

TJ<`(9:=.f: 
 TJ<`(9:D.B:1:=0J$KmJL?>�T2.\Y%.4NJG1(K:h:DEC(+LcL�(K:�N2$%:I:=<[TVL[.X(+82>lT2.C(+LcL[$B,/.B>�GI$C^9*A$B, $K8JL[Sl< &
GA0V.4*A.\<?:1(�*I.B(+Lz*A.B(K:=$K8i t .\<[EFNJLc.4E\.48%G�GI0J<?:H<`>U.B(�T@Sl<[8@GA*I$@>Um257<c8J^ (�57$K8UGI*P(K57GA<c$98�&)(K57GA$K*
��� ¦1µr.4EFNJ<c*A<?5Z(+L[LcSH:D.4GRGA$6T©.]§�� & ¶M<[8@GA$1GI0J.QTJ<?(K: &r$K*AE\mJL?( ' � �?�+��� � >�� ��� � �?�+� � � 	 i � 0@m2:Oq
TJ<`(9:=.f:�GA.Z82>�GA$ ^9$lGI$ <4.4*I$�mJ8VL[.B:I:�>@$9<[8V^�:=$�<c8UGI*A$@>Um;57.B:h( :=SV:=GI.4EC(+GI<?5'>U<`:A57*I.4N2(B8257Sl,Q<[GI0
GA0V.�NV*A.B>U<`57GA.f>F:=SV:=GI.4E :=G�(+GI.%i

�! #"%$#"%$ ')(!*,+.6��.6
	,6
����)*#2�� *,6723(�*���6
����3674&6
���

¸-8J.F$B&1GA0J. 5a02(BL[Lc.48J^9<c8J^l(K:=N2.B57G�:'(+T2$9mVGoGI0J. # twv #¨:=SV:=GA.ZE <`:hGA02(BG\:=$9EX.FN2(+*IGP:h$B&HGI0J.
:=SV:=GI.4E�:=G�(+GI.H(B*A.H3%.4*IS':D.482:=<cGA<c3%.QGA$h<c8JNJmJGz57$K82>U<cGA<[$K82:7q@(B82>oS%.4GR(B*A.H8V$9G/EX.B(9:DmJ*A.B>'>@<[*A.f57GALcS
T@S'GA0J.Q.4e@<?:DGA<c8J^6:=.482:D$9*�:7iR«H:R(+8\.4eV(+EFNVL[.%qK57$98;:=<?>@.4*RGA0J. � ¹z(+82> 
Q¸H¹z57$9EXN©$·:=<cGA<[$K82:�<[8'GI0J.
^%(K:sLc$%$9Ni ��82>@.4*/8J$K*AEC(BL�$KN©.Z*P(+GI<[8J^\5O$982>U<cGA<c$982:OqJGA0J.H^·(9:��2$B,®<c8UGI$'GA0J.]*A.B(K57GA$K*Q02(9:Q.B|%m2(+L
(+EX$9mJ8@GP:�$B& � ¹z(+82> 
Q¸1¹R(K>J>U.B>oGI$1<[G�3@<?(HGA0V. 
Q¸]¹_Lc<[8J.]µA¦B¶PqUGI0J.Q*A.f57SJ5OL[./Lc<[8J.1µI¦ º ¶R(+8;>bGI0J.
� ¹�:DmJNJNJLcSFµI¦4¯ ¶�i � 0J./*I.B(95OGA$9*p<[GP:D.4L &;GP(+Y%.f:�(BL[EF$·:=GMGA0J.-:I(+EF. (+EF$KmJ8UG�:u$B& � ¹�(+8;> 
Q¸]¹�T2(K5aY
$9mVG�$B&RGA0J.6EF<[e@GAmV*A.%i � 0Um2:Oq�(K:=<`>U.H&r*A$9En('3%.4*AS :=EC(BL[L>@<�� .4*A.Z8257.H<c8�GA0V.B:=.1GD,/$X| m;(+8@GA<[GI<[.B:Oq
GA0V.H$98JLcSC5P02(+8J^K.B:/<[8XGA0J.657$KEFN2$%:=<cGA<c$982:R$+& � ¹-(+82>�
Q¸]¹Q<[8FGI0J.H^%(K:sLc$%$9Nx(+*A<`:=.�&r*I$9E :DEC(+LcL
(+EX$9mJ8@GP:R$+& � ¹Q(+82>�
Q¸]¹QGA02(BGQL[.B(43%.-GA0J.1:DSJ:DGA.4E�GA0V*A$9mV^90�GI0J.H3%.48@G/Lc<[8J.6µA¦ � ¶�i � 0J.Z*A.7&r$K*A.%q
GA0V.h5P02(B8J^9.B:Q<[8 GA0J.657$KEFN2$%:D<[GA<c$982:/$B&RGA0V.�^·(9:D.B:H(+*I.h3%.4*ISF:DL[$B,1i � 0J.':DSJ:DGA.4E�G�(+Y%.B:-('L[$98V^
GA<cEF.HGI$o*I.B(95P0C.B| mV<[L[<cTJ*A<cmJE qU(B82>�GI0J.1.B|%mJ<[Lc<[TJ*I<[mJE <cGP:=.ZL &p<?:/.4eV57.4NJGI<[$K82(+LcL[SX:=.482:D<[GI<[3%.HGI$oGI0J.
<[8VNJmJGC57$K82>U<cGA<[$K82:F(B82>¤GA$�GA0V.�T2.402(43@<[$9*X$+&6GA0J.lEX.4EoTV*P(+8V.%i � $�EC(+Y%. EC(+GIGA.4*�:h,/$K*P:=.·q
GA0V.l^%(9:C57$KEFN2$%:D<[GA<c$982:X(+*A.l8V$9GCEF.B(K:=mJ*I.B>¤>U<c*A.B5OGAL[S�<c8¤*A.f(+LHGI<[EF.%i � 0J.�*A.B(K:=$98w<?:\GA02(BG
GA0V.�$K8JL[S\.4e@<?:=GI<[8J^¢:=.482:D$9*�:Q54(+N2(BTJL[.-$+&ME (+Y@<[8J^1GA0V<?:R:=$K*AG/$B&MEF.B(K:=mJ*I.4EF.48@GM(+*I.1(+NJNVL[<?5Z(+GA<c$98Jg
:=N2.B5O< � 59qK(+8;>�*A.f| mJ<c*A.R:DN2.B57< �©5 GDS@N2.B:u$B&2L?(K:=.4*�:7qK57$9EXNJL[<`54(+GI.B>s$KNJGA<`54(+LV:=.ZGAmJN2:Oq9(B82>h:D<[^K8J< � 5Z(+8@G
(+EX$9mJ8@GP:�$B&QGI<[EF.1&r*A$9E�:=N2.B57<`(+Lc<?:=G�:H<[8l$9*�>U.4*1GA$ :D.4G1GA0J.\:DSJ:DGA.4EnmJNi �H:=<c8J^ :=m25P0�:=.Z82:=$K*P:
<?:-.48UGI<[*I.4L[SF<cEFNJ*�(957GI<?54(BL�&r$9*1(oNV*A$9GI$9GDS@N©.X:=SV:=GI.4Elq (+82>�E (fSC8J$KGHT2.b&r.f(9:=<cTJL[.6.43%.48C&r$9*HGI0J.
(95OGAm2(BLM:=SV:=GA.ZE�GA02(BG�8V.4.B>J:/GI$',/$9*IY (+mJGI$98J$KEF$9m2:DL[SF$K8l('>U< � .4*A.48@GQNJL`(+8J.4GZi

� 3%.48h< &J,z./m2:D./GA0V./EF$·:=GM.4eJ(K57G&r$9*AE	$B&2GA0J.z.B|%m2(+GI<[$98;:�^9$B3%.4*I8J<[8J^QGI0J. � ¹���
Q¸]¹�T2(BL?(+8;57.
<[86GA0J.z^%(K:�L[$%$KN'<[8h$KmJ*MEF$@>U.4L)q+,z._,Q<cL[L%.48;>hmJNh,Q<cGA0Fµ)(+GML[.B(K:=GO¶�GI0J.Q:I(+EF.zL[.43%.4LK$+& :D.482:D<[GA<c3U<cGDS



�����������	��
�������	�	������������������������������� ��!"�#���%$ º ¦4¯

GA$ :DL[<[^K0UG13K(+*I<?(BGA<[$K82:�<c8lGA0J.\<[8VNJmJG657$98;>U<[GI<[$98;:7iFjk8 (9>J>@<[GA<c$98qGI0J.oEX$@>U.4L�NJ*I.B>U<`57GA<c$982:�,Q<cL[L
:=m$��.Z*h&r*A$9E 0J<[^K0�:=.48;:=<[GI<[3@<[GDSlGA$l<c8J0J.4*I.48@G�.Z*A*A$K*P:h<c8�GA0J.CEF$@>@.4Lz:=m25P0�(9:\:=E (+L[LR.4*I*A$K*P:�<c8
NJ0@SJ:D<?54(BLHN2(B*P(+EX.4GA.4*�:7q](+NJNJ*I$BeU<cEC(+GI.l.B| m;(+GA<c$982:F&r$9* 57$KEFNJL[.Ze 57$KEFN2$98J.48@GP:X:=m25P0�(K:�GI0J.
:=.ZN2(+*�(+GA<c$98 EF.4E\TJ*P(B8J.%q%(B82>�:D$'$98i
t .1GI0J.4*A.O&r$9*A.1m2:D.1.B| m;(+GA<c$982:_&r$K*QGA0J. � ¹�� 
Q¸]¹sT2(BL?(B8257.1GA02(BGH5O$98@GP(+<c8C(+8 <[8@GA.48@GA<c$982(BL[LcS

8J$K8JgyNV0USV:=<`54(+L 57$9EFN2$K8J.48@G 
 (l�O�k���4�=� ���Z� ����GA.Z*AE 
 GI02(+G6*A.B>@m257.B:HGA0V.F:D.482:=<cGA<c3U<cG=S·i � 0J<`:
GA.Z*AE�>U*I<[3%.B:�GA0V.HT2(+L`(+825O.HGA$\(1NJ*A.4g)>U.4GI.4*AEX<[8J.B>hN2$K<[8@G4qU,Q0V<?5P0F<[8\GA0J<`:/54(K:=.H<`:_$KmJ*Q.4e@N©.f57GA.B>
3K(+LcmJ.�&r$K*�GI0J.1T2(+L`(+8257.·iQjk8�$9GI0J.4*Q,z$9*P>V:7q�GI0J.139(B*A<`(+TJLc.��� ��� >	�kq2*A.4NJ*I.B:=.Z8UGI<[8J^'GI0J.657$9EFN2$·:=<[g
GA<c$98F$B&p(h57.Z*AGP(B<[8\^%(K:Q(+GQGA<cEF. � � ¦9qU<`:/(1,/.4<c^90@GA.B>\(43%.4*P(B^9.�
� ��� >	� ���� � ��� >�� � µA¦ � � ¶��
,Q0J.4*I.  � ��� >�� *A.4NJ*I.B:=.Z8UG�:�GA0J.-5O$9EFN2$%:D<[GI<[$986NJ*A.f>U<?57GI.B>hT@S�GI0J.QEF$@>U.ZL2(+82>��x*A.4NJ*I.B:=.Z8UG�:uGI0J.
NJ*I.4gk>@.4GA.4*IEF<[8V.B>C:=GP(BTJ<[Lc<=<B(BGA<c$98�GI.4*AExi � 0J.',/.4<c^90@G � , (9:�E (+8@m2(+LcL[S (9>��Dm;:=GA.f>�GA$CNJ*A$B3@<?>U.
('^9$%$@>�GA*�(9>U.Z$ � T©.ZG=,z.4.48CNJ0@SJ:D<?54(BL(K5457mJ*�(957SC(B82>�EX$@>U.4LM:=G�(+TJ<cL[<cG=SX(+8;>�,Q(K:�:D.4G-(+G]§�� &�&K¯Uq
<ki .%i[q%GI0J.1NJ*A.B>@<?57GI<[$98X$+&RGI0J.1EF$@>U.4L{57$98@GA*I<[TJmJGI.B:/E\m25a0\EF$K*A.HGI02(+8CGA0V.h:DGP(BTJ<[Lc<=<4<c8J^'GA.4*IEli

�! #"%$#"�� � 6�� ( / 68*#9�� 6��a( '�� W47(
+

� 0J. # t®v #�:DSJ:DGA.4E 57$K8UG�(+<[8;:'>U<�� .4*I.48UG1NJ0V.48J$9EX.482(�GI02(+G'E (+8J< &r.B:=G1GA0V.4EC:=.ZL[3%.B:Q$B3%.4*'(BG
L[.f(9:=G]GA0J*I.4.'>U< � .4*A.48@G-GA<[EX.h:I54(+Lc.B:7i ��*I.B:A:DmJ*A.', (f3%.f:s<c8�GA0V. # twv #XNJ*A$KN2(+^·(+GI.F.B:A:D.48@GA<?(BL[LcS
<[8;:=GP(B8UG�(+8J.Z$9m2:DL[SFµ)(+G�GI0J.-:=N2.4.f>h$+&{:=$KmJ82>©¶�i � 0J./GI<[EF.R<[GMGP(BY%.B:u&r$K*�GA0J.z^%(K: �;$+,�GI$157<[*�57mJL`(+GA.
(+*I$9mJ8;>�GA0J.X^%(9:1L[$%$KN�<?:H$98 GA0J.F$K*P>U.Z*�$B&]:=.B5O$982>J:OiC¥�<[8;(+L[LcS%q(K:�,/.\02(43%.��Dm2:=Gd>U<?:I57m2:A:D.B>�q
^%(K:h57$KEFN2$%:D<[GA<c$982:H<c8�GI0J.o^·(9:hLc$%$9N�G�(+Y%.X( 3%.Z*AS�Lc$98J^ GA<cEF.hGI$�*A.f(95P0�( :=GA.f(9>US�:DGP(+GI.lµy$K8
GA0V.�$K*P>U.Z*Q$+&R0J$KmJ*P:P¶Pi "�.B(+8@,Q0J<cL[.%q%GA0V.h:D.482:D$9*P:Q<[8CGI0J.6:=SV:=GA.ZE�57$KL[Lc.B57GQ>V(+GP(\(+G-(\:A(BEFNJLc<[8J^
*P(BGA.1$+& $98J.6:=.f57$982> i
� 0J.�8;(+<[3%. (BNJNJ*A$·(95P0 <?:'GA$�EX$@>U.4L/GI0J. �]WQª (+G �28J.f:=G\GA<[EX.F^9*�(+8@mJL?(B*A<[GDS%qz<ki±.·i[q�,Q<[GI0

L[.f:A:�GI02(+8}¦7EC:QN2.4*1GA<cEF.6:=GA.ZNi �-$9<[8V^�:D$C.482(+TVL[.B:�m;:�GA$CEF$@>U.ZL�GI0J.'NJ*A.f:A:=mV*A.',Q(43%.B:-GA02(BG
^9$�(B*A$KmJ82>�GA0J.X:=SV:=GI.4ElqM(+G'Lc.B(9:DG1<[8�NJ*I<[825O<[NJLc.%i � $B,z.43%.4*HGI0J<?:1<?>U.B(C<?:18J$9G6m2:=.7&rmVL ''jy&Q,z.
EF$@>U.ZLGA0J.\:DSJ:DGA.4En(+G]GA<[EX.h:DGA.4N;:�$+&]¦7E :s,z.h^9.ZGH$98J.6$9T2:D.4*A3K(BGA<[$K8¨&r$K*H.43%.4*ISl¦4§K§9§C:=GI.4N2:Oi
� 3%.48C< &p,/.654(B8��282> (b, (4S�GI$F5O*A.B(BGA.6(+8x(95457mV*P(+GI.hEF$@>@.4L�µr,Q0J<?5P0C<?:Q3%.4*AS\02(+*�>�:D<[8257.1GI0J.
>J(BGP(o<`:/GA$%$C:DN2(+*�:=.hGI$oT2.6m2:=.B>C. � .B57GI<[3%.4LcSh&r$9*-GA*P(B<[8J<c8J^U¶�qJ,Q<[GI0J$9mJG]:=.Z82:=$K*H>J(BGP(oGI$F5O$9*A*I.B57G
$9mV*oNJ*I.B>U<`57GA<c$982:Oq�m2:=<c8J^�GI0J. �28J.4*'GI<[EF.\^9*�(+8@mJL?(B*A<cG=S >U$%.B:'8J$KGo0J.ZL[N�m2:hGA$ (95P0J<c.43%.oEX$9*A.
(95Z57mJ*P(BGA.'NJ*I.B>U<`57GA<c$982:Oi1j 8l$KGA0J.Z*H,/$K*P>J:Oq�GA0J.Z*A.'<?:-8J$FN2$9<c8UGH<c8lEF$@>U.4Lc<[8J^\GA0V.\:=SV:=GA.ZE (BG6(



�����������	��
�������	�	������������������������������� ��!"�#���%$ º ¦��

�28J.Z*Q^9*P(B8UmVL?(+*I<[GDSFGI02(+8 GA0J.6:=.Z82:=$K*->J(+G�(Ui
� 0Um;:7q�,z.\5a0V$%$%:=.XGA$�EX$@>U.4LM$9mJ* �HWQª ,Q<[GI0�GI<[EF.6^9*P(B8UmVL?(+*I<[GDSl$+&¢¦F:D.B57$98;>¨N2.4*1GA<cEF.

:=GI.4Ni t .d(+NJNJ*I$BeU<cEC(+GI.hGA0V.hNJ*I.B:A:DmJ*A.6,Q(43%.B:-(9:�$@545OmJ*A*I<[8J^F<c82:=G�(+8@GP(B8J.4$9m;:=L[Sx(+82> q�<[82:DGA.B(K>
$+&zEF$@>@.4L[<c8J^'GA0J.Z<[*-GA*P(B82:=<c.48@G�T2.402(43@<[$K*4q�,z.hEF$@>U.ZLGA0J.\|%m2(9:D<[g):=GI.B(9>US@g):=GP(BGA.'$B&/GI0J.':DSJ:DGA.4E
(f&rGI.4*�GI0J.�NV*A.B:I:=mJ*I.Q,Q(43%.B:�GI*P(43%.4L[.f>h(+*I$9mJ8;>bGI0J.-:=SV:=GI.4E (B82>o02(43%./*I.B(95P0J.B>'(B8o.f| mJ<cL[<cTJ*A<cmJE�i
� 0J.'.B|%m2(BGA<[$K82:Q<[8lGA0V<?:-54(9:D.\(+*A.d:=mJT;:=GP(B8UGI<?(BL[L[Sx:=<cEFNJL[.Z*4qJ(B82>�*A.f| mJ<c*A.H&)(+*-&r.4,/.4*-.4EFNV<[*A<`54(+L
57$K82:=G�(+8@GP:7i
� 0J.�>U<��C57mVL[GDS%qR0J$B,/.43%.4*Zq_<`:oGA0;(+GC(�5P02(B8J^9.l<c8 (+8@S�N2(+*IGC$+&6GA0J.x:=SV:=GI.4E ,Q<[L[L]( � .B5OG

(+LcL1GA0J.�$9GI0J.4*CN2(+*IGP: (+Gl(�Eom;5a0�&)(9:=GI.4*�*�(+GI.�GI02(+8�$KmJ*�GI<[EF.x:=GI.4N2:7qH<)i±.%icqQGA0J.4S 0;(+NJN2.48
<[8;:=GP(B8UG�(+8J.Z$9m2:DL[S�&r*A$KE GA0J.CN2$9<c8UG\$+&]3@<[.4,�$+&1GI0J.CEF$@>U.4L)i�jk8 &)(K57G4qRGA0V<?:':=<cGAm2(BGA<c$98¤Lc.B(9>V:
GA$ 57SV57Lc<?54(BL<[8 �2mV.48257.B:-T©.ZG=,z.4.48 $9mJ*13K(+*I<?(+TVL[.B:Oi'¥J$9*1.4eV(+EFNJLc.%qJGA0V.'^%(9: �2$B, .48@GA.Z*A<[8V^oGI0J.
EF.4E\TJ*�(+8J.]µA¦��%¶�<c8 �2mJ.48;57.B:�GA0J.-NJ*I.B:A:DmJ*A.HGI0J.4*I.%i�«w5a0;(+8J^K.H<[8\GA0J<`: �2$B, ,z$9mJL`>F5a0;(+8J^K.�GI0J.
NJ*I.B:A:DmJ*A.6(+G1µI¦��%¶z54(+m2:D<[8J^\(B8 (+L[EX$%:=Gz<[82:DGP(B8UG�(+8J.4$Km2:QNJ*A.B:I:=mJ*I.H,Q(43%.1(B*A$KmJ82>�GI0J.H^·(9:QL[$%$9N{i
� 0J<`:�5P02(B8J^9.F<c8�GI0J.\NJ*A.B:I:=mJ*I.B:H,/$KmJL?>�5P02(B8J^9.\GA0J.\^%(K: �2$B,-:1<[8�GA0J.\L[$%$KNq�<[825OL[m2>U<c8J^FGI0J.
�2$B, (+GHµI¦��%¶Pi � 0Um2:OqU,z.H02(43%.H(6:=<cGAm2(BGA<[$K8C,Q0J.4*A.]GA0J. �;$+, <c8 �2mJ.Z8257.B:�GA0V.HNJ*A.f:A:=mV*A.B:/,Q0J<`5a0
<[8$�2mJ.4825O.HGA0J. �2$B,1is#%<c8257.1(BL[L GA0J.B:D.15P02(+8J^K.B:/$@5457mV*Q,Q<[GA0V<[8F$K8J.1GA<[EX.H:DGA.4Nq@,/.1^9.ZG-('57SJ5OL[.
<[8C$KmJ* �]WQªhqU,Q0J<`5a0X<?:/8J$KG�Lc.4^%(BL<[8C$9mJ*Q&r*P(BEF.4,z$9*AY i
� 0J.6:=$KL[mJGI<[$98 <?:RGA$X:=$9Lc3%.HGA0V.�.f| mJ<cL[<cTJ*A<cmJE .B|%m2(BGA<[$K82:Q$+&pGA0J.1^%(K:sLc$%$9Nx:=<[E\mJLcGP(+8V.4$9m2:DL[S%i

� 0J.4*I.\(+*I. �23%.h3K(+*I<?(BTJL[.B:-GA02(BGH*A.4NV*A.B:D.48UG-GA0V.'NJ*A.B:I:=mJ*I.B:H(B82> �;$+,-:1(B*A$9mV82>¨GI0J.'^%(K:HL[$%$9N{q
>U.48V$9GA.f>�(9:�� i � 0J.13K(+L[mV.h$+&�� 54(+8 T2.'>U.4GI.4*AEX<[8J.B>'< &p,/.1Y@8J$B,�GA0V.�$KmJGP:D<?>U.d57$98;>U<[GI<[$98;:
>U.48V$9GA.f>F(9:�� qU.%i ^Jicq ^·(9: �2$B,-:R<[8@GA$hGI0J.1:DSJ:DGA.4ElqKGA0J.HNV*A.B:I:=mJ*I.1(+GzGA0J.H3%.Z8UGRNJ<cN©.dµA¦��%¶PqV(+82>
:=$C$K8i � 0V.o.B|%m2(BGA<[$K82:�GI$�5O$9EFNJmVGA.�� &r*A$KE�� <c8257Lcm2>U.hT2$KGA0�GI0J.\57$9EXNJ*A.B:I:=$K*�.B|%m2(BGA<[$K8
(+8;> (B8}(+NJNJ*I$BeU<cEC(+GI<[$98�GA$lGI0J.FEF.ZEoTJ*�(+8J.6.B|%m2(+GI<[$98;:'>U.43%.4Lc$9N2.B>lTUS t 0J<[GIL[$B,
	 t 0V<?§U¦��ki
� 0J.4S (+*A.H&)(B<[*ALcSoL`(+*I^9.'(B82>F8J$98VL[<[8V.B(+*Zq2(+82>C8J$F>@<[*A.f57GQ:D<[E\mJL[G�(+8J.4$Km2:R:=$KL[mJGI<[$98C&r$9*IE�.4e@<?:=G�:7i
jk82:=GI.B(9> qJ,/.654(+8 :D$9L[3%.1GI0J.B:=.1.B|%m2(BGA<[$K82:/<[GI.4*P(BGA<c3%.4L[S%q·(9:-(o:D.4GQ$+& �2e@.B>FN©$K<[8@G�.f| m2(BGA<c$982:Oi

� $B,�>U$F,/.\5O$9E\TJ<[8J.1GI0J.B:=. �;eU.B>CN2$9<[8@GH.B|%m2(BGA<[$K82:�,Q<cGA0l$9mV* �]WQª� t .'<c82:=.Z*AG-GA0J.B:D.
�2e@.B>UgrN2$9<[8@G/.f| m2(BGA<c$982:�<[8@GA$d(oµr8J$98JLc<[8J.f(+*7¶�
������ <[8F$KmJ* �HWQª6iU#%<[8;57.�,z.H:D$9Lc3%.�GI0J.H.B|%m2(+g
GA<c$982:-:=<cEomVL[GP(B8J.4$Km2:=LcSo&r$9*-GA0J. �23%.13K(+*A<`(+TJLc.B:�� q�� <?:Q<[8C&)(957G](o3%.B5OGA$9* 
����hq m2:=.B>F&r$9*1(BL[L
GA0V.'39(B*A<`(+TJLc.B:���i � 0V.'N2(+*I.48UG�:H<[8��}(B*A.\GA0J.'3K(+*I<?(BTJL[.B:���i � 0V.\>U. �28J<cGA<c$98l$+& GA0J. 
����
<?:'.B:I:=.48@GA<`(+L[LcS�NV*A$@57.B>@mJ*P(BL '�^K<[3%.48}(�3K(+LcmJ.�$B&1GA0V.�N2(B*A.48@GP:���qz<[G\.4eU.f57mJGA.f:h(+8 <cGA.4*�(+GI<[3%.
�2e@.B>UgrN2$9<[8@G657$9EXNJmJGP(BGA<c$98lmJ8@GA<cL�57$K8U3%.Z*A^9.Z8257.%q (+82>�$9mJGINJmJGP:HGI0J.o3K(BL[mJ.B:Q&r$9*6(+LcL�$+& <[GP: �23%.



�����������	��
�������	�	������������������������������� ��!"�#���%$ º ¦ �

3K(+*I<?(+TVL[.B:���i � 0@m2:Oq�,/.X54(+8�3@<[.Z, �w(9:'>@. �28J<c8J^�GI0J.o8V$98JgrL[<c8J.B(+*1&rmJ8257GI<[$K8 � � ��µ �®¶�i
� 0J.H&rmJ825OGA<[$K8C02(9:-(o5O$9EFNJLc<?54(BGA.B>h&r$9*IElqU<cEFNJLc.4Eo.O8@GA.B>'(K:�( 
¤NV*A$@57.B>@mJ*A.1<[8C$KmJ*H5O$@>U.%i
«�NJNJ*I$BeU<cEC(+GI<[8J^�GA0J. >U<`:=GA*I<[TJmVGA<[$K8 <[82>@m257.B>¤T@S ��EC(4S :D.4.4E L[<[Y%.x(�>J(+mJ8@GA<c8J^�GP(K:=Y i

jk82>U.4.f>�qJ02(9>�,z.hT2.4.48lm;:=<[8V^FGA0J. � ´�¥}(+Lc^9$9*I<[GI0JE�µ=#%.B5OGA<[$K8 �@i[¦+¶ GA0J<`:s,z$9mJL`>�02(43%.�T2.4.Z8�(
>U<��C57mVL[G1GP(K:=Y qR:=<[8;57.F<[G6<?:18J$9G'.B(K:=S�GA$�57$KEFNJmJGI.oGI0J.C>U.Z*A<[3K(BGA<[3%.f:¢$B&-GA0J.F&rmJ8;57GA<c$98��Mµ �w¶
*A.ZNJ*A.B:D.48@GA.B>�TUS �Ri � $+,z.43%.4*Zq_< &1,/. m2:=.l$KmJ*F8@mJEF.4*I<?54(BL/<[8@GA.Z^9*P(BGA<c$98 EF.4GI0J$@>J:OqQ(+82>¤<c8
N2(B*AGA<`57mJL`(+*QGA0V.�.ZeJ(K57GQEF$98V$9EF<`(+L?:REF.4GI0J$@>�µ=#·.B57GA<c$98 �Ui º i � ¶zGA0J.4*I.1<?:/8J$X>U< � 57mJLcGDSo<c8�m;:=<[8V^
( 
�����:Dm25P0F(K: �Ri t 0J.48Fm;:=<[8V^�GI0J.-.4eJ(K57GREF$98V$9EF<`(+L?:EF.4GI0J$@>',/.-$98JLcS'8J.4.B>'GA$1.43K(+Lcm2(+GI.
GA0V.�&rmJ825OGA<[$K8���(BGH:D$9EF.d:=.4G-$+&zN2$9<c8UG�:7q2<ki .%i[q@,/.h8V.4.B>�GI$C:=$KL[3%.1GA0V. �2eU.f> N2$K<[8@GH.B|%m2(+GI<[$98;:
(+G-:D$9EF.]N©$K<[8@GP:�� >�� � � � � �	�\>U.ZGA.4*IEF<[8J.f>hTUS\GA0J.18@mJEF.4*I<?54(BLJ<[8@GA.Z^9*P(BGA<c$98 (+Lc^9$9*I<[GI0JEli � 0@m2:Oq,/.XNJL[mJ^ <[8�$9mJ*�
INJ*A$@5O.B>UmJ*�(+L�� 
���� � <c8UGI$C$9mJ*'8@mJEF.4*I<?54(BL�<c8UGI.4^9*�(+GI<[$98 (+L[^K$9*I<[GA0VElqM(+82>
.B:DGA<[E (+GA.1GI0J. �2*P:DGHGD,/$FEX$9EF.48@GP:/$B&zGA0J.'*I.4L[.43K(B8UG-3K(+*A<`(+TJLc.B:7i t .\54(+8lm2:D.'GA0J.\(BL[^K$9*A<cGA0JE
&r*A$KEn¥�<[^KmJ*A. �Ui º (+L[EX$%:=GQmV825a0;(+8J^K.B>�
 GI0J.h$K8JL[SC.4eV57.4NVGA<[$K8C<?:�GI02(+G-mJ8JLc<[Y%.1$9GI0J.4*�
����H:Oq
� >U. �;8J.B:QGA0J.1EF$KEF.48@GP:�$B&REF$9*I.HGA0;(+8C$98J.63K(+*A<`(+TJLc.%i

�H�C�� �������'� ���p�����"�{� �B� �1� � � �

� 0J.QEF$@>@.4L &r$K*RGA0J. # t®v #1<?:p| mJ<cGA. 57$9EFNVL[.4e1(B82>'<[8257Lcm2>U.B:EC(B8US1N2(B*P(+EX.4GA.4*�:7iMjkG�<?:Mm2:=.7&rmVL
GA$�5OL?(9:I:=< &rSlGA0J.B:D.FN2(B*P(+EX.4GA.4*�:H<[8@GA$l>@<�� .4*A.Z8UGd54(+GI.4^9$K*A<[.f:7q�(K:h<[G60J.4L[N;:�GA$ mJ82>U.Z*P:=G�(+82>�GI0J.
>U< ��.Z*A.48@GHGDSUN2.B:H$B&QN2(B*P(+EX.4GA.4*�:s<c8U3%$KL[3%.B>C<[8�GA0J.'EX$@>U.4LR(B82>¨GI0J.X>U<�� .4*I.48UG]EF.4GA0V$@>J:�m2:D.B>
GA$\.B:DGA<[E (+GA.-GA0V.4<[*Q3K(+LcmJ.B:Oi t .1N2(B*AGA<cGA<c$98C$9mJ*-N2(B*P(+EX.4GA.4*�:_<c8UGI$\:=.43%.48 57L?(K:A:=.f: '
¦9i-´H8J$B,Q8�NV0USV:=<`54(+L{57$982:DGP(B8UG�:
º i ��8VYU8J$B,Q8CNJ0@SJ:D<?54(BL57$K82:=G�(+8@GP:
�Ui ��8VYU8J$B,Q8CNJ0@SJ:D<?54(BL|%m2(+8@GA<cGA<c.B:_GI02(+G]5a0;(+8J^K.�$B3%.4*QGI<[EF.
� i-ª�$K<?:D.�Lc.43%.4L2N2(B*P(+EX.4GA.4*�:_GI02(+G](+*I.�<c82>Um25O.B>FTUS\GA0J.1NJ0@SV:=<?5Z(+L:DSJ:DGA.4E
¯Ui-ª�$K<?:D.�Lc.43%.4L2N2(B*P(+EX.4GA.4*�:_GI02(+G](+*I.�<c82>Um25O.B>FTUS\EF$@>U.4L <[82(K5457mJ*�(957<c.B:
�Ui,��.Z*P:=<`:=GI.48257.HN;(+*P(BEF.4GI.4*P:
�%i "�$@>U.ZLM57$9*I*A.B57GI<[$K8�N;(+*P(BEF.4GI.4*P:



�����������	��
�������	�	������������������������������� ��!"�#���%$ º ¦4»

� 0J.��;*P:=GX57L`(9:A:'<?:'NJ*I$9T2(BTJL[S}GA0J. :=<cEFNJLc.B:=G6$98J.%iwjkG'<[8@3%$9Lc3%.B:h5O$982:DGP(+8@GP:X:=m25P0 (K:bGI0J.
^9*�(43U<cG=S\$+& GA0J.1.B(B*AGA0 (B82>�57$K82:=G�(+8@GP:Qm2:=.f> &r$9*-5O$98@3%.4*A^K.48257.HT2.4GD,z.4.48FNJ0@SV:=<?5Z(+LmJ8J<cGP:Oi � 0J.
57$K8U3%.4*I^9.48;57.hN2(B*P(BEF.4GA.Z*P:H(B*A.'m2:D.7&rmJLR< &z,/.', (+8@G1GA$C*A.4NV*A.B:D.48UG-$9mV*�3K(B*A<?(BTJL[.f:¢m;:=<[8V^�:D$9EF.
57$K8U3%.48V<[.48@G�mJ8J<cGP:OqUTJmJGQGI0J.1:D.482:=$K*P:Q(B*A.Hm2:D<[8J^\:D$9EF.-$9GI0J.4*zmJ8J<[G�:7iR¥J$9*Q.ZeJ(BEFNJL[.·q+<cG/EC(4S'T2.
EF$K*A.657$98@3%.48J<c.48@G/GA$\*A.ZNJ*A.B:D.48@GQGA.4EFN2.4*�(+GImJ*A.B:/<c8 ´¢.ZL[3@<[8C.43%.48CGA0V$9mJ^K0lGA0J.6:=.Z82:=$K*P:H(B*A.h<c8

R.4L`:=<[m;:7i � 0Um2:Oq,Q0J.48l,/.'EX$@>U.4LMGA0J.\:D.482:=$K*1*A.B(K>U<[8J^·:H,/.'E\m2:=G-57$K8U3%.Z*AG�&r*I$9E ´H.4Lc3U<c8�GI$

R.4L`:=<[m;:7iH#%<[8;57.'(BL[LMGA0J.6N2(+*�(+EF.4GI.4*P:Q<[8 GA0J<`:�5Z(+GA.Z^9$9*ISl(B*A.hY@8J$B,Q8q�GI0J.4S (+*I.':D<[EFNJLcSF:D.4GHGI$
GA0V.4<[*-(K57GAm2(BL3K(+L[mV.%i
� 0J.':D.B57$K82>l57L?(K:A:Q$+&RmV8JYU8V$+,Q8lNV0USV:=<`54(+LM57$K82:=G�(+8@GP:�<c8257Lcm2>U.B:/N2(B*P(BEF.4GA.Z*P:Q:=m;5a0x(9:�GI0J.

NJ0@SJ:D<?54(BL/Lc.48J^9GI02:'$+&1GI0J.CNJ<[N2.B:h<c8 GI0J. :=SV:=GI.4E µy,Q0V<?5P0 ,z.C$98JLcS�02(43%. (+8¤.f:=GA<cEC(+GI.b&r$K*7¶�q
GA0V.�*�(+GI.h<[8C,Q0J<`5a0CGI0J.1*A.B(K57GA$K*Q0J.B(+G�:smVN�,Q0J.48 GA0J.10J.f(+GA.Z*Q<?:/$98{q©GI0J.6:=mJ*D&)(957.d(+*A.f(h$+&RGI0J.
:=.ZN2(+*�(+GA<c$98�EF.4E'TJ*�(+8J.·qJ(+8;>�:D$�$K8i ��(B*P(+EX.4GA.4*�:s<c8lGA0J<`:�5OL?(9:I:�,/.Z*A.h.f:=GA<cEC(+GI.B>�.Z<[GA0V.4*�T@S
GA0V.HªH«1#@« GI.B(+E µr.%i±^Vi[q%GA0V.�Lc.48J^9GI0o$B&MGA0J.]NJ<[N2.B:P¶�$K*_&r*I$9E�GA0J.]>J(+G�(�m2:D<[8J^6L[.B(K:=G :A|%m2(+*I.B:_$K*
$9GI0J.4*657mJ*I3%.��2GIGA<c8J^FGA.f5a0J8V<?|%mJ.B:7i6¥J$9*H.ZeJ(BEFNJL[.·q©,z.'NJL[$KGAGA.f>�GA0J.\57$%$KL[<c8J^C$ �}57mV*A3%.h$B&QGI0J.
*A.f(957GI$9*-(+8;>�GA*I<[.B>FGI$ �282>�(hLc$B,�$9*�>U.4*QN2$9LcSU8J$KEF<?(BL �2GQGI$oGI0J<?:Q5OmJ*A3%.%i
� 0J.hGI0J<[*�>C57L?(K:A:/<[8;57L[m2>@.B:/N2(+*�(+EF.ZGA.4*�:/:=m;5a0 (9:QGA0V.h*A.f:=<?:DGP(B8257.1GA$'GI0J.1^%(9: �2$B, µy,Q0J<`5a0

GAmV*A8J.B>�$KmJG1GA$ 5P02(+8J^K.'$B3%.4*HGA<cEF.9¶z(B82>¨GI0J.'TJ<`(9:�3K(+*I<?(BTJL[.B:OqM>U<?:I57m2:A:D.B>�<[8�#·.B57GA<c$98�¦Z§Ui º i[¦Ki
#%<c8257.�GI0J.B:D.l|%m2(+8@GA<cGA<[.f:'5a02(B8J^9.l$B3%.4*'GI<[EF.CGI0J.4S}54(+8V8J$9GFT2.lEF$@>@.4L[.B>�(K:F:=<cEFNJL[.XEF$@>U.4L
N2(B*P(+EX.4GA.4*�:7ipj 8;:=GA.f(9>�q@,/.](9>J>oGI0J.4E~(9:R0J<?>J>@.48F3K(+*I<?(+TVL[.B:�GA$'GI0J.-EF$@>U.4L2,Q<[GI0C:=$KEF.Q<[8V<[GA<`(+L
>U<`:=GA*I<[TJmVGA<[$K8�T;(9:=.f> $K8�:=$KEF.'0J.4mV*A<?:DGA<`59iC¥J$9*h.ZeJ(BEFNJL[.·q�GA0J.\<[8V<[GA<`(+L�EX.B(+8�$+&](BL[LRGA0J.XTJ<?(K:
N2(B*P(+EX.4GA.4*�:�,Q(K:h:D.4G1GA$ <4.4*I$�(B82>lGA0J.\<[8J<cGA<`(+L�*I.B:=<`:=GP(B8257.\$+& GA0J.\EF.4E'TJ*�(+8J.6,Q(K:�:D.4G1GA$x(
*A$KmJ^90�.B:DGA<[E (+GA.1NJ*I$@>Um257.f>�&r*A$9E�>J(+G�(C57$9LcL[.B57GI.B>C>UmJ*I<[8J^C:DGA.B(K>USl:DGP(BGA.'*AmV82:7i t .'GA0J.Z8lL[.4G
GA0V.�<c8U&r.4*I.48257.](+Lc^9$9*I<[GI0JE�GP(BY%.154(B*A.1$+&RGI0J.H*I.B:=GZqJ<ki±.·i[q@(9>��Dm;:=GQGA0V.�3K(BL[mJ.B:/$B&�GI0J.B:D.�3K(B*A<?(BTJL[.f:
$B3%.4*/GI<[EF.·i
� 0J.�&r$KmJ*AGI0}(+82> �J&rGA0 57L?(K:A:=.f:'57$9*I*A.B:DN©$K82> GI$�GI0J.C3K(+*A<`(+825O.B:b$B&15O.4*AG�(+<[8�3K(+*I<?(BTJL[.B:h<c8

GA0V.hEF$@>U.ZLki � 0J.h&r$9mJ*IGA0x57L?(K:A:-57$9*I*A.B:DN©$K82>J:HGA$\8J$K<?:=.6GA02(BGH.4e@<?:DGP:/<[8 GA0J.6NJ0@SJ:D<?54(BLM:=SV:=GA.ZEli
� eJ(BEFNJLc.B:H<[8257Lcm2>U.\GA0J.\8J$K<?:=.CLc.43%.4L?:-$+&-GA0V.C:=.48;:=$9*�:'(+82>�GI0J.F8J$K<?:=.XL[.43%.4L`:�$+&-3K(B*A<[$Km2:':=.ZG
3K(+LcmJ.B:1µy.%i ^Ji[qJGI0J.1NJ*A.f:A:=mV*A.h3K(BL[3%.1L[$@54(BGA.B> (+G6µA¦ � ¶Q<`:Q:=mJNJN2$·:=.B>�GI$C:=.4GQGI0J.hNV*A.B:I:=mJ*I.h<[8CGI0J.
:=SV:=GI.4E�GI$C:=$KEF.HNJ*I.4gk>@. �28J.B>C3K(+L[mV.�� q©TVmJG�<cG�E (fSX(95OGAm2(BL[L[SXGA$X:=.4G-<[GQGI$F(o3K(BL[mJ.6:=Lc<[^K0UGIL[S
>U< ��.Z*A.48@G/&r*A$KE���¶Pi � 0J.B:D.'8J$9<`:=.6L[.43%.4L`:/54(B8�m2:Dm2(+LcL[SCT2.h.B(K:=<cL[SF.B:DGA<cEC(+GI.B>o&r*A$9E GI0J.'>J(BGP(@i
¥J$9*1.4eV(+EFNVL[.%qJ<c8l$9*P>@.4*1GA$F.B:DGA<cEC(+GI.hGA0V.\:=.482:D$9*18J$K<?:=.\,/.\5Z(+8lGP(BY%.\:=0J$K*AG6:=mVTJgk:D.B|%mJ.48257.f:



�����������	��
�������	�	������������������������������� ��!"�#���%$ º ¦�&

$+&-GI0J.\:=GI.B(9>@SUg):=G�(+GA. >J(+G�(�,Q0J.4*I.oGI0J.X(957GIm2(+LzEF.B(9:DmJ*A.f>l| m2(B8UGI<[GDSl:DGP(4SV:�(BL[EF$·:=G657$K82:=G�(+8@G
<[8 .B(95P0 :=mJTVgk:D.B| mV.48257.%i t .1GA0V.48l57$KEFNJmJGI.1GA0J.13K(+*I<?(+8;57.h$B&RGA0J.d:=.48;:=$9*-*A.f(9>U<c8J^%:�<c8CGA0J.B:D.
:=mVTJgk:D.B|%mJ.48257.f:7qQ(B82>¤m2:=. <[G\(K:F(+8 .B:DGA<cEC(+GI.o&r$9*\GA0J.x:=.48;:=$9*Z² :o8V$9<?:D.�Lc.43%.4Lki}jy&HGI0J.�8V$9<?:D.
L[.Z3%.4L�$B&Q(\57.4*IGP(B<[8l:D.482:D$9*1>U.ZN©.Z82>J:Q$98�:=$KEF.1$9mJG�:=<`>U.\57$98;>U<[GI<[$98;:�:Dm25a0x(9:�GI0J.'5O$9EFNJ*I.B:A:D$9*
,/$K*AY@<[8J^6$9*z8J$9Gz,/$9*IYU<c8J^Jq%,z.HN2.4*=&r$K*AE GA0V.H.B:=GI<[EC(BGA<c$98'NJ*I$@57.B>UmJ*I.�<c82>U.4N2.48;>U.48@GAL[Sh&r$K*/.B(K5a0
$9N2.4*�(+GI<[8J^\EF$@>U.%i
� 0J.��V&rGA0 57L?(K:A:-(9545O$9mJ8@GP:_&r$K*�EF$@>@.4L�.4*I*A$K*P:7iz¥J$9*-.4eV(+EFNJLc.%q%GA0J.1.B|%m2(BGA<[$K82:/GA0;(+G-EF$@>U.4L

GA0V.1:=.4N;(+*P(BGA<c$98�EX.4E'TJ*P(B8J.-(+*I.1$98JLcSF(B8�(BNJNJ*I$+e@<[E (+GA<c$98\GA$'GI0J.6(957GIm2(+L EF.4E\TJ*P(B8J.QT2.402(43Ug
<[$K*4q%(B82>hGA0@m2:Oq9.43%.486< & (BL[LJGI0J./$KmJGP:D<?>U.-57$K82>U<cGA<[$K82:�(B*A.QY@8J$B,Q8'.4eJ(K57GALcS%qBGA0J.4*I.Q:D0J$9mJL`>':=GI<[L[L@T2.
:=$KEF.-mJ8257.4*IGP(B<[8@G=S6$98FGI0J.-NJ*A.B>@<?57GI.B> �;$+,-:z(+82>\NJ*A.B:I:=mJ*I.B:_,Q<cGA0J<c8oGI0J.-^%(9:/Lc$%$9Ni/#·<[EF<cL?(+*IL[S%q
.43%.48\< &MY@8J$B,w.4eJ(K57GALcS'GA0J.]GA.4EFN2.4*�(+GImJ*A.-$+&MGI0J.1*A.B(K57GA$K*Q(+8;> GI0J.H^·(9:Q57$KEFN2$%:=<cGA<c$98q@,/.154(B8
$98VL[Sl^9<c3%.'(B8�(+NJNV*A$BeU<cEC(+GI.h.B:DGA<cEC(+GI.h$+& GA0J.'.��C57<c.48257SC$B&QGA0V.o*I.B(957GI<[$K8q(+8;>�GA0@m2:7qGI0J.4*A.
:=0V$9mJL`> T2.1:D$9EF.-mJ825O.4*AG�(+<[8@GDS'(K>J>U.B>FGA$6$9mJ*QNV*A.B>U<`57GA<c$982:Oi "�$·:=GQ$+&MGI0J.B:D.HN2(+*�(+EF.ZGA.4*�: ,z.4*A.
.B:DGA<[E (+GA.f>�m2:=<c8J^ 
IGA*A<`(+L (+82>�.4*I*A$9* �UqM<ki±.·i[q,/.FGI*A<c.B>�>@<�� .4*A.Z8UG13K(+LcmJ.B:h(B82>�5P0J$%:D.FGA0V.F$98J.f:
GA0;(+GHLc.B>FGA$FGI0J.hT2.B:DGH*A.B:DmJL[G�:7i-ª�$KGA.hGI02(+G]TUS (9>V>U<[8J^XGA0J.B:D.hN2(B*P(BEF.4GA.Z*P:/GA$X$9mJ*-EF$@>U.4L,z.
(+*IGA<	� 57<?(BL[LcSo<c8UGI*A$@>Um25O.HEF$9*I.H8J$K<?:=.6GA$\57$KEFN2.482:I(+GA.H&r$K*QGA0J.1EF$@>U.ZL�<[8;(95457mV*P(95O<[.B:Oi
� 0J.6:=<ceUGI0�5OL?(9:I:/<[825OL[m2>U.f: GI0J.1N2.4*P:D<?:=GI.48257.]N2(+*�(+EF.4GI.4*P:�&r$9*QGI0J.6>U<?:I57*A.4GI.1(9:/,z.4L[L{(9:/GI0J.

57$K8UGI<[8@mJ$9m2:/3K(B*A<?(BTJL[.f:7iR¥J$9*-.4eV(+EFNJLc.%q%,/.H8V.4.B>C(bN;(+*P(BEF.4GI.4*/GI02(+G]>U. �28V.B:/GA0J.1NJ*I$9T2(BTJ<[Lc<[GDS
$+& GI0J.-:=.48;:=$9*RGI$�,z$9*IY'(+GpGA<[EX. ��� ¦/^K<[3%.486GA02(BG�<[G�, (9:�,/$K*AY@<[8J^¢(+G�GI<[EF. � i�«�8'.ZeJ(BEFNJL[.�&r$K*
(�N2.4*�:=<`:=GA.Z8257.'N2(B*P(+EX.4GA.4*]GA02(BG�*I.4L?(BGA.B:HGI$�5O$98@GA<[8@mJ$Km2:H39(B*A<`(+TJLc.B:H<?:HGA0J.\mJ825O.4*AG�(+<[8@GDS�$B3%.4*
GA0V.F:D.482:=$K*1TJ<?(K:h(+G1GI<[EF. ��� ¦Kq�^9<c3%.48lGA0;(+G1,/.\YU8V$+,�GA0J.X:=.Z82:=$K*�TV<?(9:6(+G1GA<cEF. � i � 0J.B:D.
N2(B*P(+EX.4GA.4*�:h,/.4*I.�.B:DGA<cEC(+GI.B>�m2:D<[8J^�3K(B*A<[$Km2:oEF.ZGA0J$@>J:'(B82>¤GA0V.48¤GImJ8J.B>�m2:=<c8J^�GA*I<?(BL-(+82>
.4*I*A$9*Zi�¥J$K*h.4eV(+EFNVL[.%q©&r$K*hGI0J.FN2.4*P:D<?:DGA.4825O.F>U<`:A57*I.4GA.\N2(B*P(+EX.4GA.4*],/.F.B:DGA<cEC(+GI.B>�0J$B, $+&rGI.48
:=.Z82:=$K*P:HTJ*A.f(+Y�$K*6:=GP(B*AG1,/$K*AY@<[8J^X<[8lGA0V.\>J(+G�( GI02(+G1,z.'02(9>�i t .'GI0J.48lm2:D.B>�$9mJ*1GI*P(+<c8J<[8V^
>J(BGP('GA$\<[EFNJ*I$B3%.QGA0J.13K(+LcmJ.1$+&RGI0J<?:/N2(B*P(BEF.4GA.Z*4q �;82(+LcL[SX:=.4GIGA<[8V^'<[GQGA$X§Ui &�&&�&Ui
� 0J.'L?(K:=G657L`(9:A:-<[8257Lcm2>U.B:QN2(B*P(+EX.4GA.4*�: &r$K*HGA0V.'39(B*A<c$9m2:1:=G�(+TJ<cL[< <B(+GI<[$98lEX.B5a0;(+8J<`:=EX:/GA02(BG

,/.Z*A.\(9>V>U.B>�GA$CGI0J.oEX$@>U.4Lki � eV(+EFNVL[.B:/&r$9*1GA0V.B:=.'N2(B*P(BEF.4GA.Z*P:Q<[8257Lcm2>U.'GI0J.',/.4<c^90@G�$B&QGI0J.
:=G�(+TJ<cL[< <B(+GI<[$98'GI.4*AE�>U.f:A57*I<[T2.B>h<[8F#·.B57GA<c$98X¦4§Ui º i º (B82>'GA0J.->U.f54(4ShN2(B*P(+EX.4GA.4* � $+& GA0J.-:D.482:D$9*
TJ<`(9:=.f:7q%>U.f:A57*I<[T2.B>H<[8'#%.B5OGA<[$K8F¦Z§Ui º i[¦Ki�«�^·(+<[8{q9GA0J.f:=.RN2(+*�(+EF.ZGA.4*�:�,/.4*I._.f:=GA<cEC(+GI.B>�m2:D<[8J^]GA*A<`(+L
(+8;>�.4*I*A$9*Zi



�����������	��
�������	�	������������������������������� ��!"�#���%$ ºKº §

��(+*�(+EF.ZGA.4*�.f:=GA<cEC(+GI<[$K8'GAmJ*I8J.B>'$9mJGzGA$hT2.HN2.4*I02(+N;:_GA0V.�EF$·:=Gz>U<��C57mVL[G�G�(9:=Y\<[8@3%$9Lc3%.B>�<c8
EF$@>U.ZL[<[8V^�GI0J. # twv #2i � 0J.]*A.B(K:=$98 <?:RGA02(BGQGA0J.4*I.1<?:_*I.4L?(BGA<c3%.4L[S63%.4*AS\L[<cGAGALc.H>V(+GP('(B82>FEC(+8@S
N2(B*P(+EX.4GA.4*�:�GI$l.B:=GI<[EC(BGA.%il¥JmJ*IGA0J.Z*AEF$K*A.%qGA0V.�:DSJ:DGA.4E�02(K:':=$9EX.FEF$@>U.B:1$+&]T2.402(43U<c$9*h&r$K*
,Q0J<`5a0 ,/.h0;(9>�8J$C>V(+GP(@qEC(+Y@<[8J^'GI0J.h.f:=GA<cEC(+GI<[$K8�$B& :=$9EX.h$+&zGI0J.hN2(B*P(BEF.4GA.Z*P:Q3%.4*ASF0;(+*P> i
¥J$9*6.4eJ(BEFNJLc.%q©,z.F>@$�8J$KGh02(43%.X>J(+G�( &r$9*6GA0J.X54(K:=.\GA02(BGhGA0V. � ¹ �2$B, <[8@GA$CGA0V.F:DSJ:DGA.4E <`:
GAmV*A8J.B>'$ � ,Q0J<cL[.QGI0J.4*A.-<?:R:DGA<[LcL 
Q¸]¹ �2$B,Q<c8J^1<[8@GA$1GA0J.]:=SV:=GI.4Eli t ./&r.4.4LJGI02(+GZqJ(+GRGI0J<?:�N2$9<c8UGZq
57$KEF<[8J^CmJN�,Q<cGA0�(�^K$%$@>¤EF$@>U.4LR,Q<[GI0�^9$%$@>¤N;(+*P(BEF.4GI.4*P:H<?:hGI0J.C:D<[8J^KL[.FTJ<c^9^K.B:=G'NJ*I$9TJLc.4E
GA0;(+GQE\m2:=GRT2.1:=$KL[3%.B>\<[8F$K*P>U.4*zGA$'m2:D.H0@SUTJ*I<?>oEX$@>U.4L?:�&r$K*/&)(+mJLcGQ>U<`(+^98V$%:=<`:/<[8FNV*P(95OGA<?5O.%i t .
>U<`:A57m2:I:/GA0J<`:s<`:A:DmJ.H&rmJ*AGI0J.4*Q<[8 #%.B57GI<[$98�¦K¦9i º i �@i

�H�C��� ��������� �B� ���\� � � � ����� �O�_���l� ����� �C���o��� �����
	�� ��� �

t .�GI.B:=GI.B>F$9mJ*-(BL[^K$9*A<cGA0JE~,Q<[GA0CT2$9GI0�*I.B(+LM>J(BGP(\(+82> :=<cEomJL`(+GI.B>o>V(+GP('GA0;(+GQ,Q(K:s^K.48J.4*�(+GI.B>
&r*A$KE $KmJ*HEF$@>U.ZLki1«�LcGA0J$KmJ^90l*ImJ8J8J<c8J^F,Q<[GI0l*A.B(BLR>J(BGP(F<?:�GI0J.h*I.B(+LpGA.B:DG�&r$9*H$KmJ*6(+NJNV*A$%(K5a0{q
*AmV8J8J<[8V^�,Q<cGA0 :D<[E\mJL?(BGA.B> >J(+G�(¨<`:o(BL?:=$�$+&6<c8UGI.4*A.B:DG4i � 0J. *A.B(K:=$K8 <?:'GA02(BGoGI0J.4*A. (B*A.�GD,z$
:=$KmJ*P5O.B:/$+&p.4*A*I$9*�:_,Q0J.48Cm2:D<[8J^'*I.B(+L{>J(+G�( 'REF$@>U.4L2<c82(9545OmJ*P(K57<[.B:z(+82>F.4*I*A$K*P:_<c82>Um25O.B>oT@SoGI0J.
(+Lc^9$K*A<[GI0JEli t 0J.48�m;:=<[8V^�:=<[E\mJL`(+GA.f>l>J(+G�(Uq�$98VL[S�.4*A*I$9*P:h$B&-GA0J. :=.B57$K82>�GDSUN2.X(+*A.CNJ*I.B:=.Z8UG
(+8;>�,/.'5Z(+8�T2.4GIGA.4*-GA.f:=G-GA0J.6N©.Z*=&r$9*IEC(+8;57.1$+&zGA0J.d(+Lc^9$9*I<[GI0JEliQjk8�GI0J<?:-:=.f57GA<c$98�,z.hNJ*I.B:=.Z8UG
GA0V.�*I.B:=mVL[GP:Q$+& GA0J.1.4e@N2.4*A<cEF.48@GP:�,Q<[GI0l:=S@8@GA0J.4GI<?5H>V(+GP(@iQ«�LcL$9mJ*-.4e@N©.Z*A<[EX.48UG�:�,/.4*I.�*ImJ8�$K8
( ��.48@GA<[mVE�jAjAj �B§K§�" � <%i

�! #"� "&� � (5+���6&*,9 ���,(�� ��,+�+�6 �*������h/ -��,6 �  �.6\-@*

¸-mJ* �2*�:=GFGI.B:=G\,Q(K:o,Q0J.4GI0J.4*FGI0J.�T2.4Lc<[.7&�:=GP(BGA.%q-(K:F>U. �28V.B>¤TUS�GI0J.�EF$@>@.4LkqQ5Z(+8 T2.�,z.4L[L
(+NVNJ*A$Be@<[EC(BGA.B>�(K:'( v (+m2:I:=<?(B8qQ(B82> ,Q0J.ZGA0J.4*6$9mJ*\N2(B*AGA<`57mJL`(+*'(BNJNJ*I$+e@<[E (+GA<c$98�(BL[^K$9*A<cGA0JE
GA0;(+G1m2:=.f:�GA0J.'8@mJEF.Z*A<?5Z(+L�<c8UGI.4^9*�(+GI<[$98�(BNJNJ*I$%(95P0�<?:H(o^K$%$@>�$98V.%i � $C*A.4NV*A.B:D.48UG-GA0V.'T©.ZL[<[.O&
:=G�(+GI.�,Q<cGA0J$KmJGQ(BNJNJ*A$Be@<[EC(BGA<c8J^H<[G (9:/( v (+m2:I:=<?(B8qU,z.Q^9.48V.4*P(BGA.B>F(1:D.4GR$+&M:I(+EFNVL[.B:u&r*I$9E GI0J.
EF$@>U.ZLki t .1>U<`>F8J$9GQ<c8UGI*A$@>Um25O.1(+8@SF.43@<?>U.Z8257.]:=$'GA0V.h:I(+EFNVL[.B:R,/.4*I.H<[82>@.4.B>F:I(+EFNJLc.B>h&r*A$9E
GA0V.h5O$9*A*I.B57G �D$K<[8@GQ>U<`:=GA*I<[TJmVGA<[$K8i
jk8l¥�<c^9mJ*I.o¦Z§Ui³¯o,/.6:=0V$+, GA0J.6*A.B:DmJL[G�:_&r$9*HGD,/$'N;(+*AGI<?57mVL?(+*-3K(+*I<?(+TVL[.B: '_GI0J. �2$B,	(BG�N2$K<[8@G

µA¦ � ¶\(B82> GA0J. NJ*A.B:I:=mJ*I.l(BGFN2$9<[8@Glµ º ¶Pi � 0V.B:=. 39(B*A<`(+TJLc.B:o,/.Z*A.l5P0J$·:=.48}T©.f54(+m2:D.l$+&6GA0V.4<[*
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Using integration
From samples

¥�<c^9mJ*I.h¦Z§Ui ¯ '�#�(B82>U$KE�:I(+EFNJLc.B:�&r*A$KE GA0J. # twv #hEF$@>@.4L (+82> v (Bm2:A:D<?(+8C.B:DGA<cEC(+GI.B:{&r$K*/GI0J.
>U<`:=GA*I<[TJmVGA<[$K8
>U.4N2.48;>U.48257S]$98'GA0V._8V$98JgrL[<c8J.B(+*�
����¤$+&2GI0J./EX.4EoTV*P(+8V.��7$KGA0J.4*M3K(+*I<?(+TVL[.B:NJ*A$@>@m257.B>6:=<[EX<[L?(B*
*A.f:=mJLcGP:7i � 0J.-:A(BEFNJLc.B:�(BNJN2.B(+*zGA$HT2.]>U*P(4,Q8h&r*I$9E�(H>U<`:=GI*A<[TVmJGA<c$98'GA0;(+GR<?:�.Z<[GA0V.4*�( v (+m;:A:=<`(+8
$9*¢57L[$·:=.hGI$F$98V.%iH¥JmJ*IGA0J.4*IEF$9*I.%qU$KmJ*H.B:DGA<cEC(+GI.¢&r$K*HGA0V.��D$9<c8UG]>U<`:=GA*I<[TJmVGA<[$K8q (9:H>U.ZNJ<?57GI.B>�T@S
GA0V.h5O$98@GA$9mV*P:/&r$9*-$98J.d(+82>CG=,z$\:=G�(+82>J(B*P>l>U.Z3U<`(+GA<c$982:OqJ<?:/3%.4*ISC57Lc$%:=.1GI$oGI0J. v (Bm2:A:D<?(B8lGA02(BG
,Q(K:�.B:DGA<cEC(+GI.B>�>U<c*A.B5OGAL[SF&r*I$9E GA0V.F:I(+EFNJLc.B:7i � 0Um2:Oq�<cGH<?:H*A.f(9:=$K82(+TVL[.\GA$�.ZeUN2.B57G]GA02(BGh$9mV*
GA.f5a0J8V<?|%mJ.B:_,Q<cL[L L[.B(K> GI$'^9$%$@>�(+NJNV*A$BeU<cEC(+GI<[$K82:_$B&RGA0J.1T2.4Lc<[.7&p:DGP(+GI.%i

�! #"� "%$ � - � � �/ 67+�-#*�� 6
� ��� !/ ��6���47(�� 674
�.( / 6&*,9

� 0J.\EF$%:DG1N©$KNJmJL`(+*'(BL[GI.4*A82(BGA<c3%.hGA$ $9mJ*6<[8U&r.Z*A.4825O.'(+Lc^9$K*A<[GI0JE <?:HT2(K:=.B>�$98�N2(+*IGA<?5OL[. �2L[GI.4*P:
µC�R¥_¶ µ=#%.f57GA<c$98C»@i��9¶R,Q<cGA0C$9*z,Q<[GI0J$9mJGQGI0J.6(9>J>@<[GA<c$98F$B&�#-(+$KgkW/L`(95PYU,z.4L[Lc<=<B(BGA<c$98i � 0J.H*I.B(9:D$98
,/.\EC(4S�, (+8@GhGI$�m2:D.F:D<[EFNJLc. �R¥®*P(BGA0J.4*1GI02(+8�#-W@�R¥®<?:HGI02(+G6GA0J.X:=SV:=GI.4E <`:H8J$98JgrL[<c8J.B(B*
(+8;>�,Q0J.48�,/.'m2:D. �R¥ ,/.X>U$C8J$9G6<[EFN2$·:=.\(+8@Sl*A.f:=GA*I<?57GI<[$K82:�$98 GA0J.'T2.4Lc<[.7& :=G�(+GI. 
 ,Q<[GI0
.48J$KmJ^90 :A(+EXNJL[.B:M,/.]54(+8F*I.4NJ*I.B:=.48@GR(B8USX>U<?:DGA*I<[TJmJGI<[$K8q%8J$1EC(+GIGA.4*�0V$+, 8V$98Jg v (+m2:I:=<?(B8�<cG_<`:7i
� $ 57$KEFN2(B*A.1$9mJ*6(BL[^9$K*A<cGA0JE ,Q<[GI0 �R¥/q©,z.'^9.48V.4*P(BGA.B>l(oGI*P(��D.f57GA$K*ASC$+& ¯9§K§FGA<[EX.h:DGA.4N;:
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Truth
Our algorithm
Particle Filtering

¥�<c^9mJ*I.o¦Z§Ui � ' 
R$9EFN2(B*A<`:=$98C,Q<cGA0CN2(+*IGA<`57L[. �;L[GA.Z*A<[8V^'$98l:D<[E\mJL?(BGA.B>\>J(BGP(

&r*A$KE $9mJ*\EF$@>U.4L-(B82>¤GA.f:=GA.f> T2$KGA0w(+Lc^9$K*A<[GI0JEC:'$98}<[G4i � $�E (+Y%.FGI0J.�G�(9:=Y�N2(B*AGI<?57mJL`(+*IL[S
:=<cEFNJLc.%qJ,/.\(K:A:=mVEF.B>�GI02(+G6(BL[L�GI0J.\>U<?:I57*A.ZGA.h3K(B*A<?(BTJL[.f:�,/.4*I.h$KT2:=.4*I3%.B>�
 (K:¢,z.\:=02(BL[LR:D.4.%q
.43%.48XGA0J<`:Q:=<[EXNJL[.]54(9:D.1,Q(9:-|%mJ<[GI.h5P02(BL[L[.Z8J^9<c8J^�&r$K*,�_¥zi
¸-mJ*H(BL[^K$9*A<cGA0JE~GA$%$9Y º §+EC:/N2.4*-GA<cEF.H:DGA.4N{qJ,Q0J<?5P0C<[8257Lcm2>U.B>X57$9EFNVmJGA<c8J^'GA0J. v (+m;:A:=<`(+8

(+NVNJ*A$Be@<[EC(BGA<[$K8�GA$�GA0V.�T2.4Lc<[.7&]:DGP(BGA.%q/,Q<cGA0�8@mJEF.4*I<?54(BL_<c8UGI.4^9*�(+GI<[$98�,Q0J.Z8¤8J.B5O.B:A:I(+*AS·qR(+82>
57$K82>U<[GI<[$K8J<[8J^�$K8®GI0J.l.43@<?>U.48;57.%i�j 8 57$KEFN2(+*I<?:D$98qQ^9.Z8J.4*P(BGA<c8J^}(¤:A(BEFNJLc.�m2:D<[8J^�N2(B*AGA<`57L[.
�2LcGA.4*I<[8J^HGI$%$9YC¦Ki ¯+E :7i � 0Um;:7q%$98J.-:DGA.4N\$+& $KmJ*z(+L[^K$9*I<[GA0VE GA$%$KYF(K:�Eom25P01GA<cEF.z(9:�^9.48V.4*P(BGA<[8V^
¦���:I(+EFNJLc.B:7i � $B,/.43%.4*Zq/,Q<[GI0 �Dm;:=Gl¦ �¤:A(BEFNJLc.B: �R¥ N2.4*=&r$K*AEF.B>¤.ZeUGI*A.4EF.ZL S N©$%$K*ALcSw(+82>
GA0V.4*A.7&r$K*A.H<c8C$9mJ*Q.4e@N2.4*A<cEF.48@GP:�,z.1m2:=.B>l¦Z§Uq §K§9§\:A(BEFNJL[.f:/(+GQ.Z3%.4*AS\GA<cEF.H:DGA.4N{qU^9<c3U<c8J^ �R¥�(
:=$KEF.4,Q02(BGQmJ8U&)(B<[*-(9>@39(B8UG�(+^K.%i
¥�<[^KmJ*A.d¦4§Ui �':=0J$B,-:/GI0J.H.B:DGA<[E (+GA.f:p&r$K*/GI0J.HN2.4*P5O.48UG�(+^K.H$+& � ¹/<c8FGA0V. �2$B,w(+GQN2$9<c8UG]µA¦ � ¶

GA0;(+GH,z.4*A.657$KEFNJmJGI.B>FTUSC$9mV*H(BL[^9$K*A<cGA0JEn(+8;>�TUSCN2(B*AGA<`57L[. �2LcGA.4*I<[8J^Vq2(9:�,z.4L[LM(K:�GA0V.'(95OGAm2(BL
3K(+LcmJ.hµrYU8V$+,Q8\&r*A$9E GI0J.]:=<[E\mJL`(+GA.f>h>J(BGP( ¶�i t .-*A.4N2$9*IG/GI0J.�*I.B:=mVL[GP:�$K8FGA0J<`:�N2(+*IGA<?5OmJL?(B*_3K(B*A<[g
(+TVL[.HT2.B54(Bm2:=.]GA0J.-^%(K:Q57$9EFN2$·:=<[GI<[$K82:R(+*A.]8J$9GzEF.B(9:DmJ*A.f>bT@S\(+8@SF:D.482:D$9*P:z(+82>C(B*A.HGI0J.4*A.O&r$9*A.
(oN2$9GI.48@GA<?(BL�5P02(BL[L[.Z8J^9.1GA$ (+8@S�(BL[^K$9*A<cGA0JExi � 0V. � (BeU<`:�*A.4NV*A.B:D.48UG�:/GA<cEF.%qJ(B82>�GA0V.�� (BeU<`:
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GA0V.FN2.4*P57.Z8UG�(+^9.X$+& � ¹h<[8�GI0J.��2$B,~(+G'N2$9<c8UGXµA¦ � ¶Pi � $l<c8257*I.B(9:D.F*A.B(K>J(+TV<[L[<cGDS%q,/.C:D0J< &rGI.B>
GA0V.'.B:=GI<[EC(BGA.B:Q^9.48V.4*P(BGA.B>�T@S�$KmJ*6(+L[^K$9*I<[GA0VE TUSx§Ui[¦'GI$FGA0J.\L[.O&rGH(B82>¨GI0J$%:D.o^K.48J.4*�(+GI.B>¨T@S
N2(B*AGA<`57L[. �2LcGA.4*I<[8J^'T@S §Uic¦�GI$FGA0J.6*A<c^90@G4i � 0J.6.4*A*I$9*-T2(+*�:�*A.ZNJ*A.B:D.48@GQGA0J.6mJ8257.4*IGP(B<[8@G=SX$+&RGI0J.
.B:DGA<[E (+GA.f:�(K:¢NVL[m2:H(B82>lEF<[8@m2:QG=,z$C:=G�(+82>V(+*P> >U.43@<?(+GI<[$K82:7i6¥J$9*1$9mJ*6(BL[^9$K*A<cGA0JEn,/.\:=<cEFNJLcS
m2:D.B> GI0J.�3K(+*I<?(B8257.�$B&1GA0V. v (+m2:I:=<`(+8 GA$ 57$9EFNVmJGA.FGI0J.l:DGP(B82>J(+*�> >U.43@<?(BGA<[$K8iw¥J$9*\N2(+*IGA<[g
57Lc. �2L[GI.4*A<c8J^o,z.F5O$9EFNJmVGA.B>CGA0J.\:DGP(+8;>J(+*�>�>U.43@<?(BGA<[$K8lm2:=<c8J^CGA0J.\3K(+*I<?(+8;57.'<[82>@m257.B>�T@S�GI0J.
,/.Z<[^90@GA.f>l:A(+EXNJL[.B:Oq<ki±.·i[q�< &/^K<[3%.48 (C:=.4G6$+& N2(+*IGA<?5OL[.B:���� � 	 ¦ � � � 	 ¦ ��� � � � � � � ��	�� � � � 	�� ���Pq�GI0J.3K(+*I<?(+8;57.1,Q(9:Q.B:DGA<[E (+GA.f>o(K:
	���� > � 	�� �kµ � 	�� � ����/¶ ¹ ,Q0J.4*I.��� � 	���� > � 	�� ��� 	�� �)i«H:h¥M<[^9mV*A. ¦4§Ui �l>U.4EF$K82:=GI*P(BGA.B:OquGI0J.F.B:DGA<cEC(+GI.B:�$+&-N;(+*AGI<?57Lc. �2L[GI.4*A<c8J^l(B*A.\8J$9G\(K:�^K$%$@>
(9:-GA0J.1.B:DGA<[E (+GA.f:/$+&R$KmJ*H(BL[^K$9*A<cGA0JExi�¸-3%.4*QGA0J.6.48@GA<[*I.1:=.f| mJ.Z8257.1GA0J.d(43%.4*P(B^9.1.4*A*I$9*-$+&z$9mV*
(+Lc^9$K*A<[GI0JE , (9:H§ � §K§�&o,Q0J<cL[.6GA0J.d(f3%.Z*P(+^K.'.4*A*I$9*-$+&zN2(B*AGA<`57L[. �2LcGA.4*I<[8J^\,Q(K:H§��³§U¦ �UqM(+LcGA0J$KmJ^90
mJ82>@.4*H$9mV*1:=.4GImJNq2N2(+*IGA<`57L[. �2L[GI.4*A<c8J^o, (9:H:DL[$B,/.Z*�GI02(+8l$KmJ*1(+Lc^9$K*A<[GI0JE T@S (b&)(95OGA$9*]$+& �B¯K§Ui
ª�.43%.Z*AGA0V.4L[.B:I:7q�GI0J.FEF$K*A.\>U*�(+EC(BGA<`5o>U< � .4*A.48;57.o<`:�<c8�GI0J.F.B:DGA<[E (+GA.f:�$+&-GI0J.F3K(+*I<?(+8;57.%il¸s&rg
GA.Z8q�GA0J.X.B:=GI<[EC(BGA.B>�3K(+*I<?(B8257.F&r$9*6N2(+*IGA<?5OL[. �2L[GI.4*A<c8J^�<`:�.4e@GA*I.4EF.4LcS�:DEC(+LcLkqM.43%.48�,Q0J.48�GI0J.
.B:DGA<[E (+GA.f>�3K(+LcmJ.o<`:�8J$KG13%.4*ASx(95457mV*P(+GI.�µr.%i±^Vi[qGA<cEF.':DGA.4N;: � º (+82>���� ¶�iFjk8l&)(957GZq�$B3%.4*HGI0J.
.48@GA<c*A.]:=.B|%mJ.4825O.%q%(95Z57$9*�>U<[8J^'GI$hGI0J.H.B:DGA<[E (+GA.f>'>U<?:DGA*A<cTJmJGI<[$98X$+&M$9mV*-(+L[^K$9*I<[GA0VElq%GA0J.15O$9*A*I.B57G
3K(+LcmJ.Q$+&{GA0J. � ¹R57$KEFN2$%:D<[GA<c$98', (9:�,Q<[GI0J<[8'GD,/$6:DGP(+8;>J(+*�>o>U.Z3U<`(+GA<c$982:	& �	�	$+& GI0J.�GI<[EF.-µrGA0J<`:
<?:-57$K82:=<`:=GA.Z8UG-,Q<[GI0�GA0V.�&)(95OG�GI02(+G-GA0J.6NJ*A$KT2(+TV<[L[<cGDSFEC(9:I:s,Q<cGA0J<c8�GD,/$X:=G�(+82>V(+*P>l>@.43U<`(+GI<[$98;:
&r*A$KE�( v (Bm2:A:D<?(B8�EF.B(B8�<?: &9¯	�\¶Pi\jk8 57$9EFN;(+*A<`:=$K8q©&r$9*1N2(B*AGI<?57Lc.��2LcGA.4*I<[8J^Vq�GA0J.\GA*ImJ.'3K(+LcmJ.
,Q(K:s,Q<cGA0J<c8CG=,z$'.B:=GI<[EC(BGA.B>\:=G�(+82>V(+*P>l>@.43U<`(+GI<[$98;:/$98JLcS º § � $+&RGI0J.1GA<cEF.%i
� 0J.}>U<�� .4*I.48257.�,Q(K:�.43%.48wEF$9*I.�(+NVN2(+*I.48UG ,Q0J.48	,/. 57$982:D<?>U.Z*A.B>®GI0J.�(43%.4*�(+^9. L[$9^Kg

L[<cY%.4L[<c0J$%$@>¤$+&dGA0J.�GA*ImJ.�39(BL[mJ.�^9<c3%.48 GA0V.�GD,/$�N2$%:I:=<cTJL[.�.f:=GA<cEC(+GI.B:h&r$9*CGA0J.�T2.4L[<c.7&d:=G�(+GA.·i
ª�$KGA.QGA0;(+G4q%&r$9*RN2(B*AGA<`57L[. �;L[GA.Z*A<[8V^Jq9,z.-57$9mJL`>b8V$9GR.B:=GI<[EC(BGA.zGA0J.-L[$K^9grL[<[Y%.ZL[<[0V$%$@>'>U<[*I.B57GALcSH&r*A$9E
GA0V.h:I(+EFNVL[.B:OqU:D<[825O.�GI0J.HNJ*I$9T2(BTJ<[Lc<[GDS\$+&RGI0J.1^9*A$KmJ82>CGA*AmVGA0CT2.4<[8J^'.ZeJ(K57GALcSo.B|%m2(BL�GA$X(h3K(+LcmJ.
<[8l$K8J.'$+&zGI0J.\:A(BEFNJL[.f:/<?:h<4.Z*A$Ji � 0V.4*A.7&r$K*A.%q ,/.hm;:=.B>�GI0J.\:A(BEFNJL[.f:s^K.48J.4*�(+GA.f>�TUSCN2(B*AGA<`57L[.
�2LcGA.4*I<[8J^\GA$C.B:DGA<[E (+GA.1GI0J. �2*P:DGHGD,/$FEX$9EF.48@GP:R$+&zGA0V.'T©.ZL[<[.O&z:=G�(+GA.\>@<?:=GI*A<cTJmJGA<c$98i t .'m2:D.B>
GA0V.B:=.6EF$9EF.Z8UG�: GI$C(+NVNJ*A$Be@<[EC(BGA.1GA0J.6>U<`:=GI*A<[TVmJGA<c$98l(K:H( v (+m;:A:=<`(+8�(B82>l57$9EXNJmJGA.1GI0J.1L[$9^Kg
L[<cY%.4L[<c0J$%$@>F$+&zGA0V.h^9*I$9mJ8;>�GA*AmVGA0i]¥;$K*�$KmJ*1(BL[^9$K*A<cGA0JE GA0V.'(43%.4*P(B^9.6L[$9^KgyLc<[Y%.4Lc<[0J$%$@>C,Q(K: ���c¦
,Q0J<cL[.�&r$K*�N2(B*AGI<?57Lc. �2L[GI.4*A<c8J^'<[Gz,Q(K:s$K8JL[S �]¯��³¯�& � ¦4§�>7>4i
� 0J.-*A.B(K:=$98\&r$9*RGA0J<`:�NJ*A$KTJL[.4E <`:�GA0J.Q*I.4L?(BGA<[3%.ZL[S10J<[^K0F>@<[EF.48;:=<[$K8h$B&MGA0J.Q.43@<?>@.48257.Q,Q0J<`5a0

L[.f(9>J:QGA$\('3%.4*ASX0J<[^K0�3K(B*A<?(B8257.1&r$9*-GA0J.1,/.Z<[^90@GP:/$B&RGA0V.h:I(+EFNVL[.B:OiR«�L[GI0J$9mJ^K0�,z.�^K.48J.4*�(+GI.B>
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¦4§@q §K§9§l:A(BEFNJLc.B:1(+Gh.f(95P0�GI<[EF.d:=GA.ZNq�$K8JL[S (�3%.4*ISl:DEC(+LcL_8@mJE\T2.4*�$B&-GA0J.ZE 02(9>�(�:D<[^K8J< �2g
54(B8UGH. ��.f57GH$98lGI0J.'.B:DGA<[E (+GA.·i�¸-3%.4*HGI0J.'.48@GA<[*I.6:=.B|%mJ.4825O.%q©<c8 �9¯ � $+&zGA0J.'GI<[EF.6:DGA.4N2:H$K8J.
:A(BEFNJLc.H(K5457$9mV8UGI.B>d&r$K*/EF$K*A.-GA02(B8 §Ui ¯1$+&MGI0J.HGA$KGP(BL�NJ*I$9T2(BTJ<[Lc<[GDS'EC(9:I:7q%<[8 º ����$98V.1:A(BEFNJL[.
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:=GI.4N2:Oi
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GA0V<?:QN©$K<[8@G�$B&zGA0J.d:=.B|%mJ.4825O.%qJGA0J.Z*A.'(B*A.68J$F,/$K*AY@<[8J^��2$B,	:D.482:=$K*P:HGA0;(+G]54(+8l^K<[3%.1m2:Qm2:=.7&rmVL
<[8@&r$9*AE (+GA<c$98FGI$\>U<?(B^98J$·:=.6GA0J.�&)(BmJL[G 
 GI0J.H$K8JL[SF,z$9*IYU<c8J^��2$B,�:D.482:D$9*-(+G6µA¦B¶z57$98@GA<c8UmV.B:_GI$
*A.ZN©$K*AGGI0J.z:A(+EX.R(+EF$KmJ8@G�$+& 
Q¸]¹ �;$+,�^9$K<[8J^-<[8@GA$QGI0J.R:DSJ:DGA.4Eli � 0Um2:Oq+$KmJ*$98VL[SH<c8U&r$9*IEC(+GI<[$98
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�����������	��
�������	�	������������������������������� ��!"�#���%$ º �9¯

0 100 200 300
Time step

0.0

0.2

0.4

0.6

0.8

1.0

P(
Hy

dr
og

en
−V

alv
e=

Cl
os

ed
)

¥�<c^9mJ*I.'¦4§@i[¦ � ' � ¹�:D0UmVGA$ ��,Q<cGA0 TJ*A$KY%.48��2$B,	:D.482:=$K*P: '_0@SUN2$KGA0J.B:D<?:/Lc<[Y%.4Lc<[0J$%$@>

0 100 200 300
Time step

10.0

15.0

20.0

25.0

30.0

35.0

40.0

Fl
ow

 a
t (

16
)

Omniscient KF
Our algorithm
Ground truth

¥�<c^9mJ*I.o¦Z§Uic¦4¯ ' � ¹ :D0UmJGI$ � ,Q<[GI0�TV*A$9Y%.Z8 �;$+, :=.Z82:=$K*P: ' �2$B,�.B:DGA<cEC(+GI.B:



�����������	��
�������	�	������������������������������� ��!"�#���%$ º ���

GA0V.h,Q*A$K8J^C>U<`:A57*I.4GA.60US@N2$9GI0J.B:=<`:�µr$+&z8J$ � ¹H:D0UmJGI$ �z¶PqTJmJG-,Q0J.48 $9mJ*¢(+L[^K$9*I<[GA0VE <c8U&r.4*�:sGI0J.
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GA0;(+G-N©$K<[8@GQ$98i
¥�<[^KmJ*A. ¦4§@i[¦4¯�(+L`:=$�<c82>U<`54(+GI.B:hGA02(BGoGI0J.�^K*A$KmJ82>¤GA*ImJGA0}GA*�(��D.B57GI$9*AS :A(+EXNJL[.B>l&r*A$9E GI0J.

EF$@>U.ZL_<`:'| mV<[GA.\8J$K<?:=S·qR(+82>�<[8�&)(K57Gh<`:hEom25P0l8J$K<?:=<c.4*hGI02(+8�GI0J.C(95OGAm2(BL->J(+G�( µr,/.FNJ*I.B:=.Z8UG
:=$KEF.1$+&zGA0V.'>J(BGP(o<c8l¥�<c^9mJ*I.F¦4§@i º § <c8�GI0J.h8J.ZeUG]:=.B5OGA<[$K8�¶Pi � 0J.6*A.B(K:=$K8�<`:sGI0J.h.4e@GA*�(b8V$9<?:D.
(9>V>U.B>lGA$F$KmJ*1EF$@>U.4LMGA$ 57$KEFN2.482:A(BGA.1&r$9*1<[G�:�<[82(K5457mJ*�(957<c.B:7q (9:1>U<`:A57m;:A:=.f>¨<c8�#%.B57GI<[$98 ¦4§@i �
t 0J.48�:I(+EFNVL[<[8V^C(FGA*P( �D.B57GA$K*ASF&r*A$KE $9mJ*]EF$@>U.4L)q�,/.'m2:D.'GA0J.\(K>��Dm2:DGA.B>l8J$9<`:=.'Lc.43%.4L?:Oq©GI0Um;:
57*I.B(+GI<[8J^'EF$K*A. �I(B^9^K.B>�GI*P(��D.B5OGA$9*I<[.B:Oi
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t .o8J$B,�GAmJ*I8�$KmJ*6(+GAGI.48@GA<[$K8�GI$C.4eUN2.4*I<[EF.Z8UG�:/GA02(BGh,/.Z*A.'*AmV8�$K8�*I.B(+Lz>J(BGP(�5O$9L[Lc.B57GI.B> &r$K*
m2:�T@S�GI0J.'´h# 
 GA.B(BEliHjk8 GA0J.\>J(BGP(FGA0;(+GH, (9:1(439(B<[L`(+TJLc.hGA$Xm2:7qGA0V.h.4Lc.B57GA*I$9LcS <4.Z*-(+82>�GI0J.
,Q(BGA.4*]NJmJEFN2:Q,/.Z*A.'8J$KGH,/$K*AY@<[8J^Vq�(B82>�GA0V.4*A.7&r$K*A.%q{(+L[GI0J$9mV^90�GA0J.', (+GA.Z*1:=mJT;:=SV:=GA.ZE ,Q(K:1(
N2(B*AG/$B&M$9mJ*zEF$@>U.4L)q9<[GR, (9:_8V.43%.4*�GI.B:=GI.B>o(B^%(B<[82:DG/*A.f(+L>V(+GP(@iRjkGP:�. � .B57GR,Q(K:_EF$·:=GIL[ShE (+Y@<[8J^
GA0V.�EX$@>U.4L(K:sL`(+*I^9.6(9:Q<[G-:D0J$9mJL`>FT©.·i
#%$9EX.Q$+&$KmJ*z>J(+G�(1:=.4G�: *I.B57$K*P>U.B>hGI0J.]:=.482:D$9*R*A.f(9>U<c8J^%:R(+Gz(�&r*A.f| mJ.Z8257Sh$B&$K8257.Q.43%.4*IS\¦4§

$9* �9§6:=.B57$K82>J:Ois#%<c8257.Q$KmJ*/EF$@>@.4L202(9:z(�GA<cEF.-:=GI.4N\$+&z¦H:D.B57$K82>�qUGI0J$%:D.1>J(BGP(':=.ZGP:�,/.4*I.�$K8JL[S
$+&MLc<[EF<cGA.B>1m2:=.]GA$hm;:/(+8;>o,/.4*I.�m;:=.B>F:D$9Lc.4L[Sh&r$K*/EF$@>U.ZL©.f:=GA<cEC(+GI<[$K8i t <[GA0V<[8\GA0J.H*I.4EC(B<[8J<c8J^
>J(BGP(':=.ZGP:7qJ$K8JL[S\GD,/$6,/.4*I.HGP(BY%.48F,Q0J<cL[.HGI0J.H^%(K:/L[$%$KN�,Q(K:/$9N2.4*�(+GA<c8J^',Q<[GI0FGA0V.h5O$9EFNJ*I.B:A:D$9*

 <[8 GA0J.C*A.f:=G'GA0V.C57$9EXNJ*A.B:I:=$K*h,Q(K:b$�� (+82>�(BL[L/GI0J.C^%(K: �2$B,�,/.48@Gh$KmJG\$+&]GA0J.C:DSJ:DGA.4E
GA0V*A$9mV^90�GI0J.13%.48@GA<[L`(+GI<[$98XNJ<[N2.\µA¦ � ¶Pi
� 0Um;:7qH(BL[L-GA0J.l.ZeUN2.4*I<[EF.48@GP:1<[8 GI0J<?:F:D.B57GI<[$98w(B*A.l*I.4N2$9*AGI.B>¤$98wGD,/$ >J(+G�(�:=.4G�:7i � 0J.

�2*�:=G-,Q(9:-(oLc$98J^X:=.B|%mJ.48;57.1$+& � §9§9§X:=.B57$K82>J:QGA02(BG�<c8257Lcm2>U.B> � � �9§F:D.B57$K82>J:�$B&z:=GI.B(9>US :DGP(+GI.
$9N2.4*�(+GI<[$98w(B82>w¯	�B§ :=.B57$K82>J:o$B&d( 
Q¸ ¹ :=0@mJGA$��	GA*�(+82:D<[GI<[$98{i � 0J.�:D.B57$98;> <[8;57L[m2>@.B> �K§9§
:=.f57$982>V:7q�$KmJG'$+&-,Q0V<?5P0 �Dm2:=G �9§l:=.f57$982>V:�,/.Z*A.X:=GA.f(9>US�:DGP(+GI.C(+8;> GI0J.\$9GA0V.4*'¯ �B§l:=.f57$982>V:
,/.Z*A.'(�
Q¸]¹H:D0UmJGI$ ��GI*P(B82:=<cGA<[$K8i6«�L[LM$9mJ*¢:=GA.f(9>USx:=GP(BGA.\*A.B:DmJL[G�:�(B*A.'*I.4N2$9*AGI.B>�$98�GA0V. �2*P:DG
>J(BGP(\:=.4GZi/jk8C$9*�>U.4*Q8J$KG�GI$om2:D.1GA0J.6:A(BEF.6>J(+G�(d&r$K*�T2$KGA0�GI*P(B<[8J<c8J^\(+82>CGA.B:DGA<c8J^oGI0J.1EF$@>U.4L)q
,/.1m2:D.B>�$K8JL[Sx¦4§9§X:=.B57$K82>J:Q$+&RGI0J.6:=GI.B(9>US :DGP(+GI.':D.B| mV.48257.�&r$K*�GI*P(B<[8J<c8J^Jq2(B82>�GA0J.1*I.B:=G-,Q(K:
m2:D.B>�$K8JL[SF&r$9*-GA.f:=GA<c8J^Jiz¥J$9*-GA0J. 
Q¸]¹H:=0@mJGA$���GA*�(+82:D<[GA<c$98 ,/.hGI*A.B(BGA.B>FGI0J.��2*�:=G]>J(+G�(F:=.ZG-(9:
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:=GI.4N2:H¦U:$�
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<[8@GA$]GA0J.zGA*P(B82:=<cGA<c$98'GA0V.��2$B,-:_:DGP(B*AG�GI$H<[825O*A.B(K:=.Q(B82>'.43%.48h^K$HT2.4S%$98;>hGA0J.4<c*�$9*I<[^K<[82(BLU3K(+LcmJ.B:Oi
� 0J.\*A.B(K:=$K8 <`:HGA0J.X>U<�� .4*I.48@G�*I.B:=N2$K82:=.F$B&-GA0J.X:=.ZN2(+*�(+GA<c$98�EX.4E'TJ*P(B8J.hGI$l>U< � .4*A.48@G1^%(K:=.B:Oi
«s&rGI.4*RGA0J. 
Q¸ ¹ :=mJNJNVL[S\<?:R57mJGz$ �pqUGI0J.157$KEFN2$%:=<cGA<c$982:�$+&MGI0J.H^·(9:=.f:_<[8XGA0J.-^%(K:/L[$%$9N 5a02(B8J^9.·i
v *P(K>Um2(+LcL[S%qRGA0V.�
Q¸ (B82> 
Q¸]¹'<[8�GI0J. :=SV:=GA.ZE (B*A.C3%.48@GA.B>�$KmJG\(+8;> GA0V.C57$9EXN©$·:=<cGA<[$K8�$+&
� ¹�<c8lGA0J.��;$+,	<c8257*A.f(9:=.f:7i � 0J.'*A.B:D<?:DGP(+8;57.h$B&QGA0V.'EF.4E'TJ*�(+8J.1GA$ � ¹H<?:-:=EC(BL[L[.Z*�GI02(+8lGI0J.
*A.f:=<?:DGP(B8257./GI$�
Q¸hqK(+8;>bGI0J.4*A.O&r$9*A.zGA0J.��;$+,-:R:DGP(+*IG�GA$]<[8257*I.B(9:D.%i � 3%.48@GAm;(+L[LcS%qB(+LcLJGA0V. 
Q¸ (+82>

Q¸]¹1(+*A.'3%.Z8UGI.B>C(+82>lGA0J.\:DSJ:DGA.4En:DGP(+TV<[L[< <4.B:-(+^·(+<[8{ihª�$KGA<`57.hGI02(+G1$9mV*HEF$@>U.4Lp54(B8lNJ*A.B>@<?57G
GA0V<?:1:=mJTVGAL[.'T2.40;(f3@<[$K*1$+&QGI0J.X:=SV:=GA.ZE 
 GA0J.\:DSU8@GA0V.4GA<`5hGA*P( �D.B57GA$K*ASx:=0J$B,Q8�(K:¢GI0J.\^9*A$KmJ82>
GA*ImJGA0C<c8l¥�<c^9mJ*I.'¦4§@i[¦4¯\02(9:-(o:D<[EF<cL?(B*/|%m2(BL[<[G�(+GI<[3%.HT2.402(43@<[$K*Q$+& �2*�:=G->U*I$9NJNV<[8J^Vq©GI0J.48C*A<`:=<[8V^
(+8;> �28;(+L[LcS':DGP(+TV<[L[< <4<[8V^hµ)(+L[GI0J$9mV^90qV(9:�,/.-(BL[*A.f(9>USd>U<?:I57m2:A:D.B>hGA0V.Q8J$9<`:=.-L[.43%.4L`:�<[8'$KmJ*REF$@>U.4L
(+*I.1L?(+*I^9.4*-(B82>�GI0J.6:=<cEomJL`(+GI.B>bGI*P(B82:=<cGA<[$K8l:D.4.4EC:RGA$'02(BNJN2.48l:DL[<[^K0UGIL[S'&)(9:DGA.4*O¶Pi
� 0J.]:=.B57$K82>o<c8UGI.4*A.B:DGA<c8J^HNJ0J.Z8J$9EF.Z8J$98\<?:�GA0V.�*I.4L?(BGA<[$K8oT2.4GD,z.4.48'GA0V. �2$B,-:z(9:_EX.B(9:DmJ*A.B>

T@S ���\(B82>�T@S � > ¹Oiljk8�^9.Z8J.4*P(BL/GI0J.��2$B,�(+GCµI¦��%¶1<?:�.f| m2(BLRGA$lGA0V.C:=mJE�$+&-GI0J.��2$B,-:'(BGµA¦Z§ ¶ (+82>lµI¦�� ¶�i � 0@m2:OqJGA0J. �2$B,wEF.B(9:DmJ*A.f>oTUS ���H:D0J$9mVL?>FT2.h(BG�Lc.B(9:DG-(9:/L`(+*A^K.6(9:QGA0J. �2$B,
EF.B(K:=mJ*I.B>�T@S � > ¹4ipjk8'GA0J.-(K57GAm2(BL :=.B|%mJ.4825O.%q+GI0J. �2$B,¤<[8 � �_<`:�<[8;>U.4.B>hL`(+*A^K.4*�GI02(+8\GA0J. �2$B,(+G � > ¹/>UmV*A<[8V^hGA0V.��2*�:=G �9§h:D.B57$K82>J:�µ):=.4.]¥�<c^9mJ*I.h¦Z§Ui º ¦+¶�i � $B,z.43%.4*4qK(f&rGI.4*/GI0J.-GA*P(B82:=<cGA<c$98C(BG
� � �9§@qJGA0J.1*A.f(9>U<c8J^%:/$B& � > ¹QT2.B57$9EX.�L`(+*A^K.4*QGA0;(+8CGA0J.1*I.B(9>U<c8J^%:/$B& � �BqJ(+8;>�:=G�(+*IGA<[8V^h&r*A$9EGA<cEF.]:=GA.ZN � � º »9§Uq2GA0V.h>@<�� .4*A.Z8257.HT2.B57$KEF.B:z:=<[^K8J< �©54(+8@G4i � 0J.1*I.B(9:D$98�&r$K*QGA0J<`:/T2.402(43U<c$9*Q<`:
GA0;(+GR(BNJN2(+*I.48@GAL[S1GI0J.Q:D.482:=$K*P:�(B*A.Q8J$KG�,z.4L[L@5Z(+L[<cTJ*P(BGA.B>6(+82>h*I.B(95OG�>U< � .4*A.48@GALcSHGA$]GA0J. 5a02(B8J^9.f:
<[8CGI0J.h^·(9:-57$9EFN2$·:=<[GI<[$K82:7i � 0Um;:7q (+L[GI0J$9mV^90�GI0J.'(K57GAm;(+L �2$B,�<c8 � � <?:-:=Lc<[^90@GALcSoL`(+*I^9.4*QGI02(+8
GA0V. �;$+, (+G � > ¹4qJGA0V.h:D.482:D$9*P:Q<[8;>U<?54(BGA.HGI02(+G-<[Gz<?:Q:D<[^98V< � 54(B8UGIL[SC:DEC(+LcL[.4*Zi¥�<[^KmJ*A.�¦Z§Ui ºKº :D0J$B,-:o0J$B,�GA0J.C*A.f(9>U<c8J^%:'$+& � �F(B82>�� > ¹\(+*I.�*I. �2.B5OGA.B>�T@S�GI0J.CT©.ZL[<[.O&:=G�(+GI.h$+&p$+& $9mJ*-EF$@>U.4L)i � .Z*A.1,/.1NJLc$9GQGA0V. �D$K<[8@GQNJ*A$KT2(+TV<[L[<cGDSC>U<?:DGA*I<[TJmJGI<[$K8F$B3%.4*QGA0J.6:DGP(+GIm2:
$+&-GI0J.\G=,z$ :=.482:D$9*�:7i ��N�GA$ � � º »9§@q�GA0V.F>U$KEF<[8;(+GA<c8J^C0US@N2$9GI0J.B:=<`:H<?:HGA02(BGhT2$9GI0�:=.Z82:=$K*P:
(+*I.o,z$9*IYU<c8J^Ji � 0J.oEX$@>U.4L�.4e@NJL`(+<[8;:¢GI0J.\0J<[^K0J.4*1*A.B(K>U<[8V^%:�&r*A$KE � > ¹h57$KEFN2(+*I.B>�GA$ ���hT@S(9> �Dm2:=GI<[8J^'GI0J.�TV<?(9:R3K(+*A<`(+TJLc.B:_$B&MGA0J.f:=.1:D.482:=$K*P:Q(K5457$9*�>U<[8V^9L[S·i � $B,/.Z3%.4*4q9GI0J.-TJ<?(K:/39(B*A<`(+TJLc.B:7q
(9:Q.4825O$@>U.B>F<[8C$9mV*�EF$@>@.4Lkq@(+*I.18J$9G-L[<cY%.4L[S6GA$\02(43%.HL?(B*A^9.63K(+L[mV.B:7i/#%<c8257.H,z.6>U<?>F8J$KGQEF$@>U.4L
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¥�<[^KmJ*A.\¦4§@i ºKº '�� *I.B>U<`57GA.B>'&)(+<[LcmJ*A.f:/$+& ���1(+8;> � > ¹

GA0V.C>U.4N2.482>@.48257S�$+&-GI0J.CTJ<?(K:�3K(+*I<?(+TVL[.B:h$K8�GA0J.C^·(9:'57$KEFN2$%:=<cGA<c$982:Oq�$9mV*'EF$@>U.4Lz>U$%.B:'8J$KG
*A. �2.B57G-GA0J.d5a0;(+8J^K.h<[8 GA0J.6TJ<?(K:=.B:](f&rGA.Z*�GI0J.'^%(K:H57$9EXN©$·:=<cGA<[$K82:-5a02(B8J^9.·i � 0@m2:7q2$9mJ*]EF$@>U.4L
54(B8J8J$9G-.4e@NJL?(B<[8FGI0J.1T2.402(43U<c$9*Q$B& ���](+82> � > ¹ &r$K* ��� º »9§@i� 0J.\$9GA0V.4*1N©$·:A:D<[TJLc.o.4e@NJL`(+82(BGA<[$K8�<`:HGA02(BGh$98V.o$B&QGA0V.oGD,/$ :D.482:=$K*P:1<?:s&)(BmJL[GDS%q,Q0J<`5a0l<`:
.4eV(957GIL[S�GA0J. >U<?(B^98J$·:=<?:'$9mV*F:DSJ:DGA.4E�EC(+Y%.f:7i�jk8J<[GI<?(+LcL[S%qGI0J.CL[<[Y%.ZL[S�0@S@N©$KGA0J.f:=<?:h<`:hGA02(BG ���
<?:�&)(BmJL[GDS%i t 0J.Z8�GI0J. �;$+,-:hLc.43%.4LM$ � (+G � � ���K§Uq�$9mV*':=SV:=GI.4E�:=.Z.4EC:�GI$�NJ*I.7&r.4*HGI0J.��2$B,
EF.B(K:=mJ*I.B>FTUS � � (+8;>�<[G-GA0J.4*I.7&r$9*I.65a02(B8J^9.f:s<cGP:->U<?(B^98J$·:=<?:-GA$ � > ¹ T2.4<[8J^\&)(+mJLcG=SX,Q<[GA0 0J<[^K0NJ*I$9T2(BTJ<[Lc<[GDS%i�¥J$K*-(d&r.4, :=.f57$982>V:s<cG/^9<c3%.B:Q(h0J<c^90CL[<cY%.4L[<c0J$%$@>o&r$9*QT2$9GI0�$+&pGA0V.h:D.482:D$9*P:QGA$\T2.
&)(+mVL[GDS%qUTVmJGQGA0J.Z8�<[Gz<[8U&r.Z*P:/GA0;(+G ����<`:/,/$K*AY@<[8J^\(4&rGA.4*-(BL[Lki
� 0J<?:Q>@<?(+^K8J$%:D<?:Q:D.4.4EC:z| mJ<cGA.-*A.B(K:=$K82(+TJLc.%qJ^9<c3%.48FGI02(+GQ,z.1>U<?>\8J$9GQ.4e@NJLc<?57<cGAL[S6EF$@>U.4L2GI0J.

<[8$�2mJ.4825O.h$+& GA0J.'^·(9:657$9EFN2$·:=<[GI<[$K82:H(+8;>¨GI0J.��2$B, *�(+GA.f:¢$K8�GI0J.'TJ<`(9:H3K(+*A<`(+TJLc.B:7idj 8l$KGA0J.Z*
,/$K*P>J:Oq�^9<c3%.48CGA0J.d:=.48;:=$9*]EF$@>U.4L,z.hm2:D.%q©GI0J.'T2.402(43@<[$9*-$+& ���6(+82> � > ¹-:=0J$KmJL?>�<c82>U.4.f>�T2.57$K82:=<`>U.4*A.f>l( &)(+mVL[G4qM(B82>¨GI0J.X:=SV:=GA.ZE EC(+Y%.B:-(F*A.B(K:=$K82(+TJLc.F<[8@&r.4*A.48;57.Fµr,Q0J<?5P0l,/.X>U<?>l8J$KG
.4e@N2.B57G/T2.7&r$K*A.40;(+82>©¶zT@SC(9:I:=mJEF<c8J^'GA0;(+G-$98J.1$+& GA0J.6:=.Z82:=$K*P:Q<?:/TJ*I$9Y%.48i
t .C8J$B,�.4eV(+EF<c8J.'GA0J.CN2.4*D&r$9*AE (+8257.\$+&]GA0V.�EX$@>U.4Lz(+82>�$KmJ*o<c8U&r.4*I.48257.X(+Lc^9$9*I<[GI0JE <c8
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¥�<c^9mJ*I.o¦Z§Ui º�� '���*A.B>@<?57GI<[$98X,Q<[GA0 (BL[LGA0V. �;$+, :=.482:D$9*�:s.4eV57.4NVG_&r$9* 
Q¸ ¹ *I.B(9>@<[8J^·:
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¥�<c^9mJ*I.o¦Z§Ui º ¯ '���*A.B>@<?57GI<[$98C,Q<cGA0C8J$��2$B,�:D.482:=$K*P:Q.4eV57.4NJGR&r$9* � ¹Q*A.B(K>U<[8V^%:

>U<`(+^98V$%:=<c8J^1GA0J.zN2$%:=<cGA<c$98'$+& GI0J./3K(+Lc3%.B:7ip¥�<[^KmJ*A.]¦4§@i º �-<[82>U<`54(+GI.B:GA02(BG�GA0J. 57$9*I*A.B5OG�>U<`(+^K8J$%:D<?:
,Q(K:�*I.B(95P0J.B>�q TJmJG6(9:1,/.X(+L[*I.B(9>@Sl>U<`:A57m2:I:=.B>l<[8�GA0V.F54(K:=.\$+& GA0J.X:=S@8UGI0J.4GI<?5'>J(BGP(Uqp(9:1L[$98V^
(9:H,z.'02(43%.'GA0J.\>J(BGP(o&r*A$KE GA0J. 
Q¸]¹ �2$B, :D.482:D$9* � � q�Lc$@54(+GI.B>�(BG\µA¦+¶�q<[GH<`:�3%.4*ASC.B(K:=SlGI$
>U<`(+^98V$%:=.CGI0J.�
Q¸ ¹ :D0UmVGA$ �pi � 0J.4*I.7&r$9*I.%qR(�EF$K*A.\<[8@GA.4*I.B:=GI<[8J^CGA.f:=Gh<`:hGA$ <[^98V$9*A.CGI0J.C>J(BGP(
&r*A$KE � � (B82> GI.B:=GC,Q0J.ZGA0J.4*X,/.�54(B8w:=GA<cL[L]>U<?(B^98J$·:=.�GI0J. 
Q¸]¹C:=0@mJGA$���i � 0J.�*I.B:=mVL[GP:\$+&
GA0V<?:h.4e@N2.4*A<cEF.48@G1(+*I.C:=0J$B,Q8}<[8�¥�<c^9mJ*I.�¦4§Ui º�� i t <[GA0V$9mJG'GI0J.C>J(BGP(�&r*A$9E � � qR<[G6GP(+Y%.f:'(
L[<cGAGIL[.1EF$9*I.1GA<[EX.�GI$F*A.f(95P0�GA0V.'*A<[^K0UG]57$K8257L[m;:=<[$K8q�TJmVGH,Q<[GI0J<[8x(b&r.4,	GA<cEF.1:=GI.4N2:�,z.'*A.B(K5a0
GA0V.F57$K*A*I.B57G6>U<?(B^98J$·:=<`:h(+8;>�57$98;:=<?>@.4*1<[G1GA$ T©.X.4eUGI*A.4EX.4L[SFLc<[Y%.4LcSCGA0J*I$9mJ^K0�GA0J.\*A.f:=Gh$B&QGI0J.
:=.f| mJ.Z8257.%i
jk8�GA0J.\NJ*I.43U<c$9m2:6:=.B5OGA<[$K8q�,z.oGI*A<c.B>¨GI$l>U<`(+^K8J$%:D.�(B8 � ¹6:=0@mJGA$�� .43%.48@GH,Q<cGA0�$K8JL[SlGI0J.


Q¸]¹ �2$B,w:D.482:=$K*/,z$9*AY@<[8V^Ji t .-GA*A<c.B>\(h:=<cEF<[L`(+*M.4e@N©.Z*A<[EX.48UG,Q<cGA0F*I.B(+L;>J(+G�(UqJTJmJGz:D<[8257.-$9mV*
:=.f| mJ.Z8257./<c8257Lcm2>U.B>1( 
Q¸¢¹�:=0@mJGA$��C*P(BGA0J.Z*�GI02(+8X(+8 � ¹p:=0@mJGA$���q%,z./*A.ZEF$B3%.B>H(+LcLJGA0V.Q:=.Z82:=$K*P:
.4eV57.4NJGM&r$9*RGA0J. � ¹z:=.482:D$9*Zi � 0J.�*I.B:=mVL[GP:R(B*A.]:=0J$B,Q8F<c8F¥�<c^9mJ*I.h¦Z§Ui º ¯UqV(+82>X(+*A.]|%mJ<[GI.-:=<[EX<[L?(B*
GA$lGI0J.F*I.B:=mJLcGP:1$98�GA0J. :=S@8UGI0J.4GA<`5o>V(+GP(�<c8�¥�<c^9mJ*I.l¦4§@i[¦ � µr.4eV57.4NJGH&r$9*'GI0J.C:DSU8@GA0J.ZGA<?5\>J(BGP(
T2.4<[8V^oEF$K*A.18J$K<?:=S (K:�,/.6>U<`:A57m2:I:=.B> (+T2$B3%.9¶Pi � 0J.1&)(957G-GA0;(+G-,/.h^K.4G-GA0J.d:A(+EX.h|%m2(BL[<[G�(+GI<[3%.
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CO2 closed
Hydrogen closed
Both closed

¥�<c^9mJ*I.o¦Z§Ui º � '���*A.B>@<?57GI<[$98X,Q<[GA0C8J$\EF.B(K:=mJ*I.4EF.48@GP:M$+&R<c8257$9EX<[8J^ �2$B,-:

T2.402(43@<[$9*M&r$9*M*A.B(BL2(+82>':D<[E\mJL?(BGA.B>]>J(+G�(¢<c8hGI0J<?:M54(9:D.Q<?:M(�N2$%:D<[GA<c3%./<c82>U<?5Z(+GA<c$981&r$9*�GI0J.Q|%m2(+Lc<[GDS
$+&-$KmJ*hEX$@>U.4LR(K:�,/.ZL[LR(K:�GA0V.F<[8U&r.Z*A.4825O.'(+Lc^9$K*A<[GI0JEliX«�8J$9GI0J.4*1N2$%:D<[GA<c3%.o<c82>U<`54(+GI<[$98�<?:HGI0J.
&)(95OG�GI02(+G-,/.6(+*I.6:=GA<cL[LM(BTJL[.1GA$X57$KEF.HmJN ,Q<[GA0 ('m2:=.O&rmJLM>U<?(B^98J$·:=<`:�$98x(b*I.B(+LM>J(BGP(F:D.4GQ.43%.48
,Q<[GI0J$9mVG�EC(B8US'$B&RGA0V.h:D.482:D$9*P:Oi
«H:$9mJ* �;82(+L)q%(+82>hEX$%:=Gp5P02(+LcL[.48J^K<[8J^QGI.B:=GZq9,/.z<[^K8J$9*I.B>�GI0J.->J(+G�(s&r*A$KE	T©$KGA0��2$B,}:=.Z82:=$K*P:

� > (+8;> � � q9GA0@m2:�.ZL[<[EX<[82(BGA<[8V^Q(+8@ShEX.B(9:DmJ*A.4EX.48UG $+& <[8;57$9EF<c8J^Q^%(K: �2$B,-:7i�
R$9EX<[8J^-mJN',Q<[GI0GA0V.\57$9*I*A.B57G]>U<`(+^98V$%:=<`:�<?:-Eom25P0CEF$9*I.65a02(BL[Lc.48J^9<c8J^\8J$B,1q:=<c8257.%q2.43%.48 < &R,z.'<[8U&r.4*-GA0;(+GH$K8J.
$+&MGI0J.-39(BL[3%.B:M<?:R57L[$·:=.B>'<[GR<`: 0;(+*P>\GA$1<[8U&r.Z*_,Q0V<?5P0o$K8J.%q@(9:RGA0J.-. � .B57G�: $B&M(�
Q¸H¹z:=0@mJGA$��x(+82>
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