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�?I�;� ?"#$�" ^aj�q���\_^ f j�va\���d]`bo6

q K X[Z6npz

u!j " j
j�qx^ � �c�t� � �t��5F�0� ��q@nto6
 

`bqxqb^ $}`bXaZ � � ���0�k�k� �k� �k�k� �k�!� � 5F�p�
�2� 1 � &2\_ohd2Xa`xj�zNXa` f \ms�jtv��]vej J qx\ f ^y^aj�q���\_g JLK�J jpX[Z��]vej���v[n f ^c`xz � � � )

� � � � � �k� �k�k� �!�k� �k� �k�k� �k� �k�!� �k�k� �k� �k�k� �k�!� � 5F� 5
�2� 5��5W:��j�^e`bX[`bj�z!X[Z6npX�`x^7Z6ntveg�s�j�v?u!j " j
j�qx^ J d0X ��\_v K \
nt^ K s�j�v�� B��7A $��� 

,���I�;
 �"#$�" � j�z]\h\ K \_o � 5�� � ^a�ts � ��qxnto6
|X[j

�`xqbq JLK �]qxn K `bz]� npX � 	 ��� � 5F� 5
�2� 535 W:��j�^e`bX[`bj�z X[Z6n�X�u j " j0j�qb^+^aj�q���\h^�^eX[npX[`bo
ntqbq K � j�z]\_\ K \ J � 5�� � ^a�ts � �-Z2`bX[\

X[j

�`xqbq JLK �]q@n K `xz2� npX �
� � �}� �k�k� �k� �k�!� �k�k� �k� �k�k� �k�!� � 5F�t�
�2� 5F� � &2\_ohd2Xa`xj�zYXa` f \Ts�j�vN�]vej J qb\ f ^�^aj�q���\hg-j�z2q K5JLK � B��+A/$	�� ,����

I�;
 �"#$�" `bz � � �c� � �}� �k� �k�k� �k� �k�!� �k�k� �k� �k�k� �k�!� � 5F�t�
�2� 5(85W�� j�^e`bXa`xj�z!^ajtq ��\_g�j�z2q K JLK � B��+A/$	�� ,���I�;� �"#$�" � j�z2\h\ K \h\ � 1 � ^a�ps �

��q@npo6
�X[j<qx`���\ JLK �]qxn K `bz]� npXm� 
 � �i�k� �k�!� �k�k� �k� �k�k� �k�!� � 5F� 8

�0� 5 W�� j�^e`bXa`xj�z/Xaj $}Z]`bo~Z�n}g]`��0`bg]\cntz]gkohj�z2�
d2\hv�nt�]�]vejLnto~Zk`x^7nt�]�]qb`xohn J qx\ �
� ��qxnto6
�Xaj �]q@n K � � � �!�k� �k� �k�k� �k� �k�!� �k�k� �k� �k�k� �k�!� � 5F� �

�0� � � zLX[\hvanto_Xa`xz]� ve\h��`bj�z]^ `xz 
pj $}`rX[Z�X[Z]\!g]`��
`xg]\!ntz2g o_j�z]��d]\hv�nt�]�2vajLnto~Z � 5F� �
�0� 8 ��^a\hd2g]j ) o_j0g2\kjps?X[Z2\ � � wNnpqx��j�ve`bXaZ f ���k�!� �k�k� �k� �k�k� �k�!� � 5F� 1
�0��� � &]n f �]qb\ jts�d]^a`bz]� �]vaj
jts�z
d f J \_va^ X[j<^a\_qx\_o_X}X[Z]\ $yj�v 
�`bz]� va\h�t`xj�z ��� 5F� 1
�0� � ��j
g]\ \'&0�6npz]^a`bj�z]^}s�j�v�X[j K �]vej J qb\ f ^ ^aj�q���\hg JLK�J jtX[Z ��\_va^a`bj�z]^ �Y� � 5(8��
�0��� W-� j�^e`bXa`xj�ziX[Z]npX � � w ^ej�q �t\hg $}`rX[Z f d]o~Z|qb\h^e^yz]j
g]\_^cXaZ6ntz|z2j ) � � w

� g]`��
`xg]\*) ohjtz]��d]\hv � 5F� � ^e�ts � ��qxnto6
|X[j qb` ��\ JLK �2q@n K `xz]�<npX 
 � � � � �!� � 5(8��
�0��� � &2\_ohd2Xa`xj�z�X[` f \�s�j�v ^eX[ntz]g6ntveg �2vaj J qb\ f ^ ^aj�q���\_g JLK�J jtX[Z���\_va^e`xj�z]^ � 5(8�8
�0��� ��j
g]\ \'&0�6npz]^a`bj�z s�jtv ^eX~npz]g6ntveg �]vej J qb\ f ^ ^aj�q���\hg JLK�J jpX[Z���\_va^a`bj�z]^ � 5(8�8
�0� 1 W � j�^e`bXa`xj�zNXaZ6npX � � wN^aj�q���\hg f j�va\!��d]`xo6
�q K � j�z2\h\ K \h\ � 5 � ^a�ps � ��qxnto6


qx`���\h^ $}`rX[Z � � � � � �!�k� �k� �k�k� �k� �k�!� �k�k� �k� �k�k� �k�!� � 5(8 �
�0� 5��Y{m\_q@n &0\_g g2\hohj f ��j�^a`rX[`bj�z �]�k� �k�k� �k� �k�!� �k�k� �k� �k�k� �k�!� � 5(8��
�0� 535 ��^a\hd2g]j ) o_j0g2\kjps?X[Z2\ { � w�ntqx�tj�va`rX[Z f � �k�!� �k�k� �k� �k�k� �k�!� � 5(8 �
�0� 5F� � \ho_j f ��j�^e`bX[`bj�z|s�j�v�Xa^ad f \') u!j � � �k� �k�!� �k�k� �k� �k�k� �k�!� � 5 � �
�2� 5 W z<\'&2n f �]qx\}`bz � �tj ��npX[^ed K j ) vaj�z � �-Z]`rX[\�Xaj qb` ��\ � ntz]g<`bX[^�\_z]ohqbj�^a\_g

��\_va^a`bj�z � �k� �k�k� �!�k� �k� �k�k� �k� �k�!� �k�k� �k� �k�k� �k�!� � 5 � 8
W � 5 W z \'&2n f �]qx\ `bz%$}Z]`xo~Z g2s ) �2z qbj0jt�]^�s�j�ve\+��\_v �/�k�k� �k� �k�k� �k�!� � 5F� �
� � 5 ��qxj
o6
�^ �y� �k� �k�k� �!�k� �k� �k�k� �k� �k�!� �k�k� �k� �k�k� �k�!� � 5F�t�
� � � � K \ � �k� �k� �k�k� �!�k� �k� �k�k� �k� �k�!� �k�k� �k� �k�k� �k�!� � 5F� �
� � 8 � j �y�k�k� �k� �k�k� �!�k� �k� �k�k� �k� �k�!� �k�k� �k� �k�k� �k�!� � 5F� �
� ���  #` J \hveXa`x\_^ � � �k�k� �!�k� �k� �k�k� �k� �k�!� �k�k� �k� �k�k� �k�!� � 5F� �
� � � w0\.
�` �V�k� �k� �k�k� �!�k� �k� �k�k� �k� �k�!� �k�k� �k� �k�k� �k�!� � 5F� �



� � ��� ��� � � � �	� �

8 � 5 ��\_ves�j�v f ntz2oh\ ohj f �6npva`x^ej�z J \_X $y\h\hz�`x��z2j�va`bz]� ntz]g g]\hntqx`bz]��$}`rX[ZiX[Z]\
u ��� �]vej J qb\ f s�j�v!g2s ) �]zV`bzSu!j � W qbq�^eX~n�X[`x^ X[`boh^kntva\ o_j f �2d2X[\_gSs�j�v
5F� � �]vej J qx\ f ^�^aj�q���\hg JLK�J jpX[Z��]vajt��v[n f ��\hve^a`bj�z]^ ���k� �k�k� �k�!� � � �

8 � � ��\_ves�j�v f ntz2oh\iohj f �6npva`x^ej�z s�j�v �
	:`bzGu!j � W qbq>^eX[npX[`b^eX[`boh^ npva\iohj f )
�]d2Xa\hg�s�j�v 5(8 � �]vej J qx\ f ^ ^ej�q �t\hg JLK�J jpX[Z ��\hve^a`bj�z]^ �:� �k�k� �k�!� � � �

8 � 8 ��\_ves�j�v f ntz2oh\ o_j f �]ntva`b^aj�zTs�jtv/g2s ) �2z `xz o~Z]\_o6
t\_va^ � ��j
g]\i^eX[npX[`b^eX[`boh^
ntva\!o_j f �2d2X[\_g s�j�v XaZ]\ ^ed J ^e\_X�jts 5 � � �2vaj J qb\ f ^}^aj�q���\hg JLK ntqxq3�2vaj )
��v[n f ��\_va^e`xj�z]^ ���k� �!�k� �k� �k�k� �k� �k�!� �k�k� �k� �k�k� �k�!� � � �

8 ��� � &0Xav[n �]vej J qb\ f ^y^ej�q �t\hg JLK \hnto~Z f \ X[Z]j
g � w
\h\/W��]� \_z]g]` &�� � ��s�j�v�n
qx`b^eX[`bz]� jts7X[Z2\��p���i�]vaj J qx\ f ^ � �k� �k� �k�!� �k�k� �k� �k�k� �k�!� � � 5

8 � � ��\_ves�j�v f ntz2oh\ ohj f �6npva`x^ej�zYs�j�v � 	 `xz-o~Z]\_o6
t\_va^ � ��j
g]\ ^eX[npX[`b^eX[`boh^
ntva\ ohj f �]d0X[\hg:s�j�viX[Z]\ ^ad J ^e\_X�jps,535(1G�]vaj J qx\ f ^ ^aj�q���\_g JLK:J jtXaZ
�]vajt��v[n f ��\_va^a`bj�z]^ ���!�k� �k� �k�k� �k� �k�!� �k�k� �k� �k�k� �k�!� � � �

8 ���  #`x^eX}jps?�]vej J qb\ f ^ d]^a\_g s�j�v g0s ) �]z �-�k� �k�!� �k�k� �k� �k�k� �k�!� � � �
8 ���  #`x^eX}jps?�]vej J qb\ f ^ d]^a\_g s�j�v �
	 � � �k� �k�!� �k�k� �k� �k�k� �k�!� � � �
8 ���  #`x^eX|jtsk�]vaj J qx\ f ^�^aj�q���\hg JLK g0s ) �]z $}`rX[Z-n�� � � X[vantz]^e� j�^e`bXa`xj�z

X~n J qx\ � � �k� �k�k� �!�k� �k� �k�k� �k� �k�!� �k�k� �k� �k�k� �k�!� � �
�
8 � 1  #`x^eX�jtsm�]vaj J qx\ f ^ ^ej�q �t\hg JLK g2s ) �]z $}`bXaZ�n�8�� � � X[vantz]^e� j�^e`bXa`xj�z

X~n J qx\ � � �k� �k�k� �!�k� �k� �k�k� �k� �k�!� �k�k� �k� �k�k� �k�!� � �
�
8 � 5��  #`x^eX}jps?�]vej J qb\ f ^ ^aj�q���\hg JLK � 	 $}`bXaZ n�� � �YX[v[npz]^a��j�^a`rX[`bj�zNX~n J qx\ � � 1
8 � 535  #`x^eX}jps?�]vej J qb\ f ^ ^aj�q���\hg JLK � 	 $}`bXaZ n 8�� � �YX[vantz]^a��j�^e`bX[`bj�zNX~n J qx\ � � 1
�]� 5 ��\_ves�j�v f ntz2oh\!ohj f �6ntve`x^ej�z J \ X $�\_\hz jtqxg�g2s ) �]zTnpz]g�g2s ) �]z � v � `bz u!j � � �
�]� � ��\_ves�j�v f ntz2oh\�ohj f �6npva`x^ej�z J \_X $y\h\_z�j�qbg g2s ) �]z!npz]g!g2s ) �]z � v � `bz o~Z]\ho6
3)

\hve^ � �k� �k� �k�k� �!�k� �k� �k�k� �k� �k�!� �k�k� �k� �k�k� �k�!� � � �
� � 5 ��\_ves�j�v f ntz2oh\ s�j�v ^ad2ohoh\_^a^e` ��\_q K ^#$}`rX[o~Z]`bz]� j�z \hz]Z6npz]oh\ f \_z�Xa^ �C�!� � 131
� � � ��\_ves�j�v f ntz2oh\ s�j�v�X[d2vaz]`bz]� j � ^a`bz]��qb\/\hz]Z]ntz]oh\ f \_zLX � � �k�k� �k�!� � 5���5
� � 8 ��\_ves�j�v f ntz2oh\ s�j�v�X[d2vaz]`bz]� j�z�^a`xz2��qx\ \_z]Z6ntz]o_\ f \hzLX �S� �k�k� �k�!� � 5����
� ��� ��\_ves�j�v f ntz2oh\ jts�^e` f d2q@npXa`xj�z s�j�vkntqbq 5F� � ^ej�q �t\hgV�2vaj J qb\ f ^ � ntqbq>\hz�)

Z6ntz]o_\ f \hzLX[^mj�z3�2�]Z6nt^e\ 5!^a\hntvao~Z2\h^ jtz]q K � � �k�k� �k� �k�k� �k�!� � 5����
� � � � ��\hveZ]\
npg s�j�v�
pj�ve\') ^e\
ntveo~Z]\h^ � � �k� �k�!� �k�k� �k� �k�k� �k�!� � 5���8
� ��� ��\_ves�j�v f ntz2oh\!ohj f �6ntve`x^ej�z J \ X $�\_\hz�� � � " ) � npz]g ��� � " ) 5 �]�k�!� � 5�� �
� ���  #`x^eX}jps?d]z2^aj�q���\hg �]vej J qx\ f ^ �:�k�k� �k� �k�!� �k�k� �k� �k�k� �k�!� � 5����

�2� 5 ��\_ves�j�v f ntz2oh\>s�j�v3^ed]oho_\h^e^a` �t\hq K ^#$}`bXao~Z]`xz2�mjtz \hz]Z6npz]oh\ f \_z�Xa^�`bz9 � �2� 5 �]� 535F�



�2� � ��\_ves�j�v f ntz2oh\ s�j�v�X[d2vaz]`bz]� j � ^a`bz]��qb\/\hz]Z]ntz]oh\ f \_zLX `bz  � �2� 5 �]� � � 535 �
�2� 8 ��\_ves�j�v f ntz2oh\ s�j�v�X[d2vaz]`bz]� j�z�^a`xz2��qx\ \_z]Z6ntz]o_\ f \hzLX�`xz  � �0� 5 �2� � � 535 �
�2��� ��\_ves�j�v f ntz2oh\ g6n�X~n|j�zT^a` f d]q@npXa`xj�z�s�j�v ntqxq?� � � ^ej�q �t\hg �]vej J qb\ f ^ `xz

 � �2� 5 �]� W�qxq3\_z]Z6ntz2oh\ f \hzLXa^�j�z � ��Z6np^a\
5 ^e\
ntveo~Z]\h^mj�z]q K � � �k�!� � 535 �
�2� � � ��\hveZ]\
npg s�j�v�
pj�ve\') ^e\
ntveo~Z]\h^ �E�k� �k� �k�!� �k�k� �k� �k�k� �k�!� � 535 �
�2��� ��\_ves�j�v f ntz2oh\�ohj f �6ntve`x^ej�z J \ X $�\_\hz � B �+A/$	�� ,���I�;
 �"#$�" ntz2g

u!j " j
j�qx^�`xz  � �0� 5 �2�T�k� �k� �k�k� �k� �k�!� �k�k� �k� �k�k� �k�!� � 535 �
�2��� ��\_ves�j�v f ntz2oh\�ohj f �6ntve`x^ej�z J \ X $�\_\hz � B �+A/$	�� ,���I�;
 �"#$�" ntz2g

u!j " j
j�qx^�`xz � � � � � � � �k� �k�k� �k� �k�!� �k�k� �k� �k�k� �k�!� � 535 �
�2���  #`x^eX}jps?d]z2^aj�q���\hg �]vej J qx\ f ^ `bz � � � � � � � �k�k� �k� �k�k� �k�!� � 5F� �
�0� 5 ��\_ves�j�v f ntz2oh\!ohj f �6ntve`x^ej�zNs�j�v � � w�ntz]g�z]j ) � � wN`xz " j K � �k�!� � 5(8�5
�0� � ��\_ves�j�v f ntz2oh\!ohj f �6ntve`x^ej�zNs�j�v � � w�ntz]g�z]j ) � � wN`xz w
X[ntz]g6ntveg � � 5(8�5
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w0`bz]oh\c�]q@n K `xz2�m��n f \_^+`x^+j�z]\cjts2XaZ]\c`xzLX[\_qxqx\_o_Xad6ntq J \hZ6n �
`xj�ve^�jps]Z�d f ntz J \h`bz]��^_�p�Ln f \_^

Z6n ��\ J \_\hz g]\_^ao_va` J \hg np^/n �t\hZ]`bohqb\ X[j�ohj�z2g]d]o_X va\_^a\
npvao~Z `xz W veXa`b�6o_`@ntq � zLXa\hqxqb`x��\_z]oh\
� W � �*) ��82� � ��+ ��" Z2\hva\|ntva\ f ntz K va\
np^aj�z]^/$}Z K ��n f \_^kntva\<`xg]\hntq g]j f nt`xz2^/s�j�v \*&	)
�]qbj�va`bz]� X[Z]\!ohnt�6n J `bqx`rX[`x\_^�jts�W�� �

, � ���
�2	:US�������2�2�F��� �7�.- u!n f \_^ v[nt`b^a\ ntz `bz�Xa\hve\h^eXa`xz]�S��d]\h^ X[`xjtz5jts!$}Z]\ X[Z]\_v

f nto~Z]`bz]\h^ o
npz|j�d2Xa� \_ves�j�v f Z�d f npz��]qxn K \hve^�`bz<Xa\hv f ^ jts3`bzLX[\hqbqx`b��\hz]o_\ � ukn f \h^

XaZ]\hve\_s�j�ve\|^ad2�]�]q K o_qx\
npv�ntz2gV^eXavaj�z2� f jpX[` �pnpXa`xj�z2^/s�j�v ve\h^e\
ntveo~Z]\hve^�X[j g2\_s�\
n�X

XaZ]\ J \_^eXmZ�d f npz �]qxn K \hve^ �

, � �PUS�?�Q�P�L�����-�6� � ��� � � �7��� �
- " Z]\�vad]qb\h^ jts �Ln f \h^ ntve\�d]^ed6ntqbq K � &0\hg�npz]g

^eZ]j�veX � W�qx^ej]���Ln f \h^�Z6n ��\ o_qx\hntv�ve\h^ed]qbXa^�X[Z]npXNnpva\T\_`bXaZ]\hv
$}`xz]^_� g]v[n $}^_�mjtv

qbj�^a^e\h^ � � X|`x^ X[Z]\_va\_s�jtva\T\hnt^a`b\hv s�j�v<va\h^e\
ntveo~Z]\hve^NX[j f \hnt^ad]ve\T` f �]vej(��\ f \hzLXa^
XaZ6ntz<`xz f npz K va\hntq�) $�j�veqxg nt�2�]qx`bo
npXa`xj�z]^ � �c\ Xcg]\h^e�]`bXa\}XaZ]\}^a` f �]qb`xo_`bX K jts'��n f \
ved]qx\_^h�!n�q@ntve��\Gn f jtd]zLX jps�$yj�v 
 ntz]g ^ao_`x\hzLXa`b�6oG`xz ��\_zLX[`xjtz]^ `b^�z]\h\_g]\hg s�jtv

o_j f �2d2X[\_va^ X[j �]qxn K $�\_qxq �

,�/ �6� �-�2�����P�Q���2�F�������0- " Z]\ X[\ho~Z2z]`x��d]\_^/`xz ��\_^eXa`x�LnpXa\hg `bzT�Ln f \_^�Z6n �t\ jts�X[\_z
J \h\_zYntg6nt�0X[\hg:X[jVve\
ntq ) $yj�vaqbg:g2j f np`xz]^ � l6j�v�\*&2n f �2qx\t��^a\
npvao~Z-ntqb��j�va`rX[Z f ^

d]^e\hgi`bz�^ajtq �
`xz]���]d�� �hqx\_^?ohntz J \�nt�]�]qb`x\_gkXaj/�6npXaZ�) �6z2g]`xz]� ntz]g � �mW:^e\h��d]\_z]oh\

ntqb`x��z f \_z�X � W�^ $�\_qxq �0^aj f \ jts+X[Z2\/X[\ho~Z2z]`x��d]\_^�g]\'��\_qxj���\hg�s�j�v���n f \_^ \hz]�t`xz]\_^

\hnt^a`bq K Xav[ntz2^es�\hv Xaj<jpX[Z]\_vm^e\
ntveo~Z \_z]��`bz]\h^ �

5



w0`xz2oh\ X[Z]\}g6n $}z�jts've\h^e\
ntveo~Z|j�z<�]vajt��v[n f<f `xz]�/��n f \_^h�Lo~Z]\_^a^yZ6nt^ J \_\hz|n f n��ej�v
X[\_^eX J \_g J \_o
ntd]^e\ jts�`rX[^m� jt�]d]q@npva`bX K `xz XaZ]\ $y\h^ X[\_vaz�$�jtvaqxg ��� o���ntv X[Z KTf \hzLXa`xj�z]\_g

X[Z]npX/o~Z]\_^a^!`x^�va\ s�\hvave\hg Xaj�nt^�XaZ]\����������	��

����� jts W � ) �t� + � W�^ X[Z2\ � vaj�^ej��]Z]`bq@n2��X[Z2\
^ao_`x\_z�Xa`b�6o�z6n f \Ns�j�v XaZ]\ ohj f<f jtzEs�vad]`rX�� K �y`x^ d]^e\hg�s�j�v J `xj�qbj���`bo
ntq \'&0��\hve` f \hzLX[^_�

o~Z]\_^a^�`x^<^a` f `bq@ntveq K d]^a\_g5s�j�v�\*&0� \_va` f \hzLXa^|`xz W�� � W �pntva`b\_X K jts Xa\ho~Z]z2`x��d]\h^%$y\hve\

`xz �t\hzLX[\_g JLK ve\h^e\
ntveo~ZS`bz o~Z]\h^e^h�+`xz2ohqxd2g]`xz]��^a��\ho_`@ntqb` �h\_g Z6ntveg $�ntva\ ) � � 5 12�#� � + �#npz]g
^a\hntvao~Z:ntqb��j�va`rX[Z f ^ ) � � � � � + � � nt^a^e` �t\hq K �6ntvantqxqb\hqc^a\
npvao~Z $�np^�npqx^aj ntz�` f � j�v X~ntzLX

ohjtz�Xava` J d2X[`bj�z ) � � �7� � � � 1 + � " Z2\h^a\<X[\_o~Z]z]`x��d]\_^�o_j�zLX[va` J d2Xa\hg X[j�� $�$�I��k; �7$ ) 5 � + �
X[Z2\ ohd2q f `xz6npXa`xj�z jts#n f d]qrX[`�) K \hntv \ � j�veX�npX ��� � {m\_^a\hntvao~Z3��$}Z]`xo~Z J \
n�X�X[Z2\ �Sj�vaqbg
��Z]\_^a^ ��Z6n f �]`xj�z'��uknpvav K �!nt^a�6npvaj(��`xz�5(1�1 � )�� � + �

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

w
Xavaj�z]�Y��n f \*) �]qxn K `bz]�C�]vaj��tv[n f ^ ^ad2o~Z np^ o~Z]\h^e^S�2vaj���van f ^T\ f �]qbj K qbj0j3
3) ntZ]\
npg

^a\hntvao~Z ntqx�tj�va`rX[Z f ^kXaj ` f �]vaj(��\NXaZ]\h`bv f j(�t\ g2\hoh`b^a`bj�z]^ � � z]\�jtsmX[Z2\�ohvad2oh`@npq �]vaj )
oh\_g]d]ve\h^�`xz �Ln f \h^|`b^�XajV�6z]g-n $}`bz]z]`bz]� $�n K s�vaj f nV�t` ��\_z5��j�^a`rX[`xjtz � w0`bz]oh\Tn

�]qxn K \hv!Z6nt^ Xaj �]vej(��\ X[Z6npXkj�z2\<jpsyXaZ]\ f j(��\_^ f d]^eXkqx\hntg X[j n $}`bz � ` � \ � � � { �]vaj )

oh\_g]d]ve\ � �?nt^9$�\_qxqcnt^!X[Z6npX ntqbq>X[Z]\ f j4�t\h^k�]q@n K \hg JLK X[Z2\�j��2� j�z2\hzLX�qb\
ntg X[j qxjt^a^a\_^
s�j�vcX[Z]\�j��]��j�z]\hzLX � W
� � �]vaj
oh\_g]d]ve\ � �0X[Z]`b^��]vej0o_\h^a^�o
ntz J \/^e\h\hz�np^$#&%'�)(+*-,/.0��1	1
��12�3��4	
 �

" $�j��]vajt� \_veX[`b\h^}ntve\!va\h��d]`bva\_g s�j�v}ni^ej�q �t\hv X[Z6n�Xm�]z]g]^mn $}`xz]z]`bz]�,$�n K �

, ���E�L�Q�
�7�t��-�" Z]\y^aj�q���\_v f d2^eX��
d2`xo6
�q K ve\_X[d2vaz nm^aj�qbd2X[`bj�z3�F^a`bz]oh\c^ajtq �
`xz]�mZ6ntveg
��j�^a`rX[`bj�z]^�` f �]vej(��\h^ XaZ]\!^eX[ve\hz]�pX[Z jts?��n f \*) �]qxn K `bz]� �]vej���van f ^ �

, � ��	F	��
�t�F�+�
�
�.-
" Z]\<^aj�q���\_v f d]^eX J \<n�� \_ves�\_o_X �]q@n K \_v � � zVjtXaZ]\hv $yj�vag2^h�?`rs
XaZ]\!^aj�q���\hv}ve\_X[d2vaz]^mn va\h^ed]qbXh�2X[Z]npXmva\h^ed]qbX f d]^eX�ntq�$�n K ^ J \!va\_qx`xn J qx\ �

� z Xa\hv f ^}jts�\ � oh`b\hz]o K ��^a\
npvao~Z npqx��j�ve`bXaZ f ^�d]^a`bz]�<XaZ]\!z]jtXa`xj�z�jts5�6�	���87�ntz]g:93�;�=<
�6�����87?>�@
A�B=1=�	�/Z6n ��\ J \_\hzS^aZ]j($}zSXaj J \ \ � \ho X[` �t\�`bz f ntz K ��n f \_^h�+^ad2o~Z nt^ � ��\*)

`xz ) n ) vaj($!��o~Z2\h^a^_�cntz]g�w0Z2j���` � � nt�]ntz]\h^e\No~Z]\_^a^ � ) � �?�
� 5��2�?� � � � � + � � zE�6ntv X[`xo_d]q@npvh�

� np�Lnt` - ^ g]\_�2X[Z�) �6va^ X��2vaj
jts ) z�d f J \hv � g2s ) �2z � ^a\hntvao~ZE`b^!n f j�^ X!�]vaj f `x^e`xz]� f \_XaZ]j
g

) � � + � ��`b^ X[^ad f \*) ^aZ2j���` � w0Z]j���`�o~Z]\ho6
 f npX[`bz]� �]vaj J qx\ f � ^ej�q �t\hv ^aj�q���\_g ntqbq 
�z]j($}z

g]` � o_d]qbXm�]vej J qb\ f ^ $}`rX[Z ^aj�qbd2X[`bj�z�^a\_�
d2\hz]o_\h^ jts�8���� f j(��\_^/ntz2g f j�va\ � ��vaj
jts�npz]g

�



g]`b^a�]vej0jts/z
d f J \_va^|ntva\ ��j0j
g \_^eXa` f npX[\_^|jts/XaZ]\Tg2` � ohd]qrX K jts/�6z]g2`xz]� nG^aj�qbd2X[`bj�z �

� z]\!jts7X[Z]\!` f ��j�veX[ntzLX \hz]Z]ntz]oh\ f \_zLX[^}X[j X[Z]\_^a\kntqx�tj�va`rX[Z f ^�`b^}n . � �3> � �����=��.0� � > . �3<
B �;1 ��" Z]\ X[vantz]^a��j�^e`bX[`bj�z�X~n J qx\ `x^}niohnto~Z]\ XaZ6npX 
p\h\h�2^ �]ve\+�
`xj�d2^aq K ^a\
npvao~Z]\_gTva\_^ad]qrX[^_�
f n�
�`xz]� d]^a\/jps3X[Z]\�sQnto_XyX[Z6npXcX[Z2\/^a\hntvao~Z�^e�6ntoh\ \'&0�]qxjtva\hg�`bz|�]vanto_Xa`xo_\ `x^yz]jtX�nkX[ve\h\p�

J d2X�n ��vant�]Z )�� � + � � s f j�va\NXaZ6ntz�j�z]\��6npXaZ�qx\
npg]^ X[jGntzC`xg]\_zLX[`xohntq�^ X~npXa\t��ntz]gCn

va\_^ad]qrX XaZ6npXk^eX[npX[\�`x^!^eXaj�va\_gE`xz X[Z2\<Xav[ntz]^e� jt^a`bXa`xj�z X[n J qx\p�?n ^a\hntvao~Z npqx��j�ve`bXaZ f ohntz

�ed]^ Xiva\ X[va`b\+�t\�n X~n J qx\�\hzLX[v K ntz]gVj f `rX�^e\
ntveo~Z]`xz2� J \_qxj($ X[Z6n�X ^eX[npX[\p�>X[Z�d]^i^an(�
`bz]�

g]d]�2qx`xohnpX[\ \
�'jtveX � ��j($�\'��\_vh�2`bziX[\hv f ^ jts'ohj�veva\_o_X[z2\h^a^_�0XaZ]\ X[v[npz]^a��j�^a`rX[`bj�ziX~n J qb\ f n K
ohjtz�X[nt`xz���n $}^h�3`rs�X[Z]\ ^e\
ntveo~Z ^a�6npoh\i`xz �tj�q �t\h^/ve\h��\_X[`rX[`bj�z]^h� ^a`bz]oh\�XaZ]\ Xav[ntz2^a��j�^a`rX[`xjtz
X~n J qx\/g2j0\_^ z]jtX o_j�zLX~nt`bzNX[Z]\ �6n�X[Z]^ JLK $}Z2`xo~Z�X[Z]\ `bg]\hzLXa`xo
npq'��j�^a`rX[`xjtz]^�ntve\/va\hnto~Z]\_g �

" Z]`b^��]vej J qb\ f `x^7o
npqxqx\_gkXaZ]\ � �2�=��

<��&�;�=. � ������>�.81=� �
4=. � � >	� � �
����
-���3B �;1=A ) � �0+ � ��vaj )
��van f ^ Z]n(�t\|^ed �'\_va\_gSs�vaj f u ��� j(��\_v g2\ho
npg]\h^ � ��vaj���van f<f \_va^/\_`bX[Z2\hv!`x��z2j�va\iX[Z2\
u � �~�#^a`bz]oh\iXaZ]\ K g2j z]jpX $�ntzLXkX[j�g]\_��v[ntg2\<XaZ]\ � \_ves�j�v f ntz2oh\ijtscX[Z]\_`xv ^ej�q �t\hva^_��jtv
ohj f �]vej f `x^a\mX[Z]\ \ � \ho_Xa` �t\hz]\_^a^mjts+X[Z]\/^ej�q �t\hve^�X[ji��d6npv[ntzLX[\_\ ohj�veva\_o_X[z2\h^a^}jts+XaZ]\/^aj )

qxd0X[`xjtz]^ va\ X[d]vez]\hg J�K XaZ]\<^aj�q���\hve^ �%" Z2\ f n��ej�v o_j�zLX[va` J d2Xa`xj�z jtsyX[Z]`b^!XaZ]\h^e`x^k`x^ X[Z2\
g]\_^a`x�tz:jts n Z]`x�tZ�) ��\hv s�j�v f ntz]o_\NW
� ����� { X[ve\h\�^a\hntvao~Z ntqx��jtva`bXaZ f $}Z]`xo~Z:ntq�$�n K ^

��d6npv[ntzLX[\_\h^mohj�veva\_o_X[z2\h^a^ �

����� � �#
�!�� ��� � ' �#���"(

" Z]ve\h\�g]j f nt`xz2^ ntve\�o~Z]j�^a\_z np^ X~ntve��\_X<nt�2�]qx`bo
npXa`xj�z]^ � X[Z]\ .��=@ A 1=< � �|�]vej J qx\ f `bz

X[Z2\i�Ln f \ jts � ���#X[Z]\ � > 1=<21�� 1��]vaj J qx\ f `xzGu j]�+ntz2g X[Z]\ �Ln f \ jts 4	
�1	4�� 1=��� �/" Z]\
va\hnt^ajtz]^ $}Z K XaZ]\h^e\�X[Z2va\h\}g]j f nt`bz]^ ntve\m^ed]`bX[n J qb\�s�j�v `xz ��\_^eX[`b�LnpXa`xz]�!n!va\_^a\
npvao~Z|Xaj��]`xo

jts7X[Z]`b^�X[Z]\_^a`b^m`b^ \'&0�]qxnt`xz]\_g �

��������� ����� �"!$#&%'�)(+*-,/.102,43&56�7% 8�9:*-,

W�s�Xa\hv-� $�$�I � ; �+$ - ^��
`bo_X[jtv K nt��nt`xz]^ X>X[Z2\mZ�d f ntz,$yj�vaqbg�o~Z6n f �]`bj�z3�Ln qxntva��\_v�z�d f )
J \hv}jts�va\h^e\
ntveo~Z]\hve^/Z6n ��\ f j4�t\hg X[j f jtva\ ohj f �]qb\'&���n f \_^ ^ad]o~Z nt^�u!j<ntz]gTw0Z]jt��` �
{}\h^a\hntvao~Z2\hva^ Z6n ��\ ^eX[ntveXa\hgG`xz ��\_^eXa`xz]� ^a`b��z]`b�]o
ntzLX!va\_^aj�d2vaoh\_^ \_^a��\ho_`@ntqbq K X[j u!j2� J \*)

o
npd]^a\yjts]`rX[^7� j��2d]q@ntve`bX K `xzkW ^a`xntz�o_j�d]zLX[ve`x\_^ � W�oho_j�vag]`bz]�}X[j � o���ntv X[Z K ��u jmo
ntz J \yn

z]\'$5g]vej�^aj��2Z]`xqxn jts W��7g]d]\ X[j/XaZ]\}g]` � ohd2qbX K jts XaZ]\ g]j f nt`bz ) �p�0+ � " Z]\}^a\
npvao~Z<^a�6nto_\
jtsco~Z]\_^a^!`x^/\_^eXa` f npX[\_g J \ X $�\_\hz 5��<;>=!ntz]g 5
�@?BA ) � + � 5(1DC�5(1�u j�Z6nt^ 8<=BEGFIH 5��JFLK�M
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� n � � J �

l?`b��d]ve\,5 � 5 � W Xa^ad f \') u!ji�2vaj J qb\ f � ��q@npo6
�X[j qb` ��\ � �

��j�^a^e` J qb\ � jt^a`bXa`xj�z2^�jts�$}Z]`bo~ZGn J jtd2X,5 � ��� ntva\ qb\h�Lnpq � " Z]\iz�d f J \hv jts 8 =BEGF s�j�v!u j
`x�tz]j�va\_^ f j(��\/Z2`x^eXaj�v K � � s#X[Z2\ Z]`b^eX[jtv K `x^ X~n�
p\hz�`bz�Xaj nto_ohj�d2z�Xh�0XaZ]\/z�d f J \hvy`x^ f d]o~Z
q@npva��\_v � " Z]\_va\ npva\�X $�jGva\hnt^ajtz]^ $}Z K u jS`b^i\h^e� \_oh`@npqxq K g]` � o_d]qbX ��� z]\�\_^a^a\_zLX[`@npq
g]` �'\_va\hz2oh\ J \_X $y\h\_z o~Z2\h^a^}npz]g�u j `x^ X[Z]\ z
d f J \_v�jts+��j�^e^a` J qx\ f j(��\_^�`xz|n�� jt^a`bXa`xj�z
� B � �3> 4	

��>��'7"�
4=. � � � � w0`bz]oh\!X[Z2\ J vantz]o~Z]`bz]��sQnpo_X[jtvm`bz u j|`b^}d]^ad6npqxq K q@ntve��\hv X[Z]ntzT`bz
o~Z]\_^a^h� B ��@ . 1=< 7 � ��4	1 np�]�]vaj�nto~Z]\h^ X[n�
t\_z JLK o~Z]\_^a^k�]vajt��v[n f ^ ntve\iz]jtXknt^ \
�'\_o_Xa` ��\ `bz
X[Z2\Ng]j f nt`xzGjts�u j � " Z]\�jtX[Z2\hv�g2` � ohd]qrX K `xz u j `b^ \'�tnpqxd6npXa`xj�zSjts}��j�^a`rX[`xjtz]^ � � z
o~Z]\_^a^h� ��\_v K �tj0j
g ntz]g \ � oh`x\_zLX[q K ohj f �]d2X[n J qb\ ohve`bX[\_va`xnNntva\ n(�pnt`bq@n J qx\k^ad]o~ZSnt^/X[Z2\

f npX[\_va`@npq J ntq@npz]oh\ � � z ohj�zLXav[nt^ X
�'^ej|sQntv}X[Z]\_va\�ntva\kz]jNo_qx\
npv�^ X[v[n�X[\h�t`x\h^}s�j�vm\+�pntqbd6npX#)
`xz2����j�^a`rX[`xjtz]^ `xz�u j � w
qx`x�tZ�Xyg]` �'\_va\hz2oh\h^�`xz�XaZ]\ qbj0ohnpX[`bj�z<jts#^eXaj�z]\_^�o
ntz|ohj f �]qx\ X[\_q K

o~Z6ntz2��\ XaZ]\�ve\h^ad2qbX�jts n���n f \ � W ^�n|va\_^ad]qrX
��g]\h^e�]`bXa\ n|qbjtXmjts�\
�'j�v X[^_��XaZ]\ J \h^ X!u j

�]vej���v[n f ^�ohntz ^eX[`bqxq J \ \hnt^a`bq KNJ \
n�X[\hz \+�t\hz JLK Z
d f ntz��]qxn K \hve^}jts f j
g]\hvanpX[\/^#
�`xqxqb^ �

� z]\ $�\hn�
�z]\h^e^/jts>u!j �]vej���v[n f ^�`b^}va\ho_j���z]` �h`bz]� $}Z]\_XaZ]\hvm��vej�d]�]^}jts�^eXaj�z]\h^�ntve\
ntqb` ��\ijtvkg2\
ntg � w0d]o~ZE�2vaj J qb\ f ^!ntva\<o
npqxqx\_g . �=@
A 1=< � � � � � 7 1��3>69 9
12�3.�
 �i�]vej J qx\ f ^
ntz]g��]q@n K nkohve`bX[`bo
ntq2vaj�qb\m`bz�g2\hoh`bg]`xz2�kXaZ]\�jtd2X[o_j f \}jts f ntz K ��n f \_^ � l�`x��d]ve\95 � 5 � n �
^aZ2j4$}^kntzT\'&2n f �]qx\ � u!`���\hz XaZ]\iohved]oh`xntq7^eX[jtz]\h^ f ntv 
p\hg JLK Xava`xntz]��qb\h^h��X[Z]\ X[^ad f \*)

u j �]vaj J qx\ f `b^�X[jTo~Z]\ho6
 $}Z2\_X[Z2\hv X[Z2\h^a\�^ X[j�z2\h^io
npz qx` �t\|j�v z]jtX � � s}X[Z]\No_vad]o_`@ntq

�



^eXaj�z]\_^ o
ntz2z]jtX J \|ohnt�2X[d2va\hg'� XaZ]\|^ X[j�z2\h^ ntve\|�]vej4�t\hz X[j J \|ntqx`���\ � l6j�v \*&2n f �2qx\t�

`bs}XaZ]\�ohvad2oh`@npq ^eX[jtz]\h^ o
npz f n�
t\�X $yjS\ K \_^ � �cXaZ]\ K npva\ ntqx`���\ � ^a\_\Tntz�\*&]n f �]qb\�jts

n qx`rs�\') f n�
�`bz]� ^e\h��d]\_z]oh\ s�j�v ��qxnto6
S`bz�l?`x�td]va\ 5 � 5 � J � ��� � smX[Z]\�\ K \�^a�]ntoh\�`x^ X[j
j
^ f ntqbq � X[Z]\ o_vad]o_`@ntq}^ X[j�z]\_^�ntve\T�]vej4�t\hz5Xaj J \Tg]\hntg � " Z]\hve\_s�j�ve\t� X[Z]\ �]vaj
oh\_^a^|Xaj

�]vej4�t\ `bs+o_vad]o_`@ntq ^eX[jtz]\h^mntve\ ntqx`���\�o
ntz J \ ohj�z2g]d]o_Xa\hg nt^}ntz�W�� ����� {YX[ve\h\ ^a\hntvao~Z �

W qrX[Z]jtd]��Z X[Z2\�X[^ed f \*) u j �]vaj J qx\ f `b^?^a` f �2qx\hv7X[Z6npz X[Z]\ $}Z]jtqx\��Ln f \�jps u!j]�pX[^ad f \*)

u j ^aj�q���\hve^�^eX[`bqxq�^ad � \hv�s�vaj f X[Z2\ g]` � ohd2qbX[`b\h^Njpsiu j � �m\hz]o_\t� J d2`xqxg2`xz]�Vn�Z2`x��Z�)

��\hves�jtv f ntz]oh\i^ej�q �t\hv `b^!n��tj0j
g g]j f nt`bz s�j�v/va\_^a\hntvao~ZSj�z \ � \ho_Xa` �t\<W�� ����� { X[va\_\

^a\hntvao~Z ntqb��j�va`rX[Z f ^ � ��\_^a`xg2\h^h�6^e`xz]o_\/X[Z]\ ^e\
ntveo~Z ^e�6nto_\ jts+X[^ad f \*) u ji`xz ��j�q���\_^ f ntz K

va\_� \ X[`rX[`xjtz]^?jts�`bg]\hzLX[`bo
ntq J j�ntvagi��j�^a`rX[`bj�z]^h��s�j�v>\*&]n f �]qb\ JLK X $yj!ohj�z]^e\ho_d2X[`���\}�6nt^e^a\h^_�

X[^ed f \') u j `x^ ntqx^ej ntz�`xg]\hntq�g2j f np`xzVXaj `xz ��\_^eX[`b�LnpXa\�n z]\+$ ^aj�qbd2X[`bj�zVX[j XaZ]\ u � �
�]vej J qx\ f �

" Z]`x^ XaZ]\h^e`x^!s�j0o_d]^a\_^kjtz 1=> 4=�;����129 ��j�^a`rX[`xjtz]^h� $}Z]`bo~ZEntve\i\
nt^e`x\_v!XaZ6ntzGj���\hzG� j )

^a`rX[`bj�z]^ � " Z2\Tohd2vava\_zLX[q KCJ \h^ X|X[^ed f \') u jV^ej�q �t\hv_� �Vj�qrs.- ^�u!j " j
j�qx^ ) 1��0+P� nto~Z]`b\+�t\h^
Z]`b��Z � \_ves�j�v f npz]oh\ jtz ^ad]o~ZG� jt^a`bXa`xj�z2^�$}`bXaZ nN^ f ntqxq+X[j f j0g2\hv[n�X[\ J vantz]o~Z]`bz]��sQnto')

X[jtv � �mj4$y\+�t\hv_�]X[Z]\/^ X~npXa\') jts ) XaZ]\') ntveX X[^ed f \') u j�^ej�q �t\hve^�Z6n ��\ g]` � ohd]qrX[`x\_^y`bz|^ej�q �
`xz2�

X[^ed f \') u j��]vaj J qx\ f ^!$}`rX[ZGn�q@ntve��\hv J vantz]o~Z]`bz]��sQnto_Xaj�v �," Z2\hva\ s�j�va\p��z2\+$ f \_XaZ]j0g2^

f d]^ X J \ `bz	�t\hzLX[\_gTX[jiX[nto6
�qx\!^ad]o~Z \hz]o_qxj�^e\hg �]vaj J qx\ f ^ �

" Z]`x^ XaZ]\h^e`x^ s�j�qxqbj($}^ �Vjtqbs+- ^ g]\ �6z]`rX[`xjtz]^/s�j�v \hz2ohqxjt^a\hgGX[^ed f \*) u j��]vaj J qx\ f ^ � W
�]vej J qx\ f `b^ g]\_�6z2\hg JLK XaZ]\ s�j�qxqbj4$}`bz]� �6npv[n f \_Xa\hva^ �

, " Z]\�X $yj �]qxn K \hve^h��o
ntqbqx\_g X[Z2\ 9
1 7 1=>69
1=�+ntz]g X[Z2\ �3.0. �
4�� 1=� � " Z]\ g]\ s�\hz]g2\hv>X[ve`x\_^
Xaj<qb` �t\!ntz]g�X[Z]\knpXeX~nto6
p\hv X[ve`x\h^ Xaj 
�`bqxq �

, " Z]\���1 �3� � >6�?n ^ad J ^e\_Xijps�X[Z]\ J jLntvag � W�X \
npo~ZVX[d]vez3�>n �]q@n K \hv f d]^eX \h`rX[Z]\_v
f n�
t\kniqx\_�Lntq f j(��\ $}`rX[Z]`bz�XaZ]\!va\_��`xj�z�j�v �]nt^a^ �

, � z]\ j�v f j�va\ J qxj
o6

^ � F jts 4=��@�4=� �3� �=. � > 1	�Njps XaZ]\ g]\_s�\_z]g]\hv � " Z2\Go_vad]o_`@ntq

^ X[j�z]\_^ ntve\|�6npveX jts�X[Z2\|va\_��`xjtz ��" Z]\|g2\_s�\hz2g]\hv�$}`bz]^ n�X[^ed f \*) u j �2vaj J qb\ f

JLK-f n�
�`xz]��j�z]\ jts�ohved]oh`xntq/^eXaj�z]\_^T^[n�s�\ s�vej f ohnt�2X[d2va\G`xz]^e`xg]\ XaZ]\Sve\h��`bj�z3�

X K �]`bo
ntqbq K ohve\
npXa`xz]�|X $yj�\ K \h^!ohj�z2z]\ho X[\hg X[j�jtz]\ jts X[Z2\iohvad2oh`@npq?^eXaj�z]\_^ �/" Z]\

npXeX~nto6
p\hv}o
npz $}`bz JLK \h`rX[Z]\_v o
nt�2Xad]va`bz]� �3����ohved]oh`xntq3^eXaj�z]\_^h�6j�v JLK �2va\+�t\hzLX[`bz]�
XaZ]\!g]\_s�\_z]g]\hv}s�vaj f ohve\
npXa`xz]�iX $yj�\ K \_^ `xz�XaZ]\!va\h�t`xj�z �

���������	�
������
���������������
������
��� �!���"�#�$� %
�'&(�)�*���*+�,-+.��� /0�1
3254"6�7
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l�`x��d]ve\ 5 � � � W z \hz2ohqxjt^a\hg�X[^ed f \') u j �]vaj J qx\ f � �yq@nto6
|Xaj  +`���\ � �

,�� � 7 1 �3. . �
4�� 1=� �=. � > 1	� � $}Z]`bo~Z ^ed]vavej�d]z]g X[Z]\!ve\h��`bj�z �

, " Z]\!�]qxn K \hv f j(�0`bz]�i�6va^ X �

, w0\+
�` �!`x^!n%$}`xz s�j�v/XaZ]\ g]\_s�\_z]g]\hv � " Z2\ �=��. @ �3.0� � >6�3�+�=@���1=��<�� �1� ����� � ��@
�;1/`b^
d]^e\hgGX[j�g]\_Xa\hv f `bz]\ qx\h��ntq f j(��\h^ � � Xk^ X~npXa\h^!X[Z6npX ntz K f j(��\iX[Z]npXkva\h��\
n�X[^kn
�]ve\+�
`xjtd]^ J jLnpvag�� jt^a`bXa`xj�z%$}`rX[Z�X[Z2\k^an f \ ohj�qbj�v�X[j �]qxn K `x^}`xqbqx\_�Lntq �

l?`x�td]va\
5 � �0��ntg6nt�0X[\hg s�vaj f ) 1�� + ��^aZ2j4$}^ ntzT\_z]ohqbj�^a\_gTX[^ed f \') u j �]vaj J qx\ f � " Z]\
�]vej J qx\ f `x^kohj f �]qb\_Xa\hq K ohqbj�^a\_gVj � JLK ^[nps�\,$}Z]`rX[\<^eXaj�z]\h^ � ��q@npo6
 `x^!X[Z]\<g]\ s�\hz]g]\_v

ntz]g �-Z]`rX[\}`x^>XaZ]\ n�XaX~npo6
t\hv � ��vad]o_`@ntq2^eX[jtz]\h^yntva\ f ntv 
p\hg J�K X[va`xntz]��qb\h^ ntz2g<XaZ]\}va\h^ X

jts X[Z]\mva\_��`xj�z<`x^ f ntv 
p\hg J�K o_vaj�^e^a\h^ ��" Z]\mX[nt^ 
is�j�v���qxnto6
i`x^�Xaj qb` ��\}`bz]^a`bg]\ X[Z]\�ntva\hn

\hz2ohqxjt^a\hg JLK XaZ]\ ^[nps�\ ^ X[j�z2\h^mntz]g�s�j�v �-Z2`bX[\�X[j �]va\'��\_z�X}XaZ6npX � " Z2\hva\!`b^}ntz�d]z]^anps�\

^eXaj�z]\�npX � �'� � s}X[Z]`b^ ^eXaj�z]\�`b^ o
nt�0X[d]ve\hg3�cn �]qxn K \hv f `x�tZ�X��]q@n K npXi^ed]o~Z n ��j�`bz�X

q@n�X[\hv_�]^ajiXaZ]\ K ntve\!�6ntveX}jps�XaZ]\!va\h�t`xj�z �

��������� ������� 9��)(
	��4� .102, 3&5>�7% 869 �"!$#&%'�)(+*-,

" Z]\ � > 1=<21�� 1 �6���3B �;1=A nt^�ntz]jpX[Z]\_vmX[ntva��\ X g2j f np`xz�`x^m^a\_qx\ho X[\_g � " Z]`x^m�]vaj J qx\ f `x^mn

^a��\ho_`@ntq ohnt^a\�jts�Xa^ad f \') u!j � � X npg]g]va\_^a^e\h^�XaZ]\���d]\_^eXa`xj�zSjts $}Z]\ X[Z]\_v n �2q@n K \_v ohntz
ohve\
npXa\ npz�\ K \ o_j�z]z]\_o_Xa\hg|XajkXaZ]\��2q@n K \_v.- ^�^eXaj�z]\_^y`bz|n!��` �t\hz<va\_��`xj�z � W qrX[Z]j�d2��ZiX[Z]`b^

�]vej J qx\ f `x^ ^e` f �]qx\_v X[Z]ntzGs�d2qxq?Xa^ad f \') u!j]� $}Z2`xo~ZV`b^ ohj�z2oh\hvez]\hg $}`bXaZ f n�
�`xz]�NX $yj
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l�`x��d]ve\ 5 � 8 � � &2n f �2qx\!jts?n jtz]\') \ K \k�]vej J qx\ f � ��q@nto6
�X[j qx`���\ ���

\ K \h^_�cXaZ]\hve\ npva\ f ntz K ^e` f `xqxntva`rX[`x\_^ � l�jtv�\'&2n f �]qb\t��\+�t\hv K X[^ed f \*) u j �]vaj J qx\ f `bz

$}Z]`bo~Z X[Z2\ ��vej�d]� d]z]g]\_v n�XaX~npo6
�Z6nt^mntqxve\
ntg K ^ad]vevaj�d2z]g]\hgTj�z]\!\ K \�`xz ^aj f \!va\_��`xjtz

va\_g]d]o_\h^}X[j X[Z]\!j�z]\*) \ K \!�]vaj J qx\ f j�z�X[Z]\!ve\h^eX�jts7X[Z]\ J jLntveg �

W j�z]\*) \ K \i�]vej J qx\ f `bz nN��`���\_zGu!jN��j�^e`bX[`bj�zT`b^ g]\ �6z]\_gG^e` f `xqxntvaq K X[j|\hz]o_qxj�^e\hg

X[^ed f \') u j JLK XaZ]\ g]\_s�\_z]g]\hv_�7npXaX[nto6
t\_vh�+va\_��`xj�z'�3ohved]oh`xntq?^ X[j�z]\_^h�7ntz]g ^anps�\ npXaX[nto6
t\_v

^eXaj�z]\_^ � � z]q K X[Z]\!$}`bz]z]`xz2� ohj�z2g]`bXa`xj�z]^�jts+X[Z]\!npXeX~nto6
p\hvmntz]g�g]\ s�\hz]g2\hv s�j�v�XaZ]\ j�z]\*)
\ K \ �2vaj J qb\ f `x^ qx`b^eXa\hg �

, " Z]\�g]\_s�\_z]g]\_v�$}`xz]^�nTj�z]\*) \ K \|�2vaj J qb\ f JLK ohva\hnpX[`bz]� npzE\ K \Nohj�z2z]\ho X[\hgEXaj

ntqbq7XaZ]\ o_vad]o_`@ntq�^eX[jtz]\h^!`xz2^a`xg2\ X[Z2\iva\h�t`xj�z � " Z2\ npXaX[nto6
t\_v o
ntz $}`bz J�K \h`rX[Z]\_v

ohnt�2X[d2va`xz2� �3.-�;12� �=. � > 1�ohved]oh`xntq#^eXaj�z]\t��j�v JLK �]ve\+��\_zLX[`xz2��X[Z2\ g]\ s�\hz]g2\hv}s�vaj f
o_va\
n�X[`xz2��nio_j�z]z]\_o_X[\_gT\ K \k`xz�X[Z]\!ve\h��`bj�z �

" Z]\hve\ `b^ ni^ f ntqxq g]` � \hve\hz]o_\ jts�g]\
ntqb`xz]� $}`bX[Z�o_vad]o_`@ntq3^ X[j�z2\h^ J \ X $�\_\hz \hz]o_qxj�^e\hg

X[^ed f \') u j ntz]gGX[Z]\<j�z]\*) \ K \|�]vej J qb\ f � " Z]\ J qbj0o6
�^k^ad]vevaj�d]z2g]`xz]��X[Z2\�\ K \|ohntz]z]jpX

J \kohnt�2Xad]va\_g �

l?`x�td]va\ 5 � 8�^aZ]j($}^ ntz \*&2n f �2qx\�jps n|j�z]\*) \ K \i�]vej J qx\ f � ��q@npo6
 `b^�XaZ]\ g]\ s�\hz]g]\_v

ntz]g �-Z]`bXa\!`x^}X[Z]\ npXaX[nto6
t\_v � W��Lnt`xz'�6ohvad2oh`@npq#^eX[jtz]\h^ ntva\ f npv 
t\_g JLK X[ve`@ntz]�tqx\h^}npz]g

X[Z2\�ve\h^eX�jts3XaZ]\�ve\h��`bj�z<`x^ f npv 
t\_g JLK ohvajt^a^a\_^ � ��qxnto6
 f d]^ X f n�
t\�ntz�\ K \�`xz]^e`xg]\}X[Z2\

�



va\_��`xjtz3� $}Z]`bqx\ �-Z]`rX[\ X[ve`x\_^�X[j �]va\'��\_z�X�X[Z6n�X �

��������� � ���������702!

��j f �6ntve\hg $}`bXaZ u j]��o~Z]\_o6
t\_va^N`b^in ^a` f �]qb\hv���n f \Ns�jtv �Ln f \') �]q@n K `xz]�T�]vaj��tv[n f ^ �
��Z]\_o6
t\hve^?Z6np^+n�^ f ntqxqb\hv J v[ntz]o~Z2`xz]� sQnto X[j�v#npz]g!^a` f �]qb\hv'��j�^e`bX[`bj�z/\'�tnpqxd6npXa`xj�z � ��Z]\ho6
3)

\hve^ `x^ \_^eX[` f n�X[\hgNXajiZ6n ��\ � C 5
�@MBA}� j�^e^a` J qx\/��j�^e`bX[`bj�z]^ )�� 8 + � � X}`b^ ni�Ln f \ `xz%$}Z2`xo~Z
J ved2X[\*) s�j�veoh\�^a\hntvao~ZCZ6nt^ J \h\_zC��d]`rX[\�^ed]oho_\h^a^ s�d]q � � 8+1�)7 � �� $�np^ XaZ]\N�6ve^eX �Ln f \')

�]qxn K `bz]���]vajt��v[n f X[j�$}`xzSn �VjtvaqxgG��Z]n f �2`xj�z]^eZ]`x� )�� 5 + � W�s�Xa\hv X[Z2`x^ f `xqx\_^eXaj�z]\ `bz
va\_^a\hntvao~Z j�z � 871�)+ � �� �LXaZ]\�z]\*&0X �tjLntq�s�j�v?o~Z]\_o6
t\_va^cZ6nt^ J \ho_j f \yX[j/^ej�q �t\�X[Z]\���n f \

`bXa^a\_qbs � �mj4$y\+�t\hv_��g2\h^a�2`bX[\/n qxjtX�jts7\ � j�veX `bz]ohqbd]g]`bz]� q@npva��\�\hz]g]��n f \ g6npX~n J nt^a\_^ )�� 80+ �
X[Z2\|^a\hntvao~Z ^e�6nto_\Njts 5��<MBA `x^k^eXa`xqxq�o~Z]ntqxqb\hz]��`bz]� � l6d]v X[Z]\_vh�?^e`xz]o_\|o~Z]\_o6
t\_va^ `xz ��jtq ��\_^
va\_� \ X[`rX[`xjtz]^h�#`rX!^ad � \hve^ks�vej f X[Z2\|u � ���]vaj J qx\ f �
" Z]\_va\_s�jtva\t�7o~Z]\_o6
t\hve^ `x^kntz `bg]\
ntq
g]j f nt`bzNX[j `xz ��\_^eXa`x�LnpXa\!ohj�veva\ho X�ntz]g�\ � oh`b\hzLX�^a\
npvao~Z npqx��j�ve`bXaZ f ^ �

����� 	 � ����
 � ��
 ���"�*�"(

" Z]\kohj�zLXava` J d2X[`bj�z]^�jts�X[Z]`b^�X[Z]\_^a`b^mohntz J \ ^ed f�f ntve` �h\_g nt^ s�j�qxqbj4$}^ �

, W z2j4�t\hq>^ej�qxd0X[`xjtzTX[j|XaZ]\<u � � �]vej J qx\ f `b^ �]ve\h^e\hzLX[\_g � ��j f �6ntve\hg $}`rX[Z X[Z2\

�]ve\+�
`xjtd]^!^aj�qbd2X[`bj�z]^h�3XaZ]\�u ��� ^ej�qxd2Xa`xj�z `b^ ^aj ��\hz2\hv[npq ntz]gG�]v[nto X[`bo
ntq?XaZ6npXk`bX
`b^�nt�]�2qx`xohn J qb\}Xaj f ntz K ��n f \_^�ntz2g�ntqx�tj�va`rX[Z f ^ � W ^�g2\ f j�z]^eXav[npXa\hg $}`rX[Z|X $yj

nt�2�]qx`bo
npXa`xj�z]^ `bz5o~Z]\ho6
p\hve^Tntz2g5X[Z]\ jtz]\') \ K \T�]vaj J qx\ f `xz5u!j2��X[Z]\ ^ej�qxd0X[`xjtz

`bz]ohd]ve^}j�z]q K n ��\hv K ^ f ntqxq j(��\hveZ]\
npg3� $}Z2`xqx\ ��d6ntvantzLX[\h\_`xz]� o_j�vave\ho_Xaz]\h^e^ �

, � f �]`xve`xo
npq \+�
`xg]\_z]oh\ XaZ6npX|va\h��\_Xa`bXa`xj�z]^<o
npd]^a\ z2jtXNj�z2q K X[Z]\ u ���i�]vaj J qx\ f �
J d0Xintqb^aj n ��\hves�jtv f ntz]oh\<`x^e^ad]\<s�j�v!X[Z]\�g2s ) �]zVntqx�tj�va`rX[Z f `x^k�]va\_^a\hzLXa\hg � W�z

` f �]vej(��\hg ��\hve^a`bj�z jts g2s ) �]z3�>ohntqxqb\hgSg2s ) �]z � v � `x^ g]\+�t\hqxjt� \_g � {}\h^ad2qbX[^ j�zEX[Z2\

j�z2\') \ K \m�]vaj J qx\ f ntz]g `bz<o~Z2\ho6
t\_va^�^eZ]j($ XaZ6npXcg2s ) �2z � v � ` f �]vaj(��\_^>X[Z]\}^ej�q �
`xz2�
n J `xqx`rX K jts?g0s ) �]z �

, � z]\*) \ K \intz]g X[^ad f \*) u j|^ajtq ��\_va^ J nt^a\_g j�z g2s ) �]z � v � npva\�g2\+��\_qxj���\hg � � K s�d]v )
XaZ]\hv|ntg]g]`bz]�Eohjtvava\_o_X�g2j f np`xz�) g]\h��\hz]g2\hzLX%
�z]j($}qx\_g]��\TXajVX[Z2\T^ajtq ��\_va^_� �t\hv K
�]vej f `x^a`bz]� va\_^ad]qrX[^<ntve\ npo~Z]`x\'��\hg � " Z]\_^a\T^ej�q �t\hv ^ad2ohoh\_\hg]^|`xz�^aj�q��
`xz]� Z6ntveg

�]vej J qb\ f ^�X[Z6npX XaZ]\!ohd]veva\_z�X J \h^eX}Xa^ad f \') u!j ^ajtq ��\_va^mntve\kd2z6n J qb\/X[j ^aj�q���\ �

�



, W�^�n�s�d]v X[Z]\_v>` f �]vaj(�t\ f \hzLX?Xaj/X[Z]\�jtz]\') \ K \�^aj�q���\hv_��n g]`��0`bg]\�npz]giohj�z2�
d2\hv nt��)

�]vejLnto~Z3�'o
ntqbqx\hg 9@� >6�3A?� 4?9
1	4	� A&�����=��.0� � > ��12�3��4	
 �0�&� � �!`x^ �]va\_^a\hzLXa\hg ��� � w
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W qbqx`b^ `xzLX[vej0g2d]oh\_gCXaZ]\�z]jtX[`bj�z�jts��]vaj
jts ntz]gCg]`x^e�]vaj
jts�z
d f J \_va^is�j�v Z]`b^ J \_^eX#) �6va^ X

^a\hntvao~Z ntqx�tj�va`rX[Z f o
npqxqx\_g��6�����87�< >�@ A�B=1=����12�3��4	
 �L
 % � � ) � + � " Z]\G`xg]\hn jts��2vaj
jts

z�d f J \hve^�j�ve`x��`bz6npX[\_^�s�vaj f � o_W qxqb\h^ X[\hv+- ^yohj�z2^a�]`bv[nto K z�d f�J \_va^h� $}Z]`xo~Z f \
np^ad]ve\�X[Z2\

va\_qx`xn J `xqb`bX K jts?ntz \+�pntqbd6npX[`bj�zN`bz f `xz2` f n &�^a\
npvao~Z ) � 1 + �
" Z]\T�2vaj
jts z�d f�J \_v�jts/nSz]j
g]\�`x^ g]\ �6z]\_gYnt^ X[Z]\ f `bz]` f d f z�d f�J \_v�jts qx\hnps

z]j
g]\h^yX[Z6npX f d]^ X J \'�6�����31=>�X[j �2vaj(��\/XaZ6npX�XaZ]\/z]j
g]\�`x^�n/$}`xz|s�j�vcX[Z]\��6va^ X��]qxn K \hv_�
$}Z]`bqx\}X[Z]\/g2`x^a�2vaj
jts#z�d f J \hv�`b^yXaZ]\ f `xz]` f d f z�d f J \hvyjts+qx\hnps#z]j
g]\_^�X[Z6n�X f d]^ X J \

93�;� �6�����31=>�`xz j�veg]\hv�X[j�g]`b^a�]vej4�t\ X[Z]\iz2j0g]\ � ��vej0jtscnpz]g g]`x^e�]vaj
jts z�d f J \hve^ o
ntz J \
�
`x\'$�\_g nt^mntz�\h^ X[` f npXa\ jts�Z]j($ \
np^ K `bX�`x^�X[j<�]vej4�t\!j�v}g]`x^e�]vaj(��\kniX[ve\h\ �

 #\_X � J \kniz]j
g]\kntz]g � F ����� � � J \ � - ^}o~Z]`xqbg]va\_z � w0`xz]o_\ j�z]q K j�z]\!�]vej4�t\hz o~Z]`xqbg
^ad � o_\h^ Xaj $}`xzVnpXinpz � { z]j0g2\t� $}Z]`bqx\�ntqxq�o~Z2`xqxg2va\hz f d]^eX J \|�]vej4�t\hzEXaj $}`xzVntz

W
� � z]j
g]\ � ntz]g��0`boh\ ��\hve^[nVs�j�v<g]`b^a�]vej0jts � �cX[Z]\ �]vaj
jts z�d f�J \_v ��� ��� � npz]g X[Z2\

g]`b^a�]vej0jts7z�d f J \hv �7� ��� � jts?n z2j0g]\ � ntve\!g]\_�6z2\hg np^}s�jtqxqxj($}^ �

5 � l6j�v}ni�]vej4�t\hz z]j0g2\ � � �?� ��� ��� �<ntz]g ��� ��� � � ! �

5 �
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8

8

OR node AND node

l?`b��d]ve\k� � 5 � � vej0jps>ntz2g g2`x^a�2vaj
jts?z�d f�J \_va^ �

� � l6j�v}nig]`b^a�]vej4�t\hz z]j0g2\ � � ��� ��� ��� ! ntz]g ��� ��� � � � �

8 � l6j�v}ntz�d]z 

z2j4$}z qx\hnps?z2j0g]\ � � �?� ��� � � ��� ��� � � 5 �

�]� l6j�v}ntz�`bz�Xa\hve`xj�v � { z2j0g]\ � �

��� ��� � � f `xz � ��� ��� F � ������� � �?� ����� � �
�7� ��� � � �7� ��� F � � ����� � �7� ����� ���

� � l6j�v}ntz�`bz�Xa\hve`xj�v�W�� � z]j0g2\ � �

��� ��� � � ��� ��� F � � ����� � ��� ����� �
�7� ��� � � f `xz � �7� ��� F � � ����� � �7� ����� � ���

l?`x�td]va\}� � 5 `bqxqxd2^eX[vanpX[\_^?npz<\*&2n f �2qx\�jts��]vej0jps�ntz]g g]`x^e�]vaj
jts�z�d f J \hve^ ��" Z2\m�2vaj
jts

z�d f J \hvk`x^!$}ve`bXaXa\hzGj�zSXaZ]\ qx\ s�X `bz]^a`bg]\ n�z]j0g2\|ntz2gGXaZ]\�g2`x^a�2vaj
jts�z�d f�J \_vkjtzSX[Z2\

va`b��ZLX �

��vaj
jts�z�d f J \hve^�ohntz J \<^a\h\_z nt^kn ^e� \_oh`xntq�o
nt^e\|jtsyX[Z]\<ohjt^eXks�d]z]o_Xa`xj�zG`xz W � �
$}`bXaZ�	 ��� � � �is�j�v n �]vej4�t\hz � ��	 ��� � � ! s�jtv�n<g]`x^e�]vaj(�t\hz � � 	 ��� � � 5 s�jtvm\hnto~Z

d]z]�2vaj(��\_z qb\
nps3z]j0g2\ � �2ntz]g � ��� � � � � � s�jtv�ntqbq�\hg]��\_^ � ��j($y\+�t\hvh��� � w�Z6nt^ J \_XeX[\_v
ohve`bXa\hva`xn�s�j�v ^a\_qx\_o_X[`bz]�<n f j�^ X}�]vaj f `b^a`xz2�iz]j0g2\ n�X J jtXaZ�W
� � ntz]g � { z]j
g]\h^ �

� �/w f nt`bz�X[nt`xz2^ nG�]vej0jps ntz]g:n g]`x^e�]vaj
jts�z
d f J \_v<s�jtv<\hnto~Z z2j0g]\ � " Z]\ qx\hnps

z]j
g]\ X[j \'&0�6npz]gTz]\*&
X�`b^ o~Z]j�^e\hzT`bz n J \h^ X#) �]va^eX f ntz]z]\_v � w
X[ntveXa`xz]� s�vej f XaZ]\!vaj
jtX
�

5 �
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LOSS WIN

1,2

1,1 2,1

1,1

1,1 0,

8

0,

,0

1,1 1,1

8

8

OR node AND node

K L M
1,1 1,1 1,1

3,1

3,1

3,1

2,2

l?`x��d2va\!� � � � w0z]nt�]^aZ2jtX jps?\*&2�]ntz]g]`bz]�<n Xava\h\!`bz � � w �

� �/w�X[van ��\hve^a\_^cXaZ]\�X[ve\h\ JLK o_j�zLX[`xz�d]jtd]^aq K ^a\_qx\_o_X[`bz]�!n/o~Z]`bqxg $}Z]j�^e\ � g]`b^ � �]vaj
jts�z�d f )
J \hvk`x^ f `bz]` f d f n�X � { � W�� ��� z]j
g]\h^_�?d]zLXa`xq `bXkva\hnto~Z]\_^ n�qx\
n�s�z]j
g]\<o
ntqbqx\hg X[Z2\
A ���=. <;�6�	� A?�;�=��>���> � 9
1 � � �/w \*&0�6ntz]g]^mX[Z6n�X z]j
g]\kntz]g va\_ohj f �]d2Xa\h^�XaZ]\k�]vaj
jts�npz]g
g]`b^a�]vej0jts�z
d f J \_va^ij�zSX[Z]\N�]npX[ZVXajTX[Z2\Nvaj
jtX � " Z]`x^ �]vaj
oh\_^a^iohjtz�Xa`xz�d]\_^ d]zLX[`bqyX[Z2\

vaj
jtX}`b^ \h`bXaZ]\hv �2vaj(��\_zTj�v g]`b^a�]vej(��\hz �
l?`x�td]va\ � � �V`bqxqxd2^eX[vanpX[\_^Nntz-\*&]n f �]qb\ jts!X[ve\h\ \*&2�]ntz]^a`bj�z-`xz � �/w � " Z]\ f jt^eX#)

�]vej f `b^a`bz]�iz]j
g]\!`x^�� �y� &0�6npz]g]`xz2��� K `b\hqbg]^ 8<z2\+$ z]j
g]\h^_���E���}��ntz2g�� � ��\'&
Xh�
� �/w J nto6
�^ d]�GX[Z]\<d]��g6npX[\_gV�]vej0jps ntz]gSg]`x^e�]vaj
jtsyz�d f J \hva^ jts�XaZ]\<z]j0g2\h^�jtzSX[Z2\
�6npXaZNX[j XaZ]\ vaj
jtX � l�jtv�\'&2n f �]qb\t�
	 - ^ �2vaj
jts7ntz]g�g]`b^a�]vej0jts+z�d f�J \_va^ J \hohj f \!� npz]g
� va\_^a��\ho_Xa` �t\hq K �

W qbqx`x^ 1=.)�3���mnp�]�]qx`b\hg � �/w Xaj<XaZ]\��Ln f \_^�
/d J `xot� u j ) � j3
�d3��W $�ntva`P���t` ��\*) n $�n K
o~Z]\_^a^ ) � + �'ntz]g o~Z2\ho6
 f n�X[`xz2���]vaj J qx\ f ^m`xz o~Z]\_^a^ ) 5�� + � 
/d J `bo ntz2g u!j ) � j3
�d $y\hve\
^ajtq ��\_g � � �/w�� \_ves�j�v f \_g f d]o~Z J \_XeX[\hv�XaZ6ntz ^eX[npX[\!jts7X[Z]\kntv X � 	Vntqx��jtva`bXaZ f ^ �

� ������� ����� . � 6 � 5 �4,�0 8 � �&%

" j�j(��\_vaohj f \mX[Z]\mq@ntve��\ f \ f jtv K va\_��d]`xve\ f \hzLX�jps#W � � �]w
\hj - ^ � � � ohj�z ��\_veXa^ n ^e� \*)
oh`xntq'ohnt^a\ jps�W � � `xzLXaj n g]\h�2XaZ�) �]va^eX}^e\
ntveo~ZTnpqx��j�ve`bXaZ f X[Z6npX�va\h��d]`bva\_^ qx\h^e^ f \ f jtv K

)�� � + �  #` 
t\mW � � � � � � \'&0�]qbj�va\_^�n!�]vaj f `b^a`xz2�kz2j0g]\}�6ve^eX � " Z2\ \h��d]`��pntqx\_z]oh\ J \ X $�\_\hz
W � � npz]g � � � `b^ �]vaj(��\_z JLK � np�Lnt`-1=. �3��� ) � � + �

5 �
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OR

l?`b��d]ve\!� � 8 ��� d]qrX[`x�2qx\/`rX[\hvanpX[`���\ g]\_\h��\hz]`bz]� �

� � � \ f �]qxj K ^�g]\h�0X[Z�) �6va^ X�`rX[\hvanpX[`���\�g2\h\h��\hz2`xz]� � ��z]qb` 
t\ z2j�v f ntq2`rX[\_v[npXa` ��\�g]\h\_��)
\hz2`xz]� f \_XaZ]j
g]^h� � � � d]^e\h^NXaZ]\ �]vej0jts!z�d f�J \_v�nt^NnGX[Z]ve\h^aZ2j�qxg3�}z]jpXNX[Z]\T^a\
npvao~Z
g]\_�2X[Z � � � � J \h�t`xz]^y^a\
npvao~Z]`bz]� X[Z]\ vaj
jtX $}`rX[Z�n�XaZ]va\_^aZ]jtqxgNjts ��� � � � � s�z2\h`bXaZ]\hv�n
�]vej0jts?z]j�v n�g]`b^a�]vej0jts?`x^}s�j�d]z]g'� � � � `xz]o_va\ f \hzLXa^ ��� npz]gTX[ve`x\_^mXaj|�]vej4�t\ XaZ]\�vej0jtX

$}`bXaZ]`xz XaZ]\iX[Z]ve\h^aZ2j�qxg jts �?� � 8 � � � � ohj�zLXa`xz�d]\h^!X[Z2`x^ �]vej0o_\h^a^_��d2z�Xa`xq>XaZ]\hve\<`b^!n
�]vej0jts+jps7XaZ]\/vej0jtX�j�v�XaZ]\/vaj
jtX�`x^�g2`x^a�2vaj(��\_z � w
`xz]o_\ X[Z]`b^��]vej0o_\h^e^mve\') \'&0�6ntz]g2^ f ntz K

z]j
g]\h^mntqbva\hntg K �
`b^a`bXa\hg3��� � � d]^e\h^�n X[v[npz]^a��j�^a`rX[`bj�zNX~n J qx\/X[j<^eXaj�va\!�]ve\+�
`xjtd]^}^a\
npvao~Z
\ � j�v X[^h�c` � \ � �>X[Z2\ �2vaj
jts}z�d f J \hva^ jts �
`x^e`bXa\hg�z]j
g]\h^ � ��\_s�jtva\�n z]j
g]\�`x^i\*&0�]qxj�ve\hg3�

� � � o~Z]\ho6
�^k`bsynN�]vej0jtscz�d f J \hv/s�jtv/X[Z6npX/z]j0g2\i`x^ ^[n �t\hgG`xz X[Z2\ X[v[npz]^a��j�^a`rX[`bj�z X~n )
J qb\ � � s XaZ]`x^ `x^ XaZ]\ o
nt^e\t�yXaZ]\��]vaj
jts z
d f J \_v jts�XaZ6npX<z]j
g]\�`x^ `xz2`bX[`xntqx` �h\_gSX[j X[Z2\
z�d f J \hv ^an(�t\hgG`xzTXaZ]\ X~n J qx\p�'jtXaZ]\hv $}`x^a\i`rX/`b^/^a\ X X[j�5 � w0` f `bq@ntveq K � $}Z2\hz ^a\_qx\ho X[`bz]�

n �]vej f `b^a`bz]� o~Z]`bqxg�jts�niz]j
g]\ X[j \*&2�2qxj�ve\t�2� � � o~Z]\_o6

^}X[Z2\/X[v[npz]^a��j�^a`rX[`bj�z|X~n J qx\ s�jtv
`xz0s�j�v f npX[`bj�z|jtz XaZ]\!o~Z]`xqbg]va\_z �

� � � ��\hv s�j�v f ^y`rX[\_v[npXa` ��\mg]\_\h��\hz]`bz]� npX�ntqbq � {Yz]j
g]\_^h��$}Z2`xo~Z|`b^yohntqxqb\hg A?@ � . � �6�;1
��. 1=�2�3. � �31�9
1	1 ��1=>���>�� � " Z2`x^/X[\_o~Z]z]`b�
d2\ n(�tj�`xg2^/X[Z]\ �2vaj J qb\ f jtscnN�Lnt� J \_X $y\h\_zSX[Z2\

ohd2vava\_zLX�X[Z2va\h^eZ]j�qbgNntz]g X[Z2\��]vej0jps3z�d f J \hv s�j�vcntz|W�� � z]j0g2\t�	$}Z]\hz�� � � \'&0�6npz]g]^
X[Z2\ W�� � z]j0g2\ npz]g�j�z]\�jts XaZ]\�o~Z]`xqbg]va\_z�`x^i�]vej4�t\hz � l?`x�td]va\ � � 8 `xqbqxd]^ X[v[n�X[\h^ ntz

\'&2n f �]qb\ � ��d]veva\hzLXaq K 	�- ^��]vej0jps�z�d f J \hv `x^ �?� ��� � � ��� � � � � � � 5 � � � W ^ )

^ad f \ X[Z]npX�	 `b^ \'&0�]qbj�va\_g $}`rX[Z niXaZ]va\_^aZ]jtqxg jts � � � `b^ ^a\hqb\ho X[\hgTntz]g �]vaj(�t\hz � " Z]\

�]vej0jts3z
d f J \_vcs�jtv 	 X[Z]\_zNg]\ho_va\hnt^a\_^�X[j%5t�
^e`xz]o_\ � `x^ X[Z]\mj�z]q K z]j
g]\ qb\_s�X X[j �2vaj(��\ �
��j($y\+�t\hvh��	�- ^}X[Z]ve\h^aZ2j�qxg `x^}^eXa`xqbq � � f d2o~ZTq@npva��\_v�X[Z6ntz 	�- ^}ohd]veva\_z�X��]vej0jts�z�d f J \hv �
w0\hntvao~Z]`bz]���7$}`rX[Z ^ed]o~ZGnNq@ntve��\ XaZ]va\_^aZ]jtqxg o
npz va\h^ed]qbX `xz n|qxntva�t\ n f j�d]zLX/jps�X[va\_\

5(1



\'&0�]qbj�v[n�X[`xjtz � � d]qrX[`x�2qx\|`rX[\_v[npXa` ��\�g]\h\_� \_z]`xz2�Gve\hg]d2oh\h^iXaZ]\�^a\hntvao~ZCz]j
g]\h^ig]van f npX#)

`xohntqxq KVJLK nt^e^a`b��z]`xz2�G^ f npqxqx\_v `xz2`bX[`xntqyXaZ]va\_^aZ]jtqxg]^ X[j ^a\hntvao~Z:X[Z]\ o~Z]`xqbg]va\_z:jps W�� �
z]j
g]\h^ � � z]\ f `b��ZLX J \<ohj�z2oh\hvez]\hgEn J jtd2X!X[Z]\<j(��\hveZ]\
npgEjts�ve\') \'&0�6ntz]^e`xj�zSjts�`bzLX[\')

va`bj�v z2j0g]\_^ � ��j($y\+��\_vh�#X[Z2`x^/�]ve`xo_\ `x^/ve\hqxnpX[`���\hq K ^ f ntqxq � w0\_j ` f �2qx\ f \hzLXa\hg � � � s�jtv
Z]`b^mXa^ad f \') ^aZ]j��t` � � nt�6npz]\h^e\�o~Z]\_^a^ f npX[`bz]� �]vaj J qx\ f � ^ajtq ��\_v npz]gT^eZ]j($�\_g X[Z6npXmX[Z2\
v[n�X[`xj<jts�z2j0g]\kva\*) \*&2�]ntz]^a`bj�z]^/`b^ n J j�d0X �t�<� \_vao_\hzLX/\*&2��\hve` f \hzLX~npqxq K � �-`bXaZ s�d]v X[Z]\_v

\hz2Z6ntz]o_\ f \hzLX[^_�/w0\_j - ^�X[^ed f \') ^eZ]j���`m^ajtq ��\_v|��\hv s�j�v f \hgCsQntv J \_XeX[\_v�X[Z]ntz �]ve\+�
`xjtd]^

^ajtq ��\_va^ J nt^e\hg j�z�W � � ) � 1 + �

� ������� ����� . � � � 5 ��,40 8 � �&%

w0\_j - ^ � � � d]^a\_^yjtz]q K �]vaj
jts�z�d f J \hva^ � � nt��nt` - ^�� � w � ��vaj
jts3npz]g � `b^a�]vej0jps ) z�d f J \hv
w0\hntvao~Z � npqx��j�ve`bXaZ f \hz2Z6ntz]o_\h^ � � � JLK d]^e`xz]� J jtXaZ �]vaj
jtsmntz2gEg]`x^e�]vaj
jts}z�d f J \hve^

) ��� + � � Xa^ J \_Z6n �
`xj�v `b^intq f j�^ X�XaZ]\N^[n f \�nt^ � � w � J d0X `bX d2^a\h^ qb\h^a^ f \ f j�v K npz]g

\'&0�]qbj�va\_^/s�\+$y\hv!`xzLXa\hva`bj�v z2j0g]\_^ JLK X~n 

`bz]��ntg �pntzLX[nt��\ jts XaZ]\ X[\_o~Z]z]`x��d]\_^!`xz ��\_z�Xa\hg

s�j�v � � �h�
� � w�Z]nt^�X $�jiXaZ]va\_^aZ]j�qbg]^h�2j�z]\/s�j�vy�]vaj
jts7z�d f J \hva^}npz]g�j�z]\ s�j�v�g]`x^e�]vaj
jts7z�d f )

J \hva^ � � � w�\'&0�6ntz2g]^ n�z]j
g]\ � $}Z]`bqx\ �?� ��� � ntz]g ��� ��� � g]j z2jtX J jtXaZN\'&0oh\_\hgNXaZ]\h`bv
X[Z2va\h^eZ]j�qbg]^ � � X/d]^e\h^ n�Xav[ntz2^a��j�^a`rX[`xjtz X[n J qx\!X[j|^eX[jtva\��2vaj
jts ntz]gTg]`x^e�]vaj
jts�z�d f J \hve^
s�j�v �0`b^a`rX[\hgiz2j0g]\_^h��ntz2gi� \_ves�j�v f ^ f d]qbXa`x�]qb\y`rX[\_v[npXa` ��\yg]\h\_� \_z]`xz2�!npX�ntqbq0z2j0g]\_^ � � z]o_\
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¦<«�­ .R¶�¶ µa¬ ] ¶ ¦<«  /¶ ¹ ¶ ­G°�±¥§ ¶ ¹ +4§ .  �© ¶ ©<³� º�� ³a§�§B-a �©V±<§[µa¯X§�­G°�±<³a§1´a¦V­ �a· §[¹� �µy©V³a­ ¸  
� ¶ ©D¯X­/µ ��¦V¹o§X¬��s³a§Xµu 8¹o´ · §[¹ §[µ-±< 8µ ¸4¶ ±¥©<«�¹o§@®6©<³�­ ¸  �©<­ · 	/§X¦ �a¶ ©<§X¬m­/µo¬�°l®6´aµ
°�­/¦ª±¥³�§
� e ©V³a­ ¸  K´�¦<­��V§X¯X±%5 k � 7 º e ¶�. «�± ¶ °�­/«aµ�¬ ±<³ ¶ ± ¬�°l®6´�µ�¬� 8¬�µ�­G±��1­/¦ .(� §�±<±<§[¦s±¥³ ¶ µ�¨IQ e
5 FGF�7  �µ ³� �©�±¥©V«a¹ §�®6©V³a­ ¸  x©V­ · 	G§[¦ � ¶ µa¬ ¸-¶ 	/§ ¶ ©D´�­/©<©! �a· §_§B-�´ ·l¶ µ ¶ ±< 8­/µ ±<³a§ ­�¯X¯[«a¦V¦<§[µ�¯[§
­G°²¯  ¯ · §[© 5 ����7 º
/���� 	�
 = 8 3
�9: 8�� ?��_6 � 8����76.?��
��������� ��� �"!�#

� ³a§ ¬�°l®�´aµ ¶G·�¸ ­G¦; 8±<³a¹ � ¶ © ¶ ´a´ ·  �§[¬ ±<­�+4­ ¶ µ�¬ ¯�³�§[¯ . §X¦<©Xº$� ³a§ §B-�´�§[¦! �¹ §[µ-±¥©y°�­G¦
´a¦V­ ¸ ¦ ¶ ¹o©N ¸ µa­/¦! �µ ¸ ¶ µa¬r¬a§ ¶G·  8µ ¸ �: 8±<³ ¯[­/¹ ´a«�±; �µ ¸ ´�¦<­I­G° ¶ µa¬ ¬� 8©<´a¦V­�­G° µ*«a¹ � §[¦V©
�: 8±<³}¦<§X´�§�±< 5±< �­Gµa© ¶ ¦V§�´�§[¦V°�­G¦<¹ §[¬ º�% � � �����
	��N �©D±¥³a§�´ ·l¶  8µm¬�°l®�´aµ}©<­ · 	/§X¦+�s³� 8¯�³�¬a­�§X©
µa­G±R �µa¯X­/¦<´�­/¦ ¶ ±¥§ ±¥³a§�´�¦<­/´�­/©<§X¬�¹o§�±¥³a­I¬ � �s³a§[¦V§ ¶ © ¬�°l®6´aµ "�¦ $ «�©<§[©� 5±]º < ­G±¥³ 	G§[¦V©; �­Gµa©
¶G· ¦<§ ¶ ¬   8µa¯ · «a¬a§k±<³a§�+ 2 �s©<­ · «�±< 8­/µ¡§.-�´ ·�¶  �µ�§[¬y �µ¡±<³a§ ·l¶ ©$±�¯�³ ¶ ´�±¥§[¦Xº&� ³� 8©O �¹ ´ ·  8§[©
±¥³ ¶ ±}±¥¦! '	& ¶B· ¦V§[´�§X±; 8±< 8­/µa© ¶ ¦<§ ¶B· ¦<§ ¶ ¬  µ ¶ ±<«a¦ ¶B·�·' ³ ¶ µa¬ · §X¬ �� ±<³a§ + 2 �e©<­ · «�±< 8­/µ º
] ­/¦V§[­�	/§X¦ � ­/µa§e¦V§0��µa§X¹o§Xµ-± ¶ ¬�¬a§[¬�±¥­ ¶G·8· ©V­ · 	G§[¦<©e 8©�±¥³ ¶ ±e 5°7­/µa§
­G°�±¥³a§ ·�¶ ¦ ¸ §k´a¦<§@®
©<§�±e±¥³a¦V§[©V³a­ · ¬�©(' )+* "�©V§[§ e §X¯X±< 8­/µ k º,*/º � $  8©y§.-�¯[§X§[¬a§X¬ ¶ ± ¶ ¯�³� · ¬ V w ­G° V-� ±¥³�§
©<­ · 	/§X¦<© ¸  '	G§�«a´ ©<­ · 	a 8µ ¸ V w ¶ µ�¬ ±¥¦  V SO©_­G±¥³�§[¦ ¯�³� · ¬a¦<§Xµ º�� ³a§y© ¶ ¹o§&§.-�´�§[¦! �¹ §[µ-± ¶G·

=.-



� ¶��a· §&��º * � ¨\§[¦$°�­/¦<¹ ¶ µa¯X§&¯X­/¹ ´ ¶ ¦; 8©<­/µ � §X± �D§[§Xµ¡­ · ¬ ¬�°l®6´aµ ¶ µa¬ ¬�°l®�´aµ "�¦ $  �µ�+�­aº
� «a¹ � §[¦ ­G° �\­G± ¶G· �\­G± ¶B· �_­I¬a§[©
´a¦V­ �a· §[¹ © ±; �¹ § "�©V§[¯ $ µa­�¬�§[© §.-�´ ¶ µa¬�§[¬ §.-�´ ¶ µa¬a§[¬
©<­ · 	/§X¬ * F � ´a¦<­ ��· §[¹ © * F � ´�¦<­ �a· §[¹ © ´�§[¦s©<§X¯[­/µa¬

� · ¬ ¬�°l®�´aµ * F � � > * * * � � - = � k � > � � � � F��Qt°l®6´aµ "�¦ $ * F = � F * - � =�> k � � � � k - � ��� �
�\­G± ¶G· ´a¦<­ ��· §[¹ © * � � ® ® ®

� ¶��a· § �aº � � ¨\§[¦V°�­G¦<¹ ¶ µa¯[§7¯[­G¹o´ ¶ ¦; �©V­/µ � §�± �1§X§[µy­ · ¬4¬�°l®6´�µ ¶ µ�¬�¬�°l®�´aµ "�¦ $  �µ&¯�³a§[¯ . §[¦V©[º
� «a¹ � §[¦s­G° �\­G± ¶B·
´�¦<­ �a· §[¹ © µ�­�¬a§X©s§.-�´ ¶ µa¬�§[¬
©<­ · 	/§X¬ * * F ´a¦V­ �a· §[¹ ©

� · ¬ ¬�°l®6´aµ *.* F - * � ��� � � * � =Qt°l®6´aµ "�¦ $ * � � � F � =.- k � � � F
�\­G± ¶B· ´a¦<­ ��· §[¹ © ����� ®

¯[­Gµa¬� 8±; �­/µ�© §.-�´ ·l¶  �µa§X¬^ 8µ e §[¯�±< �­Gµ k º F º,*&�1§X¦<§&«a©<§X¬  8µ ±<³a§4§.-�´�§[¦; 8¹o§Xµ-±¥©[º
��������� 	 ��
 !
����


� ¶��a· §X© ��º * ¶ µa¬)�aº � ¯[­/¹ ´ ¶ ¦V§ª±¥³a§7©<­ · 	& �µ ¸_¶��  ·  8±; �§X© ­G°�±<³a§ 	G§[¦V©; �­Gµ)�: 8±<³ ¶ µa¬)�: 5±¥³a­/«�±
±¥³�§�¹ §X±<³a­�¬ °�­/¦s¯[­G¹o´a«�±< �µ ¸ ´�¦<­I­G° ¶ µa¬ ¬� 8©<´a¦V­�­B°�µ*«a¹ � §[¦V©t¦V§ ·l¶ ±¥§[¬ ±¥­ ¦<§X´�§�±< 5±< �­Gµa©[º
] ­/¦V§
´a¦<­ ��· §[¹ © ¶ ¦V§
©<­ · 	/§[¬ �� ¬�°l®�´aµ "�¦ $ º ] ­/¦<§X­�	G§[¦ � ¶G·8· ´a¦V­ �a· §[¹ ©�©<­ · 	/§[¬ �� ­ · ¬
¬�°l®�´aµ ¶ ¦<§ ¶G· ©V­&©V­ · 	G§[¬ �  ¬�°l®�´aµ "�¦ $  �µ � ­G±¥³ ¸-¶ ¹ §[©Xº�� ³� �©` �µ�¬� �¯ ¶ ±¥§X©�±<³a§ ©<«a´�§[¦! �­/¦! 8±  
­G°²¬�°l®6´�µ "�¦ $ º
A  ¸ «a¦<§X© �aº = ¶ µ�¬ �aº > ´a¦<§X©<§Xµ*±t©V± ¶ ±< 8©V±< 8¯[©�°�­/¦�±<³a§4´a¦<­ �a· §X¹o©�©V­ · 	G§[¬ �  � ­G±<³(	/§[¦?®

©; 8­/µa©: �µ�+�­aº �K­ ¸-¶ ¦! 8±<³a¹� 8¯t©V¯ ¶G· §[© �1§X¦<§&«a©<§X¬�±<­o´ · ­G± § ¶ ¯�³ ´a¦V­ �a· §[¹ º�� ³a§�µ*«a¹ � §X¦
­G°sµa­I¬a§X©k§.-�´ · ­/¦<§X¬ �� ¬�°l®�´aµ "�¦ $  8©�´ · ­G±V±¥§[¬ ­/µ ±¥³�§�� ® ¶ -$ 8© ¶B¸-¶  �µ�©V±�­ · ¬u¬�°l®6´aµ ­/µ
±¥³�§���® ¶ -a �©Xº *g´�­� �µ-± ¶�� ­�	G§ ±<³a§_¬$ ¶G¸ ­Gµ ¶G· ¹ § ¶ µ�©7±<³ ¶ ±7¬�°l®6´�µ "�¦ $ ´�§[¦$°�­/¦<¹ §[¬ � §X±<±<§[¦Xº
e  8µa¯[§}¹ ­/©$±y­G°s±¥³�§}´ · ­B±¥©y©$± ¶  ¶ ¦<­/«aµ�¬ ±¥³a§�¬� ¶G¸ ­/µ ¶G·�·  �µ�§u �µu±¥§[¦V¹o©k­G°s§.-�§[¯X«�±< 8­/µ
±< 8¹o§ ¶ µa¬ µa­I¬a§�§.-�´ ¶ µa©; 8­/µa© � ¶ ¬a¬� �µ ¸ ¬�°l®6´aµ "�¦ $ ¬�­�§X© µa­G±s¬a§ ¸ ¦ ¶ ¬�§�±¥³a§�´�§[¦$°�­/¦<¹ ¶ µa¯X§
­G°\±¥³a§4©V­ · 	G§[¦[º
A  ¸ «a¦<§X© ��º - ¶ µa¬ �aº * � ´a¦V§[©V§[µ-±¡©$± ¶ ±; �©V±; �¯X© ­Gµ ±¥³�§u´a¦V­ �a· §[¹ © ©V­ · 	G§[¬ ­/µ ·' �  
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A  ¸ «a¦<§ �aº,* * � *_µ}§.- ¶ ¹ ´ · §t§ ¶ ©; ·! ©<­ · 	/§X¬ �  ¬�°l®�´aµ "�¦ $  8µ +4­ "�­/µ�§[§  §[¬ º > ºQ© ¸ ° � <D·l¶ ¯ .
±¥­ ·  '	/§ ¶ ±���� $ º

¬�°l®�´aµ "�¦ $ º3* ¸/¶  �µ � · ­ ¸/¶ ¦; 5±¥³a¹	 �¯�©V¯ ¶G· §[© ¶ ¦V§y«a©<§X¬�±¥­�´ · ­G±�§ ¶ ¯�³ ´a¦<­ ��· §[¹ º&�6µ A  ¸ «a¦<§
�aº - � ±¥³a§_µI«�¹ � §X¦1­G° µa­�¬�§[©�§B-�´ · ­/¦V§[¬m°�­/¦ F ¹	 �µ*«�±<§[© �  ­ · ¬m¬�°l®�´aµ= 8©D´ · ­G±<±<§[¬o­/µm±¥³�§
�4® ¶ -a �©Xº/�6µ A  ¸ «a¦V§%�aº,* � � F ¹� 8µI«�±¥§[© � ±¥³a§e±; �¹ §e«a©<§X¬ �� ­ · ¬�¬�°l®6´aµ �  8©�´ · ­B±<±¥§X¬ ­/µ
±¥³�§ �4® ¶ -$ 8©[º�� ³a§e¬$ �� ¯[« · ±< 8§[©t­B°7±<³a§y´a¦V­ �a· §[¹ ©�«aµa©V­ · 	G§[¬ �� ­ · ¬¡¬�°l®6´�µ9	 ¶ ¦  °�¦<­/¹
§ ¶ ©  ±¥­y³ ¶ ¦<¬ º�� ³a§[©V§�� ¸ «a¦V§[©�¯X­/µ ��¦V¹ ±¥³ ¶ ±D©<­G¹o§ ´a¦<­ �a· §X¹o©�±¥³ ¶ ± �D­/« · ¬m³ ¶ 	/§ � §X§[µ
§ ¶ ©; ·! ©<­ · 	/§X¬ � §[¯[­G¹o§&«aµa©V­ · 	 ¶��a· §&�: 8±¥³�­ · ¬ ¬�°l®�´aµ º A ­/¦ §.- ¶ ¹ ´ · § � ¬�°l®6´aµ "�¦ $ ©V­ · 	G§[¬
±¥³�§m´�­/©; 5±< �­Gµ  8µ A  ¸ «a¦V§ ��º * * �: 8±<³ ­/µ ·! k * � = * � µa­I¬a§[©\ �µ � º F � ©<§X¯[­/µ�¬a© � �s³�§[¦<§ ¶ ©
­ · ¬u¬�°l®�´aµq§.-�´ · ­G¦<§[¬$* � � > ��� � * k � µa­I¬a§X© � «�± � ¶ ©�©$±< ·�· «aµ ¶8�a· §e±¥­ ©<­ · 	/§	 8±[º��6µq±¥³� 8©
´�­/©; 5±< �­Gµ � ­ · ¬}¬�°l®�´aµ�§[µ�¯[­/«aµ-±<§[¦<© ±<³a§�´a¦<­ �a· §X¹�­B°²¯X­/¹ ´a«�±< 8µ ¸ ´a¦V­�­B° µI«�¹ � §X¦<© ¶ ± ¶ µ
§ ¶ ¦ ·' ©V± ¶G¸ §�" ¶ °�±<§[¦ ¶�� ­/«�± k � � ����� µa­�¬�§&§B-�´ ¶ µa©! �­/µa© $ ¶ µa¬ · ­I­/´a©1°�­/¦V§0	G§[¦[º

�6µ ¯�³a§X¯ . §X¦<© � µa­�¬�§u§B-�´ ¶ µa©; 8­/µ ©$± ¶ ±; �©$±< �¯X©�°�­/¦ ±<³a§q´a¦<­ ��· §[¹ © ©<­ · 	/§X¬ �� � ­G±<³
	/§X¦<©! �­/µa© ¶ ¦V§�´a¦<§X©<§Xµ*±<§[¬v �µ A  ¸ «a¦<§��aº,* � º � ³�§ ¦V§[©V« · ±<© ¶ ¦<§�©! �¹	 ·l¶ ¦4±<­�+4­aº < ­G±<³
¹ §X±¥³�­�¬a©t§.-�´ · ­G¦<§ ¶ ©! �¹	 ·�¶ ¦ ¶ ¹ ­/«aµ-±�­G°�µ�­�¬a§X©[º 2_­��D§0	G§[¦ � ­ · ¬ ¬�°l®�´aµ�­I¯[¯ ¶ ©; �­Gµ ¶G·�·! 
§.-�´ ¶ µa¬a©y¹y«�¯�³ ¹o­G¦<§
µa­I¬a§[© � ¶ ©&©<³a­��sµF �µ A  ¸ «a¦<§ �aº,* � º �6µu±¥³� 8©�¯ ¶ ©<§ � ­ · ¬q¬�°l®�´aµ
©<«���§X¦<©s°�¦<­/¹ ±<³a§&´a¦<­ ��· §[¹�­G°>¯X­/¹ ´a«�±< 8µ ¸ ´a¦<­I­G° ¶ µa¬ ¬� �©V´a¦<­I­G°²µ*«a¹ � §[¦<© ¶ µa¬ · ­I­/´a©
«aµ-±< · ´�¦<­I­G°�­/¦²¬� �©V´a¦<­I­G°�µ*«a¹ � §[¦V©�­G°xµ�­�¬a§X©�±¥³ ¶ ±�¯ ¶ «a©V§� �µ ��µ$ 8±¥§ · ­I­/´a©\§.-�¯X§[§[¬ ' ) */º
� · ¬o¬�°l®6´aµ ±¥³a§Xµ ¸  !	/§[©D«a´m©V­ · 	& 8µ ¸ ±<³a§tµa­I¬a§ ¯ ¶ «�©; �µ ¸  �µ���µ� 8±<§ · ­�­G´a© ¶ µa¬m±<¦; �§X©D­B±¥³a§X¦
� ¦ ¶ µa¯�³a§X© � §0	G§[µ-±¥« ¶B·�·' ¦<§[©V« · ±; �µ ¸  8µ6�aµa¬� �µ ¸o¶ ©V­ · «�±; �­/µ�º
A  ¸ «a¦<§1�aº,* k ©<³�­��s©\µa­I¬a§ª§.-�´ ¶ µa©; 8­/µa© °�­/¦ ±¥³a§�´a¦V­ �a· §[¹ ©K©<­ · 	/§[¬&­/µ ·! ��� ¬�°l®�´aµ "�¦ $ º

* ¸/¶  �µ � ©<­/¹ §q´a¦<­ ��· §[¹ ©}±¥³ ¶ ± ­ · ¬g¬�°l®6´�µ ¯[­G« · ¬�µa­G± ©<­ · 	/§ ¶ ¦V§q§ ¶ ©; ·' ©V­ · 	G§[¬ �  
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A  ¸ «a¦<§��aº *�� � *tµ §.- ¶ ¹ ´ · §�§ ¶ ©; ·' ©<­ · 	/§[¬ �� ¬�°l®6´�µ "�¦ $  �µ ¯�³a§[¯ . §[¦V©[º
¬�°l®�´aµ "�¦ $ º A  ¸ «a¦V§)��º * ��" ¶ $ ©<³a­��s©�©<«�¯�³ ¶ ´�­/©! 8±; �­/µ � �s³� 8¯�³9� ¶ ©�©<­ · 	/§[¬ �� ¬�°l®6´�µ "�¦ $
 �µ * � � � - � µa­I¬a§[© � �s³a§[¦V§ ¶ © ­ · ¬�¬�°l®6´aµ ¯[­G« · ¬ µa­G±s©V­ · 	G§e 8±#�: 5±¥³� 8µ ��� ¹� ·�·  �­/µ µa­I¬a§[©Xº
� ³a§4´a¦V­ �a· §X¹�­B°�¯X­/¹o´�«�±< 8µ ¸ ´a¦V­�­G° ¶ µ�¬ ¬$ �©<´�¦<­I­G°\µI«�¹ � §X¦<©s­I¯[¯[«�¦<©� �µ}±<³a§4´�­G©; 8±; �­/µ
 �©�¯X­/µ ��¦V¹o§X¬9"�©<§[§ A  ¸ «a¦<§X©1�aº *�� ¶ µ�¬��aº,* F $ º-* ·8¸ § � ¦ ¶  8¯ µa­G± ¶ ±< �­Gµ	 8©�«a©<§X¬o°�­/¦�¹ ­�	G§[©Xº
� ³a§�´�­/©; 5±< 8­/µ  8© ¶¡· ­/©<©&°�­/¦ <1·�¶ ¯ . º � ³a§X¦<§ ¶ ¦V§m± �1­�´ ¶ ±¥³a©�±¥­¡¦V§ ¶ ¯�³ ±¥³�§}´�­G©; 8±; �­/µ
 �µ A  ¸ «a¦V§%�aº,* � " � $ "�´ ¶ ±<³a©-,/.1032547698:0 !<;7254903=>. ¶ µa¬?,/.103254@698:0�!A;7254903,/. !<B90+CD8
,/.10+2FEGC18:0�!AB?25E903=>. $ ¶ µa¬ "�¬ $ "�´ ¶ ±¥³�©H,/.103254?698:0�!A;?254903=>. !<B90+C94I=J.10325EGCK490 !<B
¶ µa¬L,/.103254M698N0 !A;M254903,�. !AB903C18O,/.10325EPC18N0 !AB $ º � ³a§X©<§e´ ¶ ±<³a©t¯X¦<§ ¶ ±¥§ ¶ ¯  ¯ · § � ¶ ©
 �µ A  ¸ «a¦V§/�aº * F º � · ¬ ¬�°l®6´�µ ¶G· � ¶  ©4§.-�¯[§X§[¬a©&±¥³a§e±<³a¦<§X©<³a­ · ¬u­B°D±<³a§o´�¦<­I­G°1µ*«a¹ � §X¦
¶ ± "�¯ $ � � §X¯ ¶ «�©<§�±<³a§&´a¦<­I­G°>µ*«a¹ � §X¦_­G°�"�¬ $  �µ�¯ · «�¬a§[©s±¥³a§&´a¦V­�­G°�µ*«a¹ � §[¦t­B°�"�¯ $ ¶ µa¬
	& �¯X§4	/§X¦<© ¶ º � µo±¥³a§_­G±¥³a§X¦1³ ¶ µa¬ � ¬�°l®6´aµ "�¦ $ ¬� �©V´a¦<­�	G§[©3"�¯ $ �� ´ ·l¶   �µ ¸ 6:490�!AB � �s³$ �¯�³
 �© µ�­G± ´ ·l¶  §X¬ �� ­ · ¬ ¬�°l®6´�µ º

/�� / QSR �GT 6 � ��� R � �

� ³� 8©K¯�³ ¶ ´�±<§[¦ ¬a§[©V¯[¦! � §[¬ ¶ ©V­ · «�±< �­Gµ�±¥­ ¶ µ4§[©V©<§[µ-±; ¶G· ´a¦V­ �a· §[¹ ­B°�±<³a§ª¬�°l®6´�µ ¶B·�¸ ­/¦! 8±<³a¹
 �µ ¬�­/¹ ¶  �µa© �: 5±¥³r¦<§X´�§�±< 5±< �­Gµa©[º 
 §X©<« · ±¥©Y �µ ± �D­ ¸/¶ ¹o§X© � +�­ ¶ µa¬r¯�³a§[¯ . §[¦<© � ©<³a­��

> F



(a)

(b)

(c)

Black to play White to play

(d)

c7d8

h4g3

e7d6g3h4

f4g5

g5h4
g5f4

d6e5

e5f6

A  ¸ «a¦<§(��º * F � *_µ�§B- ¶ ¹o´ · §}°�¦<­/¹ ¯�³a§[¯ . §[¦<©�©V³a­��: �µ ¸ ±¥³�§�´a¦V­ �a· §[¹ ­G°_¯[­G¹o´a«�±< �µ ¸
´a¦V­�­G° ¶ µa¬ ¬� 8©<´a¦V­�­B°�µ*«a¹ � §[¦V© �: 8±¥³ ¦<§X´�§�±< 5±< �­Gµa©[º

±¥³ ¶ ±4±¥³� 8© ¶ ´a´a¦<­ ¶ ¯�³ ¸ ¦<§ ¶ ± ·'  �¹ ´a¦<­�	/§X©�±¥³a§ ©<­ · 	& �µ ¸ ¶��  ·  5±< �§X©t­G°D±¥³a§
¬�°l®�´aµq©<­ · 	/§[¦V©
�: 8±<³a­/«�± ¬a§ ¸ ¦ ¶ ¬ ¶ ±< 8­/µq �µr´�§[¦V°�­G¦<¹ ¶ µa¯[§Bº 2 ­��1§
	/§[¦ � ­/µa§ «aµ ¶ µ�© �D§[¦<§X¬�;*«a§[©$±< �­Gµv 8©
�s³a§�±¥³a§X¦ ±<³� �© ¶ ´a´a¦<­ ¶ ¯�³e �© !$'(� 	 � # �B#�­/¦Kµa­G±[º �6µ4­G±<³a§[¦ �D­/¦<¬�© �  8° ¶ ´a¦<­ ��· §[¹  �µ�	G­ · 	& �µ ¸
¦<§X´�§�±< 5±< �­Gµa©= �© ¸  '	/§Xµ �  5±� �©�«aµ . µ�­��sµ �s³a§X±<³a§[¦ ¬�°l®�´aµ "�¦ $ ¯ ¶ µ ¶G· � ¶  © ©<­ · 	/§�±¥³ ¶ ±
´a¦V­ �a· §X¹ ­/¦ µa­G±[º e ­s° ¶ ¦ � ¶ µ  ´a¦<­ �a· §X¹o©K±¥³ ¶ ± ¶ ¦<§�«aµa©V­ · 	 ¶��a· § � §X¯ ¶ «a©V§�­G°�¦<§[´�§X±; 8±; �­/µa©
³ ¶ 	/§�µ�­G± � §[§Xµ}°�­/«aµa¬ º 2 ­��1§
	/§[¦ � ¶ ±¥³a§X­/¦<§�±< 8¯ ¶G·�¶ µ ¶G·! ©; �©D­G°K±¥³�§ ¶ ´a´a¦V­ ¶ ¯�³�¦V§[¹ ¶  �µa©
¶ © °�«�±<«a¦<§&�D­/¦ . º
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� ��
 ����� � �	� ��� � ����� � � ��� � ��� ���
� � � ��� � � � ���! "#� $ � �&% � � 


� ³� 8©e¯�³ ¶ ´�±<§[¦ ¸  '	G§[©e±¥³�§�¬a§X± ¶  · ©y­G° ±¥³a§�­/µ�§�®6§  § ©<­ · 	/§X¦[º � ³a§ ­/µ�§�®6§  § ©<­ · 	/§X¦h �µ�®
¯[­G¦<´�­/¦ ¶ ±<§[©4±¥³a§o¬�°l®6´�µ "�¦ $ ¶B·�¸ ­/¦! 8±<³a¹�º�2_­��D§0	G§[¦ � ©! �µa¯X§m¬�°l®�´aµ "�¦ $  �©&µa­G±�§[µa­G« ¸ ³u±<­
¶ ¯�³� 8§0	G§k³� ¸ ³ ´�§[¦$°�­/¦<¹ ¶ µa¯X§ � ¹o­G¦<§4§ ��§[¯�±< '	G§ ¸-¶ ¹ §�®�©<´�§[¯V '��¯4¹ §X±¥³�­�¬a© ¶ ¦V§ ¶ ¬�¬a§[¬ ±<­
±¥³�§�©<­ · 	/§[¦Xº *_°�±¥§X¦y±¥³a§ ��¶ ©; 8¯}­/µa§@®6§  § ¶G·�¸ ­/¦; 5±¥³a¹  8©N �µ-±¥¦V­�¬�«a¯[§X¬ � ¶ °�§0��§[µa³ ¶ µa¯[§@®
¹ §[µ-±¥© ±¥³ ¶ ±t© ¶ °�§ ·' ¦<§X¬a«a¯X§k±¥³a§�©<§ ¶ ¦<¯�³�©V´ ¶ ¯[§ ¶ ¦<§�¬a§[©V¯[¦; � §X¬ º � ³�§[µ � ¶ ¹o§�±¥³a­I¬�°�­G¦
¹ ­�¬a§ ·  8µ ¸(' '/�*)E�$# ' ��� ±¥³ ¶ ± ¶ ��§[¯�±�±¥³a§k­/«�±¥¯X­/¹ §k­G° ·  8°�§ ¶ µa¬¡¬a§ ¶ ±¥³�©$± ¶ ±<«a©� �© ¸  '	G§[µ º
i,+�´�§X¦; �¹ §[µ-±<©ª©<³a­���±<³ ¶ ±>±<³a§ ­/µa§@®6§  § ©<­ · 	/§X¦ �: 8±<³y±¥³a§X©<§s§[µa³ ¶ µa¯[§X¹o§Xµ-±¥©S �© * � ±< �¹ §[©
° ¶ ©$±¥§[¦ ¶ µ�¬ ©V­ · 	G§[© ³ ¶ ¦V¬a§[¦s´a¦V­ �a· §X¹o©Xº

- �/. 0 �21 3
� ����T 4 �2165 	87 1 9;:7� R!< �>=��@?
� ³a§ �a¶ ©; 8¯ ¶G·8¸ ­/¦; 5±¥³a¹ � ¬a«a§ ±¥­%*_µa¬a§X¦<©BA� �§X¦<« · ° 5 k � 7 �  8©+;*«� 8±<§t©! �¹ ´ · § � ¶ µa¬�³ ¶ © � §X§[µ
«a©V§[¬ ¶ ©}´ ¶ ¦V±}­B°&±<³a§ ±<©<«a¹ §�®DC4­ ©V§ ¶ ¦V¯�³  �µ�±<³a§¡´a¦V­ ¸ ¦ ¶ ¹ EGF,HJILK,MONJM °�­/¦o¹ ¶ µ  
 § ¶ ¦<©Xº ��±s¬�§X±¥§X¯X±<©t©; 8µ ¸/· §�®6´�­� 8µ*±1§  §[© ¶ µa¬ ° ¶G· ©V§�§  §X©[º

*t©�§P+�´ ·�¶  �µ�§[¬Y �µ e §X¯X±; �­/µ�*/º k º � � ¶ µY �µa©$± ¶ µ�¯[§ ­G°�±¥³a§s­/µ�§�®6§  §s´a¦V­ �a· §X¹  8©ª¬a§0��µ�§[¬
�� ±¥³a§ ¬a§�°�§[µa¬a§X¦ � ¶ ±<± ¶ ¯ . §X¦ � ¦<§ ¸  �­/µ � ¯X¦<«a¯V ¶G· ©$±¥­/µ�§[© � ¶ µa¬o© ¶ °�§ ¶ ±V± ¶ ¯ . §[¦D©V±¥­Gµa§[©Xº�� ³a§
¶G·8¸ ­/¦; 5±¥³a¹ ¯�³�§[¯ . ©e°�­/¦ ¶G·8· ´�­� 8µ*±<©N �µu±¥³a§}¦V§ ¸  8­/µ �s³a§�±¥³a§X¦y±¥³a§  ¶ ¦V§m´�­G±¥§Xµ-±< ¶B· §  §
´�­� �µ-±¥© °�­/¦ ±<³a§�¬�§X°�§[µ�¬a§[¦Xºhi  §[© ¶ ¦<§&¯[¦V§ ¶ ±<§[¬ �� §2 5±¥³a§X¦s©<«a¦V¦<­/«aµ�¬� �µ ¸ §[¹ ´�±  ´�­� �µ-±<©
­/¦ �� ¯ ¶ ´�±¥«�¦; �µ ¸�¶ ±V± ¶ ¯ . §[¦>©$±¥­/µa§X©[º ��° ¶ © ¶ °�§D§  §1¯[­/µaµ�§[¯X±<§[¬e±¥­_¯[¦V«a¯2 ¶G· ©$±¥­/µ�§[©>¯ ¶ µ � §
¯[¦V§ ¶ ±<§[¬D 8µ�±¥³a§�¦<§ ¸  �­/µ � ±<³a§&¬a§X°�§Xµa¬a§[¦ �: �µa©Xº#��°>µ�­m´�­G±¥§Xµ*±; ¶G· §  §�©<´ ¶ ¯X§k¦V§[¹ ¶  �µa©: 8µ
±¥³�§&¦V§ ¸  8­/µ � ±<³a§ ¶ ±<± ¶ ¯ . §X¦ �: 8µa©[º e § .  ) �© ¯[­Gµa©; 8¬a§[¦V§[¬�±<­ � § ¶ �: �µ�°�­/¦�±<³a§�¬�§X°�§[µ�¬a§[¦Xº
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� �

�  ¸ «a¦V§ F º,* � *tµ §P+ ¶ ¹ ´ · §�­B°�©V§ .  3º

e § .  K 8©7¬�§X±¥§X¯X±<§[¬ �� ©<§ ¶ ¦<¯�³ º1��°�±¥³a§ ¬a§�°�§[µa¬a§X¦1´ ¶ ©<©<§X© ¶ µ�¬ ±<³a§ ¶ ±<± ¶ ¯ . §[¦D¯ ¶ µ�µa­G± �: �µ �
±¥³ ¶ ±1´�­/©! 8±< 8­/µ	 �©1¦V§ ¸-¶ ¦<¬ ¶ ©1©<§ .  3º �  ¸ «a¦<§ F º,* � ¶ ¬ ¶ ´�±<§[¬m°�¦V­/¹ 5 Flk87 �  8© ¶ µo§P+ ¶ ¹ ´ · § ­G°
©<§ .  3º � ³� 8±<§�¯ ¶ µ�µa­G± ¯ ¶ ´�±¥«a¦V§4±<³a§ �a·l¶ ¯ . ©V±<­/µa§[©� 8° <1·�¶ ¯ . ´ ¶ ©<©<§X©[º

� ³a§X±<³a§[¦ ­/¦ µa­B± ¶ ´�­� �µ-±<i  8© ¶ 	�'(� # ��� � '�� #�� #�	�'(� ���z �© ¯[­G¹o´a«�±¥§[¬ ¶ © °�­ ·8· ­��s© �

	 i�­I¯[¯X«a´� 8§[¬ �  «aµa© ¶ °�§ ¶ ±<± ¶ ¯ . §[¦ ©V±<­/µa§ � � #$��º

	 i�­I¯[¯X«a´� 8§[¬ �  © ¶ °�§ ¶ ±V± ¶ ¯ . §[¦ ©V±¥­Gµa§ � �"'Rº

	 i�­I¯[¯X«a´� 8§[¬ �  ¬a§X°�§Xµa¬a§[¦ ©V±<­/µa§ � �"'Rº

	 i  8© §[¹ ´�±  � ¯�³a§[¯ . ±¥³�§&µ�§2 ¸ ³ � ­/¦V© ¶ µa¬ ±¥³a§4¬� ¶G¸ ­/µ ¶B· µa§V ¸ ³ � ­/¦<©s­G°�i º

� e ­/¹o§e¬$ �¦<§X¯X±4µa§V ¸ ³ � ­/¦� �©�­I¯[¯X«a´� 8§[¬ �� ±¥³a§ ¶ ±V± ¶ ¯ . §[¦ � �"'Rº � ³�§ © ¶ °�§X±  
­B°�±¥³�§ ¶ ±<± ¶ ¯ . §[¦s©$±¥­/µa§4¬a­I§[© µa­G±s¹ ¶ ±V±¥§[¦Xº

� i� �© ¶ ±k±<³a§}§X¬ ¸ §}­G° ±<³a§ � ­ ¶ ¦V¬ ¶ µa¬ ¶ ± · § ¶ ©V±k­/µa§m¬$ ¶G¸ ­Gµ ¶G· µa§2 ¸ ³ � ­G¦
¯X­/µ-± ¶  8µa© ¶ © ¶ °�§ ¶ ±V± ¶ ¯ . §[¦ � �"'Rº

� *�± · § ¶ ©$± ± �D­ ¬� ¶G¸ ­/µ ¶G· µa§2 ¸ ³ � ­/¦V© ¯[­/µ-± ¶  �µ ¶ © ¶ °�§ ¶ ±V± ¶ ¯ . §[¦ � �"'Rº

� � ±<³a§[¦ �: �©<§ � � #$��º

* ´�­G±<§[µ-±< ¶G· §  § ´�­� 8µ-±� �© ¶ � ' �@# #�� #O 5° ¶B·�· ¬� 8¦<§X¯X±4µa§V ¸ ³ � ­/¦<© ¶ µa¬ ¶G·8· � «�±&­/µ�§
¬� ¶G¸ ­/µ ¶B· µa§2 ¸ ³ � ­G¦ ¶ ¦<§ ­�¯X¯[«a´� 8§[¬ �  ¬�§X°�§[µ�¬a§[¦D©V±¥­Gµa§[©Xº1* ·�· ¬$ ¶G¸ ­Gµ ¶G· µa§V ¸ ³ � ­/¦<© ¶ ¦V§
µa§X§[¬a§X¬ ¶ ±�±<³a§1§X¬ ¸ §1­B°a±¥³a§ � ­ ¶ ¦<¬ º *v© ¶ °�§1§  §g 8© ¶ ¬a§X°�§Xµa¬a§[¦ �: �µ4 5°a±¥³�§1©<«�¦<¦<­G«aµa¬� 8µ ¸
�a· ­�¯ .  �©1¯[­/µaµ�§[¯X±<§[¬�±¥­k¯[¦<«�¯2 ¶B· ©$±¥­/µa§X© � ¶ µ�¬ ¶G·�· ¯[¦V«a¯2 ¶G· ©V±¥­Gµa§[© ¶ ¦V§t¯X­/µaµa§X¯X±¥§X¬ º
� ³a§
©<§ ¶ ¦<¯�³ ¸ §Xµa§[¦ ¶ ±¥§X© ¶G·�· ¹o­�	G§[©h �µu±¥³a§}¦V§ ¸  8­/µ � «aµ · §[©V©y±¥³a§X¦<§ ¶ ¦<§m°�­/¦V¯[§X¬ ¹ ­�	/§X© "�©<§X§
e §X¯X±< 8­/µ F º � º � $ º
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U1­/µ�µa§[¯�±< �­Gµ °�­/¦ ¶ ±<± ¶ ¯ . §[¦Xº U1­/µaµa§X¯X±< 8­/µ °�­/¦ ¬a§X°�§Xµa¬a§X¦[º

�  ¸ «�¦<§ F º � � U1­/µ�µa§[¯�±< �­Gµa© ±<­
© ¶ °�§4©V±<­/µa§X©[º
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� �

� �

� �

� ��

�

�  ¸ «a¦<§ F º k�� U1­/µaµa§X¯X±< 8­/µ ±¥­
© ¶ °�§4©$±¥­/µa§X©_­Gµ�´a¦V­G±¥§X¯X±<§[¬ ·  � §[¦$±  º
- ��� � � ? 1G5���� 1 T����IT � 1 � < T � 	 �
�
� �GTG1 ? 1�� =��
� ��� ��� �	��
 � �
������������� ��� ����������� �	��
 � ������� � 


 ­/µaµ�§[¯X±; '	& 8±   �© ¶ °�«aµ�¬ ¶ ¹ §[µ-± ¶G·�¶ ©<´�§[¯�±�­G°>±<³a§ ¸-¶ ¹o§&­G° C�­aº�!�­G©V± C�­}´a¦V­ ¸ ¦ ¶ ¹o©
¦<§X¯[­ ¸ µ� #"X§&¯X­/µaµa§X¯X±<§[¬ ��· ­I¯ . ©Xº  ­/µaµa§X¯X±< 8­/µa© ¶ ¦V§&«�©<§[¬ ±¥­
´a¦V­/¹o­B±¥§�«aµa© ¶ °�§ ¶ ±<± ¶ ¯ . §X¦
©V±<­/µa§X©>±¥­�© ¶ °�§ � ¶ µa¬e±<­�´a¦<­�	G§s±<³ ¶ ± ¶ µe§  §: 8©�¯[­Gµaµa§[¯�±¥§X¬ ±<­�¯[¦<«�¯2 ¶B· ¬a§�°�§[µa¬a§X¦�©V±¥­Gµa§[©Xº
< ­G±<³ ±  ´�§[©s­G°�¯[­/µaµ�§[¯X±; �­/µ�© ³�§ · ´�±<­ ¦V§[¬a«�¯[§4±¥³a§4©<§ ¶ ¦<¯�³�¬a§[´�±¥³ º

� ³a§7¯[«a¦V¦<§[µ-±0 �¹ ´ · §X¹o§Xµ-± ¶ ±; �­/µ_¦<§[¯X­ ¸ µ� $"[§X©\©! �¹ ´ · § ��� ' �B©$±¥¦ ¶ ±¥§ ¸  �§[© 5 F * 7 ¶ µa¬�©V­/¹ §
´a¦V­G±¥§X¯X±¥§X¬ ·  � §[¦$±< 8§[©o°�­G¦m¯[­Gµaµa§[¯�±< 8­/µa©[º �  ¸ «a¦<§ F º � ¸  '	G§[©�§P+ ¶ ¹ ´ · §[©[º �6µ�±¥³�§ · §X°�±
¬� ¶G¸ ¦ ¶ ¹ � � ³� 5±¥§s³ ¶ ©7± �1­ � ¶  ©3" � ¶ µa¬&% $ ±<­k¯X­/µaµa§X¯X±]º�� ³�§4�s³� 5±¥§ �a· ­I¯ . ¹ ¶ ¦ . §X¬
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�  ¸ «a¦V§ F º � � � ­/¦<¯X§[¬ ¹o­�	/§X©[º

�: 8±<³ © ;*« ¶ ¦V§[©
±¥­�© ¶ °�§�©V±<­/µa§[© � ©V­ � ³� 8±<§�¯ ¶ µr¯[­Gµaµa§[¯�± §0	/§Xµv 5° <1·l¶ ¯ . ´ ·�¶� ©%��¦V©V±[º
� ³a§e©$±¥­/µa§ ¶ ±�� B  8© ¶G· ©<­}© ¶ °�§eµa­�� � � §[¯ ¶ «a©<§Y 5±�³ ¶ © ¶ ¯[­/µaµ�§[¯X±; �­/µ�§V 8±<³a§[¦ ¶ ±���­G¦
¶ ±�� º��a �µa¯X§e±¥³a§X¦<§Y �©�µa­ §  § ©<´ ¶ ¯X§ ¶ °�±¥§X¦�¦<§[¯X­ ¸ µ� $"2 8µ ¸ ±¥³a§X©<§ �a· ­I¯ . © ¶ ©�© ¶ °�§ � ±¥³� 8©
´�­/©; 5±< �­Gµ�¯ ¶ µ � §&©$± ¶ ±; �¯ ¶G·�·! §
	 ¶G· « ¶ ±¥§[¬ ¶ © ¶e· ­G©<©�°�­/¦ <1·�¶ ¯ . º��a �¹	 ·�¶ ¦ ·! �  �µ�±<³a§4¦; ¸ ³*±
¬� ¶G¸ ¦ ¶ ¹  8µ �  ¸ «a¦<§	��º � � ±<³a§y¯[­Gµaµa§[¯�±< 8­/µ ¶ ±�
 ­G¦�� ¸ « ¶ ¦ ¶ µ-±¥§[§X© ¶ �: �µ °�­G¦ <1·l¶ ¯ . º
� ³a§ ¶G·�¸ ­G¦; 8±<³a¹ ±<­ ¯X­/¹o´�«�±¥§
±¥³a§X©<§o¯[­/µaµ�§[¯X±; �­/µ�©4 �©&©V±<¦ ¶  ¸ ³-±<°�­/¦ � ¶ ¦<¬ º ��±�¯�³a§X¯ . ©h 5°
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\?=^5�BE-R:jB<: 7  ,BE-R:� ;1�BEI.-±-�¨²Tf-69= ;X<-61WBE:i=^-69C- 7 :j-6+�[4\]I.- ° 9C:´B<BC-6:´BU: 7  ,BC- � BEI.- ��| u
}f�E|/. �;{ w yG| ���;{ y��Qxz| v � 3R5L1WBG/! ,1.:Sª 9 BE-6:´BaT�5L:= ,B" ;5L1.: ��o�� T.9C5LMNH;-6X<: �VBCId/YB�/29j- /YH;9C-6/2+N@
3652X T.H,-RBC-6H,@V5L9�X<5L:´BEH,@V:CTNH> ,B  ;1WBE5  ,1.+.-RT�-R1.+.-61WB·T.9j5LM.H;-RX :�/YB BEI.-©9j5²5YB � :j-6-©�~TNT�-R1.+- �¨
� [�ªL[ o ��[�\]I.-R:C-VT.9C5LMNH;-6X<:�=^-69C- 7 :j-6+UX /! ,1.H,@aBE5��L-R9" �O�@iBEId/YB©BCI.-Z+.-63R5LX<T�5L:= ,B" ;5L1</2T²b
T.9j5W/23GIk=h529CF8:6[�\]I.-S:C-63R5L1.+PBE-R:jB`: 7  ,BE-� ;:~BCI.-10 �32 vft 22� t }f�G|/. �;{ w"yG| ���;{ y��Qxz| v K! �L-R1
 ;1±�~TNT�-R1.+- �¨ � [¬³¹B¶365218BE/! ;1N: 5 ª�BC-6:jB~T�52:" ,B" ;5L1N: � ª �Wo T.9j5LM.H,-6X<: ��[^\?=h5 �L-R9C:" ,5L1.:¶52O
BEIN-�:C5LH1�L-R9 � =4 �BEI0/Y1.+r=4 ,BCI.5 7 Bh+N@c1d/2X� ;3¶+.-63R5LX Tf5L:= ,B# ,5L1U:j-A/29j3GI � *�*`� ��=h-R9C-�3R5LXSb
Td/29j-6+�[¥\]I.-��2-69C:= ;5L1±=4 ,BCI.5 7 B *�*`� � 1.5Yb *�*`� �  ;:?BCI.-`:C5LH1�L-R9¶+N-6:C3R9" ,M�-R+8 ,1 � I./2TNBE-R9
m [
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��

4 56�$,-��73�-,

\'/2M.H;-R: C [�ªr/Y1.+ C [ o 3R5LX T./29C-SBEI.- :C5LH1�* ;1.K®/2M- ;H  ,B" ;-6:�5YO *�*`� /Y1.+�1.5Yb *�*`� [98�5L9j-
Tf5L:" �B# ;521.:�/29j-i:C5LH1�L-6+DMW@ 7 := ;1.K *�*`�  ;1k\·5�@L[:8�5L9j-65��L-R9 � /2H;H§T.9C5LMNH;-6X<:�:j5LH �2-6+DM8@
1.5Yb *�*`� =h-R9C-¶/2H,:C5`:C5LH1�L-R+ MW@ *�*`� [56�1<BCI.-]52BEIN-69¥Id/21.+ � M�52BCI �L-69j:" ,5L1.:_:C5LH1�L-6+SBEIN-
:E/YX -¶: 7 MN:C-RBh52O�TN9C5LM.H,-6X<:? ;1 � BG/21N+d/29C+ [�\]I.-( ,X TN9C5��L-RX -R18B^/23GI  ;-/�2-6+0MW@ *�*`�  ;:_/
OQ/23�BE5L9¥52O ���  ,1 \·5�@U/Y1.+®ªL[ o  ;1 � BG/21N+d/29C+B ;1SBE52BE/2Hd-�¨²-R3 7 B" ;5L1UB" ;X<-2['\]I- ;:  ;1.+  ;3A/eBE-6:
BEI./YB *�*`� : 7 9jTd/2:C:j-6:¶BEI.-a/2M- ,H> �B# ;-R:h52O·BEIN-aTN9C-/�* ,5 7 :Z+NO¸b�TN1 � 9 �h:C5LH1�L-69R[

6�1 / �L-R9E/2KL- � *�*`�  ;:</2Mf5 7 B±ª 9<; :jH;5�=h-R9B ,14BC-69jX :S52O~1.5²+N-�-�¨NT./21.:" ,5L1.: T�-R9
:C-R365L1N+ � :C-6-i\'/2M.H,- C [ o ��[ -V5�=^-/�2-69 � :C52X -�B# ;X<-6: *�*`�  ;:~OQ/Y:jBE-R9 � -R:CTf-63@ ;/2H;H�@
 ;1k\·5 @
� :j-6-�\'/2M.H,- C [�ª ��[~³�1kTd/29´B# ,3 7 H;/29 � =4 ,BCI>+.-R365LX<T�52:" ,B" ;5L1N:~/YB~5L9~1N-A/29¶BEI.-�9j5²5YB � *�*`�
3A/Y1r365L1N36-61WBC9E/YBC-�5L10/�:jXU/2H,H;-R9_9j-6K5 ,5L1 � =ZI- ;3GIU:CTf-6-6+N: 7 T0Md/2:= ;3~52T�-R9E/YB" ;5L1.:_: 7 3GI�/Y:
+.-�BE-63�B# ,1.K Tf52BC-61WB# ;/2H�-R@2-�Tf55 ,18BC:Z/21.+JX<5��2-`KL-61.-R9E/YB" ;5L1 [
¦  ;K 7 9C- C [ m 3652X Td/Y9C-6:�1N5²+.-i-�¨²Td/21.:= ;5L1.:�5YOhMf52BEIk:j5LH �2-69j:`Oµ529�-A/23GIDT.9j5LM.H;-RX  ,1

BEIN-�\·5�@0BE-6:´B~:j-RB6[h\]I.-a1 7 X�Mf-69¶52O§1N5²+.-R:V-�¨²T.H;5L9j-6+�M8@ *�*`�  ,:¶TNH;52BjBE-6+±5L1JBEI.-�=¶b
/e¨  ;:Z/YKW/! ;1N:jBZ1.5Yb *�*`� 5L10BEI.-?>Vb /e¨  ;:]521�H,5LKW/29= ,BEINXB ,3¶:j3A/2H,-6:R[_³�1±Tf55 ;1WBE:Z/YM�5��L-`BEIN-

ª 9A@



\§/2MNH;- C [�ª����'-R9jOµ5L9jXU/21N36-`365LX<Td/29= ;:j5L1rOµ5L9 *�*`� /21.+J1.5Yb *�*`�  ;10\·5 @2[
� 7 X�Mf-69Z52O \·52BG/YH \'5YBG/2H �¶5²+N-6:
T.9j5LM.H,-6X<: B# ,X - � :C-R3 � 1.5c+.-R:¶-�¨²Td/21.+.-R+ -�¨²Td/21N+.-6+
:C5LH1�L-R+ o 9 T.9j5LM.H,-6X<: o 9 T.9j5LM.H;-RX : T�-R9]:C-63R5L1.+

�¶5Yb *�*`� o 9 m2o o � ª � + � o 9 + � ª � � 9 �*�*`� o � @ [ C6+ � + � � 959 �Lo � m!C 9\·52BG/2H TN9C5LM.H,-6X<: o � b b b

\'/2M.H,- C [ o ���'-R9jOµ5L9jXU/21N36-`365LX<Td/29= ;:j5L10Oµ5L9 *�*`� /21.+J1.5Yb *�*`�  ;1 � BG/Y1.+d/29j+�[
� 7 X�Mf-69]52O \·52BE/2H \·52BG/YH �V5c+.-6:
T.9j5LM.H,-6X<: B" ;X<- � :j-63 � 1.5²+N-6:¶-�¨²Td/21.+N-6+ -�¨²Td/Y1.+.-6+
:C5LH1�L-R+ ª m!C T.9C5LMNH;-6X<: ª m!C TN9C5LM.H,-6X<: Tf-69Z:C-R365L1.+

�V5Yb *�*`� ª m5C ª � + CLm 5 � � @ 5 � � C2mLo � o � m5C 9*�*`� ª m5C ª � � � m �Wo � ª o + � C 9 5 9 C � C5C �\·52BG/2H T.9C5LMNH;-6X<: ª �Wo b b b

+- ;/2KL5L1d/YH *�*`� Tf-69jOµ529CX<-6+gMf-RBjBE-R96[���¨²3R-6TNBiOµ5L9a5L1.- T.9C52M.H;-RX *�*`� -�¨²Td/Y1.+.-6+s/eB
X<5L:jB¥/Y:©XU/21W@�1.5c+.-6:¥/2:©1N5Yb *�*`� � /21.+i5YO�BE-61S+.9C/2X /YB# ,3A/2H,H,@�H,-6:C:R[�\]I.-]Tf-69´Oµ5L9CX /21.3R-
52O *�*`� :C36/2H;-R:?-�¨²Tf5L1.-61WB" ¸/2H,H,@iMf-RBjBE-69  ;1<BEI.-�:= ��R-~52O TN9C5LM.H,-6X<:6[ ¦ 5L9_-�¨N/2X<T.H,- � *�*`�
:C52H �L-R+ BCI.-ZT�5L:= ,B" ;5L1� ;1 ¦  ,K 7 9j- C [ �  ;1Jª � @ CLm 1.5c+.-6: � =ZI- ;H,-¶1N5Yb *�*`� 1.-R-6+.-R+ 959 � � C ª 5
1.5c+.-6:R[¥\]I- ;:4 ;:]1N52BZ: 7 9jT.9" ,:" ,1.K � := ;1.3R-�/YH;H�Tf5L:" �B# ,5L1.:7 ,1JBCI- ;:]:j-RBV/29j-/ ,+.-A/YH Oµ5L9 *�*`� �
=ZI- ,H;-�1.5Yb *�*`� : 7 0�-69j:¶Oµ9j5LX�3R5LX�M- ,1d/YB" ;5L1d/YH�-�¨NTNH;5L:= ;5L1�[
¦  ;K 7 9C-R: C [ C /21.+ C [ 5 T.9j-6:j-61WB0BEI.-®9C-6: 7 H,BC:UOµ5L9<BEI.->:´BG/21N+d/29C+ BC-6:jBr365LH,H;-63�B# ,5L1�[

�V521.- 5YO?BEI.-R:C- T.9C5LMNH;-6X<:�=h-R9C- +.-6:= ;KL1.-R+�=4 �BEIg+N-63652X Tf5L:" �B# ,5L1  ;1DXB ,1.+�[U³�1�365L1cb
BE9C/2:jB_BE5 ¦  ,K 7 9C- C [ m � BEIN-69C-~/29C-¶X<5L9C-ZT.9j5LM.H;-RX :©=ZI.-R9C- *�*`� =h/2:h:jH;5�=^-696[�-¶5�=h-��L-69 �
5L14/ �L-R9E/2KL- *�*`� -�¨²T.H;5L9j-6:iH,-6:C:i1N5²+.-R:</21.+s1.-6-R+.:SH;-R:C:i-�¨²-R3 7 B" ;5L1�B# ,X -Y[�\]I  ;:  ,:
-6:jT�-R3@ ;/2H;H�@>BE9 7 - Oµ5L9`BEIN-UH¸/Y9CKL-R9�T.9j5LM.H,-6X<: � :C5 *�*`� :C-6-RX :aBE5�:C3A/YH;-UMf-RBjBE-R96[ *�*`�
:C52X -�B# ;X<-6:  ,X T.9j5��L-6:`BEIN-UTf-69jOµ529CX /21.36-<MW@�/�H¸/Y9CKL-SX /29CK5 ,1�[ ¦ 5L9`-�¨./YX T.H,- � *�*`�
1.-R-6+.-R+ 9 � @ � ª � 9 1N5²+.-R:� ,1 C [ m :C-R365L1.+N:�Oµ5L9aBCI.-rTf5L:" �B# ,5L1  ,1 ¦  ,K 7 9C- C [ + � =ZIN-69C-6/2:
1.5Yb *�*`� -�¨²T.H,5L9C-R+ ª � C 9 o � 5 � m 1.5c+.-R:$ ;1 9 m [ � :j-636521.+.:6[g³�1sBCI- ;:�T�5L:= ,B" ;5L1 � +.-63R5LXSb
Tf5L:" �B# ;521.:]BE9" ,KLKL-R9C-6+±MW@±M.H¸/23GF03R9 7 3� ¸/2H :´BE5L1N-6:�/Y1.+�=ZI- �BE-a:E/YOµ-�:jBC5L1.-6:V9C-6/23GI- ;1NK BEIN-
Mf5L9C+.-R9C:Z52O·BEI.-`Mf5W/29j+±:j-6-RXqBE5<5²3R3 7 9?Oµ9j-�� 7 -61WBCH,@L[
³�1±BCI.-`Id/29j+�T.9j5LM.H,-6X<:]52O'BCI- ;:]:j-RB � BEI.-`Tf-69C3R-61WBG/YKL-�5YO§1.5c+.-R:0 ,1r=ZI- ;3GI�+.-63R5LXSb
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¦  ,K 7 9C- C [ � �a� T�5L:= ,B" ;5L1kBEI./YB *�*`� :j5LH �2-6+�=4 �BEIDX 7 3GI�H;-6:j:�1N5²+.-R:aBCId/21D1.5Yb *�*`�
� +  �* ;+.-�b�3R5L1 � 7 -69R[,ª o [ :jK2O � :hH;/23GF BC5<H  �2-�M8@JTNH¸/A@* ;1.KS/YB�
���� ��[
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¦  ,K 7 9C- C [ + �±� T�52:" ,B" ;5L1�BCId/YB *�*`� :C5LH1�L-6+�X 529C- � 7  ;3GF8H�@ � 5L1.-R-R@2-6-2[�ªL[n:CK2O � :^H¸/23GFH> 1�L-R:?=4 ,BEI � � ��[
Tf5L:" �B# ;521.:Z/29C-aTf5L:C:= ;M.H,-��Y/29= ;-R:¶Oµ9j5LX ª � ; BC5 m @<; [?�~KW/  ;1 � Oµ5L9Z-�¨./YX T.H,- �  ;1 ¦  ,K 7 9C-
C [ + �  ;1�BEIN- 9 � @ � ª � 9 1.5c+.-R:<-�¨²T.H;5L9j-6+sMW@ *�*`� � *�*`� +N-RBE-R3RBC-6+ ª o5C � � C6+ � 9 m [ 9<; �

+.-R365LX<T�52:" ,B" ;5L1N:6[

�r� � � � � �A  � ��� � � �&� � 
 � ¡�¢��©¢ � 	 � � � � �

*�*`�  ;:]H  ;X� ,BC-6+  ,1rBEI.-�=h/A@rBEId/eBZ:CT.H  ,BE:Z/Y9C-�9C-R365LK21- ��R-6+�[¥\]I.-`5L1.H�@UTf55 ,18BC: 7 :C-R+±BC5
:CTNH> ,B_Tf5L:" �B# ,5L1.:¥/29j-¶BCI.5L:C-V5²3R3 7 T  ;-6+ MW@ :C/YOµ-V/YBCBE/23GF2-R9]/21.+ 369 7 3@ ¸/YHd+.-ROµ-R1.+.-69h:jBE521.-6:R[
\]I- ,:±:j-63�B# ;521  ;1WBC9C5c+ 7 36-R:±/4H,-6:C:±9" ,K5 ;+ +N-63652X Tf5L:" �B# ,5L1 BEId/YB 7 :j-6:��C/2H,X 5L:´BJ:E/YOµ-��
/YBjBG/23GFY-69_:jBE521.-6:h/2:©=h-RH;Hz[ ¦  ;K 7 9C- C [�ª @ :CI.5�=Z:h/21 -�¨N/2X TNH;-2['³¹O BCI.-¶B�=^5�=ZI  ,BE-Z:´BE5L1.-R:
X /29CFY-6+0MW@U: � 7 /29C-R:Z/29C-~/2:C: 7 X<-6+rBE5�M�-�:C/YOµ- � BEI.-R1rBEI.-~/29C-6/�3A/21UM�-�:jT.H> �B  ,1WBE5�B�=^5
: 7 M.9C-RK5 ;5L1N: � /rH,-RO�B�: 7 M.9j-6K5 ,5L1>X /29CFY-6+kMW@>:jXU/2H,H'K29C-R@�: � 7 /Y9C-6:`/Y1.+P/r9" ,KLIWB�9C-RK5 ;521
X /29CFY-6+�MW@a369j5L:C:j-6:6[©\]IN-]/YBCBE/23GF2-R9§36/21i/2H�=?/A@c:§X /2F2-_BEI.-_B�=h5~XU/29jF2-R+�=ZI- ,BC-h:´BE5L1.-R:
:E/eOµ- MW@kOµ5LH,H;5�=4 ;1.KJ/J:" ,X TNH;- wix 22x 365L1.1N-63RB" ;5L1�:jBC9E/YBC-6K2@ �`­ I.-61.-��L-R9�BEI.-<+.-�Oµ-61.+.-R9
T.H;/�@c:'-@ ,BCI.-69 2�5L9 3 � 9j-6T.H�@a5L1�BCI.-?52BCI.-69'T�55 ,1WBA[·\]I.- � {�� 2A� {Ct`tc{ yG|ew~}d| 0 x���xz| v X<5c+.-6H
7 :j-6:~: 7 3GIk:jBC5L1.-R:VOµ5L9Z:CTNH> ,BjB# ,1.K</<Tf5L:" �B# ,5L1�[ -¶5�=h-��L-69 � + 7 9= ;1.KSBEIN-�:j-A/29j3GI>BEI.-a3A/2:j-
=ZI.-R9C-�/SX� ¸/  36521.1.-63�B# ,5L18 ,:Z/YBCBE/23GF2-R+®MW@rBCI.-`+.-ROµ-R1.+.-69¶X 7 :´B¶M�-`Id/21N+.H;-R+�[
³�1�BEI- ,:�3A/Y:C- � BCI.-09C-RH¸/e¨²-6+�+N-63652X Tf5L:" �B# ,5L1gX<5²+N-6H_-�¨cBE-R1.+.:iBEI.-0:j-A/29j3GI�BE5>BEIN-

7 1- ,5L1�52O¶BEI.-J/ 0 -R3RBE-R+s: 7 M.9j-6K5 ,5L1.:R[�\]I.-±/2H;K25L9" �BEI.X� ,:i-�¨²T.H¸/  ;1.-R+  ;1�+.-�BG/! ,H^=4 ,BCI
BEIN-®I.-RH;T 52O ¦  ;K 7 9j- C [,ª @ [�³�1 BCI- ;: ° K 7 9j- � H;-�BU9j-6K5 ,5L1 ���<365L1.:= ;:´Br52O�BCI.-®-RX TNB�@
Tf55 ;1WB�2�/Y1.+�/2H,H�Tf55 ;1WBE:aX /29CFY-6+gMW@ ° H,H;-6+P: � 7 /29C-R:6[#�¶-RK5 ;521A�
	�365L1WBE/! ;1.: 3�/Y1.+
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¦  ,K 7 9j- C [,ª @ ���¶-RH¸/e¨²-R+±+N-63652X Tf5L:" �B# ,5L1�[
/2H,H·Tf55 ,18BC:VX /29jF2-6+®M8@�369j5L:C:j-6:R[�\]I.-�Tf55 ;1WBC:�2�/Y1.+ 3 BC5LKL-RBCI.-69¶Oµ5L9CX / XB ;/! 365L1cb
1.-R3RB# ,5L1POµ9C5LX :C/YOµ-</YBCBE/23GF2-R9�:´BE5L1N-6:`BE5�/21D/2H;X<5L:jB`:C/YOµ-</YBCBE/23GF2-R9�MNH;5c3GFf[S­  ,BCI.5 7 B
H;52:C:©52O�KL-61N-69E/YH> ,B�@ � /2:j: 7 X<-]BEId/YB§BEI.-Z+.-�Oµ-61.+.-R9¥:jBG/Y9jBE:¥T.H;/A@  ,1.K  ;1�����[�\]I.-61�� {�� 2A� {Ct
� { yG|ew~}d| 0 x��Qxz| v � { 22�EyG� � � *`� �h+.- ° 1.-6:ZBEI.-`:´BE9E/eBE-6K! ;-6:]5YO�Mf52BEIJT.H;/�@2-69j:V/Y:ZOµ52H;H;5�=Z: �
ªL[Z³¹O·Mf52BEI�2 /21N+ 3 /Y9C-�-RX TNB�@ � Mf52BEIJT.H;/�@2-69j:Z/29C-�9j-6:´BE9" ,3RBC-6+0BE5iT.H;/A@UX<5��L-6:4 ,1
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