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f ` QgNKkVL�f$TVU��KjvkZQSO[LYIBTg|8L$Qgf ` � � � �	� �	� � �	� � �	� �	� � �	� � �	� � 3

� �54 opHJUvf$L�z4QSOMOML$N�fYTVUZORQgHxUlI3L$hJLYfYOMNMTVUlI��ZO ` LYNMLBHJI�QSU4QS\l\lHxOMHJTVUlQghvfYTVUZO[NMH ] j �

O[HxTVU	O[T�O ` LEb TgO[LYUZO[HrQShi|�TVN �
	�|�NMTVz O ` HxI _�_ HJUZO[LYN[Qgf�O[HxTVU�� m ` LYNML�HJI

Q<IMHJz-HJhJQgN _�_ f$TVUZOMNMH ] jvO[HxTVU�|�TVN�
�
	 � �	� � �	� � �	� �	� � �	� � �	� � 3

� �;3 opTVhJQgN{UlLYjvO[NKHJUlT�L$UvL$NMk ^ IMb L$fYOMNMjlz�� � �
��� � �	� � �	� �	� � �	� � �	� � �

� � � m ` L~opjlb L$N
�

��Qgz4HxTV��QgUl\lLAIMTVhJQgN�UlL$jpO[NMHxUlT-QghJhxT �aLY\�NKL$kVHxTVU�� � � �	� � �
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� � � F{O[z-TVIMb ` L$NKHJfaUvL$jvOMNMHJUvT �$LYUlHxO ` QgUlkVhxL \vHJIKOMNMH ] jvO[HxTVU�� m ` L{kgNML$LYU<hJHxUlL$I

QgNML~O ` L>wvO=O[T�O ` L$IKL<\yQSORQ4Tg|3O ` L ��� � ��
<TVIMfYHJhxhrQSOMHJTVU ` ^ b TgO ` L$IKHJI��

m ` L�NMLY\ehxHJUlL=HxI�O ` L�U�jlhJh ` ^ b TgO ` L$IMHxI�� � � �	� � �	� �	� � �	� � �	� � 8

� �:8 F{O[z-TVIMb ` L$NKHJf UlLYjvO[NKHJUlTVI � �	� � �	� �	� � �	� � �	� �	� � �	� � �	� � !

� � ! F{O[z-TVIMb ` L$NKHJf UlLYjvO[NKHJUlTVI � �	� � �	� �	� � �	� � �	� �	� � �	� � �	� � 9

� �59 
iov�AG �	� �	� � �	� � �	� �	� � �	� �	� � �	� � �	� �	� � �	� � �	� �g�

� � � � opjlb L$N
�

��Qgz4HxTV��QgUl\lL ���
� ��
���I�� ���
� � �{G=HxIMfYNMHJz-HJUlQSO[HxTVU � � �	� � �

� � � FDopjvz4z4QgN ^ TS| _ TVIMz-HJfeN[Q ^ \lQSORQ �BHxO ` blNMLY\lHJf�O[HJTgUlI4|�NKTVz �;4 3����

m ` L%NKLY|�L$NKL$UlfYL$I�|�TVN-O ` Le\yQSO[Q QgNML # f$NMTgIMIMLYI �;4�������jvb��aQgNK\ OMNMHJQgU �

kVhJLYI � 4���� �BTVb L$U fYHJNMfYhJLYI � 4 8
� ���VL$NPO[Hxf*Qgh�\lHrQSz4TVUv\lI � 4 9�� ��\lT �BUZ�{QSNM\

O[NKHrQgUlkghJL$I � 3Z��� �gfYHJNKf$hJLYI � 3 � ����IM��jyQgNKL$I � 3���� � ` TVNMH �$TVUZO[Qgh�\lHrQgz-TVUl\vI � 3 4����

\lT �BUZ�{QgNK\ TVb L$U�O[NKHrQgUvkVhJLYI�� 3 3 � �vjvb��aQgNK\ TVb LYU O[NKHrQgUvkVhJLYI � 3 �
� �vTgb LYU

\lHrQSz4TVUv\lI � 3"��� �uQgUl\XTVb L$U�IM��jyQgNKL$I � 3 8
��� �	� � �	� �	� � �	� � �	� � 9

� � � m ` L � j�7vLYI<�aL�jvIMLXQSO<opjlb L$N
�

�,QSz4HxTV��QgUl\lL � � TgUl\yQ%HJI,|�NMTVz � �g���

QgUl\ � QgNPO[TVhtHJI�|�NMTVz � � � ��� �	� � �	� �	� � �	� � �	� �	� � �	� � �	� 4V�

� �54 �A�VL$NP��HJLY� Tg|qO ` L �,����L 7vb L$NKHJz-L$UZO � � � �	� � �	� �	� � �	� � �	� 4 �

� �;3 m ` L ] L$Qgz IKOMNMjlf�O[jlNKL |�NKTVz LY�gL$UZO[IeNMLYf$TVNK\lL$\ HxU O ` L � �ZO��{Q�O[L$N

_a` L$NKL$Ul�ST �e\vLYO[LYfYOMTVNB\lL$IKf$NMH ] LY\	HxU _a` QgbvO[LYN 4 � �	� �	� � �	� � �	� 4Z�

� � � m ` L�blHJTgU�z-TVUlH�O[TVN�� � �	� �	� � �	� �	� � �	� � �	� �	� � �	� � �	� 4 4

� � � _a` L$NKL$Ul�ST �eNMQg\lHJQSO[HxTVU�� � �	� � �	� �	� � �	� � �	� �	� � �	� � �	� 4 3
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� �:8 m ` L �,��� UvL$jvOMNMHJUvT IMb L$f�O[NKjlz |�NKTVz c _ IKOMjl\lHxL$I�Q�O hxT � L$UlLYNMk ^

QgUl\ blHJTVU z4TgUlHxOMTVN \yQSO[Q	QSO ` HJk ` L$N,L$UlLYNMkVHxL$I�� m ` L4| QgN 	SUvL*QgN,N[QSOMHJT

HJI�Q�z-L*QgIKjlNML Tg|�O ` L�\vH � L$NMLYUlf$LXHxU �,��� ] L*Qgz � j 7pL$I4QSO4opjlb L$N
�

��Qgz4HxTV��QgUl\lL � ���g�E��z Q*�aQ ^ � QgUl\eQSO�O ` L�UlL*QgNB\lL�O[LYfYO[TgNdQSNMN[Q ^ � � 4"�

� � ! m ` L�HJTVUvTpfYTVbvO[LYN�� � � �	� �	� � �	� �	� � �	� � �	� �	� � �	� � �	� 4��

� �59 m ` L�HJTVUvTpfYTVbvO[LYN�\yQSO[Q � � �	� � �	� �	� � �	� � �	� �	� � �	� � �	� 4 8

� � � � m ` L�zEjlTVUXz-TVUlH�O[TVN�� �	� �	� � �	� �	� � �	� � �	� �	� � �	� � �	� 4�!

4 � � opjlb L$N
�

��Qgz4HxTV��QgUl\lLd� ` HJhxL ] LYHJUlkEwyhxhJLY\�HxU � 9 9�� � � �	� � �	� � �	� 3Z�

4 � � opjlb L$N
�

��Qgz4HxTV��QgUl\lL � �	� �	� � �	� �	� � �	� � �	� �	� � �	� � �	� 3 �

4 �54 m ` L � UlUlLYNAW�c m IB�BHxO ` ] hrQgfR��I ` L$L�O[HxUlk � �	� � �	� �	� � �	� � �	� 3��

4 �;3 m ` L	� G�W�c m I�TVUXO ` L O[Tgb�� � �	� �	� � �	� � �	� �	� � �	� � �	� 3 4

4 � � m ` L	� G�W�c m I�TVUXO ` L�IMHx\lL=� ` HxhJL jlUl\vL$NB�{QSOML$N�� �	� � �	� � �	� 3 3

4 � � m ` L � G�W�c m I�� �	� � �	� �	� � �	� �	� � �	� � �	� �	� � �	� � �	� 3 �

4 �:8 m ` L � G�W�c m � jlQgUZO[jlz 6��-f$HxL$Ulf ^ � � � �	� � �	� �	� � �	� � �	� 3"�

4 � ! m ` L �{Q�O[L$NBbljvNMHxwlf*QSOMHJTVUXI ^ IPO[L$z � � �	� � �	� � �	� �	� � �	� � �	� 3 8

4 �59 opjlb L$N
�

��Qgz4HxTV��QgUl\lL=G�F ���BH�O ` QgNKNMT �BIBI ` T �BHJUvk-O ` L � T � Tg|q\yQSO[Q � 3"!

4 � � � m ` L �,������L*QgN�G=LYOML$f�O[TVNBFANKN[Q ^ � � �	� � �	� � �	� �	� � �	� � �	� 3 9

4 � � � � �ZO�G=LYOML$fYOMTVN�� � �	� � �	� �	� � �	� �	� � �	� � �	� �	� � �	� � �	� �g�

4 � � � F I[QSz4blhxL m � z4Qgb�� � Hxk ` LYN m z-L*QSUlI�L*QgNKhJHxL$NqOMHJz-L��iFAI�hxHJk ` O�hxLY�gL$hJI

HJUlfYNML$QgIML � ` HxOMIBQgNML�L*QSNMhJHxL$N�QSUl\ O ` L O[Hxz4HxUlkENKL$IMTghJjvOMHJTVUXHJI ] LYOKO[LYN�� � �V�
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4 � � 4 m ` L�NMLYhrQSOMHx�VL kVQgHJU z-L*QgIKjlNMLYz4LYUZOdIKLYOMjlb�� �	� � �	� �	� � �	� � �	� � 4

4 � � 3 m ` LENKL$hrQ�O[Hx�gL~kVQgHJUez4L$QgIMjlNKL$z-L$UZO=HxU � 9 9�� � m ` LEf$TgNMNMLYfYOML$\�f ` QgNKkVL��

UlTVNKz QghxH �YL$\ ]Z^ O ` L,z-L*QSU�HxI�blhJTSOMO[LY\ |�TVNBQghJh W c m I�� � � �	� � �	� � 3

4 � � � G=HJNKL$fYOa�{QSOML$NdQSOMOML$U�jyQSOMHJTVUXhxL$UlkgO ` z4L$QgIMjlNKL$z-L$UZOdQgblbyQSN[QSOMjlI � �	� ���

4 � � � � Q�O[L$NBQ�OMO[LYU�jyQSO[HxTVUXhJLYUlkgO ` NKL$IMjvhxO[I�|�NKTVz TVUlL�IKLYO�Tg|qz4L$QgIMjlNKL$z-L$UZO[I�� ���

4 � � 8 � Q�O[L$N QSOMOML$U�jyQSOMHJTVU�hJLYUlkgO ` z4L$QgIMjlNKL$z-L$UZO[I���b TgHJUZO[I � �BHxO ` O ` L�z-Tp\lLYh

jlIMLY\eHxU O ` L�\lL�O[L$f�O[TVN�IMHxzEjlhJQSO[HxTVU ��hJHJUvL$I � � �	� � �	� �	� � �	� � �	� � 8

4 � � ! 6��tLYfYO[H��VL�T ] IKL$NP�VL$\	f ` QgNMkgL~QSIdQE|�jlUvfYO[HxTVUXTg|iO ` L�byQSO ` � hxL$UlkSO ` � �	� ��!

4 � � 9 ceHJf ` L$h L$hxL$f�O[NMTgUlI�|�NMTVz zEjlTVU�\lL$f$Q ^ � � � �	� � �	� �	� � �	� � �	� � 9

4 � �g� 
 T � 6�UlL$NKk ^ o�OMTVblblHxUlk�zEjlTVUlI�� �	� �	� � �	� � �	� �	� � �	� � �	� �V�

4 � � � � Hxk ` 6�UlL$NKk ^ o�O[TgblblHJUvk-z>jlTVUlI�� � �	� � �	� � �	� �	� � �	� � �	� � �

3 � � m ` L,f$T ` LYNMLYU�O����=blNKTp\vjlfYOMHJTVU�f$NKTVIMI�� IMLYfYOMHJTVUlI�jlIKL$\%HxU	� 6�� m � m ` L

IMTVhxHJ\ hxHJUlL=HxI{|�TVN _�_ � ` HxhJLAO ` L�\yQgI ` L$\ehJHJUvL=HJI{|�TVNB� _ � � �	� � �	� � 4

3 � � m ` L���jyQgIKH � LYhrQgIPO[Hxf�f$NKTVIMI�� IMLYfYOMHJTVU�jlIKL$\,HJU��
63� m |�TVN UvL$jvOMNMHJUvTVI I ` T �BU

�BHxO ` \lQSORQE|�NMTgz IML��VLYN[QghiL 7pb L$NMHxz4LYUZO[I � � 3 � �"� � ��� � � 8
��� � �	� � �	� �"�

3 �54 m ` L���jlQgIMH � L$hJQgIKOMHJf{fYNMTVIKI � IML$f�O[HxTVU jlIKL$\4HJU4�
63� m |�TgN3QgUZO[H � UlL$jpO[NMHxUlTVI

I ` T �BU �BHxO ` \yQSO[QX|�NKTVz IKLY�VLYN[Qgh�L 7pb L$NKHJz-L$UZO[I � opLYL�s8HxkVjlNKL 3 � ��|�TVN

\yQSO[Q�NKLY|�LYNML$Uvf$L$I � � � � �	� �	� � �	� �	� � �	� � �	� �	� � �	� � �	� ���

3 �;3 m ` L=fYNMTVIKI � IKL$f�O[HJTgUX|�TgN���������� ��� ���	� ��
 �3G QSO[Q>QgNKLA|�NMTVz �;8g� �

8 � ��8g�
� � � �	� � �	� � �	� �	� � �	� �	� � �	� � �	� �	� � �	� � �	� � 8
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3 � � m ` L f$NKTVIMI�� IKL$fYOMHJTVU�|�TgN ������� � � � � �	� � � ��� opL$L sqHJkVjlNKL
3 �;3E|�TVN

\yQSO[Q�NKLY|�LYNML$Uvf$L$I � � � � �	� �	� � �	� �	� � �	� � �	� �	� � �	� � �	� ��!

3 � � m ` LAfYNMTVIKI � IML$f�O[HxTVU |�TVN ��� ��� � ��� ��� � ��
 � � opL$LAs8HJkgjlNML 3 �;3~|�TVN

\yQSO[Q�NKLY|�LYNML$Uvf$L$I � � � � �	� �	� � �	� �	� � �	� � �	� �	� � �	� � �	� � 9

3 �:8 m ` L�f$NKTVIMI�� IMLYfYOMHJTVUX|�TVN���� � ��� ��� � � � � � � �	� �	� � �	� � �	� 8g�

3 � ! m ` L�f$NKTVIMI�� IMLYfYOMHJTVUX|�TVN���� ��� � ��� ��� � � � � �	� �	� � �	� � �	� 8 �

3 �59 m ` L f$NKTVIMI�� IKL$fYOMHJTVU |�TVN ��� ��� � ��� � � � � � ��� opL$L�sqHJkVjlNKL
3 �;3E|�TVN

\yQSO[Q�NKLY|�LYNML$Uvf$L$I � � � � �	� �	� � �	� �	� � �	� � �	� �	� � �	� � �	� 8V�

3 � � � m ` L�f$NKTVIMI�� IMLYfYOMHJTVUX|�TVN���� � ��� ��� ��� � � 
 � �	� �	� � �	� � �	� 8 4

3 � � � ��� ��IKf*QghxHJUlk � � �	� � �	� �	� � �	� �	� � �	� � �	� �	� � �	� � �	� 8 3

� � � opjlb L$N
�

��Qgz4HxTV��QgUl\lLALY�VLYUZOdO ^ b L$I�� �	� � �	� � �	� �	� � �	� � �	� 8��

� � � opjlb L$N
�

��Qgz4HxTV��QgUl\lL���b TgIMHxOMHJTVU \vHJIKOMNMH ] jvO[HxTVU |�TVNEO ` L�wlNMIKO-IPORQgkVL

wlOMOML$N�� m ` L4jlbvb LYN�wlkVjlNML-I ` T �BI~s _ TVUvL�� NKHJUlkXL��VL$UZOMI�� m ` L4hxT � L$N

wykVjlNKL�I ` T �BIds _ zEjlh�O[H � NMHxUlk>L��VL$UZOMI�� � � �	� � �	� �	� � �	� � �	� !Z�

� �54 m ` L~wvO�� O[NKjlL,�gL$NPO[L 7	\lHxIKO[NKH ] jpO[HJTgU�|�TVN�� � LY�VLYUZO[I HJUXO ` L � �ZO � m ` L

hJL�| O�wykVjlNKLdI ` T �BI�O ` Ld\vHJIKOMNMH ] jvO[HxTVU�QghxTVUlk O ` L�OMN[QgfR�E� ` HxhJL{O ` LdNKHJk ` O

wykVjlNKL I ` T �BI>O ` L4\lHJIPO[NKH ] jvOMHJTVU b L$NKb LYUl\lHJfYjlhrQSN,OMTeO ` L4O[NMQgfR� � m ` L

NMLY\ hJHxUlL�TVU L$Qgf ` I ` T �BI>O ` L4z4L$QgU \vLY��HrQSOMHJTVU |�NMTgz O ` L�O[NKjlL4�gL$N �

O[L 7 b TVIKHxOMHJTVU��3� ` HxhJL�O ` L ] hxjlL�hJHJUvL$I<I ` T � O ` L�NML$IKTVhJjpO[HJTgU QSNMTVjlUv\

\lLY��HJQSO[HxTVU�� �	� � �	� � �	� �	� � �	� �	� � �	� � �	� �	� � �	� � �	� ! 4
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� �;3 m ` L�QgUlkgjlhrQgN \lLY��HJQSO[HxTVU |�NMTgz O ` LAO[NKjlL \lHJNKL$f�O[HJTgU HJU�NMQg\lHrQSUlIa|�TVN � �

LY�gL$UZO[I�� m ` L�NMLY\ehxHJUlLAI ` T �BI ��� \lL��pHJQSO[HxTVU�� � �	� �	� � �	� � �	� ! 3

� � � m ` L�f ^ QSU�f$HxNMf$hxL$I3NMLYblNMLYIMLYU�O{W�c m I�� m ` L ] hJjvLdNKHJUlk�HJI�Q _a` L$NKL$Ul�ST �

NMHxUlk � }�LY\ f$HxNMfYhJL$I-\lLYUlTgO[L�IMTgz4LXTg|=O ` L ` HxO-W�c m I�� ��^ bljvOMOMHJUlk

f$HxNMf$hxL$I{TS|8Q<NMQg\lHJjvI{f ` QgNMQgfYOML$NMHxIKOMHJf=Tg|/O ` L�byQSOMOML$NKU�L 7pb LYfYO[LY\�|�NKTVz Q

_a` L$NKL$Ul�ST � NKHJUlk,L$z4QgUyQSOMHJUlk |�NKTVz�O ` Ld�VLYNKOML 74f$LYU�OML$NKL$\ TVU-L*Qgf ` ` HxO

W�c m �v� L f$NML$QSO[L�QEfYTVUlIPO[NMjvfYO[H��VL HxU�OML$NP|�L$NMLYUlf$L�Q�O{O ` L fYL$UZO[LYN�Tg|/O ` L

QgfYOMjyQgh _a` L$NMLYUl�gT �eNMHxUlk � � �	� � �	� �	� � �	� � �	� �	� � �	� � �	� !"�

� � � m ` L wykVjlNKL�TVU O[TVb�I ` T �BIdQ<IMHJUvkVhJL=LYhJLYfYO[NKTVU��l� ` HxhJL=O ` L�TVUlL TVUXO ` L

] TSOMO[Tgz I ` T �BIdQ<IMHxUlkVhJL z>jlTVU�� �	� �	� � �	� � �	� �	� � �	� � �	� !��

� �:8 m ` L �g�4OMTVU�wy\ljlfYHrQghi�VTVhxjlz-L>jlIKL$\�|�TVN ����L��VL$UZOMI,HxIAO ` L 3���� 3��

f ^ hJHxUl\lLYN�I ` T �BU HJU ] hJjvL�� m ` LdNMLY\�hJHxUlL$I3\lLYUlTgO[L�O ` L=���=O[TVU-wy\ljlfYHrQgh

�VTVhxjlz-L jlIMLY\�|�TVNBs _ zEjlTVUlI�� � �	� �	� � �	� � �	� �	� � �	� � �	� ! 8

� � ! m ` L �����
	�� �g��� ��
 \lHJIPO[NMH ] jvOMHJTVU�|�TVN QghxhqL��VL$UZOMI,blQgIMIKHJUlk�O ` L<NMLY\ljlf��

O[HxTVU HJU � ` Hxf ` O ` L�NML$fYTVUlIPO[NMjvfYO[HxTVU�IMjlfYf$L$IKIK|�jlhxh ^ |�TVjvUl\	QE�gL$NKOML 7 � � !�!

� � � m ` L HxUZ�gQSNMHrQSU�O,z4QgIMI,\lHxIKO[NKH ] jpO[HJTgUlI�Tg|�LY�gL$UZO[IE�BH�O ` O �aT%L � hxHJ�gL4s _

NMHxUlkVI3|�TVNa\yQ�ORQ � ] hrQgfR��\lTSO[I � QgUl\Xc _ � ] T 7pL$I � HJU4O ` L � �ZOa\lLYOML$fYOMTVN��

m ` LBQgNKNMT �BI3I ` T � O ` L�HJUZ�SQgNKHrQgUZO�z4QgIMI8f$jvO�� m ` Ldc _ HxI�UlTVNKz QShJH �YL$\

O[T<O ` L,\lQSORQ ]Z^ L$UZO[N ^ � �	� �	� � �	� �	� � �	� � �	� �	� � �	� � �	� 9 �

7���H



� � � m ` L=wykVjvNML TVU O ` L hJLY| OaHJIaO ` L \lH �tLYNML$Uvf$L�Tg|/O ` L NKL$fYTVUlIKOMNMjlf�O[LY\	QgUv\

O[NKjlL TVb L$UlHxUlk�QgUlkVhxL=Tg|/O ` L kZQgz-z Q>NMQ ^ I�QgIBQ>|�jvUlfYOMHJTVUXTg|iz-TVz4LYU �

O[jlz � � O>I ` T �BI<UlT	z4TVz-L$UZOMjlz \lL$b L$Ul\vL$UlfYL�� m ` L wykgjlNML�TgU O ` L

NMHxk ` O HxI�� � �������
	���
�������������
������������� � ������� 	�� ��
���� � QgI Q |�jlUlf�O[HxTVU Tg|=z4TVz-L$UZOMjlz � m ` L

z4L$QgU%�SQghJjvL$I�QgNKL�QghJIKT blhJTgOKO[LY\ QSUl\ L 7 ` H ] HxO�Q z-TVz4LYUZO[jlz6\lL$b L$U �

\lL$Uvf$L�� �	� �	� � �	� � �	� �	� � �	� �	� � �	� � �	� �	� � �	� � �	� 9Z�

� �54 m ` L>L �-f$HJLYUlf ^ O[T NML$fYTVUlIPO[NMjvfYO�Q-IMHJUvkVhJL ���=HxUeO ` L~wy\vjlf$HJQghi�gTVhJjvz4L

QgIBQ<|�jlUlfYOMHJTVUXTg|qz-TVz4LYUZO[jlz � � �	� �	� � �	� � �	� �	� � �	� � �	� 9 4

� �;3 m ` L<wykVjlNKL<TVU�O ` L�hxLY| O HxI=O ` LEOMNMjlL�TVb L$UlHxUlkXQgUlkghJLETg|�O ` L<kZQgz-z Q

N[Q ^ I��pI���O ` L O[NKjlL�z4Tgz4LYU�OMjlz TS|iO ` L � � |�TVN�LY�gL$UZO[I�NMLYf$TVUlIPO[NKjlfYOML$\

QgI~Q ��� � m ` L4wykVjvNML TgU O ` L4NKHJk ` O~HJI O ` L4I[Qgz-L�|�TVN�LY�VLYUZO[IE� ` Hxf `

�aLYNML,UlTgOBNKL$f$TgUlIKOMNMjlf�O[L$\%QgIBQ � � � � �	� � �	� � �	� �	� � �	� � �	� 9 3

� � � ceTVz-L$UZO[jvz N[QSOMHJT<QSUl\eTgb LYUlHJUlk�QSUlkVhJL \vHJIKOMNMH ] jvO[HxTVU�Tg|iO ` L kZQgz-z Q

N[Q ^ I�� m ` L,\yQSO[Q-QSNML I ` T �BU	QgIBNMLY\e\lTSO[I�QgUl\XO ` L~c _ ] hJjvL IM��jyQgNKL$I�� 9"�

� � � G=HJIPO[NMH ] jvOMHJTVU�Tg| ���
! I HJU%O ` L>wy\ljvf$HrQSh8�VTVhxjlz-L��,G QSORQ QgNMLENKL$\ \lTgOMI��
c _ HxI�I ` T �BU��BHxO ` ] hxjlL�IM��jyQgNKL$I�� �	� � �	� � �	� �	� � �	� � �	� 9��

� �:8 m ` L4wlkVjlNML4TVU O ` L hxLY| O~HJI�O ` L4f$TVz-b TgIMHxOMHJTVU Tg|aO ` L ���>I[QSz4blhxL ]Z^

blNMT�\ljlf�O[HxTVU4z-T�\lL��#" �=O ` L$NKI�$EHxI bvNML$\vTVz4HxUyQgUZO[h ^ |�NMTgz _�_ � HJUv\ljlf$LY\
LY�gL$UZO[I�� m ` L�wykVjlNKL-TgU O ` L4NKHJk ` O�I ` T �BI~L��VL$UZOMI>�BHxO ` Q � � HJU�O ` L

wyUyQghtIKORQ�O[L�HJU ] hxjlL��uQgUv\XO ` TVIKL,�BH�O ` TVjpOBHJUXkVNMLYL$U�� �	� � �	� � �	� 9 8
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� � ! m ` LXz4Tgz4LYU�OMjlz�\vHJIKOMNMH ] jvO[HxTVU Tg|�O ` L � � \yQSO[Q QgUl\ c _ I[QSz4blhxL$I

� ` L$NKL O ` L,c _ HJI{UvTVNMz4QghJH �$LY\ ]Z^ O ` L \lQSORQ � �=U O ` L hJLY| O��pO ` L�\yQSORQ

QgNMLeI ` T �BU �BH�O ` O ` L c _ �BH�O ` IPORQSOMHJIPO[HJf$Qgh�L$NKNMTVNKI |�TVN ] TSO ` � �=U

O ` L4NMHxk ` O �8O ` L IKHJzEjlhJQSO[LY\ \yQ�ORQ%QgNKL I ` T �BU ]�^ blNKTp\ljvfYO[HxTVU z-Tp\vL��

" �AO ` LYNMI $4HxI�blNMLY\lTVz-HJUyQgUZOMh ^ _�_ IMHxUlkVhxL�� bvHJTVU blNKTp\vjlfYOMHJTVU�� � � �	� 9�!

� �59 m ` L�QgUvkVjlhrQSN � � � ��� � \lHxIKOMNMH ] jvO[HxTVU �BH�O ` NKL$IMb L$f�O�O[T O ` L%UlLYjvO[NKHJUlT

] L$Qgz Tg| O ` L ���{\lQSORQEQSUl\Xc _ IMQgz4bvhJL$I�� ` L$NKLAO ` L c _ HJI UlTVNKz Qgh �

H �YL$\ ]Z^ O ` L \yQSORQ � � U O ` L hJL�| O �pO ` L \yQSO[Q<QgNML I ` T �BU��BH�O ` O ` L,c _

�BHxO ` IPORQSOMHJIPO[HJf$Qgh LYNMNMTgNMI�|�TVN ] TgO ` � �=UXO ` L�NMHxk ` O �lO ` L~c _ HJI�I ` T �BU

]Z^ blNKTp\vjlfYOMHJTVU~z4T�\lL�� " �AO ` LYNMI $=HJIqblNMLY\lTVz-HJUyQgUZOMh ^ _�_ IMHxUlkVhxL�� bvHJTVU
blNMT�\ljlf�O[HxTVU�� � � �	� � �	� �	� � �	� �	� � �	� � �	� �	� � �	� � �	� 9�!

� � � � m ` L�s _ zEjlTVU�z-TVz-L$UZO[jlz�\lHJIPO[NMH ] jvOMHJTVU��q}BL$\-\lTgO[I�QgNKLB\yQSORQ � ] hJjlL

IM��jyQgNKL$IdQgNML,c _ � m ` L,\lQSORQ-QgUl\ec _ QSkVNMLYL=�aLYhJh�� �	� � �	� � �	� 9 9

� � � � m ` L W � G hJHx�gLYhJH ` TpT�\4\vHJIKOMNMH ] jvO[HxTVUlI3|�TVN�c _ � Q ] T �gL � QSUl\�\yQSO[Q � ] L��

hJT � � �8cejlTgU � hxHJ�gL3L��VL$UZOMI3QgNML�b TgIMHxOMHx�gL���L$hJLYfYOMNMTVU � hJHx�gL3LY�gL$UZO[I�QSNML�UlL$k �

QSO[H��VL � m ` L z4Hx\l\lhxL�hJHxUlL3TVU~L$Qgf ` blhxTgO/I ` T �BIqO ` L�UlTVz-HJUyQShVf$jvOi�SQghJjvL��

m ` L�hJHxUlL$I=OMTeLYHxO ` L$N IMHx\lL�I ` T � QShxO[LYNMUyQ�O[Hx�gL<f$jvOMI~jvIML$\ O[TX\lL�wyUlL4Q

I ^ IKOML$z4QSO[HxfeLYNMNKTVN�� m ` LeO[TSORQghBU�jlz ] L$N-Tg| s _ IKHJUlkVhxL�� NMHJUvk�zEjlTVUlI

f ` QgUlkgL$I ]�^ hJL$IKI�O ` QgU�TVUlL b L$NKf$LYU�O�|�TVN�L$Qgf ` f$QgIML � �	� � �	� � �	� � � �
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� � � � m ` L<HJUZ�SQgNKHrQgUZOdz QgIKI=\lHxIKO[NKH ] jpO[HJTgUlI�|�TgN=IKO[QgUl\yQgNK\�f$jvOMI TVU%O ` LEhJL�| O �

QgUl\ UlT � W � G�f$jvO>TVU O ` L4NKHJk ` O�� m ` L jvblb LYN~wykgjlNMLYIEQgNKL-|�TVN�\yQ�ORQ �

� ` HJhxL>O ` L<hJT �aLYN=wykVjlNKL$I�QgNKLE|�TVN�c _ � m ` L-fYTVUZO[HxU�jvTVjlI hJHxUlL$IAI ` T �

O ` L wlOMI�|�TVN{O ` L ] QSfR��kgNMTVjlUv\%QgUl\ ] QSfR��kgNMTVjlUv\	blhxjlI�IMHxkVUyQgh � � �	� � �V�

� � � 4 m ` L<HJUZ�SQgNKHrQgUZOdz QgIKI=\lHxIKO[NKH ] jpO[HJTgUlI�|�TgN=IKO[QgUl\yQgNK\�f$jvOMI TVU%O ` LEhJL�| O �

QgUl\ O ` NML$L � NKHJUlk � � hJHJ�SLAL��VL$UZOMIdTVU O ` L NMHxk ` O � m ` L jlbvb LYNBwlkVjlNMLYIBQgNML

|�TVN \yQ�ORQ � � ` HxhJL8O ` L�hJT � L$N wykVjvNML$IiQgNKL�|�TVNic _ � m ` L�fYTVUZO[HxU�jvTVjlI/hJHxUlL$I

I ` T � O ` L wlOMI�|�TVN{O ` L ] QgfR��kVNKTVjlUl\eQgUl\ ] QgfR��kVNKTVjlUl\eblhJjlI�IKHJkVUlQgh�� � � 4

8 � � m ` L HxUZ�gQSNMHrQSU�O,z4QgIMI,\lHxIKO[NKH ] jpO[HJTgUlI�Tg|�LY�gL$UZO[IE�BH�O ` O �aT%L � hxHJ�gL4s _

NMHxUlkVI |�TVNi\yQSORQ	� NKL$\E\vTgO[I � QgUv\<c _ � ] T 7pL$I � HJU>opjlb L$N
�

��Qgz-HJTV��QgUl\vL��

m ` LBQgNKNMT �BI3I ` T � O ` L�HJUZ�SQgNKHrQgUZO�z4QgIMI8f$jvO�� m ` Ldc _ HxI�UlTVNKz QShJH �YL$\

O[T<O ` L,hxHx�gL�� OMHJz-LATg|iO ` L,\lQSORQ � � �	� �	� � �	� � �	� �	� � �	� � �	� � ���

8 � � m ` L ���	z-TVz-L$UZO[jlz \vHJIKOMNMH ] jvO[HxTVU HJU�opjlb L$N
�

��Qgz4HxTV��QgUl\lL � m ` L

\yQSO[Q>QgNKLAI ` T �BU HxU4NKL$\ \lTSO[I{QSUl\4O ` L c _ HxU ] hxjlL ] T 7pL$I�� m ` L=c _

HJI�UlTgNMz4QghJH �$L$\4O[T�O ` L�hJH��VL � O[Hxz4LdTg|iO ` L�\yQSO[Q � � �	� �	� � �	� � �	� � ��!
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8 �54 6�UlL$NKk ^ IMb L$f�O[NMjvz'TS|�UlL$jpO[NMHxUlTVIBblNKTp\ljvf$HJUvk4O ` L
� � I[Qgz-blhxL$I�QSOAo �

QgUl\ �,��� �8ceTVIKOETg|BO ` L ���<I[Qgz-blhJL QSO �,��� fYTVz4LYI>|�NMTgz7UlLYjvO[NKH �

UlTVI ] LYO � L$LYU��S�V� QgUl\ ���S�V��� ��� � m ` L ���XIMQgz4bvhJL%Q�O�opjlb L$N
�

��Qgz4HxTV��QgUl\lL ` QgI,Q hJT ��L$UlLYNMk ^ I ` TVjvhJ\lLYN~QSUl\ Q ` HJk ` LYUlL$NKk ^ ORQSHJh

|�NMTVz � ` Hxf ` �g��� Tg|�O ` L�IMQgz4bvhJL	TgNMHJkgHJUyQSOML$I�� m ` L QgNMNKT �BI I ` T �

O ` L~NMLYkVHJTVUeTg|�UlLYjvO[NKHJUlT L$UlLYNMkVHxL$Id� ` L$NMLEO ` L � ��OANMLYIMjlh�O=HJIdQgblbvhJHJLY\��

G=LYO[QgHJhxI{QgNKL,HxU O ` L O[L 7�O � �	� � �	� �	� � �	� � �	� �	� � �	� � �	� � � �

8 �;3 m ` L � m fYTVz-b TVIKHxOMHJTVU QgIBQE|�jlUlfYOMHJTVU TS|qUvL$jvOMNMHJUvT<L$UlLYNMk ^ � m ` L,hxLY| O

wykVjlNKL�I ` T �BI�O ` L�L$UvL$NMk ^ IMb L$fYOMNMjlz � ` HJhJLEO ` L�NMHxk ` O wykVjlNKL4I ` T �BI

O ` L |�N[Qgf�O[HJTgU�� " �=O ` L$NKI�$�HJIqblNMLY\lTVz-HJUyQSU�OMh ^ _�_ IMHJUvkVhJL � blHxTVU~bvNMT�\ljlf��
O[HxTVU�� m ` LBQgNMNKT �BI�I ` T � O ` L{NKL$kVHxTVU<Tg|uUlLYjvO[NKHJUlT LYUlL$NKkVHJLYI8� ` LYNML�O ` L

� �ZOBNMLYIMjlh�OdHxIBQgblblhxHJLY\���G=LYO[QgHJhxI�QgNKL,HxU O ` L O[L 7�O � �	� �	� � �	� � �	� � � �

8 � � m ` L>o ��f$Tgz4b TVIMH�O[HxTVUXQgI�Q�|�jvUlfYOMHJTVU�Tg|�UvL$jvOMNMHJUvT4LYUlL$NKk ^ � m ` L~hxLY| O

wykVjlNKL�I ` T �BI�O ` L�L$UvL$NMk ^ IMb L$fYOMNMjlz � ` HJhJLEO ` L�NMHxk ` O wykVjlNKL4I ` T �BI

O ` L |�N[Qgf�O[HJTgU�� " �=O ` L$NKI�$�HJIqblNMLY\lTVz-HJUyQSU�OMh ^ _�_ IMHJUvkVhJL � blHxTVU~bvNMT�\ljlf��
O[HxTVU�� m ` LBQgNMNKT �BI�I ` T � O ` L{NKL$kVHxTVU<Tg|uUlLYjvO[NKHJUlT LYUlL$NKkVHJLYI8� ` LYNML�O ` L

� �ZOBNMLYIMjlh�OdHxIBQgblblhxHJLY\���G=LYO[QgHJhxI�QgNKL,HxU O ` L O[L 7�O � �	� �	� � �	� � �	� � � �

7 7



8 � � syTVN z4Q'7pHJz4Qghyz-H 7pHJUvk �ZO ` LYIML QgNKLAO ` LAblNKL$\lHxfYO[HxTVUlI Tg| � � 	 |�TVN����	�

��
6QgUl\ ��� � ���	� m ` L ��� 	�|�TVN=\yQ�ORQ�HJIAI ` T �BU �BHxO ` IPORQSOMHJIPO[HJf$Qgh

L$NKNMTVNKI-TgUlh ^ � FdhJh�Tg|�O ` LeI ^ IPO[LYz QSOMHJfXL$NKNMTVN�HxI<I ` T �BU TVU O ` L�bvNML��

\lHJf�O[HxTVUlI�� m ` L�LYNMNMTgN ] QgNKI<QgNKL � � � m ` L L$z-bvO ^ ] T 7 TVU O ` L ] QgN

f$TVNKNMLYIMb TVUl\lHxUlkEO[TEO ` L \yQSO[Q � � 	 HJIaO ` L,opjlb L$N
�

��Qgz4HxTV��QgUl\lL
9"� �

f$TVUpwy\lL$Uvf$L,hJHJz-HxO�|�NMTgz O ` L�IKHJUlkVhxL�� NMHJUvkEI[Qgz-blhxL �;9 8 ��9Z�
� ��� �	� � �	� � � �

8 �:8 m ` L�I[Qgz-L<QgI,s8HxkVjlNKL 8 � � ] jvO �BHxO ` TVjvO�jvIMHJUvkXO ` L<NMLYIMjlh�O |�NMTVz'O ` L

� �ZOB\lLYOML$f�O[TVN�� m ` L�jlUvf$L$NPORQgHxUZO[HJLYI�QgNML�blNKT ` H ] HxO[H��VL � �	� � �	� � �	� � � �

7 7pH



� "*�q�6
-� � + ��)Y� �

� � � � � ovQgz-blhJL W�NKTp\ljvfYO[HxTVUeceT�\lL � �	� �	� � �	� � �	� �	� � �	� � �	� 9 3

� � � � �ZOdo ^ IKOML$z4QSO[Hxf~��Ulf$LYNKO[QgHJUZO ^ TVU � � 	 � � �	� � �	� �	� � �	� � �	� 9 8

8 � � o � ���=ovQSz4blhxL�W�NMT�\ljlfYOMHJTVUeceT�\lL � �	� � �	� � �	� �	� � �	� � �	� � � 8

8 � � o ��s _ � opQgz4bvhJL�W�NMT�\ljlf�O[HJTgU	c�Tp\lL � � �	� � �	� �	� � �	� � �	� � � 9

8 �54 ������ 	 o ^ IKOML$z4QSO[Hxf 63NKNMTVN � L�|�TVNML � ��O �	� � �	� � �	� �	� � �	� � �	� � � 9

8 �;3 _ NMTVIKI � opL$f�O[HJTgU	��Ulf$LYNKORQSHJUZO[HxL$I � �	� �	� � �	� � �	� �	� � �	� � �	� � � �

8 � � ������ 	 o ^ IKOML$z4QSO[Hxf 63NKNMTVNBF�| O[L$N � ��O �	� � �	� � �	� �	� � �	� � �	� � � 3
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�@(�� #%
�� )$�=�%9-�=0 � #����

� ` L$U TgUlL=IMb L$Uv\lI{L$Hxk ` O ^ L*QgNKI{HJU4kVN[Qg\vjyQSO[LdIMf ` T�TVh �pO ` L$NMLAQgNMLAz QgU ^ b L$TVblhxL�OMT

O ` QgUl� � m ` TVjlk ` ���BHxhJh IMjlNKL$h ^ TVUlh ^ IMf$NMQSO[f ` O ` L IMjlNP| Qgf$L TS| � ` QSO�I ` TVjlhx\ ] L=IMQgHJ\ � �

�BHJhxh OMN ^ OMT�O ` QgUl�4O ` TVIKL,� ` T ` Q*�gL ` LYhJb L$\Xz-L ] LYf$TVz-L � ` T��aQgz �

s8HJNKIKO�� ��O ` QgUl� z ^ Qg\v��HxIMTVN�� _a` QgUlk � L$L �gjlUlk � � L%HJUZ�gTVhx�gL$\ z-Le�BHxO ` O ` L

z-TVIKO L 7pf$HxOMHJUlkXL 7vb L$NKHJz-L$UZO[I HxU ` HJk ` LYUlL$NKk ^ b ` ^ IMHxf$I��8o � QgUl\ �,��� � � O ` QSI ] LYL$U

QgU�L 7�O[N[QSTVNM\lHxUyQgN ^ OMHJz-LdHxU b ` ^ IMHxf$IBQgUv\ |�TVNaz-L�� � L ` QSI{kVjlHx\lL$\�z-LBO ` NKTVjlk ` O ` HJfR�

QgUl\ O ` HxU �dIKTVz4L�O[Hxz4LYI��BH�O ` O ` L4f*QgNKNMTgO~QgUv\ TgO ` L$NKI,�BH�O ` O ` L-IKO[HxfR� �AOMT ] L$fYTVz-L

Q�b ` ^ IMHJfYHJIPO � FAI �>fYTVUZO[HJU�jlL � TVNM��HxUlk HxU O ` L wyLYhJ\�� �~�BHxhJh{IPO[NMH��VL O[T LYzEjlhrQ�O[L ` HxI

L 7vQgz-blhxL��

��T��KH m TSO[IMjv�SQ ` QgIBI ` T �BUe� ` QSOdHxOBz-L*QgUlIBO[T ] L,O ` L�hJL*QS\lL$NBTg|�QgU	L 7vb L$NKHJz-L$UZO �

� ` HxhJL � ` Qg\4Qghx�aQ ^ I3Qg\lz-HJNMLY\ ` HJI�hxL*Qg\vL$NMI ` HJb �"�qf$Qgz4L{OMT O[NMjvh ^ QSblblNMLYf$HJQSO[L�H�O�HJU<TVjvN

\yQgNK�gLYIKO ` TVjlN TgUlL ^ L$QgN,QgkVT � � jvN L 7pb LYNMHxz4LYU�O,QSUl\ TVjlN=wyLYhJ\ QgNKL ] L�OMO[LYN ] LYf*QgjlIKL

Tg| ` HJz � � T	��HJI ` HJ��Q*�{Q ` QgI ] L$L$U QgU HJUlIKblHJNMQSO[HxTVU�� TVjpO[hrQSIKO[HxUlk LY�gL$U O ` L<O[TVjvk ` L$IPO

kVNMQg\ljyQSOMLBIKO[jv\lL$UZO[I QgUl\4Qgh��{Q ^ I3HJUlIKHJIKOMHJUlk TgU QgUvIK� L$NMI�O[T O ` L�Hxz4b TVNPORQgUZO���jlLYIKO[HxTVUlI��



� QSUl�~opT ] L$h�QgUl\ �gHxz�o�O[TgUlL ` Q �gL�Q ] h ^ hJLY\~O ` La� � o ��kVNKTVjlb>TgU<o � � � Qgz IMTdkVN[QSOMLY|�jlh

O[T�O ` L$z |�TVNBHJUZ�gTVhx��HJUvk-jvIdHxU	o � � _a` QSUlk � LYL>QgUv\ �gL � � HxhJ�SL$I ` Q*�VL~hJL$\XO ` L~� � o �

kVNKTVjlbXTVU �~� � �vFAkZQgHxU��vOMT-blQgNKOMHJf$HxbyQSOML=HJU O ` L$IML,L 7pb L$NKHJz-L$UZO[IBHJIBQ<kVH�| O �

FAhxh TS|/z ^ f$TVhxhrQ ] TVNMQSO[TVNKI ` Q*�VL=fYTVUZO[NMH ] jvOML$\ OMT>z ^ \lL��VL$hxTVblz-L$UZO{O ` NMTVjvk ` O ` L$HxN

\lHxIMf$jvIMIMHxTVUlI�� fYNMHxOMHJfYHJIMz-I�QgUv\ ` jlz-TVN�� �=U	o � �
�a�{QSIdHxU�O ` L>Q�O[z-TVIMb ` L$NMHxf�UlL$jvOMNMHxUlT

QgUyQSh ^ IMHxI�kVNMTVjvbeQSUl\ ] L$UvLYwlOML$\e|�NKTVz QShJh Tg|iO ` L,z-L$z ] LYNMI��yLYIMb L$fYHrQghxh ^ m Qg��QVQS��H ��Q��

�KHxO[Q �'6�\ � L*QgNKUlI�� ��TVI ` H�ORQg��Q�� O[T � ��c	QSI[QSOMT o ` HxT �*Q*�aQ �VG Q*�gL _ QgIKb LYN�� �gjvU ��Qgz4LY\yQ �

G QgUl��Q � HJL$hxf��YLY�BIM��Q �A��TgI ` HxUyQgNMH � Q ^ QSOMT � � HJz-H ` HxNMT �=��jlzEjlNMQ � � L$U
�KH�� I ` H ` QgN[Q �

c	QgIMQ ^ jv��H 6�O[T ` �vceQgNM�-ceLYIMIKHJL$N�����TgI ` H ` HJIMQ	� ] Q ^ QgI ` H � _a` HrQg��Hl� QgUyQSkVHJIMQ �aQ � _ hJQgNM�

cef*n�NKLY�6QgUl\ � NMLYOKO 	 HJNMLYU�� � U �~� � � �E�aQgI�HxU O ` L � ��HJhxTgO[TgU QgUyQSh ^ IMHxI4kVNKTVjlb��

� ` LYNML ��� TVNM�SL$\ f$hxTVIMLYh ^ �BHxO ` ��TVI ` HxO[Qg��Q �lceQg�gTgOMT�ceHxjlN[Q �vo ` jlU ! HJf ` H ceHxUlL�� _ hrQgNK� �
m IMj ^ TVI ` H=�dQg��Q ^ Q � � IKIMLYH ��QSOMT � F{OMIMjl�ST � f ` Hx�SQ*�aQ � �gTVQgUlUyQ�� QghJHxblIM��Q ��QgUv\ o ` T�L$H

�AQS�SQ ^ Qgz Q � _ hrQgNK� �/��TVI ` HxORQS�SQ ��o ` jlU ! Hxf ` H���o ` T�L$H QgUl\ �d�aTVNK�gLY\ �VL$N ^ fYhJTVIKL$h ^ TVU

� � QgUyQgh ^ IML$I�� � O ` QgI ] LYL$UeQ�bvhJL*QSIMjlNKL��

c	Qg�STgO[T�ceHxjlN[Q QgUl\ ��� TVNM�SL$\��VLYN ^ fYhJTVIKL$h ^ TgU	O ` L~�{QSOML$NAOMN[QgUvIMbyQgNKL$Ulf ^ z-L*Q��

IMjvNML$z-L$UZO8QSOqo � � � HxI \lHJIKb TgIMHxOMHJTVU=�aQgIiQgh��{Q ^ I ] NMHJk ` O ] TgO ` Q�Oi� TVNK� QgUl\~QSO/��QgN[QSTV�gL �

� HxI{|�NMHxL$Ul\lI ` HJb ` QSI ] L$LYU%Q<IMTgjlNMfYL,TS|�f$Tgz-|�TVNPO{O[T�z-L��

c	QgU ^ z-L$z ] L$NKI�TgjvO[IKHJ\lL Tg|qO ` LYIML,byQgNPO[HJfYjlhrQSN�QgUyQgh ^ IMHJI�kgNMTVjlbvI ` Q �gL ] L$LYU��gL$N ^

HJz-b TVNKO[QgUZOA|�TVNAO ` L���jyQghJH�O ^ TS|�O ` L-QgUyQgh ^ IMHJI��<c	QS�gTgOMT	opQg��jl\yQ � O ` NMTVjlk `�` HJI fYTVz �

z-L$UZO[I QSUl\ ��jlL$IPO[HxTVUlI�� ` QSI�z QS\lL�O ` HJI Q ] LYOMOML$N QSUyQgh ^ IKHJI�� � U Qg\l\vHxO[HxTVU��aQgI O ` L



blNKHJz4QgN ^ TVNMkZQSUlH �YL$N Tg|a�dj � UZO[� � � ` L ` QgI�kVTgO�O ` L ] QShJh�NKTVhJhxHJUlk QSkZQgHJU TVU UlLYjvO[NKHJUlT �

U�jlf$hxL$jlI<HxUZO[L$NMQgfYOMHJTVUvI~� ` Hxf ` blNMTVz-HJIKL$I,O[T ] L�Q	|�L$NPO[HxhJL�wyL$hx\ |�TVN>O ` L�UlL 7pOEIMLY�gL$NMQgh

\lLYf*Qg\lLYI�� _a` NMHxI � Qgh�O[L$N ` QSI>QghxIMT�z QS\lL4Hxz4b TVNPORQgUZO�f$TgU�OMNMH ] jvO[HxTVUlI�O[TXO ` HxI~L �tTgNKO �

� UeQg\l\lH�O[HJTgU�� ] L$f$QgjlIML,Tg| ` HJI�HxUZO[HJz4QSOML=��UlT �BhJL$\vkVL~TS|qO ` L�NMHJUvk � wyUv\lHJUlk�QShJkVTVNKHxO ` z4I��

� TVNM�-TVU � � QSUyQgh ^ IKHJI{Q�OBo � �pQgUl\�kVLYUlL$NMQghtHxUZO[L$NKL$IPO�HJU4b ` ^ IKHJfYI ` L ` QgI ] LYL$UXQ>byQSNKO �

UlLYN HJU z QSU ^ Hxz4b TVNKO[QgUZO-\lHJIKf$jlIKIMHJTgUlI�� ��TgHJf ` HxNMT opj �$jv��HAQgUl\ � LYU �$T �dQg��QgzEjlNMQ

` Q*�VLAQghx�aQ ^ I ] L$LYU�Q*�SQgHJhJQ ] hJL |�TVN�Qg\v��HJfYLAQgUv\ \lHxIMf$jvIMIMHxTVUlI QgUl\ Qghx�aQ ^ I�z4Qg�gLBHJz-b TVN �

ORQSU�O f$TgU�OMNMH ] jvO[HxTVUlI�QSOaQgUyQgh ^ IMHJI3z-L$L�O[HJUvkVI�� ��QghJIKT ` TVb LBO[T~L$zEjvhrQSOMLBO ` L$HxN3L 7vQgz-blhJLYI

QgI�b ` ^ IMHxf$HJIPO[I�� c	QgIMQ ^ jv��H �AQS�SQ ` QSORQ ` QSI~Q ] h ^ hxL$\�O ` L-f$QghJH ] N[Q�O[HJTgU�kVNMTVjvb Q�OEo � �

� HxI>� TVNM� � L�O ` HxfXQgUl\ L 7pb L$NKHJz-L$UZORQgha��UvT �BhxL$\lkgLXQgNMLXQgU HxUlIMbvHJN[Q�O[HJTgU O[T%O ` L�� ` TVhxL

f$TghJhrQ ] TVNMQSO[HxTVU�� �a��UlT � TS|8UlT ] T�\ ^ � ` T-hJT �gL$IB\lTVHxUlk�b ` ^ IKHJfYIdz-TVNML �

G=L$IKblHxOML%O ` L ` LYhJb |�NMTgz z4QgU ^ b L$TVblhxL�� �4z>jlIKOXz4Qg�gL�IKb LYf$HJQgh=z-L$UZO[HxTVU Tg|~Q

|�LY� ����TVI ` HxO[Qg��Q � O[T � ` QgI ] LYL$UXhJHx�gL�QgU�Qg\v��HxIMTVN{|�TVN�z>jlf ` Tg|qO ` L �����aTgNM� QgUv\X|�TgN

z4QgU ^ TgO ` L$N,QgUyQgh ^ IMHJI,QgUv\ \lL�O[LYfYO[TgN~HxIMIMjvL$I,TVU � ` HJf ` � L ` Q*�VL4� TVNK�gL$\ �XopTVz-L<Tg|

z ^ |�TVUv\lL$IPOEz-TVz4LYUZO[I,Tg|�\lTVHxUlk�b ` ^ IKHJfYI ` Q*�VL ] L$LYU IKO[QgUl\lHxUlke�BH�O ` ` HJzDHxU |�NKTVUZO

Tg| Q�� ` HxOML ] TVQgNM\ QSO~� HxU%O ` L�z-TVNMUvHJUlk � TVNK��HxUlk HJUZOML$UZO[h ^ TVU Q�blNKT ] hJLYz � � ` Q �gL

QghxIMT ` Qg\	z4QgU ^ |�jlU%LYblHJIKTp\vL$I�\lHJIKf$jlIKIMHJUvk O ` L,UlH�OMO ^ � kVNKHxOKO ^ \lLYO[QgHJhxIBTg|�QgUlQgh ^ IMHxIAQSUl\

I ^ IPO[L$z4QSOMHJfBjlUlfYL$NKO[QgHJUZO ^ �BH�O `4_ hrQSNM�<c�f n NMLY� � � LBHJI�O ` L�TgUlh ^ b LYNMIMTgU��q��UvT � � ` T

z4Qg�gLYI,I ^ IKO[LYz Q�O[HJf�LYNMNMTgNMI |�jlU�� � L ` QSI,kgjlHJ\lLY\ zEjlf ` Tg|{z ^ �aTgNM� � � ` L$U �d�aQgI

�KjlIPO{kVL�OMO[HxUlk>IPORQgNPO[LY\�� � NKLYOKO 	 HxNMLYU I ` T � L$\Xz-L�O ` LANKTVb L$I�� � LAORQSjlk ` Oaz-LdO ` LAU�jvOMI



QgUl\ ] TVhxOMI�Tg|�IKTg| O �{QSNML~QSOdQ-b ` ^ IMHxf$I�L 7pb L$NMHxz4LYUZO � � |�HxO�� L$NKL>UlTSO�|�TVN ` HJz � � � TVjlhx\

IKOMHJhxh ] L�OMN ^ HJUvk�OMT�NML*QS\e\yQ�ORQEwyhJLYI��

opb L$Ul\lHxUlk�O[Hxz4L4HJU �VQgbyQSU ` QgI ] L$L$U Q�blhxL*QgIKjlNML ] L$f$QgjlIMLXTg|BO ` L f$TVz-byQgU ^ Tg|

z4QgU ^ � � U�O ` LEL$QgNMh ^ \lQ ^ I�� �gT ` U s8hrQSUyQgkZQgUeI ` T � L$\ z4L~O ` L<NKTVb LYI=Tg|3� TVNM��HJUvk TVU

QgUXL 7pb L$NKHJz-L$UZO�QgUl\�hJH��pHxUlk>HxU �VQgbyQgU���F�| O[LYN�o ���aQgIBNMjlUvUlHJUlk �y}�T ] opQgUv|�TVNK\�� 6�NMHxf

� hJQgjv|�jlIKI��/c	QSNM��c�L$IMIKHJLYN��ic	QSOKO 63QgNMh�QgUl\ �BI ` QSNML$\ NMHx\lL$IAHJUZO[T O ` L<z-HJUlL �t\yQ ^ I Tg|

` Hx��HxUlk �vQgUl\�LY�VLYUlHJUvkVIdTS| "Kz-L*Q�O � ] L$LYNdQSUl\ wyNML $ �
�=U o � QgUl\%TgU �,��� � �gT ` U 
 L*QSNMUlLY\ ` QgI ] L$LYU%kVLYUlL$NKTVjlIA�BH�O ` ] TgO `%` HJIBO[Hxz4L

QgUl\ ` HJIaQg\v��HJfYL�� � O ` QgI ] L$L$UXQ~blhJL$QgIMjlNKLAI ` QgNMHxUlk<Q>\vNMHJUv�4QSUl\ wyUlLAb ` ^ IKHJfYI�\lHJIKf$jlI��

IMHxTVUlI��BHxO `X` HJz �

c	QgNK� 	 QgkVHJUvIqQSUl\ � ` Q*�VL ] L$LYU>fYhJTVIKL3|�NKHJLYUl\lIiIMHJUvf$L3O ` L��VLYN ^ L*QSNMh ^ \yQ ^ I�� � |vO ` L$NKL

HJI�QgU ^ TVUlL�� ` T�f$QgU-QgblblNKTZQgf ` Qg\v�gL$NMIKHxO ^ �BH�O `<` jlz-TVN�HxO8HJI3ceQgNM� � m ` L�� TVNMhx\<UlL$LY\lI

z-TVNML4b LYTVblhJL4hJHx�gL � HJhJh � NMTgblb�� � L HJI>��HxUl\���|�jlU��8\lL$z4QgUl\lHxUlk�QgUv\ ` QgNM\p�aTVNK��HJUlk �

� HxhJh ��NKTVblb�� c	QSNM� QSUl\ � ` Q �gLXIMb L$UZO-z4TVNKL O ` QgU TVUlL L��VL$UvHJUlk IMHxblblHJUvk	� ` HJIK�gL ^

QgUl\ L*QSOMHJUlk Q �BHx\lL%QSIMIMTgNKO[z-L$UZO4Tg| TgOMIMjlz4Qgz-H�HJU �=I[Q*�{QSUlT � �EhJT�TV� |�TVNP�{QSNM\ OMT

f$TgU�OMHJU�jlHxUlk<O ` HxI{O[N[QS\lHxOMHJTVU��vQgI�hJTgUlk-QgI�O ` LYNML�HJI�fYTpTVNK\lHJUlQSO[HxTVU O ` L$NML �

m ` L{IKTpfYHrQgh�L$UZ��HJNKTVUlz-L$UZO8QSO �,��� ` QgI ] L$LYUE| QgUZORQgIPO[HJf � � Oq�aTgjlhJ\ ] L ` QgNM\,O[T�wyUl\

QAfYNMT �B\<�BHxO ` O ` La� TVNK� ` QgNK\��VblhJQ ^ ` QgNM\<L�O ` Hxf{z4TgNML3wyNMz-h ^ LYOMf ` L$\�HxU>O ` LYHJN ] N[QgHxUlI��

m Qg��QgIMjlz-H�c	QSNMj ^ Qgz Q � m Qg��Q ` HxNMT � UyQgkVQg��H��So ` jlU ! HJf ` HpceHxUlL�� F{OMIMjlzEjEopj �Yjl��H�� _a` NMHxI
� QghxOML$N�� m Qg��j � I ` Hx\yQ �tc	Qg�STgO[T4��TgI ` Hx\yQ � �gjlUlL � T _a` TVH ��63jvU � �gj �gLYTVU�� FAIMHJQ � Q��



hJHxblIM��Q � m QSHJ��H � �aQgI ` HxO[Q �8��TVI ` HJUyQgNKH � Q ^ QSOMT � m Qg��QgI ` H � T ] Q ^ QgI ` H���QgUl\ ceH�O[IMj ` HJNKT

� T ` Qgz4Q�QgUl\ TgO ` L$NKI ` Q*�VL�QghJh ] LYL$U byQgNPO�Tg|dO ` HJI<LYUZ�pHxNMTVUvz4LYU�O�� ��O ` QgUv� O ` LYz �

o�OMLY�VL � T ^ \ ��O ` TVjlk ` IMTVz-LYOMHJz-L$I3UlTgOaQgI�IMT�f$HJQghuQgI3O ` LdNML$IPO{Tg| O ` L �,��� f$NKT �B\�� ` QSI

] L$L$UeQ�kVTpT�\�|�NMHxL$Ul\ �

6�NMHJf o ` QgNK�gL ^ ` QgI>OMTVhJLYN[QSOML$\ z-L ] Qg\lkgL$NMHxUlk ` Hxz�Q ] TVjpOEf$Tgz4bljpO[L$N>HJIMIKjlL$IE|�TgN

^ L$QgNMI�� � L%HJUvIKORQShJhJLY\ hJHxU�j 7 TVU O ` Le�VL$N ^ hrQSbvO[TVb TVU � ` HJf ` � ` Q*�gL%�BNMHxOKO[LYU O ` HxI

O ` L$IMHxI���F{O �,��� �V�aL ] LYf*Qgz-LBf$hxTVIML�|�NMHxL$Ul\vI�� � Ld\vHJIMfYjlIMIKL$\�b ` ^ IKHJf$I��vfYTVz4z-HJIKL$NMQSO[LY\

TVUETgjlN8z4QgU ^ �{Qghx��I�QgNMTgjlUl\>O ` L m }��Po m FA� NMHxUlk �gQgUl\ ] jvfR�gL$\-L*QSf ` TgO ` LYN8jlbE� ` L$U

O ` L~TgO ` L$NB�aQgIA\lT �BU�� � U �VQgbyQgU � ` L~L��VL$U	I ` QgNKL$\%IKTVz-L~Tg| ` HJI _ QghxTVNMHxL�� z QSOMLA�BHxO `

z-L�� �{QSz |�TVNPO[jlUyQ�O[L O[T ` Q*�VL ` HxI�f$TVUZO[HxU�jlL$\�|�NMHJLYUl\lI ` HJb��

� ` L$U �qwyNKIKOaQgNMNKHx�VLY\ Q�O{o�O[TVU ^-� NKTpTV� � _a` HJQg��Hy� QSUyQgkVHxI[Q*�{Q�hJLYUZO z-L ` HJI ` TgjlIML �


 HxOKO[hJL�\lHx\ ` L,��UlT ��HxOB�aTgjlhJ\%IPORQgNPO=Q�O[NMQg\lHxOMHJTVU � � L ` QgI ] L$LYU�Q4kgL$UlLYNMTVjlI�|�NMHxL$Ul\��

] TgO ` HJU���LY� ��TVNK�-QgUl\ HxU �VQgblQgU�� �3Qgz hxTpTg��HxUlk�|�TVNK�aQgNM\-O[T,�aTVNK��HJUlk>�BH�O `4` HJz HxU

O ` L�|�jpO[jlNKL��

�gHJz � HJhxh ` QgI ] LYL$UeQ>|�NMHJLYUl\��yQS\v��HJIMTgNBQgUl\X\lNMHxUl��HJUlk<z4QSOML IMHJUvf$L=O ` L��gL$N ^ L*QgNKh ^

\yQ ^ I�� �8Qgz ` QSblb ^ ` LBUlT � ` QgI�Q b L$NMz4QgUlLYUZO3b TVIKHxOMHJTVU�QgUv\ ` Tgb L{O ` L ] LYIKO3|�TVN ` Hxz �

m ` TVjlk ` ��QgH c	QgNKOML$UlI !vO[Hxz4L=QgI�Q-ov�A��� H�O[LA�aQgIBUlTgO�IKT�hJTVUlk � ` L ` QS\ ] L$LYUXTVU
o � QgUl\%�aQgI�QghxNML$Qg\ ^ Q kVT�Tp\�|�NMHxL$Ul\	� ` L$U ` LEIPORQgNPO[L$\ Q�O=TVjlNdHJUlIPO[H�O[jvOMHJTVU�� ��hJT�TV�

|�TVNP�{QgNK\�OMT<�aTVNK��HJUlk<�BHxO `e` HJz QSkZQgHJU �

m ` L$NKLEQgNKL�z QgU ^ IPO[jl\lLYUZO[Id� ` T ` Q*�VL�� TVNM�SL$\%TVN�QgNKL,� TVNK��HxUlk ` L$NKL>QSOAov�d�B� �



� �KTVNKU 6�HJUlQgNMIKIMTVU��{c	QSOKO ` L��6c	QghJLY� �BceL$kgjlz4H
� HJUvTVI ` H�ORQ � syjlz-H �,Q�O[T QgUl\ G QSU

� L$NKN ` Q*�VLdQghJh ] LYL$U-kVTpT�\<|�NMHxL$Ul\lI3QSUl\�f$TVz-N[Qg\vL$I�� �q�BHJI ` O ` LYz��aLYhJhl|�TVN�O ` L{|�jvOMjlNML �

m ` L ov�A��� kVNMTgjlb�f$TVjlhx\ UlTgO |�jlUvfYO[HxTVU=�BHxO ` TVjvO �gTZQgU,�AQgb TVhxHxORQSUlT �$FdhJHxf$L�G=jlkVQgU��

W8Q�OAWiL$HxhJHJ�SL$NBQgUv\eG=HJQgUlL,opHxL$kVLYh�� � H�O ` TgjvO�O ` LYz � � TVjlhx\eUvTgO ` Q*�VL,z QS\lL HxO��

c	QgU ^ OMHJz-L$I�TVUlL HxI{UlL��VL$N�IMjvNML |�NMTVz�� ` ^ TVUlL z4Qg�gLYIBf$L$NPORQgHxUX\lL$fYHJIMHxTVUlI�� � ` ^

\lHx\�� f ` T�TVIMLaTVUlLabvNMT��KLYfYO�T �gL$N8O ` LaTgO ` L$NqTVN8TgUlLakVNMQg\ljyQ�O[L�blNMTVkgN[Qgz T �VLYN8O ` L TgO ` L$N��

m ` L=wyNKIKO�IKL$z-L$IPO[L$N ` L$NMLd�{QgI{�gL$N ^ \lH �4fYjlhxO |�TVNaz-L�� ��f$QgU I[Q ^ �BHxO ` TVjvO�QSU ^ \lTVj ] O

�BHxO ` TVjvOdO ` L~IMjlbvb TVNPO QgUv\%L$UlfYTVjlNMQgkVL$z-L$UZO � ` Qg\	|�NMTgz'z ^ QS\v��HJIMTgN�� z ^ f$hrQSIMIMHxf*Qgh

z-L$f ` QgUvHJf$IBO[L$Qgf ` LYN�� n L$TgNMkVL>o�O[LYNMz4QgU�� QgUl\ez ^ f$hxTVIML�|�NMHxL$Ul\�|�NMTVz }BjvOMkVL$NKI�� 63hxhJLYU

� QgUlk � � � TVjlhx\eUlL��VLYN ` Q*�gL~fYTVUZO[HJU�jlLY\eHxU O ` HxI{wyL$hx\��

s8HJUlQghJh ^ � �B� TVjlhJ\ UlTgO ] LE� ` T �AQSz6�BHxO ` TVjvO�z ^ | Qgz-HJh ^ QSUl\ HJUl\lLYL$\ ��� TVjlhx\

UlTgO ] L>Q�OAQShJht�BH�O ` TVjpOdz ^ byQgNMLYUZO[I��{suNKTVz QgU�L*QSNMh ^ QgkVL��uz ^ blQgNMLYU�OMIdLYUlf$TgjlN[QgkgL$\

z-L-OMT%NML$Qgf ` ` Hxk ` L$N~QgUl\ I[QSOMHJIK| ^ z ^ fYjlNMHxTVIMH�O ^ �	c ^ kVN[QSUl\lbyQgNKL$UZO[I>f$TVUZO[HxU�jlL$\ OMT

HJU � jlL$Uvf$L z ^ | Qgz4Hxh ^ L��VL$U QS| OML$N>O ` L$HxNEbyQgIKIMHJUvkVI�� FAI<z ^ | Qgz-HJh ^ kgNMLY��|�NMTgz7O ` L

O[NMQg\lH�O[HJTgUyQgh OMT QSUeL 7pOML$Ul\vL$\%| Qgz-HJh ^ � ���{QSIdLYz ] N[QSf$L$\ ]Z^ UvLY� z-L$z ] L$NKI�QgUl\ ` Q �gL

NMLYf$LYHx�VLY\%zEjlf ` IMjlbvb TVNPOA|�NKTVz Qghxh Tg|8O ` L$z � �{kVH��VL�z ^ O ` QgUl��I=QSUl\	z ^ hxT �VL�O[T4QghJh

Tg| ^ TVj �
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�A| QghxhiO ` LE��UlT �BU blQgNKOMHJf$hxL$I=HxU	O ` L<jlUlHx�gL$NKIML�� � L���UlT ��O ` L<hJL$QgIKO�Q ] TVjpO UlL$j �
O[NKHJUlTgI�� m ` L ^ QgNML<L 7pOMNMLYz4LYh ^ hxHJk ` O�QgUv\ \vTeUlTSO�HJUZO[LYN[Qgf�O �pHJQ L$hJLYfYOMNMTVz4QgkVUlL�O[HxfEHJU �
O[LYN[Qgf�O[HxTVUlI-z Qg��HxUlk O ` L$z ��jlHxOMLe\vH �-f$jlh�O4OMT \lL�O[LYfYOXQSO Qghxh�� m ` LYHJN4\lHJIKf$T �VLYN ^ ]�^
}BL$HJUvL$I=QSUl\ _ T �{QSU � � �qf*QSz4L,O �aLYU�O ^ � wl�VL ^ L$QgNMI=QS| O[LYNdO ` L ^ �aLYNML>wyNKIKOAb TVIPO[jlhJQSO[LY\
]Z^ � TVh�|�kZQgUlk4W8QgjvhJH/O[T�IKTVhx�gLEQ blNKT ] hxL$z �BHxO ` U�jlf$hxL*QgN ��� \lL$f$Q ^ � ��� �AF{O=O ` L~OMHJz-L��
O ` L$NMLd�aLYNML=O ` NML$LA��UvT �BUXU�jlfYhJL*QSN{\lL$f$Q ^ blNKTpfYL$IMIKL$I�hJQ ] LYhJhxL$\�� � � QgUl\�� � m ` LAwyNMIPO
blNKTpfYL$IMI-T�f$f$jvNMI�� ` L$U QgU���� byQSNKO[Hxf$hxL���Q ` L$hJHxjlz�U�jlfYhJLYjlI��{LYIMf$Qgb LYI4|�NKTVz Q hrQgNKkVL$N
QSOMTVz4HxfdU�jlfYhJLYjlI���opHxUlf$LAHxO HJI{Q,O �aT � ] T�\ ^ \lL$f$Q ^ �vO ` L�� � byQgNPO[HJfYhJL ` QgI{Q~�aLYhJh \lLYwyUvL$\
z-TVz4LYUZO[jlz � m ` LBhJQgIKO���� � \lL$f$Q ^ ��HJI�QghJIKT,Q�O � T � ] T�\ ^ blNKTpfYL$IMI3� ` LYNMLdQ ` Hxk ` � L$UlLYNMk ^
b ` TSO[TVU�HJI�LYz4H�OMOML$\E|�NMTgz�Q U�jlf$hxL$jlI�� � ` HJhxL{TVUlh ^ O � T ] T�\lHJLYI��aLYNMLBIMLYL$U-HJU���� \vL$f*Q ^ �
O ` L ��� byQgNKOMHJfYhJL��gQgU-L$hJLYfYOMNMTVU�TVN�b TVIMH�O[NKTVU��V�aQgI3UlTgO3L$z-HxOKO[LY\��BH�O ` Q=�aLYhJhy\lL�wyUlLY\ T ] �
IMLYNK�gL$\ z-TVz-L$UZO[jlz � � U � 9 4g� �iW8QgjlhxH�blNMTgb TVIKL$\ QXO ` HJNK\ byQSNKO[Hxf$hxLE�{QgI~HJUZ�VTghx�VLY\ HxU
O ` L�\lL$f$Q ^ � m ` L�byQgNPO[Hxf$hJL ` Qg\ OMT ] L hJHJk ` O���IMHxUlf$L4O ` L ��� \lL$f$Q ^ z-TVz4LYUZO[jlz@L$Ul\ �
b TVHJUZOBIMLYL$z-L$\XO[T4Qgf$fYTVjlUZOB|�TVNBQghxh Tg|iO ` L�L$UvL$NMk ^ hJTVIKI�Tg|qO ` L�TVNMHxkVHJUlQgh blQgNKOMHJf$hxL��yQSUl\
HxO ` Qg\%OMT ] L>UlL$jvOMN[Qgh �tTVNdL$hxIMLEH�OA� TVjlhJ\ ] LEIKL$LYU HxU	O ` L<L 7pb LYNMHxz4LYU�OMI=IKOMjl\ ^ HJUvk ���
\lLYf*Q ^ �;4�� ��63UvNMHJfYT syLYNMz-H f*QghxhJL$\ O ` L�b TVIPO[jlhJQSO[LY\eblQgNKOMHJf$hxL�Q-UvL$jvOMNMHJUvT

�

� ORQghxHrQgU�|�TgN
IMz4QghxhtUlLYjvO[NMQgh T ] �KLYfYO �

m ` L{UlL$jpO[NMHxUlTd�aQgI�UvTgO�\lHxIMfYT �gL$NKL$\�jlUZO[Hxh�O � L$UZO ^ � wl�gL ^ L*QSNMI�hJQSO[LYN��S� ` L$U�syNMLY\lL$N��
HJfR�-}BL$HxUlL$I�QSUl\�f$Tgz4byQSU ^ bljpOBQ~\lL�O[LYfYO[TgNa�BHxO ` Q>z-H 7�O[jlNKLdTS| �{QSOML$N�QSUl\�f*QS\lz4Hxjlz
f ` hxTVNMHx\lL�f$hxTVIML�OMT%O ` LXU�jlfYhJL*QSNENML$QgfYOMTVN�QSO4ovQ*�SQgUlUyQ ` }BHx�gL$N��ao�TVjvO ` _ QgNKTVhJHxUyQ �8OMT
z-L*QgIKjlNML #
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m ` L�b TgIMHxOMNMTVU L$z-HxOMOML$\ HxU O ` L�HJUZ�VLYNMIKL ��� \lL$f$Q ^ HxI>\lL�O[L$f�O[LY\ � ` L$U HxOEQgUlUlH ` H �
hrQ�O[L$I,�BHxO ` L$hxL$f�O[NMTgUlIEHJU O ` L \lLYOML$fYOMTVNEz-L$\lHxjlz � m ` L�UlL$jpO[NMTgU IMhJT �BI~\lT �BU jlUZO[HJh
HxO-HxI-f$QgbvOMjlNMLY\ ]Z^ Q f*QS\lz4Hxjlz U�jlfYhJL$jvI�Q ] TVjvO � � �/� hrQSOML$N�� m ` LYNML%QSNML�IMLY�gL$NMQgh
� � NMQ ^ QSIMIMT�f$HJQSO[LY\ �BH�O ` O ` L�f*QgbvOMjlNML � opf$HxU�OMHJhxhrQSOMHJTVU hxHJk ` O<|�NKTVz ] TSO ` O ` L�� � N[Q ^ I



�

|�NMTgzDb TVIKHxOMNMTVU � L$hxL$fYOMNMTVU QgUlUvH ` HxhrQSOMHJTVU QgUv\ O ` TVIML-|�NMTVz O ` L f$QgbvO[jvNML�QSNML-\lLYOML$fYOML$\
]Z^ b ` TgOMTVzEjlh�O[HJbvhJHJLYNaO[j ] LYI � W�c m I � �AopHJUvf$L�O ` L~IMHJkgUyQgh ` QgIAQ��������	�
���
���������������������
IKOMNMjlf�O[jlNKL���O ` L ] QgfR��kVNKTVjlUl\�f$QgU ] L��gL$bpO �gL$N ^ hJT � ��Q�NMLY��jlHJNKL$z-L$UZO{Tg| QghJhvUlL$jvOMNMHxUlT
L 7pb L$NKHJz-L$UZO[I�IMHxUlf$LXUlLYjvO[NKHJUlTgI4QSNMLXIMT \lH �-fYjlhxO<OMT \vLYO[LYfYO�� opHxz4HxhrQgN,L 7pb L$NKHJz-L$UZORQgh
IMHxkVUyQSOMjlNMLYI�QgNML�jlIKL$\4HJU�f$jlNKNMLYU�O�L 7vb L$NKHJz-L$UZO[I�OMT~z-L*QgIKjlNML�UvL$jvOMNMHJUvTVI3Tg|tLYUlL$NKkVHJLYI3TVU
O ` L,TgNM\lLYN�TS|8IKLY�VLYN[Qgh � ��� �

� U-O ` LAo�O[QgUl\yQgNK\XceT�\lL$huTg| W8QgNPO[HJfYhJL�W ` ^ IKHJfYI��v� ` Hxf ` HxUlf$TVNKb TgN[QSOML$\�O ` LdIKO[NKTVUlk �
� L*Qg�<QSUl\�L$hJLYfYOMNMTVz4QgkVUlL�O[Hxf |�TVNKf$L$I���QghJhpL$hJLYz4LYUZORQgN ^ byQgNPO[Hxf$hJLYI�HJUZOMT=O ` NKL$L�f*Q�O[L$kgTVNMHxL$I #
��jyQgNK��I�� hxL$bvOMTVUlIdQgUl\�|�TVNMfYL,z-L$\vHrQSOMTVNMI�� m ` L~��jlQgNM��I=QSUl\ehxL$bvOMTVUlIdQgNML~Qghxh IMblHxU	TVUvL
` Qgh�|t|�LYNMz-HJTVUlI�� ` HJhJLBO ` Ldz-L$\lHJQSO[TgNMI�QgNML�QghxhyIMblHxU TVUvL ] TVIMTgUlI�� m ` Ld��jyQgNM��I HJUZO[LYN[Qgf�O
��HrQ O ` L<O ` L<IPO[NMTgUlk � � L*Qg� QgUv\ LYhJLYfYO[NKTVz4QgkVUlL�O[HJf,|�TVNMfYL$I,QgUl\�O ` L<f ` QgNKkVL$\ hJLYbvO[TVUvI
HJUZOML$N[QSfYO/��HrQ�O ` L3�aL$Qg�,QgUl\~L$hJLYfYOMNMTVz4QgkVUlL�O[Hxf�|�TVNMfYL$I����dL$jpO[NMHxUlTVIiQgNKL UlLYjvO[NMQgh�hJLYbvO[TVUvI
QgUl\�HxU�OML$NMQgfYO3L 7vfYhJjlIKHx�gL$h ^ �pHJQAO ` L�� L*Qg�~|�TVNMfYL���F IKf ` L$z4QSO[Hxf�Tg| O ` LBz-Tp\lLYhvHxI�I ` T �BU
] L$hJT � #
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syNKTVz�O ` L ��� \lLYf*Q ^ L 7pb L$NMHxz4LYUZO[I4� ` HJf ` blj ���$hxL$\ WqQgjlhxH�HxUZO[T b TVIPO[jlhJQSO[HxUlk HxOMI
L 7pHxIKO[LYUlf$L HxU O ` L4wyNMIPO<blhrQSf$L���H�OEHxIEf$hxL*QgN~UlL$jvOMNMHxUlTVI<QgNKL �VLYN ^ hJHJk ` O�� � U Qg\l\lH�O[HxTVU��
` LYhJHJfYHxO ^ z4L$QgIMjlNKL$z-L$UZO[IdHJUl\vHJf*Q�O[L$\XUlLYjvO[NKHJUlTgIAQgNKL,Qghx�aQ ^ I�hJL�| O ` QgUl\lLY\��u� ` HJhxL�QgUZO[H �
UlLYjvO[NKHJUlTVIXQSNML�Qgh��{Q ^ I NMHxk ` O � ` QgUl\lLY\ � 3�����f$TVUvIMHJIPO[LYU�O �BH�O ` Q z4QgIMIKhJLYIMI UlLYjvO[NKHJUlT �
G=HJNKL$f�O IML$QgNMf ` LYI�|�TgN UlL$jvOMNMHxUlTVI z4QgIMI jlIKL byQgNKOMHJfYhJL%\lLYf*Q ^ I�� ` L$NML Q UlLYjvO[NKHJUlT HxI
blNKL$IMLYUZOBQgUl\�hxTpTg�>|�TVN�HJUlfYTVUlIMHxIKOML$UlfYHJL$I��BHxO ` O ` L �YL$NMT>UlL$jvOMNMHxUlT>z4QgIMI ` ^ b TgO ` L$IKHJI{Q�O
O ` La��HJUlLYz Q�O[HJf3hxHJz-HxO Tg|vO ` L \lL$f$Q ^ ���dTdLY��HJ\vL$UlfYL ` QgI ] LYL$U>|�TVjvUl\>|�TVNiUlL$jpO[NMHxUlTAz4QgIKI
jlIKHJUlk-O ` LYIML>z-LYO ` T�\lI�� m ` L~TVUlh ^ LY��HJ\lLYUlf$L~|�TVNdUvL$jvOMNMHJUvT z4QgIMI�IMT-| QgNdfYTVz-L$IB|�NMTVz
QgU-HJUl\vHJNMLYfYO�QgbvblNMTZQSf ` �qL 7pb L$NMHxz4LYUZO[I3L 7vQgz-HJUlHxUlk�UlL$jpO[NMHxUlT,TVIMfYHJhJhJQSO[HxTVU ` ^ b TgO ` LYIMLYI��
G=HJNKL$f�OBIML*QSNMf ` LYIAQgUv\eUlLYjvO[NKHJUlT�TVIKf$HxhJhrQ�O[HJTgUlI{QgNKL�\lL$IKf$NMH ] LY\eHxU O ` L�UlL 7pO�IKL$fYOMHJTVUvI��

� � � ?@"*!�� (B�@� �=+>!3(a2%� � �V
-! ��� �	��!�"$#%
 C +E�8�

� U�O ` HJI�\lHJIKf$jlIKIMHJTgU Tg|t\lHJNKL$fYO�IKL*QgNKf ` L$I��vO ` LYNML�HJI�QgU4jlUl\lLYNMh ^ HxUlk>QSIMIMjvz4bvOMHJTVU�O ` L
UlLYjvO[NKHJUlT4z QgIKIALYHJkVLYUlIKO[QSO[LYI=QgUl\e�aL$Qg�eLYHJkVLYUlIKO[QSO[LYI=QgNKL~O ` L>IMQgz4L �dFdI o ` NMT�fR� ` QSI
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b TVHJUZO[LY\%TVjvO � ��� � O ` HJIdHJIdUlTgO fYTVNMNKL$fYO=Hx|�O ` L$NKL<HJIAUvL$jvOMNMHJUvT�z4H 7pHJUlk QgIA\lLYIMfYNMH ] L$\ HxU
O ` LdUlL 7�O{IMLYfYOMHJTVU�� m ` LAhJHxz4H�O[I�\vL$NMH��VLY\ ` LYNMLd� TVjlhx\ ] L�|�TgNaQ�IMjlb L$NKb TgIMHxOMHJTVU-Tg| z4QgIKI
L$HxkVL$UvIKORQ�O[L$I��

m ` L ] L$IKO=hJHJz-HxOMI{TVU%LYhJLYfYO[NKTVU%UlLYjvO[NKHJUlT4z QSIMIAfYTVz-L,|�NKTVz z4L$QgIMjlNKHJUlk-O ` L~L$Ul\ �
b TVHJUZOBIMb L$f�O[NKjlz Tg|iO ` L O[NKHxOMHJjlz ��� \lLYf*Q ^$#

��� � ��� � 
 � � � � 
�

F O ` HxU4wyhxz O[NMH�O[Hxjlz IMTgjlNMfYL=HJI3blhJQgf$LY\�HJU4Q>hrQSNMkVLBIMb L$f�O[NKTVz4L�O[LYN � ` LYNMLAO ` L ��� \lL$f$Q ^
L$hxL$f�O[NMTgUlI�QgNKLakVjvHJ\lLY\~O[T �aQgNM\�Q�\lLYOML$f�O[TVN���syTVNqL 7vQgz4bvhJL���O ` L{c	QgHxU �{��L$jvOMNMHJUvT c	QgIKI
6�7pb LYNMHJz-L$UZOajlIMLYI�Q~\lL���HJf$LAf*QghxhJL$\ ceF _ � 6 � wyhxOML$N��pz4QgkVUlL�O[HxfAQg\vHrQ ] Q�O[HJfBfYTVhJhxHJz4QSO[HxTVU
|�TVhxhJT �aLY\ ]Z^ QgU4L$hJLYfYOMNMTVIPORQSOMHJfBwyhxOML$N���I ` T �BU�HJU s8HJkVjvNML � � � � m ` LdUlTVU � jlUlHx|�TgNMz z4Qgk �
UlL�O[HJf4wyL$hx\ HJIE\lLYIMHxkVUlL$\ OMT�f$TVUZ�VLYNKO�O ` L�O[N[QSUlIK�gL$NMIKLez-TVz-L$UZO[jvz7Tg|BO ` L L$hxL$fYOMNMTVUvI
HJUZOMT hxTVUlkVH�O[jl\vHJUyQgh�z-TVz4LYUZO[jlz�QgIEO ` LXLYhJL$f�O[NKTVUlI�byQgIKI-O ` NMTVjvk ` O ` LXf*Q*��HxO ^ � m ` L
L$hxL$f�O[NMHxf<wyL$hx\ Qgf�O[I~QgI>Q ` Hxk ` � LYUlL$NKk ^ byQgIKI,wlhxO[LYN��*63hxL$f�O[NMTgUlI~�BH�O ` TVjpO~LYUlTVjlk ` L$U �
L$NKk ^ QgNML�NKL � LYfYOML$\�� m ` TVIKL��BHxO ` L$UlTgjlk ` L$UvL$NMk ^ QgNKL NML � QgfYf$LYhJL$NMQSO[LY\ O[T �aQgNM\ O ` L
\lL�O[L$f�O[TVN�� � ^ OMjlUlHJUvk�O ` L,L$hJLYfYOMNMHJf wyLYhJ\��yO ` L O[NMH�O[Hxjlz ��� \vL$f*Q ^ LYUl\lb TVHJUZOdIMb L$fYOMNMjlz
HJI�z-L*QgIKjlNMLY\�� m ` L�ceQgHJU ��QgUv\ m NKTVHxOMIM�<L 7vb L$NKHJz-L$UZO[I ` Q*�VL ] LYL$U�NKL$f$LYUZO[h ^ TVb L$NMQSO[LY\
QgUl\ ^ HJLYhJ\�O ` L�|�TghJhJT �BHxUlkENMLYIMjlh�O[IBTVUXO ` L�LYhJL$f�O[NKTVUXUlL$jvOMNMHxUlT4z4QgIKI #

��� ����� �
	 � ��� � �
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��� ����� �
	 � ��� �58 �

� H�O ` O ` L�f$jlNKNML$UZO,\lL�O[L$f�O[TVNKI>QSUl\ z4TVNKL<\yQSO[Q � HxO z-HJk ` O ] L�b TVIMIKH ] hxL>O[TXNML$Qgf `
��� � � �'� ����� ` T � LY�gL$N��3�BH�O ` Q	zEjlf ` hrQgNKkVL$N,IMb L$f�O[NKTVz4L�O[LYN,O ` L kVNKTVjlblI ` TVb L-OMT
blNKT ] L O ` L�IMj ] � L 	 N[QSUlkVL�Tg|qUlL$jvOMNMHxUlT�z QgIKI��

_a` QgNMkVLY\�blHJTgU%\lL$f$Q ^%^ HJL$hx\lIdO ` L ] L$IKO=hJHJz-HxO�TVU%O ` LEzEjvTVU�UlL$jpO[NMHxUlT�z4QgIMI ] L �
f*QSjlIML,HxO�HxIBQ�O � T � ] T�\ ^ \vL$f*Q ^$#

� 
 � � 
 � ���
	

m ` L4z4TVz-L$UZOMjlzDTg|{O ` L4z>jlTVU HxI~z-L*QSIMjlNKL$\ QSUl\ O ` L-OMTgORQgh3LYUlL$NKk ^ HJI,f*Qghxf$jlhJQSO[LY\
QgUl\XfYTVz4blQgNMLY\X�BH�O ` O ` L�NML$IPOBz QSIMI�Tg|iO ` L f ` QgNMkVLY\ebvHJTVU��8FAUXL 7pb L$NMHxz4LYUZOBf*QgNKNMHJLY\
TVjvO�Q�OAW�o � HJUeo��BH�O �$LYNMhJQgUl\Xz4L$QgIMjvNML$\XO ` L,z>jlTVUXz4Tgz4LYU�OMjlz OMT ] L #

� ��� � � 9�	 8 9Z�g�V��� �
	 �V�g� � � � � ����� � �;9�� �
m ` L,z QSIMI�hJHxz4H�Oa\vL$NMH��VLY\e|�NMTgz O ` L,z-L*QSIMjlNKL$z-L$UZO�HJI #

��� � � � � 8g��� ��� � � �
���
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F{O�fYTVhJhxHJ\lLYN>L 7vb L$NKHJz-L$UZO[I-QSO _ 
�6 � QgUv\ 
�63W � � ! I-QgNKL blNMT�\ljlfYL$\ fYTVblHxTVjlIMh ^ �
� ^ hxTpTg��HxUlk=|�TVN � \lLYf*Q ^ IaTg| ` HJk ` z>jlhxOMHJblhxHJf$H�O ^ ��O ` LBL 7pb L$NKHJz-L$UZO[I3f*QSU QgbvblNMTZQSf ` O ` L
��HJUlLYz Q�O[HJf,hJHxz4H�O � 6��VLYU�OMI � ` L$NKL<Q � \lLYf*Q ^ I�HJUZO[T-O ` NKL$L<TVN�wl�VLEf ` QgNMkVLY\ byQgNKOMHJfYhJL$I
QgUl\ �YL$NMT TVN z4TVNKL�UlL$jpO[N[QShJI QgNKL�f*QghxhJLY\ O ` NKL$L�� blNMTgUlkVL$\ TVN�wv�VL�� blNMTgUlkVL$\ LY�gL$UZO[I��
NMLYIMb L$f�O[Hx�gL$h ^ � ��^ NMLYf$TVUvIKO[NKjlfYOMHJUlk�O ` L z QSIMIETg|BO ` L � |�NMTVz O ` L$IML \vL$f*Q ^ I�� hJHxz4H�O[I
QgNKL=IML�OdTgU�O ` L=O[Qgj UlL$jpO[NMHxUlT<z4QgIMI�� m ` L ` HJk ` L$NaO ` L zEjlh�O[HJbvhJHJfYHxO ^ TS|qblQgNKOMHJf$hxL$I��pO ` L
z-TVNML<hxHJ�gLYh ^ HxO,HJI=O ` L4\vL$f*Q ^ �BHxhJh ] L4fYhJTVIKL<O[TXO ` L���HJUlLYz Q�O[HJf<hxHJz-HxO � ` T �aL��VLYN���O ` L
f$NKTVIMI�� IKL$fYOMHJTVUvIAQgNKL hJT � L$N�� _ 
�6 ��jlIKL$\eO ` NMLYL�� blNMTVUvk4\lLYf*Q ^ IdTS|qO ` L � #
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F{O 
�6�W �yF 
�63W � jlIKL$I ] TSO ` O ` NKL$L � blNKTVUlkVLY\	QgUv\�wl�gL�� blNMTVUvkVL$\e\lL$f$Q ^ I #
� � � 4 � � � ��� 
 � � � � ��
 	

m ` L,NKL$IKjlhxOMHJUlk�z4QgIMI�hxHJz-HxO[IaQgNML #
��� � � � ��!�� ��� |�TVN _ 
�6 � ��4�� blNKTVUlk � � � � �
��� � � � � !�	 � � ��� |�TVN�F 
�63W � � 
�63W � ��4 � ��� blNKTVUlk � � � �
�
��� � � � � �
	 � � ��� f$Tgz ] HJUvL$\ � � 4��
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�9<�

� ` HJhJL�O ` L$NKLAHJI�UlTEL���HJ\lLYUlf$L�|�TVN z4QgIKIMHx�gLAUlLYjvO[NKHJUlTgI |�NMTgz L 7pb LYNMHxz4LYU�OMIaIKL*QgNKf ` �
HJUvk�\lHJNKL$f�O[h ^ � O ` L$NKL ` QgI ] L$LYU z-TVNKL>IMjvf$f$LYIMI,jlIMHxUlk QgU�HxUl\lHxNML$f�O=z-LYO ` Tp\ ��� U � 9�� 9 �
n NMH ] T � QgUl\ WqTVUZOML$f$TgNK�VT IKjlkVkVLYIKOML$\ H�|=UlLYjvO[NKHJUlTVI ` Q*�VLez QSIMI�� O ` LYU hJHx�gL���jyQgNM��I��
O ` L$HJN,z4QgIMI~L$HJkgL$UlIPORQSOML$IEz-HJk ` O,UlTgO ] L-O ` L4I[Qgz-L�QSI~O ` L$HJN�� L*Qg� L$HxkVL$UlIPORQSOML$I<QSUl\
O ` L ^ fYTVjlhJ\ z-H 7 �3TVN<TVIKf$HJhxhrQSOML � � 3 � ��� |d� LXNMLYblNMLYIML$UZO4O ` L O ` NML$LX��UlT �BU UlL$jvOMNMHxUlT
� Q*�VTgNMI��BHxO ` � �VO ` LYU-O ` LBNMLYhrQSOMHJTVUlI ` HJb ] L�O �aLYL$U O ` L{�aL$Qg� � � Q �gTVN � LYHJkVLYUlIKO[QSO[LYI QSUl\
O ` L,z4QgIKI�LYHJkVLYUlIKO[QSO[LYIBf*QgU ] L L 7pblNMLYIMIMLY\ ]Z^ Q-jvUlHxO[QgN ^ z QSOMNMH 7 ��� #
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� ` LYNML�O ` L � � 
 ��QgNKL�O ` L�z QSIMI�L$HxkVL$UvIKORQ�O[L$I��
o�HJUlfYLdUlLYjvO[NKHJUlTgI{QgNKLdfYNML*Q�O[L$\ ]�^ � L*Qg�-HJUZOML$N[QSfYO[HxTVUlI���� ` LYU Q~UvL$jvOMNMHJUvT>HJI ] TVNMU��

HxOaHJI HJU Q � Q �gTVN�L$HxkVL$UvIKORQ�O[L�� m ` L=L$UlLYNMk ^ Tg|iQ>|�NMLYL=UlLYjvO[NKHJUlTEHxI � � � � � � �lIKTEHx| � LblNKTVbyQgkZQ�O[L<Q�|�NMLYL<UlL$jpO[NMHxUlT HJU%OMHJz-L ]Z^ Qgbvblh ^ HJUvk�O ` L<��jyQgUZOMjlz z-L$f ` QgUvHJf*QShqO[Hxz4L
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LY�gTVhJjpO[HJTgU�Tgb LYN[QSOMTVN{�aL�kVL�O #

� ��� � 
 � � � �	

� �

��� 
 L 7pb �������� 
 � � � 
 �
� ` LYNML��aL ` Q*�VL,jlIKL$\	UlQSO[jlNMQgh jlUvHxO[I�� 
� 
 � � � � � L�IKO[QgNKO��BH�O ` Q � Q*�VTVN�L$HxkVL$UvIKORQ�O[L��
] jvO�O ` L~blNKTVbyQgkVQSO[HxTVU�O ` NKTVjlk ` O[Hxz4L HxIBO ` NMTgjlk ` IKORQ�O[L$IdTg|�\vLYwyUlH�O[L�L$UvL$NMk ^ �uO ` QSO�HxI
\lL�wyUlHxOML�z QgIKI��

F{O�IKTVz-L-hJQSO[LYNAO[Hxz4L � �aL�z4Qg�gL-Q z-L*QgIKjlNMLYz4LYU�O�OMT�\vLYO[LYNMz-HJUlL<H�| O ` L�IKO[QSO[L<HxI
IKOMHJhxh O ` L,IMQgz-L � Q �gTVN ]Z^ L 7vQgz-HJUlHxUlkEO ` L��
	���
 ��
��	����� ������� ��� ��� �=TS|qO ` L � Q*�VTVNBIKO[QSO[L #� ����� ��� � ��� � � � � � � 
 � � � �

m T<kVL�OBQ � Q*�VTVN{|�TVNaTVIMfYHJhJhJQSO[HxTVU��ZhxLYO�jlIBQSIMIMjvz4L TVUvL=Tg|/O ` L z4QgIKI{L$HxkVL$UlIPORQSOML$I�HxI
Q�bljlNKL � Q*�VTVN LYHJkVLYUlIKO[QSO[L �EsyTVN=L 7lQSz4blhxL�� H�| � ��
 � � � � � ��� O ` L<IMHxz4blhxHxwyLY\%IKOMNMjlf�O[jlNKLTg| � HJI{O ` L$U # �� f$TVI � IKHJU � ��%IMHxU � f$TVI � �

� � �

!#"$
QgUl\XO ` L,TgUlh ^ z4H 7vHxUlkEb TVIMIKH ] hxL HJI ] LYO � L$LYU	O �aT � Q*�VTgNMI #� �&%

��� � � � fYTVI � IKHJU ��%IMHxU � fYTVI � � � � �� � �

 L�OAjlI�z4Qg�gL~Q ] L*Qgz TS|�UlLYjvO[NKHJUlTVI�HJUeQ4bvjlNML � �'% �BIKORQ�O[L��uhxLYO�O ` LYz blNMTVblQgkZQSOML

HJU O[Hxz4L �8QSUl\ f$QghJfYjlhrQSOML<O ` L-IMjlNP��Hx�SQgh3blNMT ] Q ] HxhJHxO ^ � � L4��UlT � UlLYjvO[NKHJUlTgI>QgNKL-�gL$N ^
hJHxk ` O �pIMT-Hx|/�aL,z4Qg�gL O ` L~QSIMIMjvz4bvOMHJTVU �)( � � 
 � � �* � � � � � � �,+ � � � �

� � - � � � � �
� � �

� L�O ` L$U ` Q*�VL #� �&% � �&% � 
 � � � � �
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� fYTVI � � � �
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�
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�
.
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opHxUlf$LaO ` L{UlLYjvO[NKHJUlTgI�QgNML jlhxOMN[Q�� NMLYhrQSOMHx��HJIPO[HJf � 
 HxI8LY��jvHx�SQghJLYUZO8O[T:9 �gO ` L{\lHxIKO[QgUlf$L |�NMTVz
O ` LdblNKTp\vjlfYOMHJTVU-O[T�O ` Ld\lLYOML$fYOMHJTVU4b TgHJUZO � m ` LAIKjlNK��Hx�SQghublNKT ] Q ] HJhJH�O ^ O ` L$U ] LYf$TVz-L$I #
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 � � � � � � � IKHJU � � � IMHJU � � � 	 � 8 � � � 9; �
� ` LYNML � � � � � ��

� � � � �3QgUl\ |�TghJhJT �BHxUlk�O ` L�jlh�O[NMQ�� NKL$hrQ�O[Hx��HxIKO[Hxf<QgIKIMjlz-bvO[HxTVU � L
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` Q*�VL-L$��jyQ�O[L$\ O ` L�UlLYjvO[NKHJUlT�z4Tgz4LYU�OMjlz � �BHxO ` H�O[I�L$UvL$NMk ^ ; � m ` L � 	 � 8 f$Tgz4LYI
|�NMTgz QA| Qgf�O[TVN�TS| � � 3 
� � QgUv\-HxUEO ` L�fYTVUZ�VLYNMIMHxTVU-Tg| 9 QgUl\ ; OMT�� � QSUl\ �	��� �V� ` HJhJL
� � � HxI�HJU jlUlH�O[IBTg| ��� � �

m ` L>byQgNMQgz-LYO[LYNMI�IMHxU � � � QSUl\ � � � QgNKL>kVH��VLYUeO[T4jlI ]Z^ UyQSOMjlNML � m ` L>IKjlNK��Hx�SQgh
blNKT ] Q ] HxhJH�O ^ Q ] T �gLENML��VL$QghJIA� LEzEjvIKO \lLYIMHxkVU%L 7pb L$NKHJz-L$UZO[IA� ` L$NML 9 QgUv\
	STVN ; QgNKL
�SQgNMHxL$\ Hx| �aL-�BHJI ` O[TeIML*QSNMf ` |�TVN�UlLYjvO[NKHJUlTeTVIMfYHJhxhrQSOMHJTVU���FdhJIMT �qH�| � � � ���� � � � �
� Q*�VTgNaf ` QgUvkVL ]Z^ UlL$jvOMNMHxUlTETVIKf$HJhxhrQSOMHJTVU<f$QgUlUlTSO ] LdT ] IML$NP�VLY\�� � | � � � �� � � � �~QSUl\
O ` L L 7pb LYNMHxz4LYU�O[QghtbvNML$fYHJIKHJTVU HxI{IMj �-fYHJL$UZO��lO ` L=TgIMf$HxhJhJQSO[HxTVU4z-HJk ` O ] L T ] IMLYNK�SQ ] hxL�� � |
� � � �� ( � � �	H�OEHJI>hJHJ�SL$h ^ O ` L TVIKf$HJhxhrQSOMHJTVUvI,HxU O ` L IMjlNP�pH��SQghablNKT ] Q ] HJhJH�O ^ �BHJhJh ] L
�aQgI ` LY\ TVjvO ]�^ wyUvHxO[L�NMLYIMTVhxjvO[HxTVU Tg|�Q \lL�O[LYfYO[TgN�QgUl\ O ` LeL$UlLYNMk ^ IMbvNML*QS\ Tg| O ` L
] L*Qgz �lIMT #

IKHJU � � � 	 � 8 � � � 9; � � � � �
	
syTVN�QgU QgN ] H�O[NMQgN ^ U�jlz ] L$N Tg| � Q*�VTgNeQSUl\ z QgIKI L$HxkVL$UlIPORQSOML$I��dO ` L OMN[QgUvIMHxOMHJTVU

blNKT ] Q ] HxhJH�O ^ � � ��� � ��� � HJI #

� ���'� ��� � � �	�:� 	 


��
� � 
 ��
� 
 ��
� � � � � IMHxU � � � 	 � 8 � � �



�
9; �

m ` L~\lHxIMfYjlIMIKHJTVU	Q ] T �gL ` QSI ] L$LYUe|�TVN�|�NMLYL~UvL$jvOMNMHJUvTVI�OMN[Q*�VLYhJHxUlk-O ` NMTgjlk ` Q��SQgf �
jljlz � ` T �aL��VLYN���z QgU ^ L 7pb L$NMHxz4LYUZO[IEz-L*QgIKjlNML UlL$jvOMNMHxUlTVI<QS| OML$N,O ` L ^ ` Q*�VL blQgIMIKL$\
O ` NMTVjlk ` QAf$TgUlIMHx\lL$NMQ ] hJLaQgz-TVjlUZO8TS|uz QSOKO[LYN�� m ` L{z4QSOMOML$Nif$NML$QSO[LYI�Qd� L*Qg�~b TSO[L$UZOMHrQgh
� ` Hxf ` QghxOML$NKI,O ` L � Qgz4HxhxOMTVUlHrQSU�Tg|{O ` L4TgO ` L$NP�BHJIKL4|�NMLYL UlLYjvO[NKHJUlT �	o�HJUlfYL TVNK\lHJUyQSN ^
z4QSOMOML$N>fYTVUZORQgHxUlI<Q	hxTgOETS|BL$hJLYfYOMNMTVUlI�� ] jvO<UlT	zEjlTVUlI>TVN � ! I�� � 	 ! I<QgUv\ 
�
	 ! I~|�L$L$haQ
\lH �tLYNML$UZO�b TgOML$UZO[HJQgh O ` QgU ��� ! I�� 
��� ! I�� ��
 ! I��yQgUv\ 
��
 ! I���s8HxkVjlNKL � � �>I ` T �BI�O ` L UlL$jvOMN[Qgh
f$jvNMNMLYUZO � � _�� HxU�OML$NMQgfYOMHJTVU�� ` HJf ` f$QgjlIKL$IAO ` HJIB|�TVNK�aQgNK\	IMf$QSOMOML$NKHJUlk�b TgOML$UZO[HJQgh���sqHJk �
jlNKL � �:4 I ` T �BI�O ` L<f ` QgNKkVL$\ f$jvNMNMLYUZO � _�_�� HJUZO[LYN[Qgf�O[HxTVU%� ` HJf ` f$TgU�OMNMH ] jvO[LYI=O[T O ` L
b TgO[LYU�OMHrQgh |�TVN��
	 �

o�HJUlfYL-O ` L�b TgO[LYU�OMHrQgh3HxI,O ` L IMQgz4L-|�TVN����	QgUl\ ��
 �8H�|{� L�f$TVUvIMHJ\vL$N>TgIMf$HxhJhJQSO[HxTVUlI
] LYO � L$L$U O ` L$IKLAO �aT � Q �gTVNMI��vO ` LAz4QSOMOML$NaL �tLYfYO�f$QgUlfYL$hJI TVjvO{QgUl\ � L ` Q*�VL=O ` LAIMQgz-L
L$��jyQ�O[HJTgUlIEkVT �VLYNMUlHxUlk%O ` L$HJN ] L ` Q*��HJTVN<QSI>|�TVN~O ` L��SQgf$jvjlz7f$QgIML � � | � ` T � LY�gL$N���� L
f$TgUlIMHx\lL$N � Q*�gTVN<TVIMfYHJhxhrQSOMHJTVUlI � ` Hxf ` HJUlfYhJjl\lL �
	 �3z Q�OMO[LYN>L �tLYfYO[I�f$QgU ` Q*�VL�QgU Hxz �
b TVNKO[QgUZOANKTVhJL � � U%Qg\l\lH�O[HJTgU��uHx|�� L>fYTVUlIMHx\lL$NdTVIMfYHJhxhrQSOMHJTVUlI{|�NKTVz'QgU ^ QgfYOMHx�VL � Q*�VTVNdTg|
UlLYjvO[NKHJUlT<O[T4Q "KIKOML$NKHJhJL $�UlL$jvOMNMHxUlT � HJL ��TVUlL�� ` HJf ` HJIBQSUeHxIMTVIKHJUlkVhxLYO�TS|qO ` L �aL$Qg� HJU �
O[LYN[Qgf�O[HxTVU QSUl\-O ` jlI \vTpLYI UlTSO HxUZO[L$NMQgfYO3��HrQ O ` L _�_ TgN � _�� �Z� LdzEjvIKO QghJIKT~fYTVUlIKHJ\lLYN
z4QSOMOML$N�L � L$f�O[I�� m ` HJI3HJIKIMjlL��BHJhxh ] L�\vHJIMfYjlIMIKL$\�HxU�z4TVNKL�\lLYO[QgHJhyhJQSO[LYN�HJU<O ` HJI3f ` QgbvOML$N��
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m ` L$NML,QgNKL O �aT-kVL$UvL$N[QSh O ^ b L$I�Tg|qUlL$jpO[NMHxUlT-TVIMfYHJhJhJQSO[HxTVU L 7pb LYNMHJz-L$UZOMI��
��� ��� ����� �	�����iL 7pb LYNMHxz4LYU�OMI3QgNML O ` TVIKL{� ` L$NKLBTVUlL{IKL*QgNKf ` L$I3|�TVN8O ` L�Qgblb L*QSN[QgUlfYL
Tg|�Q � Q*�VTVN=UvTgO=blNKTp\vjlf$LY\ HxUeO ` LETVNKHJkVHxUyQgh ] L*Qgz � syTVN�L 7vQgz-blhJL �tHx|8�aL<IPORQgNPO
�BH�O ` Q�bljvNML �
	 ] L*QSz QgUl\ QgNML<O[LYIKOMHJUlkeQ �'%
� ��� ` ^ b TSO ` LYIMHJI��q� L-� TVjlhx\
IKL*QgNKf ` |�TVN�L��VL$UZOMIAHJUv\ljlf$LY\ ]Z^ ����HJU L 7vfYL$IKIATg|8L 7pb LYNMHxz4LYU�O[Qgh ] QSfR��kgNMTVjlUv\��

�
	 � � �
��� ����� �	�����,L 7vb L$NKHJz-L$UZO[I-QgNKL�O ` TgIML � ` L$NKLeTgUlLXIKORQSNKO[I<�BH�O ` TVUlL � Q*�gTVN
QgUv\ z4L$QgIMjvNML$I>Q	\lL�wyf$H�OETg|�UvL$jvOMNMHJUvTVI~�BH�O ` O ` L IMQgz-L � Q*�VTgNEQgI,O ` L ] L*QSz �
syTVN�L 7lQSz4blhxL��yH�|q� L>IKL*QgNKf ` |�TVN����	� ��
 TVIKf$HxhJhrQ�O[HJTgU �BHxO ` Q ��� ] L*Qgz jlIMHxUlk
_�_ L��VLYU�OMI���� L	f$TgjlhJ\ ] L ] L$hJT � O ` L�L$UlLYNMk ^ O ` NML$I ` TVhx\ O[T z4Qg�gLeQ � � � U
O ` HJI,f*QgIKL��8O ` L-LY��HJ\lLYUlf$L4|�TVN ��� � ��
7TVIKf$HJhxhrQSOMHJTVUe�aTVjvhJ\ ] L "Pz4HxIMIMHxUlk $ ���
UlLYjvO[NKHJUlTgI��
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o�TVhrQgN�UlLYjvO[NKHJUlTVI{QgNML=bvNMT�\ljlf$LY\XHJU O ` L=f$TgNML Tg| O ` L=IMjvU�HxU O ` L=|�jlIMHxTVU�NML$QgfYOMHJTVUvI

� ` Hxf ` b T �aLYN�O ` L�IKORQSN #
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m ` L NKL$IMjvhxORQSU�O{IMb L$fYOMNMjlz Tg|iL$hJLYfYOMNMTVU UlLYjvO[NKHJUlTgI{HJI{I ` T �BUXHJUXs8HxkVjlNML � �;3 ��FAhxhtIKTVhrQgN
UlLYjvO[NKHJUlTVI~QgNKL � 	 ! I�� m ` L - . � QgUv\ � � � UlL$jpO[NMHxUlTVI,kVHx�gL�jlI,O ` NMLYL hxHJUlLYI HJU L$UlLYNMk ^ �
- . � ` QgI=O � T �/QgUv\ O ` L � ��� 0 . �/QgUl\ � � � UlLYjvO[NKHJUlTVI kgHx�VLEQ �BHJ\lL<IKb LYfYO[NKjlz jlb%OMT
Qghxz4TVIPO �S� � ��� � m ` LE�BHJ\vLEL$UlLYNMk ^ IMb L$f�O[NMjvzDQgUl\�hxTVUlk ] QSIML$hxHJUlL,|�NMTVz O ` L<f$TVNKL
Tg|�O ` LEIKjlU	O[T4O ` L~L*QgNPO ` QghxhJT �BI�jlIAO[T4L 7pblhxTVNML>Q hrQgNKkVL~QgNML$Q4Tg|�O ` L � � � �aIMHJU � � �
byQgNMQgz-LYO[LYN IMbyQSf$L�� � ^ | QSN=O ` L�z-TVIKO�U�jlz-L$NKTVjlI,QgNMLEO ` L	� � UlL$jvOMNMHxUlTVI�� ] jpO,O ` L$IKL
QgNKL ` QgNM\ O[T�\lL�O[LYfYO ] LYf*QgjlIKL,O ` L$HxN�L$UlLYNMkVHxL$I�QgNKL��gL$N ^ hJT � �

m ` L>wyNMIPO=L 7vb L$NKHJz-L$UZORQSh ` HxUZOAO ` QSO=UlLYjvO[NKHJUlTgIAz-HJk ` O�jlUl\lLYNMkVT � Q �gTVNAOMN[QgUlIP|�TVN �
z4QSO[HxTVU�f*Qgz-Ld�BH�O ` z-L*QSIMjlNKL$z-L$UZO[I ]�^ }�Q ^ G Q*��HJI QgUl\4f$TVhxhrQ ] TVNMQSO[TVNKI�HJU � 9���! � � �����
G Q*��HJI ` Qg\ \lLY�gL$hxTVb LY\ Q O[LYf ` UlHx��jvL O[T IMLYbyQgNMQSO[L QgNKkVTVU |�NMTVz hJQgNMkgL	�VTVhxjlz-L$IXTg|
b L$NMf ` hJTVNKTpL�O ` ^ hJL$UvL � fYhJL$QgUlHJUvk � jvHJ\ � ��� � ��� + � m T	IML$QgNMf ` |�TgN,O ` L HxU��gL$NKIML ��� \lL$f$Q ^� - ��� � �&% � � � � � -�� 	B|�NMTgz�IKTVhrQgNiUlLYjvO[NKHJUlTVI��ZG Q*��HJI8bvjvO3QAORQSUl��Tg| � �V� � �V�V��kZQghJhxTVUlI
Tg|vb LYNMf ` hxTVNMT�LYO ` ^ hxL$UlL3HJU�O ` L � TVz4LYIKO[Qg�gL�z4HxUlL�HJU~opTgjvO ` G Qg�gTgO[Q �is8HJkgjlNML � �;3BI ` T �BI
O ` L=L$UlLYNMk ^ O ` NML$I ` TVhx\ Tg|/IML��VL$NMQgh L 7vb L$NKHJz-L$UZO[IaHJUlfYhJjl\lHxUlk � TVz-L$IKO[Qg�gL � _a` hxTVNMHxUlLAHxU
O ` L~wykVjvNML � � m ` Tgjlk ` O ` L$NML>QgNML~IML��VL$NMQgh�Q*�SQgHJhJQ ] hxL f ` QgUlUlLYhJI�� 0 . QgUv\ - . � QgNKL~O ` L
blNKHJz4QgN ^ IKTVjlNKf$L$IdTg|�UlLYjvO[NKHJUlTgId\lL�O[LYfYO[LY\�HJU � TVz-L$IPORQg�SL�� m ` L,wyNMIPO=NMLYIMjlh�O[IdbljvOAQgU
jlblb L$N�hxHJz-HxO�Tg|24��	� � � opTVhJQgN{��L$jvOMNMHJUvT��dUlH�O # � � � ��
 � 	 � 
 � 	 � � � � � � � � � � 	 
 ��� � �lHxU
f$TgU � HJf�O��BHxO ` O ` L O ` LYTVNML�O[HJf$QghJh ^ bvNML$\vHJfYOML$\X�SQghJjlL TS| 8
	 ��� 4 � � 8�� �

� UXO ` L � 9�!V� ! IBQgUl\ � 9 9V� ! I��yIMLY�gL$NMQgh/TgO ` LYNBL 7pb LYNMHxz4LYU�OMIBT ] IMLYNK�gL$\%IKTVhrQgN�UvL$jvOMNMH �
UlTVIqQgUl\~f$TVUpwyNMz-L$\,O ` L�\lLYwlf$HxO���}�Qg\lHxT � f ` LYz4Hxf*QghgkZQghJhxHJjlz L 7pb L$NKHJz-L$UZO[I��Zn�QghJhxL 7 � � !��
QgUl\ opF�n 6 � � 9�� ��QgNKL-O ` L TgUlh ^ TVUvL$I>OMT ` Q*�VL T ] IMLYNK�gL$\ O ` L � � UvL$jvOMNMHJUvTVI�� m ` L ^
` Q*�VL�f$TgUvwyNMz-L$\ O ` L IMjlU HJI<I ` HJUlHxUlk � ��Qgz-HJTV��QgUv\lL � �g��� �aQ 4 � ��� � 
 � � � � 
 � �aQSO[LYN
_a` LYNML$Uv�gT � \lLYOML$fYOMTVN�hJT�f*QSOML$\�HxU O ` L ��Qgz-HJTV��Q z-HJUlL>HJU �VQgbyQgU � �{QgI O ` L<wyNMIPO~L 7 �
b L$NMHxz4LYUZO OMT>IMLYL=IMTghrQgN�UlL$jpO[NMHxUlTVI HJU NKL*QghyOMHJz-L�� ��Qgz-HJTV��QgUv\lL�T ] IKL$NK�gL$\ _a` LYNML$Uv�gT �
hJHxk ` O~|�NKTVz@L$hrQSIKO[Hxf IKf*QSOKO[L$NKHJUlk ���&% � � � �&% � � � opHxUlf$L�QSOEO ` L$IML LYUlL$NKkVHJLYI���O ` L
L$hxL$f�O[NMTgU \vHJNMLYfYOMHJTVU�HxI f$TVNKNML$hJQSO[LY\%�BHxO ` O ` L�UlL$jpO[NMHxUlT \lHxNML$f�O[HxTVU�� ��Qgz-HJTV��QgUl\vL~�aQgI
Q ] hxLAO[T<b TVHxU�O ] QgfR� OMTEO ` LAIMjlUeQgUl\ fYTVUvwyNKz O ` L LY�VLYUZO[IB�aLYNML HJUv\lL$LY\�\vjlL=O[T<IKTVhrQgN
UlLYjvO[NKHJUlTVI��

o�jlb LYN
�

��Qgz-HJTg�SQSUl\lL � � � ���qQ�hJQgNMkgL$N=�VLYNMIKHJTVU Tg| ��Qgz-HJTg�SQSUl\lLE�BHxO ` Q � � ���
L$UvL$NMk ^ O ` NML$I ` TVhx\���QghJIKT%IMLYL$I-Q%hrQgNKkVL�\lL�wyf$H�O<Tg| �
	 ! IEf$Tgz4HxUlk	|�NMTgz@O ` L IMjlU � G=L��
ORQSHJhJI�Tg|aO ` L�\vLYO[LYfYOMTVNEQgNKL \lLYIMfYNMH ] L$\ HxU _a` QSbvO[LYN 4 � m ` LXov� � L 7pb LYNMHxz4LYU�O � �g�����
� ` Hxf ` ] L$kVQgU�NMjlUvUlHJUlk HxU �g�V�g� L$z-blhJT ^ I�
 � * � � U Qg\v\lHxOMHJTVU�O[T L$hJQgIKOMHJf~IMf*Q�OMO[LYNMHxUlkz-L*QgIKjlNMLYz4LYU�OMI hxHJ�gLXO ` TVIMLeTg|~opjlb L$N

�

��Qgz4HxTV��QgUl\lL ��ov� �DQghJIKT z-L*QgIKjlNMLYI�HJUZ�gL$NMIKL
��� \lLYf*Q ^ � ` Hxf ` HxI�TVUlh ^ IMLYUlIMH�O[H��VL�O[T �
	 �

�&% � � � � � � � � �

� ^ f$TVz-byQgNKHJUlkBO ` L$IMLaNML$IKjlhxOMI8�BHxO ` opjvb LYN
�

��Qgz-HJTV��QgUv\lL ! I8LYhrQgIPO[HJf�IMf$QSOMOML$NKHJUlk=NKL$IKjlhxOMI



9

� IKL$UlIKHxOMHx�VLdO[T�Qghxh � Q �gTVNMI � �uop� � ` QgI{I ` T �BU�IKTVhrQSNaUlLYjvO[NKHJUlTVI TVIMfYHJhxhrQSOMLdHxU�OMT<QgUlTSO ` LYN
Qgf�O[Hx�gL � Q*�VTVN � I � � � 4�� �

sqHJkVjlNKL � � ��I ` T �BIqO ` L QghJhxT �aLY\>NMLYkVHJTgU,|�TVN O � T � � Q �gTVN8z-H 7pHxUlkBf$TVz ] HJUlHxUlkdNKL$IKjlhxOMI
|�NMTgz Qghxh8IKTVhrQgNAUlL$jvOMNMHxUlT L 7pb L$NMHxz4LYUZO[I�� m ` L-QghJhxT �aLY\%NMLYkVHJTVU�HxI 4�� � � � ����� �
� � ��� ��� � QgUl\e��	 � � � O[QgU � � � ��	 � 8 � � 3 � �

�
������� � !�� �
)�	�
(� �%$
����� �"!#�%$'&(� )
� ` L$U<f$TgIMz-HJf{NMQ ^ I�fYTVhJhxHJ\lL3�BHxO ` U�jlf$hxL$HvHxU>O ` L{jlblb L$N3QSOMz4TgIMb ` LYNML �gO ` L�HxUZO[L$NMQgf��

O[HxTVUlI�fYNML*Q�O[L ` Qg\lNKTVUlHxf=I ` T � L$NKIANMLYIMjlh�O[HxUlk<HJU z4QgU ^ f ` QgNKkVL$\�blHxTVUlI���o�HJUlfYL f ` QgNMkgL$\
blHxTVUlI�\lLYf*Q ^$#

� 
 � � 
 � ���
|�TVhxhJT �aLY\ ]�^$# � 
 � � 
 � 
��� � � � 

TVUlLdL 7pb L$fYOMI�Q>hJQgNMkVL�U�jlz ] L$N Tg|/QSOMz4TVIKb ` LYNMHJf�UlLYjvO[NKHJUlTVI�� ` L$NKLAO ` LAN[Q�O[HJT � ��� 
������ � 
��� � -� ��F{OMz4TVIKb ` LYNMHJf�UlLYjvO[NKHJUlTgIBQgNML�\lLYIMf$NKH ] L$\�HJUXz-TVNML \lL�ORQgHxh HJU _a` QSbvO[LYNA� �

�=NKHJkVHxUyQghJh ^ ��O ` L��Pc � � ���
�8QSUl\ ��Qgz-HJTV��QgUv\lL � � ���iL 7pb L$NMHxz4LYUZO[IAIPO[jl\vHJL$\	QSO[z-T �
IMb ` L$NKHJf�UlL$jvOMNMHxUlTVI-QgI ] QgfR��kVNKTVjlUl\lI-O[T QgU L 7pb LYfYOML$\ blNKTgO[TgU \lLYf*Q ^ IMHxkVUyQgh � m ` L
IMHxkVUyQgh \lHJ\ UlTgOBI ` T � HxOMIa| QgfYL�� ] jpO{O ` L "KQSO[z-TVIMb ` L$NKHJf=UlLYjvO[NKHJUlT�QSUlTVz4Qgh ^ $ ] L$f$Qgz-L
O ` LAIKOMNMTVUvkVL$IPO{HJUv\lHJf$QSO[HxTVU<|�TVN UvL$jvOMNMHJUvT � Q*�VTgNaTVIKf$HJhxhrQSOMHJTVU � �Pc � �{QSI{QgU ! � 
 �aQSO[LYN
_a` LYNML$Uv�gT � \lL�O[LYfYO[TgN hJT�f*Q�O[L$\ HJU O ` L�ceTVNPO[TVU I[Qgh�O-z4HxUlLXUlL*QgN _ hJL��VL$hJQgUl\�� � ` HJT �
� TgO ` �Pc � QgUv\ ��Qgz-HJTg�SQSUl\lL=z-L*QgIKjlNMLY\	Q�\lTVj ] hJL NMQSO[HxT #

���
���
�
5
� �
�����

� � �
5
� � �

���

� ` LYNML � NML$bvNML$IKL$UZO[I~LY�gL$UZO[I�� ` HJf ` Qgblb L*QSN=O[T ] L�O ` L<NMLYIMjlh�O�Tg|aQ _�_ ��� HxUZO[L$NMQgf��
O[HxTVUlI��yQgUl\ � NKL$blNKL$IKL$UZO[IdLY�VLYUZO[Id� ` HJf ` Qgblb L*QgN{OMT-fYTVz-L=|�NMTVz _�_ �
	aHJUZO[LYN[Qgf�O[HxTVUlI��
� ��HJIdO ` L�ceTgU�OML _ QgNKhJT IKHJzEjvhrQSOMHJTVU�blNMTgkVN[Qgz � m ` LE\lTVj ] hJL~N[QSOMHJT fYTVz-byQgNMLYIAO ` L

� Q*�VTgN N[QSOMHJT�blNKL$\lHxfYOML$\ ]Z^ IMHxzEjlhJQSO[HxTVUlIBO[T�O ` QSO z-L*QgIKjlNMLY\�HJU%O ` L<\lLYOML$fYOMTVN�� � TgO `
�Pc � QgUl\ ��Qgz-HJTV��QgUv\lLdz-L*QSIMjlNKL$\ O ` L � �SQghJjvL=IMHxkVUlHxwlf*QgUZO[h ^ hJT �aLYN{O ` QSU � ��
/QSO[LYN
L 7pb L$NKHJz-L$UZO[I��p�d�=o 6�� � � 8�� ��suNKL �KjlI � ��!��yQgUl\4opTVjl\lQgU � � 9
����jlIKHJUlk�HJNKTVU<f*QShJTVNKHJz-LYO[LYNMI
\lHx\eUlTSOdHxUlHxOMHrQghxh ^ z-L*QgIKjlNML,IMHxkVUlH�wyf*QgUZO�\lL��pHJQSO[HxTVU |�NMTVz � �yO ` TVjvk ` o�TVjl\yQgU%��hJQSO[LYN��
�BHxO ` Q�z>jlf ` hJQgNMkVLYN{LY�gL$UZOdI[Qgz-blhJL�QShJIMT�z-L*QgIKjlNMLY\	Q<hxT � � � � 9�� �

� U-Qg\v\lHxOMHJTVUEOMT�O ` L�O[TgO[Qghl\lTgj ] hJL�NMQSO[HxT � ��Qgz-HJTV��QgUv\lL{z-L*QgIKjlNMLY\ Q �$LYUlHxO ` QSUlkVhJL
\lLYb LYUl\lL$Uvf$LATS| � HJU�HxOMI ` HJk ` � L$UvL$NMk ^ I[Qgz-blhxL�� m ` L�HxUl\lH��pHx\ljyQghpI[Qgz-blhxL$I�|�TVN�opjlb L$N

�

��Qgz-HJTV��QgUl\vL���z4L$QgIMjlNKL$\>OMT=zEjlf `>` HJk ` L$N8bvNML$fYHJIKHJTVU��SQgNKLaI ` T �BU�HxUEs8HxkVjlNML � � � � m ` L
NMLY\ehxHJUlLdHJI{O ` L~c _ blNKL$\lHxfYOMHJTVU�|�TVN�UvT-TgIMf$HxhJhJQSO[HxTVUlI�� m ` L�kVNKL$L$U�hJHxUlL=HxIaO ` L ] L$IPO�wvO
jlIKHJUlk-O ` LYIMLE\yQ�ORQ-OMT-O ` L ��� � ��
 TVIKf$HxhJhrQ�O[HJTgU ` ^ b TgO ` L$IMHxI�� _ hJL$QgNMh ^ IMTVz-LYO ` HJUvk4HxI



� �

" ` QSblb LYUlHJUvk $<O[T<O ` L	��� ! IBTVU O ` LYHJN{�aQ ^ OMT<O ` L�\lL�O[L$f�O[TVN��
FdI I ` T �BU HJU s8HxkVjlNKL � �:8 �BO ` L �YL$UlH�O ` QgUlkVhxL%Tg|~Q UlLYjvO[NKHJUlT fYTVNMNKL$IMb TVUl\vIXOMT9 �dH�O[I�\vHJIKO[QgUlfYL	|�NMTVz O ` L	blNMT�\ljlf�O[HJTgU b TVHxUZO�Tg|,UlLYjvO[NKHJUlTVI�� m ` jlI�� ]Z^ z-L*QSIMjlN��

HJUvk �$LYUlHxO ` QgUlkVhxL4\vHJIKOMNMH ] jvO[HxTVUlI���QSOMz4TVIKb ` LYNMHJf-UlLYjvO[NKHJUlTVI>L 7pb LYNMHxz4LYU�OMI "P�SQgN ^ $ 9 �
_ TVUlIKL$��jlLYU�OMh ^ �{s8HxkVjlNML � � ��NKL$blNKL$IMLYUZO[I�O ` L z-TVIKOEf$TVUZ��HJUlfYHJUlk L��pHx\lL$Uvf$L |�TVN � Q*�gTVN
TVIKf$HJhxhrQSOMHJTVU � m ` LEQShJhJT � L$\XNMLYkVHJTgUeT ] ORQgHxUlL$\ ]Z^ QgUyQgh ^ �YHJUlk<O ` L$IKL>\yQSO[Q�|�TgN�UlL$jvOMNMHxUlT
TVIKf$HJhxhrQSOMHJTVU byQSN[Qgz-LYOML$NMI>HJI>I ` T �BU HJU s8HxkVjlNKL � � ! ��F{O[z-TVIKb ` L$NKHJf4zEjlTVU UlLYjvO[NKHJUlTgI
IMLYL$z O[TdjlUl\lLYNMkVTdz Q�7vHxz QShVz4H 7pHJUlk��BHxO ` � 	59 � � � � � ��� � � � � � � 4
	:9 � � � � � ��� � �

m T<f$TgUvwyNMz�O ` L T ] IMLYNK�SQSO[HxTVUlI{TS|�o�jlb LYN
�

��Qgz-HJTg�SQSUl\lL=QSUl\ TgO ` L$NBQSOMz4TVIKb ` LYNMHJf
UlLYjvO[NKHJUlT�L 7vb L$NKHJz-L$UZO[I��ShxTVUlk � ] QgIKL$hJHxUlL8UvL$jvOMNMHJUvT�L 7pb LYNMHxz4LYU�OMI ` Q*�VL ] L$L$U,f$TgUlIKOMNMjlf�O[L$\ �
m ` L,wyNMIPO=hJTgUlk � ] QgIMLYhJHJUvL,L 7pb LYNMHJz-L$UZO�O[T-O[L$IPOAO ` L<opjvb LYN

�

��Qgz-HJTV��QgUv\lL,QghJhxT � L$\eNML �
kVHxTVU%HJI�O ` L �~� � � � 6�� O[T ��Qgz-HJTg�SQ � L 7pb LYNMHJz-L$UZO��,F ] L$Qgz6TS|3zEjlTVU�UlLYjvO[NKHJUlTgI
�BHxO ` QSU	L$UvL$NMk ^ IKb LYfYOMNMjlz IMHxz4HxhrQgN�O[T4QSO[z-TVIKb ` L$NKHJf�UlLYjvO[NKHJUlTVI�HJIBfYNML*Q�O[L$\%QSO � 6��
QgUl\ IKO[LYL$NKL$\�O ` NMTVjlk ` O ` LdL*QgNPO ` OMT �{QgNK\�opjlb L$N

�

��Qgz4HxTV��QgUl\lL �p���g� � � Q �aQ ^ ��W�NML �
hJHxz4HxUyQgN ^ NMLYIMjlh�O[I~f$TVUvwlNMz O ` L�opjlb L$N

�

�,QSz4HxTV��QgUl\lL-NMLYIMjlh�O<QgUl\ \yQSORQX�BHJhxh ] L fYTVh �
hJLYfYOML$\	jvU�OMHJhi�g�g�"� ��c�TVNML,\lLYO[QgHJhxI�Tg|8O ` HJI�L 7pb L$NKHJz-L$UZOdQgNML,\lHJIKf$jlIKIMLY\%HJUXO ` L,NMLYIKOdTg|
O ` HJI{O ` L$IMHxI��

�
������� � �����
m ` L�
 Hx��jvHJ\ opf$HxUZO[HJhxhrQSOMHJTVU	�dLYjvO[NKHJUlT�G=LYOML$f�O[TVN � 
iov�dG � �{QSI~TVb L$NMQSO[LY\ QSO	
/TgI

FAhJQgz-TVI-�AQSOMHJTVUyQSh 
iQ ] |�NMTVz � 9 9 4�O[T � 9 9�! OMT IKL*QgNKf ` |�TVN 
��� � 
�
	�TVIKf$HxhJhrQ�O[HJTgU��
m ` L \lL�O[L$f�O[TVN �aQgI�QgU QgblblNKT 7vHxz Q�O[L$h ^ f ^ hJHJUv\lNMHxf*QghBORQgUv� wyhJhxL$\ �BH�O ` � � 8 z-LYOMNMHJf
O[TgUlIdTS|�z4HxUlL$NMQgh TVHxh \lTVb L$\	�BH�O ` ��	 � 4 � 
 � ��Tg| � � � . 
 � m ` L>hJT � fYTVUlfYL$UZO[NMQSO[HxTVU
Tg|dIMfYHJUZO[HxhJhrQ�O[TVN,QghxhJT �aLY\ O ` L z-L*QgIKjlNMLYz4LYUZO4TS| ] TgO ` _a` L$NMLYUl�gT � QgUv\ IKf$HJUZOMHJhJhJQSO[HxTVU
hJHxk ` O � m ` L blNKTgO[TVU ] L$Qgz f$NKL*QSOML$\ hJQgNMkVL-U�jlz ] L$NKI>Tg|�f ` QgNMkVLY\ blHxTVUlI�� ` HJf ` � L$NKL
O ` L$U�byQSIMIMLY\�O ` NKTVjlk ` Q ] L*Qgz \ljlz-b���hJL$Q ��HxUlk~z-TVIPO[h ^ � 
 ! IaQgUl\ � 
 ! I � ` Hxf ` \lL$f$Q ^
O[T�z4Qg�gL-QXUlL$jvOMNMHxUlT ] L$QgzDf$TVUvIMHJIPO[HxUlkXTg| ��� � �
	 �iQgUl\ 
��� �BH�O ` QghJz-TVIPO UlT 
�
	 ��� | �

��� � 
�
	{TgIMf$HxhJhJQSO[HxTVU HxI�TpfYf$jlNKNMHJUvk � m ` L 
�
	 ! I�f$QgU ] L \lL�O[LYfYO[LY\ ]Z^ HJUZ�gL$NMIKL ��� \lL$f$Q ^$#


�&% � � � � 
 � �

� ` LYNML~O ` L,UlL$jvOMNMTVUekVLYOMIdf$QgbvOMjlNMLY\	�BHxO ` Q-f*QgbvOMjlNML�O[Hxz4L TS| � !�� �/� � m ` L,f*QSbvO[jlNKL
TVU4Q~blNKTgO[TgU4fYNML*Q�O[HJUvk>Q�\lL$jpO[L$NKTVU f$QgjlIKL$I O ` L�L$z-HJIMIKHJTVU�Tg| Q>�
	 � � ��� kVQgz4z4Q N[Q ^ �
QgUl\XO ` HJI�\lLYhrQ ^ LY\efYTVHJUlfYHJ\lLYUlf$L��SL$L$bvI ] QgfR��kVNKTVjlUl\ehJT � �


iov�dG T ] IMLYNK�gL$\ QSU L 7pf$L$IKI~TS| ! 8
	:9 ���V�
	53 � ��	 � 
�
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O ` L,L 7pf$hJjv\lL$\eNML$kgHJTVUlI{|�TgN�TgO ` LYNBL 7pb LYNMHxz4LYU�OMI�� �dTgO[Q ] h ^ �vO ` L �,QSNMz-L$UXL 7pb L$NMHxz4LYUZO
� ` Hxf `%` QgIdQ4IKL$UlIKHxO[H���HxO ^ IMHxz4HxhrQgN�O[T-O ` QSOdTg| 
qop�AG ` QSIdL 7vfYhJjl\vL$\ Q�hrQgNKkVL |�N[Qgf�O[HJTgU
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� U-IMjvz4z4QgN ^ ��QgIMIKjlz-HJUlk O ` L$IML�L 7pb L$NKHJz-L$UZO[I�QgNKL�fYTVNMNKL$f�O ���aL ` Q*�VLBO ` NKL$LBIML�O[I�Tg|
L 7pb L$NKHJz-L$UZO[I3| Q*�VTVNKHJUlk O ` NML$LB\lH �tLYNMLYU�O � � � ! I��Z� ` HJf ` HJz-blh ^ QSO3hJL$QgIKO3|�TVjvN�UlL$jvOMNMHxUlT
z4QgIMI{IPORQSOML$I�� 
 L�O�jlI{\lL�wyUlL�Qgf�O[H��VL byQgNPO[Hxf$hJLYI OMT ] LATVUlL$I�HxUZO[L$NMQgfYOMHJUlk~�pHJQ<o�O[QgUl\yQgNK\
ceT�\lL$h�HxUZO[L$NMQgfYOMHJTVUvI QgUl\ hJHxk ` O=byQSNKO[Hxf$hxL$I=O[T ] L�TVUlLYI=�BHxO ` z4QgIMI hxL$IKI=O ` QgU ` Qgh�|3Tg|
O ` L�� ] TVIMTVU�z4QgIMI�� � |tO ` L$NKL��aLYNMLB|�TVjlN3kVL$UvL$N[Q�O[HJTgUlI�Tg| hxHJk ` O��ZQgfYOMHx�gL�UvL$jvOMNMHJUvTVI��ZO ` L
|�TVjlNPO ` kVL$UlLYN[QSOMHJTVU�� TVjlhJ\4f$TVUZOMNMH ] jvO[L�O[T�O ` L��BHJ\vO ` Tg| O ` L�� z4QgIMI�� � ^ z4L$QgIMjvNMHJUvk
O ` L��BHx\vO ` � 
�63W L 7pb L$NMHxz4LYUZO[I ` Q*�VLAI ` T �BU O ` LdU�jlz ] L$N�Tg| QgfYOMHx�VL�UlLYjvO[NKHJUlT � Q*�VTVNKI
O[T ] LXO ` NML$L �;4 � ��� m ` jlI���H�|AO ` L$NKL	HJI4Q |�TgjlNKO ` kVLYUlL$NMQSO[HxTVU Tg|AhJHxk ` O4UvL$jvOMNMHJUvT �{HxO
zEjlIPO ] L Q	IKOML$NKHJhJL4UlL$jpO[NMHxUlT � � � � ��TVUlL-� ` HJf ` \lT�L$I>UlTgOEHxUZO[L$NMQgfYO>�pHJQ�o�O[QgUl\yQgNK\
ceT�\lL$h HxUZO[L$NMQgfYOMHJTVUvI��lLYIMb L$f$HJQghJh ^ ��O ` L � L*Qg� HxU�OML$NMQgfYOMHJTVU�� � OBHJI�HJz-b TVNKO[QgUZO{O[T�UlTgOML�Q
"KIPO[L$NKHJhxL $<UlLYjvO[NKHJUlT-f$TVjvhJ\XHJUZO[LYN[Qgf�O��BHxO ` z4QSOKO[L$N{��HJQ�UvTVU �Po�ORQgUl\lQgNM\eceT�\lL$h |�TgNMf$LYI��

_ hxL*QgNKh ^ ��O ` L{UlLYjvO[NKHJUlTdTVIMfYHJhJhJQSO[HxTVU�L 7pb L$NMHxz4LYUZORQgh�IMHxkVUyQSOMjlNML3|�NMTVz�Qgf�O[H��VL OMT=IKOML$N��
HJhxL � Q*�VTVNKI=zEjlIPO ] L>\lHxI[Qgblb L*QSN[QgUlfYL�� ] jvO ` T ��f$QgU%QSfYO[H��VL,O[T Qgf�O[H��VLEQSUl\%Qgf�O[H��VL~OMT
IKOML$NKHJhJL ` ^ b TgO ` L$IMLYI ] L�\lHJIPO[HJUvkVjlHJI ` L$\�� ` L$U%QShJhtTgUlL T ] IKL$NK�gL$IdHJIBQgf�O[Hx�gL � Q*�VTVNKId\vHJI �
Qgblb L*QSNMHJUvk � m ` LENML$QgIMTVU QSfYO[H��VL � Q �gTVNMI f$QgU "K\vHJI[QSblb L$QgN�$ HJIdO ` LETVIKf$HxhJhrQ�O[HJTgUXO[Qg�gLYI
blhJQgf$L�QSO=UlL$jvOMNMHxUlTXL$UlLYNMkVHxL$I=� ` LYNML<O ` L�UlL�� Qgf�O[H��VL � Q*�VTgN HJI ] L$hJT � O ` NML$I ` TVhx\ |�TgN
_�_ HxU�OML$NMQgfYOMHJTVUlI�� m ` L~I[Qgz-L�HJIBUlTgOBOMNMjlL�|�TVN�� _ HxUZO[L$NMQgfYOMHJTVUvI ] L$f$QgjlIKLEQ�f ` QgNMkgL$\
hJLYbvO[TgU�HxI{UlTgO�blNKTp\vjlf$LY\�� � L f$QgUe\vHJIKOMHJUlkgjlHJI ` O ` L�Qgf�O[H��VL�� QgfYOMHx�gL���I�� QSfYO[H��VL � IKOML$NKHJhJL
f*QSIML$I�HJU4Q�\lHJIMQgblb L*QgNMQgUlf$LBL 7vb L$NKHJz-L$UZO ]Z^ hJT�TV��HJUlk�QSO3O ` LBN[QSOML�TS| � _ HJUZO[LYN[Qgf�O[HxTVUlI��
� |�O ` L<TVIKf$HxhJhrQ�O[HJTgUeHxI QgfYOMHx�gL�� QSfYO[H��VL � O ` L-� _ N[Q�O[LEI ` TVjlhx\ ] LEO ` L<I[Qgz-L�QgI Hx|�O ` L$NKL
� L$NML>UlT�TVIKf$HJhxhrQSOMHJTVU � � U	O ` LEQgf�O[Hx�gL�� IKO[LYNMHxhJL,f*QgIKL�� O ` L$NKLEI ` TVjlhJ\ ] L>QgU�QSOKO[L$U�jyQ�O[HJTgU
Tg|iO ` L,� _ IMHxkVUyQgh �

FdUlTgO ` L$N3�{Q ^ O[T~\lHJIPO[HxUlkVjlHxI ` ] L�O �aLYL$U�O ` LdO � T>f$QgIMLYI{HJI3hJT�TV��HJUvk�|�TgN�z4QSOKO[L$N3L�| �
|�L$f�O[I�� � U4IKL$fYOMHJTVU � � � �ZH�O��{QSI UlTSO[L$\�O ` L�|�TVNP�{QSNM\-IMf*Q�OMO[LYNMHxUlk�b TgOML$UZO[HJQghl|�TVN�LYhJL$f�O[NKTVU
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O ` L<f$NMTgIMI � IMLYfYO[HxTVUlI�Tg|a� _ HJUZO[LYN[Qgf�O[HxTVUlI�QSO�Q�O[z-TVIMb ` L$NMHxfEUlLYjvO[NKHJUlTXL$UvL$NMkgHJL$I=� ` HJf `
blNKTp\ljvf$L>Hx\lL$UZOMHxwuQ ] hJL,IMHJkgUyQghJI�QgNKL>UlTSOA� L$hJhi��UlT �BU�� ` Hxk ` � L$UlLYNMk ^ � _ LY�VLYUZO[I�f*QgNKN ^
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m ` LYNMLY|�TgNML��u|�TVN ` Hxk ` UlL$jvOMNMHxUlT LYUlL$NKkVHJLYI��yO ` L,\lT �BU � kVTVHJUvk-UvL$jvOMNMHJUvTVI ` Q �gL>UlTSO ` Qg\
O[Hxz4L�O[T TVIKf$HJhxhrQSOML�� � |,O ` L ��� � ��
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UlLYjvO[NKHJUlT-L$UlLYNMkVHxL$IBTg| � � � �
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O ` L-bvNMT ] Q ] HJhxHxO ^ HJI IMHxz4HxhrQgNdHJU ] TgO ` O ` L-z4QSOKO[L$N�QSUl\ �SQgfYjljlz f$QgIML � ��^ IMLYhJL$f�O[HxUlk
LY�gL$UZO4I[Qgz-blhJLYIEblNKTp\ljvf$L$\ ]Z^ ` Hxk ` � LYUlL$NKk ^ zEjlTVU UlLYjvO[NKHJUlTVI��3TVUlL f*QSU IKL*QgNKf ` |�TgN
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Ga+Cl+SK+SNO CC Rates    95%C.L.
and SK Zen Sp νe→νµ/τ  (

8B, hep free)
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s8HxkVjlNML � � � # F{O[z-TVIKb ` L$NKHJf�UlLYjvO[NKHJUlT �$LYUlHxO ` QgUlkghJL<\lHxIKO[NKH ] jpO[HJTgU�� m ` L kVNKL$LYU hJHxUlL$I
QgNKL�O ` L wlOBO[T<O ` L$IML,\yQSO[Q<Tg|8O ` L	���
� ��
,TVIMfYHJhxhrQSOMHJTVU ` ^ b TgO ` L$IMHxI�� m ` L,NML$\�hJHxUlL=HxI
O ` L,U�jlhxh ` ^ b TgO ` L$IKHJI��
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primary
secondary
neutrino

s8HxkVjlNML � �:8 # G=H �tLYNML$UZO �$LYUlHxO ` QgUlkVhxL$I HJz-blh ^ \vH � L$NMLYUZO 9 �p� ` Hxf ` QghxhJT � QSOMz4TVIKb ` LYNMHJf
UlLYjvO[NKHJUlTdL 7pb LYNMHxz4LYU�OMIqOMTAblNKT ] L UlL$jpO[NMHxUlT � Q �gTVN8TgIMf$HxhJhJQSO[HxTVU�� � U>O ` L wlkVjlNML �SO ` LafYHJN �
f$hxLdHxI�O ` L�L*QgNPO ` QSUl\ O ` Ldf ^ hxHJUl\vL$N�HJI3O ` L�� UlTSO � ��jlH�O[L � O[T�� IMf$QghJL � opjlb L$N

�

��Qgz4HxTV��QgUl\lL
\lL�O[L$f�O[TVN��
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s8HxkVjlNML � � ! # m ` L opjvb LYN
�

��Qgz-HJTV��QgUv\lL-QSO[z-TVIMb ` L$NKHJf�UlL$jpO[NMHxUlT	fYTVz ] HxUlL$\ QghJhxT �aLY\
NMLYkVHJTgU��
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s8HxkVjlNML � �:9 # m ` L 
qop�AG�QShJhJT � L$\-NMLYkVHJTVU<�BH�O ` L 7pf$hxjl\lL$\4NMLYkVHJTVUvI3|�NKTVz TgO ` L$N3L 7vb L$N��
HJz-L$UZOMI # � F=}dc 63�	�y� ��ceF=G�QgUl\ � �An 68� � m ` L wykVjlNKL HJI{ORQS�gL$UX|�NMTgz }BLY| � � 4V���
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s8HxkVjlNML � � � � # m ` L<wykVjlNKL$I,TVU�O ` L�hJL�| O,QgNML �YL$UlH�O ` QgUlkVhxL<\lHJIPO[NKH ] jvOMHJTVUvI�� � ` HxhJLEO ` L
wykVjvNML$I�TgU O ` LANMHJk ` O{QgNMLAjlb � \vT �BU NMQSO[HxT>blhxTgO[I�� � U�O ` L �$L$UvHxO ` QgUlkVhxLA\lHxIKO[NKH ] jpO[HJTgUlI��
O ` L-IKTVhJHx\�hJHxUlL$I QSNMLEO ` L ��� � ��
4TgIMf$HxhJhJQSO[HxTVU ` ^ b TgO ` LYIMHxI��/� ` HJhxLEO ` L<\yQSI ` LY\ hJHxUlL$I
QgNKLEO ` L ��� � � � ` ^ b TgO ` L$IMHxI�� � U�O ` L<jlb � \vT �BU N[Q�O[HJT bvhJTgOMI��tO ` L�IMTVhxHJ\ ` TVNKH �YTVUZORQgh
hJHxUlL<HJI=O ` L-z4L$QgIMjlNKL$\ �SQghJjlL-QgUv\ O ` L�\yQgI ` L$\ ` TVNMH �$TVUZORQSh�hJHJUvL$I NMLYblNMLYIMLYU�O~O ` L � �
L$NKNMTVN ] QgNKI�� m ` L ��� � ��
<QgUv\ ��� � ����bvNML$\vHJfYOMHJTVUvI�|�TVN�O ` L~N[QSOMHJTVIdQgNKL>I ` T �BU QSI
Qe|�jlUvfYO[HxTVU Tg| � � � � � hrQgfR� \lTgOMIEf$TgNMNMLYIMb TVUl\ OMT	O ` L ��� � ��
�blNKL$\lHxfYOMHJTVU � ` HJhJL
TVb L$U4IM��jyQgNKL$I{I ` T � O ` L ���
� � ��blNMLY\lHJf�O[HxTVU�� m ` LdO[Tgb4wykVjvNMLAHxI�O ` LA� _ LYU ` QgUlfYL$\
I[QSz4blhxL�� m ` L<z-HJ\l\vhJL�wykVjlNKL<HJI W _ LY�VLYUZO[I�� m ` L ] TSOMO[Tgz'wykgjlNML<HxI=jlbZ�{QSNM\ � kVTVHJUvk
zEjlTgUlI���syTVNqO ` L�jlbZ�aQgNM\ � kVTVHxUlk�zEjlTVUvI��VO ` L�NMQSO[HxT=HJI ` TVNMH �$TVUZORQShp��I���jvb��aQgNK\ � kVTgHJUlk �
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� ` HJhJL3UlLYjvO[NKHJUlTgI8f*QSU ] L�f$NKL*QSOML$\EO ` NMTVjvk ` QB�gQSNMHJL�O ^ Tg|yblNKTpfYL$IMIKL$I��VO ` L UlL$jvOMNMHxUlT
] L*Qgz-IajlIKL$\XHJU-O ` HxI O ` L$IKHJI�QgNKL=blNKHJz4QgNMHxh ^ |�NKTVz f ` QgNKkVL$\ blHxTVU�\lLYf*Q ^ � m ` LAf ` QgNMkgL$\
blHxTVUlI QgNKLEblNKTp\ljvf$L$\ ]Z^ IKz QSI ` HxUlk U�jlf$hxL$TVUlI HxUZO[T O[QgNMkVL�O U�jlf$hxL$H�Q�O ` HJk ` L$UlLYNMkVHxL$I��
� ` HxhJL O ` L~NMLYIMjlh�O[HJUvk f*QSIMf*QS\lL>HxUlf$hxjl\lL$IdTgO ` L$N�z4LYIMTVUlI��tblHxTVUlIdQgNML ]Z^ | QSN�O ` L>z-TVIKO
U�jlz-L$NMTgjlI��

; � � � ��0 
-��1�2%� !3"*( ��� �	��!3"*#%
-�

� ` L$U�f$TVIKz4Hxf{N[Q ^ I�� blNKHJz4QgN ^ � byQgIMI3fYhJTVIKL{O[T=O ` L�L$QgNKO ` �VO ` L ^ HxUZO[L$NMQgfYO��BH�O ` O ` L
UlH�O[NMTgkVL$U��ST 7 ^ kVLYU��Vf$QgN ] TVU�� ` L$hxHJjlz QgUv\ ` ^ \vNMTVkVLYU<U�jlf$hxL$H�Tg|lO ` Lajlblb L$N�QSO[z-TVIMb ` L$NKL
QgUl\ fYNML*Q�O[L ` Qg\vNMTVUlHxf<I ` T � L$NKI�� 
/QgNMkgLEU�jlz ] L$NMI�Tg|�f ` QSNMkVLY\ blHxTVUlI QSNML<blNKTp\ljvf$L$\ �
opHxUlf$L�O ` L ^ Qghxz4TVIPOXQgh��{Q ^ Ie\vL$f*Q ^ HJUZOMT Q zEjlTgU QSUl\�UlLYjvO[NKHJUlT �AhrQSNMkVL�U�jlz ] L$NKI
Tg|dzEjlTVUvI4QSUl\ z>jlTVU UlL$jvOMNMHxUlTVI-QgNMLXkVLYUlL$NMQSO[LY\�� � ` L$U O ` LXzEjlTgUlI�\lL$f$Q ^ O ` L ^
blNKTp\ljvf$L�QgUlTgO ` L$N�� QgUZO[H � zEjlTgU<UlL$jvOMNMHxUlT,QgUl\-QgU�L$hxL$fYOMNMTVU�UlLYjvO[NKHJUlT � m ` jlI���UyQgH��VLYh ^ �
TVUlL �aTVjvhJ\<L 7pb L$f�O�Q � # � N[QSOMHJTATS|uzEjlTVU � O ^ b L{UvL$jvOMNMHJUvTVI8O[T LYhJLYfYO[NKTVU � O ^ b L{UlLYjvO[NKHJUlTgI
HJU�QSOMz4TgIMb ` LYNMHxf UlL$jvOMNMHxUlTVI��

� ���
��� � �%$ � ������� �
)�� $ �������	� �'��

� ` HJhJLXO ` L	TVNKHJkVHxU Tg|=blNMHxz QgN ^ f$TVIKz4HxfeNMQ ^ I HJI UvTgO �gL$N ^ � L$hJh���UlT �BU���z QgU ^

z-L*QgIKjlNMLYz4LYU�OMI ` Q*�gL ] LYL$U z Qg\vL4Tg|aO ` LYHJN,L$UlLYNMk ^ QgUl\ f$TVz-b TVIMH�O[HJTgU�� m ` L ^ � L$NKL
\lHxIMf$T �gL$NMLY\eHxU � 9 � �,� ` L$U 	 HJfYOMTVN � L$IKIB|�TgjlUl\ LY��Hx\lL$UlfYL=|�TVN{b L$UlL�O[NMQSO[HxUlkEN[QS\lHrQSOMHJTVU
HJU�Q ] QghxhJT�TVU QSO �S�V�V�<z4L�O[LYNMI��

_ TgIMz-HJfANMQ ^ I�fYTVUlIKHJIKO{blNMHxz QgNKHJh ^ Tg|/blNKTgO[TVUvIa�BHxO ` O ` L=NKL$z4QgHJUv\lL$N HJI{z-TVIKOMh ^ ` L �
hJHxjlz HJTgUlI��3syTVN UlL$jvOMNMHxUlTEblNKTp\ljvfYO[HxTVU�H�O{HJI�O ` LdO[TgO[Qgh U�jlz ] LYN{Tg|iU�jlf$hxL$TVUlI � ` HJf ` HxI
NMLYhJL��gQSU�O�� m ` L<f$TVz-b TgIMHxOMHJTVUeTg| � � � �	��� blNKHJz4QgN ^ fYTVIMz-HJfENMQ ^ I HxI 3 	�� ! I ` ^ \lNMT��
kVLYU QgUl\ � 	�� ` L$hxHJjlz � m ` L4NMLYIKO~HJI�|�NMTVzDf$QgN ] TVU��iUlHxOMNMTVkgL$U��iT 7 ^ kVLYU QgUl\ ` L*Q*��HJLYN
U�jlf$hxL$H � 4 3 � �
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� U�TVNK\lL$N�OMT,z-L*QSIMjlNKL{O ` LBblNKHJz4QgN ^ f$TVIKz4Hxf�N[Q ^ � j�7 ��\lL�O[LYfYO[TgNMI QgNML�LYHxO ` L$N � T �BU
TVU ` Hxk ` Qgh�O[HxOMjl\lL ] QghJhxTpTgUlIATVNATVU opbyQgfYL4o ` jvOMOMhJL � Hxk ` O[I��~F IKjlz4z4QgN ^ Tg|�fYjlNMNKL$UZO
z-L*QgIKjlNMLYz4LYU�OMI HJI�I ` T �BU HJU s8HxkVjlNML%� � � � � L$hxT � � �g� �	��� �dz-L*QgIKjlNMLYz4LYUZO[IXQgNKL
z4Qg\lL �BHxO ` z4QgkVUlL�O[Hxf=IMb L$f�O[NMTgz4L�O[L$NKI�� 4"� ��4�� ��4 8 ��4�! ��4 9 � 3Z� ��3 � � 3���� ��F ] T �gL � �g�
�
��� �lz-L*QgIKjlNMLYz4LYU�OMI ` Q �gL ] L$LYUez4Qg\lL jvIMHJUvk-f$QghJTgNMHJz-LYOML$NKI � 3 4 � 3 3 � 3"� � 3"� � 3 8�� �

m ` L,IKjlU	LYz4H�O[IBQ<z4QgkVUlL�O[H �YL$\XblhJQgIMz4QEf*QghxhJLY\XO ` L "KIMTghrQgNa�BHxUl\ $ � _ TVIKz4Hxf N[Q ^ I
zEjlIPO�byQSIMI8O ` NMTVjvk ` O ` L{IMTghrQgN �BHJUv\>O[T=NKL*Qgf ` O ` L L*QgNPO ` � � HJk ` L$UvL$NMk ^ byQSNKO[Hxf$hxL$IihJTVIKL
L$UvL$NMk ^ �t� ` HxhJL,�VL$N ^ hxT � LYUlL$NKk ^ blQgNKOMHJf$hxL$I�\lT UlTgOANML$Qgf ` O ` L>L*QgNPO ` � m ` L>IKO[NKL$UlkSO `
Tg|{O ` L-IMTVhJQgN �BHJUl\ f ` QgUlkVLYIET �VLYN~O ` L f$TgjlNMIKL Tg|{O ` L-IMTVhJQgN�f ^ f$hxL��XF{OEIKTVhrQgN�z4Q'7pH �
zEjlz �/O ` L � j 7 Tg|�byQSNKO[Hxf$hxL$I�|�NMTVz O ` L IKjlU HJI~QSO>HxO[I�b L*Qg� �8� ` HJf ` blNKLY�gL$UZO[I<hJQgNMkVL
��jyQgUZO[H�O[HxL$I�Tg| hxT � L$UlLYNMk ^ byQSNKO[Hxf$hxL$I�Tg|=fYTVIMz-HJfXTVNKHJkVHxU |�NMTVz NKL*Qgf ` HJUlk O ` L�L*QgNPO ` �
m ` L<IKb LYfYO[NKjlzDQgUv\ � j 7�Tg|�fYTVIMz-HJfENMQ ^ I�Q�O ` HJk ` L$UlLYNMkVHxL$I HJIdIKO[Q ] hJLE�BH�O ` NKL$IMb L$f�O
O[T,IMTghrQgN�z-Tp\vjlhrQSOMHJTVU � ] jvO QSO hJT � LYUlL$NKkVHJLYI�� ] L$hJT � � � �
����� � � � � � � � � O ` L � j 74QSUl\
IMb L$f�O[NMQgh�I ` QSb L�Tg| f$TVIKz4HxfEN[Q ^ I�f ` QgUlkgL$I,\lN[Qgz4QSOMHJf*QShJh ^ ��F{O � �
��� � |�TVN=L 7vQgz4bvhJL��
O ` L=blNMTSO[TVU � j 74f ` QgUlkVLYI ]Z^ z-TVNML�O ` QSU Q~| Qgf�O[TVN�Tg| |�TVjlN ] L�O �aLYL$UXIMTghrQgN�z4HxUlHJz>jlz
QgUl\�IMTghrQgN{z4Q'7pHJz>jlz � 3"!�� �

o�HJUlfYL�O ` L>L$QgNKO `	` QSIAQ�z QSkVUlLYOMHJf wyLYhJ\��ubyQgNPO[Hxf$hJLYI��BHxO ` Q4hxT � z-TVz4LYUZO[jlz �BHxhJh
] L<\lL � LYfYOML$\�� 6�7pf$LYbvO�|�TVNAO ` L$IKL<kVL$TVz4QgkVUvLYO[Hxf>L �tLYfYO[I�� O ` L � j�7�Tg|�f$TgIMz-HJfENMQ ^ I HxI
HJIKTgO[NKTVblHxfAO[T-��	 � � � 3 9�� �

� ���
��� ����� � 
 $')�� ���
� )�&(� �"!#�%$'&(�
)
� ` L$U fYTVIMz-HJf<NMQ ^ I,L$UZOML$N�O ` L4QSO[z-TVIKb ` L$NKL��/O ` L ^ HJUZO[LYN[Qgf�O��BHxO ` QSOMz4TVIKb ` LYNMHJf

U�jlf$hxL$HuQgUv\4fYNML*Q�O[L ` Qg\lNKTVUlHxf�I ` T � L$NMI�� m ` L ` Qg\lNMTgUlHJf�LYUl\ � bvNMT�\ljlfYOMI3Tg| O ` L$IKLdI ` T � �
L$NKI � ` HJf ` QgNKL�NMLYIMb TVUlIMH ] hJL�|�TgN z4TgIKO UlLYjvO[NKHJUlTBblNKTp\vjlfYOMHJTVU jlb OMTBQSO/hJL$QgIKO z>jlhxOMH �	� ���
UlLYjvO[NKHJUlT�L$UvL$NMkgHJL$I�QgNKL�blHJTVUvIBQgUl\��SQSTVUlI #

��
 � � 
 � ��� � 
��� � 

|�TVhxhJT �aLY\ ]�^$# � 
 � � 
 � �&% � 
� 	 � � 
��� � ��� � 	
�dLYjvO[NMQgh ��QgTVUlIBfYTVUZO[NMH ] jvOML���HJQ #

� �� � ��
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_a` QgNKkVL$\���QgTVUlIBfYTVUZO[NMH ] jvOML���HJQ #
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 � ��� � 
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 � � � � � � 
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 � � � 	

W�NMT�\ljlf�O[HJTgU�Tg| f ` QSNMz-L$\�z-L$IKTVUlI{\lTgz4HxUyQSO[LYI�O ` L=UlLYjvO[NKHJUlT � j 7�QSOa�gL$N ^ ` Hxk ` LYUlL$N��
kVHxL$I ��IMTgz4L�� ` L$NKL>Q ] T �VL � �EO[T � �V� m L 	 � 4 3�� �

m ` L$TVNKLYO[Hxf*Qgh�f$QghJfYjlhrQ�O[HJTgUlI Tg|�O ` L4Q ] IKTVhJjvOML � j 7 �SQgN ^ ]Z^ � �g� � �iz-TVIKOMh ^ \vjlL
O[T4\lH � L$NKL$UlfYL$IdHJUXO ` L,blHJTgU	blNKTp\ljvfYO[HxTVU�z4T�\lL$hxIBjlIMLY\�� � HxO ` O ` L � 6�oloeQgUl\	F=c%o
\yQSO[Q � 3 � ��3Z�
� ��O ` L�blNMHxz QgN ^ fYTVIMz-HJf�NMQ ^ � j 7-jlUlfYL$NKO[QgHJUZOMHJL$I�QgNKLB\lT �BU4O[T�� � ] LYhJT �
� �V� �	��� � � � � � � � � |�TVN�O ` LEblNKTgO[TgU � j 7pLYI�QgUl\ � � � |�TVN�O ` L ` LYhJHxjlz � j 7pL$I�� m ` HxI
HJI�O ` L<NMQgUlkVL>Tg|3blNMHxz QSNMHJLYI�� ` HJf ` blNMT�\ljlfYL$I z-TVIKOAUlL$jpO[NMHxUlTVIA�BH�O ` LYUlL$NKkVHJLYI ] LYhJT �
� � �
��� � 4 3 � � m ` L ��� 
 ����� � 
����� N[QSOMHJT<HxI���UvT �BUXO[T � � T �VLYNdQ ] NKTZQg\�N[QgUvkVL Tg|qUlL$jvOMNMHxUlT
L$UvL$NMkgHJL$I��A�
	 � � � � �
��� �BIMHxUlf$LeO ` L ^ QgNKL%\lTVz-HJUlQSO[LY\ ]Z^ f ` QSNMkVLY\ bvHJTVU \vL$f*Q ^ �
m ` L	� 	 
��NMQSO[HxT ��� ` HJf ` \lL$b L$Ul\vI�TgU�O ` L blNKTgO[TgU
	SUlLYjvO[NKTVUXN[QSOMHJTETg|iO ` L blNMHxz QgNKHJLYI HxI
��UlT �BUeOMT � � � � �g����� m ` L,NMLYIMjlh�O[HxUlk<UlL$jpO[NMHxUlT � j 7pL$IdQgNML I ` T �BU	HxUesqHJkVjlNKL,� � � �

; � ; : ;E: � �=+>0

� U O ` LehrQSOML � 9�!V� ! I QSUl\ L$QgNMh ^ � 9 9V� ! I�� �,QSz4HxTV��QgUl\lL�QgUl\��Pc � QSOMz4TVIKb ` LYNMHJf
UlLYjvO[NKHJUlT \yQSO[Q HxUl\lHJf$QSO[LY\ O ` L$NKLez-HJk ` O ] L ��� � ��
	TgN ��� � �'% � Q �gTVN-TVIMfYHJhJhJQ��
O[HxTVU � ��� � ����� � m ` L � 6���O[T ��Qgz4HxTV��QEhJTVUvk � ] QSIML$hxHJUlL UvL$jvOMNMHJUvT TVIKf$HJhxhrQSOMHJTVU L 7pb LYNMH �
z-L$UZO � �,��� � �aQgI ] jlHJh�O O[TBIPO[jl\ ^ O ` HxI ��jvL$IKOMHJTVU,jlIKHJUlk�QgfYf$L$hxL$NMQSO[TVN�� blNKTp\vjlf$LY\,UvL$jvOMNMH �
UlTVI����,��� jlIKL$IaQgU HxU�OML$UlIKL�� ` HJk ` � bljvNMHxO ^ �BHJ\lL � ] QSUl\4z>jlTVU UvL$jvOMNMHJUvT ] L*Qgz �"9�! � � �
��� � � �54�� �&% �tQSUl\%� � � � � � � �BHxO ` QgU%Q*�gL$N[QSkVL>LYUlL$NKk ^ � ; � � - � 	54 �
��� � �V�
�/O[T4HJU �
�VLYIKOMHJkZQSOML>UlLYjvO[NKHJUlT � Q*�VTVNdTVIMfYHJhxhrQSOMHJTVU�� m ` L��~� � UlL$jvOMNMHxUlT LYUlL$NKk ^ IMb L$fYOMNMjlz �aQgI
\lLYIMHJkgUlL$\ OMT ] LAIMHxz4HxhrQgNqO[T>O ` L=QSOMz4TgIMb ` LYNMHxfdUlLYjvO[NKHJUlT>L$UlLYNMk ^ IMb L$f�O[NMjvz QgUv\�HJI�HJU �
\lLYL$\�blNMT�\ljlfYL$\<jlIKHJUlkAIMHJz-HJhJQgN/b ` ^ IMHJf$Qghvz-L$f ` QgUlHJIKz4I�� m ` LablNMHxz QgN ^,] L$Qgz�|�TgN �,���
HJI�O ` L � ��n�L 	 ��HxUlLYOMHJf�L$UlLYNMk ^ bvNMTgOMTVU ] L*QSz |�NMTVz O ` L � 6���blNMTSO[TVU � I ^ Ulf ` NKTgO[NKTVU
� � 6�� � W�o � � � 4���� 6��VLYN ^ � � ��I��iQgblbvNMT 7pHJz4QSO[LYh ^ � � � � � � bvNMTgOMTVUlI�HJU UlHxUlL ] jlUlf ` L$I
QgNKL>| QgIKO � L 7pOMN[Qgf�O[LY\ HxU�Q�IMHxUlkVhxL,OMjlNMU�� z4Qg��HJUvk�Q � 	 � �/� ] L*Qgz'IMblHxhJh � � O HJIdIMz4QgI ` L$\
HJUZOMT%QgU QShJjlz-HJU�jlz O[QgNMkgLYO~f$NML$QSO[HxUlk%hJQgNMkVL�U�jlz ] L$NKIETg|�f ` QgNMkVLY\ blHJTgUlI~� ` Hxf ` QgNKL
|�T�f$jlIKL$\ \lT �BU Q	\vL$f*Q ^ � bvHJb L jlIKHJUlk�Q ` TVNMU z QgkgUlLYO~I ^ IKOML$z � � s8HJkVjvNML � �:4 � � m ` L



���

blHxTVUlIA\vL$f*Q ^ HJUZO[T Q � 
 QgUv\�Q ��� � m ` L>zEjlTVUlIAQgNML,wyhxOML$NKL$\�TVjvO ]Z^ Q ] L*QSz6IPO[TVb��
m ` LENKL$IKjlhxO[QgUZO=UlLYjvO[NKHJUlT ] L$Qgz6blQgIMIKL$IAO ` NMTVjvk ` Q IKL$NMHxL$IdTg|3UlL*QSNA\lL�O[L$f�O[TVNKI ] LY|�TVNKL
z4Qg��HJUlkEO ` L~���g��� � �KTVjlNKUlL ^ OMT<O ` L~opjlb L$N

�

��Qgz-HJTV��QgUl\vL=\lLYOML$f�O[TVN�� ��IMHxUlk�n hJT ] Qgh
WqTgIMHxOMHJTVUvHJUlk�o ^ IPO[LYz I[QSOML$hxhJHxOML$I��pHxU�OML$NMQgfYOMHJTVUlIa\ljlL=O[T<O ` L �,����UvL$jvOMNMHJUvT ] L$Qgz f$QgU
] L�O[QgkVkVLY\�QgUl\eQgUyQgh ^ �YL$\�� ceTgNML�HJUv|�TgNMz4QSO[HxTVU Q ] TVjvO�O ` L�UlL*QgNBUlLYjvO[NKHJUlT-\lL�O[L$f�O[TVNKI
HJI{|�TgjlUl\�HJU O ` L�UlL 7�Odf ` QgbvO[LYN��

� ��� ��� ����� � )�� ! � ��� ���
m ` L � 6�� W�NMTgOMTVU o ^ Uvf ` NMTgOMNMTVU � W�o � HJU��KLYfYOMI~H�O[I�blNMTSO[TVUlI,HJUZOMTXO ` L-UlL$jvOMNMHxUlT

] L*Qgz hxHJUlL>LY�VLYN ^ � � ��IMLYf$TVUl\vI ]Z^ | QgIPO�L 7�O[NMQgfYOMHJTVU�� m ` L-UvHJUlL ] jvUlf ` L$I>QgNML�Q ] TVjpO
� �g� � � QSbyQgNKO��pIKT>TVUvL ] L*Qgz IKblHJhxhyHJI�Q ] TVjvO � 	 � �/� � m ` L ] jlUlf ` IPO[NKjlfYOMjlNMLdHJI�I ` T �BU
HJU�s8HxkVjlNKL � �;3 �

F�| O[LYN ] L$HxUlk4kgjlHJ\lLY\	\lT �BU	O ` L ] L*QSz'hxHJUlL �lO ` L~blNMTSO[TVUlIdQgNKL,|�T�f$jlIKL$\%TgU�OMT O ` L
ORQSNMkVL�O �iQgU QghJjlz-HJU�jlz'NMT�\ ��� � �7hJTVUlkXQSUl\-4 � ��HJU \lHJQgz-LYO[LYN�� m ` L<ORQSNMkVL�O~HxI�Q
f$jvNMNMLYUZO � f$QgNMN ^ HJUlkXL$hxL$z-L$UZO Tg|3O ` L>wyNKIKO�Tg|3O � T ` TVNMUlI�� m ` LEwlNMIKO ` TVNMU�HxI Q ` TVhxhJT �
I ` L$hJh�TS|AQShJjlz-HJU�jlz �BHxO ` O ` L ORQgNKkVLYO�NKTp\ HxUlIMHx\lLXQgUl\ HJI��
	 8 � HxU \lHrQgz-LYOML$N<QSUl\
�
	54 8 � HJU hxL$UlkgO ` � F bljlhJIKL$\ f$jlNKNML$UZOeHJIXIMjvblblhJHxL$\ O[T O ` L I ` L$hxh�QgUl\ NMLYOMjlNMUvL$\
QgU HxUlUlL$Naf$TVUl\vjlfYOMTVNBQgUl\ O ` L=ORQgNKkVLYO�NKTp\ f$NML$QSO[HxUlk�Q>O[TgNMTVHx\yQgh z QgkgUlLYOMHJfdwlL$hJ\ � m ` L
wyLYhJ\�|�TpfYjlIMLYI8b TVIMH�O[Hx�gL$h ^ f ` QgNKkVL$\>byQgNKOMHJfYhJL$I HxUZ�{QgNK\EQgUv\>\lL � L$f�O[I8UvL$kZQSOMHx�gL$h ^ f ` QgNMkgL$\
byQgNPO[Hxf$hJLYI�TVjvO~Tg|aO ` L ] L*Qgz � m ` L4IMLYf$TVUl\ ` TVNMU HJI~QghJIKT	Q ` TVhxhJT � I ` L$hxh�QgUl\ HxUlUlLYN
f$TgUl\ljlf�O[TVN Tg|iQghJjvz4HxU�jvz��BHxO ` \lHJQgz4L�O[LYN � 	 �"� � QSUl\�hJLYUlkgO ` �
	:8�� � � � OaHJI�\lL$IKHJkVUvL$\
O[T f$TghJhJLYfYO�b TVIMH�O[Hx�gL$h ^ f ` QgNKkVL$\�blHJTVUvIeQSUl\ |�T�f$jlIXO ` L$z O[T �aQgNM\ O ` L \lLYf*Q ^ � blHxb L �
� TgO `�` TVNMUvI QSNML�bljlhxIMLY\4L��VL$N ^ � � � IKL$fYTVUl\lI�HJUEOMHJz-La�BHxO ` O ` L ] L*Qgz IKblHJhxhvNKL*Qgf ` HxUlk,Q
f$jvNMNMLYUZOBTg|q���g�E��F�� m ` L=O[TSORQgh bljlhxIML=\ljvN[QSOMHJTVU�HxI�4>z-I�� m ` L ^ QgNKL=bljlhxIMLY\XOMT<Q*�VTVHx\
O ` L$NMz4Qgh z-L$h�O � \lT �BUeQSUl\ O[T-z4HxUlHJz-H �YLdLYUlL$NKk ^ f$TVUvIMjlz-bvO[HxTVU��

F�| O[LYNiO ` LaIKL$f$TgUl\ ` TVNKU>HJIqQANKL$kVHxTVU,� ` L$NMLaf*QghxH ] NMQSO[HxTVU�\lLYOML$fYOMTVNMIqf*QgU ] L blhrQgfYL$\��
|�TVhxhJT �aLY\ ]Z^ O ` Le\lL$f$Q ^ � blHJb L�� � L*Qgz z-TVUlH�O[TVNKI-� ` Hxf ` QgNKL	UlTgO HJU blhrQgfYL	\ljvNMHJUvk
UlTVNKz QSh NMjlUvUlHJUlk �yQgNML \vL$IMfYNMH ] LY\	HJU O ` L�UlL 7�O�IMj ] IML$f�O[HxTVU��

m ` LA\lLYf*Q ^ � blHxb L ] LYkVHJUlI � 9 � \vT �BUvIKO[NKL*Qgz |�NMTgz O ` L�ORQgNKkVLYO�� m ` LAwyNKIKOaIML$f�O[HxTVU
HJI � � ��HJU>hxL$UlkSO ` QSUl\ � 	 � � HxU~\lHJQgz-LYO[LYN�� |�TVhJhxT �aLY\ ]Z^ 9V� � IKL$fYOMHJTVU<� � HJU~\lHrQSz4L�O[L$N
blHxb L � QgUl\ wyUyQghxh ^ Q � �g� � IKL$f�O[HJTgU 4 � HJU \lHrQSz4L�O[L$N�� m ` L bvHJb L HxI�wyhJhxL$\ �BHxO `
` LYhJHJjvzDkZQgI�O[T	z-HJUvHJz-H �$LEQ ] IMTgNMbvOMHJTVU hJTVIKIML$I>QgUl\ IML$fYTVUl\yQSN ^ jlUlf$TgU�OMNMTVhxhrQ ] hJL�blHJTgU
blNKTp\ljvfYO[HxTVU��

F{OdO ` L>L$Ul\�Tg|�O ` L>bvHJb L>HJIAQ ] L*Qgz'\ljlz-b%f$TgUlIMHxIKO[HxUlk TS| 4�	 � �DTg|3HJNKTVU��t� �DTg|
f$TgUlf$NKLYO[L~QgUl\ �V� � Tg|qIMTVHxh��
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� ��� ��� ����� � )�� ! � � ��)#�(� � � � � � �
� � �'� ! � � �
� ` HJhJL=O ` L$NKL>QSNML,z QgU ^ HxUlIKOMNMjlz-L$UZOMIdjlIKL$\	OMT4z-L*QSIMjlNKL�O ` L,HJUZO[LYUlIMH�O ^ QgUl\	IKH �YL

Tg| O ` L4blNMHxz QgN ^ blNKTgO[TgU ] L*Qgz �iO ` L$NKL QSNML�O �aT%I ^ IKO[LYz4I~jlIMLY\ O[Tez4L$QgIMjvNML�O ` L-blH �
TVUlI~QgUl\ blNMTSO[TVUlI~QS| OML$N�O ` L�ORQgNKkVLYO~QgUv\ ` TVNKUlI�� m ` L$IML I ^ IKOML$z-IEQgNKL4UlTSO~HxU bvhrQgfYL
\ljlNKHJUlkXUlTgNMz4Qgh�NMjvUlUlHJUvk ] L$f$QgjlIKL-O ` L ^ � TVjlhx\ f ` QSUlkVL<O ` L ] L*Qgz f ` QgN[Qgf�O[LYNMHJIPO[Hxf$I��
m ` LYNML HJIEQgU Qg\l\vHxO[HxTVUyQgh3I ^ IPO[LYz QSOEO ` L�L$Uv\ TS|�O ` L�\vL$f*Q ^ � bvHJb L�� ` HJf ` z-L*QgIKjlNMLYI
O ` LEzEjlTVUvI blNMT�\ljlfYL$\�|�NMTVz blHxTVU�\lLYf*Q ^ � m ` HJIAI ^ IKOML$z Tg|�\lL�O[LYfYO[TgNMI f$TghJhJLYfYOMIA\yQSO[Q
\ljlNKHJUlk�UlTgNMz4QghtTVb L$NMQSO[HxTVU��

m ` L>blHxTVU	z-TVUlH�O[TVNBHJIdQ4kVQgIdwyhxhJLY\��gL$IMIKL$h��BH�O ` Q��aLY\lkVLETS|�Q4IMb ` L$NKHJf*QShqz-HJNKNMTVN
z-TVjlUZO[LY\-HxUlIMHx\lL � s8HJkVjvNMLB� � � � � � ` LYU-O ` LBz4TVUvHxO[TgN8HJI8NMTVhxhJL$\<HxUZO[T blhJQgf$L �VO ` L�z-HJNKNMTVN
HJIAHJU	O ` L ] L$Qgz6QSO�QgU QgUvkVhJLETS| 4V��� NMTgO[QSO[LY\ Q ] TVjvO=H�O[I=hxTVUlk Q�7vHxIA�BHxO ` NMLYIMb L$fYO OMT
O ` L ] L*Qgz � hxHJUlL �dG=jvNMHJUvk4NKjlUlUlHxUlk � O ` L>z-HJNKNMTVNBNKL � LYfYO[I _a` L$NMLYUl�gT �	N[Qg\lHJQSO[HxTVUX|�NMTVz
blHxTVUlIaHxU O ` L ] L$Qgz O[T �{QSNM\XQgUXQgNKN[Q ^ Tg|8�g�>b ` TgO[T � zEjlh�O[HJbvhJHJLYN8O[j ] LYI
� W�c m I � � m ` L
bljlNKb TgIML�Tg|3O ` L<\vLYO[LYfYOMTVN�HJIAOMT z4L$QgIMjlNKL<O ` L<z-TVz-L$UZO[jlz6QgUl\ b TVhrQSN=QgUlkghJLETg|�O ` L
blHxTVUlI QS| O[LYN3O ` L ` TVNMU4I ^ IKOML$z � � Uvf$LdO ` L$IKLAIKL$f$TgUl\yQgN ^ blHxTVU-blNMT�\ljlf�O[HJTgU4blNKTVb L$NKOMHJLYI
QgNKL z-L*QSIMjlNKL$\��=O ` L UvL$jvOMNMHJUvT LYUlL$NKk ^ IMb L$fYOMNMjlz f$QgU ] L \lL$\ljvf$L$\�jlIMHxUlk IKHJz-blhJL
blHxTVU ��HJUlLYz Q�O[HJfYI��%F �$HxzEjvO ` Qgh I ^ z4z-LYOMN ^ TS|�O ` L�bvHJTVU ] L*QSz7HxI<QgIMIKjlz-L$\ HJU O ` HxI
z-L*QgIKjlNMLYz4LYU�O��

_a` L$NMLYUl�gT �<NMQg\lHJQSO[HxTVU~HxI�QgUEL �tLYfYO3IKHJz-HJhrQSN O[T Q=IKTVUlHJf ] T�TVz � � ` L$U�Q=byQgNPO[Hxf$hJL ! I
IMb L$LY\4HxI8| QgIPO[L$N�O ` QgU<O ` L�IMb L$L$\-Tg| hJHxk ` O�HxUEO ` L�z-L$\lHxjlz�HJUE� ` Hxf ` H�O8O[NMQ*�VL$hxI���Q=f$TgUlL
Tg|qhJHxk ` O�HJI�LYz4H�OMO[LY\ �BHxO ` O ` L |�TVhJhxT �BHxUlkEblNKTVb L$NKOMHJLYI #

fYTVI � ��� � �
� �

� ` LYNML � � � � � ��O ` L	IMb L$L$\ Tg|�O ` L%byQgNPO[Hxf$hJLe\lHx��Hx\lL$\ ]Z^ O ` L�IKb LYL$\ Tg|�hJHxk ` O�HxU
�SQgf$jvjlz � � HJI O ` L-HJUv\lL 7 Tg|aNML�|�N[Qgf�O[HJTgU TS|aO ` L4z-L$\lHxjlz �qQSUl\ fYTVI � ��� HJI O ` L ` Qghx| �
QgUlkghJL Tg|iO ` L�fYTVUlL�Tg|qL$z-HxOMOML$\XhJHxk ` O �


 Hxk ` OAHxUlf$Hx\lL$UZO=TgU�Q4IKb ` L$NKHJf$Qgh8z-HJNKNMTVNBHJI�NML � L$f�O[LY\ TgU�OMT Q b TVHJUZOdTVU	O ` L~|�T�f*Qgh
blhJQgUlL�Tg| O ` LBz-HJNMNKTVN ] QSIML$\4TVU<O ` LdQgUlkghJL�Tg| HJUlfYHJ\lLYUlf$LBTVU�O ` L�z-HJNKNMTVN��VHJUv\lL$b L$Ul\vL$UZO
Tg|iO ` L�b TVIMH�O[HxTVU Tg|qHJUlfYHJ\lLYUlf$L�TVU O ` L,z-HJNKNMTVN��

� | � L z4Qg�gL=O ` L QgIKIMjlz-bvO[HxTVU |�TVN O ` L=z-TVz-L$UZOaO ` L TVUlh ^ byQgNKOMHJfYhJL$I HJU O ` L ] L*Qgz
QgNKL{f ` QgNKkVL$\�blHxTVUlI�QgUv\EO ` L{z4QgkVUvHxO[jv\lLaTg| z-TVz-L$UZO[jlz HxI8O ` LaI[Qgz-La|�TVN�QShJh�Tg|yO ` LYz �
z-L*QgIKjlNMHxUlkAO ` L{HJUZO[LYUlIMH�O ^ Tg|uhxHJk ` O�Qgf$NKTVIMI8O ` L{|�T�f*Qgh�blhrQSUlLa� TVjlhJ\ ] L�Q=z-L*QgIKjlNMLYz4LYUZO
Tg| blHJTgU � j 7-QgI�Q=|�jlUlf�O[HJTgU-TS|tb TVhrQSN�QgUlkVhxL�� � |t� L�z4Qg�SLdQ fYTVz4bvhJL$z-L$UZO[QgN ^ QgIMIKjlz4b �
O[HxTVU��ZQShJhvbvHJTVUlI�QgNML�fYTVhJhxHJUlL$QgN���IMHxUlf$L�O ` L _a` L$NKL$Ul�ST �-QSUlkVhJLa\lL$b L$Ul\vI TVU<z-TVz-L$UZO[jvz �
z-L*QgIKjlNMHxUlkAO ` L{HJUZO[LYUlIMH�O ^ Tg|uhxHJk ` O�Qgf$NKTVIMI8O ` L{|�T�f*Qgh�blhrQSUlLa� TVjlhJ\ ] L�Q=z-L*QgIKjlNMLYz4LYUZO
Tg|lO ` L�z4TVz-L$UZOMjlz \lHJIPO[NKH ] jvOMHJTVU�Tg|lblHJTVUvIqHxU,O ` L ] L*Qgz � _a` QgUlkVHxUlkBO ` L kZQgIiblNMLYIMIMjvNML
HJU<O ` L��gL$IKIML$h f ` QgUlkgL$I3O ` L�HJUl\vL 7-Tg| NML�|�N[Qgf�O[HJTgU��Z� ` HJf ` f ` QgUlkgL$I O ` L _a` L$NKL$Ul�ST � QgU �
kVhxL$I{|�TVNBQ<kVH��VL$U�blHxTVU z4Tgz4LYU�OMjlz QSUl\�O ` L�z4Tgz4LYU�OMjlz O ` NMLYI ` TghJ\ |�TVN _a` LYNML$Uv�gT �
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N[QS\lHrQSOMHJTVU � � ^ �SQgN ^ HJUlkEO ` L kZQgI�blNKL$IKIMjlNKL��yO ` L�z-TVz-L$UZORQEQSUl\Xb TVhJQgN�QgUvkVhJLYI{f*QgU ] L
\lL � f$TgU��gTVhx�gL$\��

o�HJUlfYL bvNMTgOMTVUlI�QgNML z-TVNML�z4QgIKIMHx�gL O ` QgU blHJTgUlI��AO ` L$HxN _a` L$NKL$Ul�ST � O ` NMLYI ` TVhx\
HJI ` Hxk ` L$N�� m ` L ` Hxk ` LYIKO~kZQgI,blNMLYIMIMjvNML jlIKL$\ HxI~IKjlf ` O ` Q�O~O ` L blNKTgO[TgU _a` LYNML$Uv�gT �
O ` NML$I ` TVhx\<HJI � 4 �	��� �3opHJUvf$LaO ` L ] L*Qgz�L$UlLYNMk ^ HJI � � �	��� �V�aLBQSNML{QSIMIMjvNML$\-blNKTgO[TVUvI
\lTEUvTgO{fYTVUZORQgz-HJUyQ�O[L�O ` LAz4L$QgIMjlNKL$z-L$UZO{TS| O ` LAblHJTVUvI�� � T � LY�gL$N��lO ` HxIabljvOMI{Q>hxT �aLYN
hJHxz4H�O�TVU O ` L��pHxIMH ] hJL4blHJTVU z4TVz-L$UZOMjlz@QgUl\ O ` L$NML�|�TVNML bvHJTVU z-TVUlH�O[TVN,IKOMjl\lHxL$I�QgNKL
TVUlh ^ jlIKLY|�jlh OMT-NKL$fYTVUlIKOMNMjlf�OdO ` L�UlL$jpO[NMHxUlT � j 7 |�TgN ; ��� ���
��� �

� U4TVNM\vL$N OMT>T ] ORQgHxU4O ` LAHJUp|�TVNMz4QSO[HxTVU<TVU�UvL$jvOMNMHJUvT>L$UvL$NMk ^4] L$hxT � � n L 	 � ] L*Qgz
ceTVUZOML _ QgNKhJT IPO[jl\vHJL$IAQgUl\%��jyQSIMH � L$hJQgIKOMHJf�UlL$jpO[NMHxUlT HxUZO[L$NMQgfYOMHJTVU�IKOMjl\lHxL$I=jlIKHJUlk4UlL*QSN
\lL�O[L$f�O[TVN \yQSORQ QgNMLejlIMLY\�� syTVN-O ` L%bljvNMb TVIMLYI�Tg| O ` HJI4O ` L$IKHJI���bvNML$fYHJIKL%��UlT �BhJL$\vkVL
Tg|dO ` LeUlL$jvOMNMHxUlT IKb LYfYOMNMjlz ] L$hJT � ; � - ���
��� HxI�jlUlUlLYf$L$IKI[QgN ^ IKHJUlfYLeIKHJUlkVhxL ���
LY�gL$UZO[I��A� ` Hxf ` QgNML%z-TVIPO[h ^ � _ HxUl\ljlfYL$\��dQgNKL	z-L*QgIKjlNMLY\ HxU Q NMQSO[HxT �BHxO ` IMHxUlkVhJL
zEjlTgU LY�gL$UZO[I���� ` Hxf ` QgNML4z4TgIKO[h ^ _�_ HxUl\ljlfYL$\�� sqHJkVjlNKL�� � 8eI ` T �BIEO ` L UlL$jvOMNMHxUlT
IMb L$f�O[NKjlz f*QShJf$jvhrQSOML$\ ]Z^%] L*Qgz c _ �BHxO ` HxUlbljvO |�NKTVz'blHJTVU�z-TVUlH�O[TVN�\yQSO[Q QSO O ` L
UlL$QgNB\lLYOML$fYOMTVN��

m ` LablHxTVU~z-TVUlH�O[TVN NKL$hxHJL$IiTVU,O ` LaQ��$HxzEjvO ` QghZI ^ z-z4L�O[N ^ Tg|pO ` L ] L$Qgz � m ` L I ^ z �
z-LYO[N ^ HJI�z-L*QSIMjlNKL$\ ]�^ O ` L�UlL 7pOd\lL�O[L$f�O[TVNB\lT �BUXO ` L ] L*Qgz � hxHJUlL �pO ` L�HJTVUlT�f$TgbvO[LYN��

m � T HxTVUlH �*QSOMHJTVU�f ` Qgz ] L$NMIdQgNKL,z-TVjlUZOML$\�TVU	Q<� ` LYL$h/� ` HJf ` HJIBNMTSORQSOML$\�T �gL$NdQ
N[QSUlkVL�Tg|3�g�g� � � s8HxkVjlNML,� � ! � � 63Qgf ` f ` Qgz ] L$N ` QgIA�V� �$� � �6IM��jyQgNKL>byQg\vIdTVNKkZQgUlH �$LY\
HJU>Q=� � � � kVNKHJ\��8opHxUlf$L�O ` L f ` Qgz ] L$NKI�QgNKL � !g� � QgbyQSNKOi|�NMTVz L$Qgf ` TgO ` L$N�� ]Z^ NKTgORQSOMHJUlk
O ` NMTVjlk ` O ` LA|�jvhJhuN[QgUvkVL=Tg|/z-TgO[HxTVU TS| O ` LA� ` L$L$h �pO ` L=f ` Qgz ] LYNMI�f*QSU ] LAf*QghxH ] NMQSO[LY\
NMLYhrQSOMHx�gL=O[T�L*Qgf ` TgO ` L$N��

G Q�ORQ,QgNML�UlTgO f$TVhxhJLYfYO[LY\4\vjlNMHxUlk>UlTgNMz4QghyNMjlUvUlHJUlk,IMHxUlf$L �vhxHJ�gL�O ` LAblHxTVU-z4TVUvHxO[TgN��
O ` LeHxTVUlT�f$TVbvOML$N<z-L*QgIKjlNMLYz4LYUZO HxI-\vL$IKOMNMjlf�O[H��VL�� m ` LeIMQgz-blhJLX\yQSO[Q HxU s8HJkVjvNML�� �59
I ` T � kVTpT�\XQ��YHJzEjvO ` Qgh I ^ z4z-LYOMN ^ �

o�HJUlfYL	UlLYHxO ` L$N O ` L	blHxTVU z-TVUlH�O[TVN�UlTVN4O ` LeHJTVUlT�f$TgbvO[LYN f*QSU ] LeHJU O ` L ] L*Qgz
\ljlNKHJUlk�UlTgNMz4QghtNKjlUlUlHxUlk �lH�OBHJI�jlIKLY|�jlh OMT ` Q �gL>QE�aQ ^ Tg|8z-TVUlH�O[TVNKHJUlk~UlL$jpO[NMHxUlT-blNMT �
\ljlf�O[HxTVU%\ljlNKHJUlk4UlTVNKz QghiNMjvUlI��=F{OdO ` L>L$Ul\�Tg|�O ` L>\vL$f*Q ^ � bvHJb L<QgNML>Q f$TghJhJLYfYOMHJTVU�Tg|
\lL�O[L$f�O[TVNKI � ` HJf ` z-L*QgIKjlNML>O ` L<zEjlTgU � j 7�|�NKTVz6bvHJTVU%\vL$f*Q ^ � m ` L<z-L*QgIKjlNMLYz4LYU�OMI
blNKT ��Hx\lL ] TgO ` � j 7XHxUv|�TVNMz4QSOMHJTVU QSUl\Xz4TVUvHxO[TgNMHJUvkETg|iO ` L�b TVHJUZO[HxUlk�QgfYf$jlNMQgf ^ TS|8O ` L
UlLYjvO[NKHJUlT ] L$Qgz QgUl\ QgNML�jlIMLY\�O[T,IMLYhJL$f�O{kVT�T�\4IKblHJhxhJI �qO ` TVIKLd� ` Hxf ` �BHxhJh ] LdjlIKL$\ |�TgN
\yQSO[Q�QgUyQgh ^ IKHJI��

m ` LdzEjvTVUlI3z4TgUlHxOMTVNMI3QgNKLBblhrQgfYL$\-\lT �BUlIKOMNML$Qgz Tg|tO ` L
4
	 � � Tg| HxNMTVU-QgUv\�� � Tg|
f$TgUlf$NKLYO[L �3FAhJh ` Qg\lNMTgUlHJfBbyQgNPO[Hxf$hJLYIaQSNMLBwyhxOML$NMLY\ TVjpO ]Z^ O ` HxI z4QSOML$NMHJQghyQgUv\ TVUlh ^ ` HJk `
L$UvL$NMk ^ zEjlTVUlIib L$UlL�O[N[Q�O[L3O[TBO ` L�\lLYOML$f�O[TVNKI�� m ` LYNML�HJIiQBIML$kgz4LYU�OML$\EbvhrQSOML�HxTVUlH �*QSOMHJTVU
f ` Qgz ] LYN � � �PovW � _�� QgUl\ Q,IKTVhJHx\4IKHJhJHxf$TVU<\vLYO[LYfYOMTVN � olovG � QgNMNMQ ^ QgI I ` T �BU�HJU4s8HxkVjlNML
� � � � � m ` L � � ovW � _ f$T �VLYNMI�Q � 	 8�� � � � 	:9 � QSNML*QeQgUl\ z-L*QgIKjlNMLYI~O ` L ` TVNKH �YTVUZORQgh
QgUl\��VLYNKOMHJf*QSh bvNMT��KLYfYO[HxTVUlI�Tg|tO ` LBzEjlTVU-blNKTgwyhJL � m ` LAolovG HJI�Q,IKHJhxHJf$TgU-blQg\4\vLYO[LYfYOMTVN
� ` LYNMLAblQg\lI QgNML�QgNKN[Q ^ LY\ HJU�O ` LdI ` Qgb LdTg| O �aT~f$TVUvf$L$UZOMNMHJf�f$NKTVIMIKL$I f$T �VLYNMHJUvkEQgU4QgNML$Q



��!

�
	 ! � �e�
	 ! � � m ` L � 8>byQg\lI�TgU�O ` L ` TgNMH �YTVUZORQghtQgUl\ �VLYNKOMHJf*QSh Q'7pL$I�QgNKL � � � �%� � �
QgUl\ IKbyQgf$LY\ 4"� � �7QgbyQgNPO �t� ` HJhJLEO ` L<\lHJQgkVTVUyQSh�Q'7pL$I � � QgUl\ � � jlIKL 9�hJQgNMkgL$N=byQS\lI
4�	;3 � � � 4�	 ��� � � � s8HxkVjlNML � � � � � � m ` L<olovG�kVH��VLYIAO �aT \lHJz-L$UlIKHJTVUlQgh ] L$Qgz � blNMTSwyhJL
HJUp|�TVNMz4QSO[HxTVU��
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s8HxkVjlNML>� � � # F�opjlz-z QSN ^ Tg| _ TgIMz-HJf,N[Q ^ \yQSORQ��BHxO ` blNMLY\lHJf�O[HxTVUlIB|�NMTVz � 4 3�� � m ` L
NML�|�L$NKL$UlfYL$Iq|�TgN/O ` L3\yQSO[QdQgNKL # f$NKTVIMIKL$I � 4"�
� �Sjvb��aQgNK\>O[NKHrQgUlkghJL$I �;4�������TVb L$U,f$HJNKf$hxL$I �;4 8����
�VLYNKOMHJf*QSh-\vHrQgz-TVUl\lI � 4 9�� �<\lT �BUZ�{QSNM\�OMNMHrQSUlkVhJLYI � 3V������fYHJNMfYhJLYI � 3 � ����IM��jyQSNML$I � 3Z�����
` TVNKH �YTVUZORQgh3\lHJQgz4TgUl\lI � 3 4�� ��\lT �BUZ�{QgNK\ TVb L$U OMNMHJQgUlkVhxL$I � 3 3 ���qjlbZ�{QSNM\ TVb L$U O[NMHJQgU �
kVhxL$I � 3 ��� �yTVb LYUX\lHrQgz-TVUl\vI � 3"�
���uQSUl\eTgb LYUeIK��jlQgNMLYI � 3 8
� �
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s8HxkVjlNML~� � � # m ` L � j 7pL$IA� L,jlIML>QSOAopjlb L$N
�

�,QSz4HxTV��QgUl\lL � � TVUl\yQ-HJI�|�NMTVz�� �g�
�8QSUl\
� QgNPO[TVhtHJI{|�NMTgz � � � � �
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s8HxkVjlNML � �:4 # �A�gL$NK��HxLY� TS|qO ` L �~� ��L 7pb L$NKHJz-L$UZO �
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Timing of 1kt Events

s8HxkVjlNML>� �;3 # m ` L ] L*Qgz IKOMNMjlf�O[jlNKLE|�NMTVz L��VL$UZOMI,NKL$fYTVNM\lLY\ HJUeO ` L � �ZO=�aQSOML$N _a` L �
NMLYUl�gT �X\lL�O[LYfYO[TgNd\lLYIMfYNMH ] L$\�HJU _a` QSbvO[LYN 4 �
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s8HxkVjlNML � � � # _a` L$NMLYUl�gT ��N[QS\lHrQSOMHJTVU �
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s8HxkVjlNML>� �:8 # m ` L �,��� UlLYjvO[NKHJUlT IMb L$fYOMNMjlz'|�NMTVz6c _ IPO[jl\lHxL$I Q�O=hJT � LYUlL$NKk ^ QSUl\
blHxTVU%z-TVUlHxOMTVN�\yQSORQ QSO ` Hxk ` LYNAL$UvL$NMkgHJL$I�� m ` L>| QgN 	SUlL*QSN=N[QSOMHJT4HJI=Q4z4L$QgIMjlNKLETg|3O ` L
\lH �tLYNML$Uvf$L-HJU �~� � ] L$Qgz � j�7vLYIEQSO>opjvb LYN

�

��Qgz-HJTV��QgUv\lL � ���S����z Q*�{Q ^ � QSUl\ Q�O
O ` L,UvL*QgNB\lL�O[L$f�O[TVN�QgNKN[Q ^ �
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Measuring axial symmetry

In the target area
(In the beam periodically)

Chambers

s8HxkVjlNML � � ! # m ` L~HxTVUlT�f$TVbpO[L$N��
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Beam intensity in data run, Jan.,2000
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s8HxkVjlNKL�� �59 # m ` L,HJTVUlT�f$TgbvO[LYN{\yQSO[Q �
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s8HJkVjvNML�� � � � # m ` L~zEjvTVUXz4TVUvHxO[TgN��
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� 2%+E1	���=! �

�X��1 � !�� : +E0 "$
 � +E#��%�A+E#�� : ;E: � � ��� +~�8� !
� 2%� !�� # �<
,� ?@�A�8� (���
-!3�

� TgO ` \vLYO[LYfYOMTVNMI�jlIKL$\E|�TVNqIKOMjl\ ^ HJUlk � � 	 QgNKLahrQSNMkVL3�{Q�O[L$N _a` L$NKL$Ul�ST ��\vLYO[LYfYOMTVNMI��
opjlb L$N

�

��Qgz-HJTV��QgUl\vL � o � � HJI�O ` LBhrQgNKkVL$IPO��{Q�O[L$N _a` LYNMLYUl�gT �-\lLYOML$f�O[TVN3HJU<O ` L��aTVNKhJ\��
� O ` QgI ] LYL$U�jlIMLY\XOMT<IKOMjl\ ^ Q>�SQgNKHJLYO ^ Tg|/O[TVbvHJf$I |�NMTVz�byQgNPO[HJfYhJLdb ` ^ IKHJfYI��uf$TVIKz4Hxf=N[Q ^
b ` ^ IMHxf$I,QgUl\ QgIPO[NMTgb ` ^ IKHJfYI�� m ` L � ��HJhxTgO[TgU	�{Q�O[L$N _a` L$NMLYUl�gT � \lL�O[L$f�O[TVN � � �ZO � HxI Q
IMz4QghxhJL$N=�gL$NKIMHJTgU Tg|�o � QgUl\ HxI�byQgNKO~Tg|{QgU QgNKN[Q ^ Tg|�UvL*QgN,\lLYOML$f�O[TVNKI~|�TVN O ` L �,���
hJTgUlk ] QgIKL$hJHxUlL UlLYjvO[NKHJUlT-L 7pb L$NMHxz4LYUZO �

�X� � � +~���=! � 2%� !�� # �<
,� C �d��2%
X�%
-)$
�9<�

m ` L~blNKHJz4QgN ^ Qg\v�SQgUZORQSkVL~TS|8�aQSO[LYN _a` LYNMLYUl�gT �e\lLYOML$fYOMTVNMIdHJI�O ` L$HJNBIKH �$L � � QSO[LYN
HJIXHxUlL 7pb L$UlIKHx�VL QgUl\ HxOMI�O[N[QSUlIMbyQSNML$Uvf ^ z QS�gL$I�HxO�QSU L 7vfYL$hxhJL$UZOeTVbvOMHJf*QSh=z4LY\lHJjvz �
opHxUlf$L�b ` TgO[T � \lLYOML$f�O[TVNKI QSNMN[QSUlkVL$\�TVU�O ` L�IMjlNP| Qgf$LBf*QSU4\lL�O[LYfYO�hJHxk ` O�blNMT�\ljlfYL$\-HJU<O ` L
f$LYUZO[L$N��VTVUlL f*QgU>HJUlfYNML*QSIML O ` Laz4QgIKIqTg|yQd\lL�O[L$f�O[TVNi� ` HJhxL TgUlh ^ HxUlf$jvNMNMHxUlk=Q�� �
	 � � � �

7
�

HJUvf$NML$QgIML�HxUXO ` L�f$TVIPO�Tg|8b ` TgO[T�� \lL�O[L$f�O[TVNKI��
_a` L$NMLYUl�gT � N[Qg\lHJQSO[HxTVU<�{QSIa\lLYIMf$NKH ] L$\�HxU-O ` LAbvNMLY��HxTVjlIaf ` QgbvO[LYN{QgIaQgNMHxIMHxUlk |�NMTVz

Q�f ` QgNMkgL$\�byQgNKOMHJfYhJL=O[NMQ*�VL$hxHJUlk<| QgIPO[LYNBO ` QgUXO ` L�IKb LYL$\	TS|8hxHJk ` OBHJU�Q<z-L$\lHxjlz ��o�HJUlfYL
�aQSO[LYN ` QgI8QgUEHxUl\lL 7,TS|yNML�|�N[Qgf�O[HJTgU>Tg| � 3 � 4 �S� ` L$U<byQgNPO[Hxf$hJLYI ` Q*�VL�Q�IMb L$L$\���� 4 � 3 �
O ` L ^ �BHJhxhibvNMT�\ljlf$L _a` L$NKL$Ul�ST �%N[QS\lHrQSOMHJTVU�QSOAQ4f ` QgN[Qgf�O[LYNMHJIPO[HxfEQgUlkghJL�� � � �u�BHxO ` O ` L
|�TVhxhJT �BHJUlk>\lHJIPO[NMH ] jvOMHJTVU #

� � �
� � ��� � ��� �

�
�
� � �

� � � � ��� � � � ��� �
� IMHxU � �
	 


� ` LYNML �	HJIqO ` L{wyUvL�IPO[NKjlfYOMjlNMLBf$TgUlIKO[QgUZO ���-HxI8O ` L{�aQ*�VLYhJL$UvkgO ` Tg| O ` L�LYz4H�OMO[LY\<hJHxk ` O �
QgUl\
��HxI{O ` L,byQSO ` Tg|qO ` L�byQSNKO[Hxf$hxL�� � ` HJhxL � � \lLYb LYUl\lIdTVU�O ` L � Tg|�Q-byQSNKO[Hxf$hxL��lHxU
blNMQgfYOMHJf$L � �aL<T ] IMLYNK�VL-byQgNPO[Hxf$hJLYIA� ` Hxf ` QSNMLE�VLYN ^ LYUlL$NKkVLYOMHJf<IKjlf ` O ` QSO�� HJI�QShJz-TVIKO
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SK TANK

REVERSE#
OSMOSIS

BUFFER #
TANK

PUMP

PUMP

PUMP

FILTER#
(1 m Nom.)

UV STERILIZER
HEAT#

EXCHANGER

ION EXCHANGER

VACUUM#
DEGASIFIER

CARTRIDGE#
POLISHER

ULTRA#
FILTER

REVERSE#
OSMOSIS

PUMP

RN-LESS-AIR#
DISSOLVE TANK

RN-LESS-AIR

SUPER-KAMIOKANDE WATER PURIFICATION SYSTEM

sqHJkVjlNKL 4 � ! # m ` L��{QSOML$NBbljlNKHxwyf$QSO[HxTVU I ^ IPO[L$z �

z-TVIMb ` L$NMHxf�UlL$jvOMNMHxUlT�LY�VLYUZO[IAjvIML$\e|�TVNBQgUyQgh ^ IMHJI ` Q �gL>z-HJUlHxzEjlz ��HJIKH ] hxL L$UlLYNMkVHxL$IBTg|
� � �V� � ��� �yIMT<O ` L O[NMHxkVkVLYN�L �-f$HxL$Ulf ^ HJI � �V� � �

� O8HJIqHJz-b TVNPORQgUZO/O[TAUlTgO[L �g|�TVNqL*Qgf ` W�c m ��O ` LYNML�QgNKLaO � T f ` QgUlUlLYhJI�TgU>O ` LaF m ceI
hrQ ] LYhJhJLY\EF QgUl\ � �ZopHJkVUlQghJI8|�NKTVz�O � T,IMjlfYf$L$IKIMH��VL�LY�VLYUZO[I���|�TVN�L 7vQgz-blhxL��ZQ zEjlTgU4QSUl\
\lLYf*Q ^ L$hxL$fYOMNMTVU �yf*QgU ] L,\vHJkVH�O[H �YL$\ IKHJzEjlh�ORQgUvL$TVjlIKh ^ O[T�z-HJUlHxz4H �$LA\vL*Qg\ � O[Hxz4L �

m ` L ��G W�c m IdQgNMLAblNMT�f$LYIMIMLY\ ]Z^ \vH � L$NMLYUZOBL$hJLYfYOMNMTVUlHxf$I�� m ` L�IMHJkgUyQghJI{QgNML=fYTVh �
hJLYfYOML$\ ]Z^ � m _ � f ` QSNMkVLEOMT�O[HJz-HJUvk4fYTVUZ�VL$NPO[LYN � z4T�\ljlhxL$I�� m ` L � m _ I LYz4H�O=bljvhJIMLYI
� ` TVIKLXhJL$UvkgO ` IEQgNML�bvNMTVb TVNKOMHJTVUlQgh�OMT%O ` LXQSz4TVjvU�OETg|�f ` QgNMkgL�� m ` L�O[HJz-HJUvk	HJUp|�TVN �
z4QSO[HxTVU	HxIA\lL�O[L$NKz4HxUlL$\ ]�^ O ` L>hJL*QS\lHJUlk4L$\lkgLETg|�O ` LEbljlhxIML�� m ` L$IML�IKHJkVUyQShJIdQgNML>|�LY\
HJUZOMT m G _ � O[Hxz4L=OMT-\vHJkVH�ORQgh f$TVUZ�VLYNKOML$N � z4T�\ljlhxL$I{� ` Hxf ` fYTVUZ�VLYNKO�O ` L,hJL$Qg\lHJUvk<L$\lkVLYI
QgUl\ hJL$UvkgO ` I>HJUZO[T�O[HJz-L4QgUl\ f ` QSNMkVL�HxUv|�TVNKz QSOMHJTVU � m ` HJI>HxI~O ` L$U IKL$UZOEO[T%Q 	 c 6
z-L$z-TVN ^ z-Tp\vjlhJL-QgUl\ f$TVhxhJL$f�O[LY\ ]Z^ Q��aTVNK��IKORQ�O[HJTgU��	sqHJUyQghxh ^ �/O ` L�HxUv|�TVNMz4QSOMHJTVU�HxI
IMLYUZO<O[T	O ` L�TVUlhxHJUlL ` TVIPOEfYTVz4bvjvO[LYN>� ` HJf ` HxUlf$hxjl\lLYI~O ` L � G HJUv|�TVNKz Q�O[HJTgU HxU O ` L
LY�gL$UZO[IdHxO ] jlHJhx\lI��
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20-inch PMT

ATM

x 240

x 20

ATM

GONG

SCH

interface

SMP

SMP

SMP

SMP

SMP

SMP

TRIGGER

HIT INFORMATION

x 6

Analog Timing Module

Ultra Sparc

VME

online CPU(slave)

online CPU(slave)

online CPU(slave)

online CPU(slave)

online CPU(slave)

online CPU(slave)

online CPU(slave)

Ultra Sparc

VME

online CPU(slave)

Analog Timing Module

TKO

TKO

Ultra Sparc

Ultra Sparc

Ultra Sparc

Ultra Sparc

Ultra Sparc

Ultra Sparc

Ultra sparc

Ultra Sparc

interface

online CPU(host)

online CPU
(slave)

VME

FDDI

FD
D

I

TRIGGER

Super Memory Partner

Super Memory Partner

SMP x 48 online CPU(slave) x 9

PROCESSOR

TRG

interrupt reg.

20-inch PMT

ATM

x 240

x 20

ATM

GONG

SCH

20-inch PMT

ATM

x 240

x 20

ATM

GONG

SCH

20-inch PMT

ATM

x 240

x 20

ATM

GONG

SCH

interface

SMP

SMP

SMP

SMP

SMP

SMP

PMT x 11200 ATM x ~1000

s8HJkgjlNML 4 �59 # opjvb LYN
�

��Qgz-HJTV��QgUv\lL GBF � �BHxO ` QSNMNMT �BIBI ` T �BHxUlk�O ` L � T � TS|8\yQ�ORQ �

�X��� � � � ?@�A�8� (���
-!


 T�f*QSOML$\ Q ] TVjpO 4V�V�Sz@\vT �BUvIKO[NKL*Qgz7Tg|�O ` L�blHJTgU blNMT�\ljlf�O[HxTVU O[QgNMkVL�OEHxI~O ` L �
�ZO[TVU<Hxz QSkVHJUlkB�aQSO[LYN _a` L$NKL$Ul�ST ��\lLYOML$fYOMTVN�� � ��O � �qFAI�TVUvL{Tg|uO ` LaUlL*QgN8\lLYOML$fYOMTVNMI��ZHxOMI
blNKHJz4QgN ^ bljlNKb TVIKLBHJI�O[T�z-L*QgIKjlNML�O ` L���� HxUZO[L$NMQgfYOMHJTVU�NMQSO[LBQgUv\-LYUlL$NKk ^ IMb L$f�O[NKjlz � � O
f*QSU%QghxIMT ] L�jlIKL$\	OMT4IPO[jl\ ^ UlL$jvOMNMHxUlT4HxUZO[L$NMQgfYOMHJTVUvI�HxU�QgUeLYUlL$NKk ^ N[QgUvkVL�HJz-b TVNPORQgUZO
|�TVN,QSOMz4TVIKb ` LYNMHJf<UvL$jvOMNMHJUvT	QgUlQgh ^ IMLYI�� m ` L �,����UlL*QSN,\vLYO[LYfYOMTVN>QSNMN[Q ^ QSO � 6�� HxI
I ` T �BUeHJU�s8HxkVjlNML 4 � � � �

m ` L � ��O3\vLYO[LYfYOMTVN3HJI���jlHxOMLBIMHJz-HJhJQgN/O[T~opjlb L$N
�

��Qgz4HxTV��QgUl\lL � s8HxkVjlNML 4 � � � � � m ` L
W�c m I��vL$hJLYfYOMNMTVUlHxf$I��pO ^ �VLYf�QgUl\ ] hJQgfR��I ` LYLYOMHJUlk<QSNMLdO ` LAIMQgz-L�� m ` L=\vH � L$NMLYUlf$LYI�QgNKL
QgI{|�TVhxhJT �BI���s8HJNKIKO{TS|8QShJh���O ` L=ORQgUl�4HJI{IKz QShJhJLYN�� � O�HJI�Q<f ^ hxHJUl\vNMHJf$QghuORQgUl� � ��	 ! � ` HJk `
QgUl\ � �
	 ! �6HJU \lHJQgz-LYO[LYN�� m ` L�HxUlUlL$N{�gTVhJjvz4L HxI�!�	 � � ` Hxk ` QgUl\ !�	 � �'HJUX\lHrQSz4L�O[L$N
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Along the Track true - fit Perpendicular to the Track true - fit
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KT π0  Sample Composition vs. Eνν
– KT π0  Sample Composition Fraction
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