
����������	
��� ������	����	
����� ��������������� �!�

�����"���	����#��� ������

$&%('*)+)+,.-0/1$2/3'*465
)+7(8:9;'</=/3,>%�/=4�/=?(,�%@,>AB$(-0/39;,>53/�4@CEDF469;A>73/3,>-G)+D='*,>5HD=,

$(5(%I/=?(,�D=469J9;'</=/3,>, 4@5&KL-=$(%@73$M/=, )N/37H%@'*,>)
4@C�)N/0$(5(CO4@-3%&7(5H'QP@,>-3)+'</:R

'*5�AB$(-0/3'<$(S�C27HSOC2'*SOSO9;,>5H/�46C�/3?H, -3,>T@7('*-3,>9;,>53/3)
CO46-U/3?H, %(,>KL-3,>, 46C
%@4@DF/346-G46CVA>?H'*S04@)+46A>?FR

W3XQY[Z]\^Z`_[a1aBb
cBdMeMZ"fBghghf



�� �������
	������������������������������	! �"#"$ 

%�&�&(' �)������ ' �*���*	�+��*,

X X



���`Z b _[X���� _��
	
_����
	�BZ b[Z�	�� _��MX Y��2XQY[Y Z b _�	
_[XQahe�	Be�� _��
	�_�X e
� � a��MX eMXQaBe X _JXQY�� d�������	��MZ��Od
	�_ Z��FXQe�Y�� a��.Z 	Be��!�0d�	��QX _"���#	
Y
	 �MXQY Y[Z`b _�	�_ XQaBe$� aBb _��MZ%�MZ'&hb[Z`Z a��)(;a*�`_ aBb a��)+,�2X��QaBY[a����-��.

(/	��0�MeMZ21^a���� Z b
3 + b XQe��`X��
	��546�0�0X Y[Z b�7

���`Z b _[X���� _��
	
_����
	�BZ b[Z�	�� _��MX Y��2XQY[Y Z b _�	
_[XQahe�	Be�� _��
	�_�X e
� � a��MX eMXQaBe X _JXQY�� d�������	��MZ��Od
	�_ Z��FXQe�Y�� a��.Z 	Be��!�0d�	��QX _"���#	
Y
	 �MXQY Y[Z`b _�	�_ XQaBe$� aBb _��MZ%�MZ'&hb[Z`Z a��)(;a*�`_ aBb a��)+,�2X��QaBY[a����-��.

8 XQb:9 b[X Z�� � 	Be3<; Z�=Mb Z'>@? eMX��BZ b[Y X _"�07

���`Z b _[X���� _��
	
_����
	�BZ b[Z�	�� _��MX Y��2XQY[Y Z b _�	
_[XQahe�	Be�� _��
	�_�X e
� � a��MX eMXQaBe X _JXQY�� d�������	��MZ��Od
	�_ Z��FXQe�Y�� a��.Z 	Be��!�0d�	��QX _"���#	
Y
	 �MXQY Y[Z`b _�	�_ XQaBe$� aBb _��MZ%�MZ'&hb[Z`Z a��)(;a*�`_ aBb a��)+,�2X��QaBY[a����-��.

8 X�� Y:8 X��QY[Y ahe

46�0�Mb[aA�hZ'�B� ahb�_��MZ�? e2X��hZ`b[Y X _"�DC a ��� X _[_ Z`Z#ahe \^b�	E�Md
	
_[Z
F _[d��MXQZ`Y�G

X XQX



�(a � � � 	
_��MZ b'��� ahb �MXQY � aA�hZ2	Be�� Y[d��0�:ahb _.

X��



� ����� ��� 	�
�� �� 
������

96X b[Y _��)� > ahd���� �QX��
Z _[a _���	Be�� � � 	��0�0XQY Z b�(/	E���MeMZ 1 a����QZ`b/� ahb �MZ`b Y[d0���:aBb _"_��Mb[aBd�&��Mahd1_
� � �hZ�	Bb[Y 	
_ F _�	
e0� ahb�� . (/	����MeMZ �
	BY _�	
d�&�� _ � Z � 	Be-��_��MXQe�&BY"XQe0���Qd0�MXQe�& _ Z`e
	�� X _"��� _��2Z
X � �.ahb _�	Be�� Z a��:�Ma����MX e�&!�MX�&���� Y _�	
e��
	Bb��MY��,	Be0� _��MZ 	
b _ aE�:���Ma1aBY[XQe0& � a � �:Z'��� XQe�&�b[Z`Y[Z�	Bb����
�Mb a�=��QZ � Y'.���� �hZ�=:Z`Z eEXQeMY��MXQb Z�� =-� �MZ b/=2b[X����QX�	Be�� ZE� �
	
b�� > aBb�� �)	
e�� �MZ��MX��	
_[XQahe 	
e�� ��	A�BZ
=.Z eMZ��M_[_[Z��!&Bb[Z	�_���� � b[a � �MZ b:&hd2X��
	Be0� Z2	Be���Z��0	 � ��� Z�.
� > ahd���� 	��QY a �QX��
Z�_ a _��
	Be � � �"! �`a#� 	E�0�0XQY[Z`b$���%8 X b 9 b XQZ�� � 	Be . 8 XQb$� Y�Y[d��0�:ahb _ 	
e��

�
	
_[XQZ`e�� Z�Y _ X���� 	BY _[ahdMe�� � Z�. � e 	����MX _ X ahe#�)�2XQY"_[Z����MeMX��	�� �MZ��2_�� 	Be�� 	
_ _ Z e _[XQahe _[a �MZ`_�	BX��
> Z b[Z]XQe2Y _ b d � Z e _�	��FXQe _��MZ%�MZ �hZ'�Qa�� � Z e _ a��(_��MX Y > ahb%� . � > 	BY �BZ b���� d����-��_ a �
	�hZ2� b ahY[Y Z��
�
	
_��MY:>�X _�� 8 X b�Z	Bb���� X e � �$�	Bb Z Z b 	Be�� 	 � &hb�	
_ Z � d��=_���	
_��MZ ��	BY �`ahe _ X e0d2Z�� _[a&� e0� _��2Z
_ X � Z _ a � a���� 	�=.ahb�	
_ ZE�0�MZ`Y��MX _ Z%=:Z`XQe�& �
	E����> 	A� 	Bb[aBdMe���_��MZ/> ahb����#.
� > ahd����!	�� Y[a � X��BZ;_[a _��
	Be �$8 X�� Y 8 X��QY Y[ahe � ahb �MX Y > 	
b � 	Be0��>�X Y[Z%� ahd2eMY[Z'�H_��Mb[aBd�&��Mahd1_

� � �BZ	Bb Y�	
_ F _�	Be0� ahb��#. ��� �hZ &hb[Z�	
_���� 	����Mb Z��`X 	
_[Z�� 8 X��'� Y^Z`eO_��OdMY[X�	BY _[X���Y d����.ahb _�� � b a � _��2Z
_ X � Z �2> 	BY _��MZ � 4 � ahb �MXQY � 	����MX eMZ � Z	Bb eMXQe�& �'� 	BY Y�� _��Mb ahd�&�� �MX Y(� e
	���b Z	��2XQe�&�a�� � �
_��2Z Y[X Y�.

� �MZ%> ahb%��XQe _��MXQY _��MZ Y XQY�XQY _��MZ%�Mb[a*�Md�� _ aE�)�`a�����	�=:aBb�	
_[XQaheMY,>�X _���	 eOd � =:Z`b aE�)�.Z a��0�QZ�.
) aB_�� (/	����Me2Z 	Be�� 8 XQb��
	�hZ eMaB_+* dMY _^Y d��.Z b��0X Y[Z��V_��2XQY > ahb%� � =2d2_/�
	�hZ =.Z Z`e�XQe _ X � 	�_ Z����
XQe-�Ba����BZ���XQe X _ Y �MZ'�BZ�� a�� � Z e _./� e 	��0�MX _[XQahe#� ��� �hZ �
	E��_��MZ &ha1a*�!� ahb _ dMe2Z"a�� � a���� 	E=:ahb�	
_ X e�&
>�X _��G_"> a�_[b[d���� ���MZ e2a � Z`e
	��:� a����QZ�	�&hdMZ`Y�. � e � 	
e � > 	�0Y�� � �#_��MZ Y XQY =2dMX����MY d��:aBeG_��2Z
� ahdMe0�
	
_ X ahe
	�� > aBb�� _��
	
_ 4 �0X:+ � Z-,:Z b �2d2_ � ahb _��UX e �MXQY _��MZ Y XQY'. 4 �0X 	Be�� �2�MZ����:Z'�UZ�	����
aB_��MZ b _��Mb ahd�&��U_��MaBY[Z.� b[Y _ �BZ	Bb Y�a�� &Bb�	��UY����Ma0a��<� XQe��'�Qd��2XQe�& =.aB_�� _��MZ XQe _[Z���� Z�� _ d
	��:	
e��
�.Z b[Y ahe
	�� ���
	����QZ`e�&hZ Y'. ; Z"X YJeMa
_Jahe0����	Be�X eMY��2XQb[X e�& _��MX e��BZ`b0/&Y[a � Z ahe2Z >:�Ma�X Y e2aB_ 	 � b�	BX��
_ a _�	���� � Z�_��2Z1! =MX�&�� �Mb a�=�� Z � Y X e�b Z Y[Z�	Bb����2/ =Md2_�	���� ahY[Z � b[X Z e�� 	
Y2> Z���� .13 ahb Z�b[Z'� Z`eO_������
�:�
	�hZ �
	E� _��MZ ���QZ�	BY[dMb Z a��,�`a�����	�=:aBb�	
_[XQe�& >�X _��4) Z`e5*�	 � XQe � 	BY�� 	Bb'. ; Z���	BY � aBeO_[b[X�=Md2_ Z'�

�



&hb Z	
_���� _[a � 	Be-� a��F_��MZ X��MZ	
Y �Mb Z Y Z e _ Z'� XQe _��MX Y _��MZ Y XQY�.)� e 	����MX _ X ahe _ a2�MXQY �BZ`Z e�X eO_[Z����QZ�� _�
�MZ X Y 	 �0�QZ	
Y[dMb Z"_ a > ahb��$>�X _��#. ; XQY;dMe � 	BX�� XQe�& &ha0a �!�0d � ahb'�#	 � 	 � XQe�& �Mb[a*�Md�� _ X��0X _"�!	
e��
Z	
Y�� �"&haBXQe�& e
	
_[dMb[Z � 	#�BZ��MX � _��MZ�X��MZ	E� � a����QZ	E&hdMZ�. �6> aBd���� �QX��
Z _ a�_��
	Be � �2X � � ahb _��2Z
� 	Be-� �MahdMb Y > Z#� �BZ Y��.Z e _��
	����OX e�&E_[a�&hZ _��MZ`b�� > ahb%�0X e�&�_��Mb ahd�&�� _��2Z ahb XQZ Y _[a�&hZ _��MZ`b�� 	
e��
� b dMe����MX e�&�=:Z � ahb[Z%�MZ�	����QX eMZ Y'.
��� � 	�� Y[a$�QX �BZ _ a _��
	Be�� _��MZ � Z � =.Z b[Y a�� (:4 \ F 3 (/	E���MeMZ#� Y246���2b[a �1X � 	
_ Z \^b[ahd0�MY^a��

F _[d��MZ e _[Y�7 � ahb _��MZ X b _ Z'���MeMX��	�� � Z Z��0=
	���� 	Be0� � ahb 	����.aBdMb &hb Z	
_:(:4 \ F 	��0�hZ`e _ dMb Z Y�.���Z � �hZ
�
	�� 	 _ b[d0��� ahd1_ Y _�	Be��MX e�& � a����QZ'�`_ X ahe a��6XQe��MX��0X��Md
	E�QY 	BY � Z � =.Z b Y:�MdMb[X e�& � � �hZ�	Bb[Y XQe�_��2Z
&hb ahd��#. �%> ahd0��� �QX��
Z�_ a�_���	Be�� (;b�	�&ha 4Je�&BdMZ�� a � ���/	�0XQZ`b&) a �BZ e#� ? b[Y � d���	 C �
	 * Z'>�Y%� 	0�
) 	Bb�=
	Bb�	�� e�&-	����
	Bb _��� 	�-	 9 b�	
_��0X e
	0�)C 	Bb�� ahY \ d2Z Y _[b[X e#� 3!	
e0� b[Z'� c�	BZ�&BZ b�� 46� Z�� 1^a � � aA�5�
? b X W3Z b[e2Z b�� ? b[X,8 a*�MZ'� � 	Be#� (;X b���	^b � aBeMZ X _�
��ahe +)	Bb b���3 Z��2b�	Be F 	��
	 � X<�
� b�	Be F Z�&�	�� �
) Z`e � 	BY�� 	Bb�	Be0� F X � aBe �@ahe0&
4Je 	����MX _ XQaBe
	��
_��
	Be��OY &ha0Z Y3_ a�? b XOW3Z b[e2Z b0/ > Z _[b[d���� � b Z	
_[Z�� 	 � aheMY _ Z b >:�MZ`e > Z �`b[Z �

	
_[Z��"_��MZ Y a��*_"> 	
b[Z X e0� b�	BY _ b d��`_[dMb[Z � ahb + ; ��	]\ 3 + b a�=
	�=MX��QX Y _ X���� Z�	BY[aBeMXQe�&6	Be���	 �2_[X � X � XQe�&
\%	���&hZ _ Y�7 .,� �Ma��.Z ahdMb � 	Bb � 	�>�X����=eMaB_:=.Z2� aBb[Z'�BZ b:�
	 � 	�&hZ'� =-��_��MZ2�
	BXQe > Z X e� X��`_ Z'��ahe
� 	�_ Z b � Z � =:Z`b[Y�a��)(�4 \^Y�. ��� ���QX��
Z;_ a _���	Be�� ? b[X#� ahb �2XQY �Mb X��hZ^_[a � 	 �
Z;_��MZ Y��0Y _ Z � �`a � Z
XQe _[a =.Z X e�&�� 	
e�� 	E��� _��2Z �
	
b���> ahb%� _��
	
_ �MZ��Md2_�XQe =MdMX����MX e�&�_��MZ XQe � b�	BY _ b[d0�`_ d2b[Z$� b[a �
>:�MX���� Y a � 	Be-� �MX ,FZ`b[Z`eO_ (:4 \ Y � Z � =.Z b Y �
	�hZ2=:Z`eMZ-�2_[_ Z'�#.
�/> ahd0��� 	�� Y[a �QX��
Z _[a _���	Be���� b�	Be F Z'&-	��<��� b Y _� � aBb �MX Y �
	�_ XQZ`e�� Z�XQe > 	��MX e�& _��Mb[ahd0&��

_��2Z + ; ��	]\ +�� 3 � a*�MZ2� >�b[aB_[Z�	Be0� Y[Z'� ahe0�#� � aBb _��MZ � 	Be-��Z��0_[Z eMY XQaheMY'�:_[a1a�� Y�	Be��!=2d�&
� �1Z Y �2Z �MZ'�BZ�� a��:Z'�#�0>:�MX���� �
	�hZ/=.Z Z`e dMY[Z � d�� � ahb � ��aA>�e > ahb%� . � ��	Be��OY _ a�� b�	Be�_ a0a � aBb
=.Z XQe0& 	 &hb Z	
_:�`a���� Z	�&BdMZ%	Be���a���� Z � � 	
_ ZE.
4JeMa
_��MZ`b &hb[ahd0� aE� Y _ d��2Z e _ Y _���	
_ > 	BY �hZ b �&X � �.ahb _�	Be _�_[a � Z �Md2b[XQe0& � �IY _�	� 	�_

F _�	Be0� ahb�� > 	BY^_��2Z��;d
	
X��6Y _ d�� � &hb[aBd��#G�� �-	E� � +)	
_[b[X���� � +(Z��Mb X _ a0� 4 �0X,	Be�� ? b Y � d�� 	0. � �MZ
�MdMb��:aBY[Z�a��>_��MZ &Bb[ahd�� > 	BY _ a^Y _ d��0� � ahbL_��MZ �Od
	E�QX �MZ b�. � e _��MZ � ahe�&/�Mahd2b[YL_���	
_ > Z�Y _ d��2XQZ�� �
> Z"eMaB_ ahe0��� � Z	Bb eMZ���_��MZ � 	
_ Z`b[X 	E� ��=Md1_ � Z	Bb eMZ��!	�� aB_�	�=.ahd2_ Z	E����aB_��2Z b$� Y XQe _ Z'���QZ'�`_[Y 	
e��
�MaA> > Z Z	E���!	��0�Mb[a-	E���MZ��$�Mb a�=��QZ � Y'.�� Z%	E�QY[a &�	Bb[eMZ`b[Z'� 	�� aB_�a��(Z � aB_[XQahe�	��:Y d����.ahb _�	
e��
�	 � 	Bb�	��MZ`b[XQZ � b[a � Z�	���� aB_��MZ`b�	BY > Z'��� .

	;e 	 � ahb Z��.Z b Y[ahe�	��>eMaB_ ZE� ��� �hZ �
	�� _��MZ Y[d��0�:ahb _ aE� 	]eOd � =:Z`b a��=ahd2_ Y _�	Be0�MXQe�&%� b[X Z e��2Y
	Be���� a����QZ�	�&hdMZ`Y _��2b[ahd�&��Mahd2_�_��2Z%�BZ	Bb Y�.

�0X



��� � �QX �BZ;_ a =.Z�&hX e � ahb[Z � ahY _�= ��_��
	Be �0X e�&�4 � ��W 	Be2Y��-��. ; Z`b Y d����.ahb _ 	Be�� Z e0� ahdMb�	�&hZ �
� Z e _�> Z b[Z X eMY _[b[d � Z e _�	�� X e � � �2Z�� X Y[X ahe _ a�b Z`_[dMb[e _[a &hb�	��2d
	
_ Z�Y����Ma0a�� _[a �MdMb[Y dMZ � �
+ �
(�. 4 � � � Y Z��0	 � ���QZ$	BY 	BeUXQe��2Z��.Z e��MZ`e _�_��MXQe��
Z b�	Be�� �MZ`b�b a��QZ$	BY�	 � Z`e _ ahb >:�MZ`e �
> ahb��
Z�� � ahb��MZ b6	
_68 4 F 4B�
	�hZ =:Z`Z e 	Be XQe-�E	��Qd
	E=��QZ Y[aBdMb��`Z"a�� X eMY��2XQb�	�_ XQaBe#. � �Mb[aBd�&��Mahd1_
� � Y _�	�!	�_ F _�	Be0� ahb��#�:Y��MZ ��	BY 	���> 	�0Y =.Z Z`e 	 &hb Z	
_ � b[X Z e��!	Be�� ���MZ`Z b��QZ	E�MZ b�� ahb � Z 	
e��
� > 	BY6�hZ`b�� �Qd����-� _ a �
	�hZ Y a � Z`aheMZ �QX��
Z �2Z bJb a1a
_ XQe0&�� ahb � ZE. 3 ahb[Z"b[Z��`Z e _������:XQe � � ��	BY _
� ahe _��MY^a�� > ahb��OXQe0& aBe � ��_��MZ`Y[X Y�� 4 � � 	Be�� �MZ`b%� 	 � X������
	�hZ =.Z Z e =.Z Z eEXQe2Y _ b d � Z e _�	��
	�&-	
XQe#� =-� &hX��1X e�& � Z 	�Y��
	��`Z _ a > ahb�� XQe 	Be0� 	 � 	BY _ � eO_[Z b eMZ`_%�`aheMeMZ'�`_ X ahe#.%� > aBd���� � X��BZ
_ a _��
	Be���_��MZ � � aBb _��MZ`XQb &hb Z	
_:&hZ`eMZ b ahY[X _"��.

� a�= ; a�� _ Z��
	BY =:Z`Z e 	�&hb[Z�	
_ Y[ahdMb�� Z�aE��Z e��`ahdMb�	�&hZ � Z e _�. ; XQY2&hdMX���	Be�� Z 	Be�� 	��0�0X��`Z
	���> 	�0Y6�Mb aA�hZ��VdMY Z'� d��<� 	
e�� ��� �hZ��
	
b _ X�� d���	Bb�����b Z��QX Z�� ahe�X _ �MdMb XQe�& _��MZ`Y[Z���	BY _�� Z'> � ahe _��2Y
	Be�� ��	A�0Y^a�� �MeMXQY��MXQe�& � � _��MZ Y XQY'./�:> ahd���� �QX �BZ _[a�_���	Be��!�2X � � ahb 	E��� �MXQY _ X � Z�	
e�� >�XQY Z
� aBdMeMY[Z'� .

) 	Bb eMZ'� +@Z'��� Y _ b ahe�&����VXQe�MdMZ e��`Z�� � � �MZ'� X Y[XQaBe�_ a b[Z`_[dMb[e�_ a!�2dMb[Y dMZ � � + �
(�� =:aB_��
_��2b[ahd�&�� �MX Y Z`e�� aBdMb�	�&BZ � Z e _ 	
e���Z`eO_��OdMY[X�	BY _[X�� Z��0	 � ���QZE. 46� aheGWHZ � ����	BY 	E�QY[a =.Z Z e 	
&hb Z	
_�Y ahdMb��`Z aE�6Z`e�� ahd2b�	�&hZ � Z`e _� 	BY:�
	BY�9 	BdMY _ a�\^dMe����MX�&��QX�	0.
� e 	E���MX _[XQahe � ��� � �QX �BZ�_[aV_��
	Be�� 	VeOd � =:Z`b a��Ja
_��MZ`b 8 4 F 4 � b XQZ`e��MY 	Be�� � a����QZ�	�&hdMZ`Y�.

+@Z _ Z`b 9>b XQZ'��� 	Be0�#� F _[Z'�hZ 3 XQe _ ahe 	
e�� +)	Be0�Md 86	�-	 � > Z`b[Z Z`Y��.Z�� X�	������EY[d����.ahb _ X��BZ�a�� � �
�MZ'� XQY XQahe^_[a�b[Z`_[dMb[e _ a:&hb�	��Md
	�_ Z Y����2a1a��<. ��� � 	��QY a �QX �BZ6_[a�_��
	Be�� 	���� � �/8�4 F 4 � b aheMX Z Y#>:�MahY Z
Z��0	 � ��� Z XQeMY��MXQb Z�� � �^b Z`_ d2b[e#G@cBa��Me246���QZ`e#� ; 	 � X�� ) Z b[Z`e5* X �BcBa��Me ) b Z Y[X e
	0� ��b�	� ) dMe _ X eMZ��
+@Z _ Z`b C �2Z Z Y Z � 	Be#�1cBZ b Z � ��9 b�	Be�� � 3!	
b���9 b XQZ�� � 	Be � ��X���� W3Z'�0XQe2Y[ahe#� 3 X��BZ�W3aA>�b����*8 X��`a�� 	
3 dMY�� Z _[_ a�� 	0� 	Be0� 4 e��Mb[Z > + �MX����.aB_.

	J_��MZ`b F _�	
e0� ahb�� 	BY[Y a �`X 	
_[Z Y ��� � �QX �BZ _ a _��
	Be�� XQe0���Qd0�MZ�G ) Z b _��MZ%C �MaBdMZ X b�����3 X��
Z \^Z eMZ �
Y[Z`b[Z _��#�:�"����	���8 ahdMb�=
	 � �MY��#� 	 � Z`b 3!	�_�	Be#� F �MZ X�� 	�3����"�Qb�	BX _��#����ahe + 	Bb[b'��� 	
e��
	 + b�	�_[_�
cBZ	
eMeMZ �:�MZ`Z�� � 	 � 	Bb�	13 dMe � eMZ`b�� 	Be0� (;X 	
eMZ �)	Be0&�.��;Z`b[a � +54 � CB	BY[Y a �`X 	
_[Z Y _��
	�_ ��� �
�QX �BZ;_[a _��
	Be���XQe��'�Qd��MZ 3 	Bb��OdMY 9 b[a � �MZ b � 	Be�� \ b Z�&hZ`b 	J_[_ aBY[Y[aBe#.
\ aBXQe�&�Z'�hZ`e � d2b _��2Z b =
	E��� � ��� � �QX �BZ]_ a�_���	Be�� F _ d
	
b _ ��dMY[Y Z���� � ahb �MXQY;Y d����.ahb _6>:�MX�� Z �

�MX�� � � � 	BY _ Z b-� Y >�X _�� �2X � 	
_ ?6C ) Z`b��
Z��QZ ��.,��� � 	E�QY[a �QX��
ZJ_ a _��
	Be � � � �Qahe0&#� _[X � Z:� b XQZ`e��
	Be�� �`a���� Z	�&hd2Z 3!	Bb XQZ �MZ`Y c�	Bb��MXQe2Y 	
e�� �MZ b �OdMY�=
	Be���cBa��Me�+)	Bb%� . � Z ��	A�BZ Y Z Z`e�Z�	�����a
_��MZ`b
_��2b[ahd�&��EY a � 	Be-� 	��0�hZ`e _ dMb Z Y�	
e���_��MZ`b[Z >�X����)=.Z � ahb Z _ a �`a � Z e2a > _��
	�_/> Z�	Bb Z =:aB_��
b[Z'�Qa*�	
_[XQe�& _[a&3!	Bb��*��	Be��#.

�1X X



	6� � ahd2b[Y[ZE� � 	��QY a2> 	Be _ _[a]_��
	Be�� � � &Ba1a*��� b XQZ`e��MY,>:�Ma �Md1_ d���>�X _�� � Z _��Mb[aBd�&�� _��MX Y
�Mb a �`Z Y[Y'G � ��� Z e 4Je��MZ`b[Y ahe#� � ���QZ`e ; 	
_��MZ > 	��� C 	
b[a����1e ; Z�� � �
Z��,1%	
_�� � ; aA> 	Bb�� � F 	Be��0�
� b�	
eMX � 46��	BeMZ 1^XQe�&�� 3!	
b���4JeMe�WHZ`dMe�&��#C Z��`X��QX�	 3 X����QY�� 3 Z'�QX�� Z e _6+@Z'��� �#	Be�� ��a�=MX e!+ d�&�� .
��� � 	��QY a �QX �BZ]_ a�_��
	Be�� ; Z'�`_[ahb \^ahe � 	E�QZ � �0) 	
eMahY:� ahb6�MX YJY d����.ahb _;_��Mb[aBd�&�� _��MZ �
	
Y _ �BZ	Bb'.
4Je0� ��� � � X��
Z;_ a _��
	
e�� 4Je2eMZ ��Z Y _�=Mb a1a � � ahb �MZ`b Z`e _��OdMY[X�	BY _[X�� Y[d0���:aBb _.
96XQe�	������������ � � X��
Z _ a^_��
	
e�� � � � a � 	Be����
	��#�-� ahb _��2Z XQb d2e > 	�hZ`b[XQe0&"Y[d0���:aBb _ _��Mb ahd�&�� �

ahd2_ �����������
	����� .

�0XQX X



� � ��� 
������

�������	��
����������������� �

� � ��������� �	�!��"#��� �
$ . $ 3 aB_[X��E	
_ X ahe . .2.2. .%.2. .2. .2.2. .2. .2.%. .2.2. .2. .2.2. .2.%. .2. .2.2. %
$ . f 	;dMb 46���2b[a-	���� .2. .%.2. .2. .2.2. .2. .2.%. .2.2. .2. .2.2. .2.%. .2. .2.2. &
$ .'% C ahe _ b X�=Md2_[XQahe2YD.2. .%.2. .2. .2.2. .2. .2.%. .2.2. .2. .2.2. .2.%. .2. .2.2. (
$ .)& 	;d2_�� XQeMZ;aE� � �MZ`Y[X Y .%.2. .2. .2.2. .2. .2.%. .2.2. .2. .2.2. .2.%. .2. .2.2. *

+ , ���.-	/0-1"���"2�3��"2�545���#/6��"#���	/0�879��������� �.�
f . $ C ahe��MX _ X ahe
	��5� e��MZ��.Z e0�MZ e��`Z .2.2. .2. .2.%. .2.2. .2. .2.2. .2.%. .2. .2.2. $:$
f . f ) 	�hZ`Y[X 	
e!8 Z`_"> ahb��OY .2. .2. .2.2. .2. .2.%. .2.2. .2. .2.2. .2.%. .2. .2.2. $ &
f .'% + b[a�=
	E=MX�� XQY _[X�� � Z'� 	
_[XQahe
	E� 3 a*�MZ'�QY .2. .2.%. .2.2. .2. .2.2. .2.%. .2. .2.2. $�;

f .'%0. $ ��Z���	
_ X ahe
	�� � 	
e�&hd
	�&BZ�.2.2. .2. .2.%. .2.2. .2. .2.2. .2.%. .2. .2.2. $ (
f .'%0. f F ���MZ � 	�� e2Y _�	
eO_[X 	
_[XQahe .2. .2. .2.%. .2.2. .2. .2.2. .2.%. .2. .2.2. fBg

f .'%0.<% + b a�=
	�=MX��QX Y _ X�� 3 a*�MZ'�2.2.2. .2. .2.%. .2.2. .2. .2.2. .2.%. .2. .2.2. fBg

f .'%0.'& +�� 3 Y Z � 	Be _ X�� Y .2. .2.2. .2. .2.%. .2.2. .2. .2.2. .2.%. .2. .2.2. f!%
f .'%0.>= C a��MZ b Z e��`Z a��)+ b[a�=�	�=MX�� XQY _ X�� 3 a*�MZ��B.2.2. .2. .2.2. .2.%. .2. .2.2. f?&

f*.<%0.<= . $ � e2Y _�	
e�� Z (;Z��.Z e��2Z e�� � \ b�	���� . .2. .2.2. .2.%. .2. .2.2. f:=
f*.<%0.<= . f C ��	BY[Y�(;Z'�:Z`e��MZ e0�'� \^b�	���� .2. .2. .2.2. .2.%. .2. .2.2. f ;
f*.<%0.<= .'% \^d
	Bb�	Be _ Z`Z���46�'�*�'�QX�� ��Z���	
_ X aheMY��MX��MY .2.2. .2.%. .2. .2.2. f!*

f .)& � �MZ2(;X ,:Z b Z e��`Z2=.Z`_"> Z Z`e +�� 3 Y6	
e�� ) 8 Y:. .2.2. .2. .2.2. .2.%. .2. .2.2. % f
f .<= � e0� Z b Z e��`Z X e�+ � 3 Y .2. .2. .2.2. .2. .2.%. .2.2. .2. .2.2. .2.%. .2. .2.2. %:%

f .<= . $ � �0	�� _ � e � Z b[Z`e�� Z .2. .2.2. .2. .2.%. .2.2. .2. .2.2. .2.%. .2. .2.2. %!&

X �



f .<= . f 4 ���Mb a �1X � 	
_[Z/� e0� Z b Z e��`Z . .2. .2.%. .2.2. .2. .2.2. .2.%. .2. .2.2. % =
f . � C ahe��'�QdMY XQahe . .2.2. .%.2. .2. .2.2. .2. .2.%. .2.2. .2. .2.2. .2.%. .2. .2.2. % �

� � � /0� �	"2��� , ����-	/0- "2��"��3��"��54 ����/���"�����/ � 7 � �	����� ���

%0. $ � e _ b[a*�Md�� _ X ahe .2.2. .%.2. .2. .2.2. .2. .2.%. .2.2. .2. .2.2. .2.%. .2. .2.2. %:*
%0. f +)	Bb�	 � Z`_ Z`b � Y _ X � 	�_ XQaBe .2. .2.2. .2. .2.%. .2.2. .2. .2.2. .2.%. .2. .2.2. & g

%0. f . $ 3 W +)	Bb�	 � Z`_ Z`b � Y _ X � 	�_ XQaBe . .2.%. .2.2. .2. .2.2. .2.%. .2. .2.2. & $
%0. f . f C a � �Md1_ XQe0& Y[d���� X Z e _ Y _�	�_ XQY _ X�� Y � b[a � 	�( ) .2.2. .2.%. .2. .2.2. & %
%0. f .<% ) 	A�BZ Y X 	Be +)	Bb�	 � Z`_ Z`b � Y _ X � 	
_[XQahe . .2.2. .2. .2.2. .2.%. .2. .2.2. & =

%0.'% F _ b d��`_[dMb[Z]W3Z	
b[eMX e�& .2. .2. .2.2. .2. .2.%. .2.2. .2. .2.2. .2.%. .2. .2.2. & �
%0.'%0. $ W3Z'&-	��=Y _ b[d0�`_ d2b[Z Y$.2. .2.2. .2. .2.%. .2.2. .2. .2.2. .2.%. .2. .2.2. & ;

% .<%0. $ . $ 3 	BXQe _�	
XQeMX e�& 	 F _ b�	
_ X � Z��!C � 	
Y[Y:(;Z��.Z e0�MZ e�� � \ b�	���� .2. & ;
% .<%0. $ . f 3 	BXQe _�	
XQeMX e�& 	 F _ b�	
_ X � Z�� C a�� ahb[Z'� C � 	BY Y$(;Z��.Z e��MZ`e��'�

\^b�	E��� .2. .2.2. .2. .2.%. .2.2. .2. .2.2. .2.%. .2. .2.2. & ;
% .<%0. $ .'% � e0� b[Z � Z`e _�	�� 4 ��&hahb X _�� � Y .2.2. .2. .2.2. .2.%. .2. .2.2. & (

%0.'%0. f � �E	�� d
	
_ X e�& �MX ,FZ`b[Z e _�Y _ b[d0�`_ d2b[Z Y�.%. .2.2. .2. .2.2. .2.%. .2. .2.2. & *
%0.'%0.<% F _ b[d0�`_ d2b[Z Y[Z�	Bb���� .2. .2.2. .2. .2.%. .2.2. .2. .2.2. .2.%. .2. .2.2. =Bg

%0.)& � �0�.Z b X � Z e _�	E�
� ��	E�Qd
	
_[XQahe aBe F �0e _��2Z`_ X��2(/	
_�	 . .2. .2.2. .2.%. .2. .2.2. =:=
%0.<= 46���0�QX���	
_ X ahe#G � � ��� ahb�	�_ ahb � (/	
_�	 4 e
	����1Y XQY .2.2. .2. .2.2. .2.%. .2. .2.2. = ;

%0.<= . $ � �2Z � ) (;a � 	BXQe . .2.2. .2. .2.%. .2.2. .2. .2.2. .2.%. .2. .2.2. = ;
%0.<= . f � �2Z W3Z�	Bb[eMZ'� � ) +�� 3 . .2. .2.%. .2.2. .2. .2.2. .2.%. .2. .2.2. � g
%0.<= .<% � e � Z b[Z`e�� Z]XQe _��MZ%�QZ	
b[eMZ'� e2Z`_"> ahb��OY .2.2. .2. .2.2. .2.%. .2. .2.2. � %

%0. � C ahe��'�QdMY XQahe . .2.2. .%.2. .2. .2.2. .2. .2.%. .2.2. .2. .2.2. .2.%. .2. .2.2. � &

� , 4 7 � 
" ��� � "2���
	 �	�:� ����/ "������  �

&�. $ � e _ b[a*�Md�� _ X ahe .2.2. .%.2. .2. .2.2. .2. .2.%. .2.2. .2. .2.2. .2.%. .2. .2.2. � *
&�. f + b[a�=
	E=MX�� XQY _[X�� 3 a �2Z��3a��6W3XQe�� F _ b d��`_[dMb[Z .%. .2.2. .2. .2.2. .2.%. .2. .2.2. ; g
&�.'% � Z � Z b Z e��`Z ? e�� Z`b _�	
XQe _"� .2. .2.2. .2. .2.%. .2.2. .2. .2.2. .2.%. .2. .2.2. ;�$

&�.'%0. $ + b a�=
	�=MX��QX Y _ X�� � a �2Z�� .2.2. .2. .2.%. .2.2. .2. .2.2. .2.%. .2. .2.2. ; f
&�.'%0. f C a��MZ b Z e��`Z a��(_��2Z + b a�=
	�=MX��QX Y _ X�� 3 a*�MZ'� . .2. .2.2. .2.%. .2. .2.2. ;:;

&�.)& � �2X Y _[Z e��`Z ? e�� Z`b _�	
XQe _"� .2. .2.2. .2. .2.%. .2.2. .2. .2.2. .2.%. .2. .2.2. (:%
&�.)&�. $ F Z � 	Be _ X��`Y�a��@b[Z���	
_ X ahe
	�� � a*�MZ'� .%. .2.2. .2. .2.2. .2.%. .2. .2.2. (:%

�



&�.)&�. f + b a�=
	�=MX��QX Y _ X�� � a �2Z�� .2.2. .2. .2.%. .2.2. .2. .2.2. .2.%. .2. .2.2. ( =
&�.<= � ��	 � ��� Z�G���ahb�� � a �2Z��QY%.2. .2.2. .2. .2.%. .2.2. .2. .2.2. .2.%. .2. .2.2. (:(
&�. � W3Z	Bb eMXQe�& +�� 3 Y:>�X _�� W3XQe � ? e0� Z b _�	BX e _"� . .2.2. .2. .2.2. .2.%. .2. .2.2. *hg

&�. � . $ W3Z�	Bb[eMX e�& >�X _�� b Z'� Z`b[Z e0� Z]dMe�� Z`b _�	BXQe _"�@.2. .2. .2.2. .2.%. .2. .2.2. *hg
&�. � . f W3Z�	Bb[eMX e�& >�X _�� � �1XQY _ Z`e�� Z ? e��`Z b _�	BX eO_"� . .2. .2.2. .2.%. .2. .2.2. * $

&�. ; � �0�.Z b X � Z e _�	E�
� Z`Y[d�� _ Y . .2. .2.2. .2. .2.%. .2.2. .2. .2.2. .2.%. .2. .2.2. * f
&�. ; . $ + b Z��MX��`_ X��hZ2	�=MX��QX _"� . .2.2. .2. .2.%. .2.2. .2. .2.2. .2.%. .2. .2.2. *:%
&�. ; . f C ��	BY[Y X �
��	
_ X ahe . .2. .2.2. .2. .2.%. .2.2. .2. .2.2. .2.%. .2. .2.2. *!&
&�. ; .<% C a����QZ'�`_[X��hZ2C ��	BY[Y X �
��	
_ X ahe .2. .2.%. .2.2. .2. .2.2. .2.%. .2. .2.2. * �

&�.'( C ahe��'�QdMY XQaheMY .2.2. .%.2. .2. .2.2. .2. .2.%. .2.2. .2. .2.2. .2.%. .2. .2.2. $ gBg

� , 4 7 � 
" ����� ��/0� ��� "#����/0� � � "#��� ��� �
= . $ � e _ b[a*�Md�� _ X ahe .2.2. .%.2. .2. .2.2. .2. .2.%. .2.2. .2. .2.2. .2.%. .2. .2.2. $ g!%
= . f +�� 3 Y >�X _�� C � 	BY Y ; XQZ`b�	Bb����MXQZ`Y . .2. .2.%. .2.2. .2. .2.2. .2.%. .2. .2.2. $ g ;

= . f . $ C ��	BY[Y ; XQZ b�	Bb����2XQZ Y . .2.2. .2. .2.%. .2.2. .2. .2.2. .2.%. .2. .2.2. $ g ;
= . f . f ��Z-�MeMZ�� F �Qa
_ � Z � Z b[Z`e�� Z`Y%. .2. .2.%. .2.2. .2. .2.2. .2.%. .2. .2.2. $:$ g
= . f .<% F d����.ahb _ � ahb:� eMY _�	Be0� Z�� �QZ �hZ�� (;Z'�:Z`e��MZ e0� XQZ`Y . .2.2. .2.%. .2. .2.2. $:$!$
= . f .'& F Z � 	Be _ X��`Y .%.2. .2. .2.2. .2. .2.%. .2.2. .2. .2.2. .2.%. .2. .2.2. $:$ f
= . f .>= C a��MZ b Z e��`Z a��)+ b[a�=�	�=MX�� XQY _ X�� 3 a*�MZ��B.2.2. .2. .2.2. .2.%. .2. .2.2. $:$ f

= .'% W3Z	Bb eMXQe�& +�� 3.� C ; Y�.2. .2. .2.2. .2. .2.%. .2.2. .2. .2.2. .2.%. .2. .2.2. $:$ (
= .'%0. $ C ��	BY[Y ; XQZ b�	Bb����2XQZ Y:+ b a �0X��MZ�� XQe F ���MZ � 	 . .2. .2.2. .2.%. .2. .2.2. $:$ (
= .'%0. f � e _[b[a*�Md�� X e�&�8 Z > F d�= ����	BY[Y Z Y .2.%. .2.2. .2. .2.2. .2.%. .2. .2.2. $:$ *
= .'%0.<% W3Z�	Bb[eMX e�& F d�= ����	BY[Y ; X Z b�	Bb����MX Z Y .%. .2.2. .2. .2.2. .2.%. .2. .2.2. $ f
g

= .)& � �0�.Z b X � Z e _�	E�
� Z`Y[d�� _ Y . .2. .2.2. .2. .2.%. .2.2. .2. .2.2. .2.%. .2. .2.2. $ f $
= .)&�. $ 3 a �MZ'� C a � �
	Bb[X Y[ahe .2.2. .2. .2.%. .2.2. .2. .2.2. .2.%. .2. .2.2. $ f $

= .<= C ahe��'�QdMY XQahe . .2.2. .%.2. .2. .2.2. .2. .2.%. .2.2. .2. .2.2. .2.%. .2. .2.2. $ f?%

 � � /6��"��3��"��:/ � 45���#/6��"#���	/0� 79�������2� ��+��
� . $ 3 aB_[X��E	
_ X ahe . .2.2. .%.2. .2. .2.2. .2. .2.%. .2.2. .2. .2.2. .2.%. .2. .2.2. $ f!=

� . $ . $ 4 e�� �0	 � ���QZ�.2. .2. .2.2. .2. .2.%. .2.2. .2. .2.2. .2.%. .2. .2.2. $ f �
� . $ . f 	;dMb 4 ���Mb a-	���� . .2. .2.2. .2. .2.%. .2.2. .2. .2.2. .2.%. .2. .2.2. $ f?(

� . f � �MZ � Z'� 	
_[XQahe�	��#(/	
_�	�=
	BY Z . .2.2. .2. .2.%. .2.2. .2. .2.2. .2.%. .2. .2.2. $ %Bg

�1X



� . f . $ � �2Z ��Z���	
_ X ahe
	�� F ���MZ � 	 . .2. .2.%. .2.2. .2. .2.2. .2.%. .2. .2.2. $ % $
� . f . f � �2Z (/	�_�	�=
	
Y[Z . .2. .2.2. .2. .2.%. .2.2. .2. .2.2. .2.%. .2. .2.2. $ % $
� . f .<% � �2Z (;X Y _[b[X�=2d2_ X ahe � e��Md0� Z��!= � 	 �;dMZ`b�� . .2. .2.2. .2.%. .2. .2.2. $ %hf
� . f .'& � �2Z ? eMX��BZ b Y�	�� 9 ahb[Z`X�&he � 1^Z'� C �QahY dMb[Z .2. .2. .2.2. .2.%. .2. .2.2. $ %!%

� .'% F _�	�_ XQY _ X��	�� � Z'� 	
_[XQahe
	E� 3 a*�MZ'�D.2. .2. .2.%. .2.2. .2. .2.2. .2.%. .2. .2.2. $ % �
� .)& F � 3 F Z � 	
eO_[X��`Y . .%.2. .2. .2.2. .2. .2.%. .2.2. .2. .2.2. .2.%. .2. .2.2. $ %!*

� .)&�. $ � �2Z + 	
_�� (;Z��.Z e0�MZ e�� � \ b�	���� .%. .2.2. .2. .2.2. .2.%. .2. .2.2. $ %!*
� .)&�. f � �2Z2� e0�MZ��.Z e��2Z e��`XQZ Y XQe _��2Z (/	�_�	�=
	
Y[Z . .2. .2.2. .2.%. .2. .2.2. $ &!&
� .)&�.<% F Z � 	Be _ X��`Y�G � a �2Z��QY .2.2. .2. .2.%. .2.2. .2. .2.2. .2.%. .2. .2.2. $ & �
� .)&�.'& � e � Z b[Z`e�� ZEG 4 eMY�> Z b XQe�&��;dMZ b XQZ`Y .%. .2.2. .2. .2.2. .2.%. .2. .2.2. $ & ;

� .'&�.)&�. $ �;dMZ`b[X Z Y . .2.2. .2. .2.%. .2.2. .2. .2.2. .2.%. .2. .2.2. $ &:(
� .'&�.)&�. f �;dMZ`b�� � �E	�� d
	
_ X ahe.) 	�hZ`Y[X�	Be!8 Z`_"> ahb�� . .2.%. .2. .2.2. $ &:(

� .)&�.>= 3 ahb[Z � � �Mb[Z`Y[Y[X��hZ��^d2Z b[X Z Y .2. .2.%. .2.2. .2. .2.2. .2.%. .2. .2.2. $ =
g
� .<= W3Z	Bb eMXQe�& F � 3 Y . .%.2. .2. .2.2. .2. .2.%. .2.2. .2. .2.2. .2.%. .2. .2.2. $ = $

� .<= . $ F � ahb XQe�& C b[X _ Z`b[XQaBe . .2.2. .2. .2.%. .2.2. .2. .2.2. .2.%. .2. .2.2. $ =Bf
� .<= . f + 	Bb�	 � Z _ Z b � Y _ X � 	
_[XQahe . .2. .2.%. .2.2. .2. .2.2. .2.%. .2. .2.2. $ =Bf
� .<= .<% F _ b[d0�`_ d2b[Z F Z�� Z�� _ XQaBe .2.2. .2. .2.%. .2.2. .2. .2.2. .2.%. .2. .2.2. $ =?%

� .>= .'%0. $ F Z	Bb����!	���&hahb X _�� � . .2.%. .2.2. .2. .2.2. .2.%. .2. .2.2. $ = &
� . � F � 3 Y � ahb F Z�� Z�� _ X��0X _"� � Y _[X � 	
_ X ahe .2. .2.%. .2.2. .2. .2.2. .2.%. .2. .2.2. $ = �

� . � . $ C d2b[b[Z`e _64 ���Mb[a�	����MZ Y .2. .2. .2.%. .2.2. .2. .2.2. .2.%. .2. .2.2. $ = �
� . � . f 	;dMb 4 ���Mb a-	���� . .2. .2.2. .2. .2.%. .2.2. .2. .2.2. .2.%. .2. .2.2. $ =?(
� . � .<% � Y _ X � 	
_[XQahe � aBb �^d2Z b[X Z Y�aA�hZ`b F X e�&�� Z �)	E=��QZ`Y . .2.2. .2.%. .2. .2.2. $ � g
� . � .'& cBaBXQe F Z�� Z�� _ X��0X _"� � Y _[X � 	
_ X ahe . .2.%. .2.2. .2. .2.2. .2.%. .2. .2.2. $ ��$
� . � .>= � � �.Z b[X � Z`e _�	��
��Z Y d�� _[Y .2. .2. .2.%. .2.2. .2. .2.2. .2.%. .2. .2.2. $ � f

� . � .<= . $ F Z��QZ'�`_ �;dMZ b XQZ`Y�a �BZ b 96X �1Z'��4 _ _ b X�=Md2_[Z Y . .2.%. .2. .2.2. $ � f
� . � .<= . f 4 b�=MX _ b�	Bb�� F Z�� Z��`_ �;dMZ`b[XQZ`Y�aA�hZ b 	 F XQe0&��QZ � 	�=�� Z .2. .2.2. $ � &
� . � .<= .'% F Z��QZ'�`_ � cBahX e �^d2Z b[X Z Y .2.%. .2.2. .2. .2.2. .2.%. .2. .2.2. $ � �
� . � .<= .)& F � ahb XQe�& . .2.2. .2. .2.%. .2.2. .2. .2.2. .2.%. .2. .2.2. $ �:;
� . � .<= .<= ��dMeMe2XQe�& ��X � Z .2. .2.%. .2.2. .2. .2.2. .2.%. .2. .2.2. $ �:;

� . � . � (;X Y��`dMY[Y XQahe�a�� F Z�� Z�� _ X��0X _"� � Y _[X � 	
_ X ahe 46��&hahb[X _�� � . .2.%. .2. .2.2. $ � (
� . ; C ahe��'�QdMY XQahe . .2.2. .%.2. .2. .2.2. .2. .2.%. .2.2. .2. .2.2. .2.%. .2. .2.2. $�; g

�2X X



� � ���	� ��� � "#��� � � � �
; . $ F d ��� 	
b�� . .2.2. .%.2. .2. .2.2. .2. .2.%. .2.2. .2. .2.2. .2.%. .2. .2.2. $�;�$
; . f � Z'� 	
_[Z�� ��ahb�� .2. .%.2. .2. .2.2. .2. .2.%. .2.2. .2. .2.2. .2.%. .2. .2.2. $�; %

; . f . $ ; XQY _ ahb � .2. .%.2. .2. .2.2. .2. .2.%. .2.2. .2. .2.2. .2.%. .2. .2.2. $�; %
; . f . f � e0�Md��`_[X��BZ"W3a�&hX��/+ b[a�&Bb�	 ��� X e�& .%. .2.2. .2. .2.2. .2.%. .2. .2.2. $�; &
; . f .<% + b a�=
	�=MX��QX Y _ X��6� W + 	��0�Mb[a-	E���MZ Y .2.%. .2.2. .2. .2.2. .2.%. .2. .2.2. $�; =
; . f .'& ��Z���	
_ X ahe
	��F\^b�	����$4 e
	����0Y XQY . .2.%. .2.2. .2. .2.2. .2.%. .2. .2.2. $�; �

; .'% 9 d2_ dMb Z � aBb��!.2.2. .%.2. .2. .2.2. .2. .2.%. .2.2. .2. .2.2. .2.%. .2. .2.2. $�;!;
; .)& C ahe��'�QdMY XQahe . .2.2. .%.2. .2. .2.2. .2. .2.%. .2.2. .2. .2.2. .2.%. .2. .2.2. $�; *

�1XQX X



�1X��



� � �1� ��� � ��� 	�
 �

&�. $ + b[Z��2X��`_[XQahe�	��'� dMb�	��'� � ahb�C ahb�	�	Be�� ��Z�=
1 ) .2. .2. .2.2. .2.%. .2. .2.2. * =

� . $ F a � Z^Z'�BZ e _ Y6	��Qahe0&�>�X _�� _��MZ X b �	
_[Z�&hahb X � 	
_ X ahe$	BY:�QZ'&-	��FZ �hZ`eO_[Y . .2. .2.2. $ &:%

�*�



�*�0X



� � �1� ��� � � �� ��
 �

f . $ cBahXQe _:�MX Y _[b[X�=2d2_ X ahe � ahb:	 Y[X � ��� Z;Z��0	 � ��� Z . .2.2. .2. .2.2. .2.%. .2. .2.2. $ f
f . f 4 ) 	�hZ`Y[X 	
e eMZ _"> ahb%� � ahb _��2Z C Z`eMY[d2Y6�Ma � 	BX e .2. .2. .2.2. .2.%. .2. .2.2. $ &
f .'% 4�_ b Z Z�� Y _[b[d�� _ dMb Z�� C +,(@� ahb:	 e2a �MZ^X e _��MZ C Z e2Y[dMY eMZ`_"> ahb�� .%. .2. .2.2. $ =
f .)& 4!b[Z'� 	
_[XQahe
	E�FY����2Z � 	 	Be0�!	Be�X eMY _�	Be _ X 	�_ XQaBe a��@_��MZ Y����MZ � 	 .2.%. .2. .2.2. $ (
f .<= 4!b[Z'� 	
_[XQahe
	E�FY��
Z�� Z`_ aBe!	Be0�!	 +�� 3 �MZ'�:Z`e��MZ e0�'� Y _ b d��`_[dMb[Z .2.%. .2. .2.2. f $
f . � C +,(;Y:� aBb�Y����Ma0a�� +�� 3�Z��0	 � ��� Z .2. .2.%. .2.2. .2. .2.2. .2.%. .2. .2.2. f!%
f . ; C � 	BY Y �MZ��.Z e0�MZ e�� �!&Bb�	���� � ahb�Y����Ma0a�� +�� 3 .2.2. .2. .2.2. .2.%. .2. .2.2. f ;
f .'( +�� 3 	Be��$����	BY[Y:�MZ'�:Z`e��MZ`e��'��&hb�	����$� ahb &hZ e2Z`_ X�� Y:�Ma � 	BX e . .2.%. .2. .2.2. f!*

%0. $ (;Z��.Z e��2Z e�� ��Y _ b d��`_[dMb[Z%� ahb�Y����Ma1a�� + � 3 . .2.2. .2. .2.2. .2.%. .2. .2.2. &Of
%0. f � �MZ b�	Be0�Ma � X � Z'��Y _ b d��`_[dMb[Z]Y[Z�	Bb���� 3 4 � � 7 . .2.2. .2. .2.2. .2.%. .2. .2.2. = $
%0.'% � �0�.Z b X � Z e _�	E�=b[Z`Y[d�� _ Y�ahe�&hZ eMZ _ X��/�Ma � 	BXQe . .2.2. .2. .2.2. .2.%. .2. .2.2. =?&
%0.)& (;Z��.Z e��2Z e�� ��Y _ b d��`_[dMb[Z]b[Z`Y[d�� _ Y�ahe$&hZ`eMZ`_[X��%�Ma � 	BXQe . .2.2. .2.%. .2. .2.2. =:=
%0.<= W3Z	Bb eMZ�� +�� 3 � ahb � ) �Ma � 	BXQe . .2. .2.%. .2.2. .2. .2.2. .2.%. .2. .2.2. =!(
%0. � ; X�&�� � ahe��
�MZ e0� Z"Z'��&hZ`Y X e � ) +�� 3 Y .2.%. .2.2. .2. .2.2. .2.%. .2. .2.2. =!*
%0. ; C a ��� ahe0��� �MX�&�� � Y _[b[Z`e�&B_���X eO_[Z b0� b[Z'� 	
_[XQahe�	��:Z'��&hZ`Y X e � ) +�� 3 Y .2. .2.2. � g
%0.'( (;XQY _ b[X�=Md2_[XQahe�aE�6Z'��&hZ Y�X e�� Z	Bb eMZ�� � a �MZ'�QY . .2.2. .2. .2.2. .2.%. .2. .2.2. �6$
%0.'* \ b ahdMe�� ) 	�BZ Y[X�	Be eMZ`_"> ahb�� � ahb:	 �
	�_ XQZ`e _�	Be���_��MZ`XQb � aBeO_�	��`_[Y .%. .2. .2.2. � =
%0. $ g � e0� Z b Z e��`Z X e _��MZ%&hb ahdMe�� ) 	�hZ`Y[X�	Be eMZ _"> aBb�� �>Y _ Z'� $ . .2.2. .2.%. .2. .2.2. � �

%0. $:$ � e0� Z b Z e��`Z X e _��MZ%&hb ahdMe�� ) 	�hZ`Y[X�	Be eMZ _"> aBb�� �>Y _ Z'��f*. .2.2. .2.%. .2. .2.2. � ;

&�. $ � Z � Z b Z e��`Z dMe0� Z b _�	BX e _"� XQe$� X _�	
_[XQahe �2a � 	
XQe .2.2. .2. .2.2. .2.%. .2. .2.2. ; f
&�. f � Z'� 	
_[XQahe�	��:Y����MZ � 	�	Be�� a�= * Z�� _ Y��BZ'�QZ _ ahe�� ahb � X _�	
_[XQahe �Ma � 	BX e . .2. .2.2. ; %
&�.'% � Z � Z b Z e��`Z dMe0� Z b _�	BX e _"� XQe � a �0X Z;_��MZ�	
_ Z`b Z �0	 � �0�QZ%	Be���� X _�	
_[XQahe �Ma � 	BXQe . ; &

�*�1X X



&�.)& (;Z��.Z e��2Z e�� �$&hb�	��0�$� aBb�_��MZ � aA�0XQZ _��MZ�	
_ Z`b Z �0	 � �0�QZ .2.2. .2.%. .2. .2.2. ( $
&�.<= � �2X Y _[Z e��`Z dMe0� Z b _�	BX e _"� XQe$� X _�	
_[XQahe �2a � 	
XQe .2.2. .2. .2.2. .2.%. .2. .2.2. ( f
&�. � � eO_[X _"� Y%�BZ'�QZ`_[ahe$� ahb � X _�	
_[XQahe �Ma � 	BX e$	Be��!C +,(@� ahb � �1XQY _ Y 	
_[_[b[X�=Md2_ Z .2. (:%
&�. ; ����� � ahb _��MZ � aA�0XQZ/��	
_�	�=�	BY[Z .2. .2. .2.%. .2.2. .2. .2.2. .2.%. .2. .2.2. * f
&�.'( +�� 3 � a*�MZ'� � ahb���Z�=
1 ) �Ma � 	BXQe .2. .2.%. .2.2. .2. .2.2. .2.%. .2. .2.2. * ;
&�.'* 46�'� dMb�	��'�$�`a � ��	Bb[X Y[XQaBe � ahb�Y[Z �hZ`b�	�� � Z'=
1 ) � a*�MZ�� Y .2.2. .2.%. .2. .2.2. $ gBg

= . $ 4!Y[X � ��� Z ����	BY[Y:�MX Z b�	Bb����-� � ahb����
	�� �. .2.%. .2.2. .2. .2.2. .2.%. .2. .2.2. $ g!(
= . f 4 + � 3 >�X _�� ����	BY[Y �MX Z b�	
b����MX Z Y � ahb _��MZ � aA�1X Z$�Ma � 	BXQe#� 	�� ahe�& >�X _��GX _ Y

����	BY[Y �MZ'�:Z`e��MZ`e��'��&hb�	���� .2. .2.2. .2. .2.%. .2.2. .2. .2.2. .2.%. .2. .2.2. $:$�;
= .'% +�� 3 � ahb _��2Z � aA�0XQZ/�Ma � 	BX e 3 >�X _��Mahd1_�Y[d�= ����	BY[Y Z Y�7$. .2.2. .2.%. .2. .2.2. $ fBf
= .)& +�� 3 � ahb _��2Z � aA�0XQZ/�
	
_�	�=
	BY Z dMY[X e�& Y[d�= ����	BY[Y Z Y .2. .2.2. .2.%. .2. .2.2. $ f?%

� . $ 4!Y[X � ��� Z � ) ( ) 	�� ahe�&�>�X _���X _[Y:+ � 3 .%. .2.2. .2. .2.2. .2.%. .2. .2.2. $ f ;
� . f 4!Y[X � ��� Z � ) F � 3 .2. .2. .2.2. .2. .2.%. .2.2. .2. .2.2. .2.%. .2. .2.2. $ f?*
� .'% � �MZ dMeMX��hZ b Y�	�� � ahb Z X�&he�� �
Z'� ���QaBY[dMb Z Y � ahb�Y[Z �hZ`b�	��(Y����MZ � 	
Y . .2.%. .2. .2.2. $ %:=
� .)& � �MZ F � 3 � ahb _��MZ � ) �2a � 	
XQe . .2. .2.%. .2.2. .2. .2.2. .2.%. .2. .2.2. $ % ;
� .<= 4�Y[X � �0�QZ Z��0	 � ���QZ F � 3 � aBb _"> a b Z���	
_ X aheMY 	
e���X _[Y �
	
_�� �MZ��.Z e0�MZ e�� � &hb�	���� $ & $
� . � 4 � aBb[Z/� a � ��� Z�� F � 3 	�� ahe�&�>�X _���X _ Y:�
	�_��$�MZ��.Z e0�MZ e�� ��&hb�	��0� .2. .2.2. $ & f
� . ; 4 �OdMZ b ��Z'�E	��Qd�	
_ X ahe.) 	�hZ`Y[X 	
e eMZ _"> aBb��OY . .2.2. .2. .2.2. .2.%. .2. .2.2. $ &:*
� .'( � �MZ Y[Z'�QZ�� _ X��1X _"� Z Y _ X � 	
_[XQahe �Mb[a*� Z`Y[Y . .2.%. .2.2. .2. .2.2. .2.%. .2. .2.2. $ =?*
� .'* � Z'� 	
_[X��BZ^Z b[b ahb �0Y�. Y _[ahb�	E&hZ Y[X � Z2� aBb�Y � 	����=eOd � =:Z`b aE� 	
_ _ b X�=Md2_[Z Y � b[a � _��MZ

C Z eMY dMY��
	
_�	E=
	BY[Z .%.2. .2. .2.2. .2. .2.%. .2.2. .2. .2.2. .2.%. .2. .2.2. $ � %
� . $ g � Z'� 	
_[X��BZ;Z b b[ahb �0Y�. Y _ ahb�	�&hZ Y[X � Z/� ahb $ f �"	
_[_[b[X�=Md2_ Z/C Z eMY dMY ��	
_�	BY Z`_%.2. .2.2. $ � &
� . $:$ � Z'� 	
_[X��BZ;Z b b[ahb �0Y�. Y _ ahb�	�&hZ Y[X � Z/� ahb�Y[Z'�QZ'�`_%� * ahXQe �OdMZ`b[X Z Y .2. .2.%. .2. .2.2. $ � =
� . $ f F � 3 �`aheMY _[b[d�� _ X ahe _ X � Z Y . .2.2. .2. .2.%. .2.2. .2. .2.2. .2.%. .2. .2.2. $ �:;

�*�0XQX X



� � ��� � 
 � �

� � � ��� � � � � � � �

3!	Be-� ��	Bb�&BZ � a����QZ�� _ X aheMY a�� Y _[b[d�� _ dMb Z��UXQe0� aBb � 	
_ X ahe 	Bb Z Y _ aBb[Z��UXQe 	�b[Z'� 	
_[XQahe�	�� � aBb � 	
_.
3 ahY _^a��*_[Z e _��MZ'�!	Bb[Z Y _[ahb[Z'��XQe 	�b[Z���	
_ X ahe
	�� ��	
_�	�=�	BY[ZE�#=Md2_JaB_��MZ`b;b[Z'� 	
_[XQahe�	��3b[Z'�Mb[Z`Y[Z e _�	5�
_ X aheMY^X e���� d��MZ a�= * Z'�`_ � ahb XQZ e _[Z�� �
	
_�	E=
	BY[Z`Y2	Be��EY[Z � X � Y _[b[d�� _ dMb Z��Eb[Z��2b[Z Y Z e _�	�_ XQaBeMY Y d���� 	
Y
� 3 W,. � �MZ Y Z � 	Bb�&hZ �`a���� Z�� _ XQaBeMY aE� Y _ b d��`_[dMb[Z'� �
	
_�	 	Bb[Z��`a ��� ahe G _��MZ � a*���`dMb;XQe!�MX��BZ b[Y Z
	Bb Z	BY XQe��'�Qd��2XQe�&�b Z`_�	
X���Y�	E�QZ Y'� _ Z'�QZ'� a ��� dMeMX��	
_[XQahe2Y�� XQeMY dMb�	
e�� ZE� � Z'�MX��`XQeMZ$	
e���Y�� XQZ`e _ X ���
�Ma � 	BX eMY�.

� Z'� Z`eO_����E_��MZ`b[Z ��	BY =.Z Z`e 	!&hb[aA>�X e�& X eO_[Z b Z Y _ XQe�� � X eMXQe�&�� _��MXQY2�
	
_�	0.!� e � 	E�`_�@_��MX Y
XQY _��2Z�X � �.Z`_ d2Y2� ahb _��2Z�eMZ >:����Z � Z b�&BXQe�&��MXQY�� X����QX eMZ a�� �
	
_�	 � XQeMX e�&�. � �MZ &ha-	�� X e �
	
_�	
� XQeMX e�& XQY�_ a �MXQY�� aA�hZ`bJdMeMY dMY��.Z�� _ Z'��b[Z���	
_ X aheMY��MX��MY�	Be0� _ a Y[d � � 	Bb[X � Z%�
	
_�	 X e > 	�1Y _��
	�_
	Bb Z =.aB_���dMe��MZ`b[Y _�	Be��
	E=��QZ!	Be���d2Y[Z'� d0� _ aE_��MZ aA>�eMZ b�a��;_��2Z!�
	
_�	
	 ; 	Be0�IZ`_ 	�� .�� fBghg $�� .
	;eMZ > 	� X e >:�MX���� _��MX Y &Ba-	��,�	Be =.Z 	E��� a � ��� XQY��MZ���XQY2= � =MdMX����MX e�&�	 Y _�	
_ X Y _[X��	E� � a*�MZ��
�MZ`Y�� b X�=MX e�& _��MZ%�
	�_�	0.

� �MZ �`aheMY _[b[d�� _ X ahe�a��=Y _�	�_ XQY _ X��	�� � a �2Z��QY X Y 	 _�	BY%� _��
	
_ �
	BY =:Z`Z e > Z����.Y _ d��2XQZ���XQe�=:aB_��
Y _�	
_ X Y _[X�� Y 	
e�� � 	����2XQeMZ � Z	Bb eMXQe�& � a ��� dMeMX _ X Z Y�. � �2Z b[Z XQY#	:�Od�&BZ =.a*�0�;a��*> ahb��;aBe2=2dMX����MXQe�&
=.aB_����Mb[Z'�MX�� _ X��hZ � a*�MZ'�QY 3 � a*�MZ�� YL_��
	�_ 	Bb[Z�a��2_[X � X � Z���� ahb,	��'� dMb�	
_ Z��Mb Z��MX��`_ X ahe a�� 	 Y d�=MY Z`_
a���_��2Z � Z	
_[dMb[Z`Y�7�	Be0� �MZ Y�� b[X��2_ X��hZ � a �2Z��QY 3 � a*�MZ�� Y _���	
_ �MZ`Y�� b X�=.Z�_��MZ �
	
_�	�aBb �MZ`Y�� b X�=.Z
�MaA> _��MZ$�
	
_�	EX Y &hZ eMZ`b�	
_[Z�� 7 . 	^d2b � a*� d2Y��2Z b[Z >�X���� =.Z$	�� � ahY _ Z e _ X b[Z'���#ahe �MZ`Y��`b[X��1_ X��BZ
� a �MZ'�QX e�&��2X e ��	Bb _[X�� d0� 	Bb �MZ`eMY[X _"� Z Y _[X � 	
_ X ahe#. 3!	Be-� 	���&hahb[X _�� � Y � ahb:�MZ`eMY[X _"� Z Y _[X � 	
_ X aheMY
Z��1X Y _. � �MZ'� �E	Bb � XQe _��2Z�_"�*�.Z Y a�� � a*�MZ�� Y �QZ�	Bb[eMZ'�#. F a � Z�	���&hahb X _�� � Y � ahe2Y _ b d��`_ �
	Bb�	 � Z`_%�
b[X�� � a �2Z��QY'�FX e _��
	�_;_��MZ � 	BY Y[d � Z 	 �
	Bb _ X�� d���	Bb�� aBb � � ahb _��MZ �MXQY _ b X�=Md2_[XQahe � 	Be0��_��MZ"_�	BY��

$



f ���������
	�����������
�����������������

XQY �
	Bb�	 � Z _ Z b Z Y _ X � 	
_[XQahe#. � �0	 � ��� Z Y X e���� d��MZ�Z`Y _[X � 	
_ X e�& _��MZ �
	Bb�	 � Z _ Z`b[Y a�� \%	BdMY Y[X�	Be
�MZ`eMY[X _ XQZ`Y�� +(ahXQY Y[ahe �MXQY _ b[X�=Md2_[XQaheMY ahb � d�� _ X eMa � X 	�� �MXQY _ b[X�=Md2_[XQaheMY'. 	J_��MZ`b�	���&hahb[X _�� � Y��#� aBb
Z��0	 � ��� Z �BZ`b[eMZ'�3Z Y _ X � 	
_[ahb[Y'�1dMY Z;eMahe �"�
	Bb�	 � Z`_ b X�� � a*�MZ'�QY 	
e�� eMa 	BY Y[d � �2_[XQaheMY 	Bb[Z � 	��2Z
	�=.ahd2_ _��MZ�� dMe��`_[XQahe�	�� � aBb � . 4 _��MX b�� ��	
_ Z'&hahb � a�� � a*�MZ�� Y 	Bb Z � X �0_ d2b[Z Y a�� �
	
b�	 � Z`_[b[X��
� a �MZ'�QY � � ahY _/�`a ��� ahe0��� _��2Z Y[Z 	
b[Z � X �0_ d2b[Z Y a�� \2	
dMY[Y X 	BeMY =Md2_2	Be-� �
	Bb�	 � Z _ b X�� � a*�MZ��
� 	A� =:Z%���MaBY[Z e .

; aA> Z'�hZ`b��
� Z'>�a��3_��MZ Y Z/�MZ eMY X _"��Z Y _[X � 	
_ X ahe 	E��&hahb X _�� � Y 	Bb Z �	���	�=��QZ a�� �
	Be��0�QXQe0& �
	
_�	
XQe�X _[Y b Z�� 	�_ XQaBe
	��)� ahb � . � �2Z�XQe0�Md2_]_ a _��MZ 	E��&hahb X _�� � XQY 	BY Y[d � Z�� _[a!=.Z�X eE_��MZ � ahb � a��
	 �`a���� Z��`_[XQahe a�� XQe2Y _�	
e�� Z`Y%	����Ha�� >:�MX���� �
	�hZ _��MZ Y�	 � Z Y Z`_^aE� 	
_[_[b[X�=2d2_ Z`Y�.%(;Z��.Z e0�MXQe�&�ahe
_��2Z �Mb[a�=��QZ � �(_��MX Y"XQe0�Md2_ � 	� =:Z �`aheMY X��MZ`b[Z�� 	 b�	Be��2a � Y�	 � ���QZ a���_��2Z �:a��Md�� 	�_ XQaBe#�@aBb
X _ � 	� =:Z�_��MZ Z e _ X b[Z �.a��Md���	
_ X ahe#. ; aA> Z'�BZ b�� XQe =.aB_�� ��	BY[Z`Y�� _��MZ$	BY Y[d � �2_ X ahe#XQY � 	��2Z
_���	
_ _��MZ"Y _ b d��`_[dMb[Z aE�L_��MZ X _[Z � Y X e _��MZ"X e��Md2_ XQY X��MZ`e _ X���	�� . � �6_��MZ XQe��Md1_JX Y �`a � X e�& � b[a �
	�b[Z���	
_ X ahe
	�� �
	
_�	�=
	BY Z��H_��MZ`e > Z�Y Z Z�_��
	
_ _��2Z _��MZ 	���&haBb[X _�� � YJZ Y Y[Z`eO_[X 	�������aBe���� > ahb%��ahe
b[Z'� 	
_[XQahe�	��-�
	
_�	�=
	BY Z Y >�X _�� 	 Y[X e�&��QZ _�	E=��QZE. ; a > Z'�BZ b'�O_��MZ � 	 * ahb X _"�^aE� b[Z'� 	
_[XQahe
	E�-�
	
_�	E=
	BY[Z`Y
�
	�hZ � ahb[Z;_��
	Be�aheMZ^_�	E=��QZ"!

� �MXQY^_��MZ Y XQY%�MZ Y�� b X�=.Z Y]ahdMb2	����Mb a-	����V_ a$�QZ�	Bb[e2XQe�& Y _�	
_[XQY _[X���	�� � a �MZ'�QY � b a � b Z�� 	�_ XQaBe
	��
�
	
_�	0. 	;dMb &ha-	��(XQY _ a =Md2X���� Y _�	
_ X Y _ X��	�� � a �2Z��QY�_���	
_%	Bb Z�	�=�� Z _[a �	��1_ dMb Z"_��MZ"X � �:ahb _�	Be _
XQe _[Z b � _�	�=0�QZ�� ahb b[Z���	
_ X aheMY XQe _��MZ6�
	
_�	 	Be���Z � ���QahX _ _��MZ;X e0� ahb � 	
_[XQahe 	�E	BX���	�=�� Z X e�b Z�� 	�_ XQaBe
	��
Y _[b[d�� _ dMb Z aE�6_��2Z �
	�_�	0. 	;dMb:�Ma��.Z]X Y�_��
	
_�_��MZ Y Z Y _�	
_[XQY _[X���	�� � a �MZ'�QY >�X���� � ahb[Z2	��'� dMb�	
_ Z'���
�	E�2_ dMb Z _��MZ �2Z��.Z e��MZ`e�� X Z Y 	Be�� �`ahb[b Z���	
_ X aheMY XQeV_��MZ��Ma � 	BX eV_��
	Be �Mb[Z �0XQahdMY 	����Mb a-	����MZ`Y
	Be�� �Mb[aA�hZ^d2Y[Z'� d0�5� ahb =:aB_�� �
	
_�	"Z�� ��� ahb�	�_ XQaBe 	Be�� Y d ��� 	Bb X � 	
_ X ahe XQe�b Z�� 	�_ XQaBe
	��
�Ma � 	BX eMY�.
	;dMb � aBeO_[b[X�=Md2_ X aheMY X e���� d��MZ$	 �`a���� Z��`_[XQahe a��JY _�	
_[XQY _ X���	�� � a*�MZ�� Y 	������ X���	�=��QZ�XQe#b Z�� 	�_ XQaBe
	��
Y[Z _[_[XQe�&hY�	Be0� 	Bd2_[a � 	
_ Z'� X e��Md�� _ X ahe 	���&haBb[X _�� � Y � ahb�_��2Z � a �2Z��QY'. � e 	��0�MX _[XQahe&_ a _��2Z
_��2Z ahb Z`_ X��	�� �MZ Y�� b[X��2_ X aheMY�a��(_��2Z � a*�MZ�� Y 	Be����QZ�	Bb[e2XQe�& 	E��&hahb X _�� � Y'�*> Z%�MZ � aheMY _ b�	
_ Z;_��MZ X b
	����0�QX���	
_ X ahe#aheGb[Z	E� � > ahb���� �
	
_�	�=
	BY Z Y 	Be�� �2b[aA�0X��MZ Y[a � Z�Z'�0X��2Z e��`Z _���	
_ ahdMb��Ma��.Z �
	
Y
=.Z Z e � Z`_.



�� ���� � ����� ��������� %

����� � 	�
������
���	��

C aheMY X��MZ`b�	UY X � ���QZ�b Z���	
_ X ahe
	�� �
	
_�	E=
	BY[Z�_��
	
_��MZ Y�� b X�=.Z Y�� dMY _ a � Z b _ b�	BeMY�	��`_[XQaheMY'. � �MZ
�
	
_�	�=
	BY Z � 	� X e���� d��MZ:	^eOd � =.Z b a��._�	�=�� Z Y'. F d����.ahY Z�> Z ��	A�BZ6	/�`dMY _[a � Z`b _�	�=�� Z � ahe _�	BXQe��
XQe0& � dMY _ a � Z b^X e0� ahb � 	
_[XQahe XQe��'�Qd��MX e�& �MZ � a�&hb�	��0�MX�����	
_�	�Y d���� 	
Y]X e�� a � Z ahb^Z��Md0�	
_[XQahe#�
	Be X _[Z � _�	�=0�QZ �MZ`Y�� b X�=MX e�&�_��2Z X _ Z � Y"_��
	
_ � 	� =.Z �MdMb����
	BY[Z'�#� 	
e�� 	�_�	�=�� Z �MZ Y�� b X�=MX e�&
�MdMb����
	BY Z Y�� � XQe��OXQe0& � d2Y _ a � Z`b[Y�_ a _��MZ^X _[Z � Y _���	
_�_��MZ � �
	�BZ2�2dMb����
	
Y[Z�� . 9 b[a � _��MXQY ��	
_�	0�
> Z � 	� =:Z�X eO_[Z b Z Y _[Z��IX e �
&hdMb XQe�&Vahd2_ >:�MX�����X _ Z � Y � d2Y _ a � Z`b[Y _ Z e0�G_ a =Md0�#_[a�&hZ _��MZ`b
3 =�	BY��
Z`_ 	Be
	����1Y XQY ahb,	 � eMX _"� 	Be
	E���0Y[X Y�7 �OahbL_��MZ��	
_[Z�&hahb XQZ`Y a��#�`dMY _[a � Z`b[Y _���	
_ � 	 �
Z:� Z b _�	BX e
_"�*�:Z`Y�a�� �MdMb�����	BY[Z`Y 3 �`dMY _[a � Z`b �2b[a �
� XQe�&-7 . � �2Z!�
	
_�	�X Y �'�QZ	
b���� b[Z���	
_ X ahe
	��<G�_��MZ`b[Z XQY�	
� 	Be-�2� � 	
e ��b[Z'� 	
_[XQaheMY��MX�� =.Z`_"> Z Z`e!�`dMY _[a � Z`b[Y 	Be�� _��2Z]X _ Z � Y _��MZ'�$�Md2b����
	BY Z�.
? e0� aBb _ d2e
	
_ Z'����� � Z > XQe��Md0�`_ X��hZ2�QZ�	Bb[eMX e�& 	���&haBb[X _�� � Y 	Bb[Z2�	E�
	�=�� Z a�� �
	Be���� XQe�&��
	
_�	�X e

X _[Y^b[Z'� 	
_[XQahe
	E� � ahb � .&3 ahY _ 	Bb[Z b[Z`Y _[b[X�� _ Z'��_ a$�MZ�	��QX e�& >�X _�� 	  	
_]Y Z`_ a�� X eMY _�	Be��`Z Y�� >�X _��
	 �2a � a�&hZ eMZ`ahdMY Y[Z`_;a��,	
_ _ b[X�=Md2_[Z Y�. �(a�dMY Z"_��MZ`Y[Z � Z`_��Ma*�MY��.aheMZ]_"� �2X��	E����� �  	
_ _ Z e2Y ��_��2Z
b[Z'� 	
_[XQahe�	�� �
	
_�	 �hb[Z � aA�0XQe�&^X _ YLb X����MZ`bLY _[b[d�� _ dMb Z�� _ b Z	
_[XQe�&JX _ 	
Y,	 � a����QZ�� _ X ahe"a�� � �1Z'���"� Z e�&B_��
�hZ'�`_[ahb[Y aE�:	
_[_[b[X�=Md2_ Z � �E	�� dMZ �
	BXQb Y Y _ ahb Z��#X e 	 Y XQe�&��QZ _�	�=�� Z�.$� e ahd2b ��	BY[ZE�L_��MZ �
	
_�	 � 	�
=.Z 
	
_[_[Z eMZ'��XQe _[a 	�_�	E=��QZ�_��
	
_ b[Z'� ahb��MY�� aBb Z	������MdMb�����	BY[ZE� _��MZ����
	Bb�	��`_[Z b XQY _[X��`Y aE�J_��2Z
� d2Y _ a � Z`b 	Be�� _��MZ�����	Bb�	�� _ Z`b[XQY _ X�� YJaE� _��MZ X _ Z � �MdMb�����	BY[Z'�#. 46� _ Z`b[e
	
_[X��BZ������ > Z � 	� ��	A�BZ
	 Y[X e�&�� Z�b[aA> � ahb�Z�	���� �`dMY _[a � Z b >�X _�� 	Be 	
_ _ b[X�=Md2_[Z!� ahb�Z�	���� �:aB_[Z e _ X�	��6�2dMb����
	
Y[Z�.D4
_��2XQb�� 	�� _[Z b[e�	
_ X��hZ X YJ_ a ��	A�BZ�	�b[aA>@� ahb;Z	E���EX _ Z � � 	Be�� 	Be 	
_ _ b X�=Md2_[Z � ahb;Z�	���� �:a
_ Z e _[X 	��
� aBeMY[d � Z b'. � �MZ Y Z�� 	BY _�_"> a 	E���Mb[a�	����MZ Y6�
	�hZ _��MZ �2XQY�	E�0�E	Be _�	�&hZ _���	
_ > Z � dMY _ � � Z X _��MZ`b
_��2Z]eOd � =:Z`b aE�)�`dMY _[a � Z`b[Y�ahb�_��2Z]eOd � =:Z`b aE�6X _ Z � Y X e 	E�0�E	Be�� ZE.

� �MXQY�
	
_[_[Z eMX e�& �
	BY Y Z'�BZ b�	E�3X � �:ahb _�	Be _ 	��0�hZ`b[Y Z]X � �0�QX���	
_ X aheMY'.)9 b[a � 	���	
_�	�=�	BY[Z/�.Z b0�
Y��.Z�� _ X��hZ�� > Z >�X����@Z X _��MZ`b;eMZ Z'�E_[a � 	
_[Z b X 	�� X � Z^_��MZ  	
_[_[Z eMZ'� �1X Z'>%�HY _[ahb[X e�& X _ 	BY%	 Y[X e�&��QZ
_�	E=��QZE�(aBb2�.Z b � ahb � _��MZ b[Z'�0d2XQb[Z'�.* ahX eVa��:Z`b�	
_[XQahe2Y]Z�	�����_[X � Z�> Z��OdMZ b �V_��MZ��
	
_�	�=
	BY Z � aBb
Y _�	
_ X Y _[X�� Y'. �,	����Va��L_��MZ Y Z �
	BY �2XQY�	E�0�E	Be _�	�&hZ`Y�.%C aBe �BZ b _ XQe0&�_��MZ���	
_�	�_[a 	�Y XQe�&�� Z]_�	�=�� Z X Y
dMe��2Z Y[X b�	�=0�QZ =.Z���	BdMY[Z�X _ � Z	BeMY�> Z �	
eMeMaB_ � XQeMZ�ahdMb �
	�_�	�=
	
Y[Z �MX b[Z�� _�����. � _ XQe _[b[a*�Md�� Z`Y
b[Z'�MdMe���	Be��'� 	Be0� �.aB_ Z`eO_[X 	������ �MX�&�� �`aheMY[X Y _[Z e�� �2� � 	
XQe _ Z`e
	Be��`Z�aA�hZ`b��MZ�	��#. (/	�_�	�=
	
Y[Z Y 	Bb Z
_"�*�MX���	������ ahb�&-	
eMX � Z���_ a$	�haBX��Vb[Z'�MdMe��
	
e��'� �(XQe�ahb��MZ b;_[a Y�	�hZ Y��
	E� Z�	Be���b Z��Md��`Z � 	BX eO_[Z��
e
	Be0� Z a �BZ b��MZ	�� �(_�	�=��QZ`Y2	Bb[Z eMaBb � 	��QX � Z���_[a b Z � aA�hZ b[Z'�:Z�	
_ Z'��X e0� ahb � 	
_[XQahe#.�C ahe-�hZ`b _ X e�&
	 Y[Z _Ja��(_�	E=��QZ`Y X e _ a�	 Y[XQe0&��QZ;_�	�=��QZ/��	Be XQe _ b a �Md0� Z/�Md��0�QX���	
_ X ahe$	Be��$> Z2� ahY[Z ahd2b � a � �
	�� _



& ���������
	�����������
�����������������

b[Z'�Mb[Z`Y[Z`eO_�	
_ X ahe#.:46� _ Z`b[e
	
_[X��BZ������>Z��1Z��`d2_ X e�&�_��2Z * ahX e Z�	���� _[X � Z%> Z eMZ`Z�� _[a &-	�_��MZ`b Y _�	
_[XQY �
_ X�� Y � b a � _��2Z���	
_�	�=�	BY[Z ��	Be =.Z Z�� �.Z eMY X��hZ 	Be��V_ X � Z � aheMY d � XQe�&�. � e 	����2X _ X ahe#� > Z � 	�
eMZ`Z�� _[a =MdMX����$	Bd��1X�� X 	Bb ��X e��MZ �2Z`Y�XQe�ahb��2Z b�_ a �.Z b�� aBb � _��MZ b[Z��OdMX b[Z'� * ahX eMY b Z��.Z	
_[Z�������.

3 ahb Z^X � �:ahb _�	Be _������*�MaA> Z'�hZ`b�� _��2XQY  	�_[_ Z`eMXQe0& �Mb[a*� Z`Y[Y �QaBY[Z Y�X e0� ahb � 	
_[XQahe >:�MX���� � X�&��O_
=.Z6� b d�� X�	��>XQe�dMe��MZ`b[Y _�	Be��MX e�&"_��MZ6�
	�_�	0.,9 b[a � 	 Y _�	
_ X Y _[X��	E� �.Z b Y��.Z�� _ X��BZ��1Y _ aBb[XQe0& _��2Z6�
	
_�	
XQe 	 Y[XQe0&��QZ^_�	E=��QZ%�	
e!� aBb[b[d0�2_ _��MZ]XQe _ Z'&hb[X _"� a��LaBdMb�b[Z Y d�� _[Y�. 9@XQb[Y _�_��MZ`b[Z]XQY�_��MZ2�
	Be�&BZ b�a��
XQe _[b[a*�Md�� X e�& Y _�	
_ X Y _ X��	��FY��BZ > >:�MZ e > Z  	
_ _ Z e _��MZ%�
	�_�	0. � e ahd2b�_[b�	Be2Y�	�� _ XQaBe �
	�_�	0� X�� > Z
 	
_ _ Z`e�_��MZ/�
	
_�	 XQe _ a 	 �BZ�� _ ahb�a�� �.Z a���� Z/	Be���X _ Z � 	
_ _ b[X�=Md2_[Z Y��0_��MZ`e$�:Z`a����QZ >:�2a � 	 �
Z/	
�Qa
_ a��#�Md2b����
	BY Z Y >�X����0=:Z�aA�hZ`b � b Z��Mb Z Y Z e _ Z'� X e _��MX Y ��	
_�	0. � �#> Z _[b�� _[a X e0� Z b,���
	Bb�	��`_[Z b XQY _[X��`Y
a��0�:Z`a����QZ =-�%�`a � �2d2_ X e�&�Y _�	�_ XQY _ X�� Y � b[a � _��MX Y 
	
_[_[Z eMZ'� �
	
_�	0�A> Z,>�X�����&hZ _@X e�� aBb[b[Z'�`_(b[Z`Y[d�� _ Y'.
4JeMa
_��MZ`b � aBb � aE�1X e0� ahb � 	
_[XQahe �QahY Y3a �'� dMb YHX��-> Z � ahY[ZL_��MZ,�QX e��OY#=:Z _"> Z`Z e b[Z���	
_ Z'� a�= * Z�� _ Y �

> Z � 	� =.Z 	�=0�QZ _ a X e0� Z b]X � �.ahb _�	Be _ �2b[a��.Z b _ XQZ`Y aE�:	Be a�=2* Z��`_ =
	BY Z��#aheE_��MZ�a�= * Z�� _ Y"_[a
>:�MX�����X _ XQY6� XQe��
Z��#. 9>aBbJZ��0	 � ��� Z��.X�� _"> a �:Z`a����QZ �QX��hZ"X e _��MZ Y�	 � Z �MahdMY Z��Ma����#�F_��MZ'� � 	�
� 	 �BZ Y X � X���	Bb:�MdMb�����	BY[Z`Y�.�	 =-�0XQahdMY�����> Z ��	BeMeMaB_ � 	 �
Z _��MZ`Y[Z X e0� Z b Z e��`Z Y X�� _��MZ��QX e��OY/	Bb Z
eMaB_ Z �hZ e � a*�MZ'�QZ�� . 4 _��MXQb�� � ahb � a��LX e0� ahb � 	
_[XQahe �QahY Y a*���`dMb[Y >:�MZ`e > Z b Z��.Z	
_[Z������ � a�� �
b[Z'� 	
_[Z���a�= * Z�� _ Y >�X _��2ahd2_ � 	
XQe _�	BX eMXQe0&;_��MZ`XQb Y��
	
b[Z���X��MZ`eO_[X _"��. F d����.ahY Z _"> a��MdMb����
	BY[Z`Y 	Bb Z
� 	��MZ =-� _��MZ�Y�	 � Z �.Z b Y[ahe . � �5> Z Y X � ����� � 	 �BZ�_"> a � a��MXQZ`Y a��F_��MZ:�:Z`b[Y[aBe#�-> Z 	Bb[Z � 	 �OXQe0&
	 � 	�� Y[Z;X e��MZ��.Z e0�MZ e��`Z2	BY[Y d � �1_ XQaBe#. � � > Z � 	 �BZ^X e0� Z b Z e��`Z Y:	�=.ahd2_�d2eMa�=MY Z b��BZ��!	
_[_[b[X�=2d2_ Z`Y
a���_��MZ �.Z b[Y ahe#� > Z �
	�hZ � ahY _ _��MZ�b[Z��OdMX b[Z � Z`eO_"_��
	
_ _��MZ`Y[Z X e0� Z b b[Z�� 	
_[_[b[X�=2d2_ Z`Y � dMY _ =.Z
Z��Od
	E� � ahb Z	����!� a��-� a��L_��2Z �.Z b[Y ahe#. 46���(aE� _��MZ`Y[Z �2b�	>:=
	����OY^Y[Z �hZ`b[Z���� � X � X _ _��MZ�	�=2X��QX _"�
a�� � dMb b[Z`eO_ Y _�	
_ X Y _[X��	E� � Z`_��2a �MY�_[a � XQe2Z;b[Z'� 	
_[XQahe
	E� �
	
_�	�=
	BY Z Y'.

����� �������
	�	��	�����

� e _��MXQY _��MZ Y XQY:> Z2�Mb a �0X��MZ]_��MZ _ a0a��QY � ahb �`aheMY _ b[d0�`_ X e�&�Y _�	
_[XQY _ X���	�� � a �2Z��QY � b a � b Z�� 	�_ XQaBe
	��
�
	
_�	0. 	;dMb &Ba-	��(XQY _[a �QZ�	Bb[e�Y _ b d��`_[dMb[Z'� �2b[a�=
	E=MX�� XQY _[X�� � a �MZ'�QY'�._��
	
_;b Z��Mb Z Y Z e _]Y _�	�_ XQY _ X��	��
� aBb[b[Z'� 	
_[XQahe2Y6=.aB_�� =.Z`_"> Z Z`eE_��MZ �Mb[a��:Z`b _ X Z Y;aE� 	Be�Z e _ X _"� 	Be0� =:Z _"> Z`Z e�_��MZ��Mb a��.Z b _[XQZ`Y;a��
b[Z'� 	
_[Z��&Z`eO_[X _[XQZ Y'. � �MZ Y ZEY _�	
_[XQY _ X���	�� � a*�MZ�� Y �	
eI_��MZ`e =.Z�dMY Z�� � ahb 	 �E	Bb XQZ`_"�Ga�� _�	
Y��OY
XQe0���Qd0�MXQe�&4�OeMaA>:� Z���&hZ$�MX Y��`a �BZ b ��� Z �0�0�Qahb�	
_ ahb � �
	
_�	 	Be
	����1Y XQY'� �
	�_�	�Y[d ��� 	Bb[X � 	
_[XQahe 	
e��
	BeMa � 	���� �2Z`_ Z'�`_[XQahe#.

� �MZ Y _�	
b _ X e�&��:ahX e _/� ahb^ahdMb/> ahb���X Y _��MZ Y _ b d��`_[dMb[Z'� b Z��Mb Z Y[Z`e _�	
_[XQahe�a�� �Mb a�=
	�=2X��QX Y _[X��



���� � � ��� ��������� � ��� =

� a �MZ'�QY'�,	BY Z��1Z � ��� X � Z'� XQe ) 	�BZ Y[X�	BeUeMZ`_"> ahb��OY 3 ) 8 Y�7 	 +@Z�	Bb��<� $ *:(!( � . 4 ) 8 	E���QaA>�Y dMY
_ a �Mb aA�1X��MZ2	 � a � �
	�� _ b Z��Mb Z Y Z e _�	
_[XQahe a��)	 � a � ���QZ � �Mb a�=
	�=2X��QX _"� �2XQY _[b[X�=Md2_ X ahe�aA�hZ`b Y a � Z
� �1Z���Y[Z _ aE��� � � ��������� �	� ahb � � �
��� � � ��� � ��� �	� . � �MZ b[Z'�Mb[Z`Y[Z e _�	
_ X ahe Z �0�0�QahX _ Y;_��2Z�� a ��	��QX _"�
a��@XQe�MdMZ e��`Z]_��
	
_�X Y �Mb[Z`Y[Z e _ XQe � 	Be-� �Ma � 	BXQe2Y�.

) dMX����MX e�&�aBeI_��MX Y � ahdMe0�
	
_ X ahe#� > Z�X eO_[b[a*�Md��`Z _"> a#Y _�	
_[XQY _ X���	�� � a*�MZ'�QY � ahb�b Z�� 	�_ XQaBe
	��
�
	
_�	0G�� ����� � � ��� ����� ����� ��� � � ���� � ������
������ 	Be0� � � � � ����� ��� � ��� ��� � � ���� � �!�"��
������ . 9 ahb;Z�	����Va��
_��2Z Y[Z�b Z��Mb Z Y Z e _�	
_[XQahe2Y���> Z &hX��BZ _��2Z Y[Z � 	Be _[X�� Y)	Be�� � Z	Bb eMXQe�&6	���&Bahb[X _�� � Y 	Be�� �MZ � aBeMY _[b�	
_[Z
_��2Z XQb:	E�����QX��	�=2X��QX _"� XQe�	 eOd � =.Z b�b[Z�	�� � > ahb���� �Ma � 	BX eMY�.

� �MZ#� ����� � � ��� ����� ���$� ��� � � ���� � �%�"��
���� 3 +�� 3 7 �OeMaA>:�QZ'��&hZ�b Z��Mb Z Y Z e _�	
_[XQahe � b�	 � Z'> ahb��
XQY:=
	
Y[Z�� ahe�_��MZ%> aBb�� a�� 1 a����QZ`b:	Be�� + � Z-,:Z b 	 $ *!*:( � . � �MZ � a �MZ'� 	���� aA>�Y�dMY _[a �2Z Y��`b[X�=:Z 	
_ Z � �0� 	
_[Z%� aBb 	��Mb[a�=
	�=MX��QX _"� �MXQY _ b X�=Md2_[XQahe . � �MX Y�� _ a�&hZ`_��MZ b:>�X _�� 	�Y Z`_ a�� �2a � 	
XQe a�= * Z�� _ Y'�
�MZ�� eMZ Y 	:�MXQY _ b[X�=Md2_[XQahe;aA�BZ bH_��MZ 	
_ _ b[X�=Md2_[Z YHa��0_��MZ a�= * Z'�`_[Y�. F d�����	 � a*�MZ'���	Be _��2Z e2=:Z dMY Z��
� ahb]b[Z�	BY[ahe2XQe�& 	E=:ahd1_ 	Be�Z e _ X _"� dMY XQe�& _��MZ�Z e _ X b[Z�b X���� Y _ b d��`_[dMb[Z�aE� �0e2a >:� Z���&BZ�Z e��`a �2Z��
=-� _��MZ"b Z���	
_ X ahe
	��=b Z��Mb Z Y Z e _�	
_[XQahe . ��Z �	
e � 	#�BZ"X e0� Z b Z e��`Z Y6	�=:aBd2_ 	
e�XQe��2X��0X��Md�	�� =
	BY Z��
ahe#X _ Y ��	Bb _[X�� d0� 	Bb]b[Z'� 	
_[XQahe
	E� �`ahe _ Z �1_ � _��MZ Y Z �Mb[Z'�MX�� _ XQaBeMY >�X���� =:Z �2X ,:Z b[Z`e _�� ahb�	 Y[X � X���	Bb
XQe0�MX��0X��2d
	��:_��
	
_�X Y�XQe�	 Y[X�&BeMX �
��	Be _���� �MX ,FZ`b[Z e _ b[Z'� 	
_[XQahe�	��5�`ahe _ Z �1_�.
; Z`b[Z%> Z � 	#�BZ Y[Z �hZ b�	��(Z��0_ Z`eMY[X aheMY�_ a _��MZ2=
	BY X��%+�� 3 Y[Z � 	
eO_[X��`Y��2b[aA�0X��MZ'� =-��1^a���� Z b

	Be�� + � Z�,FZ`b 	 $ *:*:( � 	Be0� + � Z-,:Z b 	 fBghghg � .�	;eMZ Z��0_ Z`eMY[X ahe$	����QaA>�Y d2Y _ a b Z��Mb Z Y Z e _�eMZ'> � ahb � Y
a�� �QX e���d2e�� Z`b _�	
XQe _"����� ahb�Z �0	 � �0�QZ^dMe��`Z b _�	BX eO_"� 	�=:aBd2_ >:�MZ`_��MZ b 	 � dMY _ a � Z b:�Md2b����
	BY Z��!	Be
X _[Z � . ��Z Z��0_[Z e���Z	Bb��QXQZ`b6�MZ�� eMX _ XQaBeMY^a�� Y _[b[d�� _ dMb�	�� dMe��`Z b _�	BXQe _"� 	
e�� &hX��BZ Y[Z � 	Be _[X�� Y � aBb
_"> a�� ahb � YJa�� � XQe�� dMe��`Z b _�	BX eO_"��. � �MZ Y Z 	E���QaA> dMY^_[a��2b[a�=
	E=MX�� XQY _[X���	������ � a �MZ'� 	�� _ Z b e
	
_[X��hZ
b[Z'� 	
_[XQahe�	�� � ahe _[Z��0_ Y'� Z �1_[Z e��2XQe�& _��MZ 	E�����QX��	�=2X��QX _"� a��/+ � 3 Y�_[a �Ma � 	BX eMY XQe�>:�2X����I_��2Z
b[Z'� 	
_[XQahe�	�� Y _ b d��`_[dMb[Z�X Y eMaB_ �OeMaA>�e�	 �Mb[X ahb[X<. � e � 	��`_��L_��MX Y Z��0_ Z`eMY[X ahe �	Be#X � �Mb aA�hZ�_��2Z
XQe0�Md��`_[X��BZ �.Z b � ahb � 	Be��`Z�a�� _��MZ � a*�MZ��<. � e �
	
b _ X�� d���	Bb�� � 	 �OXQe�&�_��2Z�b Z�� 	�_ XQaBe
	�� Y _[b[d�� _ dMb Z
�
	Bb _"aE� _��MZ �Mb[a�=
	�=MX��QXQY _ X�� � a*�MZ'� ��	Be X � �2b[aA�hZ��Mb[Z'�MX�� _ X��hZ 	E��� d2b�	�� ��aA�BZ b � a*�MZ�� Y%>:�2X����
=
	BY Z _��MZ X b/�Mb[Z'�MX�� _ X aheVY[a�� Z���� aheV_��MZ a�= * Z'�`_$� Y 	
_[_[b[X�=2d2_ Z`Y%	Be�� �Ma e2aB_2� aheMY X��MZ`b^_��MZ b[Z'� 	5�
_ X ahe
	�� � aBeO_[Z��0_. 9 ahb Z ��	 � ��� Z�� =-� � Z	Bb eMXQe0& _��2Z �Mb[a�=�	�=MX�� X _"��_��
	
_ �`Z b _�	BXQe ��	
_ Z'&hahb XQZ Y a��
� d2Y _ a � Z`b[Y � 	 �
Z �`Z b _�	BXQeE_"�*�:Z`Y a�� �2dMb����
	
Y[Z Y'� > Z � 	� =.Z 	�=0�QZ _ a��MZ`_[Z��`_ 	BeMa � 	��QX Z Y^X e
ahdMb �
	
_�	 3 	�� dMY _ a � Z b�a��H_��
	
_ ��	
_ Z'&hahb�� >:�Ma �MX�� e2aB_ � 	#�BZJ_��MZ/�Mb[Z'�MX�� _ Z'� �Md2b����
	BY Z Y�7�aBb
X � �Mb a �BZ"ahd2b 	��'� dMb�	��'� �Mb[Z'�MX�� _ X e�& 	
_ _ b[X�=Md2_[Z Y 3 �Mb[Z'�MX�� _ X e�&�_��MZ�� d2Y _ a � Z`b6�	�_ Z�&Bahb�� =
	BY Z��
ahe _��2Z2�2dMb����
	
Y[Z Y � 	E�MZ/=-� _��MZ%� d2Y _ a � Z`b�7 .



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

� Z 	�� Y[a Z��0_ Z`e�� _��2Z +�� 3 Y[Z � 	Be _[X�� Y2=-� �Mb[aA�0X��2XQe�&$� dMb _��MZ b]Y[d0���:aBb _2� ahb]_��MZ dMY[Z a��
����	BY[Y �MXQZ`b�	Bb����MXQZ`Y�. � �MX Y"Z��0_[Z eMY XQahe 	����QaA>�Y d2Y _ a�dMY Z Y��.Z��`X 	�� X � 	�_ XQaBe 	
e��#XQe��2Z b[X _�	Be0� Z�_[a
�QZ�	Bb[e � ahb[Z b[X��������VY _ b d��`_[dMb[Z'� �Mb[a�=
	�=MX��QXQY _ X�� � a*�MZ'�QY�. 9>aBb]Z �0	 � �0�QZ > Z � 	� � Z	Bb eE_��
	
_�
>:�MX��QZ:	^Y[X e�&��QZ � a*�MZ�� � ahbL_��MZ:�MX Y _[b[X�=2d2_ X ahe a��5� dMY _ a � Z b Z'�Md��	�_ XQaBe�X Y Y[d���� X Z e _ _ a%�	E�2_ dMb Z
_��2Z���	
_[_[Z b[e2Y]X e�_��MZ �
	
_�	0� 	�Y��.Z�� X�	��QX � Z'� � a*�MZ�� � ahb/� dMY _ a � Z b X e�� a � Z X Y^b[Z��OdMX b[Z'�#. � �MZ
XQe0� a � Z �2XQY _[b[X�=Md2_ X ahe �MZ��.Z e0�MY � 	� �MZ'�:Z`e�� ahe�>:�MZ`_��MZ b _��MZ6�`aheMY d � Z`b � X��hZ`Y X e 	"b dMb�	E�.aBb
dMb�=
	Be 	
b[Z	 . � �OdMY > Z ��	Be Y��:Z'� X 	E�QX � Z _��MZ ����	BY[Y a�� �`dMY _[a � Z b[Y]XQe _[a b dMb�	��,�`dMY _[a � Z`b 	
e��
dMb�=
	Be � dMY _ a � Z b Y�. 3 aBb[Z�XQe _[Z b[Z`Y _[XQe�&�������=-� 	E���QaA>�X e�&J_��2XQYLY��:Z'� X 	E�QX � 	
_ X ahe#� > Z:�	
e 	E���QaA> _��2Z
�MZ'�:Z`e��MZ e0� XQZ`Y >�X _��MXQeV_��2Z�Y d�=5�'� 	BY Y[Z`Y�.�9 ahb Z��0	 � ���QZE� > Z ��	Be Y�	�V_���	
_ 	 b[d2b�	��,�.Z b[Y ahe � Y
�MdMb����
	BY Z;a�� 	 _[b�	�� _ ahb 	��'� Z Y Y[ahb XQZ`Y �MZ��.Z e0�MY ahe _��MZ _"� �.ZJaE�3_ b�	E�`_ aBb _��MZ'���
	�hZ6�MdMb�����	BY[Z'� �
	�cBa��2e (;Z Z`b _ b�	��`_[ahb =2d0�hZ`b XQY �QZ Y Y � X��BZ'����_[a =Md0� ; ahe0�
	 _ b�	��`_[ahb2�
	Bb _[Y�. 	^e�_��MZ�a
_��MZ`b
�
	Be0�#�B_��2Z � X _"� � > Z'���QZ`b � 	� e2aB_ �OeMaA>GZ eMahd0&��"_ a � 	
_����"_ b�	��`_[ahb)��	Bb _[Y���=Md1_ �.Z b���	��MY6_��MZ X b
�MdMb����
	BY Z�a�� Y[a��*_"> 	Bb[Z �MZ��.Z e0�MY"ahe >:�
	
_ �
	Bb��0> 	
b[Z _��MZ � ��	A�BZ �Md2b����
	BY Z�� �,	 3!	��`XQe _ ahY��
=Md0�BZ b XQY/� Z Y Y/�QX��
Z���� _[a�=2d0� + C Y a��*_"> 	Bb[ZE. � e 	E���MX _[XQahe �:_��2Z��'� 	BY Y/�MXQZ`b�	Bb����-� � Z'���
	BeMX Y �
	����QaA>�Y dMY�_ a � a �MZ'�#=.aB_��$����	BY[Y:� Z'�hZ'� �MZ��.Z e0�MZ e��`XQZ`Y 	Be���X eMY _�	Be�� Z%� Z'�hZ'� �MZ��.Z e0�MZ e��`XQZ`Y�.

� Z 	E�QY[a X e _ b[a*�Md��`Z ��� � � ����� ��� � � � ��� � � ���� � � � ��
������ 3 F � 3 Y�7 � 	�eMZ >B��	
_ Z'&hahb�� a�� Y _[b[d�� �
_ d2b[Z��#Y _�	
_[XQY _ X���	�� � a*�MZ'�QY�. � �MX�� Z�aBe _��MZ�Y dMb�� 	E� Z +�� 3 Y 	Be�� F � 3 Y"Y��
	Bb Z � 	Be-� Y X � X �
� 	
b[X _[XQZ`Y�� 	Be F � 3 �
	BY Y X�&heMX �
�	
eO_���� �MX ,FZ`b[Z e _ Y Z � 	Be _ X��`Y�� b[a � 	 +�� 3 . ; 	����.Z b e 	 $ *:*hg �
X��2Z e _ X � Z�� _"> a2�MX Y _ X e��`_ Y Z � 	Be _ X�� Y � ahb � b Y _%� ahb��2Z b,�Qa�&BX�� Y6a�� �2b[a�=
	E=MX�� X _"��� >:�MX�����> Z >�X�������	����
_��2Z � � �	������� ����� ��� � 
�� 	����Mb a-	���� 	Be��V_��MZ 
��� � �������� �
	�� �� ��� 	��0�Mb[a-	E���#. � Z�>�X����LY Z Z _��
	�_
+�� 3 Y6	Bb Z2	Be X eMY _�	Be��`Z]aE�@_��MZ �.ahY Y[X�=0�QZ�� > aBb����2Y:	����Mb a-	����#��>:�MX��QZ%	Be F � 3 X Y�	Be X eMY _�	Be��`Z
a��(_��MZ%�Ma � 	BX e�� � b Z��OdMZ`e��'�$	E���Mb[a�	���� _[a � b[Y _%� aBb��MZ`b��2b[a�=
	E=MX�� XQY _[X����Qa�&BX�� Y'.
� e _��2Z �.ahY[Y X�=�� Z�� > ahb����MY�	��0�Mb[a-	E���#� > Z �2d2_/	 �MXQY _ b X�=Md2_[XQahe�aA�hZ`b �.ahY[Y X�=�� Z%> ahb����MY'. � �MZ

�MX Y _ b X�=Md1_ XQaBe �	
e =:Z�d2Y[Z��#_[a 	BeMY�> Z b �2Z�&hb Z Z a��:=.Z�� XQZ'�:�OdMZ`Y _[XQaheMY Y d���� 	BY ! � �
	
_ X Y"_��2Z
�Mb a�=
	�=MX��QX _"� _���	
_ 	 �
	Bb _ X�� d���	Bb/�:Z`b[Y ahe#� cBa0Z F � X _��#� �
	
Y �Md2b����
	BY Z�� 	$�
	Bb _ X��`d�� 	
b;_ b�	E�`_ aBb
�
	Bb _� ��X���&hZ _ F d��Mb[Z � Z�� ��. � eU_��MX Y ��	BY[ZE� _��MZ Y[Z � 	Be _[X�� Y a�� _��MZ$� ahb � d�� 	�XQY��MZ�� eMZ�� = �
Y[d � � XQe�& d0��_��2Z �Mb a�=
	�=2X��QX _"� aA�BZ b 	����LaE� _��2Z �.ahY[Y X�=�� Z�> aBb����2Y]X e >:�2X����#cBa0Z F � X _�� �
	
Y
=.ahd�&�� _ ��X���&hZ _ F d��Mb Z � Z Y�. ; aA> Z �hZ b'�
	BY � 	
e ���
	�hZJe2aB_ Z'� 	 ) 	������OdMY'� $ *!*hg0� $ *:(!( � �h_��MZ b Z
	Bb Z �MX ��� d0� _ X Z Y)>�X _�� � 	 �OXQe�&^Y _�	
_[XQY _[X���	���	BY Y[Z`b _ X aheMY'�0Y d���� 	
Y ! ; =� a��._��MZ �2dMb����
	
Y[Z Y >:�MZ b Z
� ahb >�X���&hZ`_[Y$��.

� �MZ�Y Z��`ahe�� 	��0�Mb[a-	E���#�(_��MZ��Ma � 	BXQe�� � b[Z'�0d2Z e�� � 	����Mb a-	����#�@XQY2	����Mb a��Mb X 	
_[Z � aBb2&BX��0XQe�&



���� � � ��� ��������� � ��� ;

Y[Z � 	
eO_[X��`Y _[a�Y _�	
_[XQY _[X���	�� �OdMZ b XQZ Y Y[d0��� 	BY�� ! � �
	�_�X Y _��MZ��Mb[a�=�	�=MX�� X _"�E_��
	�_ 	Vb�	Be0�Ma � ���
���MahY Z e#X e��MX��0X��Md
	�� �
	
Y �Md2b����
	BY Z�� 	�>�X���&hZ _ � ��.$� eE_��MX Y ��	BY[Z�_��MZ�Y Z � 	Be _ X�� Y 	Bb[Z �MZ-� e2Z��
XQeG_ Z b � Y�a��2	 �
	Bb _ X�� d���	Bb > ahb����#��	Be0� 	Bb[Z _��MZ�b Z Y d�� _�a�� 	BeIZ�� �.Z b X � Z e _ �.Z b�� aBb � Z��IX e
_��2XQY:> ahb����#. � e _��MX Y6	��0�Mb[a-	E���#�:Y _�	
_[Z � Z e _ Y Y[d���� 	
Y �'(hg  a��6_��MZ �MdMb�����	BY[Z`Y/	Bb[Z � 	��MZ2= �
� Z e � � 	 �
Z Y[Z`eMY[ZE. � �MZ b Z	BY �OdMZ`Y _ X aheMY Y[d0��� 	BY'� ! � �
	�_ XQY"_��MZ �Mb[a�=
	�=MX��QX _"� cBa0Z F � X _��
�MdMb����
	BY Z�� 	 ��X���&BZ`_ F d��Mb[Z � Z�� �2�2a�eMaB_ � 	 �
Z Y[Z`eMY[Z"�H_��MZ��Mb a�=
	�=2X��QX _"��a�� _��2Z��MdMb����
	BY[ZE�
XQe�	 �
	Bb _ X�� d���	Bb > ahb����#�MXQY�Z`X _��MZ b g ahb $ .
4Je F � 3 Y d����.ahb _[Y 	
eMY�> Z b XQe�&�_��MZ Y _�	
_[XQY _[X���	��)�OdMZ`b[XQZ`Y a�� _��MZ �Ma � 	BXQe � � b[Z'�OdMZ e�� � 	����

�Mb a-	����#./4 e F � 3 X Y 	�Y _�	
_[XQY _ X���	�� � a*�MZ��(a�� 	 ��	Bb _[X�� d0� 	Bb��
	
_�	�=
	BY Z XQeMY _�	Be _[X 	
_[XQahe!	Be���X Y
dMY Z'� d���� ahb@Y[d ��� 	Bb[X � XQe0& 	Be�� �`a � �2b[Z Y Y[X e�&;_��MZ ��	
_�	�=�	BY[ZE. 9 dMb _��MZ b'� b�	
_��MZ b6_��
	Be �OdMZ b � _��2Z
�
	
_�	�=
	BY Z��
> Z ��	Be dMY Z]_��MZ F � 3 _ a�&hX��hZ/� 	BY _ 3 	E���Mb[a �1X � 	
_[ZA7 	BeMY > Z`b[Y _ a��0d2Z b[X Z Y ahe�_��MX Y
�
	
_�	�=
	BY Z�. 	;dMb�	���&haBb[X _�� � XQY�_��2Z �Mb[Y _�&hZ`eMZ b�	�� 	����2b[a-	���� _ a &hX��1X e�& Z Y _ X � 	
_[Z Y � ahb �OdMZ`b[XQZ`Y
aA�hZ`b � d�� _[X���� Z]_�	�=�� Z YJ_��
	
_/�Ma0Z Y^e2aB_^b[Z'��� ahe 	 �Mb Z��MZ�� eMZ��Eb[Z`Y _[b[X�� _ X aheMY;ahe�_��MZ Y _[b[d�� _ dMb Z
a��(_��MZ%�OdMZ`b���.

� �MZ � ahb Z � ahe _ b X�=Md1_ XQaBe�a�� _��MX Y;_��MZ`Y[XQY^X Y%	 Y[dMX _ Z a�� � Z`_��2a �MY � aBb%	Bd2_ a � 	
_[X���	������ � ahe �
Y _[b[d�� _ X e�& Y _ b[d0�`_ d2b[Z��&Y _�	
_[XQY _ X���	�� � a �MZ'�QY 3 +�� 3 Y 	
e�� F � 3 Y�7��MX b[Z�� _���� � b[a � b Z�� 	�_ XQaBe
	��
�
	
_�	0. �,� �2X��	E�������1Y _�	
_[XQY _ X���	�� � a*�MZ�� Y 	Bb Z � aBeMY _[b[d�� _ Z��$=-� �Mb[Y _ ���Ma1aBY[XQe0& 	"Y��
	E� Z^a�� �	
e��MX �
�
	
_[Z � a �2Z��QY'�:e2Z��0_/�Mb a �0X��MXQe�& 	�Y��`ahb[X e�& � dMe0�`_ X ahe _��
	
_ � Z	
Y[dMb Z YJ_��MZ �Od
	�� X _"� a��,	 �M_[_[Z��
� a �MZ'�
	Be�� _��2Z e �2b[aA�0X��MX e�&2	 Y Z	Bb���� � Z����
	Be2XQY � � ahb Y[Z�	Bb����MX e�&]a �BZ b _��MZ��.ahY[Y X�=�� Z � a*�MZ�� Y�.
��Z]Y��MaA>�_��
	
_ � 	
e ��a��(_��MZ^_ Z'���MeMX��0d2Z Y a�� ) 	A�BZ Y X 	Be eMZ`_"> ahb�� � Z	Bb eMXQe0& �	Be$=.Z]Z �0_ Z e0�MZ��
_ aV_��2Z _�	BY��#a��6�QZ�	Bb[eMX e�&�_��2Z Y[Z � aBb[Z$� a � ��� Z�� � a �2Z��QY'. � Z Z��0	 � XQeMZ _��MZ �2b[a�=�� Z � Y a��
� � � � � ��� ��� �	��� ��� � � ���� 	
e�� ��� � � ��� ��� � � ��� �	��� ���� � ahb _��MX Y ����	BY[Y;aE� � a*�MZ�� Y�. ��Z��MZ	E� >�X _��
Y[a � Z��`b[d��`X 	��H_ Z'���MeMX��	��LX Y[Y dMZ YJ_��
	
_/�2XQY _[XQe�&BdMXQY�� _��MZ �Mb[a�=0�QZ � a�� � Z	Bb eMXQe�&�Y _[b[d�� _ dMb Z��Vb[Z �
� 	�_ XQaBe
	�� � a*�MZ'�QY � b a � _��
	
_;a�� �QZ	
b[eMX e�& ) 	�BZ Y[X�	BeVeMZ`_"> ahb%�0Y'. ��Z��Mb[aA�0X��2Z 	 � ahb � d0� 	
_[XQahe
a��H_��2Z2� X��
Z��QX��Ma0a � � dMe�� _ XQaBe 	E���Mb[a��Mb[X�	
_ ZJ_[a _��MX Y�Y[Z _[_ X e�&��
	
e���Y��MaA> �2a >�X _ XQe _ Z`b�	�� _ Y >�X _��
_��2Z]Y _�	Be0�
	Bb�� 	BY Y[d � �2_ X aheMY�a�� ) 8 �QZ�	Bb[e2XQe�&�.
4JY;X e ) 8 �QZ	
b[eMX e�&�� _��MZ �MZ��.Z e��2Z e��`XQZ Y%	
b[Z"b Z��OdMX b[Z�� _ a =.Z 	�� � �'�QX���. � �MZ Y[Z�	Bb����VaA�hZ`b

� a��MZ b Z e _��MZ��.Z e��2Z e�� ��Y _ b d��`_[dMb[Z`Y X Y�Y[X�&heMX ���	Be _���� � ahb Z � a � ��� Z��I_��
	Be�XQeI_��MZ �	BY Z�a��
�QZ�	Bb[e2XQe�&&) 8 Y _ b[d0�`_ d2b[Z 	Be0�!> Z"XQe _ b a �Md0� Z _��MZ eMZ'� Z`Y[Y�	
b�� _[a1a��QY 	Be�� �`ahe�� Z'�2_ Y;_[a �Ma�_��MX Y
Z-,:Z�� _ X��hZ�����. F _ b[d0�`_ d2b[ZEY[Z�� Z�� _ XQaBe�X Y � 	��MZ =
	
Y[Z���ahe�_��MZEY�� aBb[ZEa��"_��MZ � a*�MZ��/	
e�� > Z
XQe _[b[a*�Md�� Z _"> a Y��`ahb[X e�& � dMe0�`_ X aheMY'G aheMZJ_��
	
_�dMY Z Y�_��2Z �:aBY _ Z`b[X ahb �Mb a�=
	�=2X��QX _"� a��3_��MZ � a*�MZ��



( ���������
	�����������
�����������������

3 	 ) 	�hZ Y X 	Be�Y�� ahb XQe�& � dMe��`_[XQahe
7 	Be�� 	BeMaB_��MZ b _��
	
_JdMY[Z`Y;_��MZ �:ahY _ Z`b[XQaBb �Mb a�=
	�=2X��QX _"��a�� _��2Z
�
	
_�	 3 	 � 	5�1X � d � �QX �BZ�� X��Ma0a*��Y��`ahb[X e�& � dMe0�`_ X ahe 7 . � �MZ&�Mb[Y _ XQY 	����2b[a��Mb X 	
_[Z XQeV_��MZ��	BY Z
>:�MZ`b[Z!> Z 	Bb Z!�QZ�	Bb[e2XQe�& 	 � a �2Z�� >:�MX�����> Z!> ahd���� �QX �BZ�_ a�dMY[Z _[a &hZ`eMZ b�	��QX � Z�_ a a
_��MZ`b
Y[X _ d
	�_ XQaBeMY 3 _��MZ � ahY _ �`a ��� ahe &ha-	��>X e�Y _�	
_ X Y _ X�� Y�7 . � �MZ6� 	
_ _ Z b XQY 	����Mb a��Mb X 	
_[Z X e�_��2Z �	BY Z
>:�MZ`b[Z > Z 	Bb[Z�� ahe2Y _ b d��`_[XQe�& 	%� a � �
	�� _ � a*�MZ�� a��#	2��	Bb _[X�� d0� 	Bb �
	�_�	BY Z`_� 	Be�� > Z >�XQY���aBe����
_ a ��	��2_[dMb[ZJ_��MZ/� d2b[b[Z`e _:�
	
_�	 	
Y �Mb[Z'� X Y[Z���� 	BY �:ahY Y[X�=��QZE�0&hX��hZ e$	�� X � X _[Z�� 	 � aBdMe _ a��(Y���	�� ZE.
� e 	��0�MX _[XQahe�_[a��2b[aA�0X��MX e�& _��MZ�=
	BY X�� �QZ�	Bb[eMX e�& � b�	 � Z > ahb%�!� ahb2+�� 3 Y 	Be0� F � 3 Y'� > Z

�MZ`Y�� b X�=.Z �2a > _��MZ � Z _��Ma*�MY$�	
e =.Z�Z �0_ Z e0�MZ���_[a���	Be���� ZEY _ b d��`_[dMb�	��]dMe��`Z b _�	BX eO_"� 	
e��
� 	 �BZ dMY[ZJa�� ����	BY[Y �MX Z b�	
b����MX Z Y�. � �Mb[ahd0&��Mahd2_�� > Z6�Mb aA�1X��MZJZ � �:Z`b[X � Z e _�	��
��	E�QX���	
_ X ahe a��3ahd2b
� Z`_��2a �MY'�2X e���� d��MXQe0& � 	Be-� Z��0	 � ���QZ`Y a��3_��2Z 	����0�QX���	
_ X ahe a��HahdMb 	���&haBb[X _�� � Y _[a b[Z�	�� � > aBb����
�
	
_�	0.

����� � 	�� 
 � ����� 
��	 ���

� e�_��MX Y _��MZ`Y[XQY'��> Z2�MZ`Y�� b X�=.Z

� � �MZ � b[Y _ 	E��&hahb X _�� � � aBb 	
d2_ a � 	
_[X��	E����� XQe0�Md�� X e�&2	 + b[a�=
	�=MX��QXQY _ X�� � Z'� 	
_[XQahe�	�� 3 a*�MZ'�
�MX b[Z'�`_���� � b a � 	 b[Z'� 	
_[XQahe�	�� �
	�_�	�=
	
Y[Z�. � �MX Y�XQe��'�Qd��MZ`Y�G

� 4@�MZ�� eMX _ XQaBe$� aBb _��MZ%�QX �BZ'�QX��2a1a*��a��)	 � a*�MZ�� �
� 4 � Z`_��Ma � � ahb &Bd
	Bb�	
eO_[Z Z`XQe�& _��2Z2�`a��MZ`b[Z e0� Z"aE� 	 � a �MZ'� �

� 3 Z`_��2a �MY:� ahb�Z`Y _ X � 	�_ XQe0& _��MZ%�
	Bb�	 � Z`_ Z`b[Y�a��)	 � a*�MZ'� � b[a � _��MZ%�
	
_�	�=
	BY Z �
� 4 e!	E��&hahb X _�� � � aBb�Y[Z	
b����MX e�& _��MZ Y��
	E� Z a�� �	Be��2X��
	
_[Z � a*�MZ�� Y�.

� � �0_ Z`eMY[X aheMY�_ a _��MZ%=
	
Y[X��%+�� 3 Y Z � 	Be _ X�� Y�_ a �
	Be0���QZEG

� C Z`b _�	BXQe��	
_[Z�&haBb[XQZ`Y�a�� �:aB_[Z e _ X�	������ � �*���QX��/�MZ��.Z e0�MZ e��`XQZ`Y �

� ? e�� Z`b _�	BXQe _"��aA�hZ`b � XQe�� Y _[b[d�� _ dMb Z �
� C ��	BY[Y:�MX Z b�	Bb����MX Z Y'.

� F _�	
_ X Y _[X��	E� � Z'� 	
_[XQahe
	E� 3 a*�MZ�� Y��*	 eMZ >�Y[Z � 	Be _[X�� Y � ahb Y _[b[d�� _ dMb Z�� �Mb a�=
	�=MX��QX Y _ X�� b[Z'� 	5�
_[XQahe
	E� � a �MZ'�QY =
	
Y[Z�� ahe��Ma � 	BXQe � � b[Z'�OdMZ e��`XQZ`Y�.



���� � � � ��� ��� 	 ��� �
��	�� ��� *

� 4@�MZ�� eMX _ XQaBe aE�@_��MZ%�MXQY _ b[X�=Md2_[XQahe�X e��Md��`Z�� = � 	 ��	
_�	�=�	BY[Z%�OdMZ b � �
� � �2Z � ahb � 	��.Y[Z � 	Be _ X�� Y b Z���	
_ X e�&�	Be F � 3 _ a _��MZ/�MX Y _[b[X�=2d2_ X ahe�a�� �E	�� dMZ Y XQe�_��2Z
��	
_�	�=�	BY[Z"�

� 3 Z`_��2a �MY:� ahb:	Bd1_ a � 	
_ X��	������ �`aheMY _[b[d�� _ X e�& 	
e F � 3 � b[a � 	 ��	
_�	�=�	BY[Z"�

� 4 e�Z'�E	�� d
	
_[XQahe a��=_��MZ d2Y[Z;a�� F � 3 Y _ a Z Y _ X � 	
_[Z�_��MZJb Z Y d�� _ Y[X � Z�� aBb Y Z��QZ'�`_ � * ahX e
�OdMZ`b[X Z Y a �BZ b � d�� _ X��0�QZ _�	�=�� Z Y�.

�
	 	�� X��
	�_ XQaBe�a��(_��MZ2	���&hahb X _�� � Y ahe Y Z'�BZ b�	E� �2a � 	
XQeMY X e���� d��MX e�&�G

� 4 �
	
_�	�=
	BY Z �2Z Y��`b[X�=MXQe�& �@d0=:Z`b�� d0�QahY XQY �	BY Z Y'. � �MZ b Z Y d�� _[Y �
	�BZ =.Z Z e Y[d�= � X _[_ Z'�
_[a 	 * ahd2b[e
	��Fa��6Z'�MX��2Z � XQa�� a�&���.

� 4@�
	�_�	�=
	
Y[Z a��@Y�� X Z e _ X �
�%�
	��.Z b Y �
� 4@�
	�_�	�=
	
Y[Z a�� > Z'=!�
	�&BZ Y �

� 4@�
	�_�	�=
	
Y[Z%� ahe _�	BXQeMX e�& � a �0X Z Y�	Be��$�.Z a���� Z Y-� b�	Be��OX e�&hY�a�� � aA�0XQZ`Y�.

����� ��� 
� � ��� 	���� �� � ���

� �MX Y�_��2Z Y[X Y�XQY ahb�&-	BeMX � Z�� 	BY � a����QaA>�Y�. C �
	��1_ Z b f�b[Z �1X Z'>�Y�_��MZ!=�	BY[X�� +�� 3 Y Z � 	Be _ X�� Y��
XQe0���Qd0�MXQe�&2	%=Mb[X Z'�Fb[Z'�0X Z'>&a�� ) 	�hZ`Y[X 	
e�eMZ _"> ahb%�OY�. C �
	��2_[Z b %2�MZ`Y��`b[X�=.Z Y _��MZ 	���&hahb[X _�� � Y � aBb
	Bd2_[a � 	
_ X��	������ �`aheMY _ b[d0�`_ X e�& 	 +�� 3 � b[a � 	Be Z �1XQY _[XQe�&!�
	
_�	E=
	BY[ZE�,	����Mb Z Y Y[XQe0& =:a
_�� _��2Z
_�	
Y���a�� ���Ma0ahY[X e�&�	 � a �2Z��LY _ b[d0�`_ d2b[Z 	Be��EZ Y _[X � 	
_ X e�&�_��2Z���	Bb�	 � Z`_[Z b Y]aE� _��MZ�Y _ b d��`_[dMb[ZE.
� _^X e���� d��MZ Y b[Z`Y[d�� _ Y^ahe =.aB_���Y��0e _��MZ _ X�� 	
e���b[Z�	�� � > ahb���� �
	
_�	 .%C �
	��2_[Z b & �2Z Y��`b[X�=:Z`Y/=:aB_��
_��2Z^Z��0_ Z`eMY[X ahe _[a _��MZ%+�� 3 Y Z � 	Be _ X��`Y � ahb �
	Be0���QX e�&��QX e�� dMe�� Z`b _�	BXQe _"�$	Be0��_��MZ eMZ��`Z Y Y�	Bb �
Z��0_[Z eMY XQaheMY _[a"_��2Z6�QZ�	Bb[e2XQe�& 	���&haBb[X _�� � Y,� aBb � Z	Bb eMXQe�&]_��MX Y ��	
_ Z'&hahb���a�� � a �2Z��QY'. C �
	E�2_ Z`b =
�Qa0a �OY/	
_6> 	�0Y^_��
	
_ ��� 	
Y[Y � =
	BY Z�� � a*�MZ'�QY/	Be0��XQeMY _�	Be��`Z�� =
	BY[Z'� � a*�MZ�� Y �	
e =:Z �`a � =MX eMZ��#.
� �MX Y XQY �MaheMZ _��Mb ahd�&���_��MZJd2Y[Z;a�� �'� 	BY Y � �MXQZ`b�	Bb����MXQZ`Y�. 96X b[Y _ > Z^Y��MaA> �MaA> ����	BY[Y �MXQZ`b�	Bb����MXQZ`Y
�	
e Z�� �
	Be�� _��MZ b[Z'�Mb[Z`Y[Z`eO_�	
_ X ahe
	��0�:aA> Z bLa��5+�� 3 Y XQe X e _ Z b Z Y _ XQe0&6> 	�0Y 	Be�� _��MZ e�> Z�Y��MaA>
�MaA> _��MZ'� �	
e Z X _��MZ`b =.Z dMY[Z'� �MdMb XQe�&��QZ�	Bb[eMX e�&�ahb%� ahe2Y _ b d��`_[Z�� 	BY2�
	Bb _]a�� _��MZ � Z	Bb eMXQe�&
	���&hahb[X _�� � . � e C �
	��2_[Z b � > Z�_ d2b[e _ a F � 3 Y�. ��Z:�MZ Y�� b X�=.Z�_��MZ X b Y[Z � 	Be _[X�� Y,	
e�� �Mb[Z`Y[Z e _ 	
�QZ�	Bb[e2XQe�&/	E��&hahb X _�� � �+Z`Y[Y[Z`e _ X 	E�����]_��2Z Y�	 � Z 	BYL_��MZ � Z	Bb eMXQe�& 	���&haBb[X _�� � � ahb)+ � 3 Y'�*=2d2_ >�X _��
	 � Z'> X � �:ahb _�	Be _ ���
	Be�&hZ`Y�. � Z 	�� Y[a�Z��0	 � XQe2Z XQe%�MZ`_�	BX���	Be2	������ X���	
_ X ahe;a�� F � 3 Y3_ a�_��MZL_�	BY��



$ g ���������
	�����������
�����������������

a��>Y Z��QZ'�`_[X��0X _"�]Z Y _ X � 	
_[XQahe]a�� �OdMZ`b[XQZ`Y)� ahb 	Jb[Z'� 	
_[XQahe�	��-�
	
_�	�=
	BY Z�.,C �
	E�2_ Z`b ; �MZ`Y�� b X�=.Z YLY a � Z
a��=_��MZ;b Z�� 	�_ Z���> aBb�� �MXQe �
	Bb _ X��`d�� 	
b > Z �MZ`Y�� b X�=.ZJY X � X�� 	
b[X _[XQZ`Y 	Be�� �2X ,:Z b[Z`e�� Z`Y =.Z`_"> Z Z e�ahd2b
> ahb�� 	Be0� > ahb�� XQe � e��Md�� _ X��BZ�W3a�&BX�� + b[a�&hb�	 ��� XQe�& 3 � W + 7 	 W 	�0b�	E� 	
e�� ( � Z b ahY��OX � $ *:*!&��
3 d�&�&��QZ _ ahe#� $ *:*hf � ��aBeMZ a��^_��MZ�ahe0���UY[d�=�� Z����MY�a�� � 	����MX eMZ!� Z	Bb eMXQe�& >:�MX���� � a*� d2Y[Z Y�ahe
�QZ�	Bb[e2XQe�&�� b a � b Z�� 	�_ XQaBe
	�� ��	
_�	0.
F a � Z�a��F_��MXQY � 	�_ Z b X 	�� �
	BY 	����.Z	Bb Z�� �Mb[Z �1X ahdMY���� XQe > ahb��OY��2a�� 	Be���� aBe0� Z b Z e��`Z6�
	��.Z b Y

	Be�� =.a0a � ���
	��2_[Z b[Y'. � �MZ � 	�_ Z b X 	���X e C �
	��2_[Z b�% �Mb[Y _ 	����.Z	Bb Z��&XQe 9>b XQZ'� � 	
e�Z`_ 	�� .
	 $ *:*:*�	 � . � _ � 	
_[Z b 	E���:Z�	Bb[Z'��X e \ Z _ a0ahb6Z _ 	�� . 	 f
ghg $ 	 � . � �2Z � 	
_[Z b[X�	��0XQe�C �
	��1_ Z b & X Y =
	BY Z��
� 	
b�&hZ'��� ahe \ Z _ a0ahb Z _�	�� . 	 fBgBg $ = � � >:�MX�����XQe�_ d2b[e$�MZ'�BZ�� a��:Z'��� b a � _��MZ > ahb�� �2b[Z Y Z e _ Z'� X e
\^Z`_ a0ahb Z`_/	E� . 	 fBgBghg�= � . � �MZ � 	
_ Z`b[X�	��HXQe C ��	��2_ Z`b =�XQe2X _ X�	������ 	��0�:Z�	Bb[Z'��XQeV\^Z`_[a1ahb Z`_/	�� .
	 fBghghg�	 � . F a � Z^a��(_��2Z � 	
_[Z b[X�	��FX Y�C �
	��2_[Z b � 	��QY a�	����.Z	Bb Z�� XQe \ Z _ a0ahb Z _6	E� . 	 fBghg $ � � .



� � ��� � 
 � �

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

� e _��MX Y ���
	��1_ Z b'�0> Z]b Z'�0XQZ >�_��MZ/�MZ�� eMX _[XQahe�a�� �Mb[a�=�	�=MX�� XQY _ X���b Z�� 	�_ XQaBe
	�� � a*�MZ�� Y�. ��Z;X eO_[b[a#�
�Md��`Z"_��2Z�=
	BY X�� b Z�� 	�_ XQaBe
	�� � a �MZ'�)	
e�� _��2Z��Mb[a�=
	�=MX��QXQY _ X�� � a*�MZ�� 	BY[Y a �`X 	
_[Z��!>�X _���X _. � �MZ
X��2Z	BY 	Bb Z =
	BY Z��Uahe#_��MZ b Z��`Z e _ > ahb%� a��61^a���� Z b 	Be�� + � Z-,:Z b 	 $ *:*:( � 	Be�� + � Z-,:Z b 	 fBghghg � �
	�� _��Mahd0&�� > Z �
	�BZ &hZ e2Z b�	E�QX � Z��E_��MZ _ Z b � X eMa�� a�&�� _[a!=.Z 	��0���QX��	�=�� Z _ a 	$>�X��MZ`b"b�	Be�&hZ a��
b[Z'� 	
_[XQahe�	��=Y��0Y _ Z � Y�. � �MZ �Mb[a�=
	�=MX��QXQY _ X�� � a*�MZ'�QY�_��
	�_ > Z"Y _ d��0� Z �0�0�QahX _ �`ahe��MX _ X ahe
	��3X e��MZ��
�.Z e��MZ`e�� Z b[Z'� 	
_[XQahe2Y��MX��MY _��
	
_ �Ma����#XQe � 	Be-� b Z	�� � > ahb���� �MX Y _ b X�=Md1_ XQaBeMY�. � Z =.Z�&BXQe >�X _��
	 �MX Y�� d2Y[Y[X ahe&a��2� aBe��MX _[XQahe�	���XQe��MZ'�:Z`e��MZ`e�� ZE. � �MZ`e#� Y XQe��`Z ) 	�hZ`Y[X 	
e e2Z`_"> ahb��OY$�Mb[aA�0X��2Z
_��2Z � ahdMe0�
	
_ X ahe � ahb +�� 3 Y�� > Z &hX��BZ 	 =2b[XQZ � aA�hZ`b��0XQZ > =:Z � ahb[Z�XQe _ b a �Md0� XQe0& �Mb a�=
	�=2X��QX Y _[X��
b[Z'� 	
_[XQahe�	�� � a �2Z��QY'.

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

C aheMY X��MZ`b 	JY X � ���QZ �Ma � 	BX e �MZ`Y��`b[X�=2XQe�&;X e0� ahb � 	
_[XQahe%&-	�_��MZ`b[Z�� � b[a � 	6�`Z eMY dMY�. F d0���:aBY[Z > Z
�
	�hZ _��MZ�� a���� a >�X e�&^_��Mb Z Z6	
_[_[b[X�=2d2_ Z`Y��0Z	���� >�X _���X _ Y,�E	��Qd2Z �Ma � 	BX e�Y��MaA>�e XQe��
	Bb Z e _��MZ`Y[Z`Y�G
� 
�� � � � ���� 3 	�� ��	 ��� � 	 � ��� � �	����� � ��� � � 
�� �  � � 
�� 
�� ��� � � 7 �	�  �	��� � 3 ��� � � � � 
����� � 	�� ��	 7 �)	
e��

 ��� ����� �  ��� 3 � � ��� � � � � � � 7 . 4 Y Y��Mahb _��
	Be0�#�
> Z/>�X����=dMY Z _��MZ � b[Y _ � Z`_ _ Z b�X e�Z	���� a��6_��MZ Y Z
e
	 � Z Y�_[a��2Z eMaB_[Z]_��MZ2	
_[_[b[X�=Md2_ ZE�MdMY XQe�& �	E�MX _�	��#�QZ _[_[Z b[Y � ahb _��MZ2	
_[_[b[X�=Md2_ Z`Y:	Be����QaA> Z b:�	BY Z
�QZ _[_[Z b[Y � aBb/�
	Bb _[X��`d�� 	Bb��E	��QdMZ`Y^a�� _��MZ�	
_ _ b[X�=Md2_[Z Y�. � Z dMY Z� 3�� 7 _ a$�MZ`eMaB_[Z 	 �Mb a�=
	�=2X��QX _"�
�MX Y _ b X�=Md1_ XQaBe]aA�BZ bH_��MZ �:aBY[Y[X�=��QZ �E	�� dMZ Y(a��
	�_[_ b X�=Md1_ Z � �E	Be��� 3�� 7F_[a6�MZ`eMaB_ Z _��2Z �Mb a�=
	�=2X��QX _"�
a��(_��MZ Z �hZ e _ ����� .

$:$



$ f ��� �����
	�� � ��� ����� ����� � ��� ����� ��	 � ������� ��� � � ����	 � �

� � � ���
	���������
� � � �������
� � � �������
�  � ���"!#��$
�  � �����&%'$
� � � �����(��$
� � � �����&%'$
) � � ���"!*�($
) � � �����+!*$
)  � ������,(�
)  � ���������
) � � �����(��,
) � � ������$-%
. � � �����+!*/
. � � �����(���
.  � �����&%'�
.  � �����+!*/
. � � �����+!*�
. � � ���"!#��/

� ���
	��
� ����$
) �����
. �����
� � ���
10-	2�
� � ����,
 � �����
� � ���"!
� ) ����$
 ) �����
� ) �����
� . ���"!
 . �����
� . ����,

� � �3�
�40&��
� � ���"!
� � ����5
�  �����
�  ���6�
� � ����5
� � ���"!

� ���
	��
� ����$
) �����
. �����
� ���
7�
� ���8%9�
 �����&�
� �����(�
� �3�
���
� �����-%(%
� ����,($(,

� . � �;:<� � ) �
96X�&hdMb[Z f*. $ G 3 	�7 � �2Z * ahX e _%�Mb[a�=�	�=MX�� X _"� �MXQY _ b X�=Md2_[XQahe � ahb2	�Y[X � ��� Z Z��0	 � ��� Z�. 3 = 7/4 b[Z�� �
b[Z`Y[Z`eO_�	
_ X ahe�a��6_��MZ * ahXQe _ �MXQY _ b X�=Md2_[XQahe _��
	
_ Z�� ���QaBX _ Y�� aBe��MX _[XQahe�	��3XQe��2Z��.Z e��MZ`e�� ZE. 3 �A7 � �MZ
Y[X e�&�� Z�� 	�_[_ b X�=Md1_ Z6�2b[a�=
	E=MX�� X _"� �MXQY _ a�&hb�	 � Y�.

4JY Y[d � Z _��
	
_^_��MZ * ahX eO_ �MXQY _ b[X�=Md2_[XQahe�aE� 	
_ _ b X�=Md2_[Z �E	��Qd2Z Y^XQe 	 �
	�_�	�=
	
Y[Z XQY 	BY Y��MaA>�e
XQe 96X�&BdMb[Z f . $ 3 	�7 . ? Y[XQe0&]_��MXQY * ahXQe _ �MXQY _ b X�=Md2_[XQahe ��> Z �	Be �`a � �Md2_ Z�_��2Z6�Mb a�=
	�=MX��QX _"� a�� 	
e �
XQe2Y _�	
eO_[X 	
_[XQaheVa��>= �@? �)	Be0�BA � @C 3ED�FHGHF*I 7 . ; aA> Z �hZ`b��L_ a Z�� ��� X��`X _�����b Z��Mb Z Y[Z`e _ _��MZ * ahX eO_
�MX Y _ b X�=Md1_ XQaBe > Z eMZ Z'��_ a]Y _[ahb[Z $ ( e0d � =:Z`b[Y'�2aheMZ:� ahb Z	E��� �.ahY[Y X�=�� Z��`a � =MX e
	
_[XQahe a��5��	E�QdMZ`Y
� ahb _��MZ2	
_[_[b[X�=2d2_ Z`Y�. 3 � e$� 	��`_���> Z2�	
e &hZ _�	> 	� >�X _�� $�; eOd � =:Z`b[Y:=:Z'�	Bd2Y[Z > Z �OeMaA>�_��
	�_
_��2Z]Z`e _ b[X Z Y�XQe _��MZ * ahXQe _:�MX Y _ b X�=Md1_ XQaBe � dMY _ Y d � _[a $ . 7
� e � 	Be-� �	BY Z Y'�0�MaA> Z'�hZ`b��MaBdMb,�
	
_�	%>�X����MZ�� �MX�=MX _ 	 �`Z b _�	BX e�Y _ b[d0�`_ d2b[Z _��
	
_ 	����QaA>�Y dMY _[a

3 �.Z b��
	��MY,	E���Mb[a �1X � 	
_[Z����07Hb[Z��2b[Z Y Z e _ _��MZ �MX Y _[b[X�=2d2_ X ahe"dMY XQe�&2	 � d0��� � ahb Z � a � �
	�� _ � ahb � .
� �MZ�XQe _ dMX _ X aheVXQY^_��
	�_"Y a � Z a�� _��MZ�� ahb b[Z���	
_ X aheMY%=.Z`_"> Z Z e 	�_[_ b X�=Md1_ Z Y � X�&�� _2=:Z XQe0�MXQb Z��`_
aheMZ`Y�� � Z��MX�	
_ Z'� =-��aB_��MZ b/	�_[_ b X�=Md1_ Z Y'.29>aBb;Z��0	 � ���QZE�:_��MZ Z-,:Z�� _ a�� Z��Md���	
_ X ahe�ahe�aA>�eMX e�&
	 �2a � Z � X�&�� _:=.Z � Z��2X 	
_[Z���= � X e�� a � Z�G 	 �2X�&���� Y����Ma0a�� �Mb a��.ahd2_:>:�Ma�aA>�eMY6	 Y d����`Z Y[Y � d��
� e _ Z`b[eMZ _JY _�	Bb _ d�� XQY � aBb[Z/�QX �BZ'����_[a�aA>�e!	��Ma � Z;_��
	Be 	��MX�&�������Z��2d��	
_[Z�� =.Z	E���!=Md � /



� � �� ����� ��� ����� ��� � ��� ��	�� 	�� ��	 � ��	 $ %

_��2Z�XQe0� a � Z XQY _��MZ��Ma � XQe
	Be _2� 	��`_[ahb��@eMaB_]_��MZ�Z��Md0�	
_[XQahe#. � �MX Y�	BY Y[Z`b _ X ahe X Y2� aBb � 	��QX � Z��
=-� _��MZ Y _�	
_ Z � Z`e _;_��
	�_ 
 ��� ��� � �  ��� X Y �	���
���� ���� � ��� � ���
���� ���
��� � a�� � 
�� � � � ���� &BX��hZ`e
�  �	��� � �MX<. ZE.��0� aBb�Z'�hZ`b��$�`a � =MX e
	
_ X aheMY aE� �E	�� dMZ Y I F#D�F G ��> Z%�
	�hZ _���	
_G

 3 A � I�� = � D�F ? � G 7 �  3 A � I�� ? � G 7��

� �MX Y 	
Y[Y[d � �2_[XQahe$�Ma����MY � ahb _��MZ%�MXQY _ b X�=Md2_[XQahe aE� 96X�&hdMb Z f . $ .
� �MZ��`ahe��MX _ XQaBe
	��3XQe0�MZ��.Z e��2Z e��`Z 	BY[Y d � �1_ XQaBe 	����QaA>�Y d2Y _ a�b[Z��2b[Z Y Z e _^_��2Z * ahX eO_ �MX Y _ b X �

=Md2_[XQahe � ahb[Z%�`a � ��	��`_�����X e�	 � 	�� _ ahb Z��$� ahb � . � 	�_��MZ`b _��
	Be b[Z'�Mb[Z`Y[Z e _[XQe�&� 3 = F ? F A 7 � > Z
>�X����3b[Z'�Mb[Z`Y[Z e _�G�_��MZ � 	Bb�&hXQe�	��#�MX Y _ b X�=Md1_ XQaBe aA�hZ`b � 
�� � � � ���� /  3 =�7�� 	�� ahe��2X _ X ahe
	�� �2XQY �
_ b X�=Md1_ XQaBe�a�� �  �	��� � &hX��BZ e�� 
�� � � � ���� /� 3 ? � = 7�� 	Be�� 	!� ahe0�MX _[XQahe
	E� �MXQY _ b[X�=Md2_[XQaheEa��

 ��� ��� � �  ��� &hX��BZ e��  �	��� � /  3 A � ? 7 .:� _ XQY Z	BY ��_ a �BZ b X���� _���	
_ _��MXQY b[Z'�Mb[Z`Y[Z`eO_�	
_ X ahe
� aBeO_�	BXQe2Y 	���� a�� _��MZ XQe0� aBb � 	
_ X ahe XQe _��2Z ahb X�&hX e
	�� * ahXQe _ �MX Y _ b X�=Md1_ XQaBe#� � � �
	 � �	���
���� ���� � �

���
���� ���
��� � � � �	���� � � ���� 	 ��� 
�� G

 3 A F = F ?07 �  3 A � ? F =�7  3 ? � =�7  3 =�7 �  3 A � ? 7  3 ? � =�7  3 =�7

>:�MZ`b[Z _��MZ2� 	BY _ Z'�Od
	��QX _"� � a����QaA>�Y � b[a � _��MZ2� ahe0�MX _[XQahe
	E�=XQe��2Z��.Z e��MZ`e�� Z"a�� = 	Be�� A &BX��hZ`e
? . � e aBdMb Z �0	 � �0�QZ��H_��2Z * ahX e _ �2XQY _[b[X�=Md2_ X ahe �	Be =:Z b[Z'�Mb[Z`Y[Z`eO_[Z��#dMY XQe�&�_��2Z�_��2b[Z Z _�	E=��QZ`Y
Y��2a >�e�XQe 96X�&hdMb Z f . $ 3 = 7 .�� _]XQY;Z�	BY���_[a$�BZ b X�����_��
	
_^_��2Z'� �Ma�Z`e�� a*�MZ��Mb[Z'� XQY Z���� _��2Z Y�	 � Z
* ahX eO_:�2XQY _[b[X�=Md2_ X ahe 	BY�X e 9@X�&hdMb Z f . $ 3 	�7 .

� �MZ�Y _[ahb�	E&hZ b Z��OdMXQb Z � Z e _ � ahb(_��MZ � 	��`_[ahb[Z'� b[Z��2b[Z Y Z e _�	�_ XQaBe Y[Z Z � Y@_ a =.Z %��5*�� � � $ (0�
	BY =:Z � ahb[ZE.)� e2� 	��`_��
X��0> Z 	��'� ahdMe _ � ahbH_��MZ,� 	��`_H_��
	
_@Y[a � Z aE�2_��2Z �
	
b�	 � Z`_[Z b[Y 	Bb Z b Z��MdMe0�
	Be _
=.Z��	
dMY[Z _��2Z eOd � =.Z b[Y � d2Y _%	��0�Ed0��_ a $ � > Z &hZ`_ f�� � � % � $!$ � 	BY �`a � �
	Bb[Z'��_ a�_��2Z
$�; > Z �
	E� X e _��MZ/� d����2* ahX eO_�.�� �MX�� ZJ_��2Z]Y�	�1X e�&hY�XQe _��MXQY ��	BY[Z � 	��eMaB_�Y[Z`Z � �
	
b _ X�� d���	Bb����
X � �Mb Z Y[Y X��BZ��:_��MZ Y�	A�0X e�&hY &hb aA> Z�� �:aBeMZ e _ X�	������ 	BY _��MZ eOd � =.Z b;aE� 	
_[_[b[X�=2d2_ Z`YJXQe0� b[Z�	BY[Z`Y�� 	
Y
�QaBe�& 	BY�_��MZ eOd � =.Z b�a�� �MX b[Z�� _��MZ��.Z e��2Z e��`XQZ Y b[Z � 	
XQeMY�Y � 	���� .
8 aB_[Z;_��
	�_�_��MZ/�`ahe��MX _ XQaBe
	��FX e��MZ'�:Z`e��MZ e0� Z2	BY[Y d � �2_ X ahe�XQY �BZ b�� �MX ,:Z b Z e _:� b[a � 	BY[Y d � �

XQe0&2�`a � ���QZ _ Z:	
_ _ b[X�=Md2_[Z X e��MZ'�:Z`e��MZ e0� Z�.,9 ahb Z ��	 � ��� Z��h_��MZ � 	Bb�&hXQe
	E� �MX Y _[b[X�=2d2_ X aheMY � ahb _��2Z
_��2b[Z Z$	�_[_ b X�=Md1_ Z Y�	Bb[Z�Y��MaA>�eGX e 96X�&BdMb[Z�f . $ 3 �A7 . � _ XQY Z�	BY���_ a�Y[Z`Z _��
	
_"_��MZ * aBXQe _ �MX Y _ b X �
=Md2_[XQahe�_���	
_ > Z > ahd���� a�=1_�	BX e�� b a � _��MX Y�Y _ b ahe�& 	
_[_[b[X�=2d2_ Z]XQe��2Z��.Z e��MZ`e�� Z 	BY[Y d � �2_ X ahe X e



$ & ��� �����
	�� � ��� ����� ����� � ��� ����� ��	 � ������� ��� � � ����	 � �

_��2XQY/�	
Y[Z XQY �hZ`b�� �MX ,FZ`b[Z`eO_%� b a � _��MZ _ b[d2Z d2e��MZ b����0XQe0&(* aBXQe _/�MX Y _ b X�=Md1_ XQaBe#.�� _ XQY%	E�QY[a�X � �
�.ahb _�	Be _ _[a eMaB_ Z�_��
	
_ ahdMb,� aBe��MX _[XQahe�	��2X e��MZ��.Z e0�MZ e��`Z6	
Y[Y[d � �2_[XQahe XQY �`a � �
	
_ X�=��QZ >�X _�� _��2Z
Y _[b[ahe0& �`ahb[b Z�� 	�_ XQaBe�_��
	
_]Z �2X Y _[Y =.Z`_"> Z Z`e�
 ��� ��� � �  ��� 	Be�� � 
�� � � � ���� XQe�_��MX Y/�MXQY _ b X�=Md��
_ X ahe#. � �0d2Y����`ahe��MX _ XQaBe
	�� XQe0�MZ��.Z e��2Z e��`Z;XQY 	 � d0��� > Z	 �
Z b:	Be�� � aBb[Z  Z��1X�=0�QZ 	BY[Y d � �1_ XQaBe
_���	Be Y _�	Be0�
	Bb�� 3 � 	Bb�&hXQe
	E��7 XQe��MZ'�:Z`e��MZ`e�� ZE.

� ��� � ��� � ����� � � � 
�� 	 ��� �

�
	�������������������

��� �� "!��

�#	�������$!� 
%  �&���'�!

� '(�)*��+,'�!- .�0/#+-��!

132 !

4 ����56!��
� ���7& � �$���, 

8 � ����� � 

%  .���$96�:�:+

; � &�!

�
!7<

96X�&hd2b[Z]f . f G+) 	�hZ`Y[X�	Be e2Z`_"> ahb�� � ahb _��MZ%� Z e2Y[dMY��Ma � 	BXQe .

= � � �	��� �   ��� � ���$> � 	 +@Z�	Bb��<� $ *:(!( � 	Bb Z � a � �
	�� _%&hb�	��0�MX���	��6b Z��Mb Z Y[Z`e _�	
_[XQaheMY%� ahb �2X�&����
�MX � Z`eMY[X ahe
	�� * ahXQe _ �MXQY _ b X�=Md2_[XQahe2Y�. � �MZ'� Z�� ��� ahX _6_��MZ�_��MZ�dMe0�MZ b����0XQe�&2� aBe��MX _[XQahe�	��2X e��MZ��.Z e �
�MZ`e�� Z`Y X e�_��MZ �Ma � 	BX e / _��MZ � 	�� _^_��
	�_^ahe���� 	 � Z'>B	BY��.Z�� _ Y a�� _��MZ �Ma � 	BX e 	#,:Z��`_ Z�	����
aB_��MZ b �MXQb Z��`_�����. ��Z �2Z-� eMZ"ahdMb6�2b[a�=
	E=MX�� X _"� Y��
	�� Z 	BY _��MZ Y Z`_;aE� �:aBY[Y[X�=��QZ 	BY Y[X�&Be � Z`e _ Y _[a
_��2ZJY[Z _ 	]b�	Be0�Ma � �E	Bb[X�	�=�� Z Y �@? F � � � F �BA .+) 8 Y �	Be � a � �
	�� _���� b[Z��2b[Z Y Z e _:	 * ahXQe _ �MXQY _ b X�=Md��
_ X ahe�aA�BZ b �@?#F � � � F ��A =-��d2_[X�� X � X e�&2	"Y _[b[d�� _ dMb Z;_��
	�_ �	E�2_ dMb Z Y �`ahe��MX _ X ahe
	��>XQe0�MZ��.Z e��2Z e��`Z Y
	 � ahe�&!	
_[_[b[X�=2d2_ Z`Y��L_��2Z b[Z'=-� _�	#�0X e�& 	�� ��	
eO_�	�&hZ�a���_��MZ ���Qa*�	�� X _"� � a��:�Mb[a�=
	�=MX��QXQY _ X�� X e� d��
Z e0� Z Y'.
4 ) 	�BZ Y[X�	Be#eMZ _"> ahb%�DC � aheMY XQY _ Y a���_"> a � a � �.aheMZ`eO_[Y�. � �MZ � b Y _��`a � �:ahe2Z e _��E �6X Y



� ��� � � ��� 	�� � ��� � 	���� ����� � $ =

income

marital-status

age

< 7.5K 7.5-17.4K ≥ 17.5K

≥ 55
< 55

married
widoweddivorced

separated
never
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age
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Professor
Prof. Gump

Popularity
high

Teaching Ability
medium

Course
Phil142

Difficulty     
low

Rating
high

Course
Phil101

Difficulty       
low

Rating
high

Registration
#5639

Grade
A

Satisfaction  
3
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#5639

Grade
A

Satisfaction  
3

Registration
#5639

Grade
A
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3

Student
John Doe

Intelligence
high

Performance
average

Student
Jane Doe

Intelligence       
high

Ranking  
average

3 	-7 3 =
7
96X�&hdMb[Z"f .)&�G 3 	-7:4 b Z�� 	�_ XQaBe
	��HY����MZ � 	 � aBb 	�Y X � ���QZ]dMeMX��hZ b Y[X _"�!�Ma � 	BX e#. � �MZ dMe��2Z b�� XQeMZ'�
	
_ _ b[X�=Md2_[Z Y%	Bb Z b Z'� Z`b[Z e0� Z Y��Qa
_ Y^a�� _��MZ �'� 	BY Y2	Be��V_��MZ �
	
Y��MZ'� �QX eMZ YJXQe��MX��	
_[Z _��MZ _"�*�.Z Y a��
a�= * Z'�`_[Y b Z'� Z b Z e��`Z��#. 3 = 7 4Je Z��0	 � ���QZ�XQe2Y _�	
e�� Z�a��:_��MX Y Y����MZ � 	0. ; Z b Z�> Z �2a eMa
_ Y��MaA>&_��2Z
b[Z � Z b Z e��`Z�Y�� aB_ Y'� > Z�dMY Z �
	BY��MZ�� �QXQe2Z Y _ a X e��MX��	
_[Z _��MZ�b Z���	
_ X aheMY��2X��MY;_��
	
_ �Ma���� =:Z _"> Z`Z e
a�= * Z'�`_[Y�.

$&%(')%�* +-,/.103254168790:.;.�0:79<>=90?<@,

� �MZ;b Z���	
_ X ahe
	�����	Be�&hd�	�&hZ 	���� a >�Y dMY _ a �2Z Y��`b[X�=:ZJ_��MZ �OX e��MY aE�3a�= * Z'�`_ Y XQe�aBdMb �Ma � 	BX e#. 9 ahb
Z��0	 � ��� Z�� 96X�&hdMb[Z�f .'& 3 	-7@Y��MaA>�Y _��MZ�Y����2Z � 	%� ahb 	 Y X � ���QZ �Ma � 	BXQe"_��
	
_ > Z >�X���� =:Z�d2Y[XQe0& 	
Y
ahdMb b dMeMeMX e�& Z��0	 � ���QZ�X e _��MX Y ���
	��2_[Z b�. � �MZ �2a � 	
XQe X YL_��
	
_ aE�#	^dMeMX��hZ`b[Y[X _"���*	Be���� aBeO_�	BXQe2Y
�Mb a�� Z Y Y[ahb Y��>Y _[d��MZ e _[Y�� � ahd2b[Y[Z`Y�� 	Be��$�`ahdMb[Y Z b[Z�&BXQY _[b�	
_[XQahe2Y�. � �MZ%����	BY[Y Z Y�XQe�_��MZ Y����MZ � 	�	Bb Z
ACB ��D �E�E � B �GFIH�JLK NM#H �PO �QJ B E �� 	Be0�SR �T � E1H BVU H � �QM .

3 ahb Z � ahb � 	�������� 	�Y����MZ � 	 � ahb�	�b[Z���	
_ X ahe
	�� � a �2Z�� �MZ Y�� b[X�=:Z`Y 	�Y[Z _ a�� ��� � �	� �	� �:W �
X#Y ?*F � � � F
Y A[Z . �,	���� ����	BY[Y XQY 	BY Y[a*� X 	�_ Z���>�X _�� 	 Y Z`_ a�� 
��	� ����� � � ����� � � � ��������� �	� .,9 ahb Z �0	 � �
��� Z �Mb[aE� Z Y[Y ahb[Y � 	� ��	A�BZ:�MZ Y�� b[X��2_ X��hZ:	
_ _ b X�=Md2_[Z YLY d�����	BY �.a��Md���	Bb[X _"�2	Be�� _ Z�	����MXQe0&%	�=MX�� X _"� �
� aBdMb[Y Z Y � 	� ��	A�BZ �2Z Y��`b[X��2_ X��hZ 	
_[_[b[X�=2d2_ Z`Y�Y[d����!	BY�b�	
_[XQe�& 	Be0� �MX ��� d�� _"��.

� �MZ Y Z`_LaE���MZ`Y�� b X��2_[X��BZ 	
_ _ b[X�=Md2_[Z Y(a�� 	 �'� 	BY Y Y XQY �MZ e2aB_ Z'�]\ 3^Y 7�. 4 _ _ b X�=Md2_[Z � a��
�'� 	BY Y
Y XQY��MZ eMa
_ Z�� Y � � �5	Be�� X _ Y�Y��
	�� Z a��)�E	�� dMZ Y XQY:�MZ`eMaB_[Z�� � 3�Y � � 7 . � Z 	BY Y[d � Z �MZ`b[Z _��
	�_
�E	��Qd2Z]Y��
	��`Z Y/	Bb Z �MeMX _[Z�. 9 ahb�Z��0	 � ��� Z�� _��MZ_FIH�JLK NM#H:�'� 	BY Y ��	BY _��MZ2�MZ Y�� b[X��2_ X��hZ 	
_[_[b[X�=2d2_ Z`Y
�  � ����� � ���� � � 	Be�� � � #>����� . � �MZ/�E	�� dMZ;Y���	�� Z � ahb&FIH�JLK NM#H�� �  � ����� � ���� � � XQe�_��2XQY Z ��	 � ��� ZJX Y
X 	�� ��	a` ��� � Z .
� e 	����MX _ X ahe#�
> Z e2Z Z�� 	 � Z _��Ma*�!� ahb6	���� a >�X e�& 	Be�a�= * Z'�`_;_[a�b[Z � Z bJ_[a 	BeMa
_��MZ`bJa�= * Z'�`_�.

9 ahb Z��0	 � ��� Z:> Z � 	��> 	Be _ 	2�`ahdMb[Y Z _[a%�
	�hZ 	]b Z'� Z b Z e��`Z _[a]_��MZ�XQeMY _ b d��`_[ahb a��:_��MZ�� ahdMb Y[ZE.



� ��� � ����� ���2��� � ��� ����� ��	 � ����������� � � ����	 � � $ *

4Je0��	 b Z�&hX Y _[b�	
_[XQahe b[Z'� ahb��"Y��Mahd���� b Z'� Z b =:a
_�� _ a�_��MZ 	BY[Y a �`X 	
_[Z��2� ahdMb Y[Z 	Be�� _[a _��MZ Y _ d0�MZ e _
_�	#�0X e�& _��MZ �`ahdMb[Y Z�.���Z/	����MX Z'�BZJ_��MX Y Z�,FZ'�`_�d2Y[XQe0& � � � ��� �� � � ��������� . F �.Z�� X �
�	E�������OZ	���� �'� 	BY Y
XQY%	
Y[Y[a*� X�	
_ Z'� >�X _�� 	 Y[Z _"a�� b[Z � Z b Z e��`Z�Y��QaB_[Y�. � �MZ Y[Z _ aE� b Z'� Z b Z e��`Z�Y��QaB_[Y^a�� 	 �'� 	BY Y Y X Y
�MZ`eMaB_ Z'��� 3�Y 7 .���Z"dMY Z Y ����_[a �MZ`eMaB_ Z _��2Z"b[Z � Z b Z e��`Z Y�� aB_���a�� Y . �,	���� b[Z'� Z`b[Z`e�� Z Y��QaB_
� XQY _"�*�.Z��#�2X . Z�.��1_��2Z;Y����MZ � 	 Y��:Z'� X �MZ Y _��2Z;b�	Be0&hZJ_"�*�:Z^aE�@a�= * Z�� _ _��
	�_ � 	� =:ZJb[Z'� Z`b[Z`e�� Z'�#.
3 ahb Z � ahb � 	�������� � ahb Z	E�����EXQe Y � _��MZ 
��� � �� � � � � (;a � 	�� � X Y Y 	Be��#_��2Z � � ���� � � � �
��	Be�&hZ 	�� � XQY�� � ahb Y[a � Z6�'� 	BY Y	� X e;W . 9 ahb Z��0	 � ���QZE�0_��MZ �'� 	BY Y O �QJ B E  �
	BY b[Z � Z b[Z`e�� Z^Y��QaB_
�  ��� � � ��� ��� >�X _���b�	Be�&hZ�_"�*�:Z A/B ��D �E1E � B �*	Be0� ����	BY[Y R �T ��E�H B�U H � �QM �
	BY b[Z'� Z`b[Z`e�� Z;Y��QaB_[Y � ��� ��� �
	Be�� � ��� 
��� � . � e!9@X�&hdMb Z]f .)& 3 	-7 _��MZ b[Z � Z b[Z`e�� Z]Y�� aB_ Y:	
b[Z dMe��MZ`b�� XQeMZ'�#.

� �MZ b ZGX Y 	 �MXQb Z�� _ � 	��0�MXQe�& =:Z _"> Z`Z e ahd2b�b[Z��2b[Z Y Z e _�	�_ XQaBe 	
e�� _��
	
_�aE��b Z�� 	�_ XQaBe
	��
�
	
_�	�=
	BY Z Y'.�� 	E��� ����	BY[Y � aBb[b[Z`Y��.ahe��MY _ a 	 Y[XQe0&��QZ�_�	E=��QZ:	Be0��Z	E��� 	
_ _ b[X�=Md2_[Z��`ahb[b Z Y��:ahe0�MY _[a
	 � a�� d � e . 	;dMb:�MZ`Y��`b[X��1_ X��BZ 	�_[_ b X�=Md1_ Z Y:�`ahb[b Z Y��.ahe���_ a Y _�	Be��
	
b�� 	�_[_ b X�=Md1_ Z Y�X e�_��MZ _�	�=�� Z��
	Be���ahd2b�b[Z'� Z`b[Z`e�� Z]Y�� aB_ Y �`ahb[b Z Y��.ahe���_ a�	
_ _ b X�=Md2_[Z Y _��
	
_�	Bb Z � ahb[Z`X�&he �
Z'�0Y 3 �BZ ��	
_[_[b[X�=2d2_ Z`Y
a��)	BeMaB_��MZ b�_�	�=��QZ7 .
9 ahb Z	���� b[Z � Z b Z e��`Z Y��QaB_
�
�-> Z:�	Be �MZ�� eMZ 	Be �� �����	� � ������� ��� ? ��>:�MX�����X Y XQe _ Z`b��Mb Z`_ Z'� 	
Y

_��2Z X e �BZ b Y[Z � dMe0�`_ X ahe a��
�
.:9 ahb�Z��0	 � ���QZE�
> Z �	Be �2Z-� eMZ 	Be X e-�hZ b Y[Z Y��Qa
_ � ahb�_��MZ � ��� 
��� �
Y�� aB_Ha�� R �T ��E�H B�U H � �QM 	Be��%�	����hX _ � � ������� ��� � 
�� �  . 8 aB_[Z _��
	
_3_��MXQY3X Y3eMaB_ 	�aheMZ � _ a5� aheMZ b Z���	
_ X ahe#�
=Md2_ b[Z _ dMb eMY 	 � ��� a�� R �T ��E�H B�U H � �QM]a�=2* Z��`_[Y�. 3 ahb Z � ahb � 	E������� X�� (;a � 	�� � XQY Y 	Be�� ��	Be�&hZ�	� �
XQY����M_��MZ`e!(;a � 	��� ? � X Y�� 	
e�����	Be�&BZ 	��� ? � XQY Y .
96XQe�	�������� > Z �MZ�� eMZ�_��MZ�eMaB_[XQahe a���	 ��������� 	 � �� �)>:�MX���� 	���� aA>�Y"dMY"_[a � a � �.ahY[Z�Y��Qa
_ Y��

�MZ�� eMXQe0& � dMe�� _ XQaBeMY � b a � a�= * Z�� _ Y _[a�aB_��MZ b a�= * Z'�`_ Y�_[a�>:�MX�����_��MZ � 	
b[Z X e��MX b[Z�� _����&b[Z �
� 	�_ Z�� . 3 ahb[Z �2b[Z��`XQY Z������ > Z �MZ�� eMZ 	 ������� � 	 � �� � ? F � � � F � � _[a =:Z 	 Y[Z��OdMZ`e�� ZEa�� Y��QaB_[Y
3 X e-�hZ b Y[Z�ahb a
_��MZ`b�>�XQY ZA7�Y[d�����_��
	
_�� ahb 	���� G � � 	Be0&hZ 	� 	 � � (;a � 	� 	�� ? � . 9>aBb Z �0	 � �0�QZ��
FIH�JLK  M#H � � � ������� ��� � 
�� �  � � ������� � � �  ��� � � ��� ��� ��	Be =:Z dMY[Z'�I_ a �MZ`eMaB_[Z 	 Y _[d��MZ e _$� Y X eMY _[b[d�� �
_ aBb[Y�. 8 aB_ Z;_��
	
_ 	 Y��Qa
_:���
	BXQe$�MZ`Y��`b[X�=.Z Y 	 � ��� a��@a�= * Z�� _ Y:� b[a � 	 ��� 	
Y[Y�. ?

� �MZ b[Z'� 	
_[XQahe�	�� � b�	 � Z'> ahb�� > Z ��	A�BZ * dMY _ �2Z Y��`b[X�=:Z'�UX Y � aB_ X���	�_ Z�� �Mb[X � 	
b[X���� =-� _��2Z
� aBe�� Z'�2_ Y a��>b Z�� 	�_ XQaBe
	�� �
	
_�	�=
	BY Z Y��*	�� _��MaBd�&��"Y a � Z a��>_��MZ eMaB_�	�_ XQaBe XQY �2Z b[X��hZ'� � b a � � b�	 � Z��
=
	BY Z�� 	
e�� a�= * Z'�`_ � ahb XQZ e _[Z�� Y �0Y _ Z � Y'. ; aA> Z �hZ b'�L_��MZ�� b�	 � Z'> ahb%��XQY 	�� d������ &hZ`eMZ b�	�� aheMZ��
	Be�� XQY�Z'�OdMX��E	�� Z e _�_ a _��2Z]Y _�	Be0�
	Bb��$�ha*�	E=Md�� 	
b��$	Be0� Y Z � 	Be _ X��`Y�a��@b[Z���	
_ X ahe
	��5�Qa�&BX���.

��������������� �"!#�$� � ��%&��'(� ��)*',+.-&'��/���0��132#�0��-.�4���6587*9;:=<?>�@,A,:B@
�0CD�E%*FG'H1I�J�HK#2&'HL '6MN'(2#�PO�'QC���R.-.)S�;�Q�/R&T"1,��'H-$�
� �	U"�0VE'W� 2&'HU�� 'I�J�4�0CX�E%*FG'H1I�J�HY&%&R*�Z�J2&',LJ'QU"�P[�%#'()&��U"�0��-.�\MZ2&'HL 'QU6R.�;�J�;]^�/',�J�Z��L '
)*'_�/��LJ��%&��'�`



fBg ��� �����
	�� � ��� ����� ����� � ��� ����� ��	 � ������� ��� � � ����	 � �

$&%(')%�$ �����9,�� 0�� 7
	[2Q0:7>2 4�032541687

4Je �� ��� �  � ��� a�� 	 Y����2Z � 	 X Y Y X � ����� 	 Y _�	Be��
	
b�� b[Z'� 	
_[XQahe�	��5� a�&hX�� X eO_[Z b��Mb[Z _�	
_[XQahe�aE�3_��MX Y
�ha*�	E=Md�� 	
b���. � _ Y��:Z'� X �MZ Y�G � aBb"Z	E�����'� 	BY Y Y � _��MZ�Y[Z`_ aE� a�= * Z�� _ Y XQe _��MZ ����	BY[Y'� � 3�Y 7�� 	
�E	��Qd2Z � ahb Z�	���� 	�_[_ b X�=Md1_ Z� � � 3 X e _��MZ$	��0�Mb[a��2b[X 	�_ Z �Ma � 	BX e 7%� aBb Z	���� a�=2* Z��`_� � 	Be�� 	
�E	��Qd2Z�� � aBb�Z	�����b Z'� Z`b[Z e0� Z"Y��QaB_� �;�
�
>:�MX���� XQY�	Be a�= * Z�� _JX e _��MZ 	E���Mb[a��Mb[X�	
_ Z^b�	Be�&hZ _"�*�:ZE�
X . Z�.���� � ��	Be�&hZ 	�� � . C ahe-�hZ b Y[Z'������� ����� ? � X  �  ��� � � Z .�� Z d2Y[Z \ 3 576	
Y/	�Y��MaBb _���	Be��
� ahb \ 3^Y 7 � >:�MZ b Z� XQY a�� �'� 	BY Y Y . 9 ahb Z	E��� a�= * Z'�`_�#XQe�_��MZ�X eMY _�	Be��`Z 	Be0��Z�	���� a�� X _[Y
	
_ _ b[X�=Md2_[Z Y � � > Z;dMY Z ����� � _[a��MZ e2aB_ Z _��MZ���	E�QdMZ a��� � � XQe � .,9>aBb Z ��	 � ��� Z�� 96X�&BdMb[Z f .)& 3 =
7
Y��2a >�Y 	Be�X eMY _�	Be�� Z a��=_��MZ Y����MZ � 	 � b a � ahdMb b[dMeMe2XQe�&]Z��0	 � ���QZE. � e�_��MXQY 3 Y X � ���QZ7 X eMY _�	Be��`Z
_��2Z b[Z XQYHaheMZ A/B ��D �E1E � B �B_"> a O�� U E1E Z`Y��B_��Mb[Z`Z9R �T � E1H BVU H � �QM+Y��-	
e�� _"> a FIH�JLK  M#H Y�. � �MZ b[Z'� 	
_[XQaheMY
=.Z`_"> Z Z e _��MZ � Y��MaA>�_��
	
_�_��2Z%+ b a�� Z Y Y[ahb�X Y _��2Z^XQeMY _ b[d0�`_ aBb XQe =.aB_�� �'� 	BY Y[Z`Y�� 	Be���_��
	
_�ahe2Z
Y _[d��MZ`eO_ 3 � c�	
eMZ�(;a1Z�� 7 XQY b[Z'&hXQY _ Z b Z��Gahe���� � ahb aheMZ�����	BY[Y 3 ��+ �MX�� $ g $ � 7 � >:�2X��QZ _��MZ a
_��MZ`b
Y _[d��MZ`eO_ XQY�b Z�&hX Y _[Z b[Z'��� aBb =:aB_��$��� 	
Y[Y[Z`Y�.

$&%(')%(' ��� 6! 90" 41.�4#	[254$�&% 6�' ,/.

4 +�� 3 �MZ-� e2Z Y%	 �Mb a�=
	�=2X��QX _"� �MX Y _ b X�=Md1_ XQaBe aA�hZ`b%	�Y[Z _^a�� XQe2Y _�	
e�� Z`Y;a�� 	�Y����MZ � 	0. 3 ahY _
Y[X � �0����� > Z 	BY[Y d � Z"_��
	�_J_��2Z Y[Z _^a�� a�=2* Z��`_[Y%	Be�� _��MZ b Z�� 	�_ XQaBeMY =.Z`_"> Z Z`e�_��MZ � 	Bb Z � �1Z�� �
X . Z�.��=Z �1_[Z b e
	�� _ a�_��MZ �Mb a�=
	�=2X��QX Y _[X�� � a*�MZ��<. � �MZ e �(_��MZ +�� 3 �2Z-� eMZ`Y aBe���� 	��Mb a�=
	�=2X��QX _"�
�MX Y _ b X�=Md1_ XQaBe aA�hZ`b;_��MZ 	
_ _ b X�=Md2_[Z Y;aE� _��MZ a�=2* Z��`_[Y XQe _��MZ � a*�MZ'� . � �MZ � ��� � � ���� � �!�$> ��� ��� ��
�MZ�� eMZ Y^_��MZ �:aBY[Y[X�=��QZ XQeMY _�	Be _[X 	
_[XQaheMY _��
	�_ > Z �`aheMY[X��MZ b �=_��MZ +�� 3 �MZ-� e2Z Y2	 �MXQY _ b X�=Md2_[XQahe
aA�hZ`b _��MZ%�:ahY Y[X�=��QZ > ahb����MY � aBeMY[X Y _ Z`e _ >�X _�� _��MZ b Z�� 	�_ XQaBe
	��FY%�BZ'�QZ`_[ahe#.

( �*) �	"#��"���� +�+��-, 4 � ��� � � ���� � � �$> ��� ��� ��/.10 a�� 	 b[Z���	
_ X ahe
	�� Y����MZ � 	 XQY 	 �
	Bb _ X�	��>Y��.Z�� X �
�	 �
_ X ahe a��)	Be�XQeMY _�	Be0� Z^a��(_��MZ^Y����MZ � 	0.,� _�Y��.Z��`X � Z`Y _��MZ^Y[Z _ a��(a�= * Z�� _ Y .10 3�Y 	 7 � ahb�Z	E��� �'� 	BY Y
	Be���_��2Z]b Z���	
_ X aheMY _��
	
_:�Ma����$=:Z _"> Z`Z e _��MZ a�= * Z'�`_ Y'. ; aA> Z �hZ b'�:X _ �QZ�	�hZ Y�_��2Z%�E	�� dMZ Y�aE�6_��2Z
	
_ _ b[X�=Md2_[Z Y�dMeMY��:Z'� X � Z��#.

96X�&BdMb[Z f*.>= 3 	-7 Y��MaA>�Y�	 b[Z���	
_ X ahe
	��.Y��
Z�� Z`_ aBe$� aBb ahdMb b dMeMeMX e�& Z��0	 � ��� Z�. � �MZ^b Z�� 	�_ XQaBe
	��
Y��
Z�� Z`_ aBe �MZ-�MeMZ YJ_��MZ"b�	Be��Ma � �E	Bb X 	�=0�QZ Y�X e ahd2b6�Ma � 	BX e ��> Z �
	�hZ�	 b�	Be0�Ma � �E	Bb[X�	�=��QZ � aBb
Z	E��� 	
_ _ b X�=Md2_[Z�a�� Z	E���Ua�= * Z�� _ XQe _��2Z Y��BZ'�QZ _ ahe#. 4 + � 3 _��MZ`e Y��.Z�� X � Z Y�	 �Mb a�=
	�=2X��QX _"�
�MX Y _ b X�=Md1_ XQaBe a �BZ b �	��� ��� ��� ���� ��� a��(_��MZ Y��
Z�� Z`_ aBe#.



� ��� � ����� ���2��� � ��� ����� ��	 � ����������� � � ����	 � � f $

Professor
Prof. Gump

Popularity
???

Teaching Ability
???

Course
Phil142

Difficulty 
low

Rating
high

Course
Phil101

Difficulty 
???

Rating
???

Registration
#5639

Grade
A

Satisfaction 
3

Registration
#5639

Grade
A

Satisfaction 
3

Registration
#5639

Grade
???

Satisfaction 
???

Studen
John Doe

Intelligence 
high

Performance  
average

Studen
Jane Doe

Intelligence 
???

Ranking  
???

Professor
Prof. Gump

Popularity
???

Teaching Ability
???

Course
Phil142

Difficulty 
low

Rating
high

Course
Phil101

Difficulty 
???

Rating
???

Registration
#5639

Grade
A

Satisfaction 
3

Registration
#5639

Grade
A

Satisfaction 
3

Registration
#5639

Grade
???

Satisfaction 
???

Studen
John Doe

Intelligence 
high

Performance  
average

Studen
Jane Doe

Intelligence 
???

Ranking  
???

Popularity

Teaching-Ability

��� ��� ���	�
���

Difficulty

Rating

� ���� �
�
Intelligence

Ranking

��� ������� �

AVG

AVG

Grade

Satisfaction

������� � � � � � � ��

3 	-7 3 =
7
96X�&hdMb[Z f .<= G 3 	�7 � �MZ�b Z���	
_ X ahe
	���Y%�BZ�� Z`_[ahe � ahb�_��MZ�dMe2X��hZ`b[Y X _"���Ma � 	BXQe#. 3 = 7 � �MZ + � 3
�MZ'�:Z`e��MZ e0�'� Y _[b[d�� _ dMb Z2� ahb�aBdMb�dMeMX��hZ b Y[X _"��Z��0	 � ���QZE.

4 +�� 3 � ahe2Y[XQY _ Y�a��;_"> a � a � �.aheMZ e _[Y�G�_��2Z!�Od
	�� X _�	�_ X��BZ$�MZ��.Z e��2Z e�� �IY _[b[d�� _ dMb Z���� �
	Be��V_��2Z���	Bb�	 � Z`_[Z b Y%	BY[Y a �`X 	
_[Z�� >�X _��VX _�����5. � �2Z �MZ'�:Z`e��MZ`e��'�EY _[b[d�� _ dMb Z�X Y/�MZ-�MeMZ�� = �
	BY Y[a*� X 	�_ XQe0& >�X _���Z	E��� 	
_[_[b[X�=2d2_ Z Y � � 	�Y Z`_^a�� � � � �� ��� + 	 3^Y � � 7 . � �MZ`Y[Z �`ahb[b Z Y��.ahe���_[a
� ��� � � � �
	Bb Z e _ Y �J_��2Z'� >�X�����=.Z XQeMY _�	Be _ X�	
_ Z'��X e �MX ,FZ`b[Z e _ > 	�0Y � ahb��MX ,:Z b Z e _�a�= * Z�� _ Y�X e
Y . � eO_[dMX _[X��BZ������ _��MZ �
	
b[Z e _[Y 	
b[Z$	
_ _ b[X�=Md2_[Z Y"_��
	
_�	Bb Z ���MXQb Z�� _ XQe�MdMZ e��`Z Y ��ahe Y � � . � e
96X�&hdMb[Z]f*.>= 3 = 7 �1_��MZ2	Bb b[aA>�Y:�MZ-� e2Z]_��MZ%�MZ��.Z e��2Z e�� � Y _ b d��`_[dMb[ZE.

� Z �MXQY _ XQe0&hdMXQY��!=.Z`_"> Z Z`eV_"> a�_"�*�:Z`Y;a�� � ahb � 	E� �
	Bb[Z`e _ Y�. � �2Z 	
_[_[b[X�=Md2_ Z Y � � ��	Be �MZ �
�.Z e��Eahe 	BeMaB_��MZ b/�2b[a�=
	E=MX�� XQY _[X�� 	
_[_[b[X�=2d2_ Z � a�� Y . � �2XQY/� ahb � 	�� �MZ��.Z e��2Z e��`Z�X e��Md��`Z Y2	
� aBb[b[Z`Y��.ahe��MX e�&��MZ'�:Z`e��MZ`e��'� � aBb XQe0�MX��0X��2d
	��>a�= * Z'�`_ Y'G � ahb 	Be-��a�= * Z'�`_� XQe .10 3^Y 7 �  � � >�X����
�MZ'�:Z`e�� �Mb[a�=�	�=MX�� XQY _ X���	������;ahe  �
� . 9 ahb@Z��0	 � ���QZE�hXQe�96X�&hd2b[Z�f*.>= 3 = 7 ��	 �Mb[a�� Z`Y[Y ahb$� Y � � ��� � � � �
��� � �MZ��.Z e��2YLahe �2Z b � � � � 	������� � � ��� ��� � . � �MZ 	
_[_[b[X�=Md2_ Z Y � � �	Be 	E�QY[a��MZ'�:Z`e�� ahe 	
_[_[b[X�=2d2_ Z`Y
a��3b Z���	
_ Z'��a�=2* Z��`_[Y Y �"! �
� � >:�MZ b Z#!�XQY 	 Y�� aB_ ���
	BX e#. � e 96X�&hdMb ZJf*.>= 3 = 7 �O_��2Z &hb�	��MZ a�� 	]Y _ d �
�MZ`eO_6�MZ��.Z e0�MY;ahe R �T � E1H BVU H � �QM . � � � 
��� � . �  � ����� � ���� � � 	Be��SR �T ��E�H B�U H � �QM . � �����	� � . � � $ ��� � � �&%
	('*),+.-0/21 34/056+�/#7�861:96+;'=<>7�8@?*-A34/@B�1DC@EF86'*+��G/@HJI:7�+K?L3:+NM:+�IO+�1:MG+�1:-;+P82E&<>?LQGM:+�1R?S<T/2?LB�<>EU/@-V?LB�8@1
861 R �T ��E�H B�U H � �IM % � ������� �6% �  ��� � � ��� ���W% � � � � 	������� � � ��� ��� �&%
XY1Z/@MGM:B�?TB�861DC:),+[-0/@1\34/056+ /]M:+�IO+�1GM:+�1:-;+^8@E=<>?LQGM:+�1R?_'T/@1��`B�1:9J861 FIH�JLK NM#H % � � ������� ��� � 
��

� a%cb � � 
��@%(d 8eQ:1:MG+�'T<f?A/@1GMg?T3:+h<>+�Hi/@1R?LB�-�<(8@E=?L3:B�<jEF86'>Hk/@7�M:+;Il+;1:M:+;1:-�+ EF86'j/@1mB�1GM:B�5nB�MGQ4/@7
86o *>+;-;? �CW'>+�-�/@7�7:?T34/2?" �	!i'T+;I:'T+;<T+;1`?T<N?L3G+ � ��� 82ED86o *>+;-;?T<,?L3:/2?,/@'T+�!��p'T+;7�/2?TB�56+;<K8@E� % � �W-�+;IG?
B�1q-0/@<>+�<_)r3:+�'>+^?L3:+h<T7�82?_-A34/@B�1mB�<#9@Q4/@'L/21`?T+�+;Mg?T8eoO+ <TB�1G967�+ �p52/@7�QG+�MDC&)N+ HhQ:<>?_<>Il+;-�BEtsq?L3G+
I:'>86o4/@o:B�7�B�<>?LB�-]M:+�IO+�1:MG+�1:-;+\8@E� � � 861u?L3G+eH^Q:7?LB �p<T+V? X � ��� v&� �  �"! Z %xw 86'h+ �G/@HiIG7�+@C



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

/ <>?TQ:M:+�1R?$�
<['L/@1 �qM:+;Il+;1:M:< 861m?L3:+ 9@'L/@M:+;< B�1Z?L3G+ -�86Q:'><T+;<[B�1Z)r3:B�-A3g?L3G+;sg/@'>+^'T+;96B�<f?L+;'T+�M %
�j8 ),+;5@+�'_+0/2-A3m<>?LQGM:+�1R?_Hi/0s ol+ +�1:'>867�7�+�MqB�1Z/JM:B ,l+�'>+�1R?(1`Q:H^oO+�'j8@ES-;86Q:'T<>+�<;C /@1:Mq),+ )rB�7�7
1:+;+�MZ/ HJ+;?T3:8WM 8@E*-�8@HiI4/2-;?L7se'>+�I:'>+�<T+;1R?LB�1G9J?T3:+�<>+ -;86HiIG7�+��eM:+�IO+�1GM:+�1:-;B�+;< %
d 3:+k1G8@?LB�861g8@E � � ��� � � � � ���� EF'T86H M4/2?A/2o4/@<T+]?L3G+�86'fsg96B�5@+�< Q:< /@1 /2I:I:'T8@I:'TB�/2?L+ ?L8n867=?T8

/@M:MG'T+�<>< ?T3:B�< B�<><TQ:+2v� � � )rB�7�7=M:+�IO+�1:M I:'T86o:/@o:B�7�B�<f?LB�-�/@7�7s 861 <T86HJ+k/29696'T+;9R/2?T+ I:'T86IO+�'f?Ysg8@E
?L3GB�<hHhQ:7�?TB �Y<>+;? %Zd 3:+�'>+ /@'T+kHk/@1Rs 14/2?TQ:'L/27./@1:MuQG<T+;EFQG7.1:8@?TB�861:< 8@EP/@969@'T+�96/2?LB�861 8@Ej/q<>+;?�v
B�?T<rHi8nM:+��UHJ86<f?PEF'>+��`Q:+;1`?T7�s 8n-�-;Q:'T'>B�1:9 52/@7�QG+����4B?L<rHJ+0/@1 52/@7�Q:+��FB�Ea52/@7�Q:+;<P/@'T+ 1`Q:HJ+�'TB�-0/@7	���
B�?T<hHJ+�M:B�/@1DC Hi/5�WB�HhQ:H\Ca86' HiB�1:B�H^QGH �UB�EN5@/27�Q:+;<^/@'>+e86'TMG+�'T+;M
��� B�?T<^-0/2'TM:B�14/@7�B?Ys � +;?T- % XY1
?L3G+ I:'>+�-;+�M:B�1:9e+��G/@HJI:7�+@C4)N+ -0/@1\34/056+h/i<>?TQ:M:+;1`?$�
<#'L/@1��`B�1:9kM:+;Il+;1:MZ861\3:+�'�����hC&86'r?L3G+
/056+;'L/@96+,96'L/2M:+,B�1h3:+;'*-;86Q:'><T+�<��U86'�B�1[?L3:+ -0/2<T+,)r3G+�'T+,?L3:+ 96'L/2M:+�<=/@'T+ 'T+;I:'T+;<T+�1R?T+�MJ/@<a7�+;?>?L+;'T<�C
),+_Hk/0siQ:<T+ HJ+�M:B�/@1 �nB�1 86Q:'N+��G/@HJI:7�+#),+_o:7�Q:'N?L3G+_M:B�<f?LB�1G-;?LB�861 /@1GM /@<T<>Q:Hi+(?T34/2?r/05@+�'L/296+
B�<�MG+��41:+;MZ/@IGI:'T86IG'TB�/ ?L+�7s�� %

�\86'>+]EF8@'THi/@7�7s6CO86Q:'_7�/21:96Q4/@9@+ /@7�7�8 )r<(/ 1:8@?TB�861m8@E,/@1 /@9@96'T+;9R/2?L+������ ?L/��@+;<[/ HhQ:7�?TB��
<T+V?]8@EP5@/27�Q:+;<^8@Ej<T86HJ+e96'>86Q:1:Mu?YsnIl+2CN/21:M 'T+;?TQ:'T1G<]/g<>Q:HJHk/@'fs 82EjB? % d 3:+ ?YsnIl+ 8@EP?L3G+
/@969@'T+�96/2?L+ -0/@1moO+h?L3G+^<L/@HJ+^/2<#?L34/ ?_8@EKB�?T<(/@'>96Q:HJ+�1R?L< % �j8 ),+;56+;'�C ),+]/@7�7�8 ) 8@?L3:+;'#?YsnIl+;<
/@< )N+;7�7 Cn+ % 9 % C:/@1e/@9696'>+�9R/2?T+j?T34/2?.'>+�IO86'>?T<,?T3:+(<TB ��+j8@E ?L3:+j<T+V? %"! +#/@7�7�8 ) Y � � ?L8 34/056+ /@<N/
I4/@'>+�1R?��#� Y �"! �
�$���&?L3:+[<T+;Hk/21`?TB�-;<jB�<P?T34/2?rEF86'j/@1Rs  � Y C  � � )rB�7�7DM:+;Il+;1:MZ861 ?L3:+[52/@7�Q:+
8@E��%�  �	! ����� % XY1J86Q:'K+��G/@HJI:7�+&(')�xCR?L3:+;'T+j/@'T+�?Y),8^/@969@'T+�96/2?L+rM:+;Il+;1:M:+�1G-�B�+;<NM:+��41:+;MDCG861G+
?L3:/2?.<>Il+;-�B �:+�<N?T34/2?N?T3:+('T/@1*�`B�1:9 8@Ea/h<f?LQ:M:+;1R?�M:+�IO+�1GM:<�861k?T3:+_/056+;'L/@96+#8@E�3:+�',96'L/2M:+�<�/21:M
861:+^?T34/2?_<>Il+;-�B��4+�<(?T34/2?(?T3:+ 'L/2?TB�1:9k8@E,/e-�86Q:'><T+ M:+;Il+;1:M:< 861Z?T3:+]/056+�'T/@96+ <T/2?LB�<>EU/@-V?LB�8@1Z8@E
<>?TQ:M:+;1`?T<#B�1e?L3:+ -�8@Q:'T<>+ %

� B56+;1Z/]<T+;?j8@E=I4/@'T+;1R?L<+*/,� Y � � �.EF8@' Y � � CO),+[-0/@1\M:+��41G+^/]7�8n-0/@7DIG'T86o4/2o:B�7�B�?YseHJ8nM:+�7
EF86' Y � � %#! +r/2<T<T8n-�B�/2?L+ Y � � )rB?L3]/.-/(0 ?L3:/2?S<TIO+�-;B �4+;< 1� Y � � � */,� Y � � �2� %3! +r'T+��`Q:B�'>+
?L3:/2?_?L3:+�-/(0(<[/@'>+ 7�+�96/@7 %hw B�96QG'T+ � %54 <T3G8 )r< ?Y),86-/(0(< %87 +V?.9 oO+]?T3:+ <T+V?[8@ENI:/@'T+;1`?T<
8@E Y � � C"9 � =/,� Y � � � %;: /@-A3 82E.?L3:+;<T+eI:/@'T+;1`?T<�< 	>= )r3:+V?L3:+;' /\<>B�HJI:7�+J/2?>?L'TB�o:QG?T+iB�1
?L3G+h<L/2Hi+['T+;7�/2?TB�861 86'j/@1Z/29696'T+;9R/2?T+ 8@ES/i<T+V?(8@E*!Z'>+�7�/ ?LB�5@+�< = 3:/@<(/J<T+;?#8@E=52/@7�Q:+�<����?< 	 �
B�1m<>86HJ+J9@'T86Q:1GMg?YsnIO+ %]w 86'_+�/@-A3 ?TQ:I:7�+ 8@EK5@/27�Q:+;<�@ � ���A9B�VC ),+]<TIO+�-�BEtsg/ M:B�<f?L'>B�o:QG?TB�861
1� Y � � � @#�.8 56+;' ��� Y � � � % d 3:B�<�+;1`?TB�'>+[<>+;?P8@E*I4/@'T/@Hi+V?L+;'T<r-�86HJI:'>B�<T+;<r��� %
(DC )%E3FHG�FJIKEML + L , � �KN	��� � ��O��PO���QJO��RNTS�� � QJO��VU � � � ��
WS�� � � � � � � EF86'S/('T+;7�/2?TB�861:/@7`<T-A3:+;Hk/ �
B�< M:+��41:+�Me/@< EF8@7�7�8 )r< %Sw 86'K+0/@-A3e-;7�/@<>< Y � W /21:Me+0/2-A3eM:+�<>-�'>B�IG?TB�56+j/2?>?L'TB�o:QG?T+ � � \B� Y � C
),+ 34/05@+@v



� ��� � ����� ���2��� � ��� ����� ��	 � ����������� � � ����	 � � ���

Popularity

Teaching-Ability

��� ��� �	�	�	���

Difficulty

Rating


 ���� �	�
Intelligence

Ranking

��� ������� �

Grade

Satisfaction

������� � � � � � � ���

���������
���������  ��!�����
��� ��!��

""
""
"

##%$#
#$ $$

&'()*

Popularity

Teaching-Ability

+-, .�/ 01	1�.�,

Difficulty

Rating

2�.�3-, 1�0
Intelligence

Ranking

4�5 3-6�0�785

AVG

Grade

Satisfactio

9:0�;8< 1�5 , =�5 < .87

>?@A?@B?@ C?@C?@D?@ E?@D?@>?@
F G
H IJKLNM O

�U/ � �Uo,�

w B�96Q:'T+ � % 4 v1�U/ � d 3:+1-/>0 EF86' RQP�TSR�E�H B�U HTRVUQM %cb/N � 
WS �Uo
� d 3:+ -/(0 EF86'[/@1x/@9696'>+�9R/ ?L+ M:+ �
IO+�1:M:+;1:-;s 8@E)FIH�JLKWPNM#H % � � U#>VO UYX 8@1 FIH�JLKWP M#H % �RSNX�O���Q S�NTS 
�� � Ua% b/N � 
WS@%

� / <T+V?h82E � � NTS�U,Q�� =/
� Y � � � � X < ?*F � � � F <[Z Z C )r3:+;'T+J+0/@-A3 < 	 3:/@<[?T3:+ EF86'TH Y �
� 8@'
�#� Y �	! �����VC:)r3:+;'T+ !\B�<r/ <T7�82?r-A34/@B�1\/@1:MD�mB�<r/@1 /@9696'>+�9R/ ?L+_8@E Y �"! �
� %

� / 7�+;9R/@7 �	�VU�
�O QJO��VU � � �KN���� � ��O��PO Q]\ 
�O���QJN O���� QJO��VU�� � ����� C 1� Y � � � */
� Y � � �2� %

$&%(')%]^ � + % 	Q, � 0:7&254#��	

�#<_HJ+�1R?TB�861:+;MmB�1Z?T3:+ B�1R?L'>8WMGQ:-;?TB�861DC ('��\< M:+��41:+]/ M:B�<>?L'>B�o:QW?LB�8@1q8 56+;'[IO86<><TB�oG7�+h),86'T7�M:< %
d 3:+iIl86<><TB�o:7�+])N8@'T7�MG<h/@'>+kB�1:<>?L/@1R?LB�/ ?LB�8@1:<_8@E.?T3:+kM4/ ?A/@o4/2<T+i?T34/2?h/@'T+J-�8@1:<TB�<>?L+;1R?^)rB�?T3x?L3G+
'T+;7�/2?TB�861:/@7:< �2+�7�+;?L8@1 % � B56+;1e/@1Rs]< �2+�7�+;?L8@1DCW),+#34/05@+(/ <>+;?,8@ED'T/@1:M:8@H 5@/2'TB�/2o:7�+;< 82EDB�1R?T+�'T+;<>?�v
?L3G+h/2?>?L'>B�o:QG?T+�<� � � 8@E=?T3:+h8@oY_>+�-V?L<#B�1 ?T3:+h<2�@+;7�+;?T861 %rw 86'>Hk/@7�7�s@C:7�+V? .10 � Y ��M:+;1:8@?L+[?L3:+[<T+V?
8@E=86oY_>+�-V?L<jB�1 < �2+�7�+V?L861 .10 )r3:8@<T+[-�7�/2<T<PB�1 Y %,d 3G+h<T+V?#82E 'L/21:M:86H 52/@'>B�/@o:7�+�<.EF86' .10 B�<�?L3G+
<T+V?r8@Ea/2?>?L'TB�o:QG?T+�<.8@E�?T3:+#EF86'>H  � � )r3:+�'>+
 � .10 � Y�	 �N/21:M � � \B� Y�	 � EF86'.<>86Hi+#-�7�/2<T< Y�	 %
d 3:+1('�� <TIO+�-;B �4+;<^/ I:'T8@o4/@o:B�7�B�?Ys\M:B�<>?L'>B�o:QW?LB�8@1m8 5@+�' ?L3:+JIO86<T<>B�o:7�+`_>86B�1R?[/@<><TB�9@1:Hi+;1R?L< 8@E
52/@7�QG+�<.?L8i/@7�7 8@Ea?L3:+;<T+['L/@1GM:86H 52/@'>B�/@o:7�+�< %
w 86'P/J96B56+;1\<2�@+�7�+;?T861 .10 C:?T3:+ >')� <f?L'>Q:-;?TQ:'T+ B�1:M:QG-�+�<j/@1 X�N���� U�
ba /0s6+�<>B�/@1\1:+;?Y),86'2�

8 56+;'P?T3:+ 'L/@1:MG86H 52/@'>B�/@o:7�+�<� � � %

(DC )%E3FHG�FJIKEML +�c , � ('��ed ?L8@96+;?T3:+�'K)rB�?T3e/ <2�@+;7�+;?T861 .10 M:+��41G+�<N?T3:+PEF8@7�7�8 )rB�1:9 96'T86QG1:M
a /0s6+;<TB�/@1\1G+;?Y),86' �&v



��� �������
	����������
� � � ��������� 	 � ���� � ��	 � � ��� �"! �$#%� �&�

' d 3:+;'T+[B�<r/ 1:8nM:+_EF86'�+;5@+�'fs /2?T?T'TB�oGQG?L+_8@E*+;5@+�'fs\8@oY_>+�-V?� � .10 � Y �VC  � � %

' : /@-A3  � � M:+;Il+;1:M:<[I:'T8@o4/@o:B�7�B�<f?LB�-0/@7�7�s 861gI4/@'>+�1R?L<[8@E ?L3:+ EF86'>H  �
� 8@'
 �	! ��� % XpE,!
B�<�1:8@?r<TB�1:967�+��p52/@7�Q:+�M CW?L3G+�1 ?L3:+ I4/@'>+�1R?PB�<.?T3:+[/@9696'>+�9R/2?T+_-�86HJI:QG?T+�M EF'T86H ?L3:+ <>+;?P8@E
'T/@1:M:86H 5@/2'TB�/2o:7�+;< X �)( � �  �	! Z C
�#�  �	! ���$� %

' d 3:+ -/(0 EF8@'� � � B�< 1� Y � � ( =/*� Y � � �2� %

�#< )rB�?T3 a /0s@+�<TB�/@1 1G+;?Y),86' �`<�C*?L3:+ _>86B�1`? MGB�<>?T'TB�o:QG?LB�861g8 56+�' ?L3G+�<T+i/@<><TB�9@1:Hi+;1R?L<[B�<_EU/@-��
?L8@'T+�M %^d 34/2? B�<�C ),+ ?A/��2+]?T3:+ I:'>8WM:QG-;?0C�8 56+;'[/@7�7� � � C�8@E,?T3:+ I:'>86o4/@o:B�7�B?Ys\B�1Z?L3:+�-/(0 8@E
?L3G+[<>Il+;-�B��4-[52/@7�Q:+[/@<T<>B�961G+�M o`s ?T3:+ B�1:<f?A/@1G-�+ ?L8 ?L3:+ /2?>?L'TB�o:QG?T+_96B�5@+�1 ?L3:+ 52/@7�Q:+;<P/@<T<>B�961:+;M
?L8]B?L<�I4/@'>+�1R?L< %Nw 86'>Hk/27�7�s@CR?L3:B�<PB�<.)r'TB?T?L+;1 /@<�EF867�7�8 )r<;v

1� � ( .10 F � F ���
� � 0
� �+*-,

0
� �+. � � �

 � ����� � ( �0/21 � ��� �� �

� 0
3 �

0
� �4. � 3 � �

0
� �+* , � 3 � �

 � ����� � ( � /21 � ��� ��� � � � % � �

d 3:B�<P+��WI:'>+�<><TB�8@1ZB�<r56+;'>s <TB�HiB�7�/@'N?T8J?T3:+h-A3:/@B�1 'TQ:7�+[EF8@' a / s@+�<>B�/@1Z1G+;?Y),86' �`< : � % � � %65 � %
d 3:+;'T+(/2'T+j?T3:'T+;+#I:'>B�Hi/@'>s^M:B87l+�'>+�1:-;+�< %Kw B�'T<f?0C`86Q:' 'L/21:M:86H 52/@'TB�/@o:7�+�< /@'T+r?L3G+#/2?>?L'>B�o:QG?T+�< 8@E
/i<>+;?#8@ES86oY_>+;-;?T< %%9 +�-�8@1:MDCl?T3:+[<T+;?#8@ESI4/2'T+�1R?T<(8@EK/J'L/@1:MG86H 5@/2'TB�/2o:7�+_-�/@1q52/@'>s\/@-;-�86'>M:B�1G9
?L8m?T3:+ 'T+;7�/2?TB�8614/27,-;861R?L+��n?J8@Er?L3G+ 8@oY_>+�-V? = ?L3:+ <>+;?J8@EP86oY_>+;-;?L< ?T8g)r3GB�-A3 B�? B�<^'T+;7�/2?T+�M %
d 3:B�'TMDCG?T3:+ I4/@'T/@Hi+V?L+;'T<P/@'T+_<>34/@'>+�M0:4?L3G+[I:/@'L/@HJ+;?T+�'><�8@E*?T3:+ 7�8n-0/@7 I:'T86o:/@o:B�7�B�?YsJHJ8WM:+;7�<NEF8@'
/2?>?L'TB�o:QG?T+�<�8@E*86oY_>+;-;?L<PB�1 ?T3:+ <L/@HJ+ -�7�/2<T<r/@'>+ ?T3:+ B�M:+;1R?LB�-�/@7 %

$&%(')%<; = 6!�9,�� ,/7
� , 6�>/��� 6! 90" 4�.14#	[254$�&% 6�' ,/.

�#< B�1 /@1RsuM:+��41:B�?TB�861u82EP?T3:B�< ?YsWIO+@C )N+ 3:/ 5@+ ?T8Z?A/��2+ -0/@'>+e?L34/2?h?L3:+ 'T+;<TQ:7?LB�1:9qEFQ:1:-V?LB�861
EF'T8@H B�1:<>?L/@1:-;+�<k?T8 1`Q:H^oO+�'T<kM:8W+;<eB�1GM:+�+;M M:+��41G+m/@?-ACB S�NTS�U,Q I:'T86o:/@o:B�7�B�?Ys M:B�<>?T'TB�oGQG?LB�861DC
B % + % C )r3:+;'T+ ?L3:+ <TQGH 8@Ej?T3:+ I:'T86o:/@o:B�7�B�?Ys 8@E(/@7�7.B�1:<>?L/@1:-;+�<]B�< 56% XY1 a /0s6+�<>B�/@1 1:+;?Y),86'2�n<;C
)r3:+;'T+k?T3:+ _>8@B�1R?hIG'T86o4/2o:B�7�B�?YsZB�<h/27�<T8\/qI:'>8WMGQ:-;? 8@E&-/(0(<�C*?L3:B�< '>+��`Q:B�'>+�HJ+�1R?^B�< <L/2?TB�<2�:+�M
B�ES?T3:+ M:+;Il+;1:M:+�1G-;sm96'T/@I:3mB�<_/@-;sn-;7�B�-2v#/k52/@'>B�/@oG7�+[B�<(1:82? /@1g/@1:-;+�<f?L86'_8@EKB?L<>+�7�E % � <TB�HJB�7�/@'
-�8@1:M:B�?TB�861 B�<�<TQ�DJ-;B�+�1R?P?L8]+�1G<TQ:'>+ -;863:+�'>+�1:-;+hB�1 >')�\<j/@<�)N+;7�7 %



��� � ����%������� ������� 	 � ���� � ��	 � �$��� �"! �$#%� �&� ���

L +�c�+���+�� 	 E�
�G�,E�� C ( C��"C E�� C E���������� ���

! +()./@1R?r?L8]+;1:<TQ:'>+[?T34/2?r86QG'�I:'T86o:/@o:B�7�B�<f?LB�-PM:+;Il+;1:M:+�1G-�B�+;<#/2'T+ /@-VsW-;7�B�-@C:<>8]?T34/2?P/ 'L/21:M:86H
52/@'TB�/@o:7�+ M:8n+�<_1G8@?_M:+;Il+;1:MDC�M:B�'>+�-V?L7�s 86'#B�1:M:B�'T+;-;?L7s6Cl861mB�?T<(8 )r1g52/@7�Q:+ % d 8 M:8 <T8GC )N+]-�/@1
-�8@1:<TB�M:+�'S?L3G+�96'L/@IG3J82E M:+;Il+;1:M:+;1:-�B�+�<,/@Hi8@1:9 /2?T?T'TB�o:QG?L+;<S8@El86oY_>+�-V?L<KB�1 ?T3:+�< �2+�7�+V?L861 C`)r3GB�-A3
),+[)rB�7�7 -�/@7�7l?L3:+ O U���Q���U ? S! WS#",S�U$ WS�U ? \ X�N%�&" BnC E * , %

(DC )%E3FHG�FJIKEML +('�, d 3G+ O U���Q���U ? S! WS#",S�U$ WS�U ? \ X�N%�&" B E * , EF86'�/8('�� d /@1GM\/ '>+�7�/ ?LB�8@14/@7
< �2+�7�+;?L8@1 .10 3:/@<N/ 1:8nM:+rEF86'K+0/@-A3eMG+�<T-;'TB�IG?LB56+j/2?T?T'TB�oGQG?L+r8@E +0/@-A3e8@oY_>+�-V?! � .10 � Y �SB�1i+�/@-A3
-�7�/@<T< Y � W %(: /@-A3 *),+ 34/@<�?L3G+ EF8@7�7�8 )rB�1:9^+�MG96+�<;v

56%rd snIl+ X�+�M:96+;<�v w 86'r+�/@-A3qEF86'>Hk/@7 I:/@'T+;1`?#8@E�*),+hC Y )
�kC&)N+hB�1R?L'>8WM:QG-�+ /@1q+;M:96+ EF'T86H
*)
� ?T8 *)-+ %

� %rd snIl+ X>X�+�M:96+;<�v w 86'#+�/@-A3ZEF86'THi/@7�I4/@'>+�1R? Y )	!�)��kCD/@1:MqEF86'j+0/@-A3 � � *)"!DC ),+ M:+��:1:+
/@1 +;M:96+ EF'T86H �.)
� ?L8 *)-+ %

d sWIO+rX�+�M:96+;<K-�86'>'T+�<>Il8@1:M ?L8_B�1R?T'L/V�p86oY_>+�-V?SM:+;Il+;1:M:+�1G-�B�+;< /@1:M ?YsnIl+�X>X*+;M:96+�<S-;86'T'>+�<>Il861GM]?T8
B�1R?T+�' �p86oY_>+;-;? MG+�IO+�1:M:+;1:-�B�+�< %%! +,<L/0s ?T34/2? /jM:+;Il+;1:M:+�1G-;s <f?L'TQG-;?LQG'T+N� B�< � ? \ ?&/ O ? '>+�7�/ ?LB�5@+ ?T8
/('T+;7�/2?TB�861:/@7W<2�@+;7�+;?T861 .10 B�E&?L3G+�B�1:<f?A/@1:-;+�M:+�IO+�1GM:+�1:-Vs]96'L/2I:310 * , 8 56+;'S?L3:+.52/@'>B�/@o:7�+�< *)-+ B�<
/@-VsW-;7�B�- % XY1 ?T3:B�<S-�/@<T+2C`),+P/@'T+�9@Q4/@'L/21`?T+�+;MJ?T34/2? ?T3:+&>')� M:+��:1:+�<,/(-�863G+�'T+;1R?NI:'>86o4/@oGB�7�B�<>?TB�-
HJ8WM:+;7D8 56+;'j-;86HiIG7�+;?T+(B�1G<>?A/21`?TB�/2?TB�861G< � -�8@1:<TB�<>?L+;1R?j)rB?L3 .10 v

2 � C I3� C54 L +���,76 S�Q d98 S:�<;>=@?BA B A ��S! WS#",S�U$ WS�U ? \C��QJN&D ? Q�D NTS � OE�:� ? \ ?&/ O ? NTS / ��QAOGF�S.Q A
� NTS / ��QAO A U$� / �IH S / S�Q A U .10�J1K B S�U d ��U$ .107 WSML(U SN� ?-ACB S�NTS�U,QO"KN A�8 � 8 O / O Q]\C �OE��QJN O 8 D QJO A U A F�S�N
O U���Q���U,QAO���QJO A U�� � Q B ��Q�S%P�Q S�U$ �.10QF�O��1RTSUJTVXW5JEWZY�J

[ �VI I$\ , d 3:+iI:'T8@o4/@o:B�7�B�?Ysq8@E�/21 B�1G<>?A/21`?TB�/2?TB�861^] B�<[?T3:+ _>8@B�1R?[M:B�<f?L'TB�o:QG?TB�861g8 56+;'^/\<>+;? 8@E
'L/21:M:86H 52/@'>B�/@oG7�+�<#M:+��41G+�Mx5nB�/ ?T3:+]'T+;7�/2?TB�8614/27=< �2+�7�+;?L8@1 %$! +]34/056+J861:+]'T/@1:M:86H 5@/2'TB�/2o:7�+
_ ),+ EF86'.+�/@-A3 _a`cbed �Mf �N/21:Me+0/2-A3g+ `ch �Gf � %(7 +V?Nikj&l)))&lmi3n oO+#?L3:+#'L/@1:MG86H 52/@'>B�/@oG7�+�<
M:+��41:+�M /@oO8 56+ % a +�-0/2Q:<T+(?T3:+(B�1G<>?A/21:-�+(MG+�IO+�1:M:+;1:-;se96'L/@IG3 B�<./2-;sn-�7�B�-@Cn)N+#-0/@1 -;861:<>?T'TQ:-V?P/
?L8@Il867�8696B�-0/@7:8@'TM:+;'TB�1G91iojIl)))plmi$n 5nB�/[?L3:+jB�1:<f?A/@1:-;+(M:+;Il+;1:M:+�1G-;se9@'L/@I:3 :GB�1i8@?L3G+�',),86'>M:<�C:BE
ieq�r _ ),+hCO?L3:+;1g/@7�7�/@1G-�+�<f?L86'><_8@E _ ),+ B�1q?L3:+ B�1:<f?A/@1G-�+hMG+�IO+�1:M:+;1:-;sq96'L/2I:3m/@I:IO+0/2'#oO+;EF86'>+
B�?rB�1e?L3:+ 86'>M:+�'>B�1:9 %



� 4 �������
	����������
�@� � � ������� 	 � ���� � ��	 � � ��� �"! �$#%� �&�

� Q:'rI:'T8n8@E�)rB�7�7 Q:<>+ ?T3:+_EF867�7�8 )rB�1:9 /2'T96Q:HJ+�1R? % �#<T<>Q:HJ+ ?T34/2?�),+ -0/@1 -�861G<>?L'>Q:-;?j/ 1:861W�
1:+;9R/2?LB56+_EFQ:1:-V?LB�861��%��ieqXlmieq��OjmlZ)))&lmioj �.)r3GB�-A3 34/@<�?L3:+_EF86'>H 8@E / -�861:MGB�?LB�8614/@7lM:B�<f?L'>B�o:QG?TB�861
�1��ieq ( ioj&l)Z))Zlmieq��Oj �VCGB % + % CREF86',/@1Rsk/@<T<>B�961:HJ+�1R?TiojIl)))plmiOq��Oj ?L8QiojmlZ)))ZlIiOq��OjACn),+#34/05@+#?L34/ ?

�
	
�
�#��ieqXlmieq��Ojml)Z))plIioj2�>r 5 ) � � % � �

d 3:+;1DC&o`sk?L3:+ -A34/@B�1\'>Q:7�+(EF8@'�I:'T86o:/@o:B�7�B�?TB�+�<;Cn),+ -0/@1 M:+��41:+

�1��ikjml))Z)Zlmi3n � r
n�
q
.j �#��ieqXlmieq��Ojml)Z))Zlmikj2�

r
n�
q
.j �1��ieq (�iojIl)))plmiOq��Oj2�&)

XpE��Z<T/2?LB�<2�4+;< : � % � � % � � CG?L3:+;1�� B�<r/^)N+;7�7 �YM:+��41:+�M _>86B�1`?rMGB�<>?T'TB�o:QG?LB�861 %
�#7�7K?T34/2?h'T+�Hi/@B�1:< B�< ?L8ZM:+��41:+J?L3:+JEFQ:1:-;?TB�861�� B�1 / )N/0sx?T34/2? B�? <L/2?TB�<2�:+�< : � % � � % � � %

9 IO+�-;B �4-�/@7�7s6CW?T3:+_EFQ:1:-V?LB�8@1��Z)rB�7�7 oO+ M:+��41G+�M\5nB�/ : � % � � % � � %
9 Q:I:IO86<>+[?T34/2? ieq*B�< _ )-+ C&/@1:M -�861G<TB�MG+�'P/@1Rs I4/@'>+�1R?P8@E�fc),+ %Kd 3:+�'>+h/2'T+_?Y)N8J-0/2<T+�<;v

' XpE ?T3:+(I4/@'>+�1R?�B�<N8@E ?T3:+#EF86'>H f )��iCG?L3:+;1 oRsi?T3:+(+��WB�<>?L+;1:-�+_82E ?YsWIO+(XK+�MG96+�<;CG)N+_3:/ 5@+
?T34/2? _ )�� I:'>+�-;+�M:+;< _ ),+ B�1g0 * , % �P+�1:-;+@C4?L3:+_52/@'>B�/@o:7�+ _ )�� I:'>+�-;+�M:+;< ieq %

' XpE ?L3:+ I:/@'T+;1`?[B�<(8@EK?L3:+ EF86'>H f )���)��iC�?T3:+�1 oRsq?T3:+]+��WB�<f?L+�1G-�+]8@E ?YsWIO+ XTXP+�MG96+�<;C�EF8@'
+�/@-A3�� ` _ )����$)�� I:'>+�-�+;M:+�< _ ),+ B�1 0 *-, % �P+�1:-;+@C&+0/@-A3 52/@'TB�/@o:7�+��.)�� I:'T+;-�+;M:+�< iOq %

! + -�/@1\MG+��41:+
� � iOq ( ieq��Ojml)Z))Zlmikj2�>r��1� _ ),+ (V=/
� _ )-++� �

/@< B�1 : � % � � % � � % �#< ?L3:+J'TB�963R?2�p34/@1:M �p<TB�M:+^B�< <>B�HJI:7�sZ/;-/(0 B�1g?T3:+1>')�xC�B�? <>Il+;-�B��4+�< /
),+�7�7 �YM:+��41:+;MJ-;861:M:B?LB�8614/@7WM:B�<f?L'TB�o:QG?TB�861DC@/@<S'T+��`Q:B�'>+�M % �j1:M]?L3`Q:< : � % � � % � �*B�<K/(),+�7�7��YMG+��41:+;M
_>86B�1`?rMGB�<>?T'TB�o:QG?LB�861 %



����� ����%������� ������� 	 � ���� � ��	 � �$��� �"! �$#%� �&� ���

Popularity

Teaching-Ability

�����
	������
�

Rating

� ��������
Intelligence

Ranking

��� �
����� �

Grade�������  � �! � � �
�

Satisfaction

Difficulty

w B�96Q:'>+ � % � v d 3:+ -�7�/@<T<rM:+;Il+;1:M:+�1G-;s 96'L/2I:3 EF86'.?L3:+ <>-A3:8W8@7 >')� %

L#" c " � " L $&%��e

(' C��"C E�� C E���� �^� � ���

d 3:+�I:'>8W-;+�M:QG'T+N),+ _>Q:<>? M:+�<>-�'TB�ol+;M]/@7�7�8 )r<=Q:<=?T8(-A3:+;- �h)r3:+;?T3:+�'K/jM:+�IO+�1:MG+�1:-Vs <>?T'TQ:-V?LQ:'>+*)
B�< /@-Vsn-�7�B�-j'>+�7�/2?LB56+�?L8 /.���W+;Me< �2+�7�+V?L861 bed0% �P8 ),+;5@+�';CG)N+j8@Et?L+;1i)N/@1R?.<f?L'T8@1:96+�' 96Q4/2'L/@1R?L+;+�<;v
),+ )N/@1R?j?T8k+�1G<TQ:'>+ ?L3:/2?P86Q:'PM:+�IO+�1:MG+�1:-Vsq<f?L'TQG-;?LQG'T+hB�<P/@-;sn-�7�B�-_EF86'P/@1Rs < �2+�7�+V?L861 ?L34/ ?j),+
/@'>+ 7�B �@+;7�se?T8i+;1:-�8@Q:1R?L+�' % �j8 ) M:8])N+ 96Q4/@'T/@1R?L+�+[?L3:B�<rI:'T86IO+�'f?Ys o4/@<T+;MZ861:7s 861 ?L3:+[-�7�/@<T< �
7�+V56+;7/('��,+ d 8mM:8m<T8:C ),+ -�8@1:<TB�M:+�'^IO8@?T+�1R?LB�/@7,MG+�IO+�1:M:+;1:-�B�+�<J/2? ?L3:+ -;7�/@<><^7�+V56+�7 % �\86'>+
I:'>+�-�B�<T+;7�s6C:),+ M:+��:1:+h/ ?&/ ���I�! WS#",S�U$ WS�U ? \ X�N%�&" BnCG)r3:B�-A3\'>+.-4+;-;?T<P?T3:+�<>+ M:+;Il+;1:M:+;1:-�B�+�< %
' C0/ E3FHG�FJIKEML#"21 , d 3:+ ?&/ ���I�! WS#",S�U$ WS�U ? \ X�N �&" B 043ZEF86'r/8('�� d 34/@<P/J1G8WM:+_EF86'�+�/@-A3
M:+;<T-�'>B�IG?TB�5@+ / ?T?L'>B�o:QW?L+ fc),+hC&/21:M ?T3:+_EF867�7�8 )rB�1:9^+;M:96+;<�v

56%rd snIl+ X +�M:96+;<�v w 86'�/@1Rs / ?T?L'>B�o:QW?L+�f )-+ /@1:M /@1Rs 82E*B?L<.I:/@'T+;1`?T<�fc)��kC:)N+ B�1`?T'T8nM:Q:-;+
/@1 +;M:96+ EF'T86H fc)�� ?T81f )-+ %

� %rd snIl+�X>X +�M:96+;<�v w 86'*/@1Rs / ?T?L'>B�o:QW?L+>fc),+ /@1:M]/@1Rs 8@E&B�?T<=I4/2'T+�1R?T< fc) �e)�� )N+�B�1`?T'T8nM:Q:-;+
/@1 +;M:96+ EF'T86H65 )�� ?T8Qfc),+hC:)r3:+;'T+75 r 'j/21:96+08 fc) �:9 %

w B�96Q:'T+ � % � <T3G8 )r<r?L3G+[MG+�IO+�1:M:+;1:-;s 96'T/@I:3 EF86'�86QG'P<>-A3:8n867 M:86Hi/@B�1 %
d 3:+qHJ86<f?i8@o`5nB�86Q:<e/2I:I:'T86/@-A3 EF86']Q:<>B�1:9 ?L3:+ -�7�/@<T<JM:+;Il+;1:M:+�1G-;s 9@'L/@I:3 B�<J<TB�HiIG7�s ?T8

'T+��`Q:B�'>+#?L34/ ?�B�?Nol+_/2-;sn-�7�B�- %Sd 3GB�<.'>+��`Q:B�'>+�HJ+�1R?�B�<.+��`Q:B5@/27�+�1R?.?T8]/@<T<>Q:HJB�1:9 /^<f?L'T/2?LB��4-0/2?TB�861
/@HJ861:9Z?T3:+ /2?T?T'TB�o:QG?L+;< 8@Er?L3:+ MGB87l+�'T+;1R?]-�7�/2<T<T+;<�CN/@1:M 'T+��nQGB�'TB�1:9Z?L3:/2?^?L3G+ I:/@'T+;1`?T<]8@Ej/@1
/2?>?L'TB�o:QG?T+mI:'T+;-�+�MG+xB? B�1 ?L3G+ <f?L'T/2?LB��4-0/2?TB�861 8@'TM:+;'TB�1G9 % �#< d 3:+;86'T+;H � % � <>3:8 )r<�C_B�E[?L3G+



��� �������
	����������
�@� � � ������� 	 � ���� � ��	 � � ��� �"! �$#%� �&�

-�7�/@<T<_MG+�IO+�1:M:+;1:-;s 96'T/@I:3mB�< /@-;sn-�7�B�-2C )N+]-�/@1g1:+;5@+�'[34/056+ ?L34/ ? _ )-+ M:+;Il+;1:M:< �UM:B�'T+;-;?L7sq8@'
B�1GM:B�'>+�-;?T7�s��,861 B�?T<T+;7�E %

2 � C I3� C54 L#"�� ,���� Q B S ?&/ ���I�: WS#",S�U$ WS�U ? \ X�N%�&" B 043 OE�:� ? \ ?&/ O ? � A NC�<;>=@? d	� Q B S�U � A N
/@1Rs �IH S / S�Q A U�bed � Q B S.O U���Q���U ? S! WS#",S�U$ WS�U ? \ X�N%�&" B OE�!� ? \ ?&/ O ? J
[ �VI I$\ , d 3GB�<_B�<j+0/@<fsZ?L8k<T3:8 ) QG<TB�1G9eI:'T8n8@E oRsZ-;861R?L'L/2M:B�-V?LB�8@1 % 9 Q:I:IO86<>+^?L3:+;'T+ B�<#/e-;sn-�7�+
_ j&),+ j	
 _�� ),+ ����%_�� )-+ � 
 _ j&),+ j %kd 3G+�1DC oO+�-�/@Q:<>+k+0/2-A3 8@E,?L3:+;<T+k8@oY_>+�-V?h+;M:96+�< -�86'>'T+ �
<TIO861:MG<j?L8i/@1 +�M:9@+hB�1 ?T3:+ -;7�/@<><jMG+�IO+�1:M:+;1:-;s\96'T/@I:3DC4),+h34/056+[?L3:+ EF867�7�8 )rB�1:9h-;sn-�7�+hB�1 ?L3G+
-�7�/@<T<r96'T/@I:3Dv

f jI)-+7j�
 f � )-+ ���� f � ),+ � 
Bf^jm),+ j
)r3:B�-A3\-;861R?L'L/2M:B�-V?L<r86Q:'�3RsnIl82?L3:+;<TB�<r?L3:/2?�?L3:+ -;7�/@<><PMG+�IO+�1:M:+;1:-;s 96'T/@I:3 B�<r/@-Vsn-�7�B�- %
d 3:+ EF867�7�8 )rB�1:9^-;86'T867�7�/@'fs]EF867�7�8 )r<�B�HiHJ+�MGB�/2?T+�7�sOv

$ I3�VI %�%���� � L#"�� ,�6 S�Q d 8 S7�1;>=@? A B A ��S ?&/ ���I�  WS#",S�U$ WS�U ? \:��QJNmD ? Q�DWN S ) OE�7� ? \ ?&/ O ? J�� A N
� A N ��U \ NTS / ��QJO A U$� / �IH S / S�Q A UQbed � d ��U$ �bed  WSML(U S � ?-ACB S�NTS�U,QO"KN A�8 � 8 O / O Q]\: �OE��QAN O 8 DWQAO A U A F�S�N
O U���Q���U,QAO���QJO A U�� ] Q B ��Q�S%P�Q S�U$ bedQF�O��1RTSUJTVXW5JEWZY�J
w 86'S+��G/@HJI:7�+2CRB�EO)N+P+��G/@HJB�1G+.?L3:+&('�� 8@E w B�9@Q:'T+ � % � �Fo
�VC6),+j-�/@1J+0/@<>B�7�sh-�861R5nB�1G-�+P86Q:' �

<T+;7�5@+�<N?T34/2?N),+(-�/@1:1:8@?N-�'>+0/2?T+_/ -VsW-;7�+(B�1e/@1RsJB�1G<>?A/21:-�+ % XY1:M:+�+;MDC4/@< )N+#<L/0) B�1 w B�96Q:'>+ � % � C
?L3G+(-�7�/@<T<,M:+�IO+�1:MG+�1:-Vse96'T/@I:3eB�<./@-VsW-;7�B�- %�� 8@?L+2CG3:8 ),+;56+;'�C:?T34/2?.BED),+(B�1R?L'>8WMGQ:-�+#/@M:M:B?LB�8@14/@7
M:+;Il+;1:M:+�1G-�B�+;<=),+N-0/21^-�'>+0/2?T+,-VsW-;7�+;< %Sw 86'a+��G/@HJI:7�+2C2BEG),+NHi/��@+����8U��:P���� U � % KKS � ?-B O UYX�!#" 8 O / O Q \
M:+;Il+;1:Me861]?L3:+j'L/2?TB�1:9 8@E -�86QG'T<T+;<N<>3:+j?T+0/@-A3:+;<��U+ % 9 % C`B�E 3:B�9@3J?T+0/@-A3:B�1:9['L/2?TB�1:96<KB�1:-�'>+0/@<>+#3:+;'
HJ8@?LB5@/ ?LB�8@1
�VC ?L3G+�1 ?L3:+N'T+�<>Q:7�?TB�1:9#-�7�/2<T< M:+;Il+;1:M:+;1:-;s]96'T/@I:3 B�<=-;sn-;7�B�-2CR/@1:M^?T3:+�'>+�B�< 1G8(<>?T'L/2? �
B �:-0/2?TB�861J86'TMG+�'K?L34/2?NB�<K-�8@1:<TB�<>?L+;1R?.)rB�?T3i?L3G++('�� <>?L'>Q:-;?TQ:'T+ % �#1eB�14/@o:B�7�B?Ysh?L8 <>?T'L/2?TB�Ets ?L3G+
-�7�/@<T<�M:+;Il+;1:M:+;1:-;s 96'L/2I:3 B�HiIG7�B�+;< ?L3:/2?�?L3:+;'T+,/@'T+ < �2+�7�+V?L861G<aEF86' )r3:B�-A3 ?T3:+ (')� )rB�7�76B�1:M:Q:-;+
/ M:B�<f?L'>B�o:QG?TB�861e)rB?L3 -;sn-;7�B�-_MG+�IO+�1:M:+;1:-�B�+�< %

2 � C I3� C54 L#"�$ ,%�&� Q B S ?&/ ���I�^ WS#",S�U$ WS�U ? \ X�N%�&" B 043 A � Q B S ; =@? OE� ? \ ?&/ O ? Q B S�U Q B S�NTS
S%P�OE��Q>N S / ��QJO A U$� / �IH S / S�Q A U�� � A N A B O ?-B Q B S ;>=N? A A D /  "KN A  �D ? S ? \ ?&/ O ?  WS#",S�U$ WS�U ? O SI�ZJ
[ �VI I$\ , Xp?jB�<r<>?T'L/@B�963R?rEF86'>)N/@'TM ?L8i-�861:<f?L'>Q:-;?(/i'T+;7�/2?TB�861:/@7 <2�@+�7�+;?T861q?L3:/2?#B�1:M:Q:-;+�<#/J-VsW-;7�B�-
B�1G<>?A/21:-�+ M:+;Il+;1:M:+�1G-;s 96'L/2I:3 %Sd 3:+[-�861G<>?L'>Q:-;?TB�861 B�<r/2<.EF867�7�8 )r<;v



����� ����%������� ������� 	 � ���� � ��	 � �$��� �"! �$#%� �&� ���

Blood Type

M-c h r om os om e

P-c h r om os om e Person

Blood Type

M-c h r om os om e

P-c h r om os om e Person

Result

C o n ta m i n a ted

B l ood  T est

Blood Type

M-c h r om os om e

P-c h r om os om e

Person
Blood Type

M-c h r om os om e

P-c h r om os om e

Person

( F a t h er) ( M ot h er)
����� � ��	�
 �� ����� ������� ����� ����� � ��	�
 ��� ����� ������� �����

��� ����������� � 
 ��������� �

��� ����������� � 
  ���	�� !���" 	�!�� ���

����� � ��	�
 ��� ��������#�$��

�U/ � �Uo,�

w B�96Q:'T+ � % � v �U/ ��� <TB�HiI:7�+�>')� EF86' ?L3G+k96+;1:+;?TB�-�< M:86Hi/@B�1 % �Uo
�(?L3:+i-�86'>'T+;<TIO861:M:B�1:9ZM:+ �
IO+�1:M:+;1:-;s 96'T/@I:3 % 0_/@<>3:+�M +�M:96+;<i-;86'T'>+�<>Il861GM ?L8&%>96'>+�+;1('xMG+�IO+�1:M:+;1:-�B�+�<;C�M:8@?T?T+�M +�M:96+;<
-�8@'T'T+;<TIO861:M ?L8)%fs6+;7�7�8 )*'JM:+�IO+�1GM:+�1:-;B�+;<(/@1:M <T8@7�B�M +;M:96+�<P-�8@'T'T+;<TIO861:Mq?T8+%>'T+;M('kM:+;Il+;1:M:+;1 �
-�B�+�< %

' ! + 34/056+ /]<>B�1:9@7�+_86oY_>+;-;? _ B�1 +0/@-A3 -�7�/@<T<�f %
' w 86'r/@1Rs <>7�8@? 5>)�,i)r3:+;'T+ f r 'j/21:96+08�,�9cC:)N+[34/056+ �.)�, r _�%

� 8 ) EF86'r/@1Rs -;sn-;7�+[B�1e?L3G+[-;7�/@<><rM:+�IO+�1:MG+�1:-Vs\9@'L/@I:3 B�1GM:Q:-�+;M\oRse?T3:+.('��

f^j&),+ j�
Bf � ),+ ���� f � )-+ � 
Bf^j&),+ jml

?L3G+[QG1:M:+�'>7�snB�1G9JB�1:<>?L/@1:-;+[MG+�IO+�1:M:+;1:-;s 96'T/@I:3 H^Q:<f?P34/056+ ?L3:+_EF867�7�8 )rB�1:9h+�M:96+;<�v

_ j&),+ j 
 _�� ),+ ����%_�� )-+ � 
 _ j&),+ jm)

d 3`Q:<�C&86QG')(')� B�1:M:Q:-;+�<P/ -;sn-�7�B�- M:+;Il+;1:M:+�1G-;s B�1 EF86'.?T3:B�<�<>B�HJI:7�+(<2�@+;7�+;?T861 %
d 3`Q:<#86QG'P'>+��`Q:B�'T+�HJ+�1R?P?L34/ ?�?L3:+[-�7�/@<T<rM:+;Il+;1:M:+�1G-;s\96'L/@IG3\B�<j/2-;sn-�7�B�-_B�1 86'>M:+�'�EF86'�?L3G+

('�� ?L8]M:+��41:+ / -�863:+;'T+;1`?jM:B�<>?L'>B�o:QW?LB�8@1 B�<�CGB�1 / <T+�1G<T+@CO-�8@HiI:7�+;?T+ %

L#" c " � " c � @ �e� �,E�G CWC �.-^���*�0%JF��0/ C %���G�FJIKE�
 � F � 

XY1h<>86HJ+ -�/@<T+;<�C63G8 ),+;5@+�';C`/P-VsW-;7�+,B�1_?L3:+ -�7�/@<T<aM:+;Il+;1:M:+�1G-;s 96'L/@IG3hB�<�1:82?*IG'T86o:7�+�Hi/2?LB�- %�d 3:B�<
-0/21eol+P?L3:+j-0/@<>+#)r3:+;1e)N+(3:/ 5@+_/@M:MGB�?LB�8614/@74MG86Hk/2B�1J-�861:<f?L'T/@B�1R?L<,861k?T3:+jEF86'>H 8@E�< �2+�7�+;?L8@1:<
),+ Hi/0s +�1:-;86Q:1R?L+;' % -N861G<TB�MG+�'�C4EF86'r+ �:/2HiI:7�+@C&/]<TB�HiI:7�+_96+�1G+;?LB�- Hi8nM:+�7 82E=?L3G+ B�1:3:+�'>B�?L/@1:-�+



��� �������
	����������
�@� � � ������� 	 � ���� � ��	 � � ��� �"! �$#%� �&�

8@E*/^<TB�1:967�+(96+�1G+(?L34/2?.M:+;?T+�'THJB�1G+�<�/ IO+�'T<>861��	<�o:7�8n8nMk?YsnIl+2C4<T3:8 )r1 B�1 w B�96Q:'>+ � % � �c/ � %": /@-A3
IO+�'T<>861 34/@<h?Y),8g-�86IGB�+�<h8@Er?L3:+e-A3G'T86HJ86<T8@Hi+e-;861R?A/@B�1:B�1G9q?L3:B�<h96+;1:+@CK861G+ B�1:3:+;'TB?L+�MxEF'T86H
3:+;'NHJ8@?L3:+;'�Cn/@1:Mi861:+jB�1:3:+;'TB?L+�M]EF'T8@H 3:+�' EU/2?L3:+;' % d 3G+�'T+jB�<,/@7�<>8h/[Il8@<T<TB�o:7�s]-;861R?A/@HJB�1:/2?L+;M
?L+;<>? ?L34/2?h/2?>?L+�HJIG?T< ?L8\'T+;-�86961GB ��+]?L3G+kIO+�'T<>861��	<^o:7�8W8nMm?YsWIO+ % � Q:'h<>-A3:+�Hi/q-;861R?A/@B�1:<[?Y),8
-�7�/@<T<>+�<;v � P ��� U��\/@1:M��	� UYU�
� P���� % -N7�/2<T< � P ��� U�� 34/@< 'T+VEF+�'T+;1:-�+ <>7�8@?T< ? A Q B S�N /@1GM �*��Q B S�N
/@1:M M:+;<T-�'>B�IG?TB�5@+k/2?>?L'>B�o:QG?T+�< b)S�U$ WS�N C ; !�� B N A�� A � A�� S �F?T3:+i-A3G'T86HJ86<T8@Hi+]B�1G3:+�'>B�?L+;MmEF'T86H
?L3G+JEU/2?T3:+�'T�VC=/@1:M ? !�� B N A�� A � A�� S �FB�1:3G+�'TB?L+;MxEF'T8@H ?L3:+iHi82?L3:+;' � %�� / ACA  .K�SI��Q 3:/@<^/ 'T+VE	�
+�'>+�1:-;+e<T7�8@? KKSI��Q !�� � ?L34/ ?^IO86B�1R?L< ?L8\?L3:+i8 )r1G+�'^8@E�?T3:+i?T+�<f?0CK/@1:M M:+�<>-�'TB�IG?LB56+k/2?T?T'TB�oGQG?L+;<
� A U,Q�� � O U$��Q S  /@1:M =RSI�&D / QU%
XY1 86Q:'[96+;1:+;?TB�-kHJ8nM:+�7cC�?T3:+k9@+�1:8@?YsnIO+e8@Er/ Il+;'T<>861 M:+;Il+;1:M:<^861 ?L3:+i96+�1G8@?YsnIl+i8@E�3:B�<

I4/@'>+�1R?L<4: ?L3`Q:<�Ca/2?j?L3:+ -;7�/@<><_7�+V56+�7cCl),+]34/056+ ;RS�N � A U ) ; !�� B N A�� A � A�� S M:+;Il+;1:M:B�1G9 MGB�'T+;-;?T7�s
861 ;RS�N � A U ) ; !�� B N A�� A � A�� S@% �#< ),+�-0/@1]<T+;+rB�1 w B�96Q:'>+ � % � �Uo
� C@?L3GB�<SM:+;Il+;1:M:+�1G-;s]'T+;<TQ:7?L<SB�1
/j-Vsn-�7�+ ?L34/ ? -�7�+0/@'>7�s(5nB�867�/2?T+�<�?L3:+N/@-;sn-;7�B�-;B�?Ys '>+��`Q:B�'>+�HJ+�1R?L<*8@E486QG'=<TB�HiIG7�+K-�7�/@<T<aM:+�IO+�1GM:+�1:-Vs
96'T/@I:3 % �P8 )N+V56+�';C4B�? B�< -�7�+0/@'K?L8 Q:<,?T34/2?,?L3:+PM:+�IO+�1GM:+�1:-;B�+;<�B�1i?T3:B�< HJ8WM:+;7O/@'T+P1:8@?N/@-;?TQ4/@7�7�s
-;sn-;7�B�- EF86'P/@1Rs < �2+�7�+V?L861\?L34/2?P),+ )rB�7�7 +�1:-;86Q:1R?L+;'(B�1 ?L3GB�<PM:86Hi/@B�1 %,d 3:+h'>+0/@<>861ZB�<r?T34/2?�ClB�1
%>7�+�96B?LB�Hi/2?T+ 'k<2�@+;7�+;?T861:<[EF86'(?L3:B�< <T-A3:+;Hk/GC*/ Il+;'T<T8@1x-�/@1:1:8@? oO+J3GB�< 8 )r1 /@1G-�+�<f?L86';Ca)r3GB�-A3
M:B�<L/@7�7�8 )r<,?T3:+_<TB?LQ4/2?TB�861i8@E�?L3:+_IO+�'><T861��
<�96+;1:8@?YsnIO+_M:+�IO+�1:MGB�1:9 �UMGB�'T+;-;?T7�sJ86'.B�1:M:B�'>+�-V?L7�s��K861
B�?T<T+;7�E % XY1\8@?L3G+�'r)N86'>M:<�Cl/@7?L3:86QG963 ?T3:+[Hi8nM:+�7�/2I:Il+�/@'T<r?L8JoO+ -VsW-;7�B�-h/2?r?T3:+ -;7�/@<><j7�+;5@+�7 C4),+
�`1:8 ) ?L3:/2?�?L3:B�<�-;sn-�7�B�-;B�?YseB�<r/@7�)N/0sn<j'>+�<T8@7�56+;Mq/ ?�?L3:+ 7�+V56+;7a82E=B�1:M:B�5nB�M:Q4/@7l86oY_>+�-V?L< %

� Q:'P/@o:B�7�B�?Ys]?L8]96Q:/@'L/@1R?T+�+_?L34/ ?P?T3:+ -;sn-�7�B�-;B�?YseB�<�'T+;<T86756+�M 'T+;7�B�+�<�861 <T8@Hi+ I:'>B�86'/�`1:8 )r7 �
+�MG96+,?T34/2?a)N+,34/056+�/@oO86QG?a?L3G+NM:86Hi/@B�1 %�! +K)./21`?*?L8#/@7�7�8 )x?L3:+,Q:<T+;'*?T8#96B56+ Q:<=B�1GEF86'THi/2?TB�861
<TQG-A3 /@<�?L3:B�<�C <T8j?T34/2?�),+N-0/21hHi/��@+ <>?T'T861:9@+�'�96Q4/@'T/@1R?L+;+�< /2ol86QW?=/2-;sn-�7�B�-�B?Ys /@1:Mh/@7�7�8 ) '>B�-A3:+;'
M:+;Il+;1:M:+�1G-;s <>?T'TQ:-V?LQ:'>+�<hB�1m?L3:+�('�� % XY1 I4/@'f?LB�-�Q:7�/@'�C ?T3:+JQ:<T+;'[-�/@1 <TIO+�-�BEtsm?L34/ ? -�+�'f?A/@B�1
<T7�8@?L<(/@'T+ X�D���N%��U,Q S S  � ? \ ?&/ O ? % XY1 8@Q:'(96+;1:+;?TB�-�< + �:/2HiI:7�+@C � ��Q B S�N /@1:M ? A Q B S�N /@'T+ 9@Q4/@' �
/@1R?L+;+�M\/@-;sn-;7�B�-�:G-VsW-;7�+;<PB�1R568675WB�1:9h?T3:+�<>+ / ?T?L'>B�o:QW?L+�<NHk/0siB�1eEU/@-V?rol+(7�+�9R/27 % �\8@'T+�8 5@+�'�C:?T3:+;s
/@'>+�H^QG?LQ:/@7�7sh96Q:/@'L/@1R?T+�+�MJ/@-Vsn-�7�B�-@CR<>8[?T34/2?K-�8@HiIO86<TB?LB�861:<=82EO?T3:+r<T7�8@?L<K/@'>+r/@7�<>8_96Q4/@'T/@1R?L+;+�M
/@-VsW-;7�B�- % w B�96QG'T+ � % � �Uo,� <>3:8 )r<i?T3:+ -�7�/2<T<JM:+�IO+�1:MG+�1:-Vs 96'T/@I:3 EF86'^?L3G+\96+;1:+;?TB�-;<iM:8@Hk/@B�1DC
)rB�?T3 96Q4/@'T/@1R?L+�+;Mq/2-;sn-�7�B�- +�M:9@+�<r<T3:8 )r1q/@<rM4/@<T3G+�Mq+;M:96+;< %

! +J/@7�7�8 ) ?L3G+JQG<T+�'_?T8 /@<T<>+�'>? ?T34/2? -�+;'>?L/@B�1g<T7�8@?L<������Cr�� ,�jml))Z)Zl , ��� /2'T+ X�D���N ��U,Q S S  
� ? \ ?&/ O ? :�B % + % C ),+q/2'T+ 96Q4/@'T/@1R?L+;+�M ?L34/2?]?T3:+�'>+\B�<]/ I4/2'>?LB�/@7.86'>M:+�'>B�1:9! "��� <TQ:-A3 ?L34/2?JBE �
B�< / ,��p'T+;7�/2?TB�56+ EF86'[<T8@Hi+ , ` �����]8@E _ Ca?L3:+;1��# $��� _�%D! +J<L/0s ?L34/ ?h/ <T7�8@?h-A3:/@B�1 � B�<



����� ����%������� ������� 	 � ���� � ��	 � �$��� �"! �$#%� �&� � 5

96Q4/2'L/@1R?L+;+�M\/@-;sn-;7�B�-_BE=+�/@-A3 8@E=B?L<�-;86HiIO861:+;1R? , �	<rB�<�96Q:/@'L/@1R?T+�+�Mq/@-;sn-;7�B�- %
d 3:B�< IG'TB�8@' �`1:8 )r7�+;M:96+ /@7�7�8 )r<hQ:<^?T8m96Q4/@'T/@1R?L+;+k?L3:+ 7�+�9R/27�B�?Ysg82Ej-;+�'f?A/@B�1 M:+�IO+�1GM:+�1:-Vs

HJ8WM:+;7�< % ! + <>?A/2'>?]oRs o:QGB�7�MGB�1:9m/�?-A�/ A NTS  ?&/ ���I�g WS#",S�U$ WS�U ? \ X�N%�&" Bu?T34/2?]M:+;<T-�'>B�oO+�< ?L3G+
M:B�'T+�-V?rM:+�IO+�1GM:+�1:-;B�+;<#oO+;?Y),+�+�1\?L3:+[/2?>?L'TB�o:QG?T+�< %

' C0/ E3FHG�FJIKEML#" ��� , d 3:+ ?-A�/ A NTS  ?&/ ���I�g WS#",S�U$ WS�U ? \ X�N%�&" B 043 EF86'^/ >')� d 34/@< ?L3G+
EF867�7�8 )rB�1:9h+�M:96+;<�v

56%�� C %
%HI�� C ��� C 
 , XpE f )�� B�<./hI:/@'T+;1`?N8@E fc),+hCn)N+#34/056+_/ \ S /G/ A A +�MG96+�fc)�� 
Bf )-+ %
� % ��� C C E C �	� C 
 , XpE��#�Mf )���)��$�JB�<e/xI4/@'T+;1R? 8@E fc),+hC 5 r 'j/@1G96+08 fc) �:9cCj/21:M � B�<
96Q:/@'L/@1R?T+�+�M\/@-VsW-;7�B�-@CG),+ 3:/ 5@+h/ 96'>+�+;1\+;M:96+ 5 )�� 
 fc),+ %

� % / C � C �	� C 
 , XpER�#�Mf )���)���� B�<h/ZI4/@'T+;1R? 8@E�fc),+hC 5 r 'j/21:96+08 fc) �:9cCK/@1:M��uB�<h1:82?
96Q:/@'L/@1R?T+�+�M\/@-VsW-;7�B�-@CG),+ 3:/ 5@+h/ '>+�M +�M:96+ 5>)�� 
 f )-+ %

� 82?L+m?L34/ ? ?L3:+;'T+ HiB�963R? ol+g<>+;56+;'L/@7 +;M:96+�<;C_Il+;'T34/2I:< 8@E^M:B67 +;'T+;1`? -;867�86'><�CPol+V?Y)N+;+�1 ?Y),8
/2?>?L'TB�o:QG?T+�< %
d 3:+NB�1R?LQ:B?LB�8@1[B�< ?L34/2?*M:+;Il+;1:M:+�1G-;s /27�861:9r96'>+�+;1^+�M:9@+�<='>+�7�/2?L+;<a8@oY_>+�-V?L<=?T34/2?*/@'T+ 86'>M:+�'>+�M

oRsZ/21m/@-;sn-;7�B�-[86'>M:+�' %#d 3`Q:<�Cl?L3:+;<T+^+;M:96+�<#o`s ?L3G+�HJ<T+�756+;<_86'j-;86H^o:B�1:+�M\)rB�?L3\B�1R?L'T/V�Y8@oY_>+�-V?
M:+;Il+;1:M:+�1G-�B�+;< �Fs@+�7�7�8 ) +�MG96+�<T�J-0/21:1:8@?i-0/@QG<T+Z/ -;sn-�7�B�- M:+�IO+�1GM:+�1:-Vs % ! + H^Q:<f?e3:8 ),+;5@+�'
?A/ �@+q-�/@'T+ )rB�?T3 8@?T3:+�'iM:+�IO+�1:MG+�1:-;B�+�<;C�EF86'J)r3GB�-A3 ),+ZM:8x1:8@?i34/056+ZI:'>B�86'8�`1:8 )r7�+;M:96+2Cj/2<
?L3G+�<T+[HJB�963R?.EF86'>H /]-;sn-�7�+ %Kd 3:B�<�B�1R?LQ:B?LB�861 <TQ:9@96+�<f?L<r?L3:+_EF867�7�8 )rB�1:9hM:+��41GB�?LB�861Dv

' C0/ E3FHG�FJIKEML#" �3� , � �F-�867�86'T+;M
�hM:+;Il+;1:M:+�1G-;s 96'L/@IG3 B�< ��QAN%��QJO L/S  B�Ej+;5@+�'fs -Vsn-�7�+ B�1 ?L3G+
96'T/@I:3 -�861R?L/@B�1:<P/2?r7�+0/@<f?r861:+ 96'>+�+�1 +�MG96+h/21:M 1:8i'>+�M +�M:9@+�< %

2 � C I3� C54 L#" � L ,���� Q B S ?-A�/ A NTS  ?&/ ���I�  WS#",S�U$ WS�U ? \ X�N%�&" B OE�T��QJN%��QAO L/S  � A N��7;>=N? d � Q B S�U
� A N /@1Rs �IH S / S�Q A U�bed � Q B S.O U���Q���U ? S! WS#",S�U$ WS�U ? \ X�N%�&" B OE�:� ? \ ?&/ O ? J

[ �VI I$\ , �j9R/@B�1 ),+k<>3:8 ) ?L3:B�< QG<TB�1G9\I:'>8W82E.oRsg-�861R?T'L/@M:B�-;?TB�861 % 9 Q:I:IO86<>+J?T3:+�'>+kB�<[/ -;sn-�7�+
_ j&),+ j 
 _�� )-+ ����%_�� ),+ � 
 _ j&),+ j.)r3:B�-A3Z-;861R?A/@B�1:<j/2?#7�+0/@<f?#8@1:+h96'>+�+;1Z+�M:9@+^/@1:Mq1:8e'T+;M
+�MG96+�< % XY1 82?L3:+;']),86'>M:< ?L3:+ -VsW-;7�+ -�8@1:<TB�<>?L< 82E#<>86Hi+ -;86H^o:B�14/2?TB�861 82Ej9@'T+�+;1 /21:Mus6+�7�7�8 )
+�MG96+�< % w '>86H ?T3:+Z-VsW-;7�+2CP),+Z-0/21 'T+�MGQ:-�+m?L3GB�<i?T8u/@1 86'>M:+�'>B�1:9 8@E_?L3:+mMGB�<>?TB�1:-V?e86o _>+�-;?T<



� � �������
	����������
�@� � � ������� 	 � ���� � ��	 � � ��� �"! �$#%� �&�

B�1 ?L3:+k-;sn-�7�+@C _ q��.))Z) _ q � oRs B�9@1:86'TB�1:9 ?L3:+ks@+�7�7�8 ) +�M:9@+�< �F<TB�1G-�+i?T3:+�<>+ /@'T+k/@7�7S)rB?L3:B�1x?L3G+
<L/2Hi+\86oY_>+�-V? � % -N861:<>B�M:+;'k?L3:+\96'T+;+�1 +;M:96+�<;v _ q��m)-+7j 
 _ q � )�� jAC _ q � )-+ � 
 _ q � )�� � C %;%�% C
_ q � )-+Nq � 
 _ q��m)�� q � % : /@-A3 8@E_?L3G+�<T+q96'T+;+�1 +�MG96+�<eQG<T+�<k<T86HJ+q96Q:/@'L/@1R?T+�+�M /2-;sn-�7�B�-q<>7�8@?
-A34/@B�1 �&q % a +�-�/@Q:<T+[8@E*?L3:+[96Q4/@'T/@1R?L+;+�MZ/2-;sn-�7�B�- 86'TMG+�'TB�1:9:C _ q �  "��� _ q ��� � % a QW?0C&B�1\/@M:M:B?LB�861DC
),+i34/05@+k/@1 +�MG96+JEF'>86H _ q � ?T8 _ q�� %Jd 3`Q:<[)N+J34/056+JoO8@?L3 _ q��  $��� _ q � /21:M _ q �  "��� _ q�� %
d 3:B�<[-;861R?L'T/@M:B�-V?L< ?L3:+i/@<><TQ:HJIG?LB�861m?L34/ ? ),+i3:/ 5@+e/ 96Q4/@'T/@1R?L+;+�M /2-;sn-�7�B�- 86'>M:+�'>B�1:9 %Jd 3`Q:<
?L3G+�'T+ -�/@1\oO+ 1:8]-;sn-�7�+ 82E*?T3:B�<.?YsnIO+[B�1 ?L3:+ B�1G<>?A/21:-�+ M:+;Il+;1:M:+�1G-;s 96'L/2I:3 %
XY1m8@?L3G+�'#),86'TMG<�C B�ES?T3:+^-;867�86'>+�MZMG+�IO+�1:M:+;1:-;sZ96'L/@IG3m8@E ) /@1:M � � � B�<j<>?L'T/2?LB��4+�M Cl?L3G+�1

EF86'N/@1Rsk<2�@+�7�+;?T861 bed EF86' )r3:B�-A3e?T3:+(<>7�8@?T<NB�1 �����#/2'T+ _>86B�1R?L7�s /@-;sn-�7�B�-2C ) MG+��41:+;<r/h-�8@3:+�'>+�1R?
I:'>86o4/@o:B�7�B?YskM:B�<>?T'TB�oGQG?LB�861e8 56+;'#/@<><TB�961:HJ+�1R?L<�?L8 bed�%
d 3:B�<K1:82?LB�8@1J82E <f?L'L/ ?LB �:-0/2?TB�861 96+;1:+�'T/@7�B ��+;< ?L3:+r?Y)N8[<TIO+�-;B�/@74-�/@<T+;< ),+r-�861G<TB�MG+�'T+;Me/@oO8 56+ %

! 3:+;1 ),+,M:8P1:8@?a34/05@+N/@1Rs 96Q:/@'L/@1R?T+�+�M /@-VsW-;7�B�- '>+�7�/2?LB�861:<�C /27�7@?T3:+,+;M:96+;<*B�1 ?T3:+KM:+�IO+�1GM:+�1:-Vs
96'T/@I:3 /@'>+(-�867�86'T+;Me+�B?L3:+;'Ns6+;7�7�8 ) 8@'.'T+;M %Sd 3:+�1 ?T3:+_96'L/2I:3eB�<N<>?L'T/2?LB��4+�M BE�/@1:M 8@1:7�siB�E�B?NB�<
/@-VsW-;7�B�- % XY1 ?L3:+ 96+�1:+V?LB�-�<P+��G/@HJI:7�+2Cl/27�7D?L3G+ I4/2'T+�1R?#'T+�7�/2?LB�861:<�),86Q:7�M\ol+[B�1 ����� %�d 3:+ 8@1:7�s
+�MG96+�<PB�1R568@7�56+;M\B�1 -;sn-�7�+�<P/@'T+ 96'>+�+;1\+;M:96+�< %

! + -0/21^/@7�<T8P<TQ:I:IO86'f?=H^QG7�?LB�I:7�+=96Q4/@'T/@1R?L+�+;M^/@-Vsn-�7�B�-K'T+�7�/2?LB�861:< oRs[Q:<TB�1:9PM:B87l+�'>+�1R?=<>34/@M:+;<
8@E�96'>+�+;1kEF86'N+�/@-A3 <T+V?�8@E�96Q:/@'L/@1R?T+�+�Me/@-;sn-�7�B�-j'T+�7�/2?LB�861:< %=d 3:+;1\/[-;sn-�7�+(B�<,<L/2EF+#/@<.7�861:9^/2<NB�?
-�8@1`?L/@B�1G<j/ ?rHi86<f?r861:+ <T3:/@M:+ 8@E*96'T+;+�1 +�M:96+ %

	�
� ����� �����������������  !�#"%$&�'��� (�)+* ,.-/��0 1324,

5�376 ('��+8:9;6=<�> �?6�8A@T376B9DC:EGF?HIF7>�J�>�@LKNM7>�8@OC:>�F7PD@:>�EGQ�P78R>�Q7ST@T376B8:HVUW6XPDQ7M76=CRJ�KY>�QDSW9DC:>�QD<=>�9DJ�6=8
P78R6=M�>�Q!8:9;6=<=>[Z\KY>�Q7S a H]KG6=8R>^HVQ�QD6�@L_`EGC �a8=b�5�3D6�HV8:8RP7UW9D@O>�EGQ!>�8B@L37HI@/6=HV<A3�EVZc@T376dCOHIQ7M7EGU
e HVC:>�HVF7J�6=8f>�QW@L376#g>')� = >�Qh@L37>�8i<=HV8:6A@L376#HI@:@:C:>�FDPD@O6�8 _ ),+jEVZk@L376l>�Q7M7> e >�M7P?HIJ?EGFY_R6=<m@O8 _ =
>�8AM7>�C:6=<m@OJ[Kn>�Q -?PD6=Q7<�6=M�FoKpEVQ7J�KqHhZr6�_sEV@L3D6=C:8�bl5�3D6Tg('��t@T376=CR6�ZrEGCR6uM76��?Q76�8'ZrEGCl6=HV<A3 _ ),+
H/8:6m@vEVZw9?HVCR6=Qo@O8�xD_r37>�<A3nHVC:6#@T376'M7>�C:6�<�@v>�Q -?P76�Q7<=6�8vEGQ�>�@=xDHVQDMnH/J�EY<]HVJ;97C:EVF?HVF7>�J�>�8@O>�<AUWEYM76=J
@L37HI@�8:9;6=<�> �?6�8A@T376yM76=9;6=Q7MD6=Q7<�6uEGQn@L376�8:6y9?HVCR6=Qo@O8�b`zLQn@L3D>�8c_iH{KVx?@L376Xg('��+>�8vJ�> �I6yH a � b

|lE{_`6 e 6�C=xG@T376=CR6cHVCR6}@L_`E#97CR>�UNHVCRK'M7>87~6=CR6=Q7<�6=8�F;6�@L_`6=6�QTg('��q8�HVQ7M a H]KG6�8:>^HIQ/Q76�@L_`EGC2�Y8�b
��>�C:8R@=x?Hhg('��+M76��7Q76=8�@L376yM76�9~6�Q7M76�Q7<�KnUWE�MD6=J�HI@v@T376y<=J�HV8:8�J�6 e 6�J�x?HVJ�J�E{_�>�QDS/>�@c@:EhF~6yP78R6=M
ZrEGCAHVQoKnEGFY_R6�<�@#>�Qn@L376X<=J�HV8:8�bczLQp8REGUN6y8R6=Q78R6Vxk>[@A>�8AHVQ?HVJ�EGSGEGPD8c@OEdHhP7Q7> e 6�C:8OHIJ�J�Kd�YP7HVQo@O>��76=M



����� � � ���������� ��� � � �� ! � � �

8R@OHI@O6�UN6�Qo@]b 9 6=<�EGQ7M%x�@T376�g('�� 6��D9DJ�>�<�>�@:J�K P78R6=8/@L3D6�C:6=J�HI@O>�EGQ?HVJf8@OC:PD<�@OPDC:6�EVZv@T376dUWE�M76�J�x
>�Q @L3?HI@'>�@#HVJ�J�E _�8A@L376u97C:EGF7HVF7>�J�>�8@O>�<yUWE�MD6=J�EIZ}HVQ HI@:@:C:>�F7PD@O6BEVZ}HVQ�EGF _R6=<�@#@OE�M76�9~6�Q7M HVJ�8RE
EGQqHI@R@OC:>�F7PD@:6=8cEVZ C:6�J^HI@:6=M�EGF _R6=<�@:8=b}5�376y8:9;6=<�>��?<�8R6�@AEVZwC:6�J^HI@:6=MnEGFY_R6�<�@O8�<=HVQ e HICRK _�>[@L3�@L3D6
8 �I6=J�6�@OEVQ bed :%@L376Tg(')�48:9;6=<=>[�?6=8'@T376TM76�9~6�Q7M76=QD<�K >�Q�HdSG6=Q76�C:>�</6=Q7EVP7S63�_cH]K @L3?HI@'>�@�<=HVQ
HV979DJ�K @:EWHVQpHIC:F7>[@OCOHICRKdCR6=J�HI@O>�EGQ?HVJ;8R@:C:P7<m@OP7CR6Vb

� Q76#<=HVQ P7QDM76=CR8R@ HIQ7M @L3D6#8:6�U HIQa@:>�<�8`EVZ%Hug(')� @OEVSG6�@T376=C}_�>�@L3NHB97HVCR@:>�<=PDJ^HVC�CR6=J^H @O>�EVQ?HVJ
8 �I6=J�6�@OEVQ bed FoKn6��DHVUW>�Q7>�Q7S/@L376XSGCREGP7Q7M a H]KG6�8:>^HIQpQ76m@L_iEGC2��M76��7Q76=M�6=HVC:J�>�6�C=b�5�376XQ76�@L_`EGC2�
3?HV8/HpQ7EYM76NZrEGCB6]HV<A3 H @:@OCR>�F7P�@O6 EIZv@L376dEVFY_R6=<m@O8/>�Q!@L376 8 �V6�J�6m@OEGQ%b�5�3D6dJ�EY<]HVJf97CREGF?HVFD>�J�>[@LK
UWE�M76�J�8WZrEGC�HI@R@OC:>�F7PD@:6=8�EVZXEGFY_R6�<�@:8q>�Q @L376�8:HVUW6�<=J�HV8:8nHVCR6�>�MD6=Qo@O>�<]HVJ��r_`6 <=HVQ e >�6�_.@L3D6
9?HVC:HVUW6�@O6�C:8vHI8cF~6�>�Q7Su8T3?HVCR6=M
	 ::37E{_`6 e 6�C=x?@L3D6'M7>�8@OCR>�F7PD@:>�EGQWZrEGCcHBQ7E�MD6#_�>�J�J~M76�9~6�Q7MnEGQd@L3D6
e HVJ�PD6=8vEVZ�>�@O8v97HVC:6�Qa@:8=x HVQDMq@T376y9?HVC:6�Qo@O8AEVZ�6=HV<A3qQ7E�MD6BHIC:6yM76�@:6=CRUN>�Q76=MnFoK�@L376y82�V6=J�6�@:EGQ%b

z @X>�8�>�UW9;EGCR@OHVQo@'@OEnQ7EV@:6T@L376h<=EVQ78R@:C:P7<m@O>�EVQ EVZ}@L3D6NSGCREGP7Q7M a � >�8 _RP78R@BH�@L37EGPDS63o@B6�� �
9;6=C:>�UN6�Qo@ :;>�QpUNHVQoKn<]HI8:6=8l@L376�C:6u>�8lQDEdQ76=6�Mp@OE HV<�@:P?HVJ�J�K�<�EGQ78R@:C:P7<m@'@L3D>�8AJ^HVCRSG6yP7Q7M76�C:J�KY>�Q7S
a H]KG6�8:>�HVQ Q76�@L_`EGC � bT�?EGC#6��DHVUW97J�6Ix�HV8'_`6/_�>�J�Jw8:6�6h>�Q�@L3D6TQ76��Y@y<A3?HV9�@O6=CyEGQ�J�6]HVCRQ7>�QDS7xkEGPDC
<=EVQ78R@:C:P7<m@O>�EVQ HVJ�SGEGC:>[@L37UW8�HVJ�J�_iEVC � HI@y@L376N<=J�HV8:8XJ�6 e 6=J x�HIQ7M!6��D9DJ�EG>[@X@T37>�8y<�EGUN97HV<�@BC:6�97C:6 �
8:6�Qo@ HI@:>�EGQ%b

	�
�� � ��V���������A� �]� (�)+* ,

� Q >�UN9;EGCR@OHVQo@THV8R9~6�<�@hEVZlHVQoK!97C:EGF7HVF7>�J�>�8@O>�<WC:6�97C:6�8:6�Qa@OHI@O>�EGQ >�8u@T376�8:PD979~EVCR@TZrEGC/UNH��a>�QDS
>�Q�Zr6=C:6�Q7<=6�8+:R3?H e >�QDSlUNHVM76�8REGUN6}EGF78R6=C e H @O>�EVQ78=x 37E{_�M7E�_i6}<=EVQ7M7>�@:>�EGQyEGQy@L3D6=8:6`EGF78R6=C e HI@:>�EGQD8
HVQ7MqP79;M?HI@:6XEVP7Cv97C:EVF?HVF7>�J�>�8@O>�<#UWE�M76�J�+

zLQDZr6=CR6=Q7<�6'>�Q Hug(')� 8:P79D9~EGC@O8`U HVQoKh>�Qa@:6=CR6=8R@:>�Q7SB9?HI@R@O6=CRQ78iEIZ�C:6=HV8:EGQD>�Q7S7b � Z\@O6=QN@O>�UW6=8
_`6A<=HVQ e >�6�_ @L376�>�QDZr6=CR6=Q7<�6�HV8f>�Q -?PD6=Q7<�6 -7E _�>�Q7S�F;6�@L_`6=6=QN@L376v>�Qa@:6=C �LC:6�J^HI@:6=MTEGF _R6=<�@:8=b>-iEGQW�
8:>�M76=CBH 8R>�UW97J�6T6��DHVUN9DJ�6WEVZc>�QDZr6=CR6=Q7<�6dHVF;EGPD@BH 97HVCR@:>�<=PDJ^HVC�8@OP7M76�Qo@T>�Q EGP7CX8:<A37EYEGJ}g('�� b
� 9DC:>�EVC:>�_i6TUNH]KqF~6�J�>�6 e 6uH 8R@:P7M76=Qo@�>�8#J�> �V6�J�K�@:EdF~6B8:UNHVCR@=b ! 6/UNH{KqEGFD8:6=C e 6 37>�8lSVCOHVM76�8
>�Q 8:6 e 6�COHVJ`<=EGP7CR8:6�8THVQ7M 8:6=6W@L3?H @BZrEGC�@T376 UWEG8R@X9?HICR@ 376 CR6=<=6�> e 6=M�� � � 8=x�FDPD@u>�Q EVQ76 <�J^HV8R8
376NC:6=<�6=> e 6=M H��P- �[b�5�37>�8uUNH]K <=HVP78R6dP78B@:E�8:J�>�S63o@:J�K�CR6=M7P7<�6dEGP7CBF~6�J�>�6�Zi@T3?HI@B@L376N8R@OPDM76=Qo@
>�8h8RU HVC@]x`F7PD@N>�@h_�>�J�JcQ7EV@N<A3?HVQ7SV6 >[@N8R>�SGQD>��?<=HVQo@OJ�KVb |AE _`6 e 6=C�xv>�Z#_`6 �7Q7M @T3?HI@WUNEV8R@WEVZ
@L3D6dEV@L3D6=Cu8@OP7MD6=Qo@O8/@T3?HI@u@:E�E���@L376d<�EGP7CR8:6dCR6=<=6�> e 6=M 37>�S@3!SGC:HVM76=8�x�_`6 @L376�Q�U H]K F;6=J�>�6 e 6
@L37HI@�@L376y<=EVP7C:8R6B>�8lHIQ 6=HV8RKn<�EGP7C:8R6Vb 9 >�Q7<�6y>�@�>�8vPDQ7J�> �V6=J[Kd@L37HI@lHh8RU HICR@A8R@:P7M76=Qo@lSGEV@lHTJ�E{_



� � �������
	����������
�@� � � ������� 	 � ���� � ��	 � � ��� �"! �$#%� �&�

SGC:HVM76X>�Q�HIQp6]HI8RKq<=EGPDC:8:6IxkEGPDCl97CREGF?HVFD>�J�>[@LK ZrEGC�@L3D6B8@OP7M76�Qo@�F~6�>�Q7SW8:UNHVC@#Q7E{_ SGEY6=8AM7E{_�Q
8:PDF78R@OHVQo@O>^HIJ�J�KVb

� J[@L37EGPDS63�>�Q�Zr6=C:6�Q7<=6u>�8'HIQ�6��Y@OCR6=UW6=J�K >�UW9;EGCR@OHVQo@A@:EG97>�<Vxk>�Qp@L3D>�8l@T376=8R>�8#_`6TM7EdQDEV@�M76 �
8:<�C:>�F~6`Q76�_ >�Q�Zr6=C:6�Q7<=6iHVJ�SVEGC:>[@L37UW8=b�zLQ78@O6=HVM/_i6iU H��I6iP78R6cEVZ?6���>�8R@:>�Q7Sl>�QDZr6�C:6�Q7<=6vHIJ�SGEGCR>�@T37UN8�b
zLQ H�Zr6�_ <=HV8:6�8=xw_i6N<]HVQ M7Ep6��7HI<�@B>�QDZr6�C:6=QD<=6W>�Q @L376WSGC:EVP7Q7M a H{KV6=8BQ76�@=b�zLQ!EV@T376=Cy<]HI8:6=8�x
_r376�Q�@L376�C:6/HIC:6X<=6=C@ HV>�Q @LKY9;6=8'EVZ�C:6=SVP7J^HVCR>�@:>�6=8�>�Q @L3D6uSGCREGP7Q7M a H]KG6=8R>^HVQpQ76�@L_`EGC � xk_`6/<=HVQ
8R@:>�J�Jc9~6�CRZrEGCRU46��DHV<m@d>�QDZr6=CR6=Q7<�6 FoK <]HIC:6�ZrPDJ�J�K!6���97J�EG>�@:>�Q7S HVQ7M C:6�P78:>�Q7S!<�EGUW97PD@ H @O>�EVQ78=b zLQ
<]HI8:6=8f_r376�C:6�@L376ASGC:EVP7Q7M a H]KG6�8:>^HIQ Q76m@L_iEGC2�T>�8 e 6�CRKhJ�HVC:SG6�HIQ7MW_`6A<]HVQ7QDEV@}6���97J�EV>�@�CR6=SGP7J�HVC �
>�@:>�6�8l>�Qp>�@:8l8@OCRP7<�@:P7C:6Ixk_i6uC:6=8REGCR@#@OEdHI9797C:E ��>�UNHI@:6B>�QDZr6=CR6=Q7<�6Vb'� >�Q?HVJ�J�KVx7ZrEGC 9 ')� 8�� 6Vb S7b[xk>�Q
-N3?HV9�@O6=C 4 	mxw_i6 8T37E{_ 37E{_�_i6 <]HVQ 6 DW<=>�6�Qo@OJ�K HVQD8R_`6=C/�aP76�C:>�6�8uFoK M7EG>�QDS >�QDZr6=CR6=Q7<�6 >�Q!H
U/P7<A3 8RU HVJ�J�6�CuQ76m@L_iEGC2� b ! 6�MD6�Zr6=CT@T3?HI@TM7>�8:<�P78:8R>�EGQ P7Qo@O>�JR-N3?HV9�@O6=C 4 b |l6�C:6d_`6nF7C:>�6.-7K
M76�8:<=CR>�F;6y64DW<=>�6=Qo@#6��DHV<�@A>�Q�Zr6=C:6�Q7<=6XHVQDMpHV9D97C:E ��>�UNHI@O6#>�QDZr6�C:6=QD<=6XF7C:>�6.-7KVb

���<;���� ���
	�������
>������������

! 6i<]HIQhHVJ�_iH]K�8 C:6�8:EGC@�@OEl6��DHV<�@�>�QDZr6�C:6=QD<=6cEGQB@L376`SGC:EGPDQ7M a � xIF7P�@�@L3D6cSGC:EVP7Q7M a � U H]KXF;6
e 6�CRKXJ^HIC:SG6fHVQDMX@T3YPD8w@T37>�8 >�Q�Zr6=C:6�Q7<=6fUNH]K�97C:E e 6`>�Qa@:COHV<m@ HVFDJ�6Vb��lQDM76=C <=6�CR@OHV>�QX<=>�C:<=PDUN8@ HVQ7<�6=8�x
>�Q�Zr6=C:6�Q7<=6 HIJ�SGEGCR>�@T37UN8W<]HIQ 6���97J�EG>[@d@L3D6�UNEYM76=Jl8R@:C:P7<m@OP7CR6 @:E�U H��V6�>�Q�Zr6=C:6�Q7<=6�@:COHV<m@ HVF7J�6Vb
g�C:6 e >�EGP78 _`EGC�� EGQ >�QDZr6=CR6=Q7<�6�>�Q 8R@OCRP7<�@:P7C:6�M 97C:EGF7HVF7>�J�>�8@O>�<nUWE�MD6=J�8,8 �yEVJ�J�6�C HIQ7M g�Zr647~6=C�x
5 � ��� x�g�Zr647~6=Ch6�@NHVJ b�x 5 � � � x�g�Zr647~6=C=x"! � ��� 9c8>37E{_�8k37E{_&647~6=<�@:> e 6 >�QDZr6=CR6=Q7<�6q<=HVQ F~6�M7EVQ76
ZrEGC�HdQaP7UuF~6�C'EVZ}M7>87~6=CR6=Qo@�8@OC:PD<�@OPDC:6=M 97CREGF?HVF7>�J�>�8R@O>�<BUWEYM76=J�8=b�5�376hHVJ�SGEGCR>�@L3DUN8AU H��V6/P78R6
EVZv@T376d8R@:C:P7<m@OP7CR6�>�UW9~EV8:6=M FoK!@L3D6d<=J�HV8:8^3D>�6=C:HVC:<A3oK @OE�MD6=<=EVUN9;EG8:6N@L376dMD>�8R@:C:>�F7PD@O>�EGQ HIQ7M
647~6=<m@O> e 6=J[K�C:6�P78:6X<=EVUN97P�@ HI@:>�EGQ%b

5�376=CR6vHVCR6}@L_`E#_iH{KY8�>�QX_r3D>�<A3THV8R9~6�<�@:8�EVZ7@T376i8@OCRP7<�@:P7C:6`<]HVQBF~6`P78:6�Mu@OElU H#�I6`>�QDZr6=CR6=Q7<�6
UWEGC:6�64DW<�>�6=Qo@=b}5�3D6l�?CR8R@`8R@OCRP7<�@:P7COHIJkHV8R9~6�<�@i>�8�@L376lQ?HI@:P7COHVJ 6�Q7<]HV9D8:P7J�HI@O>�EGQNEIZ�EGFY_R6�<�@O8}@L3?H @
EY<=<=PDC:8T>�Q H�_`6=J�J%$LMD6=8:>�SGQ76�M�<=J^HI8:8 37>�6=COHIC:<A3oKGb zLMD6]HVJ�J�KGx�@T376�>�Qo@:6=COHI<�@O>�EGQ78/F;6�@L_`6=6�Q EGF _R6=<�@:8
_�>�J�J EY<=<�P7C e >^H�H�8:UNHVJ�J QaP7U/F;6=C�EIZ`EVFY_R6=<m@uH @:@OCR>�F7P�@O6=8�x�HVQ7M�@T376TU H _REGC:>[@LK EIZi>�Qa@:6=C:HV<�@:>�EGQ78
F;6�@L_`6=6=Q�HI@:@:C:>�FDPD@O6�8c_�>�J�J~F~6y6�Q7<]HV9D8:P7J�HI@O6�Mq_�>[@L37>�Qd@L376y<=J�HV8:8�bf5�37>�8v<=HVQ 9DC:E e >�M76XHTQ?HI@:P7COHVJ
M76�<=EGUW9~EV8:>�@:>�EGQ EVZ`@L376hUWE�MD6=J�8:PD>�@ HIF7J�6TZrEGCy>�Q�Zr6=C:6�Q7<=6Ib 5�376N<=EGUW97J�6���>�@LK�EIZ`@T376N>�QDZr6=CR6=Q7<�6
_�>�J�J�M76=9;6=QDMpEGQq@L376 � _�>�MD@L3��?EIZ�@L376X<=EVQ7Q76=<m@O>�EGQ78AF~6m@L_i6�6=Q�EGFY_R6�<�@:8+:k>[Z�@T376X_�>�MD@L3 >�8�8:UNHVJ�J�x
_`6uHVCR6�SGP?HVC:HVQo@O6�6=M HVQ 6 DW<=>�6�Qo@l9DC:EY<=6=MDP7C:6Ib



����� � � ���������� ��� � � �� ! � � �

5�376 8R6=<�EGQ7M�8R@:C:P7<m@OP7C:HVJ`HV8:9;6=<m@u@L37HI@X>�8XP78:6�M!@OE U H#�I6N>�QDZr6=CR6=Q7<�6 6 DN<�>�6�Qa@u>�8y@L376hZ HV<m@
@L37HI@�8R>�UW>�J�HVC%EGFY_R6�<�@:8�E�<�<=P7C U HIQaK�@:>�UW6=8w>�QX@L376}UNEYM76�J�b g�Zr6 7k6�C�6m@�HVJ b 8 5 ��� � 9aM76�8:<=CR>�F;6=8�HAC:6�$
<=PDC:8:> e 6l>�QDZr6�C:6=QD<=6lHVJ�SGEVC:>�@T37U @T3?HI@`<]HV<A3D6=8`@T376A<=EGUW97PD@OHI@O>�EGQ78�@L3?H @cHVCR6lMDEGQ76�ZrEGC�ZrCOHVSGUW6=Qo@:8
EVZc@T376 UWEYM76=J : @L3D6=8:6 <=EGUW97PD@OHI@O>�EGQ78�@L376�Q Q76�6=M�EGQ7J[K F~6N9~6�CRZrEGCRUN6�M!EGQD<=6Vxw_i6 <]HVQ CR6=P78R6
@L3D6=U ZrEGC�HVQ7EV@T376=C�EGF _R6=<�@}EY<=<�P7C:CR>�Q7S�>�Q/@L376v8:HVUN6v<�EGQo@O6���@=b ! 6v<=HVQT@L37>�Q �uEIZ~@T37>�8�EVFY_R6=<m@iHI8
HdSG6�Q76=CR>�<TEGFY_R6�<�@=x _r3D>�<A3 E�<�<=P7CR8yC:6=9;6]H @O6=MDJ�K�>�Q�@L376TUWEYM76=J b : ��97J�EG>�@:>�Q7S @T376=8R6h8R@OCRP7<�@:P7COHIJ
HV8R9~6�<�@O8yEVZf@T376hUNEYM76=J�HVJ�J�E{_sg�Zr6 7k6�Cy6�@XHVJ b 8 5 � � � 9 @OEnHV<A3D>�6 e 6h>�UW97C:6�8:8:> e 6T8R9~6�6=M7P79D8+:�>�Q H
UW>�J�>[@ HVCK/F?H @:@OJ�6=8R9?HV<=6lM7EGUNHV>�Qh@L3D6'8R@:C:P7<m@OP7CR6=M�>�Q�Zr6=C:6�Q7<=6l_cHV8`EGC:MD6=C:8iEVZ U HISGQ7>�@:P7M76�8}Z HV8@O6�C
@L37HVQq@T376y8R@OHVQ7M?HVCRM a � 6��DHV<�@l>�Q�Zr6=C:6�Q7<=6XHVJ�SGEGCR>�@L3DU b

���<;�� � ����� �������
	 	  � ���
>������������

�lQ�ZrEGCR@:P7Q?HI@:6=J�K @L376TUW6�@T37EYM78�P78:6�M!>�Q�@L376h>�Q�Zr6=C:6�Q7<=6hHIJ�SGEGCR>�@T37U.HVF~E e 6WEIZ\@O6=Q HVCR6hQ7EV@XHV9 $
97J�>�<]HIF7J�6/ZrEGCXg��� 8B_`6 8@OP7MDKVb�zLQ!@L3D6NUNH _REGCR>�@LK�EIZv<]HV8R6=8�x�@L376�C:6NHVC:6WQ7E SG6=Q76�C:>�<NEGF _R6=<�@:8
@L37HI@c<=HVQdF;6'6���97J�EG>�@:6=M%b��AQ7J�> �V6l8R@ HIQ7M?HVCRM a � >�QDZr6=CR6=Q7<�6Vx�_`6'<=HVQ7Q7EV@cM76=<�EGUN9;EG8R6l@L3D>�8`@OHV8 �
>�Qo@:Ed8:6�9?HVCOH @O6T>�Q�Zr6=C:6�Q7<=6B@ HV8��Y8�E e 6=C'@L3D6TEGFY_R6=<m@O8�>�Qp@L376uUNEYM76=J x%HV8l@L376mK�HVCR6u@LKY97>�<=HVJ�J[K HVJ�J
<=EVC:C:6�J^HI@:6=M%bu5�3YPD8=xw>�QDZr6�C:6=QD<=6T>�Q�@T376hg��� C:6��YPD>�C:6�8y>�QDZr6�C:6=QD<=6TE e 6�CX@T376TSGC:EVP7Q7M Q76�@L_`EGC��
M76m�?Q76=M FoK�>�Q78@ HVQo@:>^HI@:>�Q7ShHhg��� ZrEGC�HT9?HVC@O>�<=P7J�HVCc8 �I6=J�6�@OEVQ%b

zLQhSG6=Q76�COHVJ xV@L3D6vSGC:EGPDQ7MTQ76�@L_`EGC��/<]HVQhF;6iZ HV>�C:J�KX<�EGUN9DJ�6��~xG>�Q e EGJ e >�Q7S'UNHVQoK/EGF _R6=<�@:8�@L3?H @
HVCR6uJ�>�Q �V6�Mp>�Q e HVC:>�EGP78�_cH]KY8=b � �?EGCA6��DHVUW97J�6Ix~>�QpEGP7Cl6���9;6=C:>�UN6�Qo@O8#>�Q��N3?HI9D@O6�C � x @L376BQ76�@ $
_`EGC �a8�>�Q e EGJ e 6N3aP7Q7M7CR6=M78�EIZ?@L37EGPD8OHVQ7MD8�EVZ?Q7EYM76=8�b 	�� �DHV<m@�>�QDZr6�C:6�Q7<=6cE e 6=C�@T376=8R6vQ76�@L_`EGC �a8�>�8
<=J�6]HVCRJ�KN>�UW97COHI<�@O>�<]HVJ xa8:ET_i6yU/PD8R@vCR6=8:EVCR@�@OEhHV9D97C:E ��>�UNHI@O6#>�QDZr6�C:6=QD<=6Vb�� 6�P78:6 a 6�J�>�6�Zwg�C:EG9 $
HVSoH @O>�EVQ � a g 	 x�H�J�EY<]HVJ}UW6=8:8:HVSG6�9?HI8:8:>�Q7S HVJ�SGEGC:>[@L37Uqx�>�Qo@OC:EYM7P7<�6=M�FoK gw6]HVCRJ48 5 � � � 9 b 5�376
HVJ�SGEGC:>[@L37U�>�8hSGP?HICOHVQo@O6�6=M @:E <�EGQ e 6�C:SG6p@:E @T376 <�EGC:CR6=<m@dUNHVC:SG>�Q?HVJc9DC:EGF?HIF7>�J�>�@O>�6=8uZrEVCW6=HV<A3
Q7EYM76XEGQ7J�K�ZrEVCA8R>�Q7SVJ�K�<�EGQ7Q76�<�@O6�M a H]KG6�8:>�HVQ�Q76m@L_iEGC��a8=bl|lE{_i6 e 6�C=xk6�UN9D>�C:>�<]HVJ�CR6=8RP7J�@:8 8� P7C $
9:3oKpHVQ7M�� 6=>�8R8=x 5 � � � 9�8>37E{_s@T3?HI@#>�@lEVZ\@O6�Q�<=EGQ e 6=C:SV6=8�>�QpSG6=Q76�COHVJwQ76m@L_iEGC��a8=x HVQ7M�_r3D6=Q�>�@
M7EY6=8�x7@L376yUNHVC:SG>�Q?HVJ�8cHVCR6BHTSGEYEYMnHV9797CRE ��>�U HI@:>�EGQd@:ET@L376y<=EVC:C:6�<�@A9;EG8R@:6=C:>�EGC=b

�!6l97C:E e >�MD6'HBFDC:>�6mZ�EGPD@:J�>�Q76�EVZ�EGQ76 e HVC:>�HVQo@iEVZ a g xaC:6mZr6=CRC:>�QDSB@OE��!6�>�8:8 8 ! ����� 9 x� P7CR9:3oK
HVQ7M�� 6=>�8:8 8 5 � � � 9 x�pHV< �yH{K/6�@`HVJ�b:8 5 � �0� 9�ZrEGC�UNEVC:6vM76m@ HV>�J�8=b��iEGQ78R>�M76�C}H a H{KV6=8R>^HVQWQ76�@L_`EGC��
E e 6�Cd8:EGUW6p8R6�@ EVZ�Q7EYM76=8 �r_r37>�<A3 >�Q EGP7C <=HV8:6 _iEGPDJ�M F;6 @T376 e HVCR>^HVF7J�6=8 _ ),+ 	mb��!6q�?C:8@
<=EVQ e 6=C@A@T376�SGC:HV9:3�>�Qo@:EhH � � ���G/ \ X�� �&" BYxY_�>�@T3nH/Q7E�MD6! �q%ZrEGCi6]HV<A3 e HVC:>�HVF7J�6 ieq�>�Qd@T376 a � x



��� �������
	����������
�@� � � ������� 	 � ���� � ��	 � � ��� �"! �$#%� �&�

<=EVQa@OHV>�QD>�Q7Sgieq`HVQ7M >�@O8�97HVC:6�Qa@:8=bW5c_iE Q7EYM76=8XHVCR6W<�EGQ7Q76�<�@:6=M!>[Z`@T376�KZ3?H e 6W8:EGUW6 e HIC:>^HIF7J�6
>�Q <=EGUWUNEVQ%b�5�376 �cg�� EVZ�ieq�>�8iHV8:8RE�<�>^HI@:6=Md_�>[@L3  *q b���6�@��Oq�C:6�97C:6�8:6�Qa@v@T376#Z HV<m@OEGCiM76��?QD6=M
FoKd@L3D6 �cg�� :7> b 6Ib�xD>�Z  �q <�EGQo@ HV>�Q78v@L376 e HVCR>^HVF7J�6=8@i l 5ojml))Z)Zl 5 � x�@L376�Q��Oq >�8�H/ZrP7Q7<m@O>�EVQdZrC:EGU
@L3D6XMDEGU HI>�Q78vEVZ @L376�8:6 e HVC:>�HVF7J�6�8c@OE,8 � l 5 9 b�� 6BHVJ�8REWMD6��?Q76
	�qw@OEhF;6uH/Z HV<m@OEGC�E e 6�C ieq @L3?H @
6=QD<=EGUW9?HV8R8:6=8XEGP7C�6 e >�M76�Q7<=6NHVF;EGPD@!ieq��	�q ��ieq 	�� 5 >[Z iOqf>�8�Q7EV@yEGF78R6=C e 6=MkbNz Z`_i6hEGF78R6=C e 6
ieq>r�� x%_i6 3?H e 6W@T3?HI@	�q ��� 	Nr 5 HVQDM � 6�J�8R6�_r376�C:6Vb � P7C�9;EG8@O6=CR>�EGC#M7>�8@OC:>�F7PD@:>�EGQ�>�8#@L3D6=Q
��� q �3q�� � q 	�qLx7_r376�C:6 � >�8�HTQ7EGCRU HVJ�>���>�Q7SB<=EGQ78@ HVQo@=b

5�376dF;6=J�>�6�Z`97CREG9?HVSoH @O>�EVQ!HVJ�SGEGCR>�@L3DU >�8XQ7E{_ e 6�CRK 8:>�UN97J�6Vb � @B6]HI<A3 >�@:6=COH @O>�EVQ%xwHVJ�J�@L3D6
Z HVUW>�J[KNQDE�M76�8�8:>�UuP7J�@OHVQ76=EVP78:J[Kd8:6�Q7MqUN6�8:8OHISG6=8�@OEWHVJ�J%EV@L3D6=C:8�x HV8vZrEGJ�J�E{_�8��

� q�� �  �q��   � 	�! � �
" � � " �

�3q  	�q  �
�$# n&% q(' ��)*�,+ � � q

_r376�C:6 � >�8dH�� M7>67k6�C:6�Qa@ 	WQ7EVC:UNHVJ�>-�=>�QDS <�EGQ78@ HVQo@nHVQDM/. �10 	N>�8W@T376�8:6m@�EVZ'Z HIUN>�J�>�6�8/@L3?H @
HVCR6�Q76=>�S63aF~EGCR8/EVZ� �q�>�Q @L376dZ HIUN>�J�K SGCOHI9:3%b 5�37>�8T97CRE�<�6=8R8W>�8/C:6�9~6=HI@O6�M P7Qo@O>�J`@L376�F;6=J�>�6�Zr8
<=EVQ e 6=CRSG6Vb � @AHVQoKd9;EG>�Qo@v>�Qd@L376yHIJ�SGEGCR>�@T37U xaEGPDCvU HVCRSG>�Q7HVJ M7>�8@OC:>�F7PD@:>�EGQ�HIF~EGP�@�HVQoK Z HVUW>�J[K
 �q�>�8�2 q r �  �3q  	�q  � �$# n�%-q3' � � q b �fHV<A3 >�@:6=C:HI@O>�EGQ >�8uJ�>�QD6]HVCB>�Q @L3D6�QYPDU/F~6�ChEVZA6=M7SG6�8
>�Q�@T376 a � b � 37>�J�6'@T376XHVJ�SGEVC:>�@T37U >�8�Q7EV@�SVP?HVCOHIQa@:6=6�M @OEh<�EGQ e 6=CRSG6Vx;>�@i@LK�9D>�<]HIJ�J�K <=EGQ e 6=C:SV6=8
HIZ\@:6=C54RP78R@uHqZr6m_ >�@O6�COHI@:>�EGQD8=b � Z\@O6�Cu<=EVQ e 6=CRSG6=Q7<�6Vx�@T37662 q`SG> e 6NP78uHV9797CRE �D>�U H @O6hU HIC:SG>�Q?HVJ
M7>�8R@OCR>�F7P�@O>�EVQ78cE e 6�Cl6=HV<A3 EIZ @T376�Z HVUN>�J�>�6=8i>�Q�@L376ySGCREGP7Q7MnQ76m@L_iEGC�� b

	�
87 9;:W���=<�>�,���:W�

zLQ @L37>�8T<A3?HV9D@:6=C=x`_i6 3?H e 6qC:6 e >�6�_`6=M @L376nM76m�?Q7>�@:>�EGQ�EIZ#97CREGF?HVFD>�J�>�8R@:>�< CR6=J�HI@O>�EGQ?HVJ`UNEYM76=J�8=x
EGCR>�SG>�Q?HVJ�J[K >�Qo@OC:EYM7P7<�6=M FaK ��EGJ�J�6�ClHIQ7M�g�Zr647~6=C 8 5 � � � 9 b�g��� 8l6���97J�EG>�@lF~EI@L3 @T376X<=EGUW9?HV<m@
C:6�97C:6�8:6�Qa@OHI@O>�EGQpEIZ�Hh97C:EGF7HVF7>�J�>�@LK M7>�8@OC:>�F7PD@:>�EGQnH�7~EGCRM76=M FaKqH a H]KG6�8:>�HVQpQ76m@L_iEVC ��_�>�@T3 @L3D6
6���9?HIQ7M76=M C:6�97C:6�8:6=Qo@OHI@O>�EGQ?HVJ�9;E _`6=Ch97CRE e >�M76=M FoK�C:6�J^HI@:>�EGQ?HIJiJ�EVSG>�< @:E M76��?QD6 SG6�Q76=C:HVJcKG6m@
<=EVUN9?HI<�@TCR6=97CR6=8:6�Qo@ HI@:>�EGQ78TZrEGC?4REG>�Qo@TMD>�8R@:C:>�F7PD@O>�EGQ78BE e 6=CTEGF@4R6=<�@:8h>�Q 8@OC:PD<�@OPDC:6=M M7EGUNHV>�Q78=b
|l6�C:6A_i6(37H e 6'M76m�?Q76=M�@T376#UNHA4REGCf<=EVUN9;EGQ76�Qa@:8cEVZ%@T376#UWEYM76=JB� @L3D6#C:6�J^HI@:>�EGQ7HVJ78:<A3D6=UNHDxD@L3D6
97CREGF?HVF7>�J�>�8R@O>�<iM76�9~6�Q7M76�Q7<�KW8R@:C:P7<m@OP7CR6#HIQ7MN97HVCOHVUW6�@:6=CR>��]H @O>�EVQ%xGHVQDMW@T376�C:6=J�HI@O>�EGQ?HVJ�8 �I6=J�6m@OEGQkb
� 6�3?H e 6�8T37E{_�QT@L3D6v<=EGQ7MD>�@O>�EGQ78�PDQ7M76=C�_r3D>�<A3T@L376�8:6�<=EVUN9;EGQ76�Qa@:8�@OEVSG6�@T376=C�M76m�?Q76AH'<=E@376=C $
6=Qo@}97CREGF?HVF7>�J�>�8R@O>�<`8R6=UNHVQo@O>�<=8�ZrEGCfH�M7EGUNHV>�Q%b zLQhJ�HI@O6�C�<A3?HV9D@:6=CR8}_`6v_�>�J�J�M76=8R<=CR>�F;6A6��Y@O6=QD8:>�EVQ78



����� � �$�$� � ����� � �$� �0�

@OEW@L376uF?HV8:>�<BUWEYM76=J�@L37HI@#_�>�J�J HVJ�J�E{_ P7QD<=6=C@ HV>�Qo@LKpE e 6�C#@L3D6uJ�>�Q ��8R@:C:P7<m@OP7CR6/>�Qq@L376BM7EGUNHV>�Q
� �N37HV9D@O6�C � 	 x�HVQDM!_�>�J�J�U H#�I6 P78R6 EVZc<=J^HI8:8h3D>�6=C:HVC:<A3D>�6=8 � �N37HV9D@O6�C � 	 bq|lE{_i6 e 6�C=x��?C:8@u_`6
@OPDC:Q�@OE�@T376d>�UW9;EGCR@OHVQo@u@ HI8 �!EIZ#HIPD@OEGUNHI@:>�<]HIJ�J�K�<=EGQ78@OCRP7<�@:>�Q7S H�g��� ZrCREGU�HVQ 6���>�8@O>�QDS
M?HI@OHVF?HV8R6Vb



� � �������
	����������
�@� � � ������� 	 � ���� � ��	 � � ��� �"! �$#%� �&�



� � ��� ���	� 


� �	���� ��� � � ����� ��� ������������� � ����� ���!�"� �#�

�%$ �����

zLQ @T376h97C:6 e >�EGP78X<A3?HV9�@O6=C�x _`6NMD6��?Q76�M!@L3D6Ng��� J�HVQ7SGP?HISG6hHVQ7M >�@:8X8R6=UNHVQo@O>�<=8=b �!6hQ7E{_
UWE e 6�@OEv@L3D6�U HV>�Q'<=EVQa@:C:>�F7PD@O>�EGQ�EVZY@L37>�8k@L3D6=8:>�8��wHVJ�SGEGC:>[@L37UW8 ZrEGC%J�6=HVC:QD>�Q7S�Hvg����ZrCREGU M7HI@ HDb
5�37>�8#<A3?HV9�@O6=C�MD6=8:<�C:>�F~6�8'EGP7CA�?C:8@'ZrCOHVUW6�_`EGC�� HIQ7M�HVJ�SGEGC:>[@L37UW8v_r37>�<A3pJ�6]HIC:Q�Hdg���t_�>�@T3
HI@R@OC:>�F7PD@:6#P7Q7<�6=C@ HV>�Qa@LKVbf�?EGJ�J�E _�>�Q7SX<A3?HV9D@:6=C:8i6��DHVUW>�Q76l6��Y@O6�Q78:>�EGQ78c@OEB@L376lF?HV8:>�<�HVJ�SGEGC:>[@L37UW8
@OE]3?HIQ7M7J�6XHVMDM7>�@:>�EGQ?HIJ;ZrEGCRUN8vEIZ�P7QD<=6=C@ HV>�Qo@LKGb

&n
(' � �d"���:n0 >��v"��$:N�

� 8�_`6N8:H]_ >�Q�@T376h97C:6 e >�EGP78y<A3?HV9�@O6=C�xwg �� 8X8:P79D9~EGC@X<=EGUW97J�6���CR6]HV8REGQ7>�QDSq97HI@:@:6=C:QD8BHIQ7M
<]HIQ F;6 P78R6=M @OE!UNH#�I6q>�QDZr6=CR6=Q7<�6=8 HVF~EVPD@WEGF 4R6=<m@O8W@L3?HI@NHVCR6 J�>�Q �I6=M >�Q U HIQaK >�Qo@O6�C:6=8@O>�Q7S
_iH{KY8�b*)iP�@A_`6[3?H e 6yQ7EV@�KG6m@A8T37E{_�Q _r3D6=C:6BHhg��� <=EGUW6=8cZrCREGU b

� Q76cEG9D@:>�EGQB>�8 @OE(37H e 6vH#M7EVU HV>�QB6���9~6�CR@�<�EGQ78R@:C:P7<m@�@L3D6iUWE�M76�J�FoK[3?HVQDM%b�5�37>�8�<]HIQ/F~6iH
J^HIF~EGCR>�EGPD8fHVQ7MN@:>�UW6 $ <=EGQ78RP7UW>�Q7S�97CRE�<�6=8R8=b�z @`>�Q e EGJ e 6�8`�?CR8R@`M76�@:6=C:UW>�QD>�Q7S�@L3D6lM76�9~6�Q7M76�Q7<=>�6=8
F;6�@L_`6=6=Q @L376XEGF 4R6�<�@#HI@:@:C:>�FDPD@O6�8=bizLQ SG6=QD6=COHIJ @T37>�8v@OHV8 ��>�8A<A37HVJ�J�6=Q7SG>�Q7S7x�F7PD@AZrEGC�8:EGUW6�_i6�J�J%$
P7Q7MD6=C:8@OEYE�MqM7EGUNHV>�Q78i@L3D6XMDEGU HI>�Q�6���9;6=C@#UNH]KdF;6BHIF7J�6'@:EW9DC:E e >�M76�@L3D6XUWEYM76=J%8@OCRP7<�@:P7C:6Ib
5�376 Q76���@n<A37HVJ�J�6=Q7SG6�>�8d8:9;6=<�>�Z\KY>�QDS @L376�9?HICOHVUW6�@:6=C:8�EIZX@T376�UWE�M76�J�b � e 6=Q ZrEGCd6���9~6�CR@O8�x
@L3D6 6�J�>�<�>�@OHI@O>�EGQ�EVZ'9DC:EGF?HIF7>�J�>�@O>�6=8/<=HVQ F;6 H e 6=CRK M7>6DW<=P7J[@W@OHV8 � b 5�3aP78�xc@L37>�8 �aQ7E{_�J�6�M7SG6�$
6=QDSG>�Q76�6=CR>�Q7S HV9797CREoHV<A3Z3?HI8#J�>�UN>[@O6�MnHV9797J�>�<]HIF7>�J�>�@LKGb`z @#_�>�J�J�EGQ7J[KnF~6B8:P7<�<=6�8:8RZrPDJ�>�Q M7EGUNHV>�Q78

� �



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

>�Q�_r37>�<A3q@T376=CR6y>�8�HVQq6���9;6=CR@�_r37Eh@L3DEGC:EGPDS637J�K P7Q7M76�C:8@ HVQ7MD8l@L3D6XMDEGU HI>�Q%b
)iPD@=x7HV8}_i6�8@ HI@:6=M�HI@`@L376#EGPD@O8R6�@iEVZ�@L37>�8`@T376=8R>�8=xY_i6'HVC:6l9?HVCR@:>�<�P7J^HVCRJ�KT>�Qo@O6=CR6=8@O6=M�>�QdM7E�$

UNHV>�Q78c_r3D6=C:6y_`6 3?H e 6uJ�>�UN>[@O6�M �aQ7E{_�J�6=MDSG6Vb �!6XHVCR6B>�Qa@:6=CR6=8R@:6=M >�Q�@L376y@ HI8 �dEVZ �aQ7E{_�J�6=MDSG6
M7>�8:<=E e 6=CRKVb-,�E H UW6�@T37EYM EVZl<=EVQ78R@:C:P7<m@O>�QDS H g �� @T3?HI@WM7EY6=8hQ7EV@WCR6=J�K EGQ �aQ7E{_�J�6�M7SG6�$
6=QDSG>�Q76�6=CR>�Q7S�>�8/Q76=6�M76=Mkb zLQ�@L37>�8/<A3?HV9D@:6=C�x}_`6n97C:EG9;EG8R6nHVQ HVJ�SVEGC:>[@L37U ZrEGC/HVPD@OEVU HI@:>�<=HVJ�J[K
<=EVQ78R@:C:P7<m@O>�QDS�EGCuJ�6]HVCRQ7>�QDSpH�g��� ZrC:EVU�HIQ 6���>�8@O>�Q7SpM?H @ HVF?HI8:6Vb 5�376dJ�6]HVCRQ76=M�g��� M76�$
8:<�C:>�F~6�8�@L376c97HI@:@:6=C:QD8�EVZ;>�Qo@O6�COHV<m@O>�EVQ78�F;6�@L_`6=6=QNHI@R@OC:>�F7PD@:6=8=b � Q7<=6c_`6r3?H e 6vJ�6=HVC:QD6=MhH�g��� x
>�@�<=HVQnF~6yP78R6=Mq@OEhU H��V6y97C:6�M7>�<m@O>�EGQ78�HVQ7Mq<=EVUN97J�6��d>�QDZr6�C:6=QD<=6=8�>�QqQD6�_ 8R>�@OP7HI@O>�EGQ78=b

zLQ @L3D6#J�6=HVC:QD>�Q7Sy97CREGF7J�6�U xaEGPDC`>�Q797PD@`<=EGQo@OHV>�Q78`HBCR6=J�HI@O>�EGQ?HVJ78R<A376=UNHDxY@L3?HI@`8:9;6=<�>��?6�8i@L3D6
F?HV8R>�< e EY<]HVFDP7J^HVCKX>�QB@T376iMDEGU HI>�Q	.4@T376i8R6�@�EIZ?<=J�HV8:8R6=8=xI@L376iHI@:@:C:>�FDPD@O6�8�HV8R8:EY<=>�HI@O6�MB_�>�@T3u@L3D6
M7>0/k6�C:6=Qo@�<�J^HV8R8:6�8=x HVQ7M�@T376/9;EG8:8R>�F7J�6u@LKY9~6�8�EVZ}C:6=J�HI@O>�EGQ78AF~6m@L_i6�6=Q EGF 4R6=<m@O8�>�Qp@L376TMD>1/~6=C:6�Qo@
<=J�HV8:8R6=8�b � PDC'@OCOHI>�Q7>�Q7SdM?HI@OH�<=EGQ78R>�8@O8yEVZiH�ZrPDJ�J�Kq8R9~6�<=>��76=M >�Q78@ HVQ7<�6hEVZ`@T3?HI@y8R<A376=UNHDb�� 6
HV8R8:P7UW6#@L37HI@c@L3D>�8i>�Q78R@OHVQ7<�6'>�8`SG> e 6=Q�>�QW@L376'ZrEVC:U EVZwHuCR6=J^H @O>�EVQ?HVJ M?HI@OHVF?HV8R6Vb � J[@L37EVP7S63dEGPDC
HV979DC:EoHV<A3W_iEVP7J�M HVJ�8REX_`EGC �T_�>[@L3WEV@L376�C`CR6=97CR6=8R6=Qo@ HI@:>�EGQD8 � 6Ib SDb�x�HB8R6�@cEIZ%SGCREGP7Q7MWZ HV<�@:8`<�EGU $
97J�6�@O6�M PD8:>�QDSh@T376y<=J�EG8:6�Mq_`EGC:J�MpHI8:8:PDUN9D@:>�EGQ 	mxD@T376y632W<=>�6=Qo@#�aP76�CRKY>�QDS HVFD>�J�>[@LK EIZ�CR6=J^H @O>�EVQ?HVJ
M?HI@OHVF?HV8R6=8f>�8f9?HICR@O>�<=P7J�HVC:J[K[376=J�9DZrP7J7>�QWEVP7C�ZrCOHVUW6�_`EGC � xaHVQDMNUNH#�V6�8f>�@f9;EG8:8R>�F7J�6c@OEXHV9797J[K/EGPDC
HVJ�SGEGC:>[@L37UW8`@:EhJ^HVCRSG6�M?HI@OHV8:6m@O8=b

5�376=CR6hHVC:6B@L_iE e HVCR>^HVQo@O8lEVZf@L376uJ�6]HIC:Q7>�Q7SN@OHV8 � �A9?HVCOHIUN6m@O6=Cl6=8@O>�UNHI@:>�EGQpHVQ7M�8R@:C:P7<m@OP7CR6
J�6=HVC:QD>�Q7S7b zLQ!@L376W9?HVC:HVUW6�@O6�CB6�8R@:>�UNHI@O>�EGQ�@ HV8��;x _i6 HV8:8RP7UN6W@L3?H @B@T376 �aP?HVJ�>�@OHI@O> e 6TM76�9~6�Q $
M76�Q7<�K 8R@:C:P7<m@OP7CR6�EVZ'@L3D6�g��� >�8 �aQ7E{_�Q54�> b 6Ib�xc@T376p>�Q797PD@ <=EGQD8:>�8@O8NEVZ�@L376 8:<A376�U H�HIQ7M
@OC:HV>�QD>�Q7SdM7HI@ HVF7HV8:6 � HI8yHVF~E e 6 	mxwHV8�_`6=J�J�HV8XH��YP7HVJ�>[@ HI@:> e 6BM76=9;6=QDM76=Q7<mK 8R@OCRP7<�@:P7C:6()lbT5�376
J�6=HVC:QD>�Q7Su@OHV8 � >�8cEGQDJ�K @:E/�?J�Jk>�Qd@L3D6�9?HVCOHIUN6m@O6=CR8c@L3?H @�M76��?QD6y@T376��cg��'8vEVZ @T376yHI@R@OC:>�F7PD@:6=8=b
zLQ�@L376n8@OC:PD<�@OPDC:6nJ�6=HVC:Q7>�Q7S�@ HI8 � x}@T376=CR6n>�8/Q7E HVMDM7>�@:>�EGQ?HIJ`CR6=�aP7>�CR6=M >�Q79DPD@ � HVJ[@L37EVP7S63 @L3D6
P78R6=C'<=HVQ%xk>[ZfH e HV>�J�HVF7J�6Ix?97C:E e >�MD6/97C:>�EGC �YQDE _�J�6=M7SV6THVF;EGPD@#@T376u8@OCRP7<�@:P7C:6Ix%6Vb S7b[xk>�Q @L376XZrEGC:U
EVZ <�EGQ78R@:COHV>�Qo@O8 	 b�5�376cSVEoHVJY>�8�@:E'6��Y@OC:HV<�@�HVQT6=Qo@O>�C:6vg��� xV8@OCRP7<�@:P7C:6�HV8 _i6�J�J7HI8�9?HVC:HVUN6m@O6�C:8=x
ZrC:EVU @L3D6y@:COHV>�Q7>�QDSTM?HI@ HIF?HV8:6XHVJ�EGQ76Ib��!6yM7>�8:<�P78:8A6]HV<A3 EVZw@L376�8:6X97C:EGFDJ�6=UW8v>�Qd@:P7C:Qkb

&n
 	 (j-u�f-�6 �#"��'�87 , "��96 -B"��$:N�

� 6TF~6�SG>�Qp_�>[@L3�J�6]HVCRQ7>�Q7SN@L376/97HVCOHVUW6�@:6=CR8#ZrEGC�H�g���4_r3D6=C:6/@T376TM76�9~6�Q7M76=QD<�K 8R@:C:P7<m@OP7CR6
>�8 �aQ7E{_�Q%bpzLQ!EV@L376�CB_`EGC:MD8=x�_`6�HVCR6NSG> e 6�Q!@L376N8R@:C:P7<m@OP7CR6 ) @T3?HI@BM76�@:6=CRUN>�Q76=8X@L376N8:6�@uEVZ



����� ��� �����+& 
	��
� 
�"��$�#& �	�$�%�*� ���
9?HVCR6=Qo@O8vZrEGC`6]HV<A3 HI@R@OC:>�F7PD@:6Vx7HIQ7M�EGP7Cc@OHV8 �N>�8i@:ETJ�6]HIC:Qd@L3D6�9?HVCOHIUN6m@O6=CR8����d@T3?HI@vM76m�?Q76�@L3D6
�cg��'8iZrEGC}@L37>�8c8R@:C:P7<m@OP7CR6Vb � P7CiJ�6]HVCRQ7>�Q7SB>�8`F?HV8:6�MnEGQ�H/9?HVC@O>�<=P7J�HVC�@OCOHI>�Q7>�Q7Su8R6�@]x�_r37>�<A3d_`6
_�>�J�Jw@OH#�V6T@:E�F~6TH�<�EGUN9DJ�6�@:6u>�Q78R@OHVQ7<=6 ]Ab � 37>�J�6u@L37>�8#@ HI8 �p>�8'C:6�J^HI@:> e 6=J�Kq8@OCOHI>�S63o@:ZrEVCR_iHVC:M%x
>�@`>�8`EVZ >�Qo@:6=C:6�8R@v>�QdHVQDM�EVZ >�@:8:6=J[Z b�zLQnHVMDM7>�@:>�EGQ%xa>[@i>�8cHu<�C:P7<�>^HVJ;<=EGUW9;EGQ76=Qo@i>�Q @T376'8R@:C:P7<m@OP7CR6
J�6=HVC:QD>�Q7ShHVJ�SGEGCR>�@L3DU MD6=8:<�C:>�F~6�Mp>�Q�@T376yQ76��Y@A8:6�<�@O>�EGQ%b

5�376 �V6mK�>�Q7SGC:6�M7>�6�Qo@'>�Qp9?HVCOHIUN6m@O6=Cl6=8@O>�UNHI@:>�EGQq>�8A@L376/J�> �I6=J�>�37EYE�M�ZrP7Q7<m@O>�EGQ �v@L376u97C:EGF $
HVF7>�J�>[@LK EVZB@L376 M?HI@OH SG> e 6�Q @L3D6 UWE�MD6=J�b 5�37>�8nZrPDQ7<�@:>�EGQ <]HV9D@:P7C:6�8q@T376 C:6=8R9~EVQ78:6 EVZ/@L3D6
97CREGF?HVF7>�J�>[@LKNMD>�8R@:C:>�F7PD@O>�EGQ @:EW<A37HVQ7SG6�8A>�Q�@L376�9?HICOHVUW6�@:6=C:8�b�5�376yJ�> �V6=J�>�37EYEYM EVZ�H/9?HVC:HVUN6m@O6�C
8:6m@ >�8hM76��?QD6=M @:E F;6n@L376n97CREGF?HVF7>�J�>[@LK!EVZl@L376qM?HI@OH SV> e 6�Q @T376qUNEYM76=J b �?EGCWH g��� @L3D6
J�> �V6�J�>�3DE�EYM EVZ�H 97HVCOHVUW6�@:6=CB8:6�@����!>�8��
	 �������]Nl b l�) 	Cr � � ]�� b l )�l���� 	�� � 8/PD8:P?HVJ x _`6
@LKY97>�<=HVJ�J[KN_`EGC��d_�>�@L3�@T376yJ�EGSTEVZw@L3D>�8cZrP7Q7<m@O>�EGQ �

� �������&]Nl b l�) 	 r J�EGS � � ]�� b l )�l���� 	
r � � � �� #�� % � � '

�� �� #�� % � � ' J�EGS � �(] ��� � �I] �"! % ��� � ' 	$#%�� � � b � 	
5�376 �V6mK�>�Q78:>�S63o@#>�8l@L37HI@#@T37>�8l6=�aP?HI@:>�EGQ�>�8 e 6=CRKp8:>�UN>�J^HVCc@:E @L376uJ�EGS�$ J�> �V6=J�>�37EYEYMdEVZfM?HI@OH

SG> e 6=QpH )cH]KV6=8:>�HVQ�Q76m@L_iEVC � 8 |A6=< �V6�C:UNHVQ%x � � � � 9�bvzLQqZ HV<�@=x~>[@l>�8v@L376BJ�> �I6=J�>�37EYE�MdZrPDQ7<�@:>�EGQqEVZ
@L3D6 )cH]KG6�8:>^HIQ�Q76�@L_`EGC �p>�Q7M7PD<=6=M�FoKq@L376/g �� SG> e 6=Q�@T376/8��V6=J�6�@:EGQ%by5�376/UNHV>�Q M7>1/~6=CR6=Q7<�6
ZrC:EVU.8@ HVQDM?HVC:M )iH{KV6=8R>^HVQ�Q76m@L_iEVC �p97HVCOHVUW6�@:6=ClJ�6]HIC:Q7>�Q7S >�8A@T3?HI@�9?HICOHVUW6�@:6=C:8AZrEGC#MD>1/~6=C:6�Qo@
Q7EYM76=8�>�Qn@T376yQ76�@L_`EGC��nHVC:6�ZrEGCR<=6=Mn@OEhF;6y>�M76�Qa@:>�<=HVJ . @L376'97HVCOHVUW6�@:6=CR8�HVC:6
& �('*)Vb

+ � ����� , -/. 	���	�	 �  ��� �10��� 	 	 �� � �

� 6v<]HVQh8R@:>�J�JDP78R6�@T376c_`6=J�J $LP7QDM76=CR8R@OEYEYM/@L376�EGCRKTEIZ~J�6]HVCRQ7>�QDS#ZrC:EGU�)cH]KG6�8:>^HIQWQD6�@L_`EGC �a8=b �iEGQ $
8:>�M76=C @L3D6}@OHV8 ��EVZ79~6�CRZrEGCRUN>�Q7S �32�4 � �65��87 �:9;'�7 �:<>=?=�)y9?HVCOHIUN6m@O6=C 6�8R@O>�U H @O>�EVQ%bw|l6=CR6VxIEGP7CwSGEoHVJ
>�8`@OE/�?Q7Md@T376�9?HVC:HVUW6�@O6�Ci8R6�@:@:>�Q7S
��� @L3?HI@cU H ��>�UN>-�=6=8f@L3D6�J�> �I6=J�>�37EYE�M@	 �������I]Nl b l�) 	iZrEGCiH
SG> e 6=Q ]Ax b HVQ7M()#b�5�37>�8`6�8R@:>�UNHI@O>�EGQh>�8f8:>�UN97J�>��?6�MhFaKT@T376A)B'�C�=��ED>=?F �G& �(=IH�EVZkJ�EGS $LJ�> �V6�J�>�3DE�EYM
ZrP7Q7<m@O>�EGQ�>�Qo@OE H�8RP7UWU HI@:>�EGQ EVZ�@O6�C:UW8T<=EGCRC:6=8R9~EVQ7M7>�QDS�@OE�@L3D6 e HIC:>�EVP78THI@R@OC:>�F7PD@:6=8/EVZA@L3D6



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

Popularity

Teaching-Ability

������� �	�
�����

Difficulty

Rating

� ���� ���

Intelligence

Ranking

��� ������ �

AVG

AVG

Grade

Satisfaction

������� � � ��� � � ���

� >�SGP7CR6 � b � �f5�376yM76=9;6=QDM76=Q7<mKq8R@OCRP7<�@:P7C:6yZrEGCc@T376yP7Q7> e 6=CR8:>�@LK�g �� b
M7>0/k6�C:6=Qo@A<=J�HV8:8R6=8$�

� �������m]Nl b l�) 	 r � � � �� #�� % � � '
�� �� #�� % � � ' J�EVS � �(] ��� � �I] �I! % ��� � ' 	 #%

r � � � �� #�� % � � ' �
� #�� % � � � ' �

� #�� %��I! � � � ' � � � � 8��3l! 9  J�EVS � �#" � � � b ! 	

_r376�C:6 � � � � 8 �$l$ 9 >�8A@L376/QaP7UuF~6�C'EVZ�@O>�UN6�8A_`6TEGF78R6=C e 6 ] ��� � r �qHVQ7M�] �I!,% ��� � ' r% �fHV<A3
EVZf@L3D6/@O6=CRUN8#>�Qp@T376hHVF;E e 6T8:P7U <]HVQ F;6/UNH ��>�UW>��=6�M�>�QDM76=9;6=Q7MD6=Qo@OJ[K�EVZ�@T376TC:6�8R@]bu|l6�Q7<=6Ix
UNH ��>�UNHVJ�J�> �V6=J�>�37EYEYM�6=8R@:>�UNHI@O>�EGQ C:6=MDP7<=6�8u@OE�>�Q7M76�9~6�Q7M76=Qo@TUNH ��>�UW>��=HI@O>�EGQ�97CREGF7J�6�UN8�x�EGQD6
ZrEGCv6=HV<A3��cg��/b

�?EGC�U HIQaKu9?HVC:HVUN6m@OCR>�<cUWE�MD6=J�8�xG8:PD<A3dHV8�@L3D6A6���9~EGQD6=Qo@O>�HVJDZ HVUW>�J[KGxVUNH ��>�UuP7U J�> �I6=J�>�37EYE�M
6=8@O>�U HI@:>�EGQ <]HVQnF;6XMDEGQ76 e >^H F�5'& C �('�H>& F�&(2 & �:F�& �(C�FX@L3?H @�8:P7UWU HIC:>���6l@T376yM?HI@ H�b�zLQn@T376y<]HV8R6
EVZ}U/P7J[@O>�Q7EGUW>^HVJ �cg��'8=x%@T376=8R6WHVC:6�4RPD8R@�@L3D6T<=EGP7Qo@:8y_`6TM76�8:<=CR>�F;6=M HVF;E e 6Vx � � � � 8 �3l! 9 x%@L3D6
QaP7U/F;6=C'EIZ�@O>�UW6=8A_i6TEVF78:6�C e 6h6=HV<A3�EVZf@L376uM7>1/~6=CR6=Qo@ e HVJ�PD6=8��3l! @L3?H @#@L3D6THI@:@:C:>�F7PD@O6 f �)(
HVQ7Mq>�@:8v9?HVCR6=Qo@O8�<]HIQ�4REG>�Qo@OJ�KW@ H��V6Vb

[+*-,/.0,2143�563�,87:9 "<; , " F�F�5 ���GH>=��65 7 & �GH =�����2 7 �@?BA F � & <>' �32�4 � �65 � 7 �:9;'�7 �:<>=?=�) D 2 � 2 � '�& ' �F?'�&�& �GH>=DC��� �:F
� �Mf1�E( r �1� ? 2 �Mf �)( 	 rF 	 r � � � � 8 �$l$ 9

G �IH � � � � 8 �KJ l! 9



����� ��� �����+& 
	��
� 
�"��$�#& �	�$�%�*� � �

[+*-, , \ , �?CREGU �f� b � � b ! 	A_`6/8:6�6/@L3?H @'_i6B_iEGPDJ�M�J�> �V6X@OEdUNH ��>�UW>���6X@T376/U/P7J[@O>�Q7EGUW>^HVJ%MD>�8 $
@OCR>�F7P�@O>�EVQ �

�
� ##� % � � � ' �

� ##� % �I! ��� ����� � � ' � � � � 8 �$l$ 9  J�EGS � � " �
z @B>�8X8R@OC:HV>�S@3a@RZrEGCR_iHVCRM @OE 8:6m@u@L3D6 M76�C:> e HI@:> e 6NEVZi@L37>�8XZrP7QD<�@O>�EGQ @:E ��6=C:EpHVQ7M 8REGJ e 6NZrEGCy@L3D6
9?HVC:HVUW6�@O6�C:8�bdz @u>�8X_`6=J�J%$ �YQDE _�Q @L3?H @X@T376 e HVJ�P76=8XEVZ`@L376W9?HVC:HVUN6m@O6�C:8y@L3?HI@BUNH ��>�UW>��=6B@L37>�8
ZrP7Q7<m@O>�EGQqHVC:6y8:>�UN9DJ�KW@L376�>�CcZrC:6��aP76=Q7<�>�6�8l>�Qn@T376yM?HI@OHDb

� 8�Hd<�EGQ78R6=�aP76=QD<=6hEVZ�@L3D>�8#9DC:EG9;EG8:>[@O>�EGQ%x;9?HVCOHIUN6m@O6=ClJ�6=HVC:Q7>�Q7S >�Q�g���q8'>�8lC:6=MDP7<=6�M @:EC�=I5BH>& �GH>= 4v@T376p<�EGP7Qo@O8 HVC:6n@L376 8:P 2W<�>�6=Qo@ 8R@ H @O>�8@O>�<=8=b � 6qQ76=6�M @OE <=EGP7Qo@ EGQ76 e 6=<m@OEGCNEVZ
8:P 2N<�>�6�Qa@l8R@OHI@O>�8R@:>�<=8cZrEVCv6]HV<A3 �cg��/b

� EV@:6i@L37HI@�@L3D>�8�97CREG9;EG8:>[@O>�EVQu8T3DE _�8�@T3?HI@�J�6]HVCRQ7>�Q7Sl9?HVC:HVUN6m@O6�C:8�>�QTg��� 8�>�8 e 6�CRKu8:>�UW>�J�HVC
@OEqJ�6=HVC:QD>�Q7Sn9?HVC:HVUW6�@O6�C:8X>�Q�)cH]KG6�8:>^HIQ!Q76m@L_iEGC��a8=bnzLQ Z HV<m@]x _i6N<]HVQ e >�6�_ @L37>�8uHI8BJ�6]HVCRQ7>�Q7S
9?HVC:HVUW6�@O6�C:8hZrEGCT@L376 )cH]KG6�8:>�HVQ Q76m@L_iEGC���_�>�@L3 @O>�6=M 9?HVCOHIUN6m@O6=CR8T@L3?HI@W@L3D6pg��� >�QDM7P7<=6�8
SG> e 6=Qd@T376'8��V6=J�6�@:EGQ%b}|lE{_`6 e 6�C=x;HV8cMD>�8:<�P78:8R6=M HVF;E e 6VxD@T376'J�6]HVCRQ76=M�9?HICOHVUW6�@:6=C:8i<]HVQd@T376=QnF;6
P78R6=M�ZrEGCiCR6]HV8REGQ7>�Q7STHVF;EGPD@iEV@L376�Cc8 �I6=J�6�@OEVQ78=x7_r37>�<A3�>�Q7MDP7<=6'<�EGUW97J�6m@O6=J[KhM7>1/~6=CR6=Qo@ )cH]KV6=8:>�HVQ
Q76m@L_iEGC��a8=b

�iEGQ78R>�M76�C`EGPDC�P7Q7> e 6=CR8:>�@LKh6��DHVUN9DJ�6v8T3DE _�QdHVSoHV>�QT>�QW��>�SVP7C:6 � b � b�5wEX<=EGUW97PD@:6�@T376�U H � $
>�UuP7U J�> �I6=J�>�37EYE�Mh9?HICOHVUW6�@:6=C:8`ZrEGC��
	��� ��� ��� �� ��� ��� � 2;)B'mxD_`6'Q76�6=M�@OEh3?H e 6�<=EVP7Qo@O8cZrEGC���	��� ���
� ��� ������ab�� � 2;)B'Vx���	��� � � ��� ������ab�� &�5 )B'�H>& b � H>& '�7G7 ��=B'�H C�'BHIQ7M��
	��� ��� ��� �� ���ab � =I5 � F?'Vb A � & C�5B7 &� b
+ � ��� � ! � 	 �#" �� ��$ 0 "�% � � ���  0  	  � 0��� � 0'&���� 	 	)(+*

� Qu>�UW9~EGC@ HVQo@w97CREG9~6�CR@LKBEVZ?@L3D6iM?HI@OHVF?HV8R6i8R6�@:@:>�Q7S#>�8 @T3?HI@w_i6i<]HVQT6=HV8:>�J�Ky<=EVUN97P�@O6i8RP 2W<=>�6=Qo@
8R@OHI@O>�8R@:>�<=8�b'5wE�<=EGUW97PD@:6 � � � � 8��3l � jml������Zl � � 9 x~_`6T8:>�UN9DJ�Kn�aP76=CK�E e 6�C'@L376u<=J^HI8:8�f HVQDM�>�@:8
9?HVCR6=Qo@O8 �?<=J�HV8:8R6=8=x HIQ7Mn97C:E 4R6�<�@AEGQo@OET@T376yHV9797CREG97CR>^HI@:6'8:6m@lEIZ�H @:@OCR>�F7P�@O6=8�b �!6y<=HVQn<=EGUW97PD@:6
@L3D6X8RP 2W<=>�6=Qo@#8@ HI@:>�8@O>�<�8c_�>�@T3n@T376�ZrEGJ�J�E{_�>�Q7S ,-, � �aP76=CK �

.0/213/54�687:9<;�=?>A@0BDCFEG>AHIHJB 7K>ACMLN>A@-=:B O#LAPQH E�RN@�LNSTP?CMEVUGW�X
Y[Z]\_^ ` 9aSTb+9a>�7TB c�E�9<;MEdB STC?@:c�E�PM=Q>ACFE�@�LNSTP?9�ce>
f Z]\#gihkj�l 7:9<;�=?>A@0BDCFEG>AHIHJB 7K>ACMLN>A@-=:B O#LAPQH E�R



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

zLQ!8REGUN6h<=HV8:6�8=x�>[@y>�8�P78R6�ZrP7Jf@OEn<�EGQ78R@:C:P7<m@TH e >�6m_ @L3?H @B<=HVQ F~6hP78R6=M!@:Eq<�EGUW97PD@O6h@L3D6
8:P 2N<�>�6�Qa@'8R@ H @O>�8@O>�<=8=bA5�37>�8#>�8AP78R6�ZrP7Jw_r376=Q�@T376uCR6=J^H @O>�EVQ78T37>�9 F;6�@L_`6=6�Q�@L376/<A3D>�J�MpHI@:@:C:>�F7PD@O6
HVQ7MW@L376A9?HVCR6=Qo@vH @:@OCR>�F7P�@O6�>�8}U HIQaK $ EGQ76ACOHI@T376=Cf@L3?HIQ EGQ76�$LEGQD6lEGCfEGQD6 $LUNHVQoKGb�� EVC}6��DHVUN9DJ�6Vx
<=EVQ78:>�M76=Cc@T376�M76=9;6=QDM76=Q7<�6BEIZ�H @:@OCR>�F7P�@O6=8iEVZ������	�:	�
��iEGQnHI@:@:C:>�F7PD@O6�8vEVZ ��	M���������������
ab�zLQnEGPDC
6��DHVUW97J�6Bg��� x;HW8@OP7MD6=Qo@�� 8#C:HVQ �a>�Q7SWM76�9~6�Q7M78#EVQq@T376B8@OP7MD6=Qo@�� 8#SGC:HVM76�8=bizLQq@L37>�8�<]HV8R6X_`6
_`EGP7J�Mq<=EVQ78R@:C:P7<m@#H e >�6m_ P78R>�Q7Sh@L3D6yZrEVJ�J�E{_�>�Q7S/8:�aJ��aP76�CRK �

4 Z /�� 65/����N/�� ���
.�/21 / 4�6'c�E�PM=?>ACME �DWK@��!�i/ Z �]f /�U�7:9<;�=?>FX"� . ;#��> 7:9<;�=?>A@

�$� / Z �]f]/�U�cd;MEVB c ` ;ML�EVB STC X ;Mc ;%�A> cd;MEVB c ` ;�L�EdB STC
Y[Z]\_^ c�EVP�=?>ACFE cN@09a>�7TB c�EV9<;MEVB STC]9
��& / Z / c%� c�EVP�=?>ACME B =�'+9(� c�E�PM=?>ACME

5 E <=EVUN97P�@O6d@L3D6q8@ HI@:>�8@O>�<�8/_i6�_`EGP7J�M @T376=Q 97C:EA4R6=<�@WEGQ�@T376qHV9797CREG97C:>�HI@O6dHI@:@:C:>�FDPD@O6�8
ZrC:EVU e >�6m_ e � �

.0/ 1 /54�6 9 ;?C�)�B CF7:@-;%�A> 7:9 ;M=Q>A@04 \ g+* 6_UGW�X
Y[Z]\_^ ���
f Z]\ gihkj5l 9 ;?C�)�B CF7:@-;%�A> 7:9<;�=Q>

5�3aP78`F;EV@T3/@L376�<=CR6]HI@:>�EGQTEIZ~@T376 e >�6�_ HVQ7MT@T376v97C:EY<=6�8:8}EVZ;<=EGPDQa@:>�Q7SyEY<=<�P7C:CR6=Q7<�6=8}<]HVQhF;6
<=EVUN97P�@O6=M P78R>�Q7Sn8R>�UW97J�6/M7HI@ HVF7HV8:6h�aP76=CR>�6�8=xwHVQ7M <]HIQ F;6T6���6=<�PD@O6�M 632W<�>�6=Qo@:J�KGbu5�376 e >�6�_
<=CR6]HI@:>�EGQXZrEGCw6]HV<A3/<�EGU/F7>�Q?HI@:>�EGQyEVZ?<�J^HV8R8:6�8�>�8 M7EGQD6iEGQ7<�6iM7PDC:>�QDSl@L3D6`ZrP7J�JoJ�6]HIC:Q7>�Q7S#HIJ�SGEGCR>�@T37U
�r_`6�_�>�J�JG8:6�6}6��DHV<�@:J�KyHI@�_r3D>�<A3X9~EG>�Qo@�@L37>�8�>�8�M7EGQD6}>�Q'@L376fQ76��Y@�8R6=<�@:>�EGQ�_r376�QB_`6fM76=8R<=C:>�F~6f@L3D6
8:6=HVC:<A3 	mbfz Z @L376'@OHVF7J�6�8cF;6=>�QDS�4REG>�QD6=MnHVCR6'>�Q7MD6���6=MnEGQd@T376�HV979DC:EG97CR>^HI@:6#8R6�@�EVZ ZrEGCR6=>�SVQ �V6mK�8�x
@L3D6N<�EGQ78R@:C:P7<m@O>�EGQ EVZ`@L37>�8 e >�6m_�>�8X632W<�>�6=Qo@��u@L376WQaP7U/F;6=CBEVZcCRE _�8B>�Q @L376NC:6�8:P7J[@O>�QDSq@OHVF7J�6
>�8v@T376y8:>���6yEVZ�@T376y<A37>�J�M H @:@OCR>�F7P�@O6�� 8v@ HVFDJ�6 4?>�QnEGP7C�6��DHVUW97J�6�@T37>�8v>�8
� �����	�:	�
�� � b �iEVUN97P�@O>�QDS
@L3D6u8:P 2N<�>�6�Qa@'8R@ H @O>�8@O>�<=8#<=HVQ�F;6uM7EVQ76/>�Q EGQ76B9?HV8:8#E e 6=C#@T376uCR6=8RP7J�@:>�Q7SW@ HVF7J�6VbA5�376/8R>��=6BEVZ
@L3D6uC:6�8:P7J[@O>�Q7SW@OHVF7J�6B>�8l8R>�UW97J�Kd@T376uQaP7UuF~6�C#EVZ�PDQ7>��aP76B<=EGU/FD>�Q?HI@:>�EGQD8AEIZfHI@:@:C:>�F7PD@O6 e HVJ�PD6=8=b
� 6!HVCR6 <]HVCR6�ZrP7J�@OE <]HI<A376!8RP 2W<=>�6�Qo@p8@ HI@:>�8R@:>�<�8q8RE @T376�K HVCR6 EGQ7J�K <=EGUW97PD@:6=MjEVQ7<=6Ib zLQ
8:EVUN6X<]HV8R6=8�x~_`6u<]HIQ�<=EGUW97PD@:6BQD6�_ 8:P 2N<�>�6�Qa@#8R@OHI@O>�8R@O>�<=8�ZrC:EGU HW97C:6 e >�EGP78RJ�Kn<=HV<A376=M�8R6�@lEVZ
8:P 2N<�>�6�Qa@l8R@OHI@O>�8R@:>�<=834D_`6BUNH#�V6�PD8:6XEVZ @T37>�8v>�QnEGP7C�HVJ�SGEGC:>[@L37U HV8c_`6=J�J�b



����� ��� �����+& 
	��
� 
�"��$�#& �	�$�%�*� ���

+ � ���$+ * 	��"� 0 � 	 � . 	���	�	 �� ��� � 0  �
	 	  � �"�

zLQdUNHVQoKW<]HV8R6=8=xDU H ��>�U/P7U�J�> �V6�J�>�3DE�EYMh9?HVCOHIUN6m@O6=C`6=8@O>�UNHI@:>�EGQh>�8`Q7EV@iC:EGF7PD8R@]xDHV8i>[@iE e 6=CR�D@O8
@L3D6u@OC:HV>�Q7>�Q7SWM?HI@ H�bl5�376 )iH{KV6=8R>^HVQ�HI9797C:EGHV<A3�P78:6�8yHN97CR>�EGClM7>�8@OCR>�F7PD@:>�EGQqE e 6�C#@L376u9?HVCOHIU $
6�@:6=CR8y@:En8:UWE�EV@T3�@L376h>�CRC:6�SGP7J^HIC:>�@:>�6�8l>�Q�@L376T@OC:HV>�QD>�Q7S�M?H @ HDx HVQDM >�8'@L376�C:6mZrEGC:6h8:>�SGQ7>[�?<]HVQo@:J�K
UWEGC:6�CREGF7P78@]b � 8v_i6y_�>�J�J%8:6�6B>�Q ,�6=<m@O>�EVQ � b � b !�x7@T376 )cH]KG6=8R>^HVQqZrCOHVUW6�_`EGC���HVJ�8REhSG> e 6=8�P78AH
SGEYE�M�UW6�@:C:>�<'ZrEGCv6 e HVJ�P?HI@O>�Q7S/@L3D6X�aP?HIJ�>�@LK EVZ M7>1/~6=CR6=Qo@A<]HVQ7MD>�M?HI@:6�8R@:C:P7<m@OP7CR6=8=b

�AEVP7S637J[K!8R9~6=H#�a>�Q7S7x�@T376 )cH]KV6=8:>�HVQ HV9797CREoHV<A3 >�Qo@:C:EYM7P7<=6�8TH�97CR>�EGCBE e 6=C/@T376dP7Q �aQ7E{_�Q
9?HVC:HVUW6�@O6�C:8�xDHVQDMd9~6�CRZrEGCRUN8 )cH]KG6�8:>�HVQd<=EVQ7M7>�@:>�EGQD>�Q7S7xoPD8:>�QDSB@L3D6#M?HI@OHuHV8}6 e >�M76=Q7<�6VxD@:Eu<�EGU $
97PD@:6#H�9;EG8R@:6=CR>�EGCfM7>�8R@OCR>�F7P�@O>�EVQTE e 6=Cf@L376�8:6A9?HVC:HVUN6m@O6�C:8=b�5 EBHV9797J[K/@L3D>�8f>�M76=H�>�QhEGP7Cf8:6m@:@:>�Q7S7x
C:6�<]HVJ�Jo@L3?HI@ @L376ig���&9?HICOHVUW6�@:6=C:8 ���uHVC:6`<=EGUW9~EV8:6=MuEVZ H#8R6�@�EIZ >�Q7M7> e >�M7P?HIJo97C:EGF7HVF7>�J�>�@LK�MD>�8 $
@OCR>�F7P�@O>�EVQ � � � � " � ZrEGCi6=HV<A3n<=EGQ7MD>�@O>�EGQ?HVJ M7>�8R@:C:>�FDPD@O>�EGQ EVZ @T376#ZrEGCRU�� ���1�E( �Ig�H ��� �)( 		�F 	mb
�?EGJ�J�E{_�>�Q7ST@�
D6B_`EGC �qEGQ )cH]KV6=8:>�HVQ�HV9D97C:EoHI<�
76=8#ZrEVClJ�6]HVCRQ7>�Q7S )cH]KG6�8:>^HIQ�Q76�@L_`EGC��Y8� |l6�< �V6�C $
UNHVQ%x ��������� x�_`6�U H��V6 @L_`E HV8:8RP7UN9�@O>�EVQ78=b ��>�C:8@]x�_`6nHV8:8RP7UW6 D 2 � 2�� '�& ' � �GH )B' D>'�H )B'�H C�' �
@�
D6N97CR>�EGCR8BE e 6=CB@�
76W9?HVCOHIUN6m@O6=CR8A� � � � " � ZrEVCy@�
76 MD>1/~6=C:6�Qo@��1�E( HVQ7M  HVCR6N>�Q7M76�9~6�Q7M76=Qo@=b
,�6�<=EGQ7Mkx�_i6 HV8:8RP7UN6N@�
?HI@X@�
D6 97CR>�EGCXE e 6=C�� � � � " � >�8uH A � � �(C�<B7:'�&yM7>�8@OC:>�F7PD@:>�EGQ%b )`C:>�6��7KGx�H
�'>�CR>�<�
7J�6�@A97CR>�EGCAZrEGC'H UuP7J�@:>�Q7EGUW>^HIJ%M7>�8@OCR>�F7PD@:>�EGQqEVZ}H e HVCR>^HVFDJ�6�� >�8l8:9;6=<=>[�?6=M FoKpH 8:6m@�EVZ<� �D>' � D 2 � 2�� '�& ' � F�� �  � � � � �"! �#� 	 	%$ab � MD>�8R@:C:>�F7PD@O>�EGQ EGQ @�
76 9?HICOHVUW6�@:6=C:8BEVZ&� �#� 	y>�8
�'>�CR>�<�
7J�6�@i>�Z

� ����' 	)(+*
�
��,.- �0/2143
�

�
� �?EGClUNEVC:6uMD6�@ HI>�J�8A8:6�65 �'676yCRE�EI@]x ���98�:;� b 	 z Z)� �)( <]HIQ�@ H#�I6/EGQ � e HIJ�P76�8=x~@�
76=Q�@�
76/97CR>�EGC
>�8$�

� ��� � � � " � 	<� �'>�C ��� � � � " � � � 3�= ����� = ��> 	 �
�?EGCBH 9?HVC:HVUW6�@O6�CB9DC:>�EVCX8:HI@O>�8RZ\KY>�QDS @�
D6=8:6W@L_iE�HV8:8RP7UN9�@O>�EVQ78=xw@�
76N9~EG8@O6�C:>�EVCuHVJ�8:E5
?HV8X@�
7>�8
ZrEGCRU b�5?
?H @l>�8=x7>[@�>�8AHT97C:EYM7P7<m@AEVZ�>�Q7M76�9~6�Q7M76=Qo@��'>�CR>�<�
7J�6�@vM7>�8R@:C:>�FDPD@O>�EGQ78cE e 6�CA@�
76X9?HVCOHIU $
6�@:6=CR8E� � � � " � b�zLQqEV@�
76�Cv_iEGCRM78
� ��� � � � " � �0@ =�AB=�C 	<� �'>�C ��� � � � " � � � � � �  � 3�=  �EDGF � � � �� 3%=  � = ����� = � � � �  � > =  �ED�F � � �  � > =  � 	��
HlE{_ @�
?HI@T_`6G
?H e 6q@�
76n9~EG8@O6�C:>�EVC=x�_i6q<]HIQ <�EGUN9DPD@O6�@�
D6q9DC:EGF?HIF7>�J�>�@LK EVZ'QD6�_ M7HI@ HDb

zLQ @�
76X<]HV8R6X_&
76�C:6X@�
76XQ76�_ >�Q78@ HVQ7<�6B>�8�<=EGQ7MD>�@O>�EGQ?HVJ�J�KN>�Q7MD6=9;6=Q7M76�Qo@'EVZ @�
76XEGJ�Mn>�Q78R@OHVQ7<=6�8



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

SG> e 6=QT@�
76v9?HVC:HVUN6m@O6�C e HVJ�P76�8 �r_&
D>�<�
W>�8�HVJ[_cH]KY8�@�
D6v<]HV8R6v>�Q )cH]KG6�8:>�HVQNQD6�@L_`EGC �/UWEYM76=J�8=xGF7P�@
UNH{KWQ7EI@cF;6l@OCRP76 
D6=C:6 	mxD@�
76=Qd@�
76#9DC:EGF?HIF7>�J�>�@LKTEVZ�@�
76#QD6�_ M?HI@OHu<]HV8R6'<]HIQdF~6#<=EGQ e 6�Q7>�6�Qo@OJ�K
C:6m_�C:>[@:@O6�Q PD8:>�QDSh@�
76y6���9;6=<�@:6=M 9?HVCOHIUN6m@O6=CR8��
�+*-,/.0,2143�563�,87:9������	� F�F�5 ���GH>=5�65B7 & �GH =;����2 7 F ? A F�
 D � �(= � �GH )B' D>'�H )B'�H C�'�
 2 H ) A � � �(C�<B7:'�&D � �(= � F�
���G& < <� �D>' � D 2 � 2�� '�& ' � F � � � � �� =  � 
�� 'E< 2�� ' & < 2 &��

���  � ��� �)( � � � ? 2 � � �)( 	)�  	 ��@ � �
F � � � �� =  � D � � � � �� =  �

G >��� 3 F � � �  � � =  � D � � � � �� � =  �
5?
7>�8u8:P7SGSV6=8R@:8u@�
7HI@/@�
D6 )cH]KG6�8:>�HVQ�6=8@O>�UNHI@:6NZrEGCA���!8 
7EGP7J�M F~6 6=8R@:>�UNHI@O6�M!P78R>�Q7S @�
7>�8

ZrEGCRU/P7J^HWHV8A_i6�J�J�b
�lQ�ZrEGCR@:P7Q?HI@:6=J�KVx;@�
76u6���9~6�<�@O6�M 9?HVCOHIUN6m@O6=CR8#>�8lQ7EI@#@�
D6u97CREG9~6�C )cH]KV6=8:>�HVQ
8:EVJ�PD@:>�EGQ'ZrEGC�<�EGUW97PD@O>�Q7Sv97CREGF?HVF7>�J�>[@LK#EVZ�Q76m_ M?HI@OHv>�Q�@�
76f<=HV8:6�_&
76�C:6f@�
76fQ76m_ M?HI@OHA>�Q78R@OHVQ7<�6
>�8AQ7EV@l>�QDM76=9;6=Q7MD6=Qo@�EVZ�97C:6 e >�EGP78lM?HI@ HWSG> e 6=Qp@�
76X9?HVCOHIUN6m@O6=CR8=b�,�P79D9~EG8R6u@�
7HI@l_`6B_iHVQo@#@:E
P78R6`@�
D6i9;EG8R@:6=C:>�EGC�@OEl6 e HVJ�P7HI@O6f@�
76`97C:EVF?HVF7>�J�>�@LK#EVZ HVQB>�Q78@ HVQD<=6 @ J EVZ?HVQDEV@�
76�C�8��V6=J�6�@:EGQ A J b�z Z
@�
D6=C:6`HVCR6�@L_iEl>�Q78@ HVQ7<�6=8��THVQDM�� J EVZ�@�
76f<=J�HV8:8 � 8:PD<�
u@�
?H @ ��� H � g�H ��� �E( 	 	)� ��� H � g H � � J �E( 	 	mx
! 
#"=Q _$" _&%�'('*)+"-,."/'102%(3547683 ! 
5":9<;�=>"?=A@#' ! %(3568=	%B;�'&CD;�,<;�=	" ! "/,FE8"HG ! 68, !JI %(G/"�KML�9N%(354
! 
#"OG�
D;�%�3P,N@5'("�Q I "O9N"/" ! 
D; !R! 
5"O9N"HG/683#STC#,N68)D;�)5%�'(% ! 0:S5"HCU"H35S59V683 ! 
#"OCU689 ! "H,N%�6�,R6�W ! 
#"
CD;�,N;�=	" ! "H,N9>;�W ! "H,V9N"/"H%�354 ! 
5" ! ,N;�%�3#%�354?SD; ! ;#Q 2 H ) ! 
#"YXD,.9 ! %�359 ! ;�3#G/"�K[ZJ3[6 ! 
5"/, I 6�,NS59HQ
! 
#"OC5,N68)5;�)5%�'(% ! 0-6�W\;],N"H'B; ! %�6835;�'^S5; ! ;�)5;�9N"O48%1E8"H3_;]S#%�9 ! ,N%()5@ ! %(683`6aE8"H,VCD;�,<;�=>" ! "/,bE�;�'�@5"H9
%�9O3#6 ! %�S5"H3 ! %�G/;�' ! 6 ! 
5":C5,N68)5;�)5%�'(% ! 0_6�W ! 
5":SD; ! ;�9N" !cI 
5"/3 I " 
D;dE8"e;fCU68%(3 ! "/9 ! %�=>; ! "
6�W ! 
5"OCD;�,N;�=>" ! "H,N9cg %�Kh"�K1Q I 
5"/3 I "c;�G ! ;�9 ! 
#68@54�
 I "Oij356 IM! 
5"/%(,RE�;�'�@5"H9�klK:m\6 I "nE8"H,	%1W
! 
#"	C+689 ! "/,.%�68,o%(9p9�
D;�,.C5'(0]CU"/;�i�"HSqgr%sKt"�K(Q I " 
5;aE�"u;c9 ! ,N683#4vC5,.%�68,HQw68, I " 
D;dE�"u9N"H"/3e=u;�3x0
! ,N;�%�3#%�354	%�359 ! ;�3#G/"/9<knQ I "AG/;�3?;�C#C5,N6dy2%�=>; ! " ! 
#"R9N6�'�@ ! %�683Y@59N%(354 ! 
5"R"ly#C+"/G ! "HS-C5;�,<;�=	" ! "/,.9
6�W^z{,N68C+689.% ! %(683 � K}|2K �P"V@59." ! 
5%(9p;�C5C5,.6ay2%(=u; ! %�683~%�3?68@5,*G/68=	C5@ ! ; ! %(683?6�W ! 
5"�"H9 ! %�=>; ! "H9
W 68, ! 
5"pCD;�,<;�=>" ! "/,.9/K

&c� & �F����>?�&� >?�� �`���R���?�/�]�

�e">356 I =	6aE8" ! 6 ! 
5"	=>68,.">G�
5;�'�'("/3548%(354cC5,N6�)5'�"H=�6�W�'("d;�,.35%�354Y;YS5"/C+"/35S#"/35Gn0`9 ! ,N@5G ! @5,."
;�@ ! 68=>; ! %(Gd;�'('(08Q2;�9�68C5C+689N"HS ! 6 
D;dE�%�3#4>% ! 4�%(E8"H3v)x0 ! 
#"�@#9N"/,HK��?
5"/,."R;�,N" ! 
5,."/"�%�=	CU68, ! ;�3 !
%�9.9N@5"H9 ! 
D; ! 35"/"HS ! 6O)U"V;�S#S5,N"H9N9N"HS�KA�e"�=A@59 ! S#" ! "H,N=	%�35" I 
#%�G�
:S5"/C+"/3#S5"/35Gn0:9 ! ,N@5G ! @5,."/9



��� ��� "!����� �����$��
 ��
������������ ��8

;�,."A'�"H4x;�' 4 I "V35"H"/S ! 6O"nE�;�'�@D; ! " ! 
#"��.486�62S53#"/9N9��c6�W�S5%1/U"/,."/3 ! Gd;�35S5%�S5; ! "�9 ! ,N@#G ! @#,N"/934 ;�35S
I "b35"H"/S ! 6VS5"nXD35"b;�3v"%/ "HG ! %(E8"p9."d;�,.G�
~C5,.62GH"/S5@5,." ! 
D; ! XD3#S59*;�486�6�SY9 ! ,.@5G ! @5,N"�K

+��$+���	 -�
 $���@0���� "�� � " ��
 0
�e"O9<; I %(3',2"HG ! %(683T|2K��#K � K | ! 
D; !AI "OG/6�@5'�SfGH68359 ! ,N@5G ! ;]G/'�;�9N9�S5"HCU"H35S5"H35GH0f4�,<;�C 
fW 68,R;
z����-Qa;�35S ! 
#"z��� S5"HXD3#"/Sb;�G/6�
5"H,N"H3 ! C5,.68)D;�)#%�'�% ! 0�S5%�9 ! ,N%()5@ ! %�683�%1W ! 
5"GH'B;�9.9�S5"/C+"/3#S5"/35Gn0
48,N;�C 
 I ;�9�9 ! ,N; ! %1XD"/S�K���@5,N%(354R'("d;�,.35%�354�% ! %(9$9 ! ,<;�%(4�
 ! W 68, I ;�,NS ! 6R=>;�%�3 ! ;�%�3 ! 
#%�9$9 ! ,.@5G ! @5,N"�Q
;�35SYG/6�359N%(S5"/,&6835'10F=	62S#"/'�9 I 
5689N"�S5"HCU"H35S5"/3#GH0Y9 ! ,N@5G ! @5,."bCD;�9N9N"H9 ! 
5%�9 ! "/9 ! K

9��	9w� ; � ; � � 3�785 � 3�7@3�7"! �$# 54* � 563&%('*),+.- � 141�/0' .1'>72)2'>7235476 * � .(8

6o%(E8"H3�;�9 ! ,N; ! %1XD"/SpGH'B;�9.9wS5"/C+"/35S#"/35Gn0p48,<;�C 
:9>g#� = �RknQ I "G/;�3pG�
5"/G�i I 
5" ! 
5"H,�'�6�Gd;�'�G�
D;�3548"H9
! 6 ! 
5"�9 ! ,N@#G ! @#,N"pS5"/9 ! ,.6 0 ! 
5"o9 ! ,N; ! %1XDGd; ! %�683 K �?
5"o68C+"/,N; ! %(68359 I "p;�,."�G/6�35G/"H,N35"HS I % ! 
c;�,."
6835"H9 I 
5%(G�
q;�S5S[;�3["HS548"`g<; =>= kA%�3 ! 6 ! 
5"v9 ! ,N@5G ! @5,."fgrGH'�"/;�,N'107S5"/'(" ! %(354e;�3["HS548"~G/;�35356 !
%�3 ! ,N6�S5@5G/"R;>Gn02GH'�"dknK\�e"RG/;�3]G�
5"HG�i I 
5" ! 
5"H,o;>3#" I "/S54�" I %�'('�%�3 ! ,.62S5@#G/"A;	GH0�G/'("R%(3 ! %(=>"
? g�� � � D � � � klK
@w" ! 9>g#� = �Ak�)+"A68@5,�9 ! ,<; ! %(XD"HS]G/'�;�9N9\S5"/C+"/35S#"/35Gn0?48,<;�C 
?;�35S~'�" ! 9 J g#� = �,A �2g<; =>= k%$�k

)+" ! 
5"RG/'B;�9N9�S5"HCU"H35S5"H35GH0:48,N;�C 
 I % ! 
?"HS548"cg&; =B= k�;�S5S5"HS�K:C$'�"/;�,N'10v%1W ! 
5"H,N"A%(9o;uGn02GH'�"�%(3
9 J QD% ! =A@59 ! GH683 ! ;�%(3Pg&; =>= knK

�P"�Gd;�3uG�
5"HG�i I 
5" ! 
5"H, ! 
5"\3#" I "HS548"�%�3 ! ,.62S5@#G/"/9^;bGn0�G/'�"�)x0VG�
5"/G�ij%(354 ! 6�9N"H"*%1W Qx@59N%(354
! 
#%�9A"HS548"�Q ! 
#"/,N"O%(9�;?CD; ! 
$; =B= = ����� = ;�Ke�?
5%(9�,N"HS5@5G/"H9 ! 6?G�
5"HG�i�%(354 ! 6:9N"H"O%(W ! 
5"H,N"O%(9�;
CD; ! 
u%(3 ! 
5"*48,N;�C 
	W ,N68= = ! 6:;�K �e"*G/;�3uS56R;R;�9N%�=	C5'("�S5"/C ! 
ED X5,N9 ! 9N"/;�,NG�
 ! 6b"ly#C#'�68,." ! 
#"
48,N;�C 
 ! 6	G�
5"/G�iFW 6�,&;	CD; ! 
c%�3 ? g�� � � D � � � klK
9��	9w� ; �(� � � 3�785 � 3�7@3�7"! �$# 54* � 563&%('*),+ ,F-�,/*G'*)H+.- � 141I/J' .1'>7()"'>7(354,6 * � .(8

ZJ3 ! 
5"VGd;�9." I 
#"/,N" I "�
D;dE8"u;YGH68'�6�,N"/S:GH'B;�9.9bS5"HCU"H35S5"H35GH0-48,N;�C 
�Q ! 
5">;�'(4868,N% ! 
5= %�9o6�35'(0
9N'(%�4�
 ! '(0e=>68,."OG/68=	C5'(%�Gd; ! "/S K$K{9N9N"H3 ! %B;�'�'(0 I "c=A@59 ! G/68359.%�S5"H,	;�'�'�C5; ! 
59�W ,.68= g = = ; kA;�35S
"/3#9N@5,." ! 
D; ! Q ! 6848" ! 
5"/, I % ! 
 ! 
5"V35" I "/S54�"]g&; =B= klQ�;�3x0?GH0�GH'�"	%�9o'�"H4x;�'sK���"HGd;�'(' W ,N68=8,2"/GLD
! %(683Y|2K��#K � KM��;�Gn02GH'�"p%�3c;�GH68'�68,."/SOCD; ! 
cS5"/C+"/3#S5"/35Gn0Y48,<;�C 
Y%(9�'�"H4x;�' %1W�% ! GH683 ! ;�%(359&; ! '("d;�9 !
6835"p48,."/"H3v"HS548"�;�35SY356V,N"HSv"HS548"/9HK



�9� �������	��
��������
������������������������ ���!�#"��$�%����
�!�	�$�%�������'&(�*)+
�$"

�P" I %('�' @#9N"b;V=	6�S5%(XDG/; ! %(683F6�W ��% � ij9 ! ,<;��t9�9.%�3548'(" D 9N68@5,.G/"o9 
568, ! "/9 ! C5; ! 
59�;�'(4868,.% ! 
#= ! 6
S5" ! "/,.=>%(35" ! 
5"65 H F�2���'�CD; ! 
59�W ,N68= = ! 6V;�3x0F6 ! 
5"/,�3#62S5"*%�309VK{�?
5"/,."b;�,N" !JI 6VGd; ! "/4868,.%�"H9
6�W @5359N;�W "pCD; ! 
#9�C+689.9N%�)#'�"�K�� CD; ! 
c%�9�@53#9<;�W "�%(W�% ! GH683 ! ;�%(359�356	48,N"H"/3Y"/S54�"/9&68,&%(W�G/6�3 ! ;�%�3#9
;�,N"HSv"HS548"�K

ZJ3:68,NS5"H, ! 6uG�
5"/G�i~W 6�,�CD; ! 
59 I % ! 
?356O48,."/"/3?"HS548"H9/Q I "�Gd;�3?9.%�=	C5'(0Y%�4�3568,N" ! 
5"R48,N"H"/3
"/S#48"/9^%�3 ! 
5"�48,<;�C 
�Q�;�35Su;�C5C5'10�68@5,�"d;�,.'�%("/,�����,V;�'�4�68,N% ! 
5= ! 6�9N"/"\%(W ! 
5"H,N"\%�9�;�C5; ! 
	W ,N68=
= ! 6�;�K

� 9.%�=	%�'B;�,�;�'�4�68,N% ! 
5=MGd;�3])+"R@#9N"/S ! 6uS5" ! "H,N=	%�35"�%�9 ! 
5"H,N"b%�9\;uCD; ! 
~G/6�3 ! ;�%�3#%�354>;u,N"HS
"/S#48"^W ,.68= = ! 6�;�K�Z ! %(9 ;�)5% ! =>6�,N"�G/68=	C5'�%(Gd; ! "/S�Q�)+"/Gd;�@59N" I " 
5;aE�" ! 6\G/683#9N%�S#"/,�;�'�'jCU6�9N9N%()5'�"
CD; ! 
59/K*ZJ3 ! 
5%(9*G/;�9N" I "A=>;�%�3 ! ;�%�3	��
�  = � � I 
5%(G�
?%�9 ! ,N@#"A%(W ! 
5"/,."A%�9\;uCD; ! 
~W ,.68= = ! 6 = �
I 
5%(G�
]G/683 ! ;�%�359*;u,N"HS]"/S#48"�K��P"bCU"H,.W 68,.= ;>)5,N"/;�S ! 
vXD,N9 ! 9N"/;�,NG�
?6�W ! 
5"A4�,<;�C 
 QU9 ! ;�, ! %�3#4
W ,N6�= 356�S5" = K�� 
5"/3 I "�G/6�359N%(S5"/,�"/S54�"Rg�� = �UklQ I "�9N" ! ��
��g��Uk ! 6p� ��L�K`%1W ! 
5"/,."\%(9{"/% ! 
5"H,
;cCD; ! 
 I % ! 
P;O,."/SP"HS548"VW ,N68= = ! 6�� 68,p%(W ! 
#"	"HS548"VW ,N68= g�� = �Uk*%�9p,N"HS�K>�?
#">,.@53535%(354
! %(=>"\W 68, ! 
5%(9&;�'�4�68,N% ! 
5= %�9&;�'(9N6 ? g�� � � D � � � klK

� % ! 
 ! 
5"H9N" !JI 6FW @535G ! %�683#9 I "�G/;�3?S5" ! "/,.=>%(35" I 
#" ! 
#"/,p;�S5S#%�354O;�3?"/S548"Og<; = �ok ! 6J9
,N"H9N@5' ! 9�%�3-;�3-%�'('�"/48;�' GH68'�68,."/S-S5"/C+"/3#S5"/35Gn0P4�,<;�C 
 K��\3P"/S#48"]g&; =>= k*%�3 ! ,.62S5@#G/"/9�;�3e%�'('�"/48;�'
GH0�GH'�"F%1W�g<; =>= ko%�9R3#6 ! 48,."/"/3`;�35S I "FGd;�3`X535S7;~CD; ! 
`W ,N68=�E ! 6?@P@59N%(354]6835'10-,N"/S7;�35S
08"H'�'(6 I "/S#48"/9HQ+%1W���
�wg<;Uk$%�9 &�� 5 '�68,�%(W�g<; =>= k^%(9�,N"/Sv;�35S ! 
#"/,N"p%(9&;	CD; ! 
OW ,N68= = ! 6�;�K

9��	9w� ; �	9 �#7(3 *G'�� '>785 � -��J-<!/,/*-3�5 8��D1

�?
5"P;�'�486�,N% ! 
5=	9 I " 
D;dE8"eS5"/9.G/,N%()U"HS S56T356 ! 9<;dE8"P;�3x0 %�3#W 68,.=u; ! %�6�3 W ,N68= 6�35"eG/;�'�' ! 6
;�356 ! 
5"H,/Q;�' ! 
568@#4�
`G/'("d;�,.'(0 ! 
#"/,N"u=u;d0e)U"F9.68=	"u)+"/35"nX ! %�3`i�"/"HC5%�354 ! ,<;�G�ie6�W ! 
#"FCD; ! 
59
! 
5; ! "ly#%(9 ! 9�%�3 ! 
5"A48,N;�C 
~W ,.68= 6835"AG/;�'�' ! 6 ! 
5"A3#"ny ! Ko�?
5"H,N"V;�,."R3j@5=	"/,.68@59�%(35G/,."/=	"/3 ! ;�'
48,N;�C 
 =u;�%(3 ! "/35;�35G/":;�'�4868,.% ! 
5=>9u;�35S ;�3D;�'10�9N%�9 ��*@#9N%�"H'�'(6f" ! ;�'�K1Q �7��� � Q�Z ! ;�'�%�;�3565Q �������;� K
�?
5"H9N"�=>;d0 I "/'(' )U"\@59N"nW @5'B
#"/,N"�gs;�9 ! 
5"n0 I 68@5'(Su)+"*%(3 )�;d08"H9N%�;�3F35" !JI 68,.i>'("d;�,.35%�3#4jknK�)$@ ! Q
%�3v48"/3#"/,<;�'�Q ! 
5" ! %(=>"p9NC+"/3 ! G�
5"/G�ij%�3#4c;�GH0�G/'(%�GH% ! 0c%�9��j@5% ! "b9.=u;�'�'wG/6�=>CD;�,N"/S I % ! 
 ! 
#" ! %(=>"
,N"��j@5%�,."/S ! 6c9NG/6�,N" ! 
5"	=>6�S5"H'�9/KV�?
5%(9p%�9pCD;�, ! %�GH@5'B;�,N'(0 ! ,.@5"V%�3 ! 
5"VG/;�9N"	6�W�z����v9/Q I 
5"/,."
! 
#"\3j@5=A)+"/,�6�Ww3#62S5"H9^%(3 ! 
5"�G/'B;�9N9�S5"/C+"/35S#"/35Gn0u48,N;�C 
>%�9,N"H'B; ! %(E8"H'(0�9.=u;�'�'�K��?
j@59/Q2% ! %�9356 !
G/'("d;�, ! 
D; ! ;�3Y%�3#G/,N"H=>"H3 ! ;�'w;�C5C5,N68;�G�
v%(9�35"/"HS5"/S K



��� ��� "!����� �����$��
 ��
������������ �9�

+��$+���� ���1��� " � ������$
	���.
2��
�� � 0���� "�� � " ��
 0
H\6 I ! 
D; !VI "~ij356 I I 
5%(G�
[9 ! ,N@5G ! @5,."/9u;�,N"Y'�"H4x;�'�Q I "~35"H"/S ! 6-S5"/GH%�S5"5
56 I ! 6-"HE�;�'(@D; ! "
S5%0/ "H,N"/3 ! 9 ! ,N@#G ! @#,N"/9p%(3?68,NS5"H, ! 6OC5%(G�i~683#" ! 
D; ! X ! 9 ! 
#"�SD; ! ; I "/'('�Kp�P"V;�S5;�C ! )�;d0�"/9N%�;�3
� =�)B'�7 F?'�7:'�C�&��(=IHA=>" ! 
56�S59 ! 6�68@5,�W ,N;�=	" I 68,Ni K �e" I 6�@5'�S�'�%(i�" ! 6�XD3#S ! 
5" ����zfg =u;�y2%(=A@5=
;>C+689 ! "/,.%�68,.%�k�9 ! ,N@5G ! @5,."�K �D68,N=>;�'�'108Q I " I ;�3 !*! 6uGH68=>C#@ ! " ! 
5"�CU6�9 ! "H,N%(68,\C#,N68)D;�)5%�'(% ! 0F6�W;
9 ! ,N@5G ! @5,." C 4�%(E8"H3~;�3Y%(359 ! ;�3 ! %�; ! %(683 @�K^L�9N%(354 )�;d08"/9�,N@#'�" I "�
D;dE�" ! 
D; !

�>g C ��@ =�A k)( �>g @ � C =�A k �ug C � A k
�?
5%(9�9NGH68,N"�%(9*G/6�=>C+689N"HS?6�W !JI 6YC5;�, ! 9�� ! 
5"AC#,N%�6�,*C5,.68)D;�)5%('�% ! 0c6�W ! 
5"�9 ! ,.@5G ! @5,N"�Q�;�35S ! 
#"
C5,.68)D;�)5%('�% ! 0u6�W ! 
#"�S5; ! ;V;�9.9N@5=	%�354 ! 
D; ! 9 ! ,N@5G ! @5,."�K

�?
5"�XD,N9 ! G/68=	CU6�35"/3 ! %�9)�>g C � A knQ I 
5%(G�
>S5"nXD35"H9$;�C5,.%�68, 6 E�"/,�9 ! ,N@5G ! @5,."/9/K��e"&;�9.9N@5=	"
! 
5; !>! 
5"YG�
568%�GH"~6�W�9 ! ,.@5G ! @5,N"v%�9	%�35S#"/C+"/35S5"H3 ! 6�W ! 
5"Y9Ni�"H'�" ! 683�Q&;�35S ! 
�@#9 �>g C � A k �
�>g C knK{ZJ3 ! 
5"oGH683 ! "ny ! 6�W�)�;d08"H9N%B;�3Y3#" !JI 68,Nij9/Q I "�6�W ! "/3c@59."�;A9N%�=	C5'("�@535%1W 68,N= C5,N%(68,�6aE8"H,
C+689N9.%�)5'("�S#"/C+"/35S5"H35GH0>9 ! ,N@5G ! @5,."/9HK^L�3#W 68, ! @53D; ! "/'108Q ! 
#%�9^;�9N9.@5=>C ! %�6�3>S56�"/9�356 !�I 68,Ni�%(3>68@#,
9N" !N! %�3545K �?
5"�C5,.68)5'�"H= %�9 ! 
D; ! ! 
5"/,."�=u;d0�)+"�%�3#X535% ! "/'(0�=>;�3x0�CU689.9N%()5'�"�9 ! ,.@5G ! @5,N"H9/K 3 ZJ3�68@#,
48"H35" ! %�G/9�"ly#;�=>C#'�"�Q5;ACU"H,N9N6�3 �t9&48"H356 ! 0�C+"�G/;�3cS5"/C+"/3#Sv683 ! 
5"o48"/3#6 ! 0�CU"p6�W 
5%�9$CD;�,N"H3 ! 9/QD6�,
6�W 
5%�9&48,N;�35S5C5;�,N"H3 ! 9/QD68,&6�W 
5%(9�48,N"/; ! D 48,<;�3#S5CD;�,."/3 ! 9HQD" ! G�K � 9.%�=	C5'�"�;�35SY3D; ! @#,<;�'�9.68'�@ ! %�6�3
C+"/3D;�'(%��H"/9�'�68354b%�35S#%�,N"HG ! 9N'(6 ! G�
D;�%�3#9/Q#)x0�
D;dE�%�354b'�684<�>g C k�C5,.68C+68, ! %�683D;�' ! 6 ! 
5"*9.@5= 6�W ! 
#"
'�"H354 ! 
59&6�W ! 
5"pG�
D;�%(359��~;�C5CU"/;�,N%(354�%�3 C K

�?
5"�9N"/GH6835SvG/68=	CU6�35"/3 ! %�9 ! 
5" �32 �<=��GH 2 7 7��:9;'�7��:<>=?=�)��
�ug2@ � C =�A k)��� �>g @�� C = ��� =�A k �>g����1� C k�� ���

Z W I "O@#9N"c;~CD;�,<;�=	" ! "/,R%(35S5"HCU"H35S5"/3 ! ��%�,.%�G�
5'(" ! C5,.%�68,Fgs;�9�;�)U6aE8"dknQ ! 
#%�9R%(3 ! "/4�,<;�'^S5"/GH68=�D
C+689N"H9>%(3 ! 6-;:C#,N6�S5@5G ! 6�W\%�3 ! "/48,N;�'�9�"/;�G�
_6�W I 
5%(G�
 
D;�9>;?9.%�=	C5'�"FGH'�689."/S7W 68,N= 9N68'(@ ! %(683�K
�?
5%(9o%�9p;O9N%(=>C5'("A48"H35"/,N;�'�%��d; ! %�683]6�W ! 
5"V%�S5"/;�9o@59."/S-%�3 ! 
5" )$;a0�"/9.%B;�3-9NGH68,N"VW 68, )�;d0�"/9N%�;�3
35" !JI 68,.ij9  m\"/G�i�"/,.=u;�3v" ! ;�'sK(Q �����9�;� K
�+*-,/.0,2143�563�,87:9�� 9{����� @��:F 2 C�=;�ED 7:'�& ' 2IF�F ��= H4� '�H>&�
 2 H ) �>g���� � C k@F�2 &!�:F#" '�F D 2 � 2�� ' $& ' �%�GH )B' D>'�H )B'�H C�' 2 H )&�:F A � � �(C�<B7:'�&{�'�G&G< <� �D>' �$D 2 �*2�� '�& ' � F)( � � �  = =  � 
 &G<>'�H &G<>' �32 �<=��GH 2 7

*+-,/.!0214325 06.7028:978<;=978>14?2,A@);CBD?2E/.!8<?F32GCHI8�9J.!0D;=.�;=978>978�;4K�14?D;=H2,A8>.!1ML14?DK!EANO8�9�PQ1 9-;R5 EAS 8�?6K!T 8�,/8:.!1 ?VU



��: �������	��
��������
������������������������ ���!�#"��$�%����
�!�	�$�%�������'&(�*)+
�$"

7��:9;'�7��:<>=?=�) = �	@F=���� '�H C �:F/�
�ug2@ � C =�A k)�
*
�
*��� ��� �����

��
*

� � ���	� �	
�� � ��� � � �� A�� g � F ��� � �  = =  � $ = �D( ��� � �  = =  � $�k #% g<�#KM�8k

� <>' � ' A�� g0� F  = � $ = �D(  = � $�k � � � G�� , - � / �
� � G � � , - � /���� - � / ��� � � � , - � /���� - �0/ �� � , - � / � 
 2 H )���g��Uk���� �!#" �7143%$�1'& � "�:F &G<>' 6�;�=	=>;�� 5BH C�&��(=IH�(

m\"H35G/"�Q ! 
5">=u;�,N48%(3D;�'�'(%�i�"H'�% 
5626�S]%(9R;YC5,N6�S5@5G ! 6�W$9N%(=>C5'(" ! "/,.=>9HQ "/;�G�
`6�W I 
5%�G�
eG/68, D
,N"H9NC+6835S59 ! 6c;FS5%�9 ! ,N%()5@ ! %�683 �>g��1�E( �  k I 
5"H,N"  � !ogsz ;5g�� �)(pk.knK.�v68,N"H6aE8"/,HQ ! 
5" ! "/,N=
W 68, �>g��1�E(/�@ kbS5"/C+"/3#S59>6�35'(0e683 ! 
#" 
j0�C+"/,.CD;�,<;�=>" ! "/,.9&( � � �  = =  � ;�35S ! 
5"O9.@ 2	G/%("/3 !
9 ! ; ! %(9 ! %�G/9 F � � �  = =  � W 68, = � !og�� �)(oklK

�?
5"R=>;�,.48%�3D;�'�'�%(i�"/'(% 
56�6�S ! "/,.= %�9 ! 
#"RS568=	%�35;�3 !�! "/,.= %�3 ! 
5"bC5,N6�)D;�)5%('�% ! 0u6�W{;	9 ! ,N@5GLD
! @#,N"�K Z ! )D;�'B;�35G/"H9 ! 
5"�G/6�=>C5'("ny2% ! 0R6�W ! 
5"&9 ! ,N@#G ! @#,N" I % ! 
	% ! 9�X !{! 6 ! 
5"&SD; ! ;#K �?
#%�9{)D;�'�;�35GH"
Gd;�3u)+"\9."/"/3u"ny2C5'�%(G/% ! '(0R%�3 ! 
5"*;�9.0�=	C ! 6 ! %�G&,."/'B; ! %�6�3	6�W ! 
#"\=>;�,N4�%�3D;�'#'�%�i�"/'(% 
56�62S ! 6b"ly2C5'�%(G/% !
C+"/3D;�'(%��/; ! %(683�Q�9N@5G�
~;�9 ! 
5":� � @-9NG/6�,N"ugr9N"H"�QD"�Kt45K1Q  m\"/G�i�"/,.=u;�3 Q ��������� knK

� %�35;�'�'108Q I "�356 ! " ! 
D; !*! 
#" )�;d08"H9N%B;�3]9NGH68,N"A,." �j@5%(,N"/9 ! 
D; !\I "A;�9N9.%�483?;>C5,N%(68,\6aE�"/,oCD; D
,<;�=>" ! "/,�E�;�'�@5"H9*W 68,\"d;�G�
:C+689N9.%�)5'("R9 ! ,N@5G ! @5,."�K�,2%�3#G/" ! 
5"/,."�;�,N"R=u;�3x0`grC+"/, 
D;�C59�%(3#XD35% ! "H'(0
=>;�3x05k�;�' ! "/,.3D; ! %1E8"�9 ! ,N@5G ! @5,."/9/Q ! 
5%�9\%�9*;>W 68,N=	%�S5;�)5'�" ! ;�9Ni K�ZJ3 ! 
5"RG/;�9N"R6�W )�;d08"H9N%B;�3?35" ! D
I 68,Nij9/Q ! 
5"H,N"�%�9�;pG/'B;�9N96�W�C#,N%�6�,N9 ! 
D; ! G/;�3u)+"&S5"/9.G/,.%�)+"/SF)x0	;p9N%�3#48'�"�35" !JI 6�,NiGhm�"/G�i�"/,N=>;�3
" ! ;�'�K1Q �����9�;� K{�?
5"/9."�C#,N%�6�,N9 
D;dE�" ! 
5"p;�S5S#% ! %(683D;�'+C5,.68CU"H, ! 0u6�W�)U"H%�354 F�&�� 5 C�&�5 � '6'*)�5V���I2 7:'�H>&sQ
! 
5; ! %�9/Q ! 
5"H0:48@5;�,<;�3 ! "/" ! 
D; !�! 
5"V=u;�,N48%(3D;�' '(%�i�"/'�% 
56�62S]%(9 ! 
5"V9<;�=>"�W 68,o9 ! ,N@#G ! @#,N"/9 ! 
D; !
;�,."�Qj%�3�9.68=>"�9 ! ,.68354�9N"/3#9N"�Q�" �j@5%1E�;�'�"H3 ! K��?
5"H9N"�356 ! %(68359	
D;dE�"\356 ! 08" ! )+"/"H3>S5"nXD35"HS>W 68,{68@#,
,N%(G�
5"/, 9 ! ,.@5G ! @5,N"H9/Qx9.6 I "�S#"HW "/, ! 
5"�%(9N9.@5" ! 6\W @ ! @5,." I 68,Ni K�ZJ359 ! "/;�S�Q I "�9N%(=>C5'10�;�9N9.@5=	" ! 
D; !
9N6�=>"�9N%(=>C5'(" ��%�,.%�G�
5'(" ! C5,.%�68,bg "�Kh45K(Q+;V@535%1W 68,N= 6�35"ak?
D;�9�)U"H"/3]S#"HXD35"HS~W 68,&"d;�G�
?; !N! ,N%()5@ ! "
;�35SYCD;�,."/3 ! 9N" ! K

+��$+��$+ +���� "�� � " ��
 0 
"�1� ��,
H\6 I ! 
5; !*I " 
D;dE8"A)+6 ! 
:; ! "H9 ! W 68,\S5" ! "/,.=>%(35%�354 I 
5" ! 
5"H,p;u9 ! ,N@5G ! @5,."�%�9J� '�"/48;�' �5Q+;�3#S?;
9NGH68,N%(354AW @535G ! %(683 ! 
D; ! ;�'�'(6 I 9$@59 ! 6V"HE�;�'(@D; ! "�S5%1/U"/,."/3 ! 9 ! ,N@5G ! @5,."/9HQ I "p35"/"HSc6835'(0uC5,N6aE�%�S#"



��� ��� "����������������
	������������� � �
��9aS LN>N= P?9<>��0;?C�=?STb B �N>N=��:EV9 P�L�EVPQ9a>��:> ;A9<L��

� C��?PFE�c�� 9<;QCM=QSTb c�E�>�� �A9aS! �" BDCKB EdB�;?H:9 ;?C�=?STb c�E�>����A9aS! �;� KBDHJB E�R
�$#&%('*)�+ �-,/.$� �$#0,/.�" 9<;MEG> ;ME�1��KB L���1�> =?>�ceLA9<> ;Fce> E2��>3�A9aS! �;� KBDHJB E�R

S ` E�; )�BDCF7 ; 9<;QCM=QSTb c�EG>��
+�#�4 �-,/.$�$�5" b2;76 B b5P?b CQP?b� K>A9
S ` ce> ;A9aL���c�E�>��Mc EG;�)d>AC
+�#�4 89)�:;#&8 �-,<.$�0�5" b2;�6QB b5P?b+C?PQb� K>A9
S ` ce> ;A9aL���c�EG>��Fc

` SK9 > ;�L���= B =0>A9a>ACFE 9<;QCM=QSTb c�E�>�� �A9aS! 

CQP?b c�E�>��Mc�'
>
1��KB H >�C?PQb c�E�>��Mc�?@+�#�4 �A,/.$�0�

C?P?b H SQL ;QH c�EG>��Fc�'
>
9a>��K> ;ME

B ` �0;QCM=QSTb U�XB?'9 ;?C�=?STb c�EG>�� �A9aS! 
CM>26AE c�E�>�� 'DC�>�EE�0;?C�=?STbB�:> ;A9aL����TE�>��QU�X

>AH ce>
CM>26AE c�E�>�� 'DC�>�E7F0>�c�EG�:> ;A9aL����TE�>��QU�X

#���?H R_CM>26AE c�E�>��
CQP?b H S L ;QH c�E�>��Mc2H�H

P?CFEVB H�C?PQb H S L ;?H c�EG>��Fc�I@+�#�4 89)�:;#&8 �A,/.$�0� SK9��K> ;�)#9a> ;�L���>N=
9<;QCM=?STb c�EG>�� �A9aS! �JBKL�$#&%('*)�+ �-,/.$� �$#0,/.
C?P?b c�EG>��Fc<HMK+C?PQb H S L ;?H c�EG>��Fc

>AC�=
9a>�E�P?9 C5LAP?9 9a>ACFE2b S =?>AH

� %�48@5,." �#K}| �{�?
5"p,<;�3#S568=	%��/"HSc9 ! ,.@5G ! @5,N"�9N"/;�,NG�
`gON #2# knK

;�C5,.62GH"/S5@5,."�W 68, XD3#S5%�354o'("/4x;�'.
5%(4�
ED 9NG/6�,N%�3#4�9 ! ,N@5G ! @5,."/9/K �D68,(P�;d08"/9.%B;�3V35" !JI 6�,Nij9/Q I "�ij356 I
! 
5; !R! 
5%�9 ! ;�9.i-%(9 H\z�D 
D;�,.S �C 
#%�G�i�"H,N%(3545Q�Q ���!R�� K	�\9Az���� '("d;�,.35%�3#4v%(9A; ! '�"d;�9 ! ;�9�
D;�,.S
;�9�P�;d08"H9N%B;�3P35" !JI 68,.ie'("d;�,.35%�3#4Pgr;SP$;a0�"/9.%B;�3e35" !JI 68,Ni-%�9p9.%�=	C5'(0];vz���� I % ! 
e683#">GH'B;�9.9
;�35Su356R,."/'B; ! %�6�359�klQ I "�G/;�35356 ! 
568C+" ! 6RXD35SF;�3u"UT>GH%�"H3 ! C5,N6�G/"HS5@5,N" ! 
D; ! ;�' I ;d0�9^XD3#S59 ! 
#"

5%(4�
5"/9 ! 9NG/6�,N%�3#4	9 ! ,.@5G ! @5,N"�K��?
j@59HQ I "p=A@59 ! ,."/9.68, !&! 6 
5"H@5,N%(9 ! %�Go9N"/;�,NG�
 K

�*9\%�9*9 ! ;�3#SD;�,NS~%�3SP�;d08"/9.%B;�3?3#" !JI 68,NiY'�"/;�,N35%(354�hm�"/G�i�"H,N=>;�3�Q*Q ������� Q I "R@59N"�;	48,N"H"/S#0
'�6�Gd;�'D9N"d;�,NG�
FC5,.62GH"/S5@#,N" ! 
D; ! =>;�%�3 ! ;�%�359; �.G/@#,N,N"H3 ! �AG/;�35S5%(SD; ! "&9 ! ,N@#G ! @#,N"�;�35Su% ! "/,N; ! %1E8"H'(0
=	62S5%1XD"/9c% !O! 6T%�35GH,N"d;�9N" ! 
5"-9NGH68,N"�K � ! "/;�G�
 % ! "H,<; ! %�683�Q I "-G/6�359N%(S5"/,v;T9." ! 6�WA9.%�=	C5'�"
'�6�Gd;�' ! ,<;�359 W 68,N=>; ! %�68359 ! 6 ! 
5"OG/@5,.,N"H3 ! 9 ! ,.@5G ! @5,N"�Q^9.G/68,."c;�'�'�6�W ! 
5"H=vQ�;�3#SfC5%�G�i ! 
5"O683#"
I % ! 
 
5%�4�
5"/9 ! 9NG/6�,N"�KbZJ3 ! 
5"�G/;�9N" I 
5"H,N" I "V;�,N"�'�"/;�,N3#%�354F=R@5' ! %�3568=	%B;�'2C�z��9HQ ! 
5" ! 
5,N"H"
68C+"/,N; ! 68,.9 I "V@59."V;�,N"I�
2-V-VXWYV =ZWnQ&VZW�7[WU\GW]WYV =ZWV;�35S �EWn�^W ��F_W`WYV =ZWnKRZJ3 ! 
#"�Gd;�9." I 
#"/,N" I "



� | ������� �*�&����� 	���������������/��	�
<��
���	�������U� ���&	�� ����	�����	���	��3�&	��

;�,."Y'("d;�,.35%�3#4 ! ,N"H" C�z���9/Q^W 68'�'(6 I %(354  C 
5%�G�i�"/,N%(354P" ! ;�'�K1Q Q ���98 � Q�68@5,V68C+"/,N; ! 68,.9>GH68359.%�S5"H,
6835'10 ! ,<;�3#9.W 68,.=u; ! %�683#9 ! 6 ! 
5"IC�z��D ! ,."/"/9HKA�?
5" ! ,."/"V9 ! ,N@5G ! @5,."V%�35S5@#G/"/9 ! 
5"�S5"/C+"/3#S5"/35Gn0
9 ! ,N@5G ! @5,."�Q ;�9 ! 
5"oCD;�,."/3 ! 9&6�W����E( ;�,."o9N%(=>C5'10 ! 
5689."�; !N! ,N%�)#@ ! "H9 ! 
D; ! ;�C5C+"d;�,�%(3O% ! 9 C�z���D
! ,."/"�K{ZJ3 ! 
#%�9�Gd;�9."�Q ! 
5" !JI 6A6�CU"H,<; ! 68,N9 I "\@59N"*;�,N"I� F D 7�� \�� ,N"/C#'B;�GH"/9�;�'�"/;�W�%(3u;.C�z� ! ,N"H"
)x0:;�3-%�3 ! "H,N3D;�'�356�S5" I % ! 
 !JI 6~'("d;�W 9���;�35S \ �=� ��� ,."/C5'�;�G/"H9 ! 
5"V9N@5) ! ,N"H"u; ! ;�3:%�3 ! "H,N3D;�'
356�S5"p)x0c;	9.%�354�'�"�'("d;�W K

�?
5"?9N%(=>C#'�"/9 ! 
5"H@5,N%(9 ! %�G]9."d;�,.G�
 ;�'�4868,.% ! 
5= %�9O;`4�,N"/"HS#0 
#%�'�' DJGH'�%�=R)5%�354~9N"d;�,NG�
�Q\@59N%(354
68@5,o9.G/68,."u;�9p;c=	" ! ,N%(G�KR�e"V=u;�%(3 ! ;�%(3]68@5,oGH@5,N,."/3 ! G/;�35S5%(SD; ! "�9 ! ,.@5G ! @5,N">;�35S:% ! "/,N; ! %1E8"H'(0
%�=	C5,.6 E�"�% ! K�� ! "/;�G�
V% ! "/,<; ! %�6�3�Q I "&G/683#9N%�S#"/, ! 
5"&;�C5C5,.68C5,.%B; ! "$9N" ! 6�W+'�6�Gd;�' ! ,N;�359 W 68,N=>; ! %(68359
! 6 ! 
D; ! 9 ! ,N@5G ! @5,."�Q 9NGH68,N"�;�'(' 6�W ! 
5"H=vQD;�35SvC#%�G�i ! 
5"p6835" I % ! 
G
#%�4�
5"H9 ! 9.G/68,."�K

�P"?,."HW "H, ! 6 ! 
5%�9F9.%�=	C5'�"v;�'(4868,N% ! 
5= ;�9 ! 
5"?4�,N"/"HS#0q;�'�4868,.% ! 
5=vK �?
5"/,.":;�,N"~9N"HE�"/,N;�'
G/6�=>=	683eE�;�,.%B;�3 ! 9 ! 6~%�=	C5,N6aE8" ! 
5"F,.68)5@59 ! 35"H9N9�6�W&
#%�'�' DJGH'�%�=R)5%�354u=>" ! 
56�S59/K��o3#"F%�9b%�9 ! 6
=>;�i�"�@59N"b6�W�,N;�35S56�= ,N"/9 ! ;�, ! 9 ! 6	S5"d;�' I % ! 
v'�6�Gd;�'�=>;�y2%�=>;#K�ZJ3 ! 
5%�9�;�'(4868,N% ! 
5=YQ I 
#"/3 I "
,N"/;�G�
f;Y'�6�Gd;�'{=>;�y2%�=A@#=vQ I " ! ;�i�">9N68=	"	X2y#"HS`3j@5=A)+"/,b6�W�,<;�35S568=�9 ! "/C#9/Q{;�3#S ! 
#"/3 I "
,N"H9 ! ;�, ! 68@5,�9N"d;�,NG�
?C5,.62GH"/9N9HK �\356 ! 
5"/,\G/68=	=>6�3~;�C#C5,N6x;�G�
]%�9 ! 6>=u;�i�"b@#9N"A6�W{; ! ;�)5@EDJ'(%�9 ! Q
I 
5%(G�
`i�"H"/C59 ! ,<;�G�i-6�W ! 
5"u=	689 ! ,N"HG/"/3 ! 9 ! ; ! "/9RE�%(9N% ! "/S�Q ;�35Sf;�'�'�6 I 6835'(0:9 ! "HC59 I 
5%�G�
PS56
356 ! ,." ! @#,N3 ! 6>;	,."/G/"H3 ! '(0OE�%(9N% ! "/Sc9 ! ; ! "�K�� =	68,N"p9.68C 
5%(9 ! %(Gd; ! "/SY;�C5C#,N6x;�G�
v%�9 ! 6>=>;�i�"p@59."
6�W�;]9.%�=A@5'�; ! "HS`;�3#35"d;�'(%�354v9 ! 0�'�"u6�W�;�'�4�68,N% ! 
5= I 
5%(G�
f@59N"H9 ! 
5">W 68'�'(6 I %(354YC5,N6�G/"HS5@5,N"I�u%(3
"d;�,N'(0~C 
D;�9."/9�6�W ! 
5"V9N"/;�,NG�
 I "	;�,."V'�%�i�"/'10 ! 6 ! ;�i�"	,<;�35S568= 9 ! "HC59ugr,<; ! 
5"H, ! 
D;�3 ! 
#"	)+"/9 !
9 ! "/C klQ{)5@ ! ;�9 ! 
5">9N"/;�,NG�
7C5,.62GH"/"/S#9Ygr%�Kh"�K1Q ! 
5" ! "/=	CU"H,<; ! @5,N">G/6�68'�9<k I "c;�,."u'�"H9N9A'(%�i�"/'(0 ! 6
! ;�i�"p,<;�3#S568= 9 ! "HC59*;�35Sv=	68,."�'�%(i�"/'10 ! 6 ! ;�i�" ! 
5"p)U"H9 ! 48,."/"/S20O9 ! "/C�K���35"�E�;�,N%�;�3 ! 6�W�9N@5G�

;�37;�'(4868,.% ! 
#=�%�9R9 
56 I 3_%(3 � %(48@5,N" �#K}|2K:�?
5%�9�;�'�4868,.% ! 
5=�%�9b9 ! %('�'�,N"H'B; ! %(E8"H'(0-3D;�%1E8"O;�35S7;
3j@5=A)+"/,p6�W^%�=	C5,N6aE�"/=	"/3 ! 9pG/6�@5'�S:)+"	=>;�S5"�9.@5G�
`;�9 
5;aE�%(354 ! 
5"V,<;�35S568= "HS548"VG�
568%(G/"V)+"
;OW @535G ! %�683-6�W ! 
5"	9NGH68,N"	6�W ! 
5"	9 ! "/C�K>�?
5"u;�'�4868,.% ! 
5=>9 I "	@59N"VW 68,p68@5,p"ly#C+"/,.%�=	"/3 ! 9b;�,."
"/% ! 
5"H, ! 
5"p9.%�=	C5'�"�4�,N"/"HS#0Y;�'(4868,N% ! 
5= 68, ! 
5"p,<;�35S#68=>%��/"HSc;�'�486�,N% ! 
5= N #(# K
��"H4x;�,.S5'�"H9N9�6�W ! 
5"	9NC+"/G/%1XDG 
5"/@#,N%�9 ! %(G	9."d;�,.G�
f;�'(4868,N% ! 
5= @59."/S�Q ;�3-%�=	CU68, ! ;�3 ! GH68=	CU6 D

35"H3 ! 6�W ! 
5"�9N"/;�,NG�
	%�9 ! 
5"�9.G/68,.%�354o6�W+G/;�35S5%(SD; ! "$9 ! ,.@5G ! @5,N"H9/K �*9{%(3 P�;d08"H9N%�;�3>3#" !JI 68,Nij9/Q ! 
#"
S5"HG/68=	CU6�9<;�)5%('�% ! 0:C5,N68C+"/, ! 0P6�W ! 
5"F9.G/68,." 
D;�9A9.%�483#%(XDG/;�3 ! %�=	CD;�G ! 6�3 ! 
5"FGH68=	C5@ ! ; ! %�6�3D;�'
" T	GH%�"/3#GH0v6�W ! 
#"R9N"/;�,NG�
];�'�486�,N% ! 
5=YK � %(,N9 ! Q I "AS#"/G/6�=>C+689N" ! 
5"�9NGH68,N"R%�3 ! 6>;>9.@5= 6�W�7:=?C*2 7F?C�= �EW�F]GH68,N,."/9.CU683#S5%�354 ! 6P%(35S5%1E2%(S5@D;�'�; !.! ,.%�)5@ ! "/9>;�35S ! 
5"/%(,>C5;�,N"H3 ! 9/K g �?
5%�9>'�6�Gd;�'�9.G/68,."
6�W�;�3~%�35S5%1E�%�S5@D;�' ; !N! ,.%�)5@ ! "R%(9*"ly5;�G ! '10 ! 
5"A'(684x;�,.% ! 
#= 6�W ! 
#" ! "H,N= %�3]9���@5;�,N"A)#,<;�G�i�" ! 9p%(3



��� ��� ���*�������������
	������������� � �

K�� K g �#K��xklK k�H�6 I Qx%(W+68@5,�9."d;�,.G�
u;�'�4868,.% ! 
5= G/683#9N%�S#"/,N9;�=	6�S5%(XDG/; ! %(683 ! 6o68@5,�GH@5,N,."/3 ! 9 ! ,N@5GLD
! @#,N" I 
#"/,N" ! 
5"RC5;�,N"H3 ! 9N" ! 6�W;u9.%�3548'("R; !N! ,.%�)5@ ! "����E( %�9\S5% � "/,."/3 ! QU6835'(0 ! 
5"AGH68=>C+6835"H3 !
6�W ! 
5"&9NGH68,N"\;�9.9N6�G/%B; ! "/S I % ! 
����E( I %�'('5G�
D;�3#48"�K{�?
j@59HQ I "\35"H"/S>6835'(0A,N"/"nE�;�'�@D; ! " ! 
5%(9CD;�, D
! %(G/@5'�;�,�GH68=>C+6835"H3 ! Qx'�"/;dE2%(354 ! 
5"�6 ! 
5"H,N9@535G�
D;�3548"/S � ! 
#%�9{,N"H9N@5' ! 9%�3�=>; � 68,{GH68=	C5@ ! ; ! %�6�3D;�'
9<;dE�%�3#489/K

m\6 I "HE8"H,/Q ! 
5"H,N"�%�9�9 ! %�'('�;AE8"H,.0c'�;�,N48"o3j@5=R)U"H,�6�W C+689N9.%�)5'("o9 ! ,N@5G ! @5,."/9 ! 6	G/68359.%�S5"H,/K{�e"
C5,.68CU6�9N">;G
5"H@5,N%(9 ! %(GV9N"d;�,NG�
f;�'(4868,.% ! 
#= ! 
5; ! ;�S5S5,."/9N9."/9 ! 
5%�9p%(9N9N@#"�K � ! ;G
5%(4�
:'�"HE�"/'sQ ! 
#"
;�'(4868,N% ! 
5= C5,N6�G/"H"/S59R%�3PC 
D;�9N"H9/K�� ! "/;�G�
fC 
D;�9."��UQ I " 
D;dE8"O;Y9N" ! 6�W�C+6 ! "H3 ! %B;�'�C5;�,N"H3 ! 9
? = \ > g����E(�k W 68,"d;�G�
>; !N! ,N%()5@ ! " ���E(bK �e" ! 
5"/3>S56�;�9 ! ;�3#SD;�,NS	9 ! ,N@5G ! @5,."&9N"d;�,NG�
u,."/9 ! ,N%(G ! "/S
! 6 ! 
5"A9.CD;�G/"�6�W^9 ! ,.@5G ! @5,N"H9o%�3 I 
5%(G�
 ! 
5"AC5;�,N"H3 ! 9o6�W�"d;�G�
 ���E( ;�,N"A%(3 ? = \ > g�� �)(oklKp�?
5"
;�S#E�;�3 ! ;�48"~6�W ! 
5%(9u;�C#C5,N6x;�G�
q%�9 ! 
D; !>I "~Gd;�3 C#,N"/GH68=	C5@ ! " ! 
5"YE2%(" I GH68,N,."/9NC+6835S#%�354 ! 6
� �)( = ? = \ > g � �)(ok �8=>6�9 ! 6�W ! 
5"^"ly2CU"H359N%1E8"�GH68=>C#@ ! ; ! %�683#9 � ! 
#" � 68%(359�;�35S ! 
5"$;�4848,."/4x; ! %�683
,N"��j@5%�,."/S[%(3 ! 
5"YS5"HXD3#% ! %(683T6�W ! 
5"~CD;�,N"/3 ! 9 � ;�,N"YC5,."/G/6�=>C5@ ! "/S_%�3 ! 
5"H9N"YE2%(" I 9HKq�?
5"
9N@ T>GH%�"H3 ! 9 ! ; ! %�9 ! %�GH9^W 68,^;�3x0F9.@5)59." ! 6�W�C+6 ! "H3 ! %B;�'+C5;�,N"H3 ! 9�Gd;�3O"/;�9N%('(0V)+"�S5"H,N%(E�"/SFW ,.68= ! 
5%(9
E�%�" I K{�?
5"o;�)+6aE8"*GH68359 ! ,N@#G ! %(683�Q ! 6848" ! 
5"H, I % ! 
 ! 
5"*S#"/G/6�=>C+689<;�)5%�'(% ! 0�6�W ! 
5"*9.G/68,."�Q#;�'�'(6 I 9
! 
#"�9 ! "HC59\6�W ! 
5"p9N"d;�,NG�
fg 9<;d08QD4�,N"/"HS#0 
5%('�' D G/'(%�=A)5%(354jk ! 6	S#6835"oE8"H,.0c" T	GH%�"/3 ! '(08K

�?
5"P9.@5G/GH"/9.9?6�W ! 
#%�9v;�C5C5,.6x;�G�
 S#"/C+"/35S59~683 ! 
5"PG�
56�%�G/"-6�W ! 
5"-CU6 ! "/3 ! %�;�'pCD;�,."/3 ! 9HK
C$'�"/;�,N'108Q^; I ,N68354-%�3#% ! %�;�'$G�
#68%�GH"YG/;�3T,N"/9.@5' !V! 6eC+626�,�9 ! ,.@5G ! @5,N"H9/K �D68'('�6 I %�3#4  �D,.%�"/S#=u;�3
" ! ;�'�K1Q Q ����� ) � Q I 
5%�G�
c"ny#;�=	%�3#"/9�;A9.%�=	%�'�;�,;�C5C5,.6x;�G�
c%�3 ! 
5"�GH683 ! "ly ! 6�W�'�"d;�,N35%(354 P�;d0�"/9N%�;�3
35" !JI 68,.ij9/Q I "*C5,.68CU6�9N"o;�3>% ! "/,<; ! %(E�"*;�C5C5,N68;�G�
 ! 
D; ! 9 ! ;�, ! 9 I % ! 
F9.68=	"\9 ! ,N@#G ! @#,N"	grC+689.9N%�)#'(0
6835" I 
5"H,N"A"/;�G�
?; !.! ,N%()5@ ! "�S#62"H9*356 ! 
D;dE8"A;�3x0cCD;�,N"H3 ! 9�klQ�;�3#S~9N"H'�"HG !*! 
5"R9." ! 9 ? = \ > g����E(�k
)D;�9."/S?683 ! 
5%�9\9 ! ,N@5G ! @5,."�K��e" ! 
5"H3:;�C5C5'10 ! 
5"b9N"d;�,NG�
:C5,N6�G/"HS5@5,."�;�35S?48" ! ;u3#" I Q 
5%(4�
5"H,
9NGH68,N%(3545Q29 ! ,.@5G ! @5,N"�K{�P"�G�
#62689."�35" I C+6 ! "H3 ! %B;�'UCD;�,N"/3 ! 9�)D;�9N"HSO683 ! 
#%�9$3#" I 9 ! ,.@5G ! @5,N"p;�35S
,N"H% ! "/,<; ! "�Q#9 ! 6�C5C5%�3#4 I 
#"/3~3#6	W @5, ! 
5"H,&%�=	C5,N6aE8"H=>"H3 ! %�9�=>;�S5"�K

Z ! ,."/=>;�%�359�6835'10 ! 6\S5%�9.G/@59.9 ! 
5"^G�
568%(G/"$6�W ? = \ > g�� �)(ok�; !�! 
5"^S5% � "/,."/3 ! C 
5;�9N"H9/K{z�"/,�
5;�C59
! 
#"o9N%�=	C5'("/9 ! ;�C5C5,.6x;�G�
Y%�9 ! 6	)+"/4�%�3O)x0O9N" !N! %�354 ? = \ 3 g�� �)(ok ! 6V)U" ! 
5"p9N" ! 6�W�; !.! ,.%�)5@ ! "/9�%(3
�fK�ZJ3O9.@5G/GH"/9.9N%(E�"pC 
D;�9."/9/Q ? = \ > �B3 g � �)(ok I 68@5'(SFG/6�359N%(9 ! 6�W�;�'�' 6�W�z ; > g � �)(pknQ#;�9 I "/'('�;�9$;�'�'
; !.! ,N%()5@ ! "/9 ! 
D; ! ;�,N"b,N"/'�; ! "HS ! 6 � E�%B;u9.'�6 ! G�
D;�%(359�6�W{'("/354 ! 
����UK �*W{G/6�@5,N9."�Q ! 
#"/9N"R35" I
; !.! ,N%()5@ ! "/9 I 68@5'(ST,." �j@5%(,N"c;�484�,N"/48; ! %(683 � I "c9.%�S5"H9 ! "HC ! 
5"O%�9.9N@5"O)x0fC#,N"/S#"HXD35%(354:CU6�9N9N%()5'�"
;�484�,N"/48; ! "H9�W 68,�"d;�G�
~; !N! ,N%()5@ ! "�K

�?
5%�9�9.G�
5"/=	"^"ly2CD;�35S59 ! 
#"�9." ! 6�W2CU6 ! "/3 ! %B;�'8C5;�,N"H3 ! 9�; ! "d;�G�
b% ! "/,<; ! %�6�3�KwZ ! %�9 ! 
#"�=	" ! 
56�S



��� ������� �*�&����� 	���������������/��	�
<��
���	�������U� ���&	�� ����	�����	���	��3�&	��

-3

-2.5

-2

-1.5

-1

-0.5

0

0 1000 2000 3000 4000

Dataset Size

A
vg

 L
og

-L
ik

el
ih

o
o

d
Gold

Learned Parameters

Learned Models

0

0.5

1

1.5

2

2.5

0 1000 2000 3000 4000

Dataset Size

Av
g 

E
rr

or

Learned Parameters

Learned Models

gr;xk gr) k
� %(48@5,N"��#K�� � g 9�k0@w"d;�,.35%�354_G/@5, E8"̀ 9 
56 I %�354 ! 
5"e48"/3#"/,<;�'�%��/; ! %(683 CU"H,.W 68,.=u;�35G/"-6�WVz����v9
'�"/;�,N3#"/S[%(3 ! 
5"Y48"/35" ! %(GvS56�=u;�%(3�K[�?
#"v��D ; y#%(9>9 
56 I 9 ! 
5" ! ,<;�%(35%�354:9." ! 9N%��H" � ! 
5"���DJ;�y2%�9
9�
#6 I 9 ! 
5"�;dE8"H,<;�48"�'(684 D '�%�i�"/'(% 
56�62SO6�3:; ! "/9 ! 9N" ! 6�W9N%��/" Q :�: Q :�:�: K �D68,*"/;�G�
:9<;�=	C5'("A9N%��/"�Q
I "b'("d;�,.35"/Sc=	62S5"H'�9$W 6�, ! "/3YS5% � "H,N"/3 ! %�3#S5"/C+"/35S#"/3 !\! ,<;�%(35%�3#4A9N" ! 9�6�W ! 
D; ! 9.%��/"�K�?
5"pG/@5, E8"
9�
#6 I 9 ! 
5"�48"H35"/,N;�' %(=>C#,N6aE8"H=>"H3 ! %�3 ! 
5"o;dE8"H,<;�48"*'�684 D '�%(i�"/'(% 
56�6�S�6�W ! 
5"*=>6�S5"/'(9�;�9�;bW @535GLD
! %(683]6�W ! 
5"A9<;�=>C5'("A9N%��/"�Kug ) k�K{,N,.68,Vg 9 ! ;�35SD;�,.S-S#"HE�%B; ! %�683Dk\;�9o;uW @#35G ! %�683]6�W ! ,<;�%(35%�3#4u9N" !
9N%��/"�K

! 
5; !\I "�
5;aE�"A@59."/S]%(3~;�'('w6�W{68@#,\,."/9N@#' ! 9HK&ZJ3~9N6�=>"�Gd;�9."/9 
#6 I "HE�"/,�% ! =>;d0c,N"H9N@5' ! %(3v'�;�,N48"
9N" ! 6�W�C+6 ! "H3 ! %B;�'wC5;�,N"H3 ! 9/K�ZJ3v9N@5G�
]G/;�9N"H9 I "R=>;d0 I ;�3 !�! 6>@59N"b;V=>68,."p,N"HX535"/S?;�'�4868,.% ! 
5=
! 
5; ! 6835'10b;�S5S59{CD;�,N"/3 ! 9 ! 6 ?�� \ > �B3 g����E(�k %(W ! 
5"H0R9N"H"/= ! 60�N;�S#SAE�;�'�@5" ��)U"n08683#S>z ; > g � �)(pknK
�?
5"H,N"�;�,N"�9N"HE�"/,N;�' ,."d;�9.683D;�)5'(" I ;d0�9$6�Ww"nE�;�'�@D; ! %�3#4 ! 
5"\;�S5S5% ! %�6�3D;�'#E�;�'(@5"\C#,N6aE�%�S5"HSu)x0	35" I
CD;�,."/3 ! 9HK���68=>"	6�W ! 
5"H9N"O;�,.">S#%�9NGH@59N9."/Sf)x0 �D,N%�"HS5=>;�3:" ! ;�'�K< Q ����� ) � %(3 ! 
5"uGH683 ! "ly ! 6�W
'�"/;�,N3#%�354 P�;d08"H9N%�;�3[35" !JI 6�,Nij9/Kq�?
5"H9N"v,N"/9.@5' ! 9V9N@5484�"/9 !>! 
D; !	I "Y9�
568@#'�ST"HE�;�'�@5; ! "Y;:35" I
C+6 ! "H3 ! %B;�'CD;�,N"/3 ! )j0-=	"d;�9.@5,N%(354 ! 
5">G�
D;�3548">6�W�9.G/68,.">W 68, ! 
5"	Wr;�=	%�'(0~6�W ���E(M%(W I "O;�S5S
� g���� � �
	�k ! 6>% ! 9�G/@#,N,N"H3 ! CD;�,N"/3 ! 9/K̂ �e"pGd;�3 ! 
#"/3~G�
#62689." ! 
5" 
5%�4�
5"/9 ! 9.G/68,.%�354V6�W ! 
#"/9N"�Q ;�9
I "/'�'̂ ;�9 ! 
5">G/@5,.,N"/3 ! C5;�,N"H3 ! 9/Q ! 6])+" ! 
#"u35" I 9N" ! 6�W�C+6 ! "H3 ! %B;�'CD;�,N"/3 ! 9/K~�?
#%�9A;�C5C5,N68;�G�

I 68@5'�S	;�'('�6 I @59 ! 6p9N%(4835%1XDGd;�3 ! '(0A,."/S5@#G/" ! 
5"&9.%��/"&6�W ! 
#"�C+6 ! "/3 ! %�;�'#CD;�,N"/3 ! 9N" ! Q2;�35S ! 
#"/,N"H)x0
6�W ! 
5"�,N"H9N@5' ! %�3#4VE�%(" I Q I 
5%�'(" ! 0�C5%�G/;�'�'10FGd;�@59N%(354>%(359N%(4835%1XDGd;�3 ! S5"H48,<;�SD; ! %(683c%�3 ! 
5" �j@D;�'(% ! 0
6�W ! 
5"p'("d;�,.35"/SY=>6�S5"H'�K



������� �����/�&���� �&� �0��	 ��� � 	 ��� ����	 � 	 � ���(� � �������U� ��� �0� ���

0

2

4

6

8

10

12

500 1300 1800 2500 3000 3800 4300

Dataset Size

N
um

be
r 

of
 L

ea
rn

ed
 M

od
el

s

too simple

correct

too complex

� %(48@5,N"��#K � ����"H9N@5' ! 9�9 
56 I %�354 ! 
5"�C+"/,NGH"/3 ! ;�48"p6�W�=>6�S5"/'(9$'("d;�,.35"/S I % ! 
 ! 
#"oG/68,.,N"/G ! 9 ! ,N@5GLD
! @#,N"�K

�c�
	 ����P������� �o�F���������������]���{���	� �	� ���Y�F���]�*���d� � �����

�e"R)+"/48%(3v)x0v"HE�;�'�@5; ! %(354V68@5,\;�'�486�,N% ! 
5= 6�3]9.0�3 ! 
5" ! %(GRSD; ! ;#K&�?
5%�9\;�'('�6 I 9\@#9 ! 6u"HE�;�'(@D; ! "
! 
#"�'�"/;�,N35"HSA=	62S5"H'�9 ;�4x;�%(359 ! ; �t4868'�S ��9 ! ;�35S5;�,NS�K �P"�G/;�3 ! 
5"/3�"nE�;�'�@D; ! "�)+6 ! 
 ! 
5"�;�GHG/@5,N;�GH0
6�W 68@5,&=	62S5"H'�;�3#SG
56 I I "H'�' I "b,."/G/6aE�"/, ! 
5"p@535S#"/,N'10�%�354V9 ! ,N@5G ! @5,."�K

�P"O@#9N"/S ! 
5"O48"/3#" ! %(GOS568=>;�%�3eS5"/9.G/,.%�)+"/S7"d;�,.'�%("/,R%(3 ! 
5"uG�
D;�C ! "/,vg � %(48@5,."O|2K � gs;8kNk ! 6
48"H35"/,N; ! " ! 
5"FSD; ! ;�)D;�9."/9�@59."/S7%�3P68@5,A"ly#C+"/,.%�=	"/3 ! 9HK �o@#,A9<;�=	C5'(%�354~;�'�486�,N% ! 
5= ! ;�i�"/9V;�9
%�3#C5@ !�! 
5"p9N%��H"o6�W ! 
5"�X5,N9 ! 48"H35"/,N; ! %(683�Q ! 
5"oS5%(9 ! ,N%�)#@ ! %(683F6�W 48"/3#6 ! 0�CU"H9�%(3 ! 
5%(9�48"/3#"/,<; ! %�6�3
;�35Se;O)5%�, ! 
?,N; ! "	;�35S:48"H35"/,N; ! "H9R;FWr;�=	%�'10 ! ,N"H"V6�W$9.%��H""! KA�P"V48"H35"/,N; ! "HS-E�;�,.%�68@#9 ! ,<;�%�3ED
%�3#4uSD; ! ;�)D;�9."/9HQ�G/683 ! ;�%�35%(354>W ,.68= ��:�: ! 6 � � :�: %�3#S5%(E�%�S#@D;�'�9HK�� 6�,\"/;�G�
:9N%��H"�Q I "A4�"/35"H,<; ! "/S
Q : S5% � "H,N"H3 ! S5; ! ;�)5;�9N"H9/K �D68,*"d;�G�
 ! ,N;�%�3#%�354F9." ! Q I " ! "/9 !p!JI 6cS5% � "/,."/3 ! =	" ! 
#62S59HKRZJ3 ! 
#"
XD,.9 ! G/;�9N"�Q 68@#,R;�'(4868,.% ! 
#= 
D;�9R;�9�%�35C5@ !b! 
5">GH68,N,."/G ! 9 ! ,N@5G ! @5,."F;�3#S̀ % ! 9N%(=>C#'(0]"H9 ! %�=>; ! "H9
! 
#"�CD;�,<;�=>" ! "/,.9o@59N%(354 ! 
#" P�;d08"/9.%B;�3:CD;�,<;�=	" ! "/,�"H9 ! %(=u; ! %�6�3]=>" ! 
56�S59�S#"/9NGH,N%()U"HSe%(3 �2"/GLD
! %(683 �#K}|2KM�2K��D68,68@5, ! "H9 ! 9HQ I "\@#9N"/SF;�@53#%(W 68,.= ��%�,.%�G�
5'(" ! CD;�,N;�=	" ! "H,C5,N%(68, I % ! 
>"���@#%(E�;�'�"H3 !



�^R ������� �*�&����� 	���������������/��	�
<��
���	�������U� ���&	�� ����	�����	���	��3�&	��

9<;�=>C5'("R9.%��/" ( � |�K�ZJ3 ! 
5"�9N"HG/683#S-G/;�9N"�Qw68@5,o;�'�4868,.% ! 
5= '�"/;�,N3#9�)U6 ! 
 ! 
#"�9 ! ,.@5G ! @5,N"V;�35S
! 
#">CD;�,<;�=	" ! "/,N9p@59.%�354 ! 
#"`N #2# ;�'(4868,N% ! 
5= S5"/9.G/,.%�)+"/SP%(3 ! 
5"	C5,N"nE�%�68@59�9N"HG ! %�683�K��*4x;�%�3�Q
I "b@59."�;�3v"��j@5%(E�;�'("/3 ! 9<;�=	C5'("o9N%��H"p6�W ( � |V;�35SY;	@53#%(W 68,.= 9 ! ,N@5G ! @5,."pC5,N%(68,/K

�P"R;�'�9.6u48"H35"/,N; ! "HS?;�3]%(35S5"HCU"H35S5"/3 !�! "/9 ! SD; ! ;�)D;�9."R6�W�9N%��H"]Q :�: Q :�:�: K��e" ! 
#"/3 ! "H9 ! "/S

56 IfI "/'�' ! 
5"^'("d;�,.35"/SRz����v9 C5,N"HS5%�G ! ! 
5" ! "/9 ! S5; ! ;#K �D68,�=>"/;�9N@5,.%�354 ! 
#"^C5,."/S5%(G ! %(E8"^;�)5%('�% ! 08Q
I "�@#9N" ! 
#"�'�684 D '�%(i�"/'(% 
56�6�S�6�W ! 
5" ! "H9 ! SD; ! ;#Q ! 
5"�9 ! ;�35SD;�,NSV=>"/;�9N@#,N"�W 68,�"nE�;�'�@D; ! %�3#4�S5"/3#9N% ! 0
"/9 ! %(=u; ! %�683eC5,N6�G/"HS5@5,."/9/K � %(48@5,." �#K��Dgr;xk�9 
56 I 9 ! 
5"F'("d;�,.35%�354vG/@5, E8" I % ! 
`,."/9N@#' ! 9bW 68, ! 
#"
S5% � "H,N"/3 !�! ,N;�%�35%(354Y9N" ! 9/Kc�?
5"F9 ! ,N;�%�4�
 ! '�%(35"	; !�! 
5" ! 68Ce%�9 ! 
5">'�684 D '�%(i�"/'(% 
56�6�S~6�W ! 
5" ! "/9 !
SD; ! ;u48%1E8"/3 ! 
5"b4868'�Sv9 ! ;�35SD;�,.S?=>6�S5"H'�Q ! 
5""� ! ,N@5"�� =	62S#"/' ! 
D; !*I ;�9�@59."/S ! 6u48"/35"H,<; ! " ! 
#"
SD; ! ;#K � %(48@5,."I�2KM�Dg ) ko9�
56 I 9 ! 
5"VE�;�,N%B;�35G/"	%�3-'�684 DJ'�%(i�"H'�% 
#626�Sfgr;aE�"/,N;�48"u"H,N,.68,�k*W 68,�"d;�G�
e6�W
! 
#"�=	" ! 
56�S59&;�9�;VW @#35G ! %�683c6�W ! ,N;�%�35%(354A9." ! 9N%��/"�K
K�E8"/3�W 68, ! 
5"$9N=>;�'�'("/9 !�! ,N;�%�3#%�354\9N" ! 9N%��H"�Q ! 
5"�=	62S#"/'�9 '�"/;�,N35"HS 
D;dE8"&;�3A"/,.,N68,�,N;�3548" ! 
D; !

6aE8"H,N'B;�C59 ! 
#"A;dE8"H,<;�48"�'(684 D '�%�i�"/'(% 
56�62Su6�W ! 
5"b4868'(S~9 ! ;�35SD;�,NS?=	62S5"H'�Q )5@ !*! 
5"b"/,N,.68,*,N;�3548"H9
;�,."o9 ! %('�'U'B;�,.48"�K{ZJ3 ! 
#"�G/;�9N" I 
5"H,N" I "�;�,."pS568%�3#4�CD;�,<;�=>" ! "/,�"H9 ! %�=>; ! %(683F6835'108Q I " ��@#%�G�ij'(0
;�G�
5%("HE�"V;>E8"H,.0?;�G/G/@#,<; ! "�"/9 ! %�=>; ! " �qW 68, ! ,N;�%�3#%�354	9N" ! 9o9N%��/"H9p;�9*9.=u;�'(' ;�9 Q � :�: ! 
5"�=	6�S5"/'
I "F'�"/;�,N3`%(9�E�%(, ! @5;�'�'10?%�35S#%�9 ! %�354�@5%�9 
D;�)5'("VW ,.68= ! 
5" ! ,.@5"F=	62S5"H'�KO� 
5"H3 I "O;�,N"F'("d;�,.35%�354
9 ! ,N@5G ! @5,."A;�9 I "/'('�Q ! 
#"b,." �j@5%�,."/S ! ,<;�%�35%(354�9N" ! 9.%��/"p%(9\;V'�% !N! '�"�'�;�,N48"H,/QD)5@ ! 9 ! %('�' W 68, ! ,<;�%(35%�354
9N" ! 9�'�;�,N4�"/, ! 
D;�3?;�)+68@ ! Q ��:�: Q I "�;�,."R;�)#'�" ! 6F'("d;�,.3v=	62S#"/'�9 I 
5689."AC+"/,.W 6�,N=>;�35G/"�%�9 
D;�,.S
! 6VS5%(9 ! %�3548@#%�9�
FW ,.68= ! 
5"pCU"H,.W 68,.=u;�3#G/"o6�W ! 
5"p486�'�SO9 ! ;�35SD;�,NSY=>6�S5"/'sK

� %�4�@5,N" �#K � 9 
56 I 9 ! 
5"	3j@5=A)+"/,b6�W ! 
5"u'("d;�,.35"/Se=>6�S5"/'(9 ! 
D; ! 
D;dE8">"ny#;�G ! '(0 ! 
5">9N;�=	"
9 ! ,N@5G ! @5,."�;�9 ! 
5"o4�68'�SF9 ! ;�3#SD;�,NSc=	62S#"/'�K �*3c%�=	CU6�, ! ;�3 ! Gd;dE�"d; ! 
5"H,N"o%�9 ! 
D; ! =	6�S5"/'(9 I % ! 

;VS5% � "/,."/3 ! 9 ! ,.@5G ! @5,N"�W ,N68= ! 
5"�4868'�SY9 ! ;�35SD;�,NS~=	6�S5"/'�=>;d0 
D;dE8"b"ny#;�G ! '(0 ! 
5"b9N;�=	"�9.G/68,."
;�9 ! 
#"Y4�68'�Sf9 ! ;�35S5;�,NST=>6�S5"H'�K �~;�3j07S#"/C+"/35S5"H35GH0T9 ! ,N@#G ! @#,N"/9>;�,."���� � �EWSW*)�� �����	�[W�
;\rQ^9.6
! 
5; !pI "	Gd;�3#356 ! ;�' I ;d0�9bS5%(9 ! %�3548@#%�9�
:)+" !JI "/"H3f;Y=	6�S5"/' ! 
D; ! 
D;�9HQ�W 68,o"ly#;�=>C#'�"�Q�;�3-"/S#48"
4868%(354F683#"�S5%�,."/G ! %�683]E�"/,.9N@59b;F=>6�S5"H' ! 
5; ! 
D;�9 ! 
5"�9<;�=	"�"/S#48"�S5%�,."/G ! "/S:%(3 ! 
5"�68C#CU689.% ! "
S5%(,N"/G ! %(683�K`m�6 I "nE8"/,HQ�%�3 ! 
5%�9�G/;�9N"�Q ! 
5"/,."v;�,N"O356:9NGH68,N"c"���@#%(E�;�'�"H3 ! =>6�S5"/'(9 ! 6 ! 
5"O4868'(S
=	62S5"H'�Q29N6 I "pGd;�3v=u;�i�"�;�3c"ny#;�G ! 9 ! ,N@#G ! @#,N"�G/68=	CD;�,.%�9N6�3�K{�P"pGd;�3~;�'(9N6VG�
D;�,N;�G ! "/,.%��/" ! 
#"
%�3#G/68,.,N"/G ! =>6�S5"H'�9{;�9{)+"/%(354p"/% ! 
5"H, � ! 626o9.%�=	C5'�"��(Q8%sKt"�K(Q ! 
5"H,N"�;�,N"�"HS548"H9^%(3 ! 
5"&4868'(S�9 ! ;�35SD;�,.S
=	62S5"H' ! 
D; ! ;�,N">=>%(9N9N%(354Y%�3 ! 
5"F'�"/;�,N3#"/S`=	62S#"/'�Q�68,R;�9A)+"/%�3#4 � ! 6�6~G/6�=>C5'("ny �1Q�%�Kh"�K1Q ! 
5"/,."
;�,."R=	68,N"p"/S#48"/9�%(3 ! 
5"R'("d;�,.35"/Sv=>6�S5"/' ! 
D;�3],." �j@5%�,."/S])x0 ! 
#"R4868'(Sv9 ! ;�3#SD;�,NS~=>6�S5"/'sK�vZJ3

���J028�K!8 1 S 8�9!,A@ L1 G��2,A8���G 1ONO8�,AK K!021 32, N HI8�;=HD,/8C.!1 L:;��O.!3D9!8C.!028 32?INO8:97,/@FEA?25 NOEAK�.!97EAH23O.!EA1 ?��>021���8:S48:9��



����� � � � �/	��U� � ����	 ��� ��� �&	 	 ��� ��	 � � ��� �$� � ����	 � � �� ��8

! 
#%�9&9N%(=>C5'("�9NGH"/3D;�,N%�6#Q+=	6�S5"/'�9 ! ,.@5G ! @5,N"bG/68@5'(SY;�' I ;d029�)+"�G/; ! "H4868,.%��/"HS~;�9\"���@#%(E�;�'�"H3 ! Q � ! 6�6
9N%(=>C#'�"��268, � ! 6�6	GH68=	C5'�"ly �1K

��@5, ,."/9N@#' ! 9 9�
56 I7! 
D; ! ;�9 I "�%(35G/,."d;�9." ! 
#"�9N%��/"$6�W ! 
5" ! ,<;�%(35%�3#4\SD; ! ;�)D;�9N"�Q I "�4�"/35"H,<;�'('(0
'�"/;�,N3u=>68,."*;�G/G/@#,<; ! "�9 ! ,N@5G ! @5,."/9/KK y#;�=	%�35%(354 ! 
5"*'("d;�,.35"/SO9 ! ,N@#G ! @#,N"/9$=>68,."*GH'�689."/'(0�Q ! 
5"/,."
%�9	; �j@D;�'�% ! ; ! %(E�"OS5% � "/,."/35GH"v%(3 ! 
5"Y%�35GH68,N,."/G ! =	62S#"/'�9�'("d;�,.35"/S7W ,N6�= 9N=>;�'�' ! ,<;�%�35%(354:9N" ! 9
E8"H,N9.@59v'�;�,N4�" ! ,N;�%�3#%�354`9." ! 9/K �?
#"-%(35G/6�,N,N"HG ! =	6�S5"/'(9u'�"/;�,N3#"/SqW ,N68= 9N=>;�'(' ! ,<;�%(35%�354P9N" ! 9

D;dE8"c%(35G/68,.,N"HG ! S5"HCU"H35S5"H35G/%("/9/Q^9N@5G�
_;�9V;?C+"/,N9.683 �h9�CD; ! "/,N35;�'�48"H356 ! 0�CU"cS5"HCU"H35S5%(354:6837;
C+"/,N9.683 �h9\=	6 ! 
5"/, �t9&CD; ! "/,.3D;�'�48"/3#6 ! 0�CU"�QU;�35Sv=	%�9.9N%(354VS5"/C+"/35S#"/35GH%�"/9HK���3 ! 
5"p6 ! 
#"/, 
D;�35S�Q
! 
#"O%�35GH68,N,."/G ! =>6�S5"/'(9R'("d;�,.35"/S`W ,.68= ! 
5"O'B;�,N48"H, ! ,N;�%�3#%�354]9." ! 9�Gd;�C ! @5,N" ! 
5"O9 ! ,N@5G ! @5,."O6�W
! 
#"A4868'(S~9 ! ;�35SD;�,NS]=	62S#"/'�Q )5@ ! ;�,N"b9N68=	" ! %�=	"/9�6aE8"/,.'(0vG/68=	C5'("ny~;�35S]%(35G/'(@5S5"b"ny ! ,N;�35"/6�@59
"/S#48"/9HK � 
5%�'("^"ly ! ,<;�"HS548"H9�=u;d0�%�3#S5%�G/; ! "�6aE8"/, X !N! %�354#Q ! 
5%(9 S56�"/9 356 ! ;�C5C+"d;�, ! 6�)+"�; � "/G ! %�3#4
@59?
5"H,N"�;�9 ! 
5"p9NG/6�,N"/9&6�W ! 
5"/9."�=	6�S5"/'(9�683 ! "H9 ! SD; ! ;V;�,N"o9 ! %�'(' �j@5% ! " 
5%(4�
�Q#;�35Sc"HE�"/3 ! @D;�'�'(0
I "bGH683xE8"/,.48" ! 6 ! 
5"pGH68,N,."/G ! 9 ! ,N@#G ! @#,N"�K

�c��� � � � �d�d�&�b�����	��� ���� ���	�{�b� �	��� � �b� � � �]��� �
	 ��	

�e" 
5;aE�"�;�'�9.6b;�C5C5'�%("/S�68@#,z��� G/68359 ! ,.@5G ! %�683>;�'�4�68,N% ! 
5= ! 6oE�;�,.%�68@59 ,N"d;�' D I 68,.'�S�S568=>;�%(359/K
�?
5"O4868;�'^%(3 ! 
5"H9N"OS56�=u;�%(359R%(9 ! 6?4x;�%�3`;~C5,N"H'�%(=>%(3D;�,.0:@#35S5"/,.9 ! ;�35S5%(354?6�W ! 
5" ! 
5"O=	689 !
%�=	C+68, ! ;�3 ! S#"/C+"/35S5"H35G/%("/9 ! 
D; ! 
568'�S_%�3 ! 
5"]S#68=u;�%�3�K ��35GH" ! 
5%(9>"ly2C5'�68,N; ! 6�,.0TC 
D;�9."~%(9
S5683#"�Q I "o=>;a0 ! 
5"/3 I ;�3 !�! 6�W 62GH@59�683F;�35SO;�35;�'(0V�/"*G/"/, ! ;�%(3u%(3 ! "/,."/9 ! %�354RG/68,.,N"/'�; ! %(68359 ! 
D; !
I "�
D;dE�"bS5%(9NGH6 E�"/,."/S�K

���� ��	 � , 
���� ����� �<���
��35":G/68=	C+"/'�'(%�354PS568=>;�%�3 ! 
D; !cI " 
D;dE�"P)+"/"/3 W 68, ! @53D; ! " ! 6 
D;dE8" ! 
5":68C#CU68, ! @53#% ! 0 ! 6
I 68,Ni I % ! 
~%�9*;>SD; ! ;�)D;�9N"A6�W�"/C5%(S5"/=	%�68'(6848%(Gd;�'USD; ! ;	W 68,\C5; ! %("/3 ! 9�W ,N68= ! 
#" �#;�3 �D,N;�35G/%(9NGH6
! @#)U"H,NG/@#'�689.%�9?g ��P�k>GH'�%�3#%�G  � %('�9N6�3 " ! ;�'�K1Q�Q ������� K�� �?
5"?S5; ! ;PGH68'�'("/G ! "/S[S5"/9.G/,N%()U"H9F��P
CD; ! %�"H3 ! 9c;�35Sq%(35G/'(@5S5"/9 ! 
5"]9 ! ,<;�%�3q6�W ! 
#"?S5%�9."d;�9." I % ! 
 I 
#%�G�
 ! 
5"n0 ;�,."]%�3 � "/G ! "HS ;�35S
%�32W 68,N=>; ! %(683fG/6�'�'�"HG ! "/S ;�)U68@ ! C+"/68C#'�" I % ! 
 I 
568= ! 
5"~CD; ! %�"H3 ! 9�
D;dE8"])+"/"H3 %�3TG/683 ! ;�G ! K
EA?6548:?28�97; , ;C, ;=975 8�9 K!; G �D,/8 � EA,/, H�8'978���32EA9!8 NM.71R8 K#.7E/G�;=.!8 .!0D8<; N2NOE/.!EA1 ?I;=, �D; 97; GR8:.!8�97KJ; L�L329 ; .78:,A@ U
��� 8 ��1 32, N�,AE/T48-.!1 .!0D; ?2T �>9�U�!�8.78:9#"OG ; ,/, ; ?DN $48�;=?D?28&% 0D8:8-PQ971 G .7028'"F.7;=?2PQ1 9 N (-?2EAS 8�97K!E/.#@�) 8 NOE L:;=,

* 8:?�.78:9JPQ1 9 �D9!1 SFE NOE/?D5C3DK � E .70 .7028 �,+ N2;=.7;�; ?DN � E/.!06.7028:EA9-8�����8:9!.!E K�8 14?).702EAK .!1��DEAL U



��� ������� �*�&����� 	���������������/��	�
<��
���	�������U� ���&	�� ����	�����	���	��3�&	��

infected

str

contage

fitness

closeness

clustered

treatment

gender

relationship

age

race

inh

secondary_case

pob

hiv

emb

household

site

pza

care

cavitary

smear

rif

care_provider

Strain

Patient
Contact

� %(48@5,N" �#K � �:�?
5"?z���� 9 ! ,N@5G ! @5,."?'�"d;�,N35"HS[W 68, ! 
5"~��P S#68=u;�%�3T@59N%(354 ! ,."/"LDJ9 ! ,N@5G ! @5,."/S
C�z���9/K

�*W$C5;�, ! %�G/@#'B;�,�%(3 ! "/,."/9 ! %(9 I 
5" ! 
5"/,b;OS5%�9."d;�9." ! ,<;�359N=	%�9.9N%�6�3?G�
D;�%�3-)+" !JI "/"/3eCD; ! %�"/3 ! 9b;�35S
G/6�3 ! ;�G ! 9{%�9 %�35S5%(Gd; ! "/S�K��?
5"�SD; ! ;�)D;�9N"�GH683 ! ;�%(359 ! 
#,N"/" ! ;�)5'("/94����������� 
��lQ �������	� 
�;�35S�
��
������#�lK

�D68, ! 
5"uC5; ! %("/3 !b! ;�)5'("�Q ! 
5"u9.G�
5"/=>;~GH683 ! ;�%(359RS5"H=>6�48,<;�C 
5%�G	; !.! ,N%()5@ ! "/9�9N@5G�
7;�9 ���ZW8Q
�ZW�
 VZW ��Q �����7W8Q�;�35S[C#'B;�GH"v6�W�)5%�, ! 
 g�� ��� knQ�;�9 I "/'('\;�9u=	"/S5%(Gd;�'&; !.! ,.%�)5@ ! "/9	9N@5G�
 ;�9Fm�Z��
9 ! ; ! @#9/QS5%�9."d;�9."F9N% ! "]g W 68,b��P�knQ I 
#" ! 
#"/, ! 
#"���D ,<;d0P,."/9.@5' ! 9A%�35S#%�Gd; ! "	Gd;dE�% ! ;�,.0e%�3#W "HG ! %(683�Q
" ! G�K{�?
5" ��� � �U\�W �EWYV>; !N! ,.%�)5@ ! "&%�35S#%�Gd; ! "/9 I 
#" ! 
#"/, ! 
5%�9{C5; ! %("/3 ! %�9�;�=	"/=R)U"H,{6�Ww;pG/'(@59 ! "/,6�W
��P_6�@ ! )5,."d;�ij9*gs;p3j@5=A)+"/,�6�W C5; ! %("/3 ! 9 I % ! 
 ! 
5"\9N;�=	"���P79 ! ,<;�%(3 k�68, I 
5" ! 
5"/, ! 
5"&CD; ! %�"H3 !
%�9 %�3#W "HG ! "HS I % ! 
V;o@535% �j@5"�9 ! ,<;�%(3�6�W ��P g 6�W ! "H3	%(35S5%(Gd; ! %(E8"^6�W ;�3V%�35S5"HCU"H35S5"H3 ! ,."d;�G ! %(E�; ! %�683
6�W 'B; ! "/3 ! %�32W "/G ! %�683Y;�3#SY3#6 ! CD;�, ! 6�W�;�S5%(9N"d;�9N" ! ,<;�359N=	%�9.9N%�6�3OG�
D;�%�3DknK

�?
5"P9 ! ,N;�%�3 ! ;�)5'�":,N"HC5,N"H9N"H3 ! 9 ! 
#"eS5% � "H,N"H3 ! ��P 9 ! ,N;�%�3#9 ! 
D; ! 
D;dE8"e)U"H"/3 %�S5"H3 ! %(XD"HS
;�=	68354 ! 
5"AC5; ! %("/3 ! C+68C5@5'�; ! %(683�K��?
5"A��P 9 ! ,<;�%(359�;�,."A%�S#"/3 ! %1XD"/S]@#9N%�3#4O;u48"H35" ! %�GRXD3#48"/, D
C5,.%�3 ! %(354 ! "HG�
535% ��@#"�Qx%�3 ! 
5%(9�Gd;�9."�,N"H9 ! ,.%�G ! %�6�3RW ,<;�4�=>"H3 ! '�"H354 ! 
RCU68'10�=>68,.C 
5%(9N= g ����@�z�knQ�683



����� � � � �/	��U� � ����	 ��� ��� �&	 	 ��� ��	 � � ��� �$� � ����	 � � �� ���

0 0.2 0.4 0.6 0.8 1

patient.site�<-�patient.gender

patient.race�<-�patient.age

patient.clustered�<-�patient.pob

patient.clustered�<-�patient.age

patient.hiv�<-�patient.cavitary

contact.relationship�<-�contact.closeness

contact.care�<-�contact.infected

contact.treatment�<-�contact.care

patient.smear�<-�patient.cavitary

patient.care_provider�<-�patient.cavitary

patient.race�<-�patient.hiv

patient.care_provider�<-�patient.age

strain.str�<-�strain.inh

patient.hiv�<-�patient.gender

contact.treatment�<-�contact.infected

patient.clustered�<-�patient.race

strain.inh�<-�strain.fitness

strain.emb�<-�strain.inh

patient.age�<-�patient.contact.contage

patient.smear�<-�patient.hiv

contact.contage�<-�contact.infected

patient.age�<-�patient.contact.relationship
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patient.age�<-�patient.contact.contage

patient.age�<-�patient.contact.relationship

contact.infected�<-�contact.patient.gender

patient.care_provider�<-�patient.contact.care

patient.site�<-�patient.contact.relationship

contact.closeness�<-�contact.patient.gender

patient.site�<-�patient.contact.subcase

patient.cavitary�<-�patient.contact.relationship

patient.site�<-�patient.contact.infected

patient.site�<-�patient.contact.household

patient.site�<-�patient.contact.contage

patient.care_provider�<-�patient.contact.closeness

contact.care�<-�contact.patient.gender

patient.age�<-�patient.strain.f itness

patient.site�<-�patient.contact.treatment

contact.relationship�<-�contact.patient.gender

patient.hiv�<-�patient.contact.contage

patient.cavitary�<-�patient.contact.treatment

contact.contage�<-�contact.patient.gender

patient.cavitary�<-�patient.care_provider

patient.cavitary�<-�patient.contact.household

patient.site�<-�patient.contact.care
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