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(a) Vd =   50 mV
(b) Vd = 100 mV
(c) Vd = 250 mV
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(a) T = 180 K
(b) T = 300 K
(c) T = 420 K
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(a) Std. C, Std. G   
(b) C -10%, Std. G  
(c) C -10%, G -30%
(d)  Std. C, G +30%
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(a) Vg2 = 0
(a) Vg1 = 0
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(b) Q0 = 0.000
(c) Q0 = 0.131

���JF$)�HN"-9DU1X � c �"l:;� 'PML5x.$:SWDF=H%'$)#3/+-:S�/.PH%F="n0$.dHS�e.1�T�@'=3^U

�!�#"9+t)R.d*��CF2.1�T"X'$3#"-���k. M�'=)�Hh�T"1H%<O�@3/.P*e�n+2"10#�e:;"2 L�!�����k.P*J*@"10#�e.1�T"=�G�!�#"X& �@HS�@3#F�>�HN'$5#*@"1<
"102"13XM�)�H%�C�D"1H8UE���D"h>R'd&�"1H +D���S�%�@>R.1�T�@'=3X>7"8H4+2"10#�e:;"n��� ���@F=�D"1H6�@3��C�D"�:1.$�%"h'dM��C�D"�+t)R.d*��
+DHZ.P�@3 .$+�+2"1Hh5�)#�m�J�m���n�A�T�@*J*(�A<O.P*@* "13�'$)/F$�^U����#"?.102"1HZ.PF$"O>7'd&("1Hh+D���S�%�J>R.1�T�@'$3�:1.d3¢5R"
"=�A�T�@<O.1�T"$+mMCH%'$< ���@F/U�9DU 0Y.$� �

���
� � �

���
� � ��� �

� * + 0P7 �  T�+1T$0�� � �@0$7 ! ��i7& ���J*@"IM�'=H
�!�#"k+t)R.d*��CF2.1�T"k.$+�+2"1HE�@����� �

���
� � 7PT � �  T�+ T * � � � TH+ 7 ! ��U

K!3Y:��/.P>��T"1H	3n.dH%"=.4:;'=<?>R.PHS���T'$3n& �@�C�?{(]��G_n&a.$�\+#���%:;)R�S�%"=+k.P3/+m�!�D" �T�J<B" :;'$3x�A�N.P3#�
'PMs�C�D"6+t"80D�,:;"�&a.$��:8.P*e:V)�*e.1�T"=+m�A'h5R" TH+ X � � Ug���#"13Y�!�D"=�%"E�T&�'4MT.=:;�T'$HZ�;i�.dH%"=.m.d3�+Y�A>R"1"=+�i
.PHN"4:V'$<m5/�@3#"$+m& �J�!�Y*@'d&�>R'P&("1H(+D���S�%�@>x.l�T�J'$3Y.$�(�A�#'d& 3?�D"8H%" �@�L���L:;*J"$.dH\�!�/.1���%�J3DF=*@"E"1*@"l:��
�%HN'$3�+2"10#�e:;"=��<O.PQY57"l:;'$<Y"n.h<h)�:S�?5R"1�!�T"1H6:��#'$�,:;"4�!�/.P3 ]��n_#�\cL� �T"d:S��3�'d*@'=F$�@"=�	0 7PT32!U
_2�J3DF=*@"?"1*J"d:;�NH%'$3 +t"10#�e:V"$�n.d*@*@'d&�.P*,�A'��!�#"?)R�%"?'dM4<h)/*��T� �!0=.P*J)�"=+ *J'$F=�e:B& �J�!�¢���JF$�~HS.=+D�@�
�!+2"d:;�J<?.d*L���G)R�%"=+¢�D"8H%"��6& ���e:S�¢���m3�'=�Y.P3~"=.$�AQ��%.=�AW¢�T'�>R"1HAM�'=H%<o& �@�!�|:;'=3D02"13#�T�@'=3�.d*
+2"10D�,:;"=�;U

XPT



� � ��� �B� � �

� ��� �~
 � � � ���

���#" .d�@< 'dMR�!�����s�!�D"=�%�������^�T'm+#���%:;)R�S�^.E3D"1&~�T"d:S��3�'d*@'=F$Qn�!�/.1��<O.PQ45R" 0#�e.15#*@"L�@3k�!�D"(3D"=.dH
M�)#�T)�H%"n�T'h'd02"1H%�N.PW2"E�!�#"4H%'d*J"G'dM�{(]��n_O:;�JHS:;)��J�N�;U 	E'P02"8*7�,+t"=.=��.PHN"n3D"1"=+2"=+��T'Y�T'P*J02"4�!�#"
�J3��D"8H%"13#�I>/H%'$5#*@"8<X�I>�HN"$�%"83D�4�J3¢�T)�:S���T"d:S��3�'d*@'=F$Q2Uh���#"h�@3#�%HN'#+t)/:;�T�@'=3�'PMa<h)�* �A� �!0=.d*@)�"=+
*J'$F$�,:4<?.dQB5R"4'=3D"n'PM �!�D"n>R'#�S�%�@5#*@" �A'd*@)#�T�@'$3x�I.d3�+X�D"13x:;"4�@� &a.$�E.P3/.P*JQ �1"=+?�@39+2"1�N.P�J*!U

��&�'9�@<?>#*@"8<h"13D��.l�T� '$3x�aM�'=Hm�!�#"Y+t"l:;�@<O.P* .$+�+2"1Hk&�"1HN"B>�HN"=�%"13D�T"=+�& �@�C�¢.X�!�D'=H%'=)�F$�
�%�J<h)�*e.1�T�@'=3GM�'$HL�!�#"E" `"d:;�\'dMs0$.dHS�@'=)R�\>R.PHZ.P<Y"1�T"1HS��'=3?�!�#" 'd>7"8HS.1�T�@'$3jU\K!�L���\�%"1"13Y�!�/.l�8i#.$�
�!�#"�<O.1y%'=HS�@�TQ 'PMj�%�@3#F$*J"�"1*J"d:;�NH%'$3k:;�JHS:;)/�@�N�;i1�!�#"1Qk.PHN"�F=H%"=.1�!*@Qn. `"d:;�T"=+G5#QG�C�D"L5R.=:�W#F$HN'$)#3�+
:S��.dH%F="2U����/���G<O.PQ�5R"X.d*@*J"10D�,.1�A"=+��T'�.�:V"1H%�N.P�J3¢+2"1F=H%"1"X.=�G&a.$�h�A�#'d& 3¢�@3 :��/.P>��T"1H-3/U
rI'd&("102"1H1is5R.$:SW#F$H%'=)D3/+¢:S��.dH%F="?0=.PHS�e.1�T�@'=3¢H%"8<?.d�@3R�n.�:S��.d*@*@"83DF="�M�'=HY:;�@HZ:;)��@�k+2"=�%�@F$3#"1HZ�
�T'¢>�HN'd0D�,+t" :;�@HZ:;)��@�h�,+t"=.=�m�@3/+t"1>R"13/+2"13D�h'dMn�!�����mM�.$:;�T'$H8U K!�Y���h:;*@"=.PHY.d*e�T'¢�!�/.l�O�%�@3#F$*J"
"1*J"d:;�NH%'$3 :;�@HZ:;)��J�%� H%"lvt)��JH%"k02"1H%Q9.$:8:;)�HS.1�T"h0=.P*J)�"=�fM�'$H4�C�D"Y:1.d>R.$:V�@�N.P3R:V"$�VUnK!3D02"=�A�T�JF2.1�T�@'$3
'dML3D"8&�MT.15�HS�,:1.1�A�J'$3?<Y"1�!�#'#+��\Q#�@"1*,+D�@3#Fh���@F=�9.$:1:;)/HS.$:VQ�M�'=HI�!�#"4>R.dHS.d<B"1�T"1HZ��:;'=3D�NH%'d*s.PHN"
.h3D"l:;"=�S�%�@�TQ2U

��"=�%�e+2"=�m�!�D"O&�'$HTW¢3#"1"=+2"$+¢�J3¢�!�#"BMT.15�HS�,:1.1�T�@'$3�.P3/+~:;�@HZ:;)��J�h+2"$�%�JF$3|.PHN"=.$�;iL.��%�J<B�
�J*e.PH6&�'$HTW����I3#"1"=+t"=+��@3��!�#"h*@'=F$�e:h+2"=�%�@F=3¢.d3�+�.P*JF$'$HS�J�!��<X�6.PH%"=.?"=�A>R"d:;�,.P*J*@QX��Ma:;"1*J*@)�*,.PH
.;)#�T'$<O.1�%.X'$Hk<h)�* �A� �!0=.d*@)�"=+-'d>R"1HZ.l�T�J'$3R�nH%"1>#*e.=:;"B�C�D"h5��J3�.dH%Q�*@'=F$�e:=U?���#"?:;'=3D02"83D�T�@'=3�.d*
HN"1>�H%"=�%"13#�N.1�A�J'$3k'PM^�C�D" *J'$F$�,:g0=.P*J)�"E5DQ�.I02'd*��N.dF$"E'$H(:;)�HNH%"13#�\�%�JF$3/.P*�<O.PQn�/.102" �A'k:S��.d3DF="
�T'Y:S��.dH%F$"=� �C.$���@3O�!�D"657'#+#Q-'dM\�C�D"4�C�D"=�%��� �s'=H "102"13?�T'mMCH%"dv2)�"13R:VQ �!.$���J3X.P>#>R"13/+D�@�O� �SU

���#"1�!�#"1Hk�%�@3#F$*@"Y"1*J"d:;�%HN'$3�+t"80D�,:;"=�G.=:;�T)R.P*J*@Q9H%"1>#*e.=:;"�{(]��n_�'=Hm3�'=�h���4�@H%HN"1*@"80$.d3D�8U
���#"4.=+D0=.P3R:V"1<B"83D�N�^�!��.1�(.PHN"4.=:��/�@"102"=+m�@3Y:V�@HS:V)��@�N�;idMT.15�HS�,:1.1�A�J'$3h'=Hg3#"1&|*@'$F=�e:��,+t"=.$�L:1.d3
5R"Y.P>#>#*@�@"=+��T'�.X*e.dH%F$"h32)#<m5R"1H6'PME+2"10#�e:;"=�VUh���D"hW2"8Q�>R'$�J3D�n���I�T'XW2"1"1>�'=3¢�%"=.PHZ:��/�@3#F
M�'=H4�T'P*J)D�T�J'$3R� �T'B�!�#"n.d3D�T�e:V�@>R.1�T"=+B5R'$�!�!*J"13#"d:�WY'PM �!�#"n"1*@"d:V�%H%'=3��e:8� �J3�+2)R�T�%H%Q¡U

X *



� � � �|�  ��� �

� � � � � � �o
 �z� � ��� �?���L�h� � �9�

���#"¢�%�J<h)�*e.1�T�@'=3��T'PM��T& .dH%"�)R�%"=+ �!��HN'$)�F=�D'=)D�9�!�����?�!�#"=�%���B���X]��G_tca_ � ]�'$3#�T"¢{(.PH%*J'
_2�J3DF=*@";��c\*@"d:;�NH%'=3��e:1�B_¡�@<h)�*,.l�T'=H1U�K!�Y���B.10=.P�J*e.15D*J"-M�'=HBM!HN"1"X3�'$3	:V'$<?<Y"1HS:V�@.d*�)R�%"XM!HN'$<
�\)25DQ|{L�D"13 � "1<O.P�J*��YHS:S�D"13��fM�"8*@�@�`U >��#Q��%�J:1�VU��A)#3#Q��T5^U "d+2) �SU|K!�h���B.d*e�T'¢.10=.P�J*e.15D*J"X�@3~�!�#"
+D�JH%"d:;�T'=H%Q �8>�)25 �1<O'#�%"$� .1��M��T> � � �1�/.P3/.DU >��#Q��%�,:1�;U �A)#3DQ/�A5^U "=+t)�U

���D"6�A'=)�HS:V"n:;'#+2"I'dM ]�'#�%"$�L����& HS�@�C�A"83B�J3?��'$HN�%HZ.P3X.d3�+h�T&�'m>/H%";��:;'$<O>��@*J"$+n02"1HS�%�J'$3R�
.PHN"k.l0=.d�@*e.15#*@"2i#'$3#"IM�'$H6[�{(��H%)#3�3��J3DFOp �n_O.P3/+��C�D"4'=�!�#"1H�M�'$HEpI"l:GbE*@>��/.G<O.$:S���@3#"=�;UsK
�/.l02" )x�%"$+h5R'$�!�O02"1HS�%�J'$3R�\.d3�+Y.P* �!�#'$)/F$�?�!�#" '$3#"E'$3ObI*@>��/.I���\<h)/:��4M�.$�A�T"1HL5�)#�L�@�\*,.$:SW��
�!�#"hF$HZ.P>����,:1.P* '$)#�A>/)D�k.10=.P�@*,.15D*J"h'$3�[�{(�; s�!������M�'$HS:V"$+�<Y"G�T'X)R�%"h�!�#"h[�{ 02"1HS�%�J'$3-M�'=H
�!�#"m<O.1y%'$HS�J�TQB'dM��C�D"k&�'$HTW`UnK .P*,�A'X�%HS�J"$+X�!�#"hp �n_X02"1HZ�%�@'$39)D3/+2"1H4�!�#"hp �n_X"1<h)/*e.1�T'$H
'PM(�!�#" �n_ � 0X.P3/+��@�EHS.P3�.1�43#"=.PHN*@Q?�!�#"h�N.P<Y"h�T>7"8"$+`UG_2>R"1"=+-'dM('P>R"1HZ.1�A�J'$3���� �D'd&("102"1H
�#"$.10#�@*JQ?+2"1>R"13/+t"13#�E'$3��!�#"m<?�,:;H%'d>�HN'#:;"=�S�A'=H �@3��C�D"k<?.=:����J3D"¡ D�@�E3#"$.dH%*JQX+D'$)25#*@"=+�M!HN'$<
.�4PX$9?�T'�.3JX$9?�T'9.B>R"13#�A�J)D< U K!3�F$"13#"1HS.d*!i`K�& .=�G.15#*@"h�T'?F="1�IM�.$�A�6H%"=�A)�* �N� � & �J�!���@3 .
M�"1&��%"d:V'$3/+�� �65DQ�HN"$+2)/:;�@3#F��!�#"Y>7"8HS�@'#+ *J"13DF=�!�~.d3�+ �C�D"Y32)D<k5R"1Hn'PM6>7"8HS�@'#+��n�A' :;Q/:;*@"
�!��HN'$)�F=���J3-�C�D"k�%�@<h)/*e.1�T�@'$3O.$��&("1*@*j.$� �!�#"G32)#<m5R"1H('PM(�T&�"1"8>->R'=�@3#�%�VU

���D"Y�T"1�#�A�C5R.$�%"=+�)R�%"1Hn�@3#�T"1HAM�.$:;"k���nvt)��J�T"h"$.=�AQ9�A'9)R�%"O.P3/+¢Kf&a.$�k.l5#*@"Y�T'�HN)D3��!�#"
�T)D�T'=HS�e.P*/.10=.P�@*,.15D*J"g�J3n�!�D"(+D'#:V)D<Y"13#�%.1�T�@'=3n.P3/+G�C�D"13n5R"1F=�@3n<BQE'd& 3GuRHZ�A� :;�@HZ:;)��J�^.1��'=3R:;"2U
K �!���@3/W��#'P&("102"1HE�!�/.l�6�!�D"Y+#'#:;)D<Y"13#�N.l�T�J'$3��T�D'=)�*e+�F=�@02"h<?'=H%"k"1��.d<?>#*@"=�I.d3�+�"1�#>D*,.P�J3
M�)�HN�!�D"8Hh�!�D"9+D��`"1H%"13#�h:8.P>R.15��J*@�@�T�J"$�n'PM6�!�#"��T'PM��T& .dH%" �!�T>R"d:;�e.d*@*JQ �!�#"9�A>R"d:;�NHS.d* .P3/.P*JQ��%���
.P3/+?�!�#"G"83D"1HNF$QX:8.P*e:V)�*e.1�T�@'=3 �SU

�E3�*@QY02'd*��N.dF$"k�A'=)�HS:;"=�Vi7�/.10D�J3DF�.P*@*^�C�D"n�N.P<Y"4b4{|>7"8HS�@'#+�i/.PH%"k.d*@*@'d&("$+Y�@39]�'#�%"=�;ULK
�!���J3�Wm�C��.1�\�J�\&�'=)�*e+m5R" 5R"13#";u`:;�,.P*#��M`�!������HN"=�A�%HS�,:;�T�@'=3m����HN"1<?'d02"=+ 5#Qh.d*@*J'P& �J3DF +D� `"1HN"13D�
>R"1HS�@'#+/��.P3/+?+D��`"1H%"13#�L>��/.$�%"n.d3DF=*@"=�gM�'$H(�!�D"6+D���"8H%"13#�(�A'$)/HS:;"=� .$�L&�"1*J*`.$��.d*@*J'P& �J3DFk�!�#"

XP0



)R�%"h'dMa:;)�H%HN"13#�4�T'$)�HZ:;"=�;Un�������I&('$)�*,+-"=.$�%"h�C�D"��%�@<h)�*,.l�T�J'$3?'dM��T)�HS3x�A�T�@*J"$�Vi7>/)D<?>`�E.P3/+
�!�#"X_#cL� '#�N:;�@*J*e.1�T�@'$3x�;U?bE3�'$�!�#"1HnM�"$.1�T)�HN"h�!��.1�k���G<?���S�%�J3DFY�@3~]�'#�%"=�n��� �/�@"1HZ.PHS:S�#Q2UXK!�
+D'2"=��3�'=�E.P*J*@'d&��!�#"4)R�%"n'PM >�H%"80D�J'$)R�T*@QY�%�@<h)/*e.1�T"$+h:V�@HS:V)��@�N��.=��5�)��J*e+D�J3DFh5#*@'#:SW��\M�'$H 3#"1&
:;�JHS:;)/�@�N�;Usb4+�+#�@3#F4.E�%�@3#F$*J"^y%)#3R:;�T�@'=3m�T'I�C�D"a:;�@HZ:;)��@�j+t"=�%�JF$3m<Y"=.P3R�RH%";�C"13#�T"1HS�@3#F �!�#"�& �#'P*J"
:;�JHS:;)/�@� .dF2.d�@3��T'Y�!�#"G>/H%'$F=HS.d<�U

pI"=�A>/�@�T"n.P*J*��!�#"=�%"n:;'=<?<B"V3#�%�Vi$�!������uRHZ�A� 02"1HZ�%�@'=3?'PM ]�'#�%"=�����L:1.P>x.l5#*@"n'dM �%.1�T����M�Q#�@3#F
�!�#"�3#"1"=+��h'PM�.�*@'$�O'PMn)R�%"8HS�?.=�B�@�O+D�e+~�T'¢<B"¡U�Kh.d< F$HZ.1�A"VM�)�* �T' �\)25DQ�{L�#"13	.P3/+
�!�#"h�%�J3DF=*@"h"1*J"d:;�NH%'$3/�e:1��F=H%'$)/> 'dM��C�D"��A�N.1�A"k)D3/�@02"1HZ�%�@�TQ?'PM 	I"1&��L'=HAW .1�m_2�T'$3#Q���HN'2'$W`i
& �J�!�D'=)D�6]�'#�%"=� Kg&('$)�*,+��/.102"43�'=�I5R"1"139.15#*@"n�T'?.=:1:;'$<O>D*J���A�Y<BQY&�'=HAW`U

K .P< �@3R:V*@)R+D�J3DFY�#"1H%"�.?+t"=�N:;HS�@>��T�J'$3X'PM(�!�#"h.d*@F$'=HS�@�!�/< )x�%"$+��J3�]�'#�%"=�4�T'?�!�/.l�E�!�#"
HN"$.=+t"8Hm:8.P3�.P>#>�H%"d:V�e.1�T"h& ��.1�n�!�#"?�T'PM��T& .dH%"O+D'2"=�;UX�������n+2"$�N:;HS�@>/�A�J'$3����n.?>R.PHN�m'dM �!�#"
uR*J" �S:S��.d3DF="$�VU�+D'#: �B.10=.P�J*e.15D*J"n& �@�!�X�!�#"k�A'$)/HS:;"k:;'#+2"2U

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

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

���0�1��,
���
�/�1��������)2$

3*��4��5�����(6	�(�	����7!

�7$'3*�����5
����(��1�0����)��
��,�������
�6	�(
	����8!

#%$:91��)/,�����(;����1�����,1��	��� ����<����=������>)� 
���1)?$

@7$A&B����	� 
�����
�+������,
��
�����������>)C������
�;�
.-B�>)EDGF�(

�������������*�/�
�����6	���>F����
��������
)����������,
��
�����������*)

�����������.-*�*)�-� ����
���=������������+,
��
�����������>)C���>-

��)������>-6	��
�����
�*)?$

HI$A&B����	� 
�����
�+�������� ����
���>�����;�
�����>)J�
�������EKL�EDNM
O

F�����P�����������	���,
�*�/����6�
�-*�>);��	�	���>-��/�����
;���
�

Q.������
�-*�=RQS���������("$

�
�����1�%KL�EDNM*O+T�U�V2KL�EDNM�O�W.-�X2KL�EDYM
O�Z%K[��W��*O�\�Z

U
#�]���=�,_^`].-�X2KL�EDYM
O�Z/��W/a�b�\

P��
���
�

V2K0�%DNM�O���)����
���� ����
���;	���>-� 
	�������	��

XP4



F
����P
�����;�
.-B�>)�� ���>-6M8D

-�X8K0�%D`M
O���)+���
�6���
������(�	��
�����
�����
/�

��
��	��
�����
���� ����
���*�/���ID

� ��)����
���*��������������6	����)/�����������*-

a ���
�����/�>,��������� ��
�?$

����������(�	��
�����
�*)����
�;�
� ��>-;���
/�����
��,���
�����1�����*)

���*-6��������������) ��6������	���,
��	>�/�����*	�� ����������="$

�"$ &��
��	����
�� &B� 
��/�*F�F����	��
��-*�7$ &*� 
��/�>F;F
���	��
�.-B�

��)�)��>��-;����	�	� ����/�

���/�������*)/ ��
	 #��*].H�

P��
���
���
�����1���>)� �� ��)����
� )� �������� ��������>�����;�
���
�>)

��	���>)�);������M� ��
	��������)2$

�7$������� &*� 
��/�>F;F
���	��
�.-B�?DS)�� �> 
������������ ��������*�/���

��5
�����"!

]�V*���
�����������;�
���*-*�� �� ��>F�����F�����P������
�6���>- #+����

������,��
�F
��F����*�/��(���������� ����
���>��������5
�����"$

&*���5
�����;���1��)+�
6���� ��������*�/���;��� ����-B�����_!

��T4��=�,"^'];�
�/�������>)/ ���W�-*������b

�/�6������)+��� ������) ���*)�)+�������1�0����)��
��,����
�����

�� ����
���>��������5
�������	�	� ��1)?$ ������������	�	������������
��-

9>& �� ����,��1���� DG���
�;�� ����
���>�/������� ������)��
��

�
���>-*��"D:F� ������� 
���>)�#�Z%K`�
��������)/ �� O2$

]�V*���
�������������
����
���������>-B/���� ��>F
��� KN ��
	����������������-

�
;���
���1�/�1)/��O+����1�/�>-;P��
���
���������� ����
���>�����

��5��������	�	� ���)2$ a��
��,��
�F���F1���>����(���������
���� ����
���*�/���

��5�����������	�	� ���������� ��������1�/5
����M� ��
	��1�������)

���� 
����������
��M� ��
	���������[) �� ����
���>�����������
��-
��5���-B�.-

F�(6�
�/������)� �� $

�7$���,>-B���
�����
���1�0���8!

]�����)/(�)��
��� ��)�&B� ���/�*F�F����	��
��-*��-8DA���>-6�����

��=��
����������)��/�������*)����
� )��
������	2D ���>-;���
��������) �


	��
�����
�+��������)��
���������
� ��������
���
�*)���)/�
���)ED

X�3



�/��	����/���������1�0�1���
����
�6���>-6������
���1�/�����;	�(
	����8$

]��/�4���� ��������*�/��� ��5
�������	�	� ���)ED ���
	����/�1����� ���
�

��� ����F�(��������� ����
���>�����;���0�1��-*�����

]������
����P���)��%DS�/��	��
�������������
���1�0�1��F�(����
���1�0����)��
��,"$

� $ ��,>-*���
��)�,
��	���������-*���1)�����(;5
���1����F
���*)�KL)�����F������P�O2$

�I$ ��,>-*���
���1�0����]�P��>�/�����
��-�)/ �� );��6,
��
�����������>)C���>-

	��
�����
�*)+�
���)��
������)�����	>)+	�����	� 
��������/��)2$

�7$A&B����	� 
�����
�;	��������
���/� ��)������>-6	��
�����
�*)<-� 
���������� ��	

���>)���)/�����)2$ &B���������F� �������1)+������	� ����
�����������P����>-

��( �� 1��)����
>��)��8$

#��7$����
�	�����-;P��/�����
��=������ ����)��
��,_$

F"$ ��,*-*�����<5����1����F����*) �
���	�����	� 
�����������������
��1)?!

]��1�0����]�P��>�/�����
��-6)/ �� );�5�����	�(
	����>) �� ) �� ������>) ��

,���
�����1����� ���>- 	����������<�1�0�1��]���5
���
�/�
�*)%$

] )� ����5����4	�(
	����*)��� ) �� 
���
�>) ��6�
������ ��*F
������

�� ��������*�/��� ��5
�����1)?$

]��1�0����]�P��>�/�����
��-6)/ �� );�5�����	�(
	����>) ��4��5
���
���
�;	� ����
�����"$

	7$ �����	����.- P��������
��=���	�(
	����7$

@7$'3
�/�������*�/�
������1�������;,���	��� ��
�+�
��=��"$

HI$'3
�/�1��)���	�����	� 
������������)��
������)�����	>)%!

]���� ����]���5��������*�;	��
�������?D:,
������������������*-6	� ����
�����

]�	�(�	�����]���5
���
�/�
�J�
���6�� ��>F
��������� ��������*�/��� ��5
�����1)

]������
���)

�"$ �*������
�*)/ 
����) �� )�	��������

XP7



�*�������>)�

�"$��"$����/���
���*��5ID �"$ �B������5
����/5 DGVI$��
���B��	��
�����>-�� $ �2$Y�*���>-�(� ��
�5*�?D

� �����;a��
���1)?$��������_$`@��?D # �>H�� K/# � � �>O2$

T�T�T�T�T�T�T�T�T�T�T�T�T�T�T�T�T�T�T�T�T�T�T�T�T�T�T�T�T�T�T�T�T�T�T�T�T�T�T�T�T�T�T�T�T�T�T�T�T�T�T�T�T�T�T�T

XP9



� � � �|�  ��� �

� � � 
s��� �  � ���

bI* �!�#'$)/F$�¢�!�#"Y"1<?>��/.$�%���I�C��H%'=)�F$�~'$)#�m�C�D"Y�!�#"$�%���4���4'$3 +D�@F=�@�N.P*(:;�JHS:;)��J�N� )x�%�@3#F��%�@3#F$*J"
"1*J"d:;�NH%'$3�+t"10#�e:V"$�Vi��T'$<Y"n.P3/.P*J'$FY�e+2"$.=� .PHN"m>�HN"$�%"83D�T"=+B�#"1H%"n& �@�C�D'=)D��M�)�*J*s.P3/.P*JQ��%���VU

� �
� � �  � � �� � � � � �*%3�!� � )

b 5�HS�J";M +D���%:V)R�S�%�@'=3?'PM �!�#"G�T)�HS3x�A�T�@*J"$�L& .=��F$�@02"83?�@39:S��.d>��T"1HO0#U�K!��&a.$�E�A�#'d& 3��!�/.1���!�#"
'=)D�T>�)#�n:;)�HNH%"13#� ����H%"8*e.1�T"$+?�T'Y�!�D"n�J3�>�)#�I02'd* �N.PF$"nM!HN"dv2)�"13R:;QY5#Q-�C�D"nH%"8*e.1�T�@'$3 � � ! % � U
pI)/HS�@3#F�"$.=:���:;Q/:;*@" ! "1*@"l:;�%HN'$3R�4>R.=�S�m�!��H%'=)�F$�~�!�#"O+t"10#�e:V"B& �#"1H%" ! +2"1>R"13/+��G'=3¢�!�#"
pG{ ' j�%"1�O.P3/+ b4{ .P<?>#*@�J�A)x+t"Y'PMn�C�D"X.d>D>#*@�J"=+ �%�JF$3/.P* ��H%";M�"1Hh�T'����@F/U 0#U X �ZU�K ME�!�#"=�%"
>R.dHS.d<B"1�T"1HZ� .PHN"h:S�D'#�%"139�T'?�!�/.l� ! � * iR�!�#"GHN"1*e.1�T�@'=3�5R"d:;'=<B"=� � � % � U ��)#�4�!�#"m+2)R.d*
HN"1*e.1�T�@'=3 � � �

� % ���^.P*,�A'E>�H%"=�%"13#�^�@3n�!�#" _#cL�4UdKCMx.E:;'$3R�T�N.P3#�s:;)�H%HN"13#�^>R.$�S�%"=�^�!��H%'=)�F$��.P3
_#cL�~�!�D"(02'd*��N.dF$"6.$:;HN'#�S���@�\'#�N:;�@*J*e.1�T"=�^.l�L�!�#"��J3�+#�e:1.1�T"=+6MCH%"lvt)�"83R:;Q2Us���#" �e+2"$.E>�H%"=�%"13#�T"$+
�#"1H%"n���L�A'O:;'=<m5��J3D"45R'=�!��" `"d:V�%���J39.B�%�J3DF=*@"k:;�@HZ:;)��J��.=�I�T�D'd& 39�@39���@F/UR�4U * U

b4:1:V'$HS+#�@3#F¢�T'¢�!�#"�3�'#+2"�"dv2)R.1�A�J'$3|�!�D"9�T'$�N.P*n:V)�H%HN"13D� � ����"lvt)R.d*I�T'~�!�#"��T)D< 'PM
� � � % � � .d3�+ � � � % ��� �!U "¡U

� � � � � � � � % � � � � � � � �C�4U * �

�������4���n.�:V'$3R�T�%.d3D�k:;)/H%H%"83D�n>R.=�S�%�@3#F��!��HN'$)�F=�~.P3|_#cL�4iw�#"13R:V"B�!�#"h02'd* �%.dF$"X.=:;H%'#�S�4�J�
'#�N:;�@*J*e.1�T"$�(.1�E.�MCH%"dv2)�"13x:;Q

� � �% � � � � � � �C�4U 0 �

���#"m:V)�H%HN"13D� �x'P& �J3DFY�@39.h�T)�HS3R�A�T�J*@"E<h)R�A� 5R"n�@3/+t"8>7"83�+2"13#�g'dML�!�#"402'd* �%.dF$"�.P>#>D*J�@"=+
XJ<



SET V( f1+f2)

V(f1) V(f2)

I1

I

I2

Bias

Turnstile Turnstile

1 2

���JF$)�HN"k�4U * ��[\HN'P>R'#�%"=+�MCH%"lvt)�"83R:;QO�A��� M��A"8H
�d.=+�+2"1H1U

.$:VH%'#�S�4�@�IM�'=Hk:;'$HNH%"d:;�n'd>R"1HS.1�T�@'=3�'PMf�A)/:���.X:;�JHS:;)��J�1Uhc\�#>R"1HS�@<Y"132�N�f�J3�+#�e:1.1�T"m�!�/.1�n�A)/:S�
:;)�HNH%"13#�\>#*e.1�T"=.;)R��.dH%"6�%"1"13 0 0PT32!Ug_¡�@<h)�*,.l�T�J'$3R�s.P*,�A'm�J3�+#�e:1.1�T"��!�/��� 5R"V��.10#�@'=H�.=���T�D'd& 3?�J3
���JF�U`�4U 0DU6pI)�"k�A'X�!�#"h�%�J<h)�*e.1�T'$H HN"=�A�%HS�,:;�T�@'=3R��5R'$�!���@3�>/)D�IMCH%"lvt)�"83R:;�@"=� .dH%"h�%"8�4�T'?�!�#"
�%.d<B"60$.d*@)�" � � � � � � * � * T$T � � ��� ���g�!�#"n�T)D3�3#"1*`H%"=�%���A�N.P3x:;"4'PM �!�D"(y%)#3R:;�T�@'=39.P3/+ �
�@�N�L:1.d>R.$:;�J�N.P3R:;" �^F$�J0D�J3DFn:V)�H%HN"13D�N��'dM � � � � � � % � � * TPT � � �L.$�\�J3�+D�,:1.1�T"$+n�@3h�!�#"�uRF=)�H%"2U
���#"I�T'$�N.d*^:;)�HNH%"13#�L���L�A�#'P& 3�.P*e�T'h& ���e:S�h���\�!�#"n+D'$)25#*@"6'PMs�!�#"I�T)�HS3x�A�T�@*J"E:;)�H%HN"13#�%�VU\�������
0=.P*J�e+#.l�T"=���!�#"n5R.$�%�,:4:;'$3x:;"1>��8U

}I3DM�'=H%�T)D3/.1�T"1*@Q2i\�C�D" �A>R"d:;�NHS.P*E.d3�.d*@Q/�%���h.P*JF$'$HS�J�!��< .10=.P�J*e.15#*@"X& �@�!�|�!�#"��%�J<h)�*e.1�T�@'=3
�A'dM��T& .PHN"h+D'2"=�I3/'$�4�/.P3/+D*@"n�T)�HS3R�T�T�@*@"=� .d3�+X>�)D<O>��E.$:8:;)�HS.1�T"1*JQ2U �E�!�#"1H6�%�@<h)�*,.1�A'=HS�10:7$4"2
<O.PQmF=�@02"E5R"1�!�T"1H\HN"$�T)�* �N�;i��#'P&("102"1H\�C�D" uR3/.P*R�T"$�T��&('$)�*,+�5R"4�T'GM�.15�HS�e:8.l�T"a�A)/:��O.m:;�JHS:;)/�@�
.P3/+¢�T"$�T�m�J�m& �@�C�¢H%"=.P*(�@3�>/)D�N�;U�K ME�@�h+#'2"$�m>R"1HTM�'$HN<��!�#"BMCH%"dv2)�"13x:;Q��A��� M��T�@3#F-M�)#3R:;�T�@'=3
�!�#"13h�@� :1.d3B5R"�)x�%"$+h�@3Y:V'$<?<h)#3��e:8.l�C�@'$3k:;�JHS:;)/�@�N�w�J3R�A�T"=.$+n'PMj�!�D"a:;)�HNH%"13#�!*@Qn)R�%"=+m<?�J�D"8HS�
& ���,:���.PHN"B3�'=3�*@�J3D"=.dHG"8*@"1<Y"13#�%� >�HN'#+t)/:;�@3#F��%�JF$3/.P*,�G& �@�C� ���JF$�¢�/.PHN<?'$3/�e:h:;'=3D�T"13#�1UOb
+2"1�N.P�@*J"=+��A�T)R+DQ|'PMh�C�D"��T'$�N.d*G�/.PHN<?'$3/�e:�+#���A�T'$HN�A�J'$3�'dMh�!�#"�'$)#�T>�)D�9�@3��!�#"�>�HN'P>R'#�%"=+
:;�JHS:;)��J�I���E3D"d:V"$�S�N.PHNQ��T'X��.102"h.BM�.P�JHn:;'$<O>R.PHS���T'$3^UkK!�n�A�#'$)�*,+ 5R"h3�'=�T"$+��!�/.1�n���@F/U^�4U *
�A�#'d&E�I.Y:;�JHS:;)��J���!�/.1�4�T����M��N� �!�#" MCH%"lvt)�"83R:;QY)�>^i���M �A�/��M��T�@3#FY+D'd& 3�����HN"dvt)/�@H%"=+?�!�#"13X�!�#"
>R'#�%�@�T�@'=3h'PM`�!�#" �T&�'4�T)�HS3R�T�T�@*@"=�^& �@�!�hHN"=�A>R"d:;�s�T'G�C�D"4_#cL�¢<h)R�T�L:��/.P3#F$"¡U\K M`�!�D"(>R'#�%�@�T�@'=3
'PM(�!�#"muRHZ�A�n�T)�HS3R�A�T�J*@"n���f�J3D�T"1HZ:��/.P3#F$"=+�& �J�!���!�#"?_#cL� �C�D"�:;)�H%HN"13#�I"dv2)R.1�T�@'=3�57"l:;'$<Y"=�
� � � � � � � H%"=�A)�* �T�@3#Fh�@3 � � � � � � � U

�������mM!HN"dvt)/"13R:;Q��A��� M��T"1H
�l.$+�+2"1HO:1.P3|.P*,�A'¢5R"X)R�%"=+ �J3|+D�@F=�@�N.P*E:;�JHS:;)/�@�N� ��& �#"1�!�#"1H
XPX



0

0.005

0.01

0.015

0.02

0.025

0.03

1.7 1.8 1.9 2 2.1 2.2 2.3

C
ur

re
nt

 in
 u

ni
ts

 o
f 

q/
(R

C
)

Bias voltage in units of q/C

(a) I1
(b) I 

���@F=)�H%"n�4U10 � _2�J<h)�*e.1�T�@'=3BHN"=�A)�* �N�f'dM\�C�D"4MCH%"dv2)�"13R:VQ?�T����M��T"1H	�d.$+/+t"1H8U

5��J3�.dH%Q~'$HY<h)�* �T���C0=.P*@)/"$+�� 5#Q~.$�S�%�JF$3��J3DF~.�:;"1HN�N.P�@3¢MCH%"dv2)�"13x:;Q M�'$HY"=.$:S�~*@'$F=�e:?0=.P*J)�"
�J3R�A�T"=.$+�'PME)R�%�J3DF .-02'd* �N.PF$"O*@"102"1*sM�'$Hn"=.$:S� 0=.P*J)�"?�J3¢:;'=3D02"83D�T�@'=3�.d*\:V�@HS:V)��@�N�;UXb�<O.P�@3
.=+D0=.P3#�%.dF$"9'PM �A)/:��|.�3�'$�N.1�T�@'$3~���n�!��.1�h�!�#"?M!HN"dv2)�"13R:;Q��T>R"d:;�%HN)D< ���G*e.dH%F="�.P3/+¢& �e+2"
F¡.P>`�?57"8�A&("1"13|�!�D" +D� `"1HN"13#�BM!HN"dv2)�"13R:;�J"=�B:1.d3�5R"�)R�%"=+�& ���e:S��<?.dQ~H%"=�A)�* �?�J3�& �e+2"
3�'=���%"n<?.dH%F$�J3R�;U

� � � � �  � � �� � � � # � � �
� �!�
#��

���#"�_#cL��H%"1*,.l�T�J'$3 � � �
� % :8.P3~5R"?)R�%"=+~.P*e�T'��T'�>7"8HAM�'$HN<�MCH%"lvt)�"83R:;Q��T����M��hW2"8QD�J3DF

�C�g_#q �s'$HgMCH%"lvt)�"83R:;Qn<?'#+2)�*e.1�T�@'=3 �!�\]��s& �#"13B�C�D"E:;)/H%H%"83D�\���L:;'=3R�%�e+2"1HN"$+Y.$�L�!�#"I�J3�>�)#�
�%�JF$3/.P*s.P3/+-�C�D"402'd* �N.PF="h.$:VH%'#�S���!�#"h_#cL� .=�f�!�#"n'$)#�T>�)D�6�%�@F=3�.d*!U

�g_#q�:1.d3~57"O�@<?>#*@"1<h"832�A"=+X5DQ�:;'#+D�J3DF��!�#"?�J3�>�)#�m5��J�h�A�NH%"=.P<o�@3#�T'��T&�'�+#� `"1H%"83D�
:;)/H%H%"83D� *J"102"1*e� � � .P3/+ � � U K M\�!�#"n5��@�E+2)�HZ.l�T�J'$3�����*J'$3#F?"13�'=)�F$� :;'$<O>R.PHN"$+?�T'?�!�#"n�T�@<Y"
:;'=3R�A�N.d3D�4'dML�!�#"B_#cL�¢y%)#3R:;�T�J'$3R�Vi � � H%"=�A)�* �N�I�J3�.P39'$)#�T>�)D�n02'd* �N.PF$"k& �@�!�XM!HN"dv2)�"13R:;Q � �
.d3�+ � � F$�@02"=� � � U �������w��� .4+D�@HN"d:;�^�J<?>D*J"1<Y";3#�T.1�T�@'$36'PMj�g_#qhU=���D"a�%.P<Y"(:;'$3x:;"1>��L.d>D>#*@�J"=�
�T'Y>�H%'#+2)�:V"m� ]¢i��!�D"n'=3�*@QX+#� `"1H%"83R:;"n�����!�/.l� �C�D"k:;)�HNH%"13#����� .Y:;'=3D�T�@32)/'$)R��0=.PHS�,.15D*J"G�J3
�!�/���G:8.$�%"2UYK!�N�6MCH%"lvt)�"83R:;Q�'dM 0=.PHS�,.1�A�J'$3�<h)R�T�4H%"8<?.d�@3��#'P&("102"1HE02"1H%Q �A<O.P*J*\:;'=<?>R.dH%"=+
�T'Y�!�D"n�T�@<Y"E:;'=3R�A�N.P3#� 'PM �!�D"(y%)#3R:;�T�@'=3R�;U

XPL



� �����������
	���

��������������������! �"$#%�'&)(�*,+-(/.��0 �(2103�354'6�3!+-7)85*9��:;4���<5=>6��0?!"A@CBED�FHGJI)D�GK"L<�3/MN��O0P T "
757Q�Q��P XSR �JT0TU"WVX6�*��Q�ZY X0[ �

�\O]�����$��^���Z���0 J"_#a`�&5�) b=c6� _3]de4f=g1!=g*%(]M,4���<5=>6��! �"A@ih$Gkj�FHGJlnmporqtsuo]vfGkw�Iyx�zU{SmZF>DkmJ"
<�3/M|�~}5�0")757Q�~O��SY R O X ��"W��7):��E��Y X Yf�

�\P]�������E(]�U45(�8)��:Z"�#K�$4f<!(]�~6J�04�*r�S6k&)�U3]M�301!�t(/�)4C*%:b85*|&�=g��(!4f<���:%*r=� b=��f1U"�@2x�zU{�mZF>Da�e�$"
<�3/M|�Q�Z} X "~757Q��� [SRHX ��"��ZY0Y T �

��T0���^�f��(04���.�"������r 9+-(/=gMN"/�t�0�^�!��:%+� r*%:b30�51)"�(]�U4�������*9��:a�Q"E#a���! b=g1!��3/d���=H�!��=H����&5��*r�
��:%3/�b8f��6�*9=g30� 6�3!+-75Mg��+,����*%(]:%�'+���*%(/M¡�N3]¢5=>4����£ b��+;=>6a30�U4�8)6�*93!:e*%:a(/�~ b=� r*930:K �"A@¥¤b¦�¦�¦
§ wb��I�mZ��D § F>o�I�m¨o�ICGa©gG%D § w%o�I2vfGJj�F>D�GbmJ"~<�3/M|�fT�Pf"~7f7ª����O!O]T R ��O!P0O)"���8U1)�Q��Y!Y0}5�

� [ ���^����(]�U6k&U(�8~45&�8):a=,(]�U4�t��«)���������Q"�#a¬���® r*%(�*r=c6t r*93!:a(]1!�¯ b6a&f�Z+��_d�3!:t(/�)(��
Mg3!108)�° b=g1!�)(/M> ^8~ b=��f1_d�3!8):r�£ r*%(�*9�e:%�! r30�U(]�5*r�N*98f�U�f��M�=g�51t4���<5=>6��! J"�@C¦±©gG%D § wbo�I)F>Dam-²�G §�³
§ GJwKmJ")<�3/MN�~O0Yf")757Q�Q�JT�P [�R �JT�P���"���8)1U�Q��Y0Y!Pf�

�\}]�;�~�������Q"�����´±(/7~(0 a 93)"��^�Qµ;��´�&53)"±(]�U4t�^����=g<U6�3)"�#a���! r30�U(]�5*,*r85�)�5��Mg=��f1�4���<5=>6��
�=g*N&_+;8)M�*9=g75Mg���f�Z1�(�*9=g<��X4f=¡¶E���):%���5*r=c(]ME:b�! b=� r*%(]��6���·���=g10=�*%(]M�(]�U4_ b=�10�U(]MQ7):%356��! a b=g�51
(]7575Mg=>6Z(S*9=�30�~ W�=�*|&;:b�!4�8)6J�04;6J=g:a6J8)=g*¸6�30+¹7fM���¢f=�*9��"�@�¤%¦�¦�¦ § wb��I�mZ��D § F>o�I�mXo�IeGK©gG%D § wbo�I
vfGJj�F>D�G%mJ"�<�3/M|�~º��L�£P]TU"�757Q�~O5� X0[�R O5��Yf�!"�V$6J*����ZY X ���

�����;�~�E�_30&U(]�Q"~`����2(/»�85+-4���:�"~���~�k�~¼X(04)45(04�"ª���~�;�~�2(]=��~ �"~(/�)4�«)��`�����85�Q"�#J�~301!=>6
4��0 b=�10�¾½~(0 b�!4�3!���5��1�(�*9=g<��¿4f=¡¶E��:%���f*9=c(]M�:b�! b=� r*%(/�~6���6k&U(]:K(06�*9��:a=� 9*9=>6� �3/d�À�8~(]�5*98f+
��M��/6�*b:%30�)=c6�4���<5=>6��! J"�@�¤b¦�¦'xÁwbo/D�GaG%v�F>I0Â/m ³aÃ "f<�3/M|�E��T T "�757Q�~P X P R P0Y5�0"Q���S60�Q��Y!Y0Pf�

� X �;�~�E�_30&U(]�Q"E`W�~�2(/»�85+-4���:�"~(/�)42���~�k�~¼X(04)45(04�"±#aÄ�M�*b:K(Sd£(0 9*�7)=�7~��Mg=��f�!4-(/:a=g*|&)+,��*9=>6
8~ b=��f1�À�8~(/�f*985+i�ZMg�/6�*%:b3!�)=>6�4���<5=>6��! J"�@$¤b¦�¦txÁwbo/D]Å ³aÆ o�Ç�ÈEÉ § Å�Ê�F�Â�F § Å¸Ë�G%Daz~Å�"0<�3/M|�5��T)�!"
757Q�Q� T T R �!� T "Q�2(]:Z�Q��Y0Y/T)�

Y T



�\Y]���t�U��:a(�d9(5"n#K�_354��ZMg=g�51,(]�U4- b=�+;8)M>(�*9=g3!�^3]d¸:b�! 930�U(]�5*�*98f�U�f��M�=g�51� r*b:%8)6J*r8U:b�! �"A@^�2(0 |�
*9��:��� �*|&5�! b=� �"Eº�Mg�/6�*%:b3!�)=>6� �(]�U4C´�30+¹+;8f�)=c6�(�*9=g30�� �����7)*Z���~(06J8)M�*r��3]dÁº��f1!=g�5����:a=��f1U"
´±(/=g:b3¹Ä��)=�<���:a b=�*9��")��Y!Y0P5��������&)=� �(/�)(/Mg�U b=� �:b�Z+-(/:r.U �3!�_7~(/10�¹��O0Y5�

��� T ������µ�(/�(]�U4�t��«)�$�����Z�Q"e#K¬��� ����� Mc(]:b1!���£ b=g10�U(]M¨��´ +-354��ZM^ 98)=g*%(�½5Mg�Cd�3!:
`� r7U=>6���"A@_¤b¦�¦�¦ § w%��I�mZ��D § F>o�I�m¹o�ItDao�Ç�ÈEÉ § Gkw ³ ��F>vfG%v2vfG%mZF�Â�I�orq,F>I § G�Â�wb� § G%v2D�F>w%D�ÉfF § m
��I)v�mZ{�m § GJÇ�mJ")<�3/MN����TU"�757Q�Q�Z}�� R �]�SOf"Q�)�J½Q�Q��Y!Y [ �

���0�����;�~¬$(/.)(/»/(�*r3¹(]�U4�¼^�)��&)+��!4�"Q#JV�7~��:K(�*r=�30��3]d� b=g�510Mg�J�|��M��/6�*%:b30�¹Mg301!=>6$4���<5=>6��! J"�@�=��
�9 r+¹(]=�M�G § �0©gÅª� X P/�|")757Q���/�/Y R � X ���

����O]���t�U¼^�5����<�30:%��*�(/�)4¹¼^����:a(�½~��:%*�"W#K�|�f*%:b354�8)6�*9=�30�,*r3, b=��f1!Mg��6a&U(]:b1!��*985�)�5��Mg=��f1U"�@�=��
BEF>I!Â0©gG Æ zU��wHÂfG2ËUÉ5I)I�Ga©�F>I!Â�� Æ o�É�©�o�Ç��	��©�o/D�
!��vfG�È)z~GJI)o�Ç�GJIU��F>I�I)��IUo]m § wJÉfD § É5wkGbm
�N¼^�W��:a(�½~��:b* (]�U4C�t�E¼^�Q���Z<�30:b�Z*�"��!4) J��a"ª6k&Q���0"Q757Q��� R ��Y5"�¬��Ziµ�3!:r.E·$`�M�����8f+
`�:b�! a J"Q��Y0Y!Of�

����P]���^� M �)��<���:a=��-(/�)4��;�)�;�~�~=g.5&)(/:b��<E"W#J��=g�510M��^º�M��/6�*b:%30�)=c6� �·��6�3!:b:b�ZM>(�*9�04;*b:K(]�~ |d���:
3/d� b=g�510M��-��Mg�S6�*b:%30�~ �(]�U4�6�3�3/7~��:;7~(/=g:a ^=��¾ r�U r*9��+� $3]d� r+¹(]MgM�*985�)�f�ZMQ�b85�~6�*9=g3!�~ �"A@
=���stGbmZo]mZDao�ÈEF>D�È)z~GJI)o�Ç�GJI)� F>I mZo0© F>v]m����$�W���¸��M�*b 9&�8)Mg�Z:�"�`����^���~����"�(/�)4 �����^�
����½U½Q")�!4) ���a"~6a&Q�)}5")7f7Q�Q�/�/P R O��SOf"���+� 9*9��:a45(]+2·ªº Mc b��<5=g��:Z"���Y!Yf�!�

����T0���^� M �)��<���:a=g�,(/�)4��;�)�;�)�~=g.5&)(/:b��<E"Q#a`W35 a b=�½fM���(]7575Mg=>6Z(S*9=�30�~ �3]d¸*|&5�� b=g�510M��$6a&U(]:b1!�
*985�)�f�ZMg=g�51)"A@t=g�yB�F>I0Â0©gG Æ zU��w�ÂfGtËUÉ5I)I�Ga©�F>I!Â�� Æ o�É�©�o�Ç�����©�o/D�
!��vfG,È)z~GJI)o�Ç�GkI)��F>I
I)��IUo]m § wJÉfD § É5wkGbm��|¼^����:K(�½��Z:b*;(/�)4��t�¸¼^�����Z<�30:b�Z*�"��!4) ���a"�6a&Q��Y5"�7f7ª��Pf�0� R P!P0Of"
¬��Zyµ�30:9.E·�`�Mg����85+ `�:b�! a �"Q�ZY0Y!Of�

��� [ ���;�Q`��Q¼�=g:%<f=N"��t�ª�^��`¸(0(]Mc(]�5���Q"�(]�U42«)�Q`��Q`W��.�3/M>(5"�#a¬�8f+,��:a=>6Z(]MQ=g�5<��! r*9=g1�(�*r=�30��3]d
3!�f���£4f=�+����� b=g30�U(]M�*98f�U�f��ME�b85�~6�*9=g3!�t(/:b:K(]�U ;(S*�*9��+-7~��:K(�*r8U:b�! �(�½~3/<��-*|&5�,6�308UMg30+�½
½5Mg356a.)(!4��2:%��10=�+���"�@��Uo�ÉfwJI)�0©�orq���È�È~©�FHG%vtx�zU{SmZF>DkmJ"�<�3/M|� X$T "�757Q��O [ } R O0}!Pf"�«08)Mg�
�ZY0Y0}5�

����}]��«)�¸�����Q8)6a.���:�"±#�´�30+¹7fM���+��Z�f*%(]:%��4f=g1!=g*%(]M�M�301!=>6;½~(0 b�!4t30�t*N&f��#�´�3!8)Mg3!+^½t½5Mg356a.��
(!4��/@±"�@��)o�É5w�IU�0©�orq$��È�È~© FHG%v¹x�zU{�mZF>DkmJ"f<�3/M|���SOf"~7f7ª�fT�P!Y0Y R T0TU��P)"�¬�3/<E����Y!Y0O5�

���]���;��=�+;8)M>(�*9=g3!�~ (]:%� 4f30�5� 8~ b=��f1 �_3!�f*9� ´±(]:%Mg3 ��=��f1!Mg���£º�Mg�/6�*%:b3!�)=>6� ��=g+;8)Mc(�*r3!:�"
�CV��5º��~�,�|*�=� t(�<0(/=gMc(S½5Mg�'d�30:tdN:b���'�U30� 6�3!+-+,��:K6�=>(/M;8~ b� dN:b3!+ ��8�½f� ´�&f���ª�

Y5�



�H�Z+-(/=gM|·;:K6k&5������d���M�=g¢E� 7U&f�U b=�6� ��A r85�f�U r½Q�\�/4�8 �30:;=g��*|&5��4f=�:b�/6J*r3!:b����7)8�½E��+-35 b�! ;(�*
d�*97Q·¡�!��&U(]�U(f�\7)&f�U b=>6Z ��� 98f�5�U r½Q�\�04�8E�

�¡� X ���^� M �5��<���:a=��,(]�U4�µ¨� M ��¬$(]»S(]:b3/<E"Q#a�2(06J:b35 b6J3]7U=>6�À�8~(/�f*985+ *98f�)�5��M�=g�51$3]d¸6a&)(/:b1!�
(]�U426�3/�|*985�)�f�ZMg=g�51)"A@�=g�tB�F>I0Â0©gG Æ zU��wHÂ5G�Ë)É5I)I�Ga© F>I0Â�� Æ o�É�© o�Ç�� ��©�o/D�
!��vfGXÈ)z~GJI)o�Ç ³
GJI)�¹F>I_I)��I)o]m § wJÉfD § É5wkGbm �|¼^�)��:a(�½~��:%*�(]�U4��t�5¼^�)���Z<�30:b�Z*�"��!4) ���a")6a&Q�5}f"57f7ª�)Of�/� R
O]T�}f"E¬���¯µ�30:9.�·�`�M�����8f+ ` :%�! a �"Q��Y!Y0O5�

�¡�ZY]��`W�����M> b=��f1U" #�V��f�J�94f=�+��Z�~ b=g3!�)(/M(]:%:a(]�U 3]d  r+¹(]MgM*985�)�f�ZM'�b85�~6�*9=g3!�~ �"A@ =��
BEF>I0Â!©gG Æ zU��wHÂfG�ËUÉfIUI�Ga©�F>I0Â � Æ o�É�©�o�Ç��	��©�o/D�
!��vfG�È)z~GJI)o�Ç�GJI)� F>I�I)��I)o]m § wJÉfD § É5wkGbm
�|¼�����:a(�½~��:%*�(]�U4;�t�0¼��/����<�30:%��*�"!�04U ���K"�6a&Q�0��"�757Q�0O/T�Y R O��ZT)"U¬����µ�30:9.�·�`�Mg�Z��8f+
`�:b�! a �"Q�ZY0Y!Of�

� O T ���^�±º� r*9��<���"�# �Q:a(/�~ £d���:%:a=g�51t��M��/6�*b:%30�~ ;30�5��½f��3!�f��"A@C=g�¯BEF>I0Â0©�G Æ zU��wHÂfG Ë)É5I)I�GK© ³
F>I0Â�� Æ o�É�©�o�Ç�� ��©�o/D�
!��vfG±È)z~GJI)o�Ç�GJIU�-F>I�I)��I)o]m § w�É5D § ÉfwaGbm �|¼^�5��:K(�½��Z:b*±(]�U4-�t��¼^�
����<�3!:b��*Z"f�!4) J��a"~6a&Q�UPf")757Q�Q� T Y R �ZP���"W¬���'µ�30:9.�·±`�Mg����85+ ` :%�! a �"Q��Y!Y0O5�

� O5������� �E(/�)45(�8)�Z:�"�#a�_=g�U=g+¹(]M����f�Z:b10�¾:b�/À�8)=�:b��+,����*% �=�� 6J30+-+;85�)=>6J(�*9=g30�ª"�@�BEDZFHGJI)D�Ga"
<�3/M|�~O��/Of"~757Q���ZYf��T R �ZYf� X "�«085�f�,�ZY0Y0}5�

� O!O]���;�t�;���~=�.f&U(]:%��<E"¥#K`�&f�U b=>6� (/�)4 7~35 a b=g½5Mg� (/7f75Mg=c6�(�*9=g30�� 3/d b=��f1!Mg���N��M��/6�*b:%30�
4���<f=c6��! �"A@��ªÉ § É5wkG$¦±©gG%D § wbo�IeÊ;Gkj�F>D�Gbm�����¦�Ê��Zo�É5w�IU�0©�")<�3/M|�~}f")757Q� [�R ��TU"W�ZY0Y [ �

� O!P]�;�~� ��=g�(/:a=|"�������(]�U(f"±¼^��¼$(]�U(
	n"��^��¼$(/:b*% r*9�/=g�ª"�ºL�¸����´�:K(�½)½����"�(/�)4��;��´�&U(]�Q"
#a�  b=�Mg=c6�30�¾�)(/�)356�:b�U r*%(/M> -½~(0 b�!4'+��Z+-30:%��"\@���È�È~© FHG%v x�zU{SmZF>Dkm�²¸G §H§ GJwbmJ"�<�3/M|�±} X "
757Q�Q��P��0� R ��P��/Yf"��2(/:��Q��Y!Y0}5�

� O/T0���;��µ±(]�)3U" �$���9 r&)=�=|" �$��¼$(! r&)=�+-30*93U" �$���$30½�(]�5(0 9&)=|"��±���_8):K(]=N"$(]�U4¯��������.5=|"
#a��3�30+,�|*9��+-7~��:K(�*r8U:b�¹ b=g�510Mg�J�|��M��/6�*%:b30� +���+¹30:b��" @2¤b¦�¦�¦ ËUwb��I�mZ��D § F>o�I�m�o�I ¦±©gG%D ³
§ wbo�I¿Ê¨GJj�F>D�GbmJ"~<�3/M|�fTU�0"~7f7ª�Q��}0O XSR ��}0P X "�����7U*��Q��Y!Y]TU�

� O [ ���;�5���)�~=�.f&U(]:%��<;(/�)4-����¬^�5�$30:b3!*b.�3/<E"n#KÄ�M�*b:K(04����~ b��&f�5½):a=>4���º ���S��º �y45�f�U(]+-=c6
���$�t·0�)�!(0 b=�½)=gM�=g*9��3]dE½~(!6k.510:%3085�)4,6a&)(/:b10�±=g�U4��Z7��Z�)4����5*Q:b3�30+ *9��+-7~��:a(�*98):%�� b=g�510M��
��M��/6�*b:%30��4f=�10=g*%(/M�6�=g:K6�8)=g*% J"�@;=g�2xÁwbo/D�GaG%v�F>I0Â]m�orq § z~G��������¤kI § Gkw�I)� § F>o�I)�0©QBQGJÇ;F>Dao�I ³
v�É5D § o�w$Ê;GJj�F>D�G$hXGbm/G%��wbDaz�BE{!Ç�ÈUo]mZF>ÉfÇ^"57f7Q�~P!P [�R P [PX "Q���/6;��Y0Y [ �

Y!O



�\O0}]��`���¼X(04fM�����"$º���¼^� M =� a b6a&f��:Z"�µ;�$´�&5���Q"$(/�)4¯«)��º����_3�3!=���"-#K���y3/¶ª b��*r�£6k&U(]:%10�
=��)4���7~���U4����5*; b=��f1!Mg���N��M��/6�*b:%30�)=c6� ;�$���~=�7f����3]7ª"�@C=��'�9 r+¹(]=�M^G § �0©gÅX� X P/�|"�757Q��O!O]T R
O!O0Yf�

�\O������;�)�;�)�~=g.5&U(]:b�Z<�"Q#���=g�510Mg�J�|��M��/6�*%:b30�,*b:K(]�~ b=� 9*930:a J·�º�Mg�/6�*%:b35 9*b(�*9=>6±(]�U(]M�301� �3/d�*|&5�$��´
���XÄ$�9����"�@u¤%¦�¦�¦ ËUwb��I�mZ��D § F>o�I�m¿o�ICs���Â�I~G § F>DamJ"�<�3]MN��O0Pf"�757Q���0�JT�O R �0�JT [ "��2(]:Z�
�ZY X ���

�\O X �����5¼^�f´�&5���Q"5�^�5¬^���$30:%30*%.�3]<E"5(]�U4-�;���;�)�~=g.5&)(/:b��<E"Q#���=��f1!Mg���N��Mg�S6�*b:%30�;*b:K(]�~ b=� 9*930:
M�3010=c60"�@��±È�È~©�FHG%v�x�zU{SmZF>DkmX²�G §�§ GkwKmJ"5<�3]MN�~} X "�757Q���ZY [ T R �ZY [ })"W��7):��E��Y!Y0}f�

�\O0Y]���t�E�a���~8f*9��U6k&5��(]�U4_µ;�)�t(!4f(5"�#aº� 9*r=�+-(�*9�$3/d�*N&f��8)M�*9=g+¹(�*r�X7��Z:rd�30:%+-(/�~6��$3/d�*|&5�
 b=��f1!Mg���N��Mg�S6�*b:%30��*%:a(/�~ b=� r*930:Z"�@ �Uo�ÉfwJI)�0©�orq���È�È~© FHG%v x�zU{�mZF>DkmJ"�<�3/M|��� [ "L757Q�±P0} [ T R
P!}0}f�!"Q��7U:��Q��Y!Y]TU�

�\P T ���^�~¬��~� 3!:b3!*b.�3/<�"~���E¼^��´�&5���Q"E(]�U4����E�;���~=g.5&)(/:b��<E"�#a`�35 a b=g½5Mg��7~��:rd�3!:b+¹(]�~6���3]d
6�(/7~(06J=g*9=g<���M��26�3!8)75Mg�!4� b=g�510Mg�J�|��M��/6�*%:b30��*b:K(]�~ b=� 9*930:a ^=���4f=�10=g*%(/M�6J=g:a6J8)=g*% �"A@ �)o�É5wJI)�0©
orq��±È�È~©�FHG%v�x�zU{SmZF>DkmJ")<�3/MN��� X ")757Q�~O [ O T�R O [ P T "���8)1U�Q��Y0Y [ �

�\Pf�����t�����~���~6J30�U(f"�#a���0 b=�10��3]d±6�3!+-7)85*%(S*9=�30�U(]MgM��;8~ b��d�8)M� b=��f1!Mg���N��M��/6�*b:%30��45=g10=�*%(]MQ6J=g:r�
6�8U=g*% �"A@ �Uo�ÉfwJI)�0©ªorq$��È�È~© FHG%v¹x�zU{�mZF>DkmJ")<�3/M|���SYf"~7f7ª� [ O!} R�[ P0Y5"�«�(]�Q�Q�ZY0Y0}5�

�\P0O]��«)�E�^�~�e�/=��)4fMN"�#a`�&5�) b=c6�(]MEMg=g+¹=g*% �3!�_10=�1�(! b6�(/Mg�^=��f*9��1!:a(�*9=g3!�Q"�@��)o�É5w�IU�0©�orq��U��DaD�ÉfÇ
BEDZFHGJI)D�G,��I)v�Ë�G%DkzUIUo0©�oaÂ�{���"~<�3/M|�E��T)"~757Q���ZY0O R ��Y [ "�«�(]�Q�Q�ZY0Y!}f�

�\P0P]�;´����~���~���5*,(]�U4�`����^� �Q308U1�(]�"�#��~=g�5�! ^3]dX=g�5*9��:a(!6�*9=g�51_À�8~(/�f*985+��94530*;6J��MgMc �·,�
½)=��)(/:b�,�=g:%��"�@��)o�É5w�IU�0©�orq��±È�È~©�FHG%v�x�zU{SmZF>DkmJ"�<�3/M|�~��TU"f757Q�5}0O0O�� R }0O0P�P5"Q¬�3/<E���ZY0Y!Pf�

�\P]T0�;´����~���~���f*Z"0`��/�^� �n3!8)1�(/�"���!`W3!:b354�"�(/�)4;���0¼^� ���Z:a�~ r*9�/=g�Q")#	��8~(]�5*98f+ 6���M�Mg8)Mc(]:
(�85*930+¹(�*b(5"�@�
���IUo § G%DkzUIUo0©�oaÂ�{]"~<�3/M|�fTU"�757Q�5T�Y R�[ ��"���Y!Y0Pf�

�\P [ ��`����^� �n3!8)1�(/�"�´����~���~���5*�"�(/�)4t���`W3!:b354�"�# ��=� 9*b(�½5Mg�¹ b(�*98):a(�*9=g3!��=g� 6�308)75Mg�!4
À�8~(]�5*98f+,�94f3!*�6J��MgMc �"�@ �Uo�ÉfwJI)�0©Uorq��±È�È~©�FHG%v x�zU{SmZF>DamJ"0<�3/M|����T)"!7f7Q�!P [![$X�R P [ }0})"~����7)*Z�
�ZY0Y0P5�

�\P0}]��`��~�^� �n3!8)1�(/ (]�U4u´����~���~���5*�"�#��~3!10=>6Z(]M¸4���<5=>6J�0 �=g+-75Mg�Z+;���f*N�04;8~ b=��f1,À�8~(]�5*98f+
6��ZMgMg8UM>(]:Á(�85*r3!+-(�*%(f"A@ �)o�É5wJI)�0©�orq$�±È�È~©�FHG%v�x�zU{SmZF>DkmJ")<�3/MN��� [ "�757Q�E� X � XSR � X O [ "Q�)��½ª�
�ZY0Y]TU�

Y!P



� P����;�~� ��(/�)4f��3/7~(!4f&5�5(]��(/�)4 M ��`����L3/�U6k&53/�4f&�8):%��"�# ��8~(]�5*98f+®6�308)75Mg�!4¾(]:a6a&)=�*r�S6k�
*98):b�! Ld�3!:$Mg3!10=c6^6�=�:a6�8)=�*% �·�=� a r8)�! �(]�U4_7):b3!½fM���+� J"�@;=g���9 r+¹(]=�M�G § �0©gÅ¸� X P0�|"~7f7Q�EO���� R
O��S}f�

� P X �;�~� ��(/�)45��3]7�(04f&5�5(]��(]�U4 M �E`W�E�L3/�U6k&53/�4f&�8U:b��"�#�´�3!+-7)85*b(�*9=g3!�)(/MW7�(]:a(!4f=g1!+� �=��
�U(]�)3���M��/6�*%:b30�U=>6� J· ��8~(]�5*98f+®6�308)75Mg�!4� b=g�510M�����Mg�/6J*b:b3!�tMg3!10=c6-(]�U4��5��8):%30+-3!:b7)&)=c6
�5��*9�30:9.U �"A@��)��ÈU��I�G%�]m/G��Uo�É5w�I)�0©Áorq���È�È~©�FHG%vCx�zU{SmZF>DamJ"�<�3/M|��P [ "�7f7Q�±P0P [$T�R P0P!}0O5"
«085�f�,��Y!Y0}5�

� P!Y]���;��¬�30+¹30*93)"±���¸Ä�1�(Z�b=g�Q" �$����8)»�8U.f=N"�(]�U4��a��¼$(! b��"�#a¬�3/<���M±Mg301!=>6�4���<f=c6��,8~ b=g�51
6�3!8)7fM��!4yÀ�8~(]�5*98f+ 4f3!*% �"�@y¦±©gG%D § w%o�I)F>Dkm_²¸G §�§ GJwbmJ"�<�3/M|��O!Yf"�757Q����P X$TSR ��P X ��"�«08)Mg�
��Y!Y0P5�

� T T ���;�5¬�30+-3!*93)")���5Ä�1�(Z�b=g�Q" �$�)��8)»�8U.f=N"f(/�)4¹�k�5¼$(! b��"Q#���=��f1!Mg�$�ZMg�/6�*%:b3!�f�|7U&f3!*r3!�-Mg3!10=c6
4���<f=c6��28~ b=��f1p6�308)75Mg�!4¯À�8�(]�5*r85+ 4f3!*b J·y´�30+¹7)8f*%(�*9=g3!�y�=�*|&y*N&f� �W356a.'10:b3!8f�U4
 r*%(�*9��"�@ �Uo�É5w�I)�0©ªorq$�±È�È~©�FHG%v�x�zU{�mZF>DkmJ")<�3/M|�~�/Yf"~757Q�~O0Y5� R P T$T "Q«�(]�Q�Q�ZY0Y!}f�

� TU�����^�5¬^���$3!:b30*%.�3/<�"Q#b�'=�:b��M��! a � b=��f1!Mg���N��M��/6�*b:%30�;M�3010=c6�½)=>(! b�!4�½f�,(/M�*r�Z:a�)(�*9=g�51$��M��/6�*b:a=c6
	~��Mc4�"�@��±È�È~©�FHG%v�x�zU{SmZF>DkmX²�G §�§ GkwKmJ"5<�3]MN�~}���"�757Q�)O/T)�ZO R O/T)�JT~"WVX6�*��Q�ZY0Y [ �

� T�O]��µ;���W(/.)(�&U(0 r&U=|"!�t�/¬$(]1�(0 b��"!�^���)8/�b=��(/:a(f"/¼���¬$(/+-(�*% r8Q"/�;�Z��8):a=g&U(]:K(f"/�;���|Á(045(S*9��"
(]�U4��;�±�_8):a(! b��"^#J��=gM�=>6�3!�� b=g�510M����|�ZMg�/6�*%:b3!��*%:a(/�~ b=� r*930:K �3/7~��:a(�*9=g�51t(�*,<���:b��&)=�10&
*9��+-7~��:K(S*98):%�! �"�@$=��_�9 9+-(/=gM�G § �0©�Å�� X P]�|"57f7ª�Q� X$X�R �ZY [ �

� T�P]��µ;����(].U(�&)(! r&)=N"�¼^��¬$(]+¹(�*b 98Q"-�;�;��8):a=g&U(]:K(f"-�;���|�(045(�*9��"��t�^¬X(]1�(! b��"�(]�U4
�;�)�_8):K(0 b��"�#���=�»���4���7~���U4�����6���3/d�*N&f��6a&U(]:a(!6�*9��:a=� r*9=c6� W3/d� b=ª b=g�510M����|�ZMg�/6�*%:b3!��*%:a(]�5�
 b=� r*93!:a C3!� �5�9�CV �  98�½� 9*b:K(S*9�! �"A@¥¤%¦�¦�¦ Ë)w%��I�mZ��D § F>o�I�mpo�Ii¦±©gG%D § wbo�IiÊ;GJjZF>D�GbmJ"
<�3/M|�)T�Pf")757Q�Q��O5��P R ��O5�]�5"Q��8)1)����Y!Y0}f�

� T!T0���;���2(�*% r85+-3!*r3U"Q�t�E�r 9&)=g=N"~«)� �£�a�n��&U=g:a(/.)(! r&)=N" �$�E«)� M (/:b*%(]�U=>(]�ª"�(/�)42«)�Q�~�E¼$(]:%:a=� �"
#���=g�510Mg�;�ZMg�/6�*%:b3!�24���<f=c6��! L�=�*|&2<!(]:a=�308~ $ 9*b:%8)6�*98):%�! �+-(!4���½f�2� ���C�S�$��� �U(]�)3/�
3/¢f=c4f(�*9=g3!��7):b356��! a J"�@;=g���9 r+¹(]=gM�G § �0©gÅª� X P0�N"f757Q�Q��Y!} R O T P5�

� T [ ���;���2(�*% r85+-30*93)"��t�±�9 r&)=�=|"��;�L���Z1�(]Á(f"�µ;�LV�.U(f" �$�±«)� M (]:%*%(]�)=c(]�Q"�(]�U4'«)���~�
¼$(/:b:a=� �"E#a��3�30+ *9��+-7~��:K(�*r8U:b��3/7��Z:a(�*9=g30�;3/d¸(� b=g�510Mg����M��/6�*b:%30�;*%:a(]�� b=� r*930:�+¹(04���½f�
*|&5�� b6�(/�)�)=g�51�*r85�)�5��Mg=��f12+¹=>6�:%35 b6�3/7~�;�)(/�)3�3/¢f=c4f(�*9=g3!��7):%356��! a ¨d�3!:�*N&f�������	��
����
 r�U r*9��+°"�@��±È�È~©�FHG%v�x�zU{�mZF>Dkm�²�G §�§ GkwKmJ"5<�3]MN�~} X ")7f7Q�~P/T R P0}f"ª«�(]�Q�Q�ZY0Y0}5�

Y/T



��T�}]��«)�/`�:b3�(].5=� W(/�)4��t�]�5(/Mg�J&)=|" Æ o�Ç;Ç;É5I)F>Da� § F>o�I�B�{Sm § GJÇ�m�¦�I!Â�F>I�GaGJwJF>I0Â0"�7Q��� [ Yf�U`�:b���f�
*9=>6J��¼$(]M�M|"E��Y0Y/T)�

��Tf����«)�5`�:b3�(].5=� �(]�U4,�t����(]Mg�J&)=N" Æ o�Ç;Ç;ÉfIUF>Da� § F>o�I�BE{�m § GJÇ�m�¦ÁI0Â�F>I�GaGkw�F>I0Â!"~6k&Q�5����`�:b���f�
*9=>6J��¼$(]M�M|"E��Y0Y/T)�

��T X �����)�E(]�U4f(�8U��:�"�#a�9 �À�8~(/�f*985+ +��S6k&U(]�)=c6� �8� b��d�8)MH?!"A@¨x�zUFg©gÅ±ËUwb��I�m/Å5h^Å)BEo/D]Å~²�o�IUvfÅf�X"
<�3/M|�~P [ P5"�757Q�~P0}�� R P��/}5"���Y!Y [ �

��T�Y]��«)��´����~8~ r*|&ª" �$�±��=g¢530�Q"X�^�±«)��«�(06a.) 930�Q"X(]�U4y�~����� ��8U:r.��Z*|*�"^#	��8~(]�5*98f+��£4f3!*
6��ZMgMg8UM>(]: (�8f*93!+-(�*%(�(]�U4�*|&5��7):%30½5Mg��+ 3]dQ85�0½�(]M>(/�~6��!4�M�3010=c6�1�(�*9�! �"�@�=g�,�9 r+¹(]=�MWG § �0©gÅ
� X P0�|"57f7ª�~O X Y R O!Y����

� [$T ��µ;��� (045(f" �$��Ä$45(f"±�t���~85*9��)6a&f��"��~���$30�U4f3)"±(]�U4��~��¼��/=g.���"�#a� 7):%3]7~35 %(]M�3]d
�U(]�)35 %6�(]M��24���<5=>6��! �½�(0 b�!4�30�p(S*93!+_��+-3/M��/6�8)M��- 9�=g*%6k&U=g�51)"�@ �Uo�ÉfwJI)�0©�orq��±È�È~©�FHG%v
x�zU{SmZF>DamJ")<�3]MN����TU")7f7Q���SP0O5� R �SP0O X "����/60�Q�ZY0Y!Pf�

� [ �����$&U(]Mg=c4-�9 r+¹(]=�M|"0:%�0 b�!(/:a6a&� r*%(S¶°+��Z+�½~��: (S*�*N&f�X� ��� �$�)«)�f� (�*% r30��:%�0 b�!(/:a6a&�6����f�
*9��:Z"~ r7~�/6�=c(]MQ6J30+-+;85�)=>6Z(S*N=g30�ª�

� [ O]�;��������´��±��3!�~ b�/6�(5"��^��¬^���$30:%30*b.�3/<E"������;���~=g.5&)(/:b��<E"�(/�)4¾�^���^��V$45=g�5*b 93/<�"
#K� ��8f+,��:a=>6Z(]ME r*98~4f��3/d�*N&f�¨4f�f�U(]+¹=>6� ±(]�U4_ r*%(�*9=>6� �3]d� b=g�510Mg����Mg�S6�*b:%30�� r�U r*9��+� J"�@
�Uo�ÉfwJI)�0©±orq,��È�È~©�FHG%v2x�zU{�mZF>DkmJ"W<�3/MN��� X "�757Q��P0O!P X�R P0O [ ��"$����7U*�����Y!Y [ ���5º�¬$º�´±�
�9��=g�510M���º M��/6�*%:b30�p¬$(]�U3�º�Mg�/6J*b:b3!�)=>62´�=g:K6�8)=g*¹���U(]M��) b��: ^Á(0 -=g�5*b:%354�8U6��!4�=���*|&U=� 
7~(/7~��:��

� [ P]�;���Q���Q´��Q�)30�~ b�/6Z(f" 
�É5Ç�GJwJF>Da�0©nB § É5v�{_orq�BEF>I0Â0©�G ³ ¦±©gG%D § w%o�IC¦���G%D § m�F>I°BE{�m § GkÇ�m,orq
BEÇ;�0©�©�Ë)É5I)I�GK© �UÉfIUD § F>o�I�mJ��`�&~� *|&5�0 b=� J"f��*%(�*9��Ä��)=�<���:a b=�*r��3/d�¬��Z�µ�30:9.¹(S*$��*r3!�f�
��:%3�30.E"��2(/�2��Y!Y0}f� ��&f�� r3!8):a6J� d�3!:���º�¬XºÁ´±�(/�)4-*|&5��` &�� (]:%��(S<!(/=gM>(�½5Mg�$dN:b30+
�W3!�~ b�/6�( �� �&f3!+���7~(/10�;(�*Z·�&f*|*97Q·��0�Z����96��Z1)��6J��1)�\8)=g8U60� �!4�8�����d�30�� b�/6�(����

� [ T0���;�Q�����~���;(/�)4��t�~¼$(�*b»S(].5=� �"W#K��=g:%�/6�*���Mg�S6�*b:%30�f�N½~�0(/+ 7~(�*|*9��:a�)=��f1;d�30:��)(/�)3/Mg=�*|&f3/�
1!:a(]7U&f��"A@ �Uo�ÉfwJI)�0©5orq �)��DaD�É5Ç BEDZFHGJI)D�G���I)v-Ë~G%DkzUI)o0©�oaÂ�{ �Á"�<�3]MN�0��"0757Q���ZY]T)� R �ZY]T�}5"
¬�3/<E�Q��Y X Yf�

� [0[ �;���¸��8)»�+-=��Q"�µ;���^�¸`�(0 9&).5=g�Q"¸�^��¬^���W(�<5.f&5��Mg=c4f»���"ª����«)����&)M���:a J"��$���C�/=g+¹(]�U�Q"
�^� ��8U���f*9��:Z"�(]�U4;«)��¬�=���+,���0��:Z"f#K���,(]M�M¡�£6k&):%30+-=�8f+  b=g�510Mg���ZMg�/6�*%:b3!�^*b:K(]�~ b=� 9*930:�·¸�

Y [



7~35 a b=g½5Mg���5��y�ZMg��+,����*�3]d  b=g�510M����ZMg�/6�*%:b3!�)=>6� J"�@;��È�È~©�FHG%v�x�zU{SmZF>Dam$²�G §�§ GJwKmJ")<�3/MN�)} X "
757Q�~O0Y T O R O0Y T T)"��2(/�2��Y!Y0}f�

� [ }]��`W�±��<�3!8):a=� �"�#a�2(/�)=g7)8UM>(�*9=g30�¾3]d�+¹(�*|*9��:;(�*-*N&f��(�*930+-=c6e(/�)4�+-3/Mg�/6J8)M>(/:;Mg��<���Mc �"A@
��DaDao�É5I § m¨orq Æ z~GJÇ;F>Da�0©�h$G%m/G%��wbDkz5"�<�3/M|�~O X ")�)3U��P5")7f7Q�~Y [SR � T O5"���Y!Y [ �

� [ ����`W�/��<�308):a=� J"/���/�2(/:b*9��M|"/���0�����5(]�U4) r*%:b3!+2" �$�/º�.�" �$�0´�����&f���ª"/«)������~�U4f=g�51)"!(]�U4
«)�Q�����n8U6k.��Z:�"�#a��*r3!+-=>6�(/�)42�)(/�)30+,��*9��:X b6�(/Mg�;+-3545= 	E6�(�*9=g3!�_3/d�+¹(S*9��:a=c(]Mc �8~ b=g�51
7):%3]¢5=g+¹(]M/7):%30½~�! �"A@�=g�;xÁwbo/D�GaG%v�F>I0Â]m orq § z~G § l�GJI § { § zUF>wbvL¤kI § Gkw�I)� § F>o�I)�0© Æ o�Ikq/GJwaGJI)D�G
o�I § z~G$x�zU{SmZF>Dam;orq�BQGkÇ;F>Dao�I)v�ÉfD § o�wbm �|�t���56a&f���-��:�(/�)4���� �~=�+-+,��:%+,(]�)�Q"��!4) J��a"
<�3/M|�Q�!")7f7Q� [ � R�[$X "~��30:bMc4u�56J=g���5*9= 	E60"5��=g�51�(/7�3!:b��"���Y!Y0}5�

� [PX ��º��$�~�����)3/ (/�)4¯`W���t��´±(]+-7)½~��M�M|"^#K�$��� d9(�½):a=c6�(�*r=�30�¾3]d, 98�½f�K� T �N�U(]�)3!+���*9��:
+,��*%(]M¡�N3/¢f=c4���4���<5=>6��! ;�=g*|&'=��¯ b=g*98'6�3!�f*%:b3/M$3/d;��M��/6�*b:a=c6�(]M±7):b3/7~��:%*r=��! �"�@�BEDZFHGJI)D�Ga"
<�3/M|�~O�� T "~757Q���Z}0P0Y R �Z}]T~�0"����S60���ZY0Y [ �

� [ Y]��¼^��<!(]�¼�3085*r�Z�Q"�´�����X«)� ���Z���)(/.f.��Z:�"$(/�)4 �^���^���t�$��*%(]:a=��f1U"e#J´�308)M�30+^½5�
½5Mg356a.)(!4��¾35 b6�=�MgM>(�*9=g3!�~ -=g�  b��+-=c6�30�U4�8)6�*93!:e�U(]�U35 r*b:%8)6J*r8U:b�! �"A@ =�� BEF>I0Â0©gG Æ zU��wHÂ5G
ËUÉfI)I~Ga©�F>I0Â�� Æ o�É�© o�Ç�� ��©�o/D�
!��vfG�È)z~GJIUo�Ç�GJI)�;F>I-I)��IUo]m § wJÉfD § É5wkGbm �N¼^�f��:a(�½~��:b*¸(]�U4
�t�~¼^�U����<�30:%��*�"5�!4) ���a"~6a&Q� [ ")7f7Q�Q�Z}�� R Of�Z}f"�¬���'µ�3!:r.E·�`�Mg����85+ `�:b�! a J"Q��Y0Y!Of�

� } T �;����`W���$3!8f±���)&53]<��Z�Q"CËUwb��I�m9È)o�w § orqC¦±©gG%D § wbo�I ³�� ��j]G%m¾��I)v BEF>I!Â0©gG ³aÆ zU��w�ÂfGbmpF>I
BQGJÇ;F>Dao�IUv�ÉfD § o�w 
���IUo]m § wJÉfD § É5wkGbmJ��`�&~� *|&5�! b=� �"��Q�/6a&)�)=� %6k&5�,Ä��)=�<���:a b=�*r�/=�*�����M�d�*�"
��Y!Y0O5�

� }5����º��)�~��30½~(/�)4�85�f1U"�������8)3)"5µ;�0� (]�51)"~(/�)4-�~��µ;�f´�&5308Q"�#���=��f1!Mg�$�ZMg�/6�*%:b3!�,(]�U4�&f3/M��
À�8~(]�5*98f+ 4f30*±*b:K(]�~ b=� 9*r3!:a �3/7~��:a(�*9=g�51;(�½~3/<��;�0� T �;"�@ �Uo�É5w�I)�0©Eorq �U��DaD�ÉfÇ BED�FHGJI)D�G
��I)vtË~G%DkzUI)o0©�oaÂ�{��Á")<�3/M|�Q��P5")7f7ª�~O X } [SR O X } X "�¬�3/<E����Y!Y [ �

� }!O]��º��f�~��3!½~(]�U4�85�51)"����f��8)3U"�µ¨�0�t(/�f1U"5(]�U4¿�~�!µ;��´�&5308ª"n#JV�½� b�Z:b<!(�*r=�30�;3/d�À�8~(]�5*98f+
��¶E�/6�*% �(]�U4u´�3!8)Mg3!+^½_½5Mg356a.U(04��^=g�� b=�Mg=>6J30��À�8~(]�5*98f+,�94f3!*�*b:K(]�~ b=� 9*r3!:a $(�*�*9��+-7~��:r�
(�*98):b�! �3/<���:�� TPT �;"�@-��È�È~© FHG%v¨x�zU{SmZF>Dam$²�G §�§ GJwKmJ"�<�3/M|�U}���")7f7Q�UY0P XSR Y/T T "���8)1)�E��Y0Y [ �

� }!P]��º��0�~��30½�(]�U4�85�f1U"f������8U3)"!(]�U4¨����µ;�]´�&5308Q"~#���=g�510Mg��&53/Mg��À�8~(/�f*985+ 4f3!*W*%:a(/�~ b=� r*930:K 
=g�� b=�Mg=>6J30�Q"A@��±È�È~©�FHG%v�x�zU{SmZF>Dkm�²¸G §H§ GJwbmJ"f<�3/M|�~}���")757Q�~O0P!P X�R O0P/T T "WVX6�*Z�Q��Y!Y [ �

Y!}



�\}]T0���a�Q�_3!�f*9��:%3)"Q����«)���^���b���Q�L3!+-(/�Q"Q«)�Q�t�E��M�½~��MgMc(f"~�^�Q´�Mg=�+��Z�f*Z"~(]�U42«)�Q`W��:%:a=����:%��"
#J�~3]*9��+-7~��:K(�*r8U:b���)3!�)=gM�Mg85+-=g�U(�*r�!4,(]�)3545=g»/(�*9=g3!�_3]d¸�f�N*9�f7~�� b=gM�=>6�3!�Q"�@��)o�É5w�IU�0©Qorq
�)��DZÉfÉ5Ç BEDZFHGJI)D�G¨��I)vtË�G%DkzUIUo0©�oaÂ�{���")<�3/MN� X ")757Q� [ T0T R�[0[PT "��2(]�2�ZY0Y T �

�\} [ � �$� �Q��8~ %6k&)M���:�" �;���2(S&U:�" �~���_=��5(]»/(/.f=N"y�t��¼�8f�U4f&U(�8~ b���Q"(/�)4 �����~����"
#K¬$(]�)3!+��Z*r�Z:r�£ b6�(/Mg��	~�ZM>4��N=g�U4�8U6��!4C3/¢5=>45(S*9=�30��3/d�� � �b�!�0� _·�� ½5��(t6�3!�)4�8U6�*9=g�51]�
7):%30½~�; %6�(]�U�)=g�51�d�3!:a6��X+-=>6�:%35 b6�3/7~��·Q��3]7U=g�51-4���7~���U4�����6���(]�U4e.5=g�5��*9=>6Z �"�@^�±È�È~©�FHG%v
x�zU{SmZF>Dam�²¸G §�§ GJwbmJ"f<�3/MN�~}���")757Q�~P5��T0T R P5��T�})"ª¬�3/<��Q�ZY0Y [ �

�\}0}]� �$��¼X(S*N*r3!:a=|"��t�/�2(�*% r8�4f(5")�;�]� (�*%(]�U(S½~��"!�;��V�»/(/�(5"f(/�)4;�t��µ±(! r85*b(/.���"�#K�L*930+¹=>6
d�3!:a6���+-=>6�:%35 b6�3/75�, r*98~4f��3/d���Mg�S6�*b:a=c6k� 	���M>4;���)&U(]�~6J�04�3/¢f=c4f(�*9=g3!�Q"�@;=g�°�r 9+-(/=gM±G § �0©gÅ
� X P0�|"57f7ª�)T�P R T X �

�\}������;����8):a=g&U(]:K(f"��;���|�(!4f(�*9��"¸¼^��¬$(/+-(�*% r8ª"�¬^�¸¬$(]1�(0 b��"�(/�)4��;���_8):K(0 b��"$#Kº�Mg�/6k�
*%:b30�2½~�!(]+ �U(]�)3/Mg=�*|&53010:K(]7)&5�_�=�*|&_=�+-(/10�$:%��<���:K b(]MQ½5��º�´±� 7fMc(0 9+-(^3/¢5=>45(S*9=�30�Q"A@
suF>D�wbo0Ga©gG%D § w%o�I)F>D ¦ÁI0Â�F>I~GaGJw�F>I!Â0"�<�3/M|�~O���")757Q�Q��O [SR �ZO X "���Y!Y [ �

�\} X �;�~�U�t�)��»���")x�zU{SmZF>Dkm orq�BQGJÇ;F>Dao�I)v�É5D § o�wXÊ¨GJj�F>D�GbmJ"~6a&Q��T)"57Q�~� [$T ��¬��Z'µ�3!:9.�·¸«030&)�
�'=�Mg���¹(]�U4u��3!�~ �" 	�:a r*��!4��g"Q�ZY0}!Yf�

�\}0Y]���a����=>(/��<���:�"�#a����*%(]M��|=��~ r8)Mc(�*r3!:r�N+��Z*b(/M�*985�)�f�ZMg=g�51)"A@u=�� ËUÉfIUI�Ga©�F>I0Â�È)z~GJI)o�Ç�GJI)��F>I
mZo0©�F>v]m	�NºL� ��8):a 9*r�/=��'(]�U4y�~���~8f�U4)À�<f=� 9*�"��!4) ���a"�6a&Q�±Pf"�757Q���ZY R P T "�¬��� µ�30:9.E·
`�Mg�Z��8f+ `�:%�0 a J"Q��Y!}0Yf�

��� T �;´�� �$�¸��8).���"$# ��&f��3!:b��3]dX+��Z*b(/M¡�N½~(]:%:a=g��:9�|+;�Z*b(/MW*985�)�5��Mg=��f1U"�@_=g� ËUÉfIUI�Ga©�F>I0Â2È)z~G ³
I)o�Ç�GkI)��F>I�mZo0©�F>v]m �|º�� ��8):K r*9�/=g�¹(]�U4¿���f�~8f�U4)À�<f=� 9*�"��!4) ���a"�6a&Q�0TU"�7f7Q�5P5� R T�}f"U¬���
µ�30:9.E·�`�M�����8f+ `�:b�! a �"Q�ZY0}!Yf�

��������«)�����W��=�+-+-30�� �"�#������5��:a(/Mg=g»Z�04ed�3!:b+;8)Mc(�d�30:�*|&5�;��M��/6�*b:a=c6$*r85�)�5��M���¶E�/6J*$½~��*9������
 b=�+-=gMc(]:���Mg�S6�*b:%354��! ^ b�Z7~(]:K(S*9�!4t½f� (_*|&)=��t=g�� r8)Mc(S*9=��f1 	~Mg+2"A@ �Uo�ÉfwJI)�0©±orq-�±È�È~©�FHG%v
x�zU{SmZF>DamJ")<�3]MN�~P]TU")7f7Q�Q�/�/Y!P R � X$T Pf"�«08f�5�,��Y!}0Pf�

���/O]��«)�W������=�+-+-30�� �"�#aº�M��/6�*b:a=c6�*985�)�f�ZMW��¶E�/6J*$½~��*9������°4f=� a b=g+¹=gM�(]:���M��/6�*%:b354��0 X b��7~(]:9�
(�*9�!4^½f�¨( *N&)=g�;=��~ r8)Mc(�*r=��f1�	~M�+2"�@ �Uo�É5w�I)�0©Uorq��±È�È~©�FHG%v x�zU{SmZF>DamJ"�<�3/MN�0P/T)"�7f7ª��O [PX � R
O [ Y T "W����7U*����ZY0}!Pf�

Y��



� �SP]��«)�)������=g+-+-3!�~ �")#K�|+-(/10��d�30:K6���=g�,+���*%(/M¡�N3]¢5=>4����N+^��*£(]M�*98f�U�f��MS�b8f�~6J*r=�30�~ J"�@�=g��ËUÉfI ³
I�Ga© F>I0ÂtÈ)z~GJI)o�Ç�GJI)�¾F>IpmZo0© F>v]m �Nº�� ��8):K r*9�/=g�p(]�U4y�~���~85�)4)À�<5=� r*�"��!4) J��a"�6a&Q��� T "
757Q�Q��P [SR �JT X "Q¬���¯µ�30:9.�·�`�M�����8f+ ` :%�! a �"Q��Y!}0Y5�

� �ZT0���;�/�2(�*b 98f+¹30*93)"��t�Z�9 r&)=�=|"/«)� �£�a�0��&)=�:a(].U(0 9&)=|"!�;�]���Z1�(]Á(f"0µ¨�0V�.U(f" �$��«)� M (/:b*%(]�)=c(]�Q"
(]�U4^«)���~�/¼$(/:b:a=� J"�#J´�30+-7~(/:a=� r3!�^3]d���¢f7~��:a=�+;���5*9(]M!(]�U4�*N&f��3!:b��*9=c6�(]M!:b�! r8)M�*% W3/d~:b3�3!+
*9��+-7~��:K(S*98):%�^3/7~��:a(�*9�!42 b=g�510M�����M��/6�*%:b30��*b:K(]�~ b=� 9*930:^+¹(04��;½5�t� ���C�/�$�¸� �U(]�)3/�
3/¢f=c4f(�*9=g3!�;7):b356J�0 a J"�@$=g�-xÁw%o]D�GaG%v�F>I!Â]mÁorq § z~G ������ ¤kI § Gkw�I)� § F>o�I)�0©)¦±©gG%D § wbo�I�Ê¨GJj�F>D�Gbm
stGaG § F>I0Â��>¤b¦�Ê$s��!"f757Q�)P!}0P R P0}!}f"���Y!Y [ �

� � [ �;�~����M�*9+��Z�0��:Z" �$����7~(/�f1!���0½~��:%1)"��������8)&)�5��MN"$(]�U4 ¼^�Á��8):b»�"�#���*r�Z7 º�4f1!��´�85*
V�¶��¯�'�f���d£(�½):a=>6Z(S*9=�30�^7U:b356��! a d�3!:�+,��*%(]M��|½~(! b�!4; b=g�510Mg����M��/6�*b:%30�¹4��Z<f=c6��! �"�@^suF ³
D�w%o�GK©gG%D § wbo�I)F>D�¦ÁI0Â�F>I~GaGJw�F>I!Â0"�<�3/MN�~P T "~757Q�)P!Y0Y R T T Of"���Y!Y0}f�

� �S}]�;�~����M�*9+��Z����:Z"��^��¼$(]+¹=>4f=N" �$�$��7~(]�510�Z�0½~��:b1U"^(/�)4 ¼^����8):%»�"�#J��=g�510M��t��M��/6�*b:%30�
*98f�U�f��M�=g�51^=��-+��Z*b(/MgM�=g6��)(/�)35 r*%:b8U6�*98):b�! ±(S*�.��ZMg<5=g�;*9��+-7~��:K(S*98):%�! �"�@�=g���9 r+¹(]=�M�G § �0©gÅ
� X P0�|"57f7Q�Q�Z} T�R ��}!Pf�

� �!����¼^�~�~(�&)+,�-(/�)4����~�9 9+-(/=gM|"Q#K���)(/Mg�U b=� �3/d±(� b=��f1!Mg���N��M��/6�*b:%30��4��/6�=�+-(/ME(04)4���:�"A@¿�±È ³
È~©�FHG%v�x�zU{SmZF>DkmX²�G §�§ GkwKmJ"Q�ZY0Y���� �Q3¹(]757��!(/:�=g��*|&5�$=� a r8)��3/d��ZO��2(/���

� � X ���;��´�����+-=�*|&Q"�# ��&f��7):%35 r7~�/6�*% �d�3!:;+;8)M�*r=�<!(]Mg8U�042Mg3!10=c60·-� *9�/6a&)�)3/Mg3!10��(/�)4�(]75�
75Mg=>6Z(S*9=�30�~ �<5=g���"A@�¤b¦�¦�¦ ËUwb��I�mZ��D § F>o�I�m���I Æ o�Ç�ÈEÉ § GJwKmJ"�<�3/M|�~´��9P T ")757Q�5}f�ZY R }!P]TU"
����7U*��Q��Y X �!�

� �SY]���t�~¼^�~��½�4��9º�M¡� ��(]:%:�" ���n��� M :a(/�f�! b=c60")(/�)42�~�n��� �E(].5��"�#a��Mg103!:a=g*|&U+-=>6� r�5�f*N&f�! b=� 
3]dL� M �2d�8f��6�*9=g30�� Ld�30:^´�´±� =g+¹7fM���+��J�5*b(�*|=�30�Q"A@�¤b¦�¦�¦ ËUwb��I�mZ��D § F>o�I�m	��I Æ o�Ç ³
ÈEÉ § GJwbmJ")<�3/M|�)T T ")757Q�~Y��!� R Y X }5"W��8)1)�Q�ZY0Y5�0�

� XPT ��¼^���^�¸����:9.5&f3/¶¯(]�U4��t����� �n��:%<�3���:b*Z"$#a�_8)M�*9=g75Mg�J�|<!(]M�8)�!4CMg3!10=c6�6a&)(/:b1!���96J308)75Mg�!4
4���<f=c6��! �"A@°¤%¦�¦�¦ ËUwb��I�mZ��D § F>o�I�m	�ÁI Æ o�Ç�ÈEÉ § GJwKmJ"Q<�3/M|��´��9P T "�757Q�Q}]T!T R } [ O5"L����7)*��
��Y X �!�

� X �����^� ����:b+¹(]�ª")���n´��E�$ r&53�30:a=N"�(/�)4�¼^�E�k����+-=g*|&ª"W#���=g�510Mg����Mg�S6�*b:%30��*b:K(]�~ b=� 9*r3!:a Ld�3!:
6a&)(/:b10�� b���� b=g�51;=g�� b��+-=c6�30�U4�8U6�*930:K �"A@ =����r 9+-(/=gM�G § �0©gÅ�� X P]�N")7f7Q�UOf�/� R O!O0P5�

Y X



� X O]� � �/�����f1U" �$�!¼$(]�5�f8ª"/(]�U4^�t�/��(]+,���5(]+¹(f"�#K�_8)M�*r=�7fM����N<0(/Mg8)�!4$Mg3!10=c6 �5��*9�3!:9.$8~ b=g�51
À�8~(]�5*98f+,�94���<5=>6����N30:a=����5*|�!4- r8)7~��:%7~(0 a �1�(�*9�! $(]�U4_=g*% �+-=g�U=g+,=� b(�*9=¡3!�Q"�@;¤b¦�¦¯x�w%o/D]Å ³
Æ F>w%D�ÉfF § m$Ê;Gkj�F>D�Gbm^B�{Sm § Å�")<�3]MN���JT�Of"~757Q�~O0Y!Y R P T }5"WVX6�*��Q�ZY0Y [ �

� X P]���;���9 9+-(/=gM|"��~����(/�)4f��3/7~(!4f&5�5(]��"¸(]�U4t«)� �£`W���~�J½)8):b*93!�Q"��!4) J�g"�xÁwbo/D�GaG%v�F>I0Â/m,orq § z~G
¤kI § Gkw�I)� § F>o�I)�0© Æ o�Ikq/GJwaGJI)D�G°o�I��ÁÉf��I § É5Ç Ê;GJj�F>D�Gbmu��I)v Æ F>w%D�É5F § mJ" �|��Mg��¢U(]�U4f:a=>(5"
º�10�57)* a"E�£+¹7��Z:a=>(]ME´�3]M�Mg��1!��` :%�! a �"Q��Y!Y����

Y!Y


