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TGKUT$BLd N�S�Q�N�EON�P�F T F&EG\ 6 N a�M * e \ K F SVU�W GJILK U4 F SYU�Wg GJILK U4 F SVUXWh GJILKYN a�M N�SL\ K>U SVU�W GJILK U4�U SVUXWg GJILK U4
U SVUXWh GJILK+J ( ]�FIN�C TGKbd_K �UN�E B N a�d F_\cN�EGFI\ BA%Da)B-B�d N abT S�i M"B-, F&EGF abT J

[ BA% C)EGF � J���\$] Kmg \ T ]�F B EG\ T�W F g SoN % \ K�W F�g e F�h N a�M F e"g ] B SLF B�a [ BA% C)EGF � J�� g F�\GF_F T ]�FIN�C TGKbd_K$*
�DN�E B N a�d F_\ K�W�T ]�F E * N %E% EGF % N T F M ��F&EG\ BLKUa \ K�W�T ]�F�\�N�P�F T ])EGF_F�Q)E K�d F_\G\GF_\xJ

[ K E�F���F&E$iI\ B�a&% SLF�SoN % I'[�� F6GJILKn{OF h GJILK������ F6GJILK {)F g GJILK�� e T ]�N T�B \ T ]�F�N�C TGKbd_K �UN�E B N a�d F d_K F+u d&B F abT \
K�W f h N�EGF d S K \OF&E TGKVT ]�N ThK�W f J 3 Kxg F���F&E B�T�T N ]�F_\ KUa S�i � SLF���F&S K�W N %E% EGF % N T$BLKUa = \OF_F [ BA% C)EGF � J��w>�N a�M
F S���Wg N�Q)Q)E K N d ]�F_\ T ]�FV�DN�S�C�F�\$C %E% F_\ T F M "bi T ]�F`NU\$i�PlQ TGKUT$BLd N�SkQ�N�EON�P�F T F&EG\ = FTS���W >YEGFxNU\ KUa N$")S�i g F&S�S e
g ](i W K E T ]�Ft\�N�P�F�SLF���F&S K�W N %E% EGF % N T$BLKUa x S���Wh j F S���Wh G A K B \V\ T$B S�S W N�E W E K P T ]�F�NU\$i�PlQ TGKUT$BLd N�S6�UN�S�C�FDJ
( ] B \�S B�T$T SLFtF �)N�PlQ)SLF B S�S�C�\ T EON T F_\ T ]�N TqT ]�FI\$]�N�QrF K�W�T ]�F R)XZY [ M)K F_\ a�KUT ]�NQ��F N M"B EGF d&TVB PlQ�N d&TVKUa
B�T \ d_KUa ��F&E % F a�d Ft\$QrF_F M J

( ]�FV\$]�N�Q{F K�WrT ]�FO�UN�E B N a�d F T$B P�F W C a�d&T$BLKUa�KUa�T ]�F KUT ]�F&Eh]�N a�M ]�NU\�N�P�C d ]`P K EGF M"B EGF d&TkB PlQ�N d&T
KUa�T ]�Fw\GQ{F_F M�K�WqT ]�F d_KUa ��F&E % F a�d FDJ �bB�a�d F U SVUXW G`_ K d N a "{FwF ��Q)EGF_\O\GF M NU\ U G 8 _ K a 8 : B�TtB \ d SLFxN�E
T ]�N TtW K E T ]�F �DN�E B N a�d F T$B P�F W C a�d&T$BLKUa N %E% EGF % N T$BLKUa P�FxN a \ \OF&SLF d&T$B�a&% ] BA% ]�F&E SoN % �UN�S�C�F_\ W E K P T ]�F
\ON�P�F W C a�d&T$BLKUa J ��K�B WYW K E T�g�K Q)E Kbd F_\G\OF_\uf o N a�M f : e�g ] BLd ]p\ON T$B \ W i�� o 4 � : T ]�F&EGFsF � B \ T \`N
W EON d&T$BLKUa N�S a�KUB \GF�Q)E K�d F_\G\ f���\$C d ] T ]�N T	U � 4 � o T ]�F a�B W \ON_i U o G`_ K d_KUa ��F&E % F_\ W NU\ T F&E TGK�U �.G`_ K
B�a N a iwEGFxNU\ KUa N$")SLF�\GF a \GF T ]�N a�U : G`_ K T ]�F a \ K�g�B S�S U SVUXWo G`_ K d_KUa ��F&E % F W NU\ T F&E B�a|T ]�FI\�N�P�FI\GF a \GF TGK
U SVUXW G`_ K WjK E�_ B �)F M NU\ 8���� J

R a�KUT ]�F&E B PlQ K E T N a(T Q KUB�abT�TGKsa�KUT F B \ T ]�N TtB W�KUa F�F ��Q)EGF_\O\GF_\#F SVU�W GJILK B�a T F&E$P�\ K�W U G`_ K T ]�F a] BA% ]�F&ElSoN % \ = I > K�W FTSYU�W2GJILKtEGF \ C B EGFw] BA% ]�F&ElSoN % \ K�W U�e \ K�T ]�Fw] BA% ]�F&E T ]�F �UN�S�C�F K�W I T ]�F d S K \GF&E
F SYU�W GJILK B \ TGK|T ]�FwNU\$ibPlQ TGKUT$BLd N�S �DN�S�C�FDJ ( ] B \�P�FxN a \ T ]�N TtB�T�g�B S�S "{F T ]�F>�DN�E B N a�d F T ]�N T ]�NU\ T ]�F
\$S Kmg F_\ T�d_KUa ��F&E % F a�d FDJ ��K NU\ g F d_K C)S M \GF_F B�a [ BA% C)EGF � J�� WjK E T ]�FYQ)E Kbd F_\G\�f SVU�Wh N�S�SrN�C TGK�d_K �DN�E B N a�d F
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[ T g�B�T ] % N�Q�\ = f S���Wg >

[ T
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[ BA% C)EGF � J��D[ ( ]�F E * N %E% EGF % N T F M ��F&EG\ BLKUa \ K�W F e F�g�N a�M F�h�J RVS T ] K C % ] T ]�F M"B-, F&EGF a�d F K�WVT ]�F B�a@*
M"B � BLM C�N�S�SoN % \ K�W F g N a�M F g F&EGFwP�C d ] " BA%E% F&E T ]�N avT ]�F M"B-, F&EGF a�d F "rF T�g F_F ayT ]�F d_K E$EGF_\$Q KUa�M"B�a&%
SoN % \ K�W F h N a�M F T ]�F M"B-, F&EGF a�d F)"rF T�g F_F a FTS���W�N a�M F S���Wg ]�NU\Z�UN a)B \$]�F Mfe�T ]�F_\GF W C a�d&T$BLKUa \^N�EGFcN�S�P K \ T
B�a�M"B \ T$B�a&% C B \$]�N$")SLF e�g ] B SLF T ]�F M"B-, F&EGF a�d F K�W FTS���W G A K�N a�M F S���Wh G A K B \�\ T$B S�S�\ BA%Da)B-B�d N a(T J

d_K F+u d&B F a(T \zN�EGF d S K \GF TGK�T ]�F B EwNU\$i�PlQ TGKUT$BLd F_\ T$B P`N T FsF � d F&Q TlW K E T ]�F|SoN %5A �UN�S�C�FDJ�X^N�S d C)SoN T$B�a&%
T ]�F R)X [ B \tN d ] B F���F M "bi a�K E$P`N�S B \ B�a&% "(i T ]�F �UN�E B N a�d F e�T ]�F&EGF WjK EGF T ]�F�\$S Kxg d_KUa ��F&E % F a�d F K�W�T ]�F
�DN�E B N a�d F TGKlT ]�FINU\$i�PlQ TGKUT$BLd �DN�S�C�FI\$Q KUB SL\ T ]�F d_KUa ��F&E % F a�d F K�W�T ]�F R)X [ WjK E�F���F&E$izSoN % I e Itsj A J

��T ]�NU\ TGK "{F a�KUT F MvT ]�N TlT ]�FzQ)E K�d F_\G\ f h B \�v C�\ TlKUa FwF ��N�PlQ)SLF e�g ]�F&EGF T ]�F]�UN�E B N a�d Fz]�NU\�N
��F&E$i�\$S Kmg d_KUa ��F&E % F a�d F�EON T F d_K PlQ�N�EGF M TGK N�S�S KUT ]�F&E SoN % \xJ ��a�KUT ]�F&E d NU\GF_\ T ]�F M"B-, F&EGF a�d F K�W�T ]�F
d_KUa ��F&E % F a�d F�\GQ{F_F M P BA% ] T "{F�SLF_\G\ e ")C Txe NU\ BLM F W E K P ��F&E$i�F � T EGF&P�F�F ��N�PlQ)SLF_\ e�T ]�F>�UN�E B N a�d F g�B S�SN�S g Nxi�\q]�N!��F T ]�F�\$S Kxg F_\ TVd_KUa ��F&E % F a�d F K�W N�S�SD�UN�S�C�F_\ K�W�T ]�FWR)XZY [^J

( ]�F`Q)E Kbd F_\G\OF_\ B�a�T ]�F`F �)N�PlQ)SLF�P BA% ] T \GF_F&P N�E T$B-B�d&B N�S ")C T�T ]�F&i d SLFxN�E$S�i�\$] Kmg T ]�F M"B-, F&EGF a�d F
"rF T�g F_F asT ]�F#R)XZY\[yN a�M Y ( [�N�Q)Q)E K N d ] g ] BLd ] B \�Q)E Kbd F_\G\ B�a�M F&QrF a�M F a(T J ��azT ]�F a F � T \$C&"�\GF d&T$BLKUa
T ]�F�\�N�P�FtN�Q)Q)E K N d ] g�B S�S "{F�C�\OF M|TGK N a N�S�i"\GF N a�KUT ]�F&EV\OF TVK�W Q)E Kbd F_\O\GF_\xJ ( ]�F d_KUa ��F&E % F a�d F \GQ{F_F M
K�W�T ]�F g�BLM F&S�i�C�\GF M|W R C)��� R Q)E K�d F_\G\GF_\ g�B S�S "{F B�a ��F_\ T$BA% N T F Mfe{TGK \G] Kxg ] Kmg N a F g N�Q)Q)E K N d ] d N aEGF���FxN�S C a ] a�Kxg�a�M F T N B SL\ K�W�T ] B \ e)KUT ]�F&E g�B \GF g F&S�ST] a�Kxg�a e�d SoNU\G\mJ
�J�	����
 ��
0����� ����� ��������������!�
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R a�KUT ]�F&E|F �)N�PlQ)SLF g ] BLd ] B S�S�C�\ T EON T F_\ T ]�F�"{F a F B�T \ K�WtT ]�F��UN�E B N a�d F T$B P�F W C a�d&T$BLKUa N�Q)Q)E K N d ] B \
T ]�F d NU\GF K�WtW R C)��� R Q)E Kbd F_\O\GF_\ = # � %`>+J 'pB�T ] K C T/%�KUB�a&% B�a(TGK M F T N B SL\ T ]�F WjK S�S Kxg�B�a&% Q)E K QrF&E T$B F_\
K�W W R C)��� R Q)E Kbd F_\G\OF_\sN�EGF�P�F a(T$BLKUa F M [ W R C)��� R Q)E Kbd F_\O\GF_\sN�EGF�C�\GF M TGK % F a F&EON T F�P KbM F&SL\ K�WNU\$i�PlQ TGKUT$BLd N�S�S�i�\GF&S W * \ B P B SoN�E�Q)E Kbd F_\O\GF_\ g�B�T ];] a�Kxg�a�d_K �DN�E B N a�d F�\ T E$C d&T C)EGFDJ W R C)��� R�P KbM F&SL\ K$, F&E
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P�C d ]�P K EGF ? F � B " B S B�T i T ]�N a�W EON d&T$BLKUa N�S a�KUB \GFl\ B�a�d F B�a N M)M"B�T$BLKUa�TGKwT ]�F�NU\GibPlQ TGKUT$BLd "rF&]�N!� BLK C)E K�W
T ]�F	�UN�E B N a�d F T$B P�F W C a�d&T$BLKUa�KUa F d N a N�SL\ K M�P K�M C)SoN T F�� T ]�FtQ)E K�d F_\G\ g�B�T ] T ]�FlN�C TGK EGF % EGF_\G\ B ��F�N a�MP K � B�a&% NQ��F&EON % F d_K F+u d&B F a(T \xJ I a F K�W{T ]�F�P`N B�a C�\ON % F K�W \$C d ]`Q)E Kbd F_\G\OF_\ B \ T F_\ T$B�a&% F_\ T$B P`N TGK EG\�N a�MN�S %�K E B�T ])P�\ M F���F&S K Q{F M�W K EhS KUa&%.* EON a&% F M F&Q{F a�M F abT Q)E K�d F_\G\GF_\ TGK \GF_F�] Kmg T ]�F_\GFqN�S %�K E B�T ])P�\�QrF&E W K E$P
WjK E M % F a F&EON�S�� B FDJ a�KUa [ T S KUa&%.* EON a&% F M F&QrF a�M F a(T Q)E K�d F_\G\GF_\ = #��D�C%`>+J �bB�a�d F T ]�F d_K �DN�E B N a�d F�\ T E$C d&T C)EGF
K�W�T ]�FVQ)E Kbd F_\O\GF_\ B \�F ��N d&T S�iu] a�Kxg�azB�T^B \�Q K \G\ B ")SLF TGK�d_K PlQ�N�EGF T ]�FcN d&T C�N�S K C T Q)C T�K�W�T ]�F�N�S %�K E B�T ])P
g�B�T ] T ]�F M F_\ B EGF M�KUa FDJ

( ]�F %�K N�S K�W T ] B \�\OF d&T$BLKUa B \ TGKYB�a ��F_\ T$BA% N T F^] KxgvW R C � � RvQ)E K�d F_\G\GF_\6"rF&]�N!��F^C a�M F&EhN %E% EGF % N T$BLKUa e] Kxg PtC d ] M)K�T ]�F&i M"B-, F&E W E K P T ]�F W EON d&T$BLKUa N�S a�KUB \GF B�avT ] B \ EGF % N�E M J R \ B�a&% SLFwP�F&P "rF&E K�WqT ]�F
W N�P B S�i K�WYW R C)��� R�Q)E Kbd F_\G\OF_\ B \`\OF&SLF d&T F M WjK E B�a ��F_\ T$BA% N T$BLKUa e ")C T`B�T`g�B S�S)"rFs\$C"u d&B F abT�TGK \$] Kxg
% F a F&EON�S d ]�N�EON d&T F&E B \ T$BLd \ K�WhT ]�F g ] K SLF W N�P B S�i�J �bB P B SoN�E$S�i TGK�T ]�F�Q)EGF�� BLK C�\c\$C&"�\GF d&T$BLKUa�� Q)E K�d F_\G\GF_\ eN W EON d&T$BLKUa N�S a�KUB \GF = ft>�N a�M|T�g�KwKUT ]�F&EqQ)E K�d F_\G\GF_\ g�B S�S "rF d_K PlQ�N�EGF M|TGK FxN d ] KUT ]�F&ExJ I a F K�W�T ]�F_\GF
Q)E K�d F_\G\GF_\ = f�� > g�B S�S "{FIN W R C � � R M F B�a F M "(i T ]�F W K S�S Kmg�B�a&% F \ C�N T$BLKUa [

� G��VK
	�� f��LG�
:K^j�� G��VK��	G�
 K��
g ]�F&EGF�� B \ T ]�F "�N d ] g N�E M \$] B W TIK QrF&EON TGK E e 	 B \ T ]�F W EON d&T$BLKUa N�S M"B-, F&EGF a�d&B�a&%sK QrF&EON TGK E e�� j * {H a � j ADC��"e�� G��VK�j H { ADC�� � e �VG�� K
j H { ADC�� �RN a�M �	G�
 K B \VN�C a)B�T �DN�E B N a�d F g ] B�T F a�KUB \OFDJ ( ] B \Q)E K�d F_\G\ d N a N�SL\ K "{F�EGF % N�E M F M NU\hN a R C � RyQ)E K�d F_\G\ M E B ��F a "(ilNc\ K$*�d N�S�SLF M W EON d&T$BLKUa N�S�S�i B�abT F % EON T F M
a�KUB \GF =�� G�
:Kp> [ f��LG�
 K�{ ADC�� f�� G�
 { H K�j � G�
 K^{ ADC���� G�
 { H K C=n� F_F # � % WjK E�P K EGF M F T N B SL\ KUa�M F B�a)B�a&% R C � R N a�MzW R C � � R Q)E K�d F_\G\GF_\xJF>

( ]�F KUT ]�F&E�Q)E K�d F_\G\ g�B S�S "rF�N�\GC)P K�W�T ]�FVEGF W F&EGF a�d F W EON d&T$BLKUa N�S a�KUB \GFqQ)E K�d F_\G\ = f >�N a�M N \$] K E T *EON a&% F M F&QrF a�M F a(T Q)E Kbd F_\G\ = f�� > K�W R C � R T i�Q{F e�M F B�a F M NU\
f�� G�
:K}{ ADCFE f��$G�
�{ H K}{ ADC � f��.G�
�{ � K! ADC1H f��.G�
}{ � K�j��	G�
:K! ADC#" �	G�
�{ H K}{ ADCF� �	G�
}{ � K}{ ADC � �	G�
�{ � K��
g ]�F&EGF$�	G�
 K B \lN�C a)B�T �UN�E B N a�d F g ] B�T F a�KUB \GFDJ ( ]�F|N d&T C�N�S^Q�N�EON�P�F T F&EG\`\GF&SLF d&T F M WjK E T ]�F R C � R
Q)E K�d F_\G\qN�EGF a�KUT \GQ{F d&B N�S B�a N a i g N_i e N a�M�B�a�W N d&T�T ]�F B E d ] KUBLd F M)K F_\ a�KUT�B�a@? C�F a�d F T ]�F \ C�N�S B�T N T$B ��F
"rF&]�N!� BLK C)E K�W�T ]�FtN %E% EGF % N T F M Q)E K�d F_\G\GF_\xJ

RVS�S T ])EGF_F K�W�T ]�F_\GF�Q)E K�d F_\G\GF_\ = f e f���N a�M f$% iVj7f& f�� >�]�NQ��F T ]�FI\�N�P�F * Q�N�EON�P�F T F&EcN a�M]�N!��FW"{F_F a \ d N�SLF M|TGK ]�N!��F 6 j H J =n� F_F ~�\ C�N T$BLKUa � J��DJF> ��T ]�NU\ TGK "rF a�KUT F M|T ]�N T�T ]�F�F � B \ T F a�d F K�W
T ]�FIQ�N�EON�P�F T F&E 6 = B J FDJ B�T�B \YN d_KUa \ T N a(T N a�M�a�KUT Nl\$S Kxg S�i �DN�E$i B�a&%lW C a�d&T$BLKUa > B�a|B�T \GF&S W \$] Kmg \ T ]�N T
T ]�F�Q)E K�d F_\G\O"rF&]�N!��F_\ ��F&E$i�\ B P B SoN�E$S�i TGKlT ]�F W EON d&T$BLKUa N�S a�KUB \OFDJ I C)E B�a ��F_\ T$BA% N T$BLKUa \c\$] KxgIe�T ]�N T�T ] B \
"rF&]�N!� BLK C)E B \ d_K PlP KUa�TGK N�S�S{P�F&P "{F&EG\ K�W�T ]�F W R C � � R W N�P B S�i�JH[�E K P T ] B \ g F d N a�d_KUa�d S�C M F T ]�N T
W R C � � R d N a`KUa S�i "rF^C�\GF M`TGK P KbM F&S{N�\$P`N�S�S \GC&"�\GF TkK�W N�S�S�Q)E K�d F_\G\GF_\ B�a�T ]�F M)K P`N B�a�K�W N T$T EON d&T$BLKUa
K�W�T ]�F W EON d&T$BLKUa N�S a�KUB \GFDJ

W R C � � R�Q)E Kbd F_\O\GF_\�N�EGF T EON M"B�T$BLKUa N�S�S�i M F B�a F M N a�M N a N�S�i�\GF M B�a T ]�F<R)XZY\[ M)K P`N B�a J6[ BA% C)EGF � J �\$] Kmg \ T ]�FIN�C TGK�d_K �DN�E B N a�d F W C a�d&T$BLKUa \ K�W�T ]�F T ])EGF_F�Q)E K�d F_\G\GF_\xJ
RY\ B�TId N a "{Fl\OF_F a�B�a�T ]�F BL% C)EGF T ]�F R)XZY\[ K�W�T ]�F W R C)��� R M"B-, F&EG\I\ BA%Da)B-B�d N abT S�i W E K P T ]�N T

K�WVT ]�F W EON d&T$BLKUa N�S a�KUB \GF�N a�M�B�T S K�K ]"\tP K EGF�\ B P B SoN�E TGK�T ]�N T�K�W f'%jJ ��K�KUa F d N a F �"QrF d&T T ]�N T�B�T
g�B S�S "{F&]�NQ��Fw\ B P B SoN�E$S�i TGK f % C a�M F&E�N %E% EGF % N T$BLKUa EON T ]�F&E T ]�N avTGK f J �nW$e ] Kxg F���F&E ekT ]�F �DN�E B N a�d F
T$B P�F W C a�d&T$BLKUa \ K�W�T ]�F�Q)E K�d F_\G\GF_\cN�EGF d_K PlQ�N�EGF M = [ BA% C)EGF � J H�> KUa F d N a�d SLFxN�E$S�is\OF_F T ]�N TYg ] B SLF T ]�F
M"B-, F&EGF a�d F K�W U N a�M U % B�a�d EGFxNU\OF_\hP KUa�KUTGKUa)BLd N�S�S�i ebT ]�F M"B-, F&EGF a�d F K�W U N a�MVU �c\ T Nxi�\ d_KUa \ T N a(T J ( ] B \
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