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6.3.1.1 Step1: Relation detection  ± 4 B�C�@"<$<kBP;(W�Y�LZ;\F�<S;�:�� �%� vTd>�&��ghYsR�Q"R 4�U F�R U ;NA�R9<>;�: I 4 ?�; U F,Q"R(?�;(w�W�?>;�<S<S@�I 4 <	R 4 : R�Q"Q�I�L%@ 4�U F�<�BPI
L0?>@ BV;�@ 4 DOI�?rMNR(BP@�I 4 ;&w1B"?�R�=(BP@�I 4pU ?>R(M$MNR(?]DOI�?�BP;(w�BP</W�?>I�=�;�<S<S;�:ZA�G ® ��` v!_ � I,Y1DrI�?];�R�=(C'% � ¡ � ?�;�Q�R&BV@"I 4
� <hF,=(CtR9<

interacts_with
Y
expressed_in

Y
disrupts

�   Y,R 4 ;(w�B�?>R�=&BV@"I 4NU ?>R(M$M\R&?sLZR�<]MNR 4 F,R�Q�Q Gt=(?>;�X
R(BP;�:ZBVI$;(w�B�?>R�=&B�R�Q�Q�@ 4 <kBPR 4 =�;�<[I�D�B"C,@"</?>;�Q"R(BP@�I 4 _
` C,;$;(w�R(M$W�Q";%A�;�Q"I�LT<kC,I�LZ<0R U ?�R&M	MNR(?qL^C,@�=&C�R�Q"Q"I�L�<!:�;&BV;�=(BP@�I 4 I�D[@ 4 <kBPR 4 =�;�<!I�DeB"C,;	<S;(MNR 4 BP@"=�?>;�Q"R�X
BV@"I 4 � C,R�<

�
R
�

?�I�Q�;
�

@ 4�� LZ@�B"Ct@ BP<*:�@�DrDO;&?�; 4 BeQ";(w,@"=�R�Q�DrI�?kMN<*@ 4 B"C,;^BP;(w1B � ;1_ U _ � �����$'&�1�-� � � ���$'(���"�(� � 	8�"� � �
� 	*�9��� �V� ���*'&�1�-� � ;(BP=�_   _
v/w,R&M	W�Q�;^I�D U ?>R(M$M\R&? µ

± 4 B"C,;´R(A�I�i�;´Dr@ U F1?�;9Y ` R U _ Q�;&M	MN;�=�I�?r?>;�<hW�I 4 :�<ZBVInB"C,;�Q�;&M	MNR(BP@�*�;�:�DrI�?kM I�D
B�C�;Ji,;(?kA�R 4 : ` R U _ =�R&B
=�I�?r?>;�<hW�I 4 :�<	BPI B"C,; U ?>R(M$M\R&BV@"=�R�Q
=�R(BP; U I�?PG � ��� µ R�:S¬(;�=&BV@ji�;�� @�M$W�I�?rBPR 4 BOY]i�@ BVR�Q"Yq=(?>@ BV@"=�R�Q"Yq;(BP=�_   I�D0B"C,;
BV;&?rM¨L^C,@"=(Cp=�R 4 A�;!W�?>;�<>; 4 B�A�;&B�LZ;�; 4 B"C,;!i,;(?kA\R 4 :%B"C,;!BV;&?rM²m ?�I�Q�;�o � ��7 � MN;�R 4 <eB"C,R&B�@ B�@"<[I�W�BV@"I 4 R�Q   _

6.3.1.2 Step2: Term extraction  ` I�;&w1B"?�R�=(B
BP;(?kMJ<SY � ;�R&B ��414 I�B
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R�<l<>@ U�4 <[R U ?>R(M$MNR(BP@�=�R�Q�=�R&BV; U I�?OG �P4 I�F 4 Y�i�;&?rA�_ _ _   BPI	;�R�=(C	BVI�c,; 4 _
� D-BP;(?8BVI�c,; 4 @+*9@ 4�U R 4 :NBPR U1U @ 4�U BV;&w1BP<lY � ;�R&B ��414 I�BeF�<>;9<
R 4 ;&w1B�?>R�=&BV@"I 4 L%@ 4 :�I�L»I�DqDOI�F1? � DrI�F1?
<kF,=�=�;9<>X
<>@ji�;aLZI�?>:�<�R(?>;5=�I 4 <>@":�;&?�;�:xR�<�R5=�R 4 :�@�:�R(BP;aBV;&?rM   R 4 :xDOI�?�;�R�=&C =�R 4 :�@":�R(BP;nBV;&?rMJY0@�Dp@ B	;(w,@-<kBO<�@ 4
% � ¡ � Y � ;�R(B ��414 I�B�W�?>I�=�;�<l<>;�<qB�C,;�DOI�Q"Q"I�LZ@ 4�U LZI�?>:�Y,I�B�C,;&?rLZ@-<>;%@ B�:�;�=(?>;�R�<S;�<]B"C,;Z<>@�*�;%I�DKB�C�;0L%@ 4 :�I�L
BV@"Q"Q�*9;(?>I�_
` I�@ 4 BV;&?r?>I U R(BP;H% � ¡ � Y � ;�R&B ��414 I�B/F�<>;9<!B�C,;'% � ¡ � � � � B"C,;'% � ¡ � ��4 I�LZQ�;�: U ; � ;&?ki�;&?8A�R�<S;�:�I 4
B�C�; � ;&BVR � R&W�f�=�I 4 =�;&W�B*MNR(W�W�@ 4�U W�?�I U ?>R(M   _ ` C,@-<p<>;&?ki�;&?%W�?>I�i�@":�;9<$R�=�=�;�<l<	R 4 : 4 R&i,@ U R&BV@"I 4 @ 4 B"C,;
% � ¡ � MN;(BPR(B"C,;�<SR(F1?kF�<^R 4 :�@ 4 B�C,;'% � ¡ � <>;(MNR 4 BV@"= 4 ;(B"L%I�?rc�_ ± DsB"C,;%BP;(?kMy;(w,@-<kBO<0@ 4 % � ¡ � Y,B"C,;	R 4 X
<kLZ;(?	@-<$I�A�BPR�@ 4 ;�: @ 4 |Z� ¡¨DOI�?rMNR(Bh_ ` C,@-<	R 4 <kLZ;(?	@-<%W�R(?S<>;�:´BPI I�A�BPR�@ 4 @ 4 DrI�?kM\R&BV@"I 4 R(A�I�F1B8B�C�;\BP;(?kM
� <S;(MNR 4 BP@"=^B G�W�;�Y�<rG 4 I 4 G�MJ<Z�   £�R�Q"Q�B"C,@-<*@ 4 DOI�?kMNR(BP@�I 4 @"<[B"C,; 4 F�<>;�:$BVI U ; 4 ;&?�R&BV;�B�C,;	<>;(MNR 4 BV@"=%R 414 I�BPR�X
BV@"I 4 _
± 4 B"C,@"<8<hBV;&W	LZ; 4 I�BP@�=�;�:ZB�C,R&B � ;�R(B ��414 I�B�=�R 414 I�B�:�;(BP;�=&BK<>I�MN; U ; 4 ; 4 R&M\;9<eA�;�=�R&F�<>;^I�D�B"C,;0@ 4 =&?�;�R�<>@ 4�U
4 F1M$A�;&?qI�D U ; 4 ;%<OG 4 I 4 G�MJ<(_ ` I\<>I�Q i�;
B"C,@-</W�?�I�A�Q";(MJY�B"C,;
A�@"I�Q"I U @"<hBP<8<kF�W�W�Q"@";�:�F�<sL%@ B"C\R�:�@"=(BP@"I 4 R&?PGJI�D
<kW�;�=�@"DO@"= U ; 4 ;�<
F�<S;�:´DV?�;�E�F,; 4 BVQ G�@ 4 � � � ;(w1W�;(?>@�MN; 4 BP<&_ � I,Y�R�D-BP;(?*B"C,;p;(w1B"?>R�=(BP@"I 4 W�C,R9<>;�Y � ;�R&B ��414 I�B
?�;�X-W�?�I�=�;�<l<>;9<eB"C,;!BV;&w1B�R 4 :ZB�?>@";�</BVI$:�;&BV;�=(B�M\@-<S<S@ 4,U�U ; 4 ;�<&_

� >�5�5�F�� 	
	+0�0�5��4M 7BI 01M 7B: >4M JE9��	

Rule:Has_role 
 Priority: 1 
( 
 
 ({Tag.lemme == "have"}  |  
  {Tag.lemme == "play"} )   
  {SpaceToken} 
 ({Tag.lemme == "a"}   | 
  {Tag.lemme == "an"}) 
  {SpaceToken} 
 ({Tag.cat == "JJ"}  {SpaceToken})? 
  {Tag.lemme == "role"} 
  {Tag.lemme=="in"})  
 
  ):has_role --> 
:has_role.RelationShip = {kind = "has_role", rule=Has_role} 
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� I�MN;xI�B"C,;&?�<kW�;�=�@"DO@"=}A�@"I�MN;�:�@�=�R�Q	BP;(?kMN<�LZ;(?>; 4 I�Bt:�;&BV;�=(BP;�: A�G � ;�R(B ��414 I�B � @O_ ;�_ 4 I�BtDOI�F 4 :¨@ 4% � ¡ �   _
v/w,R&M	W�Q�;^I�De<>; 4 BV; 4 =�; µ ����� � ���$�����+� 	8�"� � �
�%'&�1�-�^� �p� � �/. � ���%'(�l� 
 �-�1�V�������
± 4 B"C,@-<Z<>; 4 BP; 4 =�;�Y � ;�R(B ��414 I�B U ; 4 ;(?>R(BP;�<�R 4 R 414 I�BPR(BP@"I 4 :�;9<>=(?>@ A�@ 4�U B�C,;	?>;�Q"R(BP@"I 4n�

has_role_in
  A�;�X

B�LZ;�; 4 B�C,;	B"LZI U ; 4 ;9< ��� � �	� R 4 : . � �
� <S@ 4 =�;p@�B[=�R 414 I�B[:�;&BV;�=(B/B"C,;�BV;&?rM . � ���N'&�S� 
 �"���-�����´� <>@ 4 =�;p@ B
:�I�;�< 4 I�B];(w�@"<hBs@ 4 % � ¡ �   £,B�C�@"<0R 414 I�BPR(BP@�I 4 @-<8L^?�I 4�U I�? 4 I�Be?>;�Q";&i�R 4 B]DOI�?8A�@�I�Q�I U @"<hBP<&_ ` C,;(?>;�DrI�?>;�Y,LZ;
:�;+i�;�Q"I�W�;�:p<>I�MN;!C,;(F1?>@-<kBP@�=9<eBPI$<SI�Qji�;!B�C,@-</c,@ 4 :	I�D�W�?�I�A�Q";(MJ< µ
� � µ � BV;&?rMa�9_ <kBjG � � m ® ; 4 ;

�
I�?
�

® ; 4 I�MN;1o�
� BV;&?rMp��_ <kB"?�@ 4�U

∈
®��

�
BV;&?rMJ<�� ���

� BV;&?rMNf �NBP;(?kMn����BP;(?kM$�K£9BV;&?rMNf�_ <hB G �ao ® ; 4 ;&BV@"=
�
� F 4 =&BV@"I 4 o��

®��
�

BP;(?kMJ< � � m�@ 4 :�F,=&BV@"I 4 o"Y-o B�?>R 4 <SQ�R&BV@"I 4 o"Y-o ?�; U F,Q"R(BP@�I 4 o"Y-o";(w1W�?�;9<S<S@�I 4 o"Y-o M	F�BVR&BV@"I 4 o-Y-o�:�;�Q";(BP@�I 4 o�
� � µ � BV;&?rMa�9_ <kBjG � � m � MN@ 4 I

�
R�=�@":

�
� ;(W�BV@":�;

�
I�?
�

� ?�I�BV;�@ 4 o�
� BV;&?rMp��_ <kB"?�@ 4�U

∈
� �

�
BP;(?kM\;9<�� ���

� BV;&?rMNf �NBP;(?kMn����BP;(?kM$�K£9BV;&?rMNf�_ <hB G �ao � I�Q�;�=(F,Q"R(?
�
� F 4 =(BP@"I 4 o��

� �
�

BP;(?kM\;9< � � m�R�=(BP@ i�@ BjG�o"Y-o A�@ 4 :�@ 4�U o-Y-o�W�C,I�<hW�C,I�?PG�Q"R(BP@�I 4 o�
�x_
� �´@ M	W�Q�@";�<pB�C�R(BOY*@�D	R�BP;(?kM³:�;(BP;�=&BV;�:}R�<JR U ; 4 ;n@ 4 <hBVR 4 =�;a@"<JDOI�Q"Q"I�LZ;�:}DrI�?N;(w,R&M	W�Q�;´A�G}B"C,;�LZI�?>:
�+'&�S� 
 �"���-������� Y]LZ;�=�R 4 =�I 4 <>@":�;&?�B"C,R(B0B�C,;n=�I 4 =�R(BP; 4 R(BP@�I 4 I�D^A�I�B"C LZI�?>:�<p@-<pR�m

Genetic_function
o

@ 4 <kBPR 4 =�;�_
` C,;9<>;�C,;&F1?>@"<hBV@"=�<�=�R 4 C,;�Q W BPI @�M$W�?>I�i�;�B"C,;�BP;(?kM ;(w�B�?>R�=&BV@"I 4 W�C�R�<>;xR 4 : BPI ; 4 ?>@�=&C¨B�C,; % � ¡ �
M\;&BVR&B�C�;�<>R&F1?kF�<eLZ@ B�C 4 ;(LzBP;(?kMN<[R 4 :ZB"C,;�@ ?]R�<S<SI�=�@�R&BV@"I 4 </BPI%B"C,; � �t_
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± � 3 ± �

� �������+� ¶�� �*¸�§������"�0º��e�����"§1¹h��º��U	���¹k�
�+¹h��º��J§���	N¹h�����T��¸1¹h��§���¹k�"º��
� @ U F1?>; (´@-<^R ® �Z` vz@ 4 BP;(?>DOR�=�;\<kC,I�L%@ 4�U B�C�;$I�A�BPR�@ 4 ;�:J?>;�<hF,Q�B[R�D-BP;(?*B"C,;�B�LZI´<kBP;(W�<0I�D]?�;�Q�R&BV@"I 4 :�;&BV;�=�X
BV@"I 4 R 4 :�BP;(?kM ;&w1B�?>R�=&BV@"I 4 _ ± 4 B"C,@-<%;(w,R&M	W�Q�;9Y�B�LZI�?>;�Q"R(BP@�I 4 < �

bind
R 4 :

play_role
  R 4 :n<S;&i�; 4 BV;&?rMJ<

L%;&?�;^:�;&BV;�=(BP;�:$@ 4 B�C�@"<q<>; 4 BV; 4 =�;1_

6.3.1.3 Step3: Annotation generation ± 4 B"C,@"<8<hBV;&W�Y � ;�R(B ��414 I�B�F�<>;�<sB"C,; 38� � � M\I�:�F,Q";$d��+��gKL^C,@�=&CpR9<S<>@ U�4 <[R^Q�@ 4�U F,@-<kBP@"=*?>I�Q"; �rU ?>R(M$M\R&BV@"=�R�Q
?�;�Q�R&BV@"I 4,  BVI´<>; 4 BP; 4 =�;%LZI�?>:�< � <hF1A(¬&Y�I�A(¬N�  Hµ @ B]R�Q"Q�I�LZ<0DO@ 4 :�@ 4�U I�F1B]=�I 4 =�;(W�B]@ 4 <kBPR 4 =�;�<0Q"@ 4 c�;�:NA�GtB"C,;
?�;�Q�R&BV@"I 4 _
� I\DOI�?q;�R�=(CJ:�;&BV;�=(BP;�:	?>;�Q"R(BP@�I 4 Y � ;�R(B ��414 I�B�R 4 R�Q G�<S;�<sB"C,;
?�;9<kF,Q BP<qI�D�B"C,;�;(w�B�?>R�=&BV@"I 4 W�C,R9<>;�R 4 :$=&C,;�=&c�<
@�D�B"C,;%<kF1A&¬(;�=(BO<[R 4 :$I�A&¬H;�=(BO<]I�D�B"C,@-<e?>;�Q"R(BP@"I 4 LZ;(?>;^:�;(BP;�=&BV;�:	R9< % � ¡ � =�I 4 =�;(W�BP<&_ ` C,; 4 @�B U ; 4 ;(?>R(BP;�<[R 4
R 414 I�BPR(BP@�I 4 :�;9<>=&?�@ A�@ 4�U R 4 @ 4 <kBPR 4 =�;^I�D�B�C,@-</?�;�Q�R&BV@"I 4 _
� @ 4 =�; 38� � � W�?�I�=�;9<S<>;9<�I 4 Q G <>@ 4�U Q";	L%I�?�:,<SY�B�C�;\Q�@ 4�U F,@-<kBP@"=	?�I�Q�;9<�I�D[M$F,Q�BP@"X-BP;(?kMN<�R&?�;\:�;�:�F�=�;�:´R&F1BPI�X
M\R&BV@"=�R�Q�Q G�A�G � ;�R&B ��414 I�Bk_ � I�?�;&w,R(M$W�Q";�Ye@ 4 B"C,;J<>; 4 BP; 4 =�;�� � # � ��� 
 �&�(�	� 
 �9��� ��� 
 ' � � �]38� � � DO@ ?><hB
R�<l<>@ U�4 <!B�C�;$I�A(¬(;�=&B/?�I�Q�;�BPI�� ����� 
 ' � �^A�F1B � ;�R&B ��414 I�Be?�;�XOR�<l<>@ U�4 <*B�C�@"<*?�I�Q�;ZBPI � Q�F 4,U @ 4 ¬SF1?PG � <>@ 4 =�;	@ B
:�;&BV;�=(BP;�:$@�B�R�<[RN% � ¡ � =�I 4 =�;&W�B�@ 4 <kBPR 4 =�;�_

` C,;^;(w�R(M$W�Q";*A�;�Q"I�L <kF1M$MNR(?>@+*9;�</B�C,;!W�?>I�=�;�<l<[<hBV;&W�<(_�¡];(B�F�<[=�I 4 <>@":�;&?�B"C,;�<>; 4 BV; 4 =�; µ
� ± � �pXOR�Q�W�C,R0R 4 : ±�� �pXVA�;&BVR^R(?>;^<S;�=&?�;&BV;�:%A1G\:�; 4 :�?>@�BP@"=0=�;�Q"Q"<&_ �

� ��'>�(�rµ A�GJR(W�W�Q G�@ 4�U B"C,;�;(w1B"?�R�=(BP@�I 4pU ?�R&M	MNR(?S<]I 4 B"C,@-<[<S; 4 BP; 4 =�;�Y � ;�R(B ��414 I�B�:�;(BP;�=(BO< � A1G	B�C�;*W�?�;9<>; 4 =�;
I�D�i�;(?kA´m�BPI$<S;�=(?>;(BP;1o   B�C,R&B�@�B�=�I 4 BPR�@ 4 <eB"C,;N% � ¡ � ?>;�Q"R(BP@�I 4 � W�?�I�:�F,=�; � _
)�����������µ�` R&A�Q";p�
:�;9<>=&?�@ A�;9<eB"C,;!?�;9<kF,Q B�I�D�B�C,;!BP;(?kMu;&w1B"?�R�=(BP@�I 4 W�C�R�<>;1_

·*§����"� �9� ·*�9�+�¼�+¸1¹��+§��+¹h��º��t����ªS��j¹hª

� � ��'(��µ,� ;�R(B ��414 I�B]R&W�W�Q"@";�<*B�C,; 38� � � M\I�:�F,Q";	I 4 B"C,;p<>; 4 BV; 4 =�;$R 4 :NW�R&?><S;�<*B�C�;%?>;�<hF,Q�BeBPIt:�;(BP;�=&BKB"C,;
:�@"DODr;(?>; 4 B�Q"@ 4�U F,@"<hBV@"=!?�I�Q�;9<]I�D�B"C,;!L%I�?�:,<(_
��4 ;(w�=�;(?kW�B�I�D�B"C,;!?�;9<kF,Q B�I�D 38� � � I 4 B"C,@"<q<>; 4 BP; 4 =�;0@-< µ

��� 4 =�<kF�A(¬ ��� <>;�=(?>;(BP; ��;�: µ �
�

�%� � ��� ± � �pXOR�Q�W�C,R µ �
�

�%��� ��� I�A(¬ �  
��� 4 =�<kF�A(¬ ��� <>;�=(?>;(BP; ��;�: µ �

�
�%� � ��� ± � �pX-A�;(BPR µ f

�
�%��� ��� I�A&¬ �  

��� R&? U
�

MNI�: �	� A�G µ Â
�

±k± ��� <>;�=(?>;(BP; �K;�: µ �
�

�%� � ��� =�;�Q�QO_ ��< µ �
�
�%�	� ��� <kF1A&¬ �  

��� =�I 4 ¬ �
�
� ± � �pXOR�Q�W�C,R µ �

�
�%��� ��� ± � �pX-A�;(BPR µ f

�
�%��� �  

��� 4 =(MNI�: �
�
� =�;�Q"QP_ �e< µ �

�
�%�	� ��� :�; 4 :�?�@ BV@"= µ 2 � ��� �  ��� R&F1w �

�
� <>;�=(?>;(BP; ��;�: µ �

�
�%� � ��� A�; � µ (

�
� b 3
�  

` ;&?rM � ;&M\R 4 BV@"=!B G�W�; � G 4 I 4 G�MJ<
± � �pXOR�Q�W�C,R � M\@ 4 I � =�@�: � ;(W�BP@":�;½I�?

� ?>I�BP;�@ 4
R�Q"DOR�X 4 f @ 4 BP;(?>DO;&?�I 4 Y
® @ 4 BV;&?�Dr;(?>I 4 Y
® XO@ 4 BP;(?>DO;&?�I 4 Y1;&Bk_

± � �pX-A�;(BPR � M\@ 4 I � =�@�: � ;(W�BP@":�;½I�?
� ?>I�BP;�@ 4

v 4 :�I U ; 4 I�F�< ± 4 BV;&?�Dr;(?>I 4 b0;&BVR9Y
± � ��A�Y
± � �pXVb^Y�;(BP=�_

:�; 4 :�?>@ BV@"=0=�;�Q"Q"< �*;�Q"Q �� �
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¡]@ 4 ;�<J��YK�nR 4 :´f´@ 4 :�@"=�R&BV;	B"C,R&B � @   B"C,;	LZI�?>:�< � ± � �pXOR�Q�W�C,R � Y � ±�� �pX-A�;&BVR � R 4 : � =�;�Q"Q-< � R(?>;\Q"@ 4 c�;�:tA�G
B�C�;%i�;&?rA � <>;�=(?>;(BP; � Y�R 4 : � @"@   B�C,;�Q�@ 4�U F,@-<kBP@"=^?�I�Q�;�R�DODr;�=&BV;�:$BVI ±�� �pXrR�Q W�C,R�R 4 : ± � �pXVA�;(BPR � ?�;9<kW�_�=�;�Q"Q-<   @-<
I�A&¬H;�=(B � ?�;9<kWK_�<kF1A&¬(;�=(B   _
� :�; 4 :�?�@ BV@"=Z=�;�Q"Q"<[W�?�I�:�F,=�; ± � �pXOR�Q�W�C,R � R 4 : � :�; 4 :�?>@�BP@�=�=�;�Q"Q-<[W�?>I�:�F,=�; ± � �pXVA�;(BPR � R&?�;0B"C1F�<8:�;(BP;�=&BV;�:\R�<
@ 4 <kBPR 4 =�;�<�I�D[B"C,;	?>;�Q"R(BP@�I 4 � W�?>I�:�F,=�; � £�<SI�Y � ;�R(B ��414 I�B U ; 4 ;&?�R&BV;9<^R 4�3�� � R 414 I�BPR(BP@"I 4 DOI�?*B"C,;9<>;�B�LZI
@ 4 <kBPR 4 =�;�<[R 4 :$R�:�:�<[@�B�BPI%B"C,;^R 414 I�BVR&BV@"I 4 =�I 4 =�;&? 4 @ 4�U B�C,@-</W�R(W�;(?(_

� D-BP;(?qBV;&w1BKW�?�I�=�;9<S<>@ 4�U Y � ;�R(B ��414 I�B U ; 4 ;(?>R(BP;�<
R 4J3�� � R 414 I�BVR&BV@"I 4 :�;�<S=(?>@�A�@ 4�U R�Q"Q�B"C,;�<S;Z@ 4 BV;&?�R�=(BP@�I 4 <
:�;9<>=(?>@ A�;�:�@ 4 B"C,;	R&?rBP@"=�Q";	R 4 :�<hBVI�?�;9<
@ B]@ 4 B�C�;	:�@�?>;�=&BVI�?PG´=�I 4 BPR�@ 4 @ 4�U B"C,;$R 414 I�BPR(BP@�I 4 <
I�D/B"C,;$I�B"C,;(?8W�R�X
W�;&?><&_�v[R�=(C�R&?rBP@"=�Q";	@-<
Q"@ 4 c,;�:NBPI\B"C,; 3�� � DO@"Q";	=�I 4 BPR�@ 4 @ 4�U @ BP<0R 4�4 I�BPR(BP@�I 4 <(_ ` C,;	=(F1?k?�; 4 B]<OG�<kBP;(M¼C,R9<!R
DOQ"R(B]R 4�4 I�BPR(BP@�I 4 A�R9<>;1£�B"C,@-<qA�R9<>;	=�R 4 A�;�I�? U R 4 @�*�;�:J@ 4 B�C�;�D-F�B�F1?>;�Y�DOI�?!;(w�R(M$W�Q";�R�=�=�I�?�:�@ 4�U BVI\B�C,;	R(?kBV@"X
=�Q";*B"C,;&M\;^I�?eBPI%B"C,;!F�<>;&?]<hF1W�W�Q G�@ 4�U L%@ B�C	B�C�;0=�I�?kW�F�<&_
` C,;9<>;$R 414 I�BPR(BP@�I 4 <
=�R 4 B�C,; 4 A�;%F�<S;�:,Y�;�@ B"C,;(?
@ 4 R�A�@�A�Q�@"I U ?�R&W�C,@"=�R�Q�<S;�R(?>=(C�I�?!@ 4 R%M\I�?�;	=�I�M	W�Q�;&w ± 3
� ± 4 DrI�?kM\R&BV@"I 4�3 ;(B"?�@";&i,R�Q   <>=�; 4 R(?>@"I�<hF,=(C�R�<�<S;�R(?>=(C�@ 4�U @ 4 BV;&?�R�=(BP@�I 4 <!A�;&B�LZ;�; 4�U ; 4 ;�<^I�?0I�D U ; 4 ;9<8LZ@ B�C
I�B"C,;(?eA�@�I�M\;�:�@"=�R�Q�; 4 BV@ BP@�;9<(_
� � °�� ¤

 ·*º��	§,��	�ªq§ ���������+���^�J�+¹���º�	�º��"º��1©¯x;$W�?>;�<S; 4 BP;�:�RpM\;&B�C,I�:�A�R9<>;�:�I 4 <S;(MNR 4 BP@�=pL%;&A�BV;�=(C 4 I�Q"I U @";�<�DrI�? U ; 4 ;(?>R(BP@"I 4 I�D*I 4 BVI�Q�I U G�X-A�R�<S;�:
<>;&M\R 4 BV@"=�R 414 I�BVR&BV@"I 4 <
DOI�?[A�@�I�Q�I U @�=�R�QK:�I�MNR�@ 4 _ ` C,@"<qM\;&B�C,I�:N=�R 4 A�; U ; 4 ;&?�R�Q�@�*�;�:$BVIJR 4 G�I�B"C,;&?*<>=�@�; 4 X
BV@"DO@"=´:�I�M\R�@ 4 < � =&C,;(MN@�=�R�Q!:�I�MNR�@ 4 YsW�C�G�<S@�=�R�Q!:�I�MNR�@ 4 Yq;(BP=�_   B�C,R&B*C,R&i,;NB"C,;´<>R&M\; 4 ;�;�:,<$<hF,=(C�R�<ZB"C,;
<kF1W�W�I�?rBqDrI�?!B"C,;\R&F1BVI�M\R&BV@"= U ; 4 ;(?>R(BP@�I 4 I�D[?>@�=&C�R 414 I�BVR&BV@"I 4 <�DV?�I�M BV;&w1BO<SY�L0C,@"=(C�=�R 4 C�;�Q W�BPIti�R�Q"@":�R(BP;
R 4 :ZBPI	@ 4 BP;(?kW�?>;(B�;(w1W�;(?>@�MN; 4 BVR�Q1?>;�<hF,Q BP<&_
± 4 DrR�=(BOY�B�C�;	M\I�:�F,Q";�<
W�?�;9<>; 4 BV;�:´R(?>;	?�;&F�<>R&A�Q";\R 4 :t?>;�Q GnI 4 <hBVR 4 :�R&?�:JBP;�=&C 4 I�Q"I U @�;9<(_ ` C,; � ;�R&B ��414 I�B
M\;&B�C�I�:$=�R 4 A�; U ; 4 ;(?>R�Q"@+*9;�:$@ 4 DOI�F�?�W�I�@ 4 BO< µ

X
 

� ;�Q";�=&BV@"I 4 I�D�R 4 I 4 BPI�Q"I U GN=�I�i,;(?>@ 4�U B�C�;0:�I�MNR�@ 4 <kB"F,:�@�;�:�£
X
 

� ;&i�;�Q�I�W�MN; 4 B�I�DKR 4��%� ± BPI	E�F,;(?OG	B"C,;0I 4 BPI�Q"I U GK£
X
 

� ;�Dr@ 4 @ BP@�I 4 I�D�B"C,;0;&w1B"?�R�=(BP@�I 4$U ?>R(M$M\R&?]DOI�?eB"C,;^I 4 BPI�Q"I U G$?�;�Q�R&BV@"I 4 <&£
X
 

3 ;(F�<S;\I�D � ;�R&B ��414 I�BsBPI´:�;&BV;�=(BsBP;(?kMN<�R 4 :t?>;�Q"R(BP@�I 4 <kC,@ W�<�R 4 :tB"C,; 4´U ; 4 ;(?>R(BP;p<S;(MNR 4 BP@"=$R 4 X
4 I�BPR(BP@"I 4 <&_

3 ;(MNR(?kc µ
± D[B"C,;N<S;�Q";�=(BP;�:´I 4 BPI�Q"I U G 4 ;�;�:�<�; 4 ?�@"=(C�M\; 4 BqI�?*W�I�W�F,Q�R&BV@"I 4 A�Gn@ 4 <kBPR 4 =�;�<SYK@ B[@"<!W�I,<S<S@�A�Q�;�BPI�; 4 ?>@�=&C´@ B
A�G	F�<>@ 4�U �	¡ � BVI�I�Q-<]I 4 R!BV;&w1B"F,R�Q�=�I�?rW�F�</W�?>I�i�@":�;�:%A1G	B�C�;0:�I�MNR�@ 4 ;(w�W�;(?kBO<(_
� I�?];&w,R(M$W�Q"; µ

X
 

%$<>@ 4�U �pI�MN@ 4 I��tI�?t¡]@ c,;�<��kY
BPI¿; 4 ?�@"=(C R 4 : W�I�W�F,Q"R(BP; B"C,;�=�I 4 =�;(W�B	C,@";(?>R(?>=(C�G � R9<�@ 4 B"C,;
� �%� Á^� ��3 <OG�<kBP;(M²d�( 2 g   _

X
 

%$<>@ 4�U � G 4 BP;(w�d�(,ghY�BPI´;(w�B�?>R�=&B]i�;(?kA <OG 4 BVR U MN<�=�I 4 <S@�:�;(?>;�:�R�<!?>;�Q";&i�R 4 B[DOI�?*B�C�;$:�I�MNR�@ 4 R 4 :
L0C�@�=&Cp; 4 R(A�Q";!BVI$; 4 ?>@"=(C�B"C,;!?�;�Q�R&BV@"I 4 C,@";(?>R(?>=(C�GK_

��C�B�B"W µ �"L^L0Lp_ Q"@ 4�U _ F,E�R&M�_ =�R( 4 I�M\@ 4 I
� C�B�B"W µ �"L^L0LZXO; 4 <>R�@"<&_ F,Xr<hB�?>R�<hA U _ D-?kVQ"@�@"R(PQ"@�c,;9<kPQ�@ c,;9<(_ C1B"M

<m:Cell rdf:about='#dendritic_cells '> 
<m:produce > 

           <m:Amino_Acid__Peptide__or_Protein  rdf:about='#IFN-alpha'/>  
</m:produce> 
<m:produce > 
    <m:Amino_Acid__Peptide__or_Protein rdf:about='#IFN-beta'/>  
</m:produce > 

</m:Cell > 
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± � 3 ± �

� @ U F1?>;^�%?�;�=�R&W�@ B�F,Q"R(BP;�</B"C,;0I�A�BPR�@ 4 ;�:ZMN;(B"C,I�:�_

� �����K�+� ����� ��¹kº���º���©��h��§�ªS��	tªS���J§���¹k���0§�����º�¹k§�¹k�"º������������+§�¹k�"º��t�J��¹P��º�	
� µ =�I 4 i�;(?S<>@"I 4 I�D�:�I�=&F1MN; 4 BO<]DV?�I�M¨B�C,;�@�?]I�?�@ U @ 4 R�Q�DOI�?rMNR(B �rU ; 4 ;(?>R�Q"Q G � � �   BVIZBP;(w1B"F,R�Q�DrI�?kM\R&Bk_
 ̀ C,@-<qMN;(B"C,I�:JR�Q"Q"I�L�<qB"C,; U ; 4 ;(?>R(BP@"I 4 I�D[<>;&M\R 4 BP@�=	R 414 I�BVR&BV@"I 4 <qA�R9<>;�: 4 I�B/I 4 Q G�I 4 =�I 4 =�;(W�B/@ 4 <kBPR 4 =�;�<
A�F1BZR�Q-<>I�I 4 ?>;�Q"R(BP@"I 4 @ 4 <kBPR 4 =�;�<&_ ± 4 R�:�:�@ BV@"I 4 BPI�:�I�=(F�M\; 4 B�:�;�<>=&?�@ W�BP@"I 4 Y]B"C,;�<S;�R 4�4 I�BPR(BP@�I 4 <\;&M	A�;�:
@ 4 DOI�?kMNR(BP@�I 4 R(A�I�F1B�:�I�MNR�@ 4 c 4 I�L%Q";�: U ;�_
����

 � ��§��"��§�¹k�"º��tº���¹k��¸1¹/�J�"���"����¹h���
������������ª
� � ¶��-�

 �p��§��"�j¹h§1¹h� ���^�J��§�ªS�������t����¹hª` C,;^E�F�R�Q"@�BjG\I�D�R!BV;&w1B�M\@ 4 @ 4�U BP;�=&C 4 @"E�F,;^@"</BjG�W�@"=�R�Q"Q G\R�<l<>;�<l<>;�:	@ 4 BP;(?kMN<[I�D�W�?>;�=�@"<S@�I 4 R 4 :%?>;�=�R�Q"QP_
�q�+�
���"ªS�"º�� �P��  ?�;�Q�R&BV;9<sBVI�B"C,;�R(A�<S; 4 =�;�I�D 4 I�@-<>; � R�Q-<>Ip=�R�Q�Q";�:p=�I�M$M\@-<S<S@�I 4�  @ 4 B"C,;
M\@ 4 @ 4�U _ ± B�MN;�R�<hF1?>;�<
B�C�;!?>R(BP@"I$I�D � B�?kF,;
W�I,<>@ BV@ji�;9< �%� BP;(?kMJ<[I�?e?�;�Q�R&BV@"I 4 <[=�I�?r?>;�=&BVQ G\@":�; 4 BV@"DO@";�:   R 4 :ZA�I�B�C � B�?kF,;!W�I,<>@ BV@ji�;�< � R 4 :
� DOR�Q"<S;*W�I�<S@�BP@ i,;�< � _
� ����§���� �O3!  ?>;�Q"R(BP;�<[BPI	B�C�;%R(A�<S; 4 =�;%I�Ds<S@�Q"; 4 =�; � R�Q"<SI\=�R�Q�Q";�:\I�M\@-<S<S@�I 4�  @ 4 B"C,;0MN@ 4 @ 4�U _ ± B�MN;�R9<kF1?>;�<]B"C,;
?�R&BV@"I�I�D � B"?rF�;ZW�I�<S@�BP@ i,;�< � R 4 :JA�I�B"C � B�?kF,;�W�I,<>@ BV@ji�;9< � R 4 : � DrR�Q-<>; 4 ; U R(BP@ i,;�< �\� BV;&?rMJ<^I�?*?>;�Q"R(BP@�I 4 <*B�C,R&B
<kC,I�F,Q":%A�;0=�I�?k?�;�=(BPQ G\@":�; 4 BP@�Dr@�;�:   _
` C,;%R+i�;(?>R U ;%@"<]BjG�W�@"=�R�Q�Q G$MN;�R9<kF1?>;�:�A�GJR%<>@ 4�U Q";!MN;�R9<kF1?>;(MN; 4 BK=�R�Q"Q";�: � �hªG��º,�+� � I�? � XVM\;9<kF1?>;   Y�L^C,@"=(C
=�R�Q�=&F,Q�R&BV;9<eB"C,;!C,R(?kMNI 4 @"=!i,R�Q F,;0I�D�W�?�;�=�@-<>@"I 4 R 4 :Z?�;�=�R�Q�QO_

��
��

scoreF +
××=− 2
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± 4 d�� Â ghY,LZ;%W�?�I�W�I,<>;�:�R 4 ;(L¨MN;�R�<hF1?>;(MN; 4 B]=�R�Q�Q";�: ��ªl���k��������ªSª BPI\MN;�R9<kF1?>;%B"C,;Z?�R&BV@"I�I�D[<hF U1U ;9<kBP@�I 4 <
=�I 4 <>@":�;&?�;�:NR�<[F�<>;�DVF,Q�DrI�?[B�C,;�A�@"I�Q"I U @-<kBO<*R 4 :N=�I�?r?>;�=&B/<kF U1U ;�<hBV@"I 4 <(_ ± 4 B�C,;�@�?[L%I�?rc�Y 4 I�B�F�<>;�DVF,Q�<hF U1U ;9<>X
BV@"I 4 <�R&?�;�I 4 BPI�Q"I U Ga?�;�Q�R&BV@"I 4 <kC,@ W5@ 4 <hBVR 4 =�;9<�?>;�Q"R(BP@ 4,U =�I 4 =�;&W�BO<�@ 4 <hBVR 4 =�;9<�R 4 :a:�;�<S=(?>@�A�@ 4�U RpA�R�<>@"=JI�?
i�R U F,;*c 4 I�LZQ�;�: U ;^DOI�?eB�C,;!A�@"I�Q"I U @"<hBk_
` C,@-<sM\;�R�<hF1?�;�@-<8<kF1A&¬H;�=(BP@ i,;�<S@ 4 =�;�@�B�?>;�Q"R(BP;�<sBPIpR!W�I�@ 4 BKI�D�i�@";(L I�D�R!F�<>;&?sI�?]I�D�R U ?>I�F�WK_ ± 4 B"C,@-<eLZI�?kc�Y
B�C�;%R 414 I�BVR&BV@"I 4 <8=�I 4 <>@":�;(?>;�:\R9<]F�<>;�Q�;9<S<sA�GJR
A�@"I�Q"I U @-<kBKR&?�;%<kBPI�?>;�:p@ 4 B"C,;�R 4�4 I�BPR(BP@�I 4 A�R�<S;�_ � W�I,<S<>@ A�Q";
@�M$W�?>I�i,;(MN; 4 B[L%I�F,Q�:�A�;$BPI´R�:�:tM\;&BVR�:�R(BPR\I 4 B"C,;�<S;\R 414 I�BPR(BP@�I 4 < � DrI�?^;&w,;(M$W�Q"; µ F�<>;�Q�;9<S<

�
DOI�?   L^C,@"=(C

L%I�F,Q":	R�Q�Q"I�LzBPI	Dr@�Q BV;&?eB�C,;^R 4 <kLZ;(?S<[<S; 4 B�A�G$B�C,@-</A�@"I�Q"I U @-<kBh_
` C,;9<>;	:�@"DODO;&?�; 4 B�M\;�R�<kF�?�;&M\; 4 BP< U @ji�;�R 4 @�:�;�R	R(A�I�F1B�B�C,;%W�;&?�DrI�?kM\R 4 =�;ZI�DsR^W�R(?kBV@"=(F,Q"R(?[BV;�=(C 4 @�E�F,;�Y�A�F1B
BVI\=�I�M$W�R&?�;%:�@�DrDO;(?>; 4 B�BV;�=(C 4 @�E�F,;�<lY�LZ;0M$F�<kB�BPR(c�;%@ 4 BPI\R�=�=�I�F 4 Be<S;&i�;&?�R�Q�=(C,R&?�R�=(BP;(?>@"<hBV@"=�<8I�B�C�;(?sB"C,R 4 B"C,;
W�;&?�DrI�?kM\R 4 =�;1_
� ;(?>;0R&?�;�<>I�M\;^=(C�R(?>R�=(BP;(?>@-<kBP@�=9<eLZ;0=�I 4 <S@�:�;(?]@ M	W�I�?kBVR 4 B�BVI$=�I�M	W�R(?>;0:�@�DrDO;(?>; 4 B,BP;�=&C 4 @"E�F,;9< µ

X
 ·q©����\º��*¹h�+¸1¹ µ @ Bq=�I 4 =�;&? 4 <
B"C,;	c,@ 4 :´I�D[B�C,;	BP;(w�BsL0C�@�=&C�LZ;	LZR 4 B/BPI�R 4 R�Q G�*9; µ R(A�<kB"?�R�=(BO<
i,<(_

D-F,Q"Q"X-BP;(w1B�R(?kBP@�=�Q�;9</i,<&_9:�R(BPR(A�R9<>;^DO@";�Q":�<si,<(_�@ 4 DOI�?kMNR�Q�:�I�=(F1MN; 4 BO< � <hF,=(C\R�</M\R�@�Q-<   _
X
 �l������¹ �kº��+�t§1¹�� @ B�=�I 4 =�;&? 4 <]B"C,;0BP;(w1BeDOI�?kMNR(BO<8R�=�=�;(W�BV;�:\R�<q@ 4 W�F1Bh_ ` C,;
M\Rr¬(I�?>@�BjGNI�D�BP;(w�B�M\@ 4 X

@ 4,U BVI�I�Q-<
BVR&c,;�<
W�Q�R�@ 4 BP;(w1BqR9<�@ 4 W�F1BOYe<>I�Y�BPR(c,@ 4�U @ 4 BVI´R�=�=�I�F 4 B8I�B"C,;(?S<�DOI�?rMNR(B8<hF,=(CnR9< ��� � Y
��`/� ¡[Y1;&BV=1_9=�R 4 A�;0=�I 4 <S@�:�;(?>;�:$R�<[R�:1i�R 4 BPR U ;�_

X
 

� ��¹�����¹1�rº,�+�t§1¹�� @ B
=�I 4 =�;&? 4 <%B"C,;\?>;�<hF,Q B!DrI�?kM\R&Bk_ ` C,;NF�<S;tI�D^<hBVR 4 :�R&?�: DOI�?rMNR(B � BP;(w�B % 4 @"X
=�I�:�;�Y |Z� ¡[Y 3�� � Ye;&BV=1_   @-<0W�?�;�DO;(?k?>;�:�BPI�DOR�=�@"Q�@ BPR(BP;$B�C�;$?�;&F�<>;JI�Dq?>;�<hF,Q�BO<
A�GaI�B"C,;&?^R(W�W�Q"@�=�R�X
BV@"I 4 <(_

X
 �*¸1¹h���+��§��/�+��ªSº��K������ª � @ Bs=�I 4 =�;(? 4 <*B�C,;Z?>;�<>I�F1?>=�;�<*F�<S;�:NBVI�<kF1W�W�I�?rBeB"C,;%BP;(w�B�MN@ 4 @ 4,U M\;&B�C�I�:

<kF,=&CnR�<^:�@"=(BP@�I 4 R(?>@";�<SYKI 4 BVI�Q�I U @�;9<SY�B�C�;�<>R&F1?>@"YK;(BP=�_ ` C,;pE�F,R�Q"@�BjG�R 4 :JB�C�;$R+i�R�@"Q"R(A�@"Q"@�BjG�I�DsB"C,;9<>;
?�;9<>I�F1?�=�;�<8=�R 4 C,R&i,;%R 4 ;�DrDO;�=&BKI 4 B�C�;!BP;�=&C 4 @"E�F,;
W�;(?>DOI�?kMNR 4 =�;�_ ± 4 R�:�:�@ BV@"I 4 Y�I 4 BVI�Q�I U @�;9<sW�?>I�X
i�@":�;\=�I�M	W�F1BPR(A�Q";N<>;&M\R 4 BP@�=9<
L0C,@"=(Cn=�R 4 C,;�Q W�BVI�@ M	W�?�I1i�;�B�C,;�BP;(w1B/MN@ 4 @ 4,U BP;�=&C 4 @"E�F,; � :�@-<>X
R(M$A�@ U F,R&BV@"I 4 Y�W�?>;�:�;�DO@ 4 ;�:%?>;�Q"R(BP@�I 4 <SY�?�;9<kB"?�@"=(BP@"I 4 Y�;(BP=�_   _

X
 À���¹hº��J§�¹k�"º�� �

@ B/=�I 4 =�;(? 4 <qB"C,;	:�; U ?�;�;�I�D[R(F1BPI�MNR(BP@"I 4 I�DeB"C,;�BP;(w1B�MN@ 4 @ 4�U BP;�=&C 4 @"E�F,; � <>;&M\@"X
R(F1BPI�MNR(BP@"=�Y!R&F1BPI�MNR(BP@�=   _ � @ MN@ 4�U BVI�C,;�Q�W F�<>;&?><t@ 4 B"C,;aR 414 I�BVR&BV@"I 4 BVR9<kc�Y
D-F,Q"Q GzR&F1BPI�MNR(BP;�:
BV;�=(C 4 @�E�F,;�<[R(?>;*W�?�;�DO;&?r?>;�:ZL0C�; 4 i,I�Q F1M\@ 4 I�F�<]R&M\I�F 4 B�I�D�:�I�=(F1MN; 4 BP< 4 ;�;�:%BPIZA�;^R 414 I�BVR&BV;�:�_

X
 ·q©�����º��/§���§�� ©�ªS�"ª � @ BK=�I 4 =�;(? 4 <sB"C,;*MNI�:�;�Q�F�<S;�:ZA�G	B"C,;!BV;�=(C 4 @"E�F�;*BPI	R 4 R�Q G�*�;!BP;(w1B � M\R�=(C,@ 4 ;

Q�;�R(? 4 @ 4�U MNI�:�;�Q"Y
<kBPR(BP@"<hBV@"=�R�Q*MNI�:�;�Q-Y*D-F,Q"Q G5�	¡ � MNI�:�;�Q   _ ` C�@"<\=&C,R(?>R�=&BV;&?�@-<kBP@"=�=�R 4}U @ i,;�R 4
@�:�;�R^R(A�I�F1B�B"C,;0=�I 4 <hF1M$W�BP@�I 4 I�D�BP@�MN;0R 4 :$I�D�?�;9<>I�F�?�=�;�</A�G	B"C,;^R 4 R�Q G�<S@"<&_

X
 ·q©�����º��s�+��ªl����¹
� @ BK=�I 4 =�;&? 4 <sB"C,;
c,@ 4 :pI�D�B�C�;^@":�; 4 BP@�Dr@�;�:$; 4 BP@�BP@�;9<(_ ± 4 B"C,;
A�@"I�MN;�:�@"=�R�Q�:�I�M\R�@ 4

DOI�?^;(w,R&M	W�Q�;9Y�?�;9<kF,Q BP<�=�R 4 A�; µ I 4 Q G U ; 4 ;pI�?*W�?>I�BP;�@ 4t4 R&M\;9<SYK:�@"DODr;(?>; 4 B/A�@�I�M\;�:�@"=�R�Q/; 4 BP@�BP@�;9<SY
?�;�Q�R&BV@"I 4 <]A�;(B"LZ;�; 4 A�@"I�MN;�:�@�=�R�Q�; 4 BV@ BP@�;9<SY�@ 4 <hBVR 4 =�;9<qI�DeI 4 BPI�Q"I U GN=�I 4 =�;&W�BO<qR 4 :�?>;�Q"R(BP@�I 4 <SY�;(BP=�_
` ;�=(C 4 @"E�F�;�</L0C,@"=(C	W�?>I�i�@":�;!B"C,;*MNR(w�@�M$F1M»I�D�@ 4 DOI�?kMNR(BP@�I 4 R(?>;!W�?>;�DO;&?r?>;�:�_

` R&A�Q";\��W�?�;9<>; 4 BP<�B�C�;J=�I�M	W�R(?>@"<SI 4 I�D8BP;(w1B[M\@ 4 @ 4�U BP;�=(C 4 @�E�F,;�<Z@�M$W�Q";(MN; 4 BP;�:�A�G�BVI�I�Q-<0W�?>;�<S; 4 BP;�:n@ 4
B�C�;^<S;�=(BP@"I 4 (K_ f�_

·*§����"� ¤���� º�����§�����ªlº��tº���¹k��¸1¹/�J�"���"����¹hº�º���ªq��ªl�����$º��K��	��
�r�"���
	U����§��+§��+¹h������ªS¹k����ª



���
  ��� �+�V� �����J�j�+�9�	� ��
 �,� �

± � 3 ± �

� ��
�� �
��
�

� �	
	�
�  �
� ��
�� �
	 �

�	 �
� �
�  �
�

��
���
��
�

��
�� �

���
�� �

�
�  
!�
" ��
#

�� �
�$ �
� ��
��

% ��
!��
�� �

&�
�'
# (
� ��
�� !�
!(

�
	 �
�� !�
�# 
��
�(� ��



�� !�
)��
����
�
*

��
�� �
!��
+
� �
� � 


�
� ��
���
	 �
� 
#,
-

��
�� �
	 �
�� !��
� � 


�
� ��
��

. /
0 1
2 ��3

� 
#	� �
�,
�
� ��
�� �

�	 �
� �
�  �
�

&4 5 ��
��
�� �
�$ �
� �



�
�� % ��

!��
�� �

'  
� �$

	 ��
�� �
)+
$ ��
*

� 6�
��
#
7��

' ��
�$
� �
	 ��
�� �
)*

8 �
� �
+�
!� 
� �� �
� � 


� ��
��
� !�
, 
�  
�

�$ 
�

9 ��
� :�
;<

� �	
	 
�  �
� ��
�� �
	 �

�	 �
� �
�  �
�

� �
� �,
��


= �
!  
	 
# )
, ��


% ��
!��
�� �

'  
� �$

	 �
�� �
)+
$ ��
*

� �
�
$� �
	 ��
�� �
)

> �� �
��
�� !�
, 
�  
�

�!	 
� �
	 ��

� �
, 


�
� ��
��
' )
��
�+�
! 


� � ��
�

� �@?
*

92 <

� 
#	� �
�,
�
� ��
�� �

7A�
���+
	 �
� �
�  �
�

&4 5 �  �
� �!
��

% ��
!��
�� �

� 
�� �
� !�
� �


8 �
 
�
	 �
� 
#
� �
( !�



��
�� !�
',
� !	
!)� �
�
	

( ��
��
� !��
�

#� �
��
 �

� �@?
*

B � C
�. 3
�<
<�

� �	
	 
�  �
� ��
�� �
	 �

7A�
���+
	 �
� �
�  �
�

��
�

D  �
!��
!	 !
) -

% ��
!��
�� �
'# 
(� �
��


�� !�
!( �
) �
	 ��
 �



+�
��
� !��
*

� �
�� �
�

��
� �
$� �
)

'# 
(� �
� ��
!�
!( �
) �



	 ��
 �+�
��
� !��
*

5
!��
+
� �
� ��
� ��
��

��
# �
!�
� �� �
��



�� !��

B ;
E��
F � � C
�

G �
E /�
F �3
1�
�

H /�
E /�
F �3
1�
�

I C
� �3�
�
J 3�
<�
/3
K�<

� /� �
1�
�2 �
�

B ;
E��
F �
��
J ;<
2 <

B ;
E��
F 3�
< /J
�



�����������	�
������������������������ �!�"�$#%�&���('(���"�*)��+����,�-���/.0���,���"���-�����1�
 

� �  

3*354�68797�797

� � ¶�� ¤
 � ��§�����§�¹k�"º��tº���¾¿��§�¹OÀ�����º1¹��` I$i�R�Q�@":�R&BV;%I�F1?qR 414 I�BPR(BP@"I 4 <lY�LZ;%R�:�I�W�BV;�:\R0F�<>;&?�Xr=�; 4 B�?>;�:\R&W�W�?>I�R�=(C µ L%;%=&C,I�<S;0?�R 4 :�I�M\Q GJR
BP;�<hBK=�I�?>X

W�F�< � � 2 ����<S; 4 BP; 4 =�;�<   D-?>I�M{B�C�;	:�I�=(F�M\; 4 BP< U @ji�; 4 A1GJA�@"I�Q"I U @-<kBO<!R 4 :pLZ;�W�?�;9<>; 4 BV;�:pB"C,;	<hF U1U ;9<kBP@�I 4 <
W�?>I�W�I�<>;�:%A1G � ;�R&B ��414 I�B�BVIZA�@"I�Q"I U @-<kBO<si�@�R^R 4 @ 4 BV;&?�DrR�=�;^@ 4 I�?>:�;&?eBVI$;&i�R�Q�F�R(BP;*B"C,;�@ ?]E�F,R�Q�@ BjGK_
� @ 4 =�;0B"C,;�<S;%R 414 I�BPR(BP@�I 4 <]L%;&?�;%@ 4 BP; 4 :�;�:\DrI�?qR 4 ± 3 =�I 4 BV;&w1BPY1LZ;%DOI�=(F�<S;�:\I 4 =�Q�R9<S<>@"= ± 3 E�F�R�Q"@�BjG$MN;�R9<>X
F1?>;�<[DOI�?]@ 4 :�;&w,@ 4�U R 4 :%LZ;^R�:�R&W�BP;�:ZB�C�;(M¨BVI$I�F�?s=�R�<S;�_
¯x; 4 I�BP@"=�;�:nR�Q-<>I�B"C,R(B!<>I�M\;J<hF U1U ;9<kBP@�I 4 <0LZ;(?>;N=�I 4 <>@":�;&?�;�:�R�<Z=�I�?k?>;�=(B[A�F1B 4 I�B[F�<>;�D-F,Q/BVI�B�C,;pA�@"I�Q"I�X
U @-<kBO<q<S@ 4 =�;
B�C�;lGN:�;�<S=(?>@�A�;�:pR
A�R�<S@�=�I�?si�R U F�;!c 4 I�LZQ�;�: U ;1_ ` C,;(?>;�DrI�?>;�Y�L%;^@ 4 B�?>I�:�F,=�;�:	R 4 ;(LzMN;�R9<kF1?>;�Y
=�R�Q�Q";�:ZF�<>;�D-F,Q 4 ;9<S<SY�DOI�?�MN;�R9<kF1?>@ 4�U B"C,;!?�R&BV;^I�D�F�<>;�D-F,Q�<hF U1U ;9<kBP@�I 4 <(_
` C,@-<
MN;�R�<hF1?>;\@"<%<hF1A(¬(;�=&BV@ji�;	A�;�=�R&F�<>;\@ Bs?>;�Q"R(BP;�<
BPI´R�W�I�@ 4 B[I�D]i,@�;&LTI�D8R�F�<>;&?0I�?0I�D8R U ?>I�F1W�_ ± 4 B�C,@-<
L%I�?rc�Y,B"C,;	R 414 I�BVR&BV@"I 4 <0=�I 4 <>@":�;&?�;�:tR9<8F�<>;�Q";�<l<8A1G´RZA�@"I�Q"I U @-<kB]R(?>;p<kBPI�?>;�:J@ 4 B"C,;�R 414 I�BVR&BV@"I 4 <8A�R9<>;�_ �
W�I,<S<>@ A�Q";%@ M	W�?�I1i�;(MN; 4 B�L%I�F,Q�:�A�;!BPIpR�:�:ZMN;(BPR�:�R(BPR�I 4 B�C,;9<>;�R 4�4 I�BPR(BP@�I 4 < � DrI�?[;&w,;(M$W�Q"; µ F�<S;�Q";�<l<

�
DrI�?  

L0C�@�=&C�LZI�F,Q":	R�Q�Q"I�LzBPI	Dr@�Q BP;(?eB�C�;0R 4 <kLZ;(?S<[<S; 4 B�A1G	B�C�@"</A�@"I�Q"I U @-<kBh_

·*§����"� °���� �
�r�"����¹k�"º��tº��e�J��§�ªS�K�+���t����¹hª

� ?>;�=�@"<S@�I 4 ?>;�Q"R(BP;�<%BVI�B�C�;tR&A�<>; 4 =�;tI�D 4 I�@-<>; � R�Q"<SIn=�R�Q�Q";�:a=�I�M	MN@"<l<>@"I 4�  @ 4 B�C�;J;(w�B�?>R�=&BV@"I 4 R 4 :�?>;�=�R�Q"Q
?�;�Q�R&BV;9<eBPIZB�C,;^R(A�<>; 4 =�;^I�De<>@"Q�; 4 =�; � R�Q-<>I$=�R�Q"Q";�:$I�MN@"<l<>@"I 4�  _

·*§����"� ¶�� � ��ªS����¹kª �

` C,;	<>;�=�I 4 :J=�I�Q F1M 4 :�;9<>=(?>@ A�;�<qB�C,; 4 F1M$A�;(?*I�D�?>;�Q"R(BP@"I 4 <*=�I�?k?�;�=(BPQ G�;&w1B�?>R�=&BV;�:ND-?>I�M»BV;&w1BP<&_ ` C,;%:�@�DrDO;(?>X
; 4 =�;�LZ@�B"CNB"C,; 4 F1M	A�;(?!I�Dq<kF U1U ;�<kBP@"I 4 <8W�?>I�W�I,<>;�:pA�G � ;�R(B �^4�4 I�Bs@"<qM\R�@ 4 Q G�:�F,;�BVI$B"C,;Z;&?r?>I�?S< U ; 4 ;(?>X
R(BP;�:aA1G�B"C,;N�	¡ � BPI�I�Q-< � ;�_ U _�L^?�I 4�U U ?�R&M	MNR(BP@"=�R�Q*=�R(BP; U I�?PG}I�?%L^?�I 4�U Q�@ 4�U F,@-<kBP@"=N?>I�Q";   R 4 :nBVInB"C,;
BV;&?rMJ<*M\@-<S<S@ 4�U @ 4 % � ¡ � � @P_ ;1_1L^C,; 4 B�C�;$<hF1A(¬(;�=&B]I�?!I�A(¬(;�=(BsI�D]R%?�;�Q�R&BV@"I 4 L%R9< 4 I�B/DrI�F 4 :t@ 4 % � ¡ �   _
�pI 4 ;&B�C�;�Q";�<S<[R U I�I�:%W�?�;�=�@-<>@"I 4 @-<[I�A�BPR�@ 4 ;�:$<S@ 4 =�;��1f��²I�D�B"C,;�<kF U1U ;�<kBP@"I 4 </L%;&?�;^=�I�?r?>;�=&Bk_
` C,;�B"C,@ ?�:�=�I�Q�F�M 4 :�;9<>=(?>@ A�;�<!B"C,; 4 F1M$A�;&?!I�D/?>;�Q"R(BP@"I 4 < 4 I�B];&w1B�?>R�=&BV;�:\A1G � ;�R&B ��414 I�B µ B"C,;�<S;%MN@-<S<>@ 4�U
<kF U�U ;�<hBV@"I 4 <	R(?>;�R�Q-<>In:�F,;pBPI�B"C,;t;(?k?�I�?>< U ; 4 ;&?�R&BV;�:�A1GnB�C,;$�	¡ � BPI�I�Q"<�R 4 :´M\R�@ 4 Q GnBPI�?>;�Q"R(BP@�I 4 <Z:�;�X
:�F,=�;�:NA�GtB"C,;ZA�@"I�Q"I U @-<kB � L0C,; 4 <k"C,;%?�;�R�:�<8B�C�;	<>; 4 BP; 4 =�;   R 4 :\L0C,@"=(C�=�R 4�4 I�B�A�; U ; 4 ;&?�R&BV;�:JR&F1BVI�M\R&BV@"X
=�R�Q�Q GK_
v/w,R&M	W�Q�;^I�D�;(?k?�I�?>< U ; 4 ;(?>R(BP;�:ZA�G	B"C,;8�	¡ � BPI�I�Q"< µ

� ;�R9<kF1?>;�<
� ?>;�=�@"<S@�I 4 ��AJ<kF U1U ;�<hBV@"I 4 <]=�I�?k?�;�=(BPQ G\;&w1B"?�R�=(BP;�:Z

��ANR�Q"Q�<hF U1U ;9<kBP@�I 4 <[;(w1B"?�R�=(BP;�:
3 ;�=�R�Q�Q ��AJ<kF U1U ;�<hBV@"I 4 <]=�I�?k?�;�=(BPQ G\;&w1B"?�R�=(BP;�:Z

��AN<hF U1U ;9<kBP@�I 4 <eB"C,R&B�<hC,I�F�Q�:ZA�;^;(w1B"?>R�=(BP;�:
%$<>;�DVF,Q 4 ;�<l< ��A	F�<>;�DVF,Q�<kF U�U ;�<hBV@"I 4 <[;(w�B�?>R�=&BV;�:%

��AN<hF U1U ;9<kBP@�I 4 <[=�I�?k?>;�=(BPQ G\;(w1B"?>R�=(BP;�:

� �
))�
�� !�

5
!��
�
�

�
� ��
� �
)

� �
( �	

� �
�
� �
� !�

� ��
		

� �
( �	 �
��

3 ;9<kF,Q B ����� �	��
 ����� 	�	� �������
 ����
	��� ��� ���




�,�
  ��� �+�V� �����J�j�+�9�	� ��
 �,� �

± � 3 ± �

��`/3*��U ; 4 ;�Y�L0C,@"=(C	A�;�Q�I 4�U </BVIZB�C�; `s3*� X-C�I�MNI�Q"I U�U ?�I�F1W�Y�@"<[;(w1W�?�;9<S<S;�:$@ 4	4 ;(F1?>I 4 < �
± 4 B"C,@-<%<>; 4 BV; 4 =�;	L^C,;(?>;	B"C,;	?�;�Q�R&BV@"I 4 � ;&w1W�?>;�<l<>;�:

�
@ 4�� @-<�:�;&BV;�=(BP;�:�Y�B"C,; 38� � � MNI�:�F�Q�;N<hF U1U ;9<kBO<
B�C,R&B

� L^C,@�=&C � @-<0B"C,;J<kF�A(¬(;�=&B8I�D8B�C,;p?�;�Q�R&BV@"I 4 Ye<SI � ;�R(B ��414 I�B8:�I�;9< 4 I�B U ; 4 ;&?�R&BV;	B"C,;\R 414 I�BPR(BP@"I 4 A�;�=�R(F�<>;
� L^C,@�=&C � @-< 4 I�B!R 4 % � ¡ � BP;(?kM½R 4 :n@ B8Q"I�<S;�<0B"C,;N@ 4 BP;(?>R�=&BV@"I 4 A�;(B"L%;�; 4 B"C,; ��`s3*�}U ; 4 ; � R 4 : �(4 ;&F,X
?�I 4 < � _
v/w,R&M	W�Q�;^I�D�M\@-<S<S@ 4,U ?>;�Q"R(BP@�I 4 < µ
� %%W�I 4 @ 4 BP;(?>DO;&?�I 4 X U R&M	MNRp@ 4 :�F,=&BV@"I 4 YKR�DVBV;&?!i�@ ?�R�Q/@ 4 Dr;�=&BV@"I 4 DOI�?0;(w,R&M	W�Q�;9Y�R�?>; U F,Q"R(BPI�?0I�D]B�C,;�W�?�I�BV;�R�X
<>I�M\;9Y ��� ���^W�Q�RHG�<]R!?�I�Q�;^@ 4 R 4 BV@ U ; 4 W�?>I�=�;�<S<S@ 4,U _ �
± 4 B"C,@"<^;&w,R(M$W�Q";�Y � ;�R(B ��414 I�B[;(w1B"?�R�=(BO<^R(F1BPI�MNR(BP@�=�R�Q"Q G�B�C�;Z?>;�Q"R(BP@"I 4 �&��� ���pW�Q"RlG�<

�
?>I�Q";	R 4 BP@ U ; 4 W�?�I�=�X

;�<l<>@ 4�U � A�F1B
RNA�@"I�Q"I U @-<kB8L^C,I´?>;�R�:�<%B�C�@"<$<>; 4 BV; 4 =�;�=�R 4 :�;�:�F�=�;�YeF�<>@ 4�U C�@"<h�C,;&?%@ M$W�Q"@�=�@�Bqc 4 I�L%Q";�: U ;�Y
R 4 I�B�C�;(?e?�;�Q�R&BV@"I 4 L0C�@�=&Cp@-< � @ 4 BP;(?>DO;&?�I 4 X U R&M	MNR!C,R&i�;

�
;�DODO;�=(B ��� ��� � _

� @ 4 R�Q"Q G�Y � ;�R(B ��414 I�BqC,R9<ZR U I�I�:´F�<>;�D-F,Q 4 ;9<S<�<S@ 4 =�; � f�� I�D!=�I�?k?�;�=(B!<kF U1U ;�<kBP@"I 4 <%R&?�;J=�I 4 <>@":�;(?>;�:nR�<
F�<>;�D-F,Q8A�G5A�@"I�Q"I U @-<kBO<(_ ` C�;´R 414 I�BVR&BV@"I 4 <�?�; U R(?>:�;�:5R�<�F�<S;�Q";�<S<pR&?�;JC,I�L%;+i�;(?	R�:�:�;�:nBVInB"C,; 3�� � Dr@�Q";
=�I 4 BVR�@ 4 @ 4�U B"C,;%I�B"C,;&?qR 414 I�BPR(BP@�I 4 < µ B"C,;HGpC,R+i�; 4 I 4 ; U R(BP@ji�;%@�M$W�R�=(B�R 4 :�B�C�;lG$MNRlGpA�;
?>;�Q";&i�R 4 B�BVI 4 I1i�X
@�=�;0I�? 4 I 4 ;(w1W�;(?kB,F�<>;(?S<(_
` C,;9<>;Z?�;9<kF,Q BO<8W�?�I1i�;%B"C,R&B � ;�R(B �^4�4 I�B U ; 4 ;(?>R(BP;�< U I�I�:JE�F�R�Q"@�BjG�R 414 I�BPR(BP@�I 4 <SY�R 4 ;�<l<>; 4 BV@"R�Q�DO;�R(B"F1?>;�DOI�?
R*F�<>;^@ 4 R 4 @ 4 DrI�?kM\R&BV@"I 4 ?�;&B�?>@�;+i�R�Q�=�I 4 BP;(w1Bh_

7 C o n c l u si o n s 
� ���

 
� ��ªR����ªlªS�"º��` C,@-<�:�I�=(F1MN; 4 BsW�?>;�<S; 4 BO<�R	M\;&B�C�I�:�I�Q�I U GaDOI�?*B"C,; U ; 4 ;(?>R(BP@�I 4 I�D8I 4 BPI�Q"I U G�XVA�R9<>;�:�R 414 I�BPR(BP@"I 4 A�G�;&w,X

B�?>R�=&BV@ 4�U @ 4 DOI�?kMNR(BP@�I 4 DV?�I�M BP;(w�BP<&£*@ B	<kF1?hi�;HG�<J:�@�DrDO;(?>; 4 B^BP;(w�B^MN@ 4 @ 4,U BP;�=(C 4 @�E�F,;�<\W�?>I�W�I�<S;�: DOI�?pB"C,;
A�@"I�MN;�:�@�=�R�Q�:�I�M\R�@ 4 R 4 :$@�B�W�?�;9<>; 4 BP<[R 4 R(W�W�?�I�R�=&C�BPI	=�I�M$W�R(?>;!B�C,;9<>;!BV;�=(C 4 @�E�F,;�<&_
b*F,@"Q�:�@ 4,U RnL^C,I�Q";�R(W�W�Q"@�=�R(BP@�I 4 BPI U ; 4 ;&?�R&BV;�R&F1BVI�M\R&BV@"=�R�Q�Q G¿I 4 BPI�Q"I U G�XVA�R�<S;�:x<>;&M\R 4 BP@�=�R 4�4 I�BPR(BP@�I 4 <
W�?>;�<S; 4 BO<[<SI�MN;0:�@�DrDO@"=(F,Q BP@�;9< µ

• 
` C,;^=(C�I�@"=�;^I�D�B�C,;!A�;9<kB�BP;(w1B�MN@ 4 @ 4�U BV;�=(C 4 @"E�F�;0R�:�R(W�BV;�:%BPI$I�F1? 4 ;�;�:�<&_

• 
` C,;^=(C�I�@"=�;^I�D�I 4 ;^I�?[<>;+i�;(?>R�Q�I 4 BVI�Q�I U @";�<[=�I�i,;(?>@ 4�U B�C�;*A�@�I�M\;�:�@"=�R�Q�:�I�MNR�@ 4p� A�@"I�Q"I U @"=�R�Q,; 4 X
BV@ BP@�;9<SY1:�@"<S;�R9<>;�<lY9MN;�:�@�=�R�Q�; 4 BP@ BV@";�<��   _

• 
± 4 BV; U ?�R&BV@"I 4 I�D
B"C,;�:�@"DODr;(?>; 4 B0=�I�M$W�I 4 ; 4 BO<�W�?�;9<>; 4 BV;�:a@ 4 � @ U F�?�;5� � :�@"DODr;(?>; 4 B
I�F1B�W�F1B"V@ 4 W�F�BPY
:�@"DODr;(?>; 4 B�W�?>I U ?�R&M	MN@ 4,U Q"R 4�U F�R U ;9<SY1;&BV=1_   _

• 
` C,;^=�I 4 i�;&?><S@�I 4 I�D�R(?kBP@�=�Q�;9< U ; 4 ;(?>R�Q"Q G\D-?>I�M ��� � DOI�?rMNR(B�BPI�LZR(?>:�</W�Q"R�@ 4 BP;(w1Bh_

¯x;\R�Q-<>ItW�?>;�<S; 4 BP;�:´R 4 R(W�W�?�I�R�=&C�A�R�<S;�:´I 4 <S;(MNR 4 BP@�=	LZ;(A´BP;�=&C 4 I�Q�I U @�;9<�DOI�? U ; 4 ;(?>R(BP@�I 4 R 4 :tF�<S;\I�D
I 4 BPI�Q"I U G�X-A�R9<>;�:p<S;(MNR 4 BP@"=^R 414 I�BVR&BV@"I 4 <&_ ` C,; U ; 4 ;&?�R&BV;�:$<S;(MNR 4 BP@�=^R 4�4 I�BPR(BP@�I 4 <[=�R 4 A�;!F�<>;�:	@ 4 <S;&i�;&?�R�Q
<>=�; 4 R&?�@"I�<lY�<kF�=(CpR9< µ

• 
± M$W�?>I�i,;(MN; 4 B]I�DsB"C,;	:�I�=&F1M\; 4 Be?�;&B�?>@";&i�R�Q�W�C,R�<S; µ B"C,;�F�<S;�I�DeB"C,;�=�I 4 =�;(W�BO<k"?>;�Q"R(BP@�I 4 <qC,@";(?>R(?>X
=(C,@";�</BPI	;&w1W�R 4 :%F�<>;(?S<&o�E�F�;(?>@�;9<]@ M	W�?�I1i�;�</?>;�=�R�Q�QO_

• 
� @"<S=�I1i�;(?>@ 4,U\4 ;&L c 4 I�LZQ�;�: U ; µ B�C,; � Á 3 v � vx<>;&M\R 4 BV@"=p<>;�R&?�=&C�; 4�U @ 4 ;%LZ;�F�<>;�DrI�?!;(w1W�Q�I�@�BPX
@ 4,U B"C,;\<>;&M\R 4 BV@"=pR 414 I�BPR(BP@�I 4 < U ; 4 ;&?�R&BV;�:JA�G � ;�R(B �^4�4 I�B[=�R 4 DO@ 4 :�I�F1B/W�R(B"C�<!A�;(B"LZ;�; 4 B�LZI
; 4 BP@ BV@";�<&_ � W�R(B"Ca@"<%=�I 4 <hBV@ B"F1BV;�:�A�G RJ<S;(BqI�D[?�;�Q�R&BV@"I 4 <(_ ± 4 I�F1?^=�R9<>;9Y�A�@�I�Q�I U @-<kBO<�=�R 4 :�;�:�F�=�;
B�C�;0?�I�Q�;0W�Q�RHG�;�:	A�GtRZ<>;�Q�;�=(BP;�: U ; 4 ;%@ 4 R%:�@"<S;�R9<>;0A�GJR 4 R�Q G�<S@ 4,U B"C,;
W�R&B�CNDOI�F 4 :pI�F1B�A�;(B"L%;�; 4
B�C�;(M � <hF,=(C\R*BP;�=&C 4 @"E�F,;!LZR�</F�<>;�:	@ 4 <S;(MNR 4 BP@�=!LZ;(AJ<>;(?hi�@"=�;^R U1U ?�; U R(BP@�I 4 d-f � g   _

��4 I�B"C,;(?\I�?>@ U @ 4 R�Q�@ BjG�I�DZI�F�?�LZI�?kc�=�I 4 <>@-<kBO<\I�D^B"C,;tF�<S;´I�DZ<S;&i�;&?�R�QqBV;�=(C 4 I�Q"I U @";�<�BPIaW�?>I�i�@":�;´Rt?>;�R�Q
L%I�?�Q": �*I�?rW�I�?>R(BP; � ;&M\R 4 BP@�=�¯z;&A � W�W�Q�@"=�R&BV@"I 4 B�C,R&B � @   ?>;�Q"@�;9<*I 4 DrI�?kM\R�QK<S;(MNR 4 BP@�=9< � Á 4 BVI�Q�I U @";�<SY � ;�X
M\R 4 BP@�=�R 4�4 I�BPR(BP@�I 4 <   L^C,@"=(C$?�;�:�F,=�;�R(M$A�@ U F,@ B GJ=�I�M$W�R&?�;�:%BPI$@ 4 DrI�?kM\R�Q�<>;(MNR 4 BV@"=�<lY � @�@   I�DODr;(?S<]:�?�R&L%@ 4�U
@ 4 DO;(?>; 4 =�;�<ZI 4 B"C,;�<S;J<>;&M\R 4 BV@"=�<ZR(B]?kF 4 BP@ M\; � A�G�F�<S@ 4,U � Á 3 v � v   YeR 4 : � @"@�@   F�<>;�<
BP;(w�BsBVI´;&w1B"?�R�=(Bq@ 4 X
DOI�?rMNR(BP@�I 4p� �	¡ � BPI�I�Q"<   L0C,@"=(C\@"<[R
i�;(?OG	?>@�=&C\<>I�F1?>=�;^I�D�c 4 I�LZQ";�: U ;�_



�����������	�
������������������������ �!�"�$#%�&���('(���"�*)��+����,�-���/.0���,���"���-�����1�
 

�/�
 

3*354�68797�797

¡]R�<hBPY1LZ;0B�C,@ 4 cpB"C,R(B�R 4 ;&i�R�Q�F,R&BV@"I 4 <hB�F,:9GJI 4 B�C,; U ; 4 ;&?�R&BV;�:\R 414 I�BVR&BV@"I 4 < � R9<]B�C,;%;+i�R�Q F,R&BV@"I 4 W�?>I�W�I�<S;�:
@ 4 B�C�@"</W�R&W�;(?   @"< 4 ;�=�;�<l<>R&?PGN<S@ 4 =�;!B�C,@-< U ; 4 ;&?�R&BV@"I 4 W�C,R9<>;^@"<[;(w�W�; 4 <>@ji�;0R 4 :$I�D-BP; 4 @�?k?>;&i�;&?><S@�A�Q�;1_
� @ 4 R�Q"Q G�YsB"C,@-<�W�R(W�;(?ZW�?�I�W�I,<>;�<\<SI�MN;�<>I�Q�F1BP@"I 4 <�BPIaW�?>I�A�Q�;&MN<�?>R�@-<>;�:5:�F1?>@ 4,U B"C,;´Dr@ 4 R�Q!:�@-<>=&F�<S<S@�I 4 I�D
¯xf �5¯xI�?kc�<hC,I�WNI 4 � ;(MNR 4 BP@"=
¯x;(ANDOI�?/¡]@�Dr; � =�@�; 4 =�;9<!d�( Â g µ

• 
® I�I�:	E�F,R�Q"@�BjG\I�D�B"C,;^R 414 I�BVR&BV@"I 4 <];&w1B�?>R�=&BV;�:	R&F1BPI�MNR(BP@�=�R�Q"Q G µ9� ;�R&B ��414 I�B�R 414 I�BVR&BV@"I 4 <(_

• 
� :�;�E�F,R(BP;	?>;(W�?>;�<S; 4 BPR(BP@"I 4 I�D[B"C,;\=�I 4 BP;(w1B µ I�F�?*M\;&BVR�:�R(BPRpI 4 R 414 I�BPR(BP@�I 4 <!L0C,@"=(C U @ji�;�< 4 ;&L
L%RHG�<]I�D�?>;�R9<>I 4 @ 4,U R 4 :%MNI�?>;0@ 4 DrI�?kM\R&BV@"I 4 I 4 B"C,;^R 414 I�BPR(BP@�I 4 A�R9<>;1_

• 
� I,<S<>@ A�@"Q"@�BjG\I�D�?>;�R�<SI 4 @ 4�U I 4 R 414 I�BVR&BV@"I 4 < µ � Á 3 v � v ; 4 R(A�Q�;9<[<hF,=(C	?�;�R�<SI 4 @ 4�U _

• 
� ;(MNR 4 BV@"=�L%;&A�A�?�I�LZ<S@ 4,U�µ L%;pI�DODO;&?0R 4 R(F1BPI�MNR(BP@"=	R9<S<>I�=�@"R(BP@�I 4 I�Dq<S;(MNR 4 BP@�=9<8BPINB�C,;Zc 4 I�L%Q"X
;�: U ;*?>;�<SI�F1?>=�;9<]R 4 :ZL%;!W�?>I�i�@":�;^R!F�<>;&?�Xr@ 4 BP;(?>DOR�=�;�<kF1W�W�I�?rBh_

� ���
  !��ªSªlº���ª  !��§,�+��¹/§���	 � �K�&¹������!¦¨º,���

¯x;N=�R 4 :�@-<kBP@ 4�U F,@"<hC <>;+i�;(?>R�Q/c,@ 4 :�<%I�D!Q�;9<S<SI 4 <%Q";�R&? 4 B µ D-?>I�M¢=�I 4 =�;(W�B"F,R�QsR 4 :tMN;(B"C,I�:�I�Q"I U @�=�R�Qei�@";(LZX
W�I�@ 4 BOY1DV?�I�M¨BV;�=(C 4 @"=�R�Q�i�@�;&L0W�I�@ 4 B�R 4 :$D-?>I�M»R&W�W�Q"@"=�R(BP@ji�;!i,@�;&L0W�I�@ 4 Bk_
�,��� � ���j���1���"�(�S�+�����!�-����'H��� �
± 4 B�C�@"<*L%I�?rc�Y,LZ;%BP;�<hBV;�:tR 4 :\F�<>;�:�<>;+i�;(?>R�Q��	¡ � BVI�I�Q-<!DOI�?[A�F,@"Q�:�@ 4�U I�F1?!@ 4 DOI�?kMNR(BP@�I 4 ;(w1B"?>R�=(BP@"I 4 <rG�<>X
BV;&M�_ ` C�;^Dr@�?S<kB�W�?�I�A�Q";(M ?>R�@-<>;�:$@ 4 B�C,@-<sW�C,R9<>;
LZR�</B�C,;^=�I�M	W�I 4 ; 4 B�@ 4 BV; U ?�R&BV@"I 4 £�B"C,@-<eW�?�I�A�Q";(M»@-<]:�F,;*BPI
B�C�;0:�@�DrDO;(?>; 4 =�;!A�;(B"LZ;�; 4 B�C�;0@ 4 W�F�B�PI�F1B"W�F�B�DrI�?kM\R&BP<[I�D�B"C,;0:�@�DrDO;&?�; 4 B�BVI�I�Q-<(_�¯x;�<>I�Q i�;�:%B"C,@-<eW�?�I�A�Q";(M¨A�G
F�<>@ 4�U B�C�; ® ��` v ��� ± L0C�@�=&C � @   W�?�I1i�@":�;�<sBPI�I�Q"<8<kF�=(CNR�<sBVI�c,; 4 @"<S;(?SY�W�I�<>XVBVR U1U ;&?>Y U R�*9;(B"BV;�;(?�� R 4 : � @�@  
I�DrDO;(?S<[B"C,;^W�I�<S<S@�A�@�Q"@ B GNBPIN@ 4 BV; U ?�R&BV;�R 4 G 4 ;&L¨=�I�M	W�I 4 ; 4 B � ;(w�@"<hBV@ 4�U BPI�I�Q-<*<kF�=(CJR�< 38� � � Y ` ?�;�; ` R U1U ;&?
I�?	I�F1?	I�L 4 ;&w1BP; 4 <S@�I 4 <   _ � I�?�;�I�i�;&?>Y/B�C�;t=�I 4 i�;&?><S@�I 4 I�D0R&?rBP@�=�Q�;9<�DV?�I�M ��� � DrI�?kM\R&B8BVI�L%R&?�:,<�W�Q�R�@ 4
BV;&w1B8@-<^i�;&?PG´W�?>I�A�Q�;&M\R&BV@"=\DOI�?�<>;+i�;(?>R�Qe?�;�R�<>I 4 < µK� �  *��� � <�R&?�; U ; 4 ;&?�R&BV;�:tA�G <>;&i,;(?>R�Qs:�@�DrDO;(?>; 4 BsBVI�I�Q-<SY
� �   A�@"I�Q"I U @-<kBO<qI�DVBV; 4 F�<S; ® ?�;�;(cNR�Q W�C,R&A�;(BK=&C,R(?>R�=&BV;&?><sB"C,R(BKR&?�;�:�@�DrDO@"=(F,Q B�BVIZ?�;�=�I U�4 @�*�;�Y � f   ¬HI�F1? 4 R�Q-<]R 4 :
A�I�I�c�<sC,R+i�;�:�@"DODO;&?�; 4 BKQ"RlG�I�F�BP<qDOI�?[R(?kBV@"=�Q";!W�?>;�<>; 4 BPR(BP@�I 4 _ � I�?eB�C,@-</W�C,R9<>;^=�I 4 i�;(?S<>@"I 4 Y�L%;!F�<S;�:$R 4 Á � 3
� Á W�BV@"=�R�Q �[C�R(?>R�=(BP;(? 3 ;�=�I U�4 @�BP@�I 4�  <>I�DVB�LZR(?>;�£/@ B U @ji�;9< U I�I�:�?>;�<hF,Q BP<�A�F1B!@�Bq?>;�E�F�@�?>;�<�F�<>;&?(o-<%@ 4 BV;&?ki�; 4 X
BV@"I 4 _ � I�Ye@ B8@-< 4 ;�=�;�<l<>R(?OG�BVIn:�;&i,;�Q"I�W R 4 R(F1BPI�MNR(BP@�=J=�I 4 i�;(?kBV;&?!BPR(c,@ 4�U @ 4 BVI´R�=�=�I�F 4 BqR�Q�QeB�C,;9<>;	W�?�I�A�X
Q�;&MN<&_

� �(' ����'l��1�,���^� ���1� 
 ���-����� �
¯x;´R�:�I�W�BP;�:5R´DVF,Q�Q[BP;(w�B0R 4 R�Q G�<S@"<$R(W�W�?>I�R�=(C L0C,@"Q";NMNI�<hB0I�D�;(w�@"<hBV@ 4�U <OG�<kBP;(MJ<ZW�?>I�=�;�<S<$I 4 Q G}R(?kBV@"=�Q";
R(A�<kB"?�R�=(BO<(_ Á F�?NR&W�W�?�I�R�=(Cx@"<t=�Q";�R&?�Q G�BP@�MN;�Xr=�I 4 <kF1MN@ 4�U�� B�C�;a=�I�M$W�Q";(BP;´W�?�I�=�;�<l<>@ 4�U I�D	R�W�R U ;�BPR(c�;�<
R(A�I�F1B
f�M\@ 4 F1BP;�<   A�F1B!@�B!@"<�L%I�?rB"C1L^C,@"Q�;�<>@ 4 =�;t@�B!@ 4 =(?>;�R�<S;�<�B�C,;\?�;�=�R�Q�Q �W�?�;�=�@-<>@"I 4 I�D8B"C,;J@ 4 DrI�?kM\R&BV@"I 4
;(w1B"?>R�=(BP@"I 4 W�C,R�<S;	R 4 : U @ i,;�<*M\I�?�;$@ 4 DOI�?kMNR(BP@�I 4 R(A�I�F1Bec 4 I�LZQ�;�: U ;$;(M$A�;�:�:�;�:t@ 4 BP;(w�BP<&_ ` C�;	@ 4 <kBPR�Q"Q"R�X
BV@"I 4 I�DeR�Q"I�=�R�Q,i�;(?S<>@"I 4 I�D% � ¡ � R 4 :\<>I�M\;
BP;�=&C 4 @"=�R�Q�I�W�BP@�MN@-<>R(BP@"I 4 <q=�R 4 :�;�=&?�;�R�<>;
B"C,;
?rF 414 @ 4�U BP@�MN;
I�D!B�C�;�<rG�<kBP;(M�_ � I�?>;�I1i�;(?SYsR9<�B"C,@-<�W�C,R�<S;t@-<�R\A�R&BV=&C�W�?>;(W�?�I�=�;�<l<>@ 4�U @ 4 :�;&W�; 4 :�; 4 B*I�D8B"C,;JQ"R(BP;(?^?>;�R�Q"X
BV@ MN;*W�?�I�=�;�<l<>@ 4�U I�DKR 4 G	F�<S;(?]E�F�;(?OG�Y1@ B,W�?�;&W�R&?�;9<eMNI�?>;0;�DODr@�=�@�; 4 B�E�F,;&?PG	W�?�I�=�;9<S<>@ 4�U _
�J� �+� 
 �S�+�����\���\���,�"���"��� � '(� 
 �&� �
Á F1?pR&W�W�?�I�R�=(C5A�R�<S;�:�I 4 % � ¡ � =�I 4 Dr@�?kMJ<	B�C�R(B
?>;(F�<>@ 4�U ;(w,@-<kBP@ 4�U :�I�MNR�@ 4 I 4 BPI�Q"I U @�;9<p=�R 4 C,;�Q�W5BPI
A�F,@"Q":N?>;�R�Q�XVL%I�?�Q":�<>;(MNR 4 BV@"=%LZ;(A�R(W�W�Q"@�=�R(BP@�I 4 <(_ ± 4 DOR�=(BOY�:�;9<kW�@�BP;$<SI�MN;%c 4 I�LZQ�;�: U ;$; 4,U @ 4 ;�;(?>@ 4�U W�?�I�A�X
Q�;&MN< � :�@"<S=(F�<l<>;�:nR(A�I�i�;   Y�B�C,;\F�<>;tI�D0R 4 ;&w,@"<hBV@ 4�U F�W�W�;&?�XrQ�;+i�;�QqI 4 BVI�Q�I U G � <hF,=(C�R�<S% � ¡ �5� ;&M\R 4 BV@"=
�p;(B"L%I�?rc   =�I�F1W�Q�;�:�LZ@�B"C R�?>@"=(C�BP;(?kM\@ 4 I�Q�I U G � % � ¡ � MN;(BPR(B"C,;9<>R(F�?rF�<   DrR�=�@"Q"@�BPR(BP;�<	B"C,;�@ 4 DrI�?kM\R&BV@"I 4
;(w1B"?>R�=(BP@"I 4 W�?>I�=�;9<S<�R 4 : R�Q�Q"I�L�<NBVI U ; 4 ;(?>R(BP;n?�@"=(CxR 4 :z<kC�R(?>;�R(A�Q�; R 4�4 I�BPR(BP@�I 4 <(_q¯x;´B"C,@ 4 c}B"C,R(B�B"C,;
% � ¡ � X-A�R�<>;�:�R(W�W�?�I�R�=&C�<hC,I�F,Q":nA�; U ; 4 ;(?>R�Q"@+*9;�:nBPI :�@�DrDO;&?�; 4 B0:�I�M\R�@ 4 < 4 ;�;�:�@ 4�U @ 4 BP;(?kW�?>;(BPR(BP@"I 4 R 4 :
?�;�R�<SI 4 @ 4�U _
� ;&i,;(?>R�Qq?>;�<S;�R(?>=(C�;(?S<�C,R&i�;´;&M\@ B"BV;�: :�I�F1A�BP<$R&A�I�F�B*W�I�<l<>@ A�Q";J?�;&F�<>;�I�D�I 4 BVI�Q�I U GK_ ` C,;HG�@ 4 <>@-<kB0I 4 B"C,;
@ 4 DOQ F,; 4 =�;ZI�DeB�C,;�@ 4 BP; 4 :�;�:JR(W�W�Q�@"=�R&BV@"I 4 I 4 B�C�;ZI 4 BPI�Q"I U G µ <>I�M\;0MNI�:�;�Q"@ 4�U =&C,I�@"=�;9<8I�?8<SI�MN;%I 4 BPI�Q"I U G
<kB"?rF�=(B"F1?�@ 4�U =(C,I�@�=�;�<qR(?>;�@ 4 DOQ F,; 4 =�;�:�A�GpB�C�;^DVF1B"F1?�;^R(W�W�Q"@�=�R(BP@�I 4 R�@�MN;�:�_�b*F1B�I�F1?];(w1W�;(?>@�MN; 4 B�@ 4	� v ��`



���
  ��� �+�V� �����J�j�+�9�	� ��
 �,� �

± � 3 ± �

W�?>IS¬(;�=&Bq=�Q";�R&?�Q G <kC,I�L%;�:NB"C,;p@ 4 BV;&?�;9<kB[I�DsF�<>@ 4�U % � ¡ � R�<!?>;�DO;&?�; 4 =�;pI 4 BVI�Q�I U GK_ ± 4 I�F1?*LZI�?kc�Y�B�C�;$I 4 X
BVI�Q�I U G�L%R9<%R�Q BPI U ;&B�C,;&?
B"C,;$?>;�Dr;(?>; 4 =�;$L$_ ?H_ Bh_�BPI�L0C�@�=&C´B�C,;JR 414 I�BVR&BV@"I 4 <0L%;&?�;\=&?�;�R(BP;�:,Y�B"C,;	BP;(?kMN<�;&w,X
B�?>R�=&BV;�:pR 4 :�B"C,;
?�;�Q�R&BV@"I 4 <q;&w1B�?>R�=&BV;�:�_ ` Ip=�I 4 DO@ ?kM B�C,;�@ 4 BP;(?>;�<kBKI�D/<kF,=&C	?>;�Dr;(?>; 4 =�;^I 4 BPI�Q"I U @";�<lY�DrI�?/?>;�Q"R�X
BV@"I 4 <SY�L%;	C�R�:´DO@ ?S<kBs?>;�Q"@�;�:´I 4 � G 4 BP;(w�BPI�I�Q�B�C�R(BqI�DODO;&?�;�:tA�I�B�C�BP;(?kM¢;(w1B"?>R�=(BP@"I 4 R 4 :�i,;(?kA�R�Q[<OG 4 BPR U MJ<
;(w1B"?>R�=(BP@"I 4 DV?�I�MyR	=�I�?kW�F�<0I�D8<>R&M	W�Q�;$R(?kBV@"=�Q";�<
@ 4 A�@"I�Q"I U GK_ Á F�?*I�A(¬(;�=&BV@ji�;�LZR�<8BVI\W�?>I�W�I�<>;	R 4 ;&w1B"?�R�=�X
BV@"I 4�U ?>R(M$M\R&?!DrI�?
;�R�=(Ct?�;�Q�R&BV@"I 4 @ 4 :�@�?>;�=&BVQ G�;(w1W�?�;9<S<S;�:pA1GJB�C�;�<>;Zi�;(?kA�R�Q�<rG 4 BPR U MJ< � @ 4 :�;(W�; 4 :�; 4 BPQ G�I�D
R 4 Gn?>;�Dr;(?>; 4 =�;JI 4 BVI�Q�I U G�Ys<SInR�<�BVIaI�DrDO;(?ZRpA�I�B"BVI�M\XVF1W�R&W�W�?�I�R�=(C�Y/R 4 :´BVI´?�;�Q G�I 4 Q G�I 4 ?>;�Q"R(BP@�I 4 <%R(BPX
BV;9<kBP;�:	A1GpBP;(w1BO<   _�b*F1B�@ B�R&W�W�;�R(?>;�:	B"C,R(BeR�Q"Q�B�C,;�@ 4 BP;(?>;�<kBP@ 4�U ?>;�Q"R(BP@"I 4 <sLZ;(?>;^R�Q�?>;�R�:�GJ@ 4 =�Q�F�:�;�:p@ 4 % � ¡ �
?�;�Q�R&BV@"I 4 <(_ ± B�=�I 4 DO@ ?rMJ<�B�C�R(B^R´Q"@�A�?�R&?PG�I�D0?>;�Q"R(BP@"I 4 ;(w1B"?>R�=(BP@"I 4�U ?>R(M$M\R&?>< � L0?>@ B�BP; 4 @ 4 � �%� v   =�R 4 A�;
?�;&F�<>R&A�Q";$A�G I�B�C,;&?!?>;�<>;�R(?>=(C,;&?><�R�@�MN@ 4�U R(Bq;&w1B�?>R�=&BV@ 4�U % � ¡ � ?�;�Q�R&BV@"I 4 <�DV?�I�M²A�@"I�MN;�:�@�=�R�Q�BP;(w�BP<&_ ` C,;
i�R�Q"@":�R(BP@"I 4 W�C,R9<>;\=�R 4 A�;	F�<S;�DVF,Q/DOI�?0@ 4 :�@�=�R(BP@ 4,U B"C,R(Bq<SI�MN;�?�;�Q�R&BV@"I 4 <!LZ;(?>; 4 I�B[R�:�;�E�F,R(BP;�Q G�;&w1B"?�R�=(BP;�:
A�;�=�R(F�<>;JI�D8B"C,;JQ"R�=&c I�D0R�=�=(F1?>R�=HG�I�D8B"C,; U ?�R&M	MNR(?ZDOI�?%;&w1B"?�R�=(BP@ 4�U B�C,@-<^?>;�Q"R(BP@"I 4 _ � I�B"C,@"<�W�C,R9<>;N=�R 4
; 4 R&A�Q";JBVIn?>;�DO@ 4 ;JB"C,@"<Z?>;�Q"R(BP@�I 4 ;&w1B�?>R�=&BV@"I 4�U ?>R(M$M\R&?H_ � BVI�I�Q*<kF,=&C�R9< � G 4 BV;&w�=�R 4 A�;\F�<S;�DVF,Q8@ 4 B�C,@-<
W�F1?kW�I,<>;1_
` C,; U I�I�:n?>;�<kF�Q�BO<$I�A�BPR�@ 4 ;�: @ 4 B�C,;�@ 4 DOI�?rMNR(BP@"I 4 ;(w1B"?�R�=(BP@�I 4 W�C,R�<S;t=�I 4 Dr@�?kM B�C,R&B8B�C,;�R(F�BVI�M\R&BV@"I 4 I�D
B�C�@"<%BVR9<kc5@"<%F�<>;�D-F,Q8R 4 :a@ B
;�R9<>;�<%B"C,;\F�<>;(?&o"<%LZI�?kc�_ ± 4 R�:�:�@ BP@�I 4 YKB"C,;pF�<S;JI�D0<kBPR 4 :�R(?>:a<S;(MNR 4 BP@"=pLZ;(A
BV;�=(C 4 I�Q"I U @";�<�DrI�?^DrI�?kM\R�Q�@-<>R&BV@"I 4 I�D[B"C,@-<�@ 4 DOI�?kMNR(BP@�I 4 @ 4 BPI´I 4 BPI�Q"I U G�X-A�R9<>;�:�<>;(MNR 4 BV@"=\R 414 I�BPR(BP@�I 4 =�R 4
<>I�Q i�;!B"C,;*c 4 I�LZQ�;�: U ;�<kC�R(?>@ 4�U W�?>I�A�Q�;&M�_
vsi�; 4 M\I�?�;9Y�L%;^B"C,@ 4 c\B"C,R(BKB�C,@-<[MN;(B"C,I�:J=�R 4 A�;ZR�:�I�W�BV;�:$BVIJR 414 I�BVR&BV;�I 4 Q"@ 4 ;Z:�I�=(F1MN; 4 BPR(?OGt:�R(BPR(A�R�<S;�<
� <hF,=(CaR9< � F�A�MN;�:   £�B"C,;NR 414 I�BVR&BV@"I 4 A�R�<>;\I�A�BPR�@ 4 ;�:tMN@ U C1Bs?>;(W�?�;9<>; 4 BqR$i�;(?OG´?�@"=(C�c 4 I�L%Q";�: U ;N<>I�F1?>=�;
DOI�?!A�@"I�Q"I U @-<kBO<(_��p;+i�;(?kB�C�;�Q";�<S<lY�L%;	M$F�<kB 4 I�BqDrI�? U ;(B]B�C,R&BqR 4 R9<S<kF�M	W�BV@"I 4 F 4 :�;(?>Q G�@ 4�U R 414 I�BPR(BP@�I 4�U ; 4 X
;(?>R(BP@�I 4 A�G � ;�R&B ��414 I�B8@-<0B"C,;N=�I 4 <>@-<kBP; 4 =lGaI�D[B"C,;\:�@"DODr;(?>; 4 BqR&?rBP@"=�Q";�<�R 4 :tB�C,;\R&A�<S; 4 =�;\I�D*=�I 4 B"?�R�:�@"=�X
BV@"I 4 <8R(MNI 4�U B"C,;(M�_ ` C,@-<sC�G�W�I�B�C,;9<>@-<q; 4 R&A�Q";�<sBVI�?>;�R9<>I 4 R(A�I�F1B�B"C,; U Q"I�A�R�Q 3�� � R 414 I�BVR&BV@"I 4 A�R9<>;�=�I 4 X
BVR�@ 4 @ 4�U R�Q�QKB"C,;pR 414 I�BPR(BP@�I 4 <�<kBP;(M$M\@ 4�U D-?>I�M B"C,;p:�@"DODO;&?�; 4 B[R(?kBP@�=�Q�;9<SYKR�<^@ 4 R U Q"I�A�R�QKc 4 I�L%Q";�: U ;�A�R�<S;�_
` C,;&?�;�DOI�?�;p@"DsLZ;�BVR�=(c,Q";�B�C�;%L^C,I�Q"; � F1A�M\;�:tR&?rBP@�=�Q�;9<SY�L%;ZM	F�<kBeA�;ZL%R&BV=&C,D-F�Q�R&A�I�F1BeB�C,;$=�I�C,;(?>; 4 =�;$I�D
B�C�;^I�A�BPR�@ 4 ;�:pR 414 I�BPR(BP@"I 4 <8<>@ 4 =�;^=�I 4 B"?>R�:�@"=(BPI�?OG	A�@�I�Q�I U @"<hBho-</i,@�;&L0W�I�@ 4 BP<[I�?eL^?�I 4�U ?>;�<hF,Q BP</M\RHG	A�;^=�I 4 X
BVR�@ 4 ;�:$@ 4 B�C,;9<>;^R(?kBV@"=�Q";�<&_
�J� �+� 
 �S�+�����\�������  �&�"�1�,����'(���
�
bqG U ; 4 ;(?>R(BP@ 4�Up3�� � R 414 I�BVR&BV@"I 4 <lY1L%;0?>;�Q GJI 4 ¯zf �5?>;�=�I�M$M\; 4 :�R&BV@"I 4 <8DOI�?*<>;(MNR 4 BV@"=�¯x;(AK_ � I�?qE�F�;�X
?�@";�<	R 4 :´?kF,Q";�<SYeB�C�;(?>;t@-< 4 I�B]G�;(B!R 4 G�I�DODO@"=�@"R�Qs?>;�=�I�M	MN; 4 :�R(BP@"I 4 _ � I�L%;+i�;(?SY/RJ¯zf � L%I�?rc�@ 4�UnU ?�I�F1W
L%I�?rc�<0I 4 � ���%3�� ¡�R�<0D-F1B"F1?>;	E�F,;(?OG´Q"R 4�U F,R U ;Z?>;�=�I�M	MN; 4 :�R(BP@"I 4 _ � Á 3 v � v E�F,;(?OG´Q"R 4�U F,R U ;��´B�C,R&B
L%;�F�<S;�:�@ 4�� v ��` X8@"<
i�;&?PGn=�Q"I�<>;�BPI � ���%3�� ¡ R 4 :JC,R 4 :�Q";�<!M\I,<kB � ����3�� ¡ DO;�R&B�F�?�;9<(_ � I�?�;�I�i�;&?>Y
� Á 3 v � vxC�R�<^B"C,;tR�:�i,R 4 BPR U ;\BVIaR�Q ?�;�R�:9G�I�DODr;(?^W�?>I�=�;�<S<S@ 4,U I�D!E�F,;(?>@�;9<%;(w�W�?>;�<S<S;�:�@ 4 B"C,@"<ZQ�R 4�U F,R U ;�_
� I�?>;�I�i,;(?!@�B�M	F�<kB�A�; 4 I�BP@�=�;�:pB"C,R&BKB"C,; � v ��` ; 4 :�X-F�<S;(?S<���A�@�I�Q�I U @-<kBO<���F�<>;�F�<>;(?!@ 4 BV;&?�DrR�=�;�<*DrI�?8;&w,X
W�?>;�<l<>@ 4�U B"C,;�@�?0E�F,;(?>@�;9<^R 4 :�:�I 4 I�Bs:�@�?>;�=&BVQ GtC,R 4 :�Q";ZB�C,@-<0E�F,;&?PG´Q"R 4,U F,R U ; µ B�C�;�<>;$@ 4 BV;&? 4 R�QeE�F,;&?�@";�<0R(?>;
U ; 4 ;(?>R(BP;�:nR&F1BPI�MNR(BP@�=�R�Q"Q G�DV?�I�M«B"C,;pF�<>;(?Z@ 4 BV;&?�DrR�=�;�<(_ �*I 4 =�;(? 4 @ 4,U B�C�;p?kF,Q�;9<SYs<SInDrR(?SY�B�C,;&?�;J@"< 4 I�B/G�;&B
R 4 GJ?kF,Q";�Q"R 4�U F,R U ;%?�;�=�I�M	MN; 4 :�;�:\A�Gt¯xf �^_ ` C�;(?>;�DOI�?�;�B�C,;�A�;�<hB/<SI�Q F1BV@"I 4 LZR�<qBVI$F�<>; � Á 3 v � v�?rF,Q";
Q�R 4�U F,R U ;\DOI�?!L^C,@�=&C � Á 3 v � v¿I�DrDO;(?S<^R�?rF,Q";p; 4�U @ 4 ;�B"C,R(B/C�R�<!A�;�; 4 L%I�?rc,@ 4�U E�F,@ BP;$;�DODr@�=�@�; 4 BVQ Gn<S@ 4 =�;
<>;+i�;(?>R�Q�G�;�R&?><
d�(���gS_

��
 '(� � �('
	0��'�� �
± 4 D-F1B"F1?>;%i�;&?><S@�I 4 <!I�D � ;�R&B ��414 I�BPY,L%;	R�@ MTBPIpBPR(c,;�@ 4 BPINR�=�=�I�F 4 B/=�I 4 BV;&w1B�F�R�Q�@ 4 DrI�?kM\R&BV@"I 4 :�F1?�@ 4�U B"C,;
c 4 I�L%Q";�: U ;%;(w1B"?>R�=(BP@"I 4 W�C,R9<>;1_�¡];(B�F�<]BVR&c,;0B"C,;�;(w,R&M	W�Q�;�I�D�B"C,;�DOI�Q�Q"I�LZ@ 4,U <S; 4 BP; 4 =�; µ � ± 4 i�@�B"?>I$R9<S<SRlG�<
:�;&M\I 4 <kB"?�R&BV;�: B"C,R(B%I 4 Q G�W�f,�1R�Q W�C,RnR 4 : W�f,�9A�;(BPR�R&?�;�@ 4 C,@ A�@ BP;�: A1G�=9<>R�@�:,< � _ � =&B�F,R�Q�Q G�Y8@ 4 B�C,@-<\<>; 4 X
BV; 4 =�;9Y � ;�R(B ��414 I�BK@�:�; 4 BP@�Dr@�;9<sB�C,R&B]m�W�f,��R�Q�W�C,R1o�R 4 :�m�W�f���A�;(BPR1o�R(?>;�@ 4 C�@�A�@�BP;�:�A�G�m�=9<>R�@":�<+o�A�F1BK:�I�;�< 4 I�B
:�;&BV;�=(B*B"C,;�DOR�=&B*B�C�R(B*B"C,@"<$@ 4 C,@ A�@ BV@"I 4 @-<	I�A�<S;(?hi�;�: m�@ 4 i�@�B"?>I�o]L0C,;&?�;�R�<%B�C�@"<	@ 4 DOI�?kMNR(BP@�I 4 =�R 4 A�;Ni�;&?PG
@�M$W�I�?rBPR 4 B�DrI�?eB"C,;0@ 4 BP;(?kW�?>;(BPR(BP@�I 4 I�DKR!W�R&?rBP@�=&F,Q"R(?e?�;9<kF,Q Bh_
� ;�R(B � ;�R(?>=(C�=�R 4 R�Q-<>IaA�;´@ M$W�?>I�i�;�:aA�G�@ 4 B"?>I�:�F�=�@ 4�U <>I�MN;tBjG�W�@"=�R�Q0<>;�R&?�=&C�<>=�; 4 R(?>@"I�<�W�?>I�W�I�<S;�:aA�G
A�@"I�Q"I U @-<kBO<(_



�����������	�
������������������������ �!�"�$#%�&���('(���"�*)��+����,�-���/.0���,���"���-�����1�
 

�,f
 

3*354�68797�797

� @ 4 R�Q"Q G�Y,Q"@�c�;%DOI�?]M\I,<kBe<S;(MNR 4 BP@�=0LZ;(AtR&W�W�Q�@"=�R&BV@"I 4 <lY1L%;0M$F�<kB�W�?>I�W�I,<>;Z<SI�Q F1BV@"I 4 BPI�M\R 4 R U ;
B"C,;�I 4 BPI�Q"X
I U G�;&i�I�Q�F1BP@"I 4 _ ± 4 DOR�=&BPY[<kF,=&C ;&i,I�Q F1BV@"I 4 =�R 4 =�R(F�<>;J@ 4 =�I 4 <S@"<hBV; 4 =�@";�<�@ 4 B"C,;tR 414 I�BVR&BV@"I 4 A�R�<S;�YKL^C,@"=(C
@ 4 :�F,=�;0;&?r?>I�?S<]@ 4 B"C,;^@ 4 DOI�?kMNR(BP@�I 4 ?>;(B"?�@";&i�R�Q�W�C,R9<>;�_

À'� ����º �&�"��	������J����¹hª¯x;%B"C,R 4 c 3 ;(M�G�b0R&?><0D-?>I�M{b0RHG�;(? �[?�I�W�<>=�@�; 4 =�;9Y�B"C,; ± ��� ���/BP;�R&MTLZI�?kc,@ 4�U I 4 M\@"=(?>I�R&?r?>RlG�;&w1W�;&?�@"X
M\; 4 BO<SY�;�<hW�;�=�@�R�Q�Q G � ;&i�@ 4 ¡];	b*?>@ U R 4 :�DrI�?0D-?kF,@ BVDVF,Q/:�@-<>=&F�<S<S@�I 4 <^R 4 : ��� � ��� ?>; U @�I 4 L^C,@"=(C�=�I�XrD-F 4 :�<
B�C�@"</L%I�?rc	A�G	?>; U @�I 4 R�Q U ?>R 4 Bh_

8 B i b l i o g r a p h y   
����� `NI 5 3P;G>
2BI
	�M �� 9
J�243TcE:�� M ��� :+3T>H- M)?G7)D=-/9E9 5+5�9�7��GM�� ^T3�3T2B.<3A:C7&3Y.<?GOT;@>B: 7)JS0=9
I+.R;G2)I+?@OA3Y.���2).G7);<.�DE? 5�?GXB?<3P.W3
��������� �"!�#$!&%'!��)( *,+.-'/10204325�0�6�3'� ��7'728 M
dj��g `b7)?G7):+?RDE9�2�.	�M � `9� . 5+>B9ED
9EI�9
J K 	Q9�O�`b2�5�9�0[?@5�:�;&]�.GOQ0;: .<;R9
J�7B: 5�:�9�7 �=< �,> *�!&!�?�(@%�A�+B>DCFEHGJI�KL�M#.5N3'O'P
QSR >2�D>�T�U2��VW�'%2P�VJP02X4Y'O'5�0 X Y2Z4M ��7'7 8 M
d"f�g � I�?W3P;@>EcE.��
[ M�.@58?RI�M � ]�>). 	�OT?G0[.�\�X)?W3P.RD 0=9
D�2BI�.19 	A5+>).�	)2):�3Y.GcE:Z: 7�	Q9�OQ0=? 5�:+9�7U. ��5+OT?<;@5�:�9�7�3QKB3Q5 .@0 � K1]
]
]
K"%'��!�^�^�P4_ R +��@P�0a`"Ta0�O�b�6X�T�c�d'd2dBM
d+(�g � 9�2
OT:CJE?@2BI 5fe�M �E\�?@XEOT.�[ M �E\�Ohg@OT9�5i[ M ��� ?<;&��2).W3j� M \lkM
?@7BDnm VWD
9�LN36c)?�	�M � 	
K
7�5�. ���)?G7)?<I K)3P.G2
O 36K�7
5�? �):���2B. DE.
;R9�OQFE2B3 �=o *p�@!�+q?'!,+r0�6's�t�!,+Hu2>2�4�v%'w&!�+�+�� �x^@!zy��v��(@��!&t�!�%'� o �'�D> t{���D( |�2!}?2!�+~I
�2%pAf� !�+�������� �"!p^�^@!�+"TH�W�v�'%2*�!p�
c'd'd��EM
d-��g �AOT:�3Y;<9E.�� MB?G7BD~[A?@OQOT9EI�Ia�@M � : 9�XE243Q5�?<;R;G2
OT?@5�.N365�?@5�:+365�:�;<?<I�?G7
7B9�5�? 5 :�9�7'9 	�JE.@7B.@OT?<I45�. �
5 �q< ��> *&!�!�?�( %pA�+�>DC��@�'!
y��( �v?$K,EqI���]WT4I
�4+ < ��^@t��4+"T�#��v�'%�EW�'%2�2��( �'P04O23'3'5�0��X4O��2c'd'd c4M
d Â g [Z>).GO 	Q:J�SM �i�[?GF)9EI�:Z`SM ?@7BD�]�9�243�3Y?<: 7
5.�SM � ]�9�L�?@OTD)3[?H]�. ��5�� :C7): 7)J�� . 5+>B9ED
9EI�9
J K}��3P: 7EJ�`N3�3P9
;<:�?@5�:�9�7
:A2)I+.<3
� ��5�OT?R;@5�:�9�7 � _�>)C4��EH> tfVJ�'�D( %pAMU�> � �v%2��^��2c'd'd��EM
d 2 g [Z>):+?@7)J2�W�GM \l��M �j�b2��j�SM \N[ M ����3T2���SM \L�GM � � ^�	 �?HX):�9�0[.<DE:�;R?<I 5�. ��5l\�0=: 7B: 7EJ 3QKB3Q5 .@0 	Q9�O�J
.G7).&: 7 	Q9�OQ0[?@5�:�9�7
D
:�3Y;<9�E.GO K ��� (�>'( %LC >��vt����D( *�+�T�6�XpTa0p6�X�bf0�6�0 �2c'd'd 8
dV�1g [A9�>).G7[`{� ?@7BDM��.GOY3T>[-�: � ` 3T2EO E.@K[9 	�;G2EOQOT.@7
5�L�9�OQc=: 7SXB:�9�0[.<D
:+;R?<IE5�. ��5�0=: 7B: 7EJ �q� ��( ! C2( %�A�+$( % � (�>'( %25
C >4�"t����D( *�+,P�-'/a�i`�5�`�0 �2c'd'd'�)M
d � g [A9
I�I+:�.@O��1M �'�[9�X)?@5�?�[ M ��?@7BD1]3T2v�@:�:f�@M � � ��5�OT?R;@5�: 7)J[5+>B..�[?@0=.<3 9 	W� .G7).W38?G7BD�� .G7B.�k�OT9ED�2);@5 3 L�: 5+> ?��N:�D2\
D
.G7M� ?@OQc)9�M� 9ED
.<I ��< ��> *&!�!&?( %pA�>)C�EHGWI�KL�M#�6�X'X2X�T�VJ�pA�!�+W6�X�0�b�6Xf`&� c�d2d'dBM
d��+��g [Z2E7E7): 7)J�>B?G0��SM �f� ?@K�7B?@OTDBeSM �f� 9�7
5�;G>). E?n�SM�?@7BD ]�?@XBI�?G7q�[M � �A`�]i� �)` \�OT?G0[.GL�9�OQc ?@7BDB� OT?GF
>B:�;<?RI
eN. ).RI�9�FE0[.G7�5���7 E:COT9�7E0[.G7�5 	Q9�Oi: 9�XE2B365'�M�Sk&]�9E9EI+3?G7BDb`bF
FBI�:�;<? 5 :�9�743 ��o ESI$� X�6�2c'd'd c4M
d����&g �Z9�0��GM \l�SME?G7)Dn��>B?G7EJn� M \ ] M � k�2EX'� : 7B.@O �4� ?<;@>B: 7B. I�.<?GOQ7): 7)J2\�XB?W3Y.<DN5�. �
5�0[:C7): 7)J[36K)365�.G0 	Q9�O�X):+9�0=.RDE:�;<?RI
: 7�	 9�OQ0[?@5�:�9�7=0[: 7B: 7)J �x< ��> *&!�!&?( %pA�>DC����2!�020 �@��K"%'��!��v%'�'�D(D>4%'�'^aEH>4%LC�!&�"!�%'*&!�>4% o �,�D( C2( *p(@�'^4K"%��@!p^�^D( Aa!�%2*�!p/�}!�����> ?25
> ^)>�A R T'_ R +��@!�t$+�T�'%2? o V2VH^D( *����D(�> %4+$� o K1�x_ o�� T���� �v%'�4T � �'^ Aa� ��( ��� c�d'd 8
d��(�,g \�2
c
2)DE?B�SM � ]3T2E7)9EDE?&] M � ]�?G0�2EOT?'`�M �A?G7)D ]�?GcE?RJ
:8] M � ]�9�Lb?GOTD : 7 	Q9�OQ0[?@5�:�9�7/. �
5+OT?R;@5�:�9�7 �:�DE.@7
5�: 	�KE: 7)J
F
OT9�5�.<: 7�7B?G0[.W3 	�OT9�0 X):+9
I�9
J
:+;R?<IEF)?GFB.@OY3 ��< _ � T"VW�pA�!�+M`&X �pbW`p0 -2� �&7'7'� M
d��+f�g �N9�X
X43��2�GM : M ��` FEF).<I 5�eSM �2� .R?GO
�GM �
^T3TOT?<.RIe�M �2�N?@0=. K)?@0=?��/M ��	E5�:�;GcE.<I�� M � \�`M	B]i�n	 �W` [A?<3P;<?RDE.<DN\�: 7): 5�.&\
	
5�?@5�.�]�OT?@743PD�2B;R.GO�	Q9�OW� ��5�OT?R;@5�: 7)J1^ 7 	Q9�OQ0[?@5�:�9�7H\�OT9�0¡�[? 5�2
OT?<I�\l�?G7EJ�2)?RJ
.�]�. ��5 � ��(@%�(@��!&5l_��@���@!$IS�'%pAa�2��Aa! < ��> *&5
!,+"+&( %pA�P T�EW�2t�¢ ��( ?�Aa!�/'��K�yjVW�"!�+"+,P2Y'Z2Y'5NOX2-2� �&7'72£ M
d��W(,g �N9�X
X43��J�GM : M � ^ 7�	 9�OQ0[?@5�:�9�7/. �
5+OT?<; 5�:+9�7 	�OT9�0 XB:�9�0=.RDE:�;<?RIA5�. ��5 � U�> � �v%2��^ � (�> t�!&?( *��'^�K"%lC >4�vt��'�D(@*,+,PSK"%
< ��>4*�!�!&?( %pA+.>DC < �2*�_ R tfVH>�+&(@� t � (�> *�>4tfVH�2�@!&��+,PhVJP2�'O�0�5N�'� 6�2c'd'd2dBM
d����1g �N?RV<?G0[?{�GM �'� ?GcE: 7B9[] M �m >
5�?$�SM �B. 5�]362,� :�:��GM � ]�2E7):C7EJ13 �0 	 9�O_XB:�9�0=.RDE:�;<?RIB7)?G0[.<DS.G7
5�: 5�K�OT.<;<9�J�7): 5 :�9�7 �
< ��>4*�!�!&?( %pA+.>DC����2!.¤$>��v¥�+v�>1V�> %.�.I < (@%n�@�'!$¢�(�> t{!�?( *&��^�?>4t��( %'�2c�d2d2c

¦�>�5�5�F�� 	
	+L L L�M :CF
0=;WM ;G7
OY3 M 	�O
§ >�5�5�F�� 	
	+L L L�M ;GOh\�FB?R;<?WM 	�O 	



��(
  ��� �+�V� �����J�j�+�9�	� ��
 �,� �

± � 3 ± �

d�� Â g �b>B.RI�:�	a�SM �2eN:�.@7)J2\l�b2E7�5�V.: M �2� ?@OQXEO K�kM � 	4.@0=?@7
5�:�;8Lb.GXN5�.<;G>
7B9
I+9�JE:�.<3 	Q9�O�: 7
5�.GOQF
OT.@5�: 7)J�e.�N` 0=:�;@OT9E?GOQOT? K
?@7B?<I K)3P.<3��<5+>B.H�r�_`�]�36K)365�.G0 ��< �,> *�!&!�?�(@%�Ax>DC��.K�_4]�� X � T'6�X45L6'6���020H��!�¤��>��v¥p� c�d2d��)M
d�� 2 g �b>B.RI�:�	a�SM � -/.GXH3�gG0[?G7
5�:���2). . 5�0�gG0[9E: OT. D	��. �
Fg@OT:�.G7B;R.W3F)9�2
OI
��?@7B?RI K)3P. D�2�5�OT?@743P;@OT: F
5�9�0[. ��< �'?n���2!�+&( +"T
�M( *�!H_�>NVJ��(@� o %��D( V�> ^)( +��j%( p!���( +�� R T�c�d'd��BM
d�����g �N: 0 �a�GM eSM �fm >
5�?���] M ��]�? 5�.<:+3P:����SM ��?G7)D']362,� :�:D���GM � ���i��^�`!;R9�OQFE2B3$\A3Y.G0[?G7
5�:�;<?RI�I K&?@7E7)9�5�?@5�.<D';<9�OQFE2B3 	Q9�O
X):+92\�5�. ��5�0[: 7B: 7)J ��� (�>'( %LC >4�"t����D( *�+.043�� _��hV2VH^@P�0 � T�(D04Z�X 5�0�Z26� c�d2d��BM
d�� � g �bOT?G2�5+>B?G0�0[.GOS� M �2:8VR>).@5 3Tc�KN`SM �2� 9�OT9�VW9�nk�M
.@5�\�OT:+.RD�0[?G7 [ M � �N3P: 7)J��H��`n	)] 	Q9�O�:�DE.G7�5�:�	+K): 7EJ�J
.G7). ?@7BD
F
OT9�5�.<: 7�7B?G0[.W3: 7H� 9�2
OQ7B?RIB?GO 5�:�;<I�.W3 � #$!&%'!�6��'3�L045L6 � /)6�O2�'5N�26��2c'd'd'd)M
dj����g �?W3P3P:�I+?MmNM4?G7BDx	EL�:�;Gc�: M �Lc'd'd � � � -��'[ : .<3P9�2
OT;<.�eN.W3P;@OT: F
5�:�9�7 	�OT?G0[.GLb9�OQc �l:Heb\ �j� 9ED
.<I�?@7BDB	
K
7�5�? �
	EFB.R;<: 	Q:�;<? 5 :�9�7 � ����� V�/ ���N¤H¤H¤�P ¤�Y2P�>4�1A���y ���)�
].EW5L�"?LC�5l+ R %'�@����� � c�d'd � M
dj�s�&g � ;��82B: 7E7).W3�3 eSM �ZM .@5 ��?@7 �N?GOQ0[.<I�.G7 \_M � m -�� -/.GX m 7
5�9
I+9�J�K �?G7)J�2B?GJE. m E.GO E:�.GL �
�'�D� VH/ ���N¤H¤H¤�P ¤�Y2P�>4�NA���y ����>4¤.^@5 C�!��'��� �v!,+
� Tc�d2d 8 M
dj���,g �U2BI�I�.GO��SM � M ���N.@7E7
K�� M � MB?@7BD�	
5�.GOQ7EX).GO6JMkM - M � ]�. ��5�F
OT.W3�3Y9 �
?G7H9�7
5�9EI�9
J K'\�XB?<3P.<D=: 7 	Q9�OQ0[?@5�:�9�7=OT. 5+OT:+. )?RI?@7BD�. ��5�OT?R;@5�:�9�7=36K)365�.G0 	Q9�O�XB:�9EI�9�JE:�;<?RIBI�: 5�.@OT?@5+2EOT. ��< I�>�_ � (�>2^D>&Af(@!,T ]JYX43�� c�d'd 8 M
dj��f�g ��gRDE.RI+I�.R;�[ M � . 5 ?<I�M � � ?R;G>B: 7).'I�.R?GOQ7B: 7EJ 	Q9�Ob:C7 	Q9�OQ0[?@5�:�9�7�. �
5+OT?<; 5�:+9�7�:C7UJ
.G7)9�0[:+;<3S3Q5 ? 5�.'9 	85+>).1?GO 58?@7BD
F).GOY3TF).<;@5�: E.W3 � _�( �vt��2¥�!�+�+&( +"Ta_�PS��!�?'P � /Jy�!��'��F(@%�( %pA��'%2?x(@� + o V2VH^D( *��'�)(�>4% +,P�_���� ?( !�+�( %��H������( P��'%'?�_�>)C4�iEH>4tfVJP
0�Y'Z'P4_"Vj��( %pAa!�����!&�v^���A�T � !��,^D( %��n!p( ?'!p^�¢ !&�1A���!&¤���>4�"¥$323'5�0'0�Z�� c�d'd 8 M
dj��(,g ��g<D
.<I�I�.<;n[ M�?G7)D��[?GVW?@OT.G7EcE9=`SM � ` FEFBI�:�;<? 5�:+9�7 D
.SI�� ?GFEF
OT.G7�5 :+3�3Y?RJ
.! �I�?NOT.R;G>B.@OT;G>).S. 5" SI�� . �
5+OT?R;@5�:�9�7 D�� : 7�\
	Q9�OQ0=? 5�:+9�7�\W�b7 . �).G0�FBI�.���I�.NF
OT9"� .@5j[A?RDE.GOT:CJ
. �4:�D
.G7
5�: 	Q:�;<? 5�:+9�7 D�� : 7
5�.@OT?<;@5�:�9�7B3 J2gG7):D��2B.<3 �xo *p�@!�+�?'!n^��nU�> � �v%2w�!
�@�'w&t����D( |� !J]��hVH^D>4�v�'�D(D>4%n?2!$?�> %2%'w�!,+.( +"+�� !�+J?
� K"%��@!&�v%2!p� T � !&%'%'�2%(	�2P T!�����^@P�� ]H?4+ � �2c'd'd � M
dj���1g ��JF	�M �SM�?G7BD -/9�7)Jx� M � ]�9�Lb?GOTD OT9�2
5�: 7B.1?G2�5�9�0[?@5�:�;SFB? 5�>
L�? K�D
:�3Y;<9�E.GO K 	�OT9�0 9�7�\QI�:C7).13P;R:+.@7
5�: 	Q:�;�5�. ��5
?@X4365+OT?<; 5 3 � #$!�%�> t�!jK"%LC >��vt�P _�!&�vP��n>��v¥�+v�>1V�#$!&%> t{!WK"%lC2>��vt�P02X�T�02X4O�bi020�6 T �&727'7 M
dj� Â g k�OT9�2 ���jeSM � \_M
: .R;G>B.@7E0[?G7
7�j�ZM��Y2BI�I�:+?@OTD'�j�[M �[M
k_:�I�I�.@5l� ?G7)DF� M���?<;��)M � eN. 5�.<;@5�: 7)Jr� .@7B.q	EK�0�XB9EI+3[?@7BD
�[?@0=.<3 : 7�� :+9
I�9
J
:+;R?<I�]�. �
5 3��E` \�: OY365j	E5�.GF15�9�Lb?GOTD k_.@O 5�:C7).G7�5�^ 7�	Q9�OQ0=? 5�:+9�7�� ��5+OT?<; 5 :�9�7 ��< ��>4*�!&!�?( %�A�+�>)C{�M( %��@�
�M>4�v¥,+,�>NV�>4% #.!�%>4t�!jK"%LC >4�vt{���D( *�+�VWPS`v6�5NZX � ��7'7�� M
dj� 2 g :8VR>B. 5 3Tc�K�`SM �)^69)3�3P: 	Q9�=^YM �'��9E: c). ] M �'�bOT?G2�5+>B?G0�0[.GO
�/M �'�bOT?$kM �'� 9�OQOT:�3j� M �'�b2��SM �'eb2
XB9�2).$k�`�M �[-/.@7)J
- M ��-/:�I XE2
O -��GM �_.@5 ?<I�M��z� .G7).R-/?@K)3���?136K)365�.@0 	Q9�O . �
5+OT?R;@5�: 7)J2�_?G7B?RI KEV<: 7)J2��):+3T2)?<I�:CVW: 7)J2�_?G7)D : 7
5�.RJ�OT?@5�: 7)J'0=92\
I�.<;@2BI�?GO�FB?@5+>
L�?@KSD
?@5�?j�MU � (D>4t�!�?$K"%LC >��vt$TYi`�/lO2Y'5N�'Y'�2c'd'd 8 M
dj����g � =(C�M\@": � _ � � ?>I�A�R(A�@"Q"@"<hBV@"=�W�R(?kBVXrI�DOXk<kW�;�;�=&CNBPR U1U @ 4�U F�<>@ 4�U :�;�=�@-<>@"I 4 B"?�;�;�< � � ?�I�=�;�;�:�@ 4�U <!I�D�B"C,;
± 4 BV;&? 4 R&BV@"I 4 R�Q �*I 4 Dr;(?>; 4 =�;0I 4 �p;&L � ;&B�C,I�:�<[@ 4 ¡]R 4�U F,R U ; � ?>I�=�;�<l<>@ 4�U _ � R 4 =(C,;9<kBP;(?SYK� ��� (K_
dj� � g � C,R(B"c,RHG � _ Y�v[:�LZR(?>:�< � _�R 4 :pb^I U F�<hc,@ � � ± 4 DOI�?rMNR(BP@"I 4 ?�;&B�?>@";&i�R�Q,M\;�;(BO< U ; 4 ;%R 4 R�Q G�<S@"< � ± vsvsv
± 4 BV;�Q�Q"@ U ; 4 B � G�<hBV;&M � � W�;�=�@"R�Q ± <S<hF,;0I 4 ± 4 BP;�Q"Q�@ U ; 4 B � G�<kBP;(MJ<]@ 4 b0@"I�Q"I U G   _�� 2 µ (���Xr��f�Y������1��_
d"f���g � C,R(B"c,RlG � _1R 4 : � ;�Q":�MNR 4\3 _ � � @ 4 @ 4�U B�C�;!A�@�I�M\;�:�@"=�R�Q�Q�@ BV;&?�R&B�F�?�;�@ 4 B"C,; U ; 4 I�MN@�=�;(?>R µ R 4 I1i�;(?>X
i�@";(L � �(I�F�? 4 R�Q�I�D �*I�M$W�F1BPR(BP@�I 4 R�Q�b0@"I�Q"I U G�YK�&�,Y����/� ���1����Y�������f�_
d"fe�&g � BPR�R&A � Y];�:�@�BPI�? � � @ 4 @ 4�U @ 4 DrI�?kM\R&BV@"I 4 DOI�?�DVF 4 =(BP@"I 4 R�Q U ; 4 I�M\@"=�< � ± vsvsv ± 4 BP;�Q"Q�@ U ; 4 B � G�<hBV;&M
� 2 X Â�Â Y��������K_
d"f1�,g � F1M$W�C1?>;lG�<^b�_�R 4 :�¡]@ 4 :�A�;(? U � _ � ` C,; % � ¡ � W�?>IS¬(;�=&B µ M\R&c,@ 4�U B�C�;N=�I 4 =�;&W�B"F,R�Q[=�I 4�4 ;�=&BV@"I 4
A�;&B�LZ;�; 4 F�<S;(?S<�R 4 :�B�C�;a@ 4 DOI�?rMNR(BP@"I 4 B"C,;HG 4 ;�;�: � � 
 ���-�+�V���x� ��� � �t�5������������#[��$1'(��' � .*�S�+�������1�V�����
% ��&�')( � �+*�, YK� ��� f�_
d"f�f�g^¡]I�M\R&w ��_eR 4 : � = �[?>RlG � _ � � R&W�W�@ 4�U B"C,; ® ; 4 ; Á 4 BPI�Q"I U G5@ 4 BPI´B"C,;#% 4 @"DO@";�: � ;�:�@"=�R�Q]¡]R 4 X
U F,R U ; � G�<kBP;(M �  �1�	8��'(�1�V� ���^���,� ��
 �,�+�V�����,����#%�&�,�1	�j�(� ��� � � �.-�/ ��0 � Y��,���B(�_
d"f4(,g � R9<kC�G�R&W � _ Y]b0I�? U @":�R � _ � 3 ;(W�?>;�<S; 4 BP@ 4�U B"C,;U% � ¡ ��� ;(MNR 4 BP@�=\�p;&B�LZI�?kcaF�<>@ 4�U Á ¯ ¡ µs� Á ?
� ¯�C,R(B � <]@ 4 R � ;&M\R 4 BV@"=0¯z;&A\Q"@ 4 c 7 ��  �21 � 1 )�� 43 '5,	, �7698\���������:$,�('h� ��)�	]'+�������&' �<;��('(�"���5=�� �
�.0 Y��,����f�_
d"f,�1g � F1M$W�C1?>;lG�<^b�_�R 4 :�¡]@ 4 :�A�;(? U � _ � ` C,; % � ¡ � W�?>IS¬(;�=&B µ M\R&c,@ 4�U B�C�;N=�I 4 =�;&W�B"F,R�Q[=�I 4�4 ;�=&BV@"I 4
A�;&B�LZ;�; 4 F�<S;(?S<�R 4 :�B�C�;a@ 4 DOI�?rMNR(BP@"I 4 B"C,;HG 4 ;�;�: � � 
 ���-�+�V���x� ��� � �t�5������������#[��$1'(��' � .*�S�+�������1�V�����
% ��&�')( � �+*�, YK� ��� f�_



�����������	�
������������������������ �!�"�$#%�&���('(���"�*)��+����,�-���/.0���,���"���-�����1�
 

���
 

3*354�68797�797

d"f Â g � ;&[ZOT?@K=`�M � ` 7'2
FEF).GOAI�. ).RI�9�7�5 9
I�9
J K 	Q9�O5+>B. XB:�9�0=.RDE:�;<?RI�DE9�0=?R: 7 � EH> tfVr�H� %'*p�D(�> %2��^f#$!�%�> t�( *�+��jO�/
Z�X 5NZ'O'�2c'd'd��)M
d"f 2 g : .<;@5�9�O `SM ��: 9�JE.@OY3��GM �AMB?G7)D k_9EI�.�kM � ]�>B.��A`��S�f� ��:�J�>��. E.<Iam 7
5�9EI�9�J�K � ��>2� �v��!&!�%'����K"%'�@!&�v%2���D(�> %'�'^
EH>4%pA��"!�+"+�>)C��@�'!W]H� ��>NVJ!��2%��J!&?'!&�"���D(�> %aC2>��
��!�?�(@*&��^�K"%lC2>��vt��'�)( *,+"T ��K1]J3-�T�EH>1VW!�%'�2�pA�!�% T��n!�%2t��2�"¥�T ��7'7 �BM
d"f���g ��gRDE.RI+I�.R;x[ M � � : XBI�:�9
J�OT?GFE>):�;<?<IA^ 7 	Q9�OQ0[?@5�:�9�7r� ��5+OT?<; 5 :�9�7 : 7�� .G7B9�0=:�;<3 � K1]
]
] K"%��@!p^�^D( Aa!&%��j_ R +��@!�t$+��
�@�'!p( � o V'VJ^)( *&���D(�> % +�T"VJPN`�- 5NZ�X2� c�d'd c4M
d"f � g � ?@7BDE9�7=\_M �'�9n� M �[A9�OQX�K~mNME?@7BDne�:+.@7)JM: M � � ?@7B?RJ
: 7)J[.G7
5�.@OQFEOT:+3P.b?@FEFBI�:�;<? 5�:+9�743 ?<3 D�K�7B?@0=:�; OT.<3P9�2
OT;<.W3
: 7 ;<9�OQF)9�OT? 5 .&3P.@0=?@7
5�:�;HLb.GX43 �_?G7�?GF
FBI�:�;<? 5 :�9�7 3Y;<.G7)?GOT:�9 	Q9�O�3P.G0[?G7�5�:+;=Lb.GX 3P.GO E:�;<.<3 � K"% ��YE �M>4�"¥�+,��>1V > %
�W�v�2t�!&¤$>��v¥�+�C2>��j_�!�t��2%��D( *�+.( %���!�¢�_�!&���( *�!�T ����� V�/ ���N¤H¤H¤�P ¤�Y'P@>4�1A��16X'X4����X O��l�j_+��_�� T�c�d2d��)M
d+(���g m >BI X)?<;G>~��M �GM)?G7)D�	4;@>B? 	�	Q.GO 5
	�M � !�?4+ �n>��v¥�+v�>1V > % < ��( %'*p( VH^@!�+.�2%'? < �v�2*p�D( *�!�>DC�_�!�t��2%��D( *���!�¢��J!��4+&> %25
( %pA�����@�2!.6X2�@�{K,ESI < T'_�4�}�'^)>pT �W�v�2%'*�!,Tc'd'd 8 M
d+(s�&g `�36>EXE2
OQ7B.@O�� M �'� ?RI+I�[ M �'� I�?GcE.{�GM �'�A2
5�I�.GO
�SM ��[Z>).GOQO Kn�GM �'[A9�OQOT?<D
:�GM �2eN9
I�:C7B3TcE:��M �'� ?@7B?G7[] M �2��FEF):CJS] M
?@7BD
�N?@OQOT:+3��/M � [ZOT.R?@5�: 7)J�5�>).{� .G7B.$m 7
5�9
I+9�J�K�OT.<3P9�2
OT;<. ��D
.W3P:CJ�71?G7)D[: 0�FBI�.G0[.G7�5 ? 5�:+9�7 � #$!�%�> t�!W�J!�+"T�04O 6���bf04O2Y'Y T
c'd'd � M
d+(��,g ��?@O6JE?<3�\l��.GOT?~� M ��� 9�5�5�?�� M �
eN9�0[: 7)J�2B.��GM �
�?G7)V<9�7):W�/M �J	E5+2�5+5A`�M�?@7BD}[A: OT? E.RJ�7B?=\_M �Lc'd'd2c � � �U7'���
m 7�5�9EI�9
J K ebOT: E.G7x	B.G0[:�\�`b2
5�9�0=? 5 :�;b?@7BD�` 2
5�9�0[?@5�:�;�	E2EF
FB9�O 5 	Q9�OH	B.G0[?G7�5�:+;.� ?@OQc
2
F � K"%�#{> t�!���5 < !&�v!�� o P�2%'?
� !�%)u4�'t�( % +J�JP!�?4+"T < ��> *&P�>)CM�@�'!M0�Y��@��K"%��@!��v%'�'�)(�>4%'��^aEH> %lC�!&�v!&%'*�!�> % Q %�>4¤.^@!�?�Aa!�]J%pAf( %'!�!���( %pAx�2%'? Q %�>4¤.^@!�?�Aa!
���'%2�pAa!&t�!�%'�4] Q o �=6X'X46 T'_�VW��( %pA�!&���!��,^@�pAnI�� o Kj6'OS`,Y T�YS`�325NY'30pTc'd'd c4M
d+(�f�g 	�gGJ�2�g<I�?�kMB?G7BD[` 243�3P.@7B?R;�\N� :�I�I�.W3��1M � � ��5+OT?<; 5 :�9�7 D
.bOT.<I�?@5�:�9�7B3 3�g@0=?@7
5�:���2).W38.G7
5+OT. 5�.GOQ0[.W38.@5_.G7EOT:�;@>B:+3�3P.&\
0[.G7�5�DE.A0=9
D��<I�.<3 D�2[DE9�0=?R: 7B. � K"%$K,E�� 323 T < � ��( +"T�`,3'5NZ'Z4T ��7'7'7 M
d+(�(,g ��L�.R:�J
.G7
XB?@2E0 k�M � �F�f�M�
��`n	 �E?@7H?<;R;<.W3P3A36K)365�.G0 	Q9�O_0[.<D
:+;R?<I)OT.<;R9�OTDE3243P: 7EJ�7)?@5+2EOT?RI�I�?@7)J�2B?RJ
. � EH> t{5
VJ�'�4��!p�@�>4? + < ��>�A��v�2t$+ � (�> t{!�?'P�G$*p���NO2���L0�5L6 � /10'0�`�5L6X�T ��7'7 8 M
d+(��1g �N?@7BDE3P;G>
2E>F	�M �
	
5�?<?@X}	�M�?@7BD�[A:COT? ).GJ�7)?N\_M � 	\N[W:H�_`�� �z	B.G0[:�\Q?G2�5 9�0=? 5�:+;M[W:H�_` 5�:�9�7 9 	�� . 5 ?RDE? 5 ? �
y��'!B0�Y��@�~K"%��@!��v%'�'�)(�>4%'��^jEH> %lC�!&�v!&%'*�!~> % Q %�>4¤.^@!�?�Aa!�]J%pAf( %'!�!���( %pAz�2%'?����'%2�pA�!�t�!&%��W� ] Q o � 6�X2X46 � T�!&?}#�>45
t�!���5 < !&�v!���T o P T2_"Vj��( %pAa!�����!&�v^���A�T�c�d'd c4M
d+( Â g 	E2E0�0[?GO K : .@FB9�O 5 � -��2[ -/9�OQcB3T>)9�F 9�7 	B.G0[?G7
5�:�; -/.@X 	Q9�O �: 	Q. 	B;<:�.@7B;<.<3 M �
>�5+5+F�� 	�	+L L L�M L��BM 9�O6J�	)c'd'd 8 	 � d�	 3TLbI+3�\�L�9�OQcB3T>)9�F�\�OT.GFB9�O 5QM >
5+0[I � c�d2d 8 M
d+( 2 g � 9
I+.@XB:�9�L�3TcE?$�GM � eN:�.G7)J2\l�b2
7
5�V$: M �'[A9�OQX
K�mNM�?G7BD�� 9�243�3Y.<?G2neSM � �A2B:�I�DE: 7)J ?G7)DM� �
FBI�9E: 5�: 7)J¡m 7
5�9EI�9�JE:�.W3
	Q9�O ?G7'`b2
5�9�0=9�XB:�I�.�k�OT9�� .<;@5�� .G0[9�O K � �.( ��+,��K"%'�@!&�v%2���D(�> %'�'^�EH> %LC�!��v!�%2*�!~>4% Q %�>4¤.^@!�?�Aa!�EW��VJ�D�4�v! � Q 5hE oW<�� T
��( *p�D>4�,(@�4T�G$*��D>2¢2!��W6'Y�b�6'O T�c�d'd � M
d+(���g [A9�OQX
K�mNM �feN:�.G7EJ'\l� 2E7
5�V�: M�?@7BD&\�?GOT9�7\l��2B;@c).@O$[ M �
	 2).GO KE: 7)J'5+>).�	4.@0=?@7
5�:�;[-/.GX L�: 5+> 5+>B. [Hm$:H�J	'�
.@7)J
:C7). M�^ 7�: Ma�9�F).RVHDE.�� ?G7�5�?GOT?W3�?@7BDx�ZM
	4?R: 5+5�?1.RD)3 ��< ��> *&!�!&?( %pA+~>DCx�@�'!B0 -2�@��]H� ��>NVJ!&�'%}EH>4%LC�!&�v!&%'*&!�> %
o �,�D( C (@*p( ��^�K"%��@!�^D^D( Aa!&%'*&!�� ]�E o K � 6�X2X O � T�����^@!�%2*�( � T2_"VW�( % T�K,G�_ < �v!,+"+"T�VJP1`&X �'5�`&X 34Tc�d2d 8 M


