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

���! "�$#&%' "()#+*-,/.10�2
3/.14657(8,9.

:8;=<?>�@BADCFEG;H>9I'JLK/I?M8NPOQC9R'O�SUTQVW;WX9@BY�;H>!VHVWO+Z[I]\L^$_L\/`7abEGO+C'cLdFVWOLI?SFEe>!C'fQO
g9hLiPhLj
kml$i!n9j�o'p9qQr9j/q$sut[v/h9wxkzyLj

• { iPi$v}|m~P~!�P�L�}k�q[r9j9q$sut�v/huwxkzyPj9~+o]�$�/qL~[v/h9��vFtLhP~ul$i$n9j!o]~

���U�Q�Q���]�$�L� M���C'O��mZGO+EGO+c�fQ>$VW;WdFEe>!ZG;Wc$C��'>$��d?O+OQC�;H�FOQCuZG;=<]O[��>$�bZG�FO&�FO+ZGO+EG��;=@
C'>!ZG;WcLC�c$��ZG�FO��'VH>$CFO�fQc$VWVH;WCFO[>!ZG;WcLC�;WC]�/R'fQOQ��d9��ZG�'O��FV�>!C'O�>!Z7;WCF<'C';=ZD�u�Ua�OQCF@
O+Ee>!VWVW�uI'ZG�';W����c!@zfQ>$VWVWO[��;WC/<]C';=Zz���FcL��cL�!Ee>$�F�9��f[>!C�d?O7�FO"ZGO+EG��;WC'O[���/EGc�N/;H�/O[��\
;W��>$�$O�fQc$E�EGOQ���?c$C]�/OQC'fQO+��c$�
�?c$;WC9ZG�b>!Zb;WCF<'C';=ZD�u�/ADC�ZG�';W�b�'>$�?O+E[IF �O�<'EG�mZ¡���Fc� 
ZG�'>!Z�>!��CFO&�mZGO"EGOQc�f[>$VW;WdFEe>�ZG;Hc$C��¢c$EbZG�'O�f[>$��O&c$�
Zz �c�f[>!��O+Ee>$�¡ �;WZG��ZG�FO��G>$��O
;WCuZ�EG;WC'��;Wf��]>!Ee>!��O+ZGO+EG��;W�b�?c$����;Wd'VWO& �;=ZG��c$C'O�VWOQ�����?c$;WC9Zb>�Zb;WC/<]C';=Zz�u�]£��FOQC8I/ �O
�/EGcL�?cL��O�Zz �c��/Ee>$f+ZG;Wf[>!Vx��O+ZG�Fc9�F���¤c!E
>���C'O�fQ>$VW;WdFEe>!ZG;Wc$C�;WC�ZG�FO
�LO+C'O+Ee>!Vxf[>!��OL�
£��FO�O+X/�?O+EG;W��OQCuZe>$V?EGOQ��R'V=ZG��cLC���;H�7R'VH>!ZGOQ��>$C'��EGO[>!Vx;W��>$�$OQ�¡>!EGO��/EGOQ��OQCuZGO[�1�

¥ ¦'§¡¨?©)ª�«7¬&­x¨)®Gª¡§

¯±° ,/²"³¤´� +,F²eµ¶³�.·´!3/*�¸)(? +�!#6¹]³¤²e³¢3/.º,/¸)¸)»¢³¢´$,u +³�3F.1²�³¤²� "¼)�½0?�� +�!#+*�³�.1,9 "³¢3/.¾39¿�´$,9*��!#Q,
¸1,9#Q,9*��� +�!#Q²!ÀU +¼)��´$,9*��!#Q,�´!,9»¢³ ° #+,9 "³¢3/.
Á�Â�,/*��!#Q,�´$,9»¢³ ° #+,9 "³¢3/.Ã³¢²� "¼)� ° ,/²"³¢²�3/¿�¼13uÄÅ +3
3 °  Q,9³¢.½ÆFÇÈ#"�L´�3/.8²G +#"(1´� "³¢3/.1²ÉÄ�¼)³¤´Q¼Ã´!,9. ° ��(8²e�L0Ê +3�#"�L´�3/4F.)³¢Ë!��3 °?Ì �$´� +²$ÀÍ.1,P¹]³�4',u +��³¢.
,9.Ê(1.)µ].)3uÄ�.��!.]¹]³¢#"3F.)*��!.' $Àx3/# Ì (1²e 7 +3�4F³�¹F� ° ³¢.1,9#+Î�³�.)¿Ï3/#+*�,9 "³¢3/.1²É, ° 3/() 7 +¼)��²+´��$.)�/À
»�³¢µ/�¡ÐG "¼)�$#"�&³¢²[ÑP³¤²Ò.)3/ ¡,9.�3 ° ²G Q,/´�»¢��³¢.�¿Ï#"3F.F �3/¿U "¼)�&´$,9*��!#Q,/²GÓ[ÁuÔm ¡³¢²��!¹]³¢0)�!.' � "¼8,u $À/¿Ï3/#¡,/»�»
Æ���Õ),/*�¸1»��L²!À'��Õ),/´� �ÆFÇ·#+�$´!3/.1²e "#+(1´[ +³�3F.�³¢²�.)3/ �,/»�Ä
,PÎ?²Ò.)�$´!�$²+²",/#"ÎFÁ]Ö °?Ì �L´[ 
#"�L´�3F4/.)³� "³¢3/.
´!,9. ° �
#+�$,/»�³¢Ë!�L0�3/.� "¼)� ° ,F²e³¤²�39¿8×¡(1´�»¢³¢0)�$,9.�,/²�Ä��!»¢»),/²�,uØ�.)�
3/#�¸)#+3 Ì �$´� "³¢¹/�b³�.]¹u,9#+³¢,/.' +²$Á
Ù&,P¹]³�4',u +³�3F.�²"( °?Ú  +,F²eµ?²¡39¿Û "�$.�#"�LÜ'()³�#+��µ].)3uÄ�»¢�$0?4F��39¿
3F.)»�Î�,uØ�.)�7³�.8²G +�$,/0�3/¿
×�(1´!»�³¤0?�$,/.
²"´!�!.)��¸)#+3/¸x�!#" "³¢�$²$ÁUÝ13/#�²"³�*�¸)»¢��3 ° ²e +,F´�»¢��0?�! "�$´� "³¢3/.
ÀU +¼)��³¢0)�!.' "³�Þ8´!,9 "³¢3/.½39¿b,�¸)»¤,9.)��³¢.
 "¼)��²+´��$.)��,9.10� "¼1���!¸)³¢¸83F»¢,/#
4/�!3F*��� "#+Î�39¿� "¼1��´!,9*��$#+,�²eÎ?²e "�$*ß,9#+��²e(?Ø6´!³��$.F LÁ

Ô�.� "¼)��¸)³�3F.)�!�$#&Ä�3/#+µ�3F.à¸)#"3 Ì �$´� "³¢¹/��#+�$´�3F.1²e "#+(1´[ +³�3F.�¿Ï#+3/*- GÄ�3�().1´!,/»�³ ° #Q,u +�$0�³¢* Ú
,94/�L²¡á=â?À+ãuämÀ! +¼)�
,uØ�.)��#"�L´�3/.8²G +#"(1´� "³¢3/.�¸)#+3/¸x3F²"�$0�Ä�,F²�0?�! "�$#"*�³¢.)�$0�()¸� +3ÉÆ&¿Ï#"�$�¡¸1,/#+,/* Ú
�� "�$#+²$Áuå
¼)³¤²�³¤²�»¢,9 "�$#�´!»¢,/#"³�Þ1�L0�³¢.�á æuä?³�.�Ä�¼)³¤´Q¼�³� ÒÄ�,F²�²"¼)3uÄ�.� +¼1,u � +¼)��,9Ø�.)��´$,9»¢³ ° #+,9 "³¢3/.
³¢²��LÜ'()³�¹u,/»��$.F 
 +3�0)�� "�$#"*�³¢.)�� "¼1��³�.?Þ8.)³H GÎ�¼)3/*�3F4/#Q,9¸)¼]Î/Á

å
¼)��4F3F,/»¢²&39¿¡ +¼)³¤²7¸8,9¸x�!#�,9#+�� GÄ�39¿Ï3F»¢0ÍÁUÝ�³�#Q²e "»¢Î/ÀUÄb����Õ?¸)»¢3/#+�� +¼)�� "¼)�$3/#+Î�39¿b,9Ø�.1�
´!,9»¢³ ° #+,9 "³¢3/.�¿Ï3/#�´!,/*��!#Q,/²bÄ�³H +¼�²+,9*��É³�.' +#"³¢.1²"³¢´É¸1,/#+,/*��! "�$#+²$À]3/#LÀ'�LÜ'()³�¹u,/»��$.F +»�ÎFÀ]¿Ï3/#
3/.1�
´!,9*��$#+,�³�.�*�3u¹/�$*��$.' $Á)%]�$´!3/.10)»�Î�Ä����!*�¸)¼1,F²e³¢Ë!�É¸)#Q,/´[ +³¢´$,9»Í,/²"¸x�$´[ Q²�39¿�,9Ø�.)��´!,9»¢³ ° #+, Ú
 "³¢3/.6Ä�¼)³¤´Q¼�»¢�$,/0� +3� +¼)�&¸)#+3/¸x3F²"³� "³¢3/.�39¿Í GÄ�3�¸)#Q,/´[ +³¢´$,9»8*��! "¼)3?0)²¡39¿},9Ø�.1�&´!,/»�³ ° #Q,u "³¢3/.}Á

ç èé©)ê}ëe®"ìÈ®e§�í�©1®eê}î

ïÍðzñ ò�ó)ôöõ'÷uóéôùø
ú�õ]û
å
¼)�7´$,9*��!#Q,�*�3]0)�!»1(8²e�L0� "¼)#+3/(14/¼)3F(? � "¼1��¸1,9¸x�!#�³¤²Ò "¼1�&¸)³¢. Ú ¼)3/»¢��*�3?0?�!»xÄ�¼)³¤´Q¼�*�3?0 Ú
�!»¤²� +¼)�É´$,9*��!#Q,�¸)#+3 Ì �L´[ +³�3F.�,/²b,�¸x�!#Q²e¸x�$´� "³¢¹/�� +#+,/.1²e¿Ï3/#+*�,9 "³¢3/.�¿Ï#+3/*

P3
 "3

P2
ÀF#+�!¸1#"� Ú

²e�$.F +�$0 ° Î�,�*�,u "#+³�Õ
P
Á)å
¼)³¤²�üxý"þGÿ��������Bþ	��

���zý�����´!,9. ° ��0?�$´!3/*�¸x3F²"�$0�,F²

P3×4 = KD = K
(

R −Rt
)

=
(

KR −KRt
)

.



� � O"ZGO+E��9ZGRFEG� >$C]��:8c$C'����R'>$C

R
,9.10

t
#+�!¸)#+�$²"�!.' � "¼)���!Õ' +#"³¢.1²"³¢´�,/.10��  "¼)��³¢.' "#+³�.8²e³¤´�¸1,9#Q,9*��! "�!#Q²b39¿� "¼)��´$,9*��!#Q,)Á

ïÍðÛï ��÷uø��Lõ����! #"xõ$�/ó1û% #&�÷uó'�( zø*)
��#"3 Ì �$´� "³¢¹/��3/#
Ä��$,9µ6´$,9»¢³ ° #+,9 "³¢3/.�´�3/.8²e³¤²G Q²�3/.� "¼)��0?�! "�$#"*�³¢.1,u +³�3F.�3/¿} "¼1���!¸)³¢¸83F»¢,/#�4/� Ú
3/*��� +#"Î�39¿Í GÄ�3�´$,9*��!#Q,/²�á â)À"Æ)À+ãuämÁ/��#+3 Ì �L´[ +³�¹F�7´!,/»�³ ° #Q,u +³�3F.��!.1, ° »��L²� +¼)�70)�� "�$#"*�³¢.1,u +³�3F.
39¿} +¼)�É¸)#"3 Ì �$´� "³¢3/.�*�,9 "#+³¢´!�$²�39¿
 +¼)�É GÄb3�´!,/*��!#Q,/²$ÀF()¸� "3�,9.�().)µ].)3uÄ�.
À ° () &´�3/*�*�3/.}À
¸)#"3 Ì �$´� "³¢¹/�7 "#Q,9.1²e¿Ï3/#+*�,u "³¢3/.éá +uäDÁ
ïÍð-, .0/1)�õ2�Fó)û% %&�÷uó'�! Bø3)
��.)3uÄ�³�.14� "¼)���$¸)³¢¸83F»¢,/#�4/�$3/*��� +#"Î�,9.10� +¼)��¸)»¤,9.)�7´�3/»¢»¢³�.)�L,u +³�3F.�¿Ï3F#� +¼)��¸)»¤,9.)�7,u ¡³¢.?Þ1. Ú
³H GÎFÀ
,uØ�.)��#"�L´�3F.1²G +#"(8´[ "³¢3/.Ê³¢²�¸x3F²+²e³ ° »¢��á æuämÁ54½��´$,9»¢»� "¼)�$#"�!¿Ï3/#+�6�879�:�;���	<��%=�ý>���?�Bþ��à "¼1�
0?�� +�!#+*�³¢.1,9 "³¢3/. 39¿
 +¼)��²"3 Ú ´!,9»¢»¢�$0@�A�(BC�D�A��E�F)þ	
�þHG9ý>�QüIF'EuÀÒ¸)#"3u¹]³¤0?�$0½,à¸)#+3 Ì �L´[ +³�¹F�6´!,9»¢³ Ú
° #+,9 "³¢3/.�³¢²�4/³¢¹/�!.}Á9å
¼)��³¢.?Þ1.)³� GÎ�¼)3F*�3/4/#Q,9¸1¼'Î�³¤²�#+�!¸)#+�$²"�!.' "�L0 ° Î� "¼)��Æ

×
Æ7*�,9 "#+³HÕ

H∞

À
Ä�¼)³¢´Q¼à´$,9. ° ��´!3/*�¸)(? +�$0 ° Îéá æ9ä#J

H∞ ≈ K ′R′(KR)−1 = K ′R′RT K−1. KMLON
Ôm É´!,/. ° ��0?�! "�!#+*�³�.1�$0�¿Ï#+3/* Æ�´!3/#+#"�L²e¸x3/.10)�!.1´!�$²
39¿�¹u,/.)³¢²"¼)³¢.)46¸x3/³¢.' +²$À8¸)#+3u¹]³¢0)�$0� "¼1�
�!¸)³¢¸83F»¢,/#�4/�!3F*��� "#+Î�³¢²�4F³�¹F�!. K  "¼1�b GÄ�3É�!¸)³¢¸83F»��L²�4/³¢¹/�
,�¿Ï3F()#e +¼�¸x3/³¢.' �´�3/#+#+�$²"¸83F.10?�!.8´�� N Á

P Q@R §�êÅ­UíÒë"®MS&©1í�¨)®eª¡§ ªUT�¨�V½ª ­UíÒì ê
©)íÒîWV¶®G¨'X îFíÒì ê ®e§b¨?©1®"§&î]®e­
Y í�©1í�ì êÍ¨?ê
©8î

,
ðzñ .Z�/ø3)\[(�!÷uóI ?):�0]mø1÷0�!^�õ$ %)\_`)` #��a9^�ø8ôùø*b8÷uó'c`^:a
Ý)3/#� GÄ�3�´!,9*��$#+,F²7Ä�³� "¼Ã²+,9*���³�.' "#+³¢.1²e³¤´�¸1,9#Q,9*��! "�!#Q²$À8³DÁ �FÁ

K ′ = K
ÀÍ×bÜF(8,u "³¢3/. KMLON ³¢²²e³¢*�¸)»�³�Þ1�L05d

H∞ ≈ KR′(KR)−1 = KR′RT K−1 = KR′′K−1

Ä�¼)�!#+�
R′′

³¤²Ò,&#+39 Q,u "³¢3/.�*�,u "#+³�ÕUÁ	e&�!.1´!�/À
H∞

³¤²�²e³¢*�³�»¤,9#� +3�,É*�()»H +³�¸1»��!fb3/¿
R′′

,9.10�¼1,F²
�!³¢4/�!.]¹u,9»¢()�L²

λ, λeiθ ,
,9.10

λe−iθ
À)Ä�³� "¼�,

λ ∈ R
Á8å
¼](1²$À? "¼1���!³¢4/�!.]¹u,9»¢()�L²
39¿

H∞

¼1,P¹F�
 "¼)��²+,9*��
*�3]0)()»��FÁ/å
¼)³¤²Ò´�3F.1²G +#+,/³�.' �²"¼)3/()»¤0 ° �
 Q,9µ/�$.�³¢.' "3�,/´$´�3F().' �³¢.� "¼)���L²G +³�*�,u +³�3F.
39¿

H∞

Ä�¼)�$.� +¼)�� GÄb3�´$,9*��!#Q,/²�¼1,P¹F�É²+,9*���³�.' +#"³¢.1²"³¢´É¸1,/#+,/*��! "�$#+²ÉáhgLämÁ

,
ðÛï i�õj�Lõ'÷Pô9 %)�ó'�( zø*) ø*]k�(^�õ2 %)\_`)` #��a9^�øxôöø*b8÷uó'cl^:a
¯ ´�3/.8²G +#"(1´� "³¢¹/�É¸)#+3'3/¿�3/¿� +¼)��¿Ï3/»¢»�3uÄ�³¢.)4�¸)#+3/¸x3F²"³H +³�3F.�³¤²
4/³¢¹/�$.�³¢.Ãá L!m ämÁ
��÷Pø*c¡ø3[( %�( zø*) ñ8ðon*p üFü)þ	q����#FI���C��r¡þ0���	
s��ý>�	qtFI�	u	�vq��	
s���A�*�zý��A�Dq��%��üD�uý>��

���w�!ý�q��	�3x�AFD�o��ü3� ü1þ	<y�9ýzG��Qþ	
s���Dý�Ek{�þuý��#FI�|���	
s��ýH�Oq}�-qz~	�Uþ	r��:� n*p ü/ü1þOq���{ p ý��AFD��ý}�#FI�����#FI�|�Qþuý[ý>���qzü1þ	�:x����3����q�þ8{}�;u	�	�*�-q>F��A��G�ü1þ	�A�*�%qv�uýH�z~��xþ�r��3�

�3FD���D�*�A�
�xþ��D�8xj��G����3�!ý>�	����xz���	q���q��w
s��x���üxý>�����-q����A�|�#FI�
üUý"þ$þ8{(�!�5rC�����	�sx�������ý�
|�A�3�
�AFD���A�!BU�D�A��EvF)þ�
�þHG9ýH�+üIF'E p ü��mþ��	��
�þ	q����|q!þ	< p �?�Bþ��Iq��
�C� �

≈

 �O���O[>!C�O��uR]>!VW;WZz��R'��ZGcÉ��f[>$VH>!Eb�ÉRFV=ZG;H�FVW;HfQ>!ZG;WcLC1���� R'V=ZG;W�'VWO�c$�}>7��>!Z�EG;=X���O[>$CF�Ò�'O+EGO
ZG�FO
��>!Z�EG;=X)I/�ÉRFVWZG;W�FVH;WO[�� �;=ZG��>$Cu����f[>$VH>�E[�



M¡��C'O
�mZGO+EGO+c�f[>$VW;WdFEe>�ZG;WcLC \

� èé©)íÒ­x¨?®"­UíÒë�í`RÈ§&ê ­UíÒëe®MS7©)í�¨)®Gª¡§-ì ê
¨'X&ª�«&î

4é��¸)#+3/¸x3F²"�� GÄb3�¸)#Q,/´[ +³¢´$,9»�*��� "¼13]01²73/¿¡,uØ�.)��´!,/»�³ ° #Q,u "³¢3/.à³¢.� +¼)��4/�!.1�!#Q,9»�´$,/²"�/Àx³zÁ �/Á
 "¼)�
´!,/*��$#+,F²
.)�$�$0�.)39 � "3É¼1,P¹/�Ò +¼)�
²",/*���³¢.F +#"³¢.1²"³¢´¡¸1,9#Q,9*��! "�!#Q²$Á(��39 +¼�39¿) +¼)��*��! "¼)3?0)²
²e()¸1¸83'²e�� "¼8,u ¡,�¸)#+3 Ì �L´[ "³¢¹/�
´!,/»�³ ° #Q,u +³�3F.�³¤²Ò4/³¢¹/�$.
Á9å
¼)�!³¢#Ò¸)#+³�.8´�³¢¸)»���³¤²� "3�0)�� "�$#"*�³¢.)�
 "¼1�
³�.?Þ8.)³H GÎ�¼)3/*�3F4/#Q,9¸)¼]Î ° Î�´�3F#"#+�$²"¸83F.10?�$.1´��L²b3/¿�¹u,9.1³¢²"¼)³¢.)4�¸83F³�.' +²�3/#
»�³¢.)�L²!Á

4é�6*�,/µ/�� "¼)��,/²+²e()*�¸? +³�3F.½ "¼1,9 � "¼)��²G +�!#+�!3�²"Î]²e "�$* ().80?�!#+4/3]�$²�,� "#Q,9.1²"»¢,9 "³¢3/.1,/»
*�3u¹F�!*��!.' �#+�!»¤,u "³¢¹/�7 "3� +¼)��3 ° ²"�!#+¹/�L0�²+´��$.)�/Á

�o���w�����?�Bþ���þM{�uO���D�-q>F��A��G
ü1þ	�A�*�%q��Ò%?´!�!.)��¸x3/³¢.F Q²}*�3u¹F��3/.�¸8,9#Q,9»¢»��$»9 "#Q, Ì �L´[ +3/#+³��L²!À�#+�!»¤,u +³�¹F�
 "3� +¼)��²G +�!#+�!3Ê²"Î?²G +�!*�Á�Ô�.ù�$,/´Q¼ ³¢*�,94F�/À� "¼)��¹P,/.)³¤²e¼)³¢.)4é¸83F³�.' �¿Ï3/#� +¼)�� "#Q,9.1²"»¢,9 "³¢3/.1,/»
0?³�#+�$´� "³¢3/.º³¤² Ì (1²e � +¼)�é³¢.' "�$#+²"�$´� "³¢3/. 39¿� "¼)�Ã²G +#+,/³�4F¼' �»�³¢.)�L²�Ä�¼)³¤´Q¼ Ì 3F³�.· "¼)�é "#Q,/´QµF�$0
³�*�,94F�$²
3/¿�3/.1��²+´��$.)��¸83F³�.' LÁ

�o���w�����?�Bþ��ÊþM{tuO���D�-q>F��A��G0<��A�3��q���Âb3F.1²"³¢0?�$#�²"3/*��É´�3/¸1»¢,/.1,9#�²"´!�!.)�7¸83F³�.' +²�Ä�¼)³¤´Q¼�²"¸1,9.�,
¸)»¢,/.)�

Π
Á ¯ ²
¹'³¢�!Ä��$0�¿Ï#+3/*  +¼)��²G +�!#+�!3�²"Î]²e "�$*�À

Π
().80?�!#+4/3]�$²�,� +#+,/.1²e»¤,u +³�3F.1,9»U*�3u¹/� Ú

*��$.' $Á�2}�� 
Πi

° �� "¼1�� "#Q,9.1²"»¤,u "�L0Ê¸1»¢,/.)�6,u � +¼)�
i
Ú  +¼Ã³�.1²e +,/.' $Á�%?³�.1´!�6,9»¢»Ò "¼1�

Πi

,9#+�
¸1,9#Q,9»¢»��$»zÀ1 "¼)�$Î�³¢.' "�$#+²"�$´� 7³¢.Ê,�»¢³�.)��,u &³¢.?Þ1.1³H GÎFÁ34½� ° #"³¢���1Î�0?�L²"´!#"³ ° ��¼)3uÄ  "¼)��¸)#"3 Ì �$´ Ú
 "³¢3/.1²�39¿1 "¼)³¤²�»�³¢.)�/Àu³� +²�¹u,9.1³¢²"¼)³¢.)4&»¢³�.1�$²$ÀP´$,9. ° �
0?�� +�!#+*�³�.)�L0ÍÁ9Ý)3F#��$¹/�$#"Î�³¢.1²G Q,9.' 

i
Ä�¼)�!#+�

 "#Q,/´Qµ]³�.14�3/¿} "¼1��¸83F³�.' +²
3F.
Π
³¤²�0?3/.1�/À?Ä���´$,9#+#"Î�3F(? �,�¸)#"3 Ì �$´� "³¢¹/�É#"�L´�3/.8²G +#"(1´� "³¢3/.�39¿

Πi

À)(1²"³¢.)4� "¼)��¸1#"3 Ì �$´[ +³�¹F��´!,9»¢³ ° #+,9 "³¢3/.�,9»¢#"�L,/0?Î�4F³�¹F�!.
Á8å}360?3�²"31À)Ä���#+�$´�3F.1²e "#+(1´[ 
 "¼1�
¸83F³�.' +²�»¢Î]³�.14É3F.

Πi

á �)À>�9ä),9.10�3 °  +,9³¢.� "¼)�
¸)»¤,9.)�
³¢.� "¼)�
¸)#+3 Ì �L´[ "³¢¹/�
²"¸1,/´!� ° Î�²"¸1,/.).)³¢.)4
 "¼)��#+�$´�3F.1²e "#+(1´[ +�$0�¸x3/³¢.' +²$Á'4é��³¢.F +�!#Q²e�L´[ � "¼)�É¸)»¤,9.)�L²�,9.10 ° ,/´Qµ Ú ¸)#+3 Ì �$´� � "¼1�É³¢.' "�$#+²"�$´ Ú
 "³¢3/.�»�³¢.)��³¢.' "3� "¼1��³�*�,94F�
¸)»¢,/.)�$²$Àu(1²"³�.14�3/.1´!�
,/4F,/³�.� "¼)��4F³�¹F�!.�¸)#+3 Ì �$´� "³¢¹/�
´!,/»�³ ° #Q,u "³¢3/.}Á

�U�Ûý�q��
�M7W�3�$����<h�%=�ýH�	���Bþ	��

���AF1þ(xj�|�k=�q��!ý�uO���?�Bþ�� þM{2��ü:<y�	�:��x p ý��A��GW���zýH�	�Iq�<y���?�Bþ��3��<

�þ�uO��

���D���`4½�¡´�3F.1²e³¤0?�$#},
 "#Q,9.8²e»¤,u +³�3F.1,9»9*�3u¹F�!*��!.' ° �� GÄ��!�!.� +¼)�b²e "�$#"�$3�²eÎ?²e "�$* ,/.10
 "¼)�&²+´��$.)�/ÁFÔ�.�3/#Q0?�!#� "3 ° �7, ° »��
 +3�0?�! "�$´� ¡ +¼)��¹u,9.)³¤²"¼)³�.14�¸83F³�.' Q²Ò¿Ï3/#� "¼)�& "#Q,9.1²"»¢,9 "³¢3/.1,/»
0?³�#+�$´� "³¢3/.
À
 "#Q,/´Qµ]³�.14�3/¿�â�²+´��$.)��¸83F³�.' Q²�³¢²�²e(?Ø6´!³��$.F LÁ�Ç7�� +�$´[ +³�3F.Ã39¿�,�¹P,/.)³¤²e¼)³¢.)4à»¢³�.1�
#"�LÜF(1³�#+�$²
 "#Q,/´Qµ]³�.14�39¿1,9 �»¢�$,/²e �Æ7´�3F¸)»¢,/.1,9#�¸83F³�.' Q²!Áu%]³¢.1´��
Æ�¸x3/³¢.' +²�,9#+�¡,9»¢Ä�,PÎ?²�´�3/¸1»¢,/.1,9#LÀ
 "#Q,/´Qµ]³�.14�3/¿�,9 �»��L,/²e &Æ�²"´!�!.)��¸x3/³¢.' +²�³¤²&²"(?Ø6´�³¢�!.' � "360)�� "�$#"*�³¢.)��3/.1��´�3/#+#+�$²"¸83F.10?�!.8´��
39¿}¹u,9.1³¢²"¼)³¢.)4�¸x3/³¢.' +²
,9.10�3/.)�É39¿�¹P,/.)³¤²e¼)³¢.)4�»�³¢.)�$²$Á1Ö7.1´��& "¼)�L²e��´�3F#"#+�$²"¸x3/.10?�$.1´��L²�¼1,P¹F�
° �$�!.��$²e +, ° »�³¤²"¼)�$0ÍÀ?Ä���´!,/.��L²G +³�*�,9 "�É "¼)��³¢.?Þ1.1³H GÎ�¼)3/*�3/4F#+,/¸)¼]Î/Á

å
¼)����Õ] "�$.1²e³¢3/.�39¿� "¼1��*��! "¼)3?0�¿Ï3/#�*�3F#"�É "¼8,9.�Æ�¸x3/³¢.' +²�³¤²�²e "#Q,9³¢4/¼' e¿Ï3F#"Ä
,9#Q0ÍÁ

n ���Qþ	�3x
�879�:�����	<h�%=!ý>�	���Bþ	�$

���AF1þ(xj���3F?ý>�����Dý>�	�Dq�<��	���Bþ	�3��<:
�þ�uO��

���D�?q���4 ³H +¼�,� +#+,/.1² Ú
»¢,9 "³¢3/.1,/»9*�3u¹/�!*��$.F ° �� GÄ��!�$.� "¼)��²G +�!#+�!3�²"Î?²G +�!* ,9.10É +¼)�¡²+´��!.1��Äb�b´!,9.�0?�! "�$#"*�³¢.)��3/.1�
´�3/#+#+�$²"¸83F.10?�!.8´���39¿
¹P,/.)³¤²e¼)³¢.)4à¸x3/³¢.' +²$Á}å
¼](1²!À}Ä�³H +¼ÃÆà0)³� U�!#+�!.' � "#Q,9.8²e»¤,u +³�3F.1,9»Ò*�3u¹/� Ú
*��$.' +²$À�Ä�¼1³¢´Q¼ ,9#+��.)39 �³¢.º "¼1�½²+,9*��½¸)»¢,/.)�/À�Ä��é¼1,P¹F���!.13/()4F¼·´�3F#"#Q²e¸x3/.80?�!.1´!�$²�39¿
¹P,/.)³¤²e¼)³¢.)4�¸x3/³¢.F Q²
 "3�0?�! "�$#"*�³¢.)�� "¼)��³¢.?Þ1.1³H GÎ6¼13/*�3/4F#+,/¸)¼]Î/Á

å
¼)�7�!Õ] "�!.8²e³¢3/.�39¿} +¼)��*��� "¼13]0�¿Ï3/#
*�3/#+�7 "¼1,/.�Æ�*�3u¹/�!*��$.F Q²�³¢²
²e "#Q,9³¢4/¼' e¿Ï3F#"Ä
,9#Q0ÍÁ



J � O"ZGO+E��9ZGRFEG� >$C]��:8c$C'����R'>$C
¡ ¢¤£ Y ê
©1®"ì ê�§¡¨?íÒë�©1ê}î]¬&ë�¨)î

¥Íðzñ ¦s§\�$û? %)�õàø*]k�(^�õàõj¨5cbõF÷	 zôöõ�):�([
4é��().10)�!#" "3]3/µ �!Õ]¸x�!#+³¢*��$.' +²�Ä�³H +¼ ²"³¢*�()»¤,u +�$0ù,F²�Äb�$»�»�,/²�#+�$,/»�³¢*�,94F��0),9 +,Ê¿Ï3/#� "¼1�
Þ1#+²e �39¿Ò "¼1�� GÄ�3�0?�L²"´!#"³ ° �$0Ê,9Ø�.)��´$,9»¢³ ° #Q,u +³�3F.�*��� +¼)3?0)²!ÁÍå
¼)��0?³y x�$#"�$.' É²e "�!¸8²73/¿� "¼1�
��Õ?¸8�$#"³¢*��!.' +,9 "³¢3/.�,9#+��d

L Á�Ç&�! "�$#"*�³¢.1,u +³�3F.�3/¿} +¼)���!¸)³¢¸x3/»¤,9#�4/�$3/*��� +#"Î�(8²e³¢.)4�,9.�³H +�!#Q,u +³�¹F��,/»�4F3/#+³H +¼)*�Áâ?Á ¯ Ø�.)�
´!,/»�³ ° #Q,u "³¢3/.�3/¿? "¼)�
²e "�!#+�!37²eÎ?²e "�!* ° Î�3 ° ²"�!#+¹u,u +³�3F.�39¿1,�¸1»¢,/.)�b0?(1#"³¢.)4� +#+,/.1² Ú
»¢,9 "³¢3/.1,/»Í*�3u¹/�!*��$.F LÁ

Æ)Á
×�(1´!»�³¤0?�$,/.à´!,9»¢³ ° #+,9 "³¢3/.�Ä�³H +¼�,�´!»¢,F²"²"³¤´!,9»U*�3?0?�!» Úm° ,/²"�$0�*��! "¼)3?0ÍÁ
�1Á ¯ Ø�.)��#+�$´!3/.1²e "#+(1´[ +³�3F.�3/¿� +¼)��²"´!�!.)�FÁ
+?Á
×�(1´!»�³¤0?�$,/.�#+�$´�3F.1²e "#+(1´[ +³�3F.à39¿Ò "¼1��²+,9*���²+´��!.1�/ÁxÔ�.���Õ?¸x�!#+³�*��!.' Q,u "³¢3/.àÄ�³� "¼é²e³¢*�( Ú
»¢,9 "�L0�01,u +,�Ä��É +,9µF��¼)�!#+�É "¼)��3F#"³¢4/³¢.1,9»ÍÆFÇ ¸83F³�.' &²"�� $Á

ã)Á
×�¹u,9»¢(1,u +³�.14à "¼)��ÜF(8,9»¢³H GÎé39¿�,uØ�.)�6´$,9»¢³ ° #Q,u +³�3F. ° Î½´�3F*�¸8,9#+³�.)4� +¼)��,9Ø�.1��#"�L´�3/. Ú
²G +#"(8´[ "³¢3/.�Ä�³� "¼� "¼)��×¡(1´�»¢³¢0)�$,9.�3F.)� K ²"�!�v+?Á=â N Á

¥ÍðÛï ©t")ó)û%§�ó'�( zø*) ø3]��!^�õ«ª5§�ó)û% %��a ø3]�ó'/1)�õà÷uõ��Fø*)`[(�!÷	§\���( zø*)
%]()¸)¸x3F²"�� +¼1,u �Äb�7¼1,P¹/��#+�$´!3/.1²e "#+(1´� "�$0

n
¸x3/³¢.' +²$ÀFÄ�¼1�!#+�� "¼)�

Qi

,9#+�� "¼)��,uØ�.)�&#"�L´�3/. Ú
²G +#"(1´� "³¢3/.Ã,9.10é +¼)�

Ri

 +¼)��×�(1´!»�³¤0?�L,9.Ã#"�L´�3F.1²G +#"(8´[ "³¢3/.}Á54é���$¹P,/»�(8,u "�� +¼)�6Ü'(1,9»¢³H GÎÊ39¿
 "¼)��,9Ø�.1�É#+�$´!3/.1²e "#+(1´� "³¢3/. ° Î� "¼)��¿Ï3F»�»¢3uÄ�³�.14�¹u,9»¢()�jd

1

n
min

T∈A3

n
∑

i=1

|Ri − TQi| K â N
Ä�¼)�!#+�

A3

³¢²É +¼)��4/#+3/()¸é39¿�,9Ø�.)�� "#Q,9.1²e¿Ï3/#+*�,u "³¢3/.8²�3/.
P3
ÁÍÔ�.½Ä�3/#Q0)²�dUÄ���,/»�³¢4/.é "¼1�

,uØ�.)��#+�$´!3/.1²e "#+(1´[ +³�3F. Ä�³H +¼  "¼1�Ê×�(1´!»�³¤0?�L,9.º3F.)�/Á�å
¼)�!.
Àb "¼1�Ê*��$,/.·0?³¤²G Q,9.1´!���!#+#"3F#
²e�$#"¹F�$²
,/²�Ü'(1,/»�³� GÎ6¹u,9»¢()��39¿� "¼)��,9Ø�.)��#"�L´�3/.8²G +#"(1´� "³¢3/.
Á

¥Íð-, ©t¨5c¡õ'÷O zôöõ�):�([o¬s #�(^­[! Bô�§�ûzó'�$õ]ú ú�óI�$ó
4é��¼1,P¹/��0)3/.)��,uØ�.)��´$,9»¢³ ° #+,9 "³¢3/.�¿Ï3/#�,9»¢»�¸8,9³¢#+²&39¿¡æ�¹]³¢#e +(1,9»�´!,/*��$#+,F²!À ° Î�3 ° ²e�$#"¹]³¢.)4
,�¸)»¤,9.1�7Ä�³� "¼�æFâ�¸x3/³¢.' +²�Ä�¼)³¤´Q¼�¼1,F² ° �$�!.6 +#+,/.1²"»¢,9 "�$00�� +³�*��$²$Á?ã m 3 °?Ì �L´[ 
¸83F³�.' +²�¼1,P¹F� "¼)�$. ° �!�!. ¸)#+3 Ì �L´[ "�L0 ° ÎÃ "¼)��´!,/*��!#Q,/²�,/.10  +¼)��³�*�,94F��´!3]3/#Q0?³�.8,u "�L²�¸x�!#" "()# ° �$0 ° Î
® ,9(1²+²e³¤,9.�3/#�().)³�¿Ï3/#+* .)3F³¢²"�&¿Ï#+3/* L  "3s+�¸)³�Õ]�$»zÁ?å
¼)��,9Ø�.1�7#+�$´!3/.1²e "#+(1´[ +³�3F.
À]0?3/.)�É¿Ï3F#�$,/´Q¼�¸1,9³¢#
39¿� "¼)��æ�´!,/*��$#+,F²!À'¼1,F²� "¼)�$. ° �!�$.�´!3/*�¸1,9#+�$0�Ä�³H +¼� +¼)��3/#+³¢4/³¢.1,9»x¸83F³�.' �²"�� $À
(1²e³¢.)4� "¼1��´�#+³H +�!#+³�3F.�0?�!Þ1.)�L0�³¢.«+?Á=â?Á

å�, ° »�� L ²"¼)3uÄ�²� "¼1��3 °  Q,9³¢.)�$0�#+�$²"()»� +²�Ä�¼)�$#"���L,/´Q¼�39¿x "¼)���$#"#+3/#�¹u,9»¢()�L²Ò³¢²Ò "¼)��*��$,/.39¿&Æ/ãÊ0?³� U�!#+�!.' ���Õ?¸8�$#"³¢*��!.' +²�Ä�³� "¼ùã m 3 °?Ì �L´[ �¸83F³�.' +²$Á�å
¼)���$#"#+3/#�³¤²�4/³¢¹/�!. ³¢.ù,9Ø�.1�().)³� �Ä�¼)³¢´Q¼à´$,9. ° ��#+�!»¤,u +�$0� "3� "¼)��²"³¢Ë!��39¿� "¼)��3 °?Ì �$´� $À
30 × 41× 22.5

Á



M¡��C'O
�mZGO+EGO+c�f[>$VW;WdFEe>�ZG;WcLC ¯
a
>$RF����;H>$C�C'c$;W��O °�CF;=�¤c$EG� CFcL;W��O±bcL;W��O�VWOQNPOQV ` � \ J ¯ ` � \ J ¯²ÍE�EGc$E _9� \ �(³ `L� JPK$^ � � ³ J � ^/� ^O´$^ ´u� J � ` _/�W` � ^ _/�W`$`[K _9�W`�¯ � _/� � _!´ _9� � KLK

Y�>!EG;H>$CFfQO _9� _!¯$\ `[_/� ^ ³ J `Q\/� ^L\$J `L` � � � KL^ JP_9� � ¯$^ _/�W`[_!¯ _/� _$_O´ _9� _L_O´ _/� _/`�´ _9� _ � ^µ �'�:¶�·«¸]�\¹3ºI»�¼>»M½�¾!¿AÀ#½�Á�Â\»MÃ	Ä:»8¼�ÅhÆo»8Ç'À#½�ÈÉÅAÀ#º
½�ÅhÆ|¾(¿yÊ�À�»�ËoËjÊ�À?Ê�Ì

¥Íð�Í ©t¨5c¡õ'÷O zôöõ�):�([o¬s #�(^ ÷uõ]ó)û
ú�óI�$ó
å
¼)�
³�*�,94F�b¸x3/³¢.' +²�(1²"�$0�¿Ï3/#Ò,uØ�.)��´$,9»¢³ ° #Q,u +³�3F.�¼1,P¹F� ° �!�$.�3 °  +,/³�.)�L0 ° Î� Q,9µ]³�.14�+&¸1,9³¢#Q²
39¿b³¢*�,94F�$²É39¿
,�´$,9»¢³ ° #+,9 "³¢3/.Ê4F#"³¤0�Ä�¼1³¢´Q¼½Ä�,F²�²e( °?Ì �$´� É +3à,� +#+,/.1²"»¢,9 "³¢3/.1,/»�*�3u¹/�$*��!.' 
° �! GÄb�$�!.��L,/´Q¼� +,/µ]³�.)48À ° () É,9»¢Ä
,PÎ]²�³�.à +¼)��²+,9*���0)³�#+�$´� "³¢3/.
Áxå
¼)��³¢*�,94/�L²�3/¿Ò "¼)��´!,9»¢³ Ú
° #+,9 "³¢3/.à4F#"³¤0�¼1,P¹/� ° �$�!.�³¢.10?�$¸8�$.10?�!.' +»�Î�(1²"�$0� +3��L²G Q, ° »¢³¢²"¼�,�×�(8´�»¢³¢0?�L,9.Ê´$,9»¢³ ° #+,9 "³¢3/.
39¿
 +¼)��²G +�!#+�!3�²eÎ?²e "�!*�Á)%]3F*���²+,9*�¸)»¢�É²+´��$.)�$²b¿Ï3/#
�!Õ]¸x�!#+³¢*��$.' +²
,9#+�É²"¼)3uÄ�.6³¢.�å�, ° »���â?Á

å
¼)�
¹P,/»�(1�$²�³¢.�å�, ° »¢��âÉ²e¼)3uÄù "¼)�
�$#"#+3/#Q²}3/¿8 +¼)��,uØ�.)�
#+�$´�3F.1²e "#+(1´[ +³�3F.1²�³�.�´�3F*�¸1,9# Ú
³¢²"3/.� "3É "¼1��×¡(1´�»¢³¢0)�$,9.�3F.)�$² K ²"�!�&%?�$´[ +³�3F.
+)Á â N ÁP×¡,F´Q¼�¹u,9»¢()�
³¤²� "¼)��*��$,/.�3/¿3��0?³y x�$#"�$.' ´!,9»¢³ ° #+,9 "³¢3/.à²"�� "(1¸1²!ÁxÔ�.�3F#+0?�$#� +36Äb�$»�»�³¢.F +�!#+¸)#+�� � +¼)���$#"#+3/#�¹u,/»�()�L²�³� 7³¤²&³¢*�¸83F#e Q,9.' � +3
.)39 +�7 +¼1,u � +¼)��¼)�$³�4F¼F �3/¿} +¼)��¼)3/(8²e��³¤²�, ° 3/(? �Æ m ´!*�Á

�9fQOQCFOÉ` �9fQOQCFO � �9fQOQCFO�\ �9fQOQCFO�J²
E�EGc!EkÎ f+��Ï _/� _!´ � _/� � `Q\ _/�H`�´!\ _/� � ´�J
Y�>�EG;H>$C'f+OzÎ fQ��Ï _/� _$_/` _/� _L\ � _/� _/`�´ _/� _ � ´

�/fQO+C'Oµ �]�:¶�·¤Ð1�`¹3ºI»�¼>»M½�¾!¿AÀ#½ÑÁ�Â`»MÃ	Ä:»8¼�ÅhÆo»8Ç'À#½ÑÈÉÅ#À#º|¼>»HÊ�¿:ÅhÆvÊ�Ò�»8½�Ì�ÓÔ¼�¼8Á�¼�½ÑÊ�ÇIË0Õ�Ê�¼�ÅyÊ�Ç�Ö�»8½�Ê�¼>»�ÒOÅAÕ(»MÇÅhÇ0Ö8ÆsÌ

¯ .)3/ "¼)�$#7³¢*�¸83F#e Q,9.' 7#+�!*�,9#+µ�³¢²7 "¼8,u É "¼)��³�*�,/4/�$²7¼1,P¹F� ° �$�!.Ê +,9µF�!.Ê,9 �0)³¢²e +,/.1´��L²
³�.?¿Ï�$#"³¢3/#7 "3 L Á×+�*�Á
%]38À

0?³¢²e +,/.1´���3 °?Ì �$´� Ú ´!,9*��$#+,
3 °?Ì �$´� (Ø ²�²e³¢Ë!� < 5

ÁÍÙ�3F#"*�,9»¢»¢Î/Àx().10?�$#7 +¼)³¤²�´�3/.80?³ Ú
 "³¢3/.
À� "¼)��,/²+²"()*�¸? "³¢3/.ö3/¿&,9.ù,9Ø�.)��´$,9*��!#Q,à*�3?0?�!»�Äb3F()»¤0 4/³¢¹/� ° ,/0 #+�$²"()»� +²$Á�%]³¢.1´!�
Äb��,/#"��(1²"³¢.)46,9.��!.' +³�#+�!»¢Î�¸)#+3 Ì �L´[ +³�¹F�É*�3?0?�$»zÀ83/()#&,9Ø�.)��´!,/»�³ ° #Q,u "³¢3/.�*��� +¼)3?0�¼1,/²�.13
 "#+3/( ° »¢��Ä�³H +¼� "¼)³¤²�´�3F.10?³� "³¢3/.
Á

Ô�.·Ý�³�4F()#"� L  GÄb3ù��Õ),9*�¸)»¢�$²�39¿�,uØ�.)�é#"�L´�3F.1²G +#"(8´[ "³¢3/.8²�39¿�²+´��!.1�$² L ,9.10 â ,9#+�
²e¼)3uÄ�.}À?³�.à´�3F*�¸1,9#+³¢²"3/.�Ä�³H +¼à×�(1´�»¢³¤0?�$,/.�#+�$´!3/.1²e "#+(1´[ +³�3F.1²$Á

Ù Úº®"î]­Í¬&î]î]®Gª¡§

Ô�.� "¼)³¤²
¸8,9¸x�!#LÀ!Ä���¼1,P¹/�¡��Õ),9*�³¢.)�$0�,9Ø�.1�¡´!,/»�³ ° #Q,u "³¢3/.É¿Ï3F#�´!,/*��!#Q,/²ÍÄ�³� "¼�²+,9*��Ò³¢.' "#+³�.1²"³¤´
¸1,9#Q,9*��� +�!#Q²Ò,9.10�¼1,P¹F��²e¼)3uÄ�.� +¼1,u ¡³¢.� "¼1³¢²�´$,/²"��3/.)»¢Î�âÉ³¢.1²e "�L,/0�39¿ÍÆ�´�3F#"#+�$²"¸x3/.10?�$.1´��L²
39¿�¹P,/.)³¤²e¼)³¢.)4�¸x3/³¢.F Q²�,9#+��.)�!�L0?�$0ÍÁ



K � O"ZGO+E��9ZGRFEG� >$C]��:8c$C'����R'>$C

ÛUÜ�Ý �!¸]�DÓC¾OÖ>¿hÅ�Ë�»HÊ�Ç;Ê�ÇIËvÊ�Þ�Ç'»�¼>»HÖ�Á�Ç�½�À#¼�¾	Ö�À#Å�Á�Ç�½�Á�Â\À�ÈÉÁ�½8Ö�»8ÇI»M½�Ì

4é��¼1,P¹F��¸)#"3F¸83'²e�L06 GÄ�3�¸)#Q,/´� "³¤´!,9»Í*��! "¼)3?0)²�3/¿�4F�!.)�$#+,/»
,uØ�.)��²e "�$#"�$3�´$,9»¢³ ° #+,9 "³¢3/.
Ä�¼)³¢´Q¼�´!,/.�0?³¢#+�$´[ +»�Î ° ��,9¸1¸)»�³¢�$0�¿Ï3/#�,9Ø�.1�É²"�!»�¿ Ú ´$,9»¢³ ° #+,9 "³¢3/.
Á1Ö7.)»¢Î�¿Ï3/#� "¼1��´$,9»¢³ ° #+,9 "³¢3/.
²G +�!¸à,� "#Q,9.1²"»¢,9 "³¢3/.1,/»U*�3u¹F�!*��!.' 
39¿� "¼)��´$,9*��!#Q,�²eÎ?²e "�!*ßÄb3F()»¢0 ° ��.)�$´!�$²+²",/#"ÎFÁ

Ö7()#�,9¸)¸1#"3',/´Q¼�4F3]�$²�³¢.� +¼)��²+,9*���0?³�#+�$´� "³¢3/.�,/²� +¼)��3/.1��¸)#"3F¸83'²e�L0�³¢.�á L ä)Ä�¼)�!#+�
 "¼1�´!,9*��$#+,�²eÎ?²e "�$*ß³¤²�²e()¸1¸83'²e�L0� +3�*�3u¹F��3/.)»¢Î6³¢.�,�²"³�.14/»¢�É¸1»¢,/.)��,9.10� "3�#+39 Q,u "��,/#"3F().10
,uÕ?�$²ÍÄ�¼1³¢´Q¼�,/#"��¸x�!#+¸8�$.10?³¤´�()»¤,9#} "3� +¼)³¢²}¸)»¤,9.)�FÁ�4 ³H +¼� "¼8,u �,/¸)¸)#+3F,/´Q¼}À[Ä�¼)³¢´Q¼�³¤²},/»¢²"3
Äb�$»�»
,9¸)¸)»¢³¤´!, ° »���¿Ï3/#�¹F�!¼)³¤´�»¢�$²$À
Æà²e "�!#+�!3�¸1,/³�#Q²�,9#+��.)�!�L0?�$0Ê¿Ï3/#�,9Ø�.)��´!,9»¢³ ° #+,9 "³¢3/.éÄ�¼)�!#+�$,F²
3/()#6,/¸)¸)#+3F,/´Q¼¶.)�!�L0)²�3F.)»�Î¾â?Á¡å
¼1³¢²�³¤²60?(1�� "3 3/(1#6,/²+²e()*�¸? +³�3F.¾39¿�,½ "#Q,9.1²"»¢,9 "³¢3/.1,/»
*�3u¹F�!*��!.' �Ä�¼)³¤´Q¼�³¤²�,�»¢³H " "»¢� ° ³H &²e "#+3/.14/�!#� +¼1,9.� "¼)��3F.)��(1²"�$0�³�.Ãá L ämÁ4é��¼1,P¹/����Õ?¸8�$#"³¢*��!.' "�L0�3F.)��3/¿Ò "¼)��¸)#+3/¸x3F²"�$0à,9Ø�.)��´$,9»¢³ ° #+,9 "³¢3/.à*��� +¼)3?0)²�Ä�³H +¼
²e³¢*�()»¤,u +�$0�,F²&Ä��!»¢»�,/²�#+�$,/»�01,u +,�,9.10� "¼)��#"�L²e()»� +²É²"¼)3uÄ  "¼)��,9¸)¸1»�³¤´!, ° ³�»¢³� GÎ�3/¿Ò "¼)��,9¸ Ú
¸)#"3',/´Q¼
Á

�3F'�-q0r¡þuý>~6FI�	q�=��H���àüD�uý���<hE«q p üFü)þ9ý��w��x�=�E¤ß n'à�ákâ �Ô�?ã á�äæå þj����ç	�	èêé n �H�Qþ��3xÔé��r\F��%��F«�-q�G/ý>�	���%{ p <`����~	�Uþ	rÑ<y��x�G���x��

ë êÔT+ê}©)ê}§&­Uê�î
`$� � OQ>!Ee�F��VWO+�uI � � M&�WIDì?;W����O+EG��>$C1I1M&�hí)M���C'Otî�>$VW;WdFEe>�ZG;WcLC�c!� � c$d';WVWOÉY}OQ�';WfQVWOQ�Q� � EGcufL�)c!��ZG�FOï�c$EMð9���'c$��cLC�a�OQcL��O+Z�EG;Wf[>!V8��c9�/OQVWVW;HCF��>$C'��;WC9NL>�EG;�>!CuZ�fQcL���FRFZGO+EÒN9;W��;WcLC1IIî��';WC'>/I1` ³!³ ¯� ��S]>!R'�$O+Ee>$�QI\ñ7�hí:ï �'>!Z7f[>$Càd?O���OQO+CÊ;WC�ZG�/EGOQO��/;W��OQC'��;WcLCF�& �;=ZG��>!CÊRFC'f[>!VW;Hd/Ee>!ZGO[���mZGO"EGOQc
EG;W�	òL� � EGcufL�'c$�UZG�FO � C'�|²\î�î�Y7II�/>$CuZe> � >�EG�L�FO+EG;=Ze>�:8;W�LR/EGOLI]ABZe>$V=�uI)` ³!³!� I'¯$KL\�ó�¯(´$^

\9��S]>!R'�$O+Ee>$�QI:ñ7� ôÉ�WI1:8R'c$C'�|�7� £��HI � >Q�/d]>!C�ð0�?� õ/��í3î�>!��O+Ee>
�9OQV=�¢@�î�>$VW;WdFEe>�ZG;Hc$C*íx£��'OQc!E���>$C'�²ÍX/�?O+EG;W��OQCuZG�Q� � EGcuf$�Lc!�'ZG�'O � C'�t²\î�î�Y7I!�/>$CuZe> � >�EG�L�FO+EG;=Ze>
:8;W�LR/EGOLI!AzZe>!VW�uIL` ³!³!� IL\ � `>ó9\$\$J
J/�Ñö�>!E�ZGVWO+�uI\÷&�WIl�9ZGRFEG��I � �hí�£1EG;�>!C'�$R'VH>!ZG;WcLC1� � EGcufL��c!��ZG�'O6M�÷ � MÅAz��>$�$Os°�C]�/O+EG�mZe>$C'�F;WC'�ï�c$EMð9���'c$��` ³(³ J/I � cLCuZGO+EGO+�uI�î�M�I8` ³!³ J¯u�Ñö�>!E�ZGVWO+�uI5÷��híÍADC9N$>!EG;H>$CuZG�&c$�¡�?cL;WCuZG�É��OQO+CÊ;WC��ÉRFV=ZG;H�FVWO�;W��>!�LOQ�Q�}£xO+f"�FC';Wf[>$V`÷bOQ�?c!E�Z[I}a7� ²��î`÷CôÉI��/fe�'OQCFOQf+Ze>L�9�uI?` ³(³O�
K9�Ñö�>!E�ZGVWO+�uI�÷��WI)a�RF�FZe>/I�÷&�WI'î��]>$CF�FI)£��híD�uZGO+EGOQc���EGcL�ÅR'C'fQ>$VW;WdFEe>!ZGOQ��f[>$��O+Ee>!�Q� � EGcufL�)c$�ÍZG�FOî�c$CF�D�xcLC2î�c$���'R/ZGO+E�Y�;W��;WcLCà>!C]� � >�Z�ZGO+EGC¤÷¡OQfQc$�LCF;WZG;Wc$C8I:°¡EGd]>!C]>!@�î��'>$���]>!;W�LC8I1AzVHVW;WC'c$;W�QI°Ñ�FM&I)` ³!³O� II´!K/`>ó�´$K!J´u��:1R'cLCF�FID�7� £��WI?Yb;HO+N/;WVWVWOLI)£��hí*î�>$CFcLCF;Hf�÷¡OQ�FEGOQ��O+C9Ze>�ZG;WcLC'���¤c!E
ZG�'O&a�O+cL��O+Z�EG;WOQ�bc$� � R'V=ZG;W�'VWO� EGc�øDOQf+ZG;WNPO�Y�;WO+ ��Q�]£xOQfe�'CF;HfQ>$VD÷bOQ�?c!E�Z[I�°bC';WNPO+EG��;=Zz��c$�\î�>$VW;=�¤c!EGC';H>/I � O+EMðPOQVWO+�uI)` ³(³ \
^9� � c$�FE[II÷��HI*��R'>$C1I):}�WI)Y}OQ;WVHVWc$C8I1S��híD÷bOQVH>�ZG;HNLOÉ\�ô EGOQfQc$C'�mZ�EGRFf+ZG;WcLC�R'��;WC'���ÉRFV=ZG;H�FVWO7RFC'f[>!VH;=@
d/Ee>!ZGO[��;W��>!�LOQ�Q�'£��'O�AzC9ZGO"EGC]>!ZG;Wc$C]>$V*õLc$RFEGC]>!V8c!�É÷bc$d?c$ZG;WfQ�U÷¡OQ��O[>!EGfe�8I1` ³(³ ¯uI'ZGc�>!�'�?O[>�E



M¡��C'O
�mZGO+EGO+c�f[>$VW;WdFEe>�ZG;WcLC ´
³ �k��R'>$C8I':}�hí'M¡��CFO
�mZGO+EGOQc�fQ>$VW;WdFEe>!ZG;Wc$C��¤c$E�EGOQVH>�ZG;HNLO7>���C'O����'>$�?O
EGOQf+cLC'�mZ�EGRFf+ZG;WcLC1� � EGcufL�]c!�
ZG�FO�J$ZG� � EG;WZG;W��� � >!f"�F;WC'O�Y�;W��;WcLC0î�c$CF�¢O+EGOQC'f+OLII�9RFE�EGO+�uI�²
C'�$V�>!C]��` ³!³ \/I)K!¯ ³ óuKLK$^

`Q_/���uZGRFEG��I � �hí]M���C'O��9ZGO+EGOQc}î�>$VW;WdFEe>!ZG;Wc$C8�?£8OQf"�FC';Wf[>!V3÷¡OQ�?c$E�Z[IF:8ADSUAmM�Ij±bcF� �(³ Ix` ³(³ ¯


