
HAL Id: inria-00000783
https://inria.hal.science/inria-00000783

Submitted on 18 Nov 2005

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Clustering in Stochastic Asynchronous Algorithms for
Distributed Simulations

Anatoly Manita, François Simonot

To cite this version:
Anatoly Manita, François Simonot. Clustering in Stochastic Asynchronous Algorithms for Distributed
Simulations. Lecture Notes in Computer Science, 2005, Stochastic Algorithms: Foundations and
Applications, Lecture Notes in Computer Science (3777), pp.26-37. �10.1007/11571155_3�. �inria-
00000783�

https://inria.hal.science/inria-00000783
https://hal.archives-ouvertes.fr


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

#%$'&)(+*-,/.102&3$4.5(6&87 9;:+&3$4<=*-./>@?A.CBD*E$�*8(GF

H)I (KJL02&3:�MNJPORQ-Q I

STEUWVYX[Z=\+V
]%^`_Wa�bdcfehg=^jilkm_Yk�cn_Yk�g=^po`aNg=^jq�a[r'stguewvR^jin^jb6xzy=inaN_W^Wcncna�inc{y)^ji|r5a�ifo!e}b=~Gkmguehcfxfife}�=�=xn^Wg

y�k[i�k[q}qh^jq�cfe}o��=q�k[xfeha�b3���'�d^Aok[e}b�~KaKk[q�a[r=xf�d^�cfxf�dgu�{ehc8xna�cf�da ��xf��k[x8xf�d^�qha�b=~���xfe}o`^;gu�Nb�k[o!eh_Wc
a[rdxf�d^�cf�ucfxn^jo���k�cEk�_jq}�dcfxn^ji-�)^j��kW�Neha�iY�E�8a{k[xfx�k�_n�lxf�=ehc-y=ina��=qh^jo��;^4_Wa�ol�=e}bd^4xC�4a�o`^jxf�daNg=cY�
cfxnaN_n��k�cfxfeh_z_Wa�o!y�k[ifehc�a�bGk[bdg��da+cfxn^ji����3�6k[y=�=bdaY��r��=bd_jxfeha�bdcY�

� �-�����4�� %¡%¢��A£ ���

¤¦¥)§m¨ª©«§[¬§[®=¯!¨R°�¨-§"©1±[²N®d¯j°N³´®ª¬p°µ¨)©²u¶R°N¶ª³´·´³¸¬¯«³´±`°N®R°�·¸¹�¬«³¸¬�²Nº»¬²u¼�§½¼G°�¯j¥ª§[¼G°�¯j³¸±�°N·�¼�²¿¾ª§[·A²Nº�°N¬�¹¿®�À
±W¥)©²u®)²uÁ)¬1°N·´ÂN²u©«³�¯j¥)¼Ãº�²u©z¨R°N©j°�·´·´§"·Ä¬«³¸¼mÁ)·´°�¯j³¸²u®ÄÅ�Æ3²N©z¯«¥)§�¾ª§"¯W°�³´·´§"¾%¾)³´¬±[Á)¬¬«³´²N®�²Nº'¬�¹�®)±W¥)©«²N®)³´Ç[°�¯j³¸²u®
³´¬¬«Á)§"¬p³´®�¨R°N©«°N·´·¸§[·A°N®)¾È¾)³´¬�¯j©«³¸¶)Áª¯«§[¾�°�·´Âu²u©³¸¯«¥)¼G¬{É�§m©§"º�§[©l¯j²ÈÊÌË¿Í�Î�ÏNÐ/Å�Ñ�§[©§½É�§mÂu³�Òu§�²N®)·¸¹�°µ¶ª©«³´§ º
¾)§"¬«±[©³´¨ª¯«³´²u®Ó²Nº�¯j¥)§�¨)©²u¶)·´§"¼�Å�Ôf®Ó·�°N©Âu§ À|¬«±[°N·´§�¨R°�©j°N·¸·´§[·;±[²u¼�¨)Áª¯j°�¯j³¸²u®�³¸¯`³¸¬!®)§[±"§[¬«¬«°N©¹Ó¯j²�±[²�²u©¾)³�À
®R°�¯«§¦¯j¥)§l°N± ¯j³¸Ò�³�¯j³´§"¬'²Nº-¾)³¸Õ-§[©§[®=¯»¨)©²¿±"§[¬«¬²u©»Éz¥)³´±W¥G°N©«§{É�²u©Ö�³¸®)Â`¯j²uÂu§ ¯j¥)§"©�²u®�¬«²u¼�§¦±[²u¼�¼�²u®m¯W°N¬Ö3Å
×�¬ÁR°N·¸·¸¹Ø¬Á)±W¥Ù±"²¿²u©¾)³´®)°�¯j³¸²u®D³´¬�³´¼�¨)·¸§[¼�§[®=¯j§"¾Ú¶=¹ÛÁ)¬³´®)ÂÜ°�¬«²�À|±�°N·¸·´§[¾Û¼�§[¬¬j°NÂu§YÀf¨R°�¬«¬«³¸®)ÂÓ¬¹�¬¯«§[¼�Å
¤¦¥)³¸¬�¼�§�°N®)¬¯j¥R°6¯�°�¨ª©«²�±[§[¬¬«²u©�¬«¥R°N©§[¬m¾)°�¯W°�Éz³�¯j¥Ü²N¯j¥)§"©�¨)©²¿±"§[¬¬«²u©¬�¶d¹Ó¬§[®)¾)³¸®)Â�¯j³¸¼G§"¬¯j°N¼G¨8§[¾
¼�§[¬«¬«°NÂu§"¬[Å`ÝÞ§ ¯fÉÞ§"§[®�¬«§"®)¾)³´®ªÂß²u©1©§[±[§"³¸Ò�³´®ªÂµ¯j¥)§½¼G§"¬«¬«°NÂu§[¬p¯«¥)§�¨ª©«²�±[§[¬¬«²u©¬pÉÞ²N©«Ö�³´®)¾)§"¨-§"®)¾)§"®d¯«·¸¹NÅ
Ô|¯�±�°N®@¶8§l¥R°N¨)¨8§[®)§"¾@¯j¥R°6¯�¯«³´·´·¿¯j¥)§�¼G²u¼�§[®=¯�²Nº�©§[±"§[³¸Ò�³¸®)Â�²Nº�°½¼�§[¬«¬«°NÂu§�¬«²u¼�§�¨ª©«²�±[§[¬¬«²u©�±�°N®µ¨)©«²�À
±[§"§[¾�ºC°N©¯«¥)§[©»³´®�¨8§[©�º�²u©«¼�³´®)Â1³¸¯j¬�¨ª©«²uÂu©«°N¼à¯«¥R°N®�¯j¥)§¦Ò�°N·´Áª§¦²Nº-¯«³´¼�§[¬�¯W°N¼�¨�³´®)¾ª³´±�°6¯j§[¾�³¸®�¯«¥)³´¬�®ª§"Éz·¸¹
©«§"±[§"³¸Òu§"¾�¼�§[¬«¬«°NÂu§�á8³¸®�¯«¥)³´¬z±[°N¬«§`¯j¥)§¬¯j°�¯j§²Nº;¯j¥)§¨)©«²�±[§"¬«¬²u©�¬¥)²uÁ)·¸¾�¶8§�âWã6ä5ä´å«æßçWè�éWêµ¯j²�¯j¥)§³´®ª¾)³�À
±�°6¯j§[¾�Ò�°N·´Á)§�Å�Ô|¯l³¸¬l±"·´§[°N©{¯j¥R°6¯�¾ªÁ)§¯«²G¨8²u¬¬«³´¶ª·´§`©«²u·¸·´¶R°�±WÖ�¬{¯«¥)§¼G§[°N®�¬¨-§"§[¾�²Nº�°�Âu³¸ÒN§[®�¨)©«²�±[§"¬«¬²u©

ë�ìÄíKîÞï-ð"ñ/ò1ðYóRô�íKõÌö4÷YøKô/íKð"ñ;õwö;ö/øKùKùNð ñ/ô/î«ú!û�ü!ý�ø6ö�öCõw÷Yþ`ÿ6ð øKþ6ú6÷Wô/õÌð þðYó��Ä÷ ö/õ��»ý�îö/î÷ ñ��|í���� ñ|÷Yþ[ô
	����	����	�	����������
�)ð"öCô�÷��[÷"úKú+ñ�îö�ö �dÿ�÷��nø!� ô�ü�ð ó!"`÷Wô�íKî #¦÷Wô�õ$�ö)÷Yþ6ú%"`î&�|í6÷ þKõ$�ö '("!ð[ö)��ðWï+*[ô�÷Yô/î-,AþKõ$. îñ�ö/õ ô�ü�'����/�������0'/"!ð"ö��nðWï1'Wý�ø6ö�ö/õÌ÷!�
234#¦÷Yõ$�5��#¦÷ þKõ ô|÷�6
#{î&�|í7� #¦÷Wô�í8� #{ö/ø8� öCø

9): 2<;<=%'>,�þKõ?."î�ñ|öCõ ô)@BAAî�þ6ñ/õC�)ð õÌþ!��÷ ñ)@D=;÷Yþ!��ü : '<28ö�ö�ô�õ þ8'C�0'�ý�ø6îBEF��G�÷�#{ð øKñ/'H�(����	�	JI3÷ þ6ú+ð�î�ø�.�ñ�î�'Aÿ6ñ�÷ þ!�nî��
234#¦÷Yõ$�5�)óhñ|÷Yþ!��ð õwö � ö/õ?#{ð þ6ðYô�6;î«ö/öCô/õÌþ8� øKíKù0�þ6÷ þ!�nü�� óhñ

Î



³´®@¯«¥)§!±[²N¼G¨)Á¿¯j³´®ªÂm®)§"¯fÉ�²u©ÖµÉz³´·¸·-¶8§!·´²+É�§[©Þ¯«¥R°N®%³¸¯«¬{¨)©«²N¨-§"©{¬«¨8§[§"¾ÄÅ��!®ª§!²NºA¯j¥)§!¼�²u¬¯{³´¼�¨-²u©�¯W°N®=¯
¨8§[©º�²N©«¼G°N®)±[§�±W¥R°N©«°N±"¯«§[©«³¸¬¯«³´±[¬;²NºR¯j¥ª§{¬¹�¬¯«§[¼ ³´¬;¯«¥)§{¨)©²uÂu©§[¬«¬4²NºR¯j¥)§Þ±[²u¼�¨)Áª¯«³´®)Â�®)§"¯fÉ�²u©«Ö½²u®m·´°N©«Âu§
¯j³¸¼G§1³´®=¯j§"©Ò�°N·´¬"Å

��©«²u¶R°�¶)³´·¸³´¬¯«³´±�¼�²¿¾ª§[·´¬!º�²u©`¬Á)±W¥D¬¹�¬¯«§[¼ °N©«§G¬¯«Á)¾)³´§"¾Ø°N·¸©«§[°N¾ª¹ º�²u©!¯fÉ�§[®=¯f¹ ¹N§�°N©¬[Å�Æ3©²u¼ ¯j¥ª§
¨)©²u¶R°N¶)³¸·´³¸¬¯j³¸±m¨8²u³´®=¯²Nº{Ò�³´§ É ¯j¥)§"¬«§G¼G²�¾)§[·¸¬`±[²u®)¬³´¬�¯j¬�²�º{¼G°N®=¹�©«§[·´°�¯j³�Òu§"·¸¹ ³¸®)¾)§[¨8§[®ª¾)§[®=¯m±"²u¼�¨-²�À
®)§"®d¯«¬4Éz¥)³¸±W¥m¬¹�®)±W¥)©²u®)³¸Ç[§{º�©«²N¼L¯j³´¼�§»¯j²�¯«³´¼�§�¯j¥)§"³´©4¬�¯W°�¯«§[¬4°N±[±"²u©«¾)³¸®)Â�¯«²p¬«²N¼G§�¬«¨8§[±"³�°N·¿°N·´ÂN²u©«³�¯j¥)¼�Å
¤¦¥)§G¾)§"¯j°N³´·¸§[¾Ó©«§"Ò�³¸§"É ²Nºz°�·´·�§��¿³¸¬¯j³¸®)ÂÈ¨ªÁ)¶)·´³¸±�°�¯«³´²u®ª¬!³´¬²uÁª¯½²Nº¦©j°�®)Âu§�²Nº{¯j¥ª³´¬¨R°N¨8§[©[Å��Ü§GÉ�²uÁ)·¸¾
·´³¸ÖN§�¯j²�¼�§[®=¯j³¸²u®Ø²u®ª·¸¹�¯j¥R°6¯�¯j¥ª§@¶)³´¶ª·´³´²NÂu©j°N¨ª¥d¹�²N® ¯j¥)³¸¬m¬«Áª¶��§[± ¯�±[²u®)¬³´¬�¯j¬m¼�²u¬¯«·¸¹Ó²Nº¦¯fÉ�² Âu©«²NÁ)¨
²NºÞ¨R°N¨8§[©«¬"Å@¤¦¥)§
	R©«¬�¯�ÂN©«²uÁ)¨Ó²NºÞ¨)Á)¶)·¸³´±�°6¯j³´²N®ÛÊ��ªÍ�Î�ªÍ�ÎuÎuÍ��ªÍ��KÐÞ°�©«§�¾)§"ÒN²N¯j§"¾ ¯j²%¯j¥ª§G±[°N¬«§�²NºÞ¯fÉ�²
¨)©²¿±"§[¬«¬²u©«¬"Å!¤¦¥)§�¨R°N¨8§[©�Ê��6Ð'³´¬l²Nº»¬¨-§"±[³�°�·4³´®=¯«§[©«§"¬¯!¬³´®)±"§�³�¯p±[²N®d¯j°N³´®ª¬p°N® §��ª¥)°NÁ)¬¯«³¸ÒN§m¶R°N¬³´±�°N®)°N·�À
¹�¬«³¸¬½²NºÞ¯j¥)§�¯fÉÞ²6Àf¾)³¸¼G§"®)¬«³¸²u®R°N·�¼�²¿¾ª§[·»°N®)¾Ü¥R°N¾D°%¶)³¸Â�³¸®��RÁ)§"®)±[§G²u®Ü¯«¥)§�º�Áª©¯j¥ª§[©�©§[¬§�°N©±W¥ÄÅ%¤¦¥)§
±�°�¬«§@²Nºz¼G°N®=¹Ó¨)©«²�±[§"¬«¬²u©«¬�ÉÞ°N¬�¬�¯jÁ)¾)³¸§[¾Ø³¸®ÙÊ��¿Í���Í��dÍÞÎ��dÍ�ÎKË�Í�Î��6Ð�Å��1®Ø³¸¼G¨8²u©¯j°N®=¯�¾ª³¸Õ-§[©«§"®)±[§G²Nº
¬«Áª±W¥Ú¼�²�¾)§[·¸¬½º�©«²N¼ ¯fÉ�²�À|¾)³´¼�§[®)¬³´²u®)°N·�±[°N¬«§ß³¸¬½¯«¥R°�¯m³¸®D°�©«§[°N·´³¸¬¯«³´±�¼G²�¾)§[·»Éz³¸¯«¥Ø¼�²u©«§�¯j¥R°N®Ø¯fÉ�²
¨)©²¿±"§[¬«¬²u©«¬�²u®)§%¼�§[¬¬j°NÂu§%±[°N®Û¨)©«²+Òu²NÖN§�° ¼mÁª·¸¯j³¸¨)·´§G©«²u·¸·´¶R°�±WÖÜ²Nº1°�±W¥R°N³´®Û²Nº�¨)©²¿±"§[¬«¬²u©«¬"Å���³´®)±"§
¯j¥ª§½¼mÁª·¸¯j³hÀf¾)³¸¼G§"®)¬«³¸²u®R°N·3¼�²¿¾ª§[·�³´¬z¼mÁª±W¥�¼�²u©«§`±"²u¼G¨ª·´³´±[°�¯j§"¾ßº�²u©l°�©³´Âu²u©²uÁ)¬¦¬�¯jÁ)¾ª¹NÍ-³¸®ß¯j¥)§½°N¶8²KÒN§
¨R°N¨8§[©¬�¯«¥)§p°NÁ¿¯j¥)²u©¬Þ¾)§[°N·3Éz³¸¯j¥G¯j¥)§�¬«§"¯Þ²Nº�³¸¾)§[®=¯j³¸±�°N·3¨)©²¿±"§[¬¬«²u©¬¦°N®)¾µ¯«¥)§[³¸©�¼G°�¯«¥)§[¼G°�¯j³¸±�°N·R©§[¬Á)·¸¯«¬
°N©§±"²u®=¯W°N³¸®)§[¾%³¸®�¨ª©«§[¨)°N©j°�¯«²u©¹@¬«§[± ¯j³¸²u®)¬z¶-§ º�²u©«§!·´°N©«ÂN§!®�Áª¼G§"©«³´±[°N·Ä¬³´¼mÁ)·´°�¯j³¸²u®)¬"Å

Ô|¯1¬¥)²uÁ)·¸¾È¶8§½®ª²N¯j§"¾�°N·¸¬«²�¯j¥R°6¯1¨)©²u¶R°N¶ª³´·´³¸¬¯«³´±p¼�²¿¾ª§[·´¬{Éz³�¯j¥�¬¹�®)±W¥)©²u®)³¸Ç�°�¯«³´²u®�¼G§"±W¥R°N®)³¸¬«¼ °N©§
³´®=¯«§[©«§"¬¯«³´®)ÂÜ°N·´¬² º�²u©�¼G²�¾)§[·¸·´³¸®)Â�¾R°�¯j°N¶R°N¬§%¬¹�¬¯«§[¼�¬! C¬§[§%º�²u©�§��ª°N¼�¨)·´§�ÍpÊhÎ�Ï�Ð#" Å�$�²u©§[²+Òu§"©[Í{®)²+É
¬¹�®)±W¥ª©«²u®)³¸Ç�°�¯«³´²u®�Àf·´³¸ÖN§�³´®=¯j§"©j°N± ¯j³¸²u®)¬@°�©«§�±"²u®)¬«³¸¾)§[©§[¾ °N¬GÉÞ§"·´·1³¸®�¯j¥ª§Èº�©j°N¼�§"É�²u©ÖÚ²�º`³´®=¯j§"©j°N± ¯j³´²N®
¨R°N©�¯j³¸±[·´§1¬¹�¬¯«§[¼�¬�ÊhÎ��ªÍÄÎ��¿ÍÄÎ�%�Ð/Å

¤¦¥)§�¼�²¿¾)§"·4±"²u®)¬«³¸¾)§[©§[¾ ³¸®�¯j¥)§m¨ª©«§[¬§[®=¯¨R°N¨8§[©p³¸¬1²Nº�¬¨-§"±[³�°�·4³´®=¯«§[©«§"¬¯pº�²N©1¯j¥)§½º�²u·´·¸²KÉz³¸®)Â�©«§�°KÀ
¬«²N®)¬[Å&� §�¾)§�°�·´¬�Éz³¸¯«¥�°�®)²u®ª¥)²u¼�²uÂu§[®ª§[Á)¬�¼G²�¾)§"·{±[²u®ª¬«³´¬�¯j³¸®)ÂÜ²�º1¬§"Òu§"©j°N·l¾)³�ÕE§"©«§[®=¯G¨)©«²�±[§"¬«¬²u©«¬"Å
�Ü§�±[²N®)¬«³¸¾)§[©l±�°N¬§�²Nº'¼G§"¬«¬j°�Âu§ À|¨R°N¬«¬³´®)Â�¯j²u¨8²u·¸²uÂN¹ß²N¯«¥)§[©zº�©«²N¼ ¯j¥)§¯j²u¨8²u·´²NÂN¹ß²Nº�±"²u¼�¨)·´§ ¯j§`Âu©j°�¨)¥
Éz¥)³¸±W¥GÉÞ°N¬�±"²u®)¬³´¾)§"©«§[¾G³´®G°N·´·ª¨)©«§ Ò¿³¸²uÁ)¬�¨R°N¨8§[©¬[Å'�pÁ)©»¼µ°�³´®�³´®=¯j§"©«§"¬¯�³´¬�¯j¥ª§�±[°N¬«±[°N¾)§1¼�²�¾)§[·ªÉz¥ª³´±W¥
¨)©§[¬«¬Á)¨8²u¬«§l°1¬Á)¶-²N©«¾)³¸®R°�¯j³¸²u®�¶8§"¯fÉ�§[§"®G¨ª©«²�±[§[¬¬«²u©¬[Å(�Ü§{¨)Á¿¯'º�²u©ÉÞ°N©¾�°p±[²u®)�§"±"¯«Á)©«§{²N®m¯j¥)§{±"·�°N¬�¯j§"©
¶8§[¥R°�Ò�³´²u©�²Nº�¯«¥)§1¬�¹¿¬�¯j§"¼�*�¨)©²¿±"§[¬¬«²u©¬{±�°N®µ¶-§�¾)³¸Ò�³´¾ª§[¾@³¸®d¯«²�¬§[¨R°N©«°�¯j§"¾@Âu©²uÁ)¨)¬�Éz¥)³´±W¥%°N©§1°�¬¹�¼G¨�À
¯j²�¯j³´±[°N·´·�¹�³¸®)¾)§[¨8§[®ª¾)§[®=¯�°�®)¾Ø¥R°�Òu§G¯j¥)§"³´©²KÉz® ¨)©«²u¨8§[©¨8§[©º�²N©«¼G°N®)±[§�±W¥R°N©«°N±"¯«§[©³´¬¯«³´±"¬[Å��pÁ)©�¼G°N³´®
Âu²=°�·Ä³´¬Þ¯«²+�Á)¬¯«³¸º5¹µ¯«¥)³´¬¦±"²u®)�§"±"¯jÁª©«§NÅ��p®)§`¬«¥ª²uÁ)·´¾%¨8²u³´®=¯¦²NÁª¯¦¯j¥R°6¯z³´®@¯j¥ª§±[°N¬«§`²Nº;±[²N¼G¨)·¸§"¯«§pÂu©j°�¨)¥
¯j²N¨-²u·¸²uÂN¹�¯j¥)§`±"·�°N¬�¯j§[©¦¾ª§[±[²N¼G¨8²u¬«³�¯j³¸²u®ß³´®=¯j²�Âu©²uÁ)¨%³´¬¦¾ª§[Âu§"®)§[©«°�¯j§"¾�°N®)¾EÍ)¯j¥dÁ)¬[ÍR®ª²N¯l³´®=¯j§"©«§[¬�¯j³¸®)Â)Å

� §1¾)§[¬±[©«³¸¶-§!²NÁ)©Þ¼�²¿¾ª§[·8³´®µ¯«§[©«¼�¬{²NºA¼�Á)·¸¯«³�Àf¾ª³´¼�§[®)¬³´²u®R°�·)±[²u®=¯«³´®dÁ)²uÁ)¬�¯j³´¼�§,$�°N©«Ö�²KÒµ¨)©«²�±[§"¬«¬"Å
¤�²ÂN§"¯�°N¬�¹¿¼�¨ª¯«²N¯j³¸±�°N·)¨8§[©�º�²u©«¼G°N®)±"§{±W¥R°N©«°N±"¯«§[©³´¬¯«³´±"¬�²�º8¯«¥)§z¼G²�¾)§"·¿É�§l±"²u¼m¶)³¸®)§{¯fÉ�²½¨)©²u¶R°N¶ª³´·´³¸¬¯«³´±
¼�§"¯j¥ª²¿¾)¬- �¬¯«²¿±W¥R°�¬¯j³¸±`±[²u¼�¨R°N©³´¬«²N®%°N®)¾�Æ3²N¬¯j§"©/.10Ä¹u°N¨)Á)®)²+Òßº�Á)®ª±"¯j³¸²u®)¬2" Å

¤¦¥)§`¨R°N¨8§[©z³´¬Þ²u©«Â=°�®)³´Ç"§[¾�°N¬{º�²u·¸·´²+Éz¬[Å'Ôf®3�¿§"±"¯j³¸²u®�Ë�ÉÞ§`Âu³�Òu§!³´®=¯«©«²�¾)Á)±[§`°�Âu§"®)§[©«°N·Ä±"²u®=¯j³´®dÁ)²NÁ)¬

Ë



¯j³¸¼G§+$È°N©ÖN²+Ò@¼�²�¾)§[·8°N®)¾ß¾ª§ 	R®)§p°�±�°N¬±�°N¾ª§!¼G²�¾)§[·8°N¬{°�¬«¨8§[±"³�°N·8¬«Á)¶8±[·´°N¬«¬Þ²Nº�¯j¥)§1Âu§[®)§"©j°N·-¼G²�¾)§"·�Å
Ôf® �¿§[± ¯j³¸²u® �ÈÉÞ§ß¨)°N¬«¬m¯«²�¯j¥)§ß§"¼m¶-§"¾)¾)§"¾ $�°N©«Ö�²KÒØ±W¥R°N³´®EÅ $�°N³´®D¨)©²u¶)·¸§[¼�³´¬m®)²+ÉÃ¯j² ¬�¯jÁ)¾ª¹Ø°
·´²N®)Â�À|¯«³´¼�§1¶8§[¥R°�Ò�³´²N©¦²Nº�$�°N©«Ö�²KÒ%±W¥)°N³´®ßÉz³¸¯«¥�¥ª³´Âu¥)·�¹µ®ª²u®)¥)²u¼�²uÂu§"®)§[²NÁ)¬¦¯j©j°�®)¬«³�¯j³´²N®ß¨)©«²u¶)°N¶)³´·¸³¸¯«³´§[¬"Å
¤�²µ¾)²�¯j¥)³¸¬lÉ�§±[²u®)¬³´¾)§"©�©§[·´°�¯j³�Òu§`±[²�²u©«¾ª³´®R°�¯«§[¬l°N®)¾ 	R®)¾�Âu©«²uÁª¨)¬�²�º'¨)©²¿±"§[¬«¬²u©«¬lÉz¥)²u¬§�§"ÒN²u·´Á¿¯j³´²N®
³´¬`§"©«Âu²�¾)³´±� �±[²u®=Òu§"©«Âu§"®)±[§"¬�¯j²È°�¬�¯j§[°N¾ª¹Ó¬¯j°�¯j§�"`³¸®Ó¯«¥)§[¬§µ©«§"·�°�¯«³¸ÒN§�±[²�²u©«¾)³¸®R°�¯«§[¬[Åµ¤;²�²uÁ)©²u¨)³¸®)³´²u®
¯j¥ª§l¼�§"¯«¥)²�¾�²�ºÄÆR²u¬�¯j§[©nÀ/0Ä¹=°�¨)Á)®)²+Òmº�Á)®ª±"¯j³¸²u®)¬»¬«§"§[¼�¬�¯j²`¶-§¦¯«¥)§z²u®)·¸¹�²u®)§{¯«²¨ª©«²+Òu§z¯j¥)§z¬�¯W°N¶)³¸·´³�¯f¹�³¸®
©«§"·�°�¯«³¸ÒN§±"²¿²N©«¾)³¸®R°�¯j§"¬lº�²N©z¯«¥)§ $È°N©«Ö�²+ÒÈ±W¥R°�³´®�Á)®)¾)§"©1±[²N®)¬«³¸¾)§[©«°�¯j³¸²u®ÄÅ¦Æ4³¸©«¬�¯�²�º�°N·¸·�³´®3�¿§[± ¯j³´²N®!�6É�§
¬¯j°N©¯1º�©«²u¼ ¯j¥)§�±�°N¬§�²Nº�¯fÉÞ²%¨)©²¿±"§[¬¬«²u©¬  ������ "1°N®ª¾�¯j¥)§�°�®R°N·¸¹�¬³´¬1¥ª§[©«§�³¸¬p©j°6¯j¥)§"©p¬«³¸¼G¨)·¸§�°�®)¾
¬«³¸¼G³¸·�°N©!¯«²ÛÊ���Ð/ÅÓÔf®Û¯«¥)§ß¬¯«Á)¾ª¹D²�ºl¯«¥)§@¯j¥ª©«§[§YÀf¾)³¸¼G§"®)¬«³¸²u®R°N·�±�°�¬«§  ��§[±"¯«³´²u®&� "¯j¥)§ß¼G°N³¸®Ø¨-²N³´®=¯m³¸¬
¯j¥ª§G¨)©²¿²�º¦²Nº{§"©«Âu²�¾)³¸±[³¸¯f¹NÅ �Ü§G¨)©²u¨8²u¬«§G°N® §��¿¨)·´³¸±[³¸¯±"²u®)¬¯«©«Á)± ¯j³¸²u® ²Nº{¬«²u¼�§�®)²u®)¬¼G²�²N¯j¥ ÆR²u¬¯«§[©�À
0Ä¹=°N¨ªÁ)®)²+ÒÈº�Á)®ª±"¯j³¸²u®ÄÅ �!Áª©1±[²N®)¬¯«©«Á)± ¯j³´²N®�³´¬�©j°�¯«¥)§[©�®)²u®=¯j©³¸Ò�³�°N·�°N¬�³¸¯�±�°N® ¶8§�¬§[§"®Ó¶=¹�±[²u¼�¨R°N©³´®)Â
Éz³¸¯«¥�°N·´©§�°N¾¿¹�§��¿³¸¬¯j³¸®)Âß§��¿¨)·¸³´±"³¸¯p§��ª°N¼G¨ª·´§[¬!²�º 0Ä¹u°N¨)Á)®)²+Ò º�Á)®ª±"¯j³¸²u®)¬
 �¬«§"§�ÊhÎ[Ð#" Å �1·´·�¯j¥)³¸¬`°N®R°N·�¹�¬«³´¬
¶)©³´®)Â�Á)¬�¯«²G¬²u¼�§½±"²u®)±[·¸Á)¬«³¸²u®)¬l¨)©«§"¬«§"®d¯«§[¾ ³¸® �¿§"±"¯«³´²u®3%ªÅ{¤¦¥)³¸¬�¬§[±"¯«³´²u®�±[²u®=¯j°N³´®)¬l¾)§"±[²u¼�¨-²N¬«³¸¯«³´²u®
³´®=¯«²µÂu©²uÁ)¨)¬  C±[·´°N¬¯«§[©¬ "l³¸®�¯«¥)§m±[°N¬«§½²Nº�±�°�¬«±�°�¾)§m¼�²¿¾)§"·�Éz³¸¯j¥È°N®=¹È®dÁ)¼�¶-§"©1²Nº�¨ª©«²�±[§[¬¬«²u©¬���°�®)¾
²uÁ)©�¼G°N³´®	�Þ²N®)�§[± ¯j³´²N®2Î[Ï)Å � §�¬«¥)²+É ¯«¥R°�¯�º�Áª¯«Á)©«§%¨)©²uÂu©§[¬«¬�³´®Û¨)©²+Ò¿³¸®)Â�¯j¥)³¸¬�±[²u®)�§"±"¯«Á)©«§�¼µ°�¹
¶8§ ©«§[·´°�¯j§"¾ Éz³¸¯j¥ ¨ª©«²uÂu©§[¬¬�³¸® §��¿¨)·¸³´±[³�¯ß±[²N®)¬¯«©«Á)± ¯j³´²N®2²�º½¼�Á)·¸¯«³�Àf¾ª³´¼�§[®)¬³´²u®R°�·zÆ3²N¬¯j§"©�À 0�¹u°N¨)Á)®ª²KÒ
º�Á)®)± ¯j³¸²u®)¬[Å���®R°N·�¹¿¬³´¬{²�ºA©j°N®)¾ª²u¼ÃÉÞ°N·¸Ö�¬¦³¸®�
��& 5Éz¥)³´±W¥@ÉÞ°N¬¦¾)²u®ª§!³´® ÊhÎ[Ð#"�¬«¥)²+Éz¬¦¯j¥)°�¯�Í¿³´®@Âu§"®)§[©«°N·�Í
¯j¥ª³´¬'¯j§"±W¥)®)³¸±�°N·3¨)©²u¶)·´§"¼à¼G°�¹m¶8§zÒN§[©�¹�¾)³���±[Áª·¸¯�Å;Ôf®�¯«¥)§l®)§���¯�¨R°N¨8§[©¬»É�§l¥)²u¨8§z¯«²`²KÒN§[©±[²u¼�§l¯«¥)§[¬§
¾)³ 	R±[Á)·�¯j³¸§[¬{¶=¹%Á)¬³´®)Â�¬«¨8§[±"³ 	R±!º�§[°�¯jÁ)©§[¬l²Nº;²uÁ)©¦±[²N®)±[©§"¯j§ $È°N©ÖN²+Ò%¨)©²¿±"§[¬«¬§[¬"Å

���������������! #"$�!%&�!�('*),+ ¤¦¥)§ 	R©¬¯Ó°NÁª¯«¥)²u©�³¸¬ÈÒu§"©¹ ÂN©j°�¯«§"º�Á)·¯j²Ù¯j¥ª§Ø¯j§�°�¼ ¤.-zÔ �  CÔ0/1-lÔ � .
0�²u©«©«°N³´®ª§�"»°N®)¾µ¯«²m·3254�±[²u·¸§�¾)§"¬ $�³¸®)§[¬�¾)§�/1°�®)±"¹�º�²u©�¯j¥)§"³´©�¥)²u¬«¨ª³¸¯W°�·´³¸¯f¹�¾ªÁ)©«³¸®)Â�¥)³¸¬Þ¬�¯W°�¹G°�¯6/�°N®)±"¹
³´®%¬Á)¼G¼�§[©lË  NÏmÉz¥)§"®�¯j¥ª§¼G°N³¸®ß©«§[¬Á)·¸¯«¬z²Nº;¯«¥)³´¬¦¨)°N¨-§"©¦ÉÞ§"©«§`²u¶ª¯j°N³´®)§"¾ÄÅ

7 8:9.;A¢��4£=<ß�A£"�½� �?> ¢Þ�����A£"�G¡ß�½¡@; �A£BA 9�A �� C96D

EGFIH JLK�MNKPORQTS�U�V6WNK�S

�Ü§m¨)©«§"¬«§"®d¯¥)§"©«§�¬²u¼G§½¼µ°6¯j¥)§"¼µ°�¯«³´±[°N·A¼G²�¾)§[·Aº�²u©p¨)°N©j°N·¸·´§"·�±"²u¼�¨)Áª¯W°6¯j³´²N®)¬[Å!¤¦¥)§"©«§�°N©§X��±"²u¼�À
¨)Áª¯«³´®)Â`Á)®ª³¸¯j¬  �¨)©«²�±[§"¬«¬²u©«¬2"'É�²u©Ö�³¸®)Â!¯j²uÂN§"¯j¥ª§[©»²u®�¬«²u¼�§¦±[²N¼G¼�²u®m¯W°�¬«Ö3Å'¤¦¥)§l¬¯j°�¯j§¦²NºE°!¨)©«²�±[§"¬«¬²u©
Y ³¸¬1¾)§"¬«±[©³´¶8§[¾�¶=¹È°N®�³¸®d¯«§[Âu§"©�Ò�°N©³�°N¶)·¸§?Z$[X\]
ÙÉz¥)³¸±W¥ ³´¬�±�°N·¸·´§[¾�°µ·¸²¿±[°N·� C²u©�³´®)®)§"© "{¯j³¸¼G§²Nº�¯j¥ª§
¨)©²¿±"§[¬«¬²u© Y °N®)¾È¥)°N¬p°µ¼�§�°�®)³´®)Â�²Nº»°�¼G²uÁª®d¯�²Nº �²N¶È¾)²u®ª§�¶=¹%¯j¥)§½¨)©«²�±[§"¬«¬«²N© Y Á)¨�¯j²G¯«¥)§�ÂN³¸Òu§"®
¯j³¸¼G§1¼G²u¼�§[®=¯[Å

�1¬¬«Á)¼�§¦¯j¥R°�¯�¯«¥)§¦¬¯j°�¯j§?^_ZP`=abZ$cdafefeBegabZihkj;²Nº8¯j¥)§¦¬�¹�¬¯j§"¼ §"ÒN²u·¸ÒN§[¬»³´®�±"²u®=¯j³´®dÁ)²NÁ)¬�¯j³´¼�§mlk\on � Å
�1®=¹�±W¥R°N®)Âu§ ²�º° ¬¯j°�¯j§ ³¸¬µ¨8²u¬«³¸¶)·´§�²u®)·¸¹�°�¯@¬«²u¼�§È¬¨-§"±[³�°�·1©j°�®)¾)²u¼ ¯j³¸¼G§�³´®)¬�¯W°N®=¯«¬[Åp/1°N¼�§[·�¹uÍ

�



Éz³¸¯«¥ß°N®=¹G¨)©«²�±[§"¬«¬«²N© Y É�§!°N¬«¬²¿±"³�°�¯«§p° ��²u³´¬¬«²u®ª³�°N® �)²KÉ�� [ �����?��� [�	� � [` ��
�
�
� � [� ��
�
�
��
Éz³¸¯«¥ ³´®=¯j§"®)¬«³�¯f¹��$[Ø°N®)¾ Éz³¸¯j¥ ° ¨R°N³¸©]^ Y a�� j ²�ºG¨ª©«²�±[§[¬¬«²u©¬ÓÉ�§�°N¬«¬²¿±"³�°�¯«§D° ��²u³´¬¬«²u®ª³�°N® �R²+É
� [�� �����?��� [����� � [��` ��
�
�
�� � [��� ��
�
�
�� Éz³¸¯j¥%³¸®d¯«§[®)¬³¸¯f¹�� [��CÅ»¤¦¥)³¸¬z¼G§[°N®)¬[Í)º�²N©¦§��ª°N¼�¨)·´§�Íª¯j¥R°6¯
��� [��� � [��� ` �� �"! ` ³¸¬`°ß¬«§$#dÁ)§"®)±[§G²Nº�³´®)¾)§"¨-§"®)¾)§"®d¯½§��¿¨8²u®)§"®d¯«³�°N·¸·¸¹È¾)³´¬�¯j©«³¸¶)Áª¯«§[¾�©j°N®ª¾)²u¼tÒ�°N©³�°N¶ª·´§[¬
Éz³¸¯«¥Û¼G§[°N®%� � `[ *'&)( �+* a ��afefefe , � � [��� � [�-� `/. � � �103254 ^ � � [�6*jYÍÞ°N®ª¾Ú¬³´¼�³´·´°N©«·�¹�º�²u©m¯j¥ª§
�R²+Éz¬7� [�� Å��Ü§½°�¬«¬«Áª¼G§°N·¸¬«²m¯j¥)°�¯�°N·´·8¯j¥)§"¬«§ �R²+Éz¬7� [ °N®)¾8� [�� °N©«§!¼mÁ¿¯jÁR°N·¸·¸¹G³´®)¾ª§[¨8§[®)¾)§"®=¯�Å

0�§"¯¦Á)¬Þ®)²+É ¾ª§ 	R®)§`°½¬¯j²�±W¥R°N¬�¯j³¸±1¨)©²¿±"§[¬«¬?^:9	^�lIj � ^�ZP`B^�lIj afefefegabZih1^�lIjbj aIlk\on � j�²u®@¯«¥)§p¬�¯W°�¯«§
¬«¨)°N±[§X
 h °N±"±[²u©¾)³´®ªÂ�¯«²�¯j¥)§!º�²u·¸·´²+Éz³´®)Â�©«Á)·¸§[¬[Å

Î�" �{¯�¯j³¸¼G§³´®)¬�¯W°N®=¯«¬;� [� ¯«¥)§m¨)©²¿±"§[¬¬«²u© Y ³´®)±"©«§�°�¬«§[¬1³¸¯j¬l·´²�±�°�·A¯«³´¼�§?Z$[½¶=¹<* * Z$[ ^=� [�;> � j6�
Z$[ ^?� [� j > *uÅ

Ë "�¤¦¥ª§[©«§Þ³´¬'°�®m§��¿±W¥R°N®ªÂu§¦²Nº3³´®¿º�²u©«¼G°�¯j³¸²u®`¶-§ ¯fÉÞ§"§[®�¾)³�ÕE§"©«§[®=¯4¨)©«²�±[§"¬«¬«²N©«¬[Å(�{¯'¯j³¸¼G§�³´®)¬�¯W°N®=¯@� [��A
¯j¥ª§¨ª©«²�±[§[¬¬«²u© Y ¬«§"®)¾)¬p°�¼�§[¬¬j°NÂu§�BDCFEHG�I[�� ¯«²�¯«¥)§`¨)©«²�±[§"¬«¬²u©J�fÅ��Ü§½°�¬«¬«Áª¼G§!¯j¥)°�¯l¼G§"¬«¬j°�Âu§[¬z©«§[°N±W¥
¯j¥ª§[³´©�¾)§[¬�¯j³¸®R°�¯j³¸²u®@³¸¼G¼�§[¾)³´°�¯j§"·¸¹NÅ��P¼G§"¬«¬j°�Âu§;BDCFEHG�I[�� ±"²u¼�³´®)Â¯j²m®)²�¾)§K��º�©«²N¼Ã®ª²¿¾)§ Y ±[²u®=¯j°N³´®)¬{°N®
³´®¿º�²u©«¼G°�¯j³¸²u®m°�¶-²uÁ¿¯»·´²�±�°N·�¯j³´¼�§mZ$[ ^=� [��A jT� Z$[¦²Nº-¯«¥)§z¬«§"®)¾)§[© Y ÅML?Nß°6¯�¯j¥)§{¯«³´¼�§{³´®)¬�¯W°N®=¯O� [��A  �Éz¥ª§[®
¯j¥ª§m¼G§"¬«¬«°NÂu§	B CFE G I[�� °N©«©³¸ÒN§[¬1¯«²µ¯j¥)§�®)²¿¾ª§P� "zÉ�§�¥R°�Òu§ ZQ��^=� [��A j . Z$[ ^=� [��A jSR:TRåHUÓ¯«¥)§m·´²�±�°�·A¯«³´¼�§ ZQ�
©«²N·´·´¬�¶R°N±WÖÈ¯«²ß¯j¥)§mÒ�°N·¸Á)§ Z$[ *NZQ��^?� [��A > � jN� Z$[ ^?� [��A jYÅ
$�²u©§[²+Òu§"©[ÍA³¸º»¯j¥ª§�¨ª©«²�±[§[¬¬«²u©���©«²u·¸·´¬1¶)°N±WÖ3Í
¯j¥ª§[®�°�·´·Ä¼�§[¬¬j°NÂu§"¬1¬§[®)¾)§"¾�¶=¹ß¯j¥)§¨)©²¿±"§[¬«¬²u©7�'¾)Á)©«³¸®)Â�¯j¥)§`¯j³¸¼G§!³¸®=¯j§[©�Ò�°N·�V � ^XW"�3^�Z$[,a�� [��A j=a�� [��A j=a
Éz¥)§"©«§YW"� ^_Z�a�Z(j8[ �]\'^-27_�6S`aZD[ ZQ�3^b6*j � Z�a ZQ��^b6 > � j � Z > *dc a�� [��A j=a�¬«¥ª²uÁ)·´¾Ú¶8§�§"·´³´¼�³´®)°�¯j§"¾ÄÅ
¤¦¥)³¸¬�±�°�®D¨)©«²+Òu²NÖN§%°È±[°N¬«±[°N¾)³´®ªÂ�©«²u·¸·´¶R°�±WÖ ²Nºz·´²�±�°N·�¯«³´¼�§[¬`º�²u©�¬²u¼G§G¬«Á)¶ª¬«§"¯�²�ºz¨)©«²�±[§"¬«¬«²N©«¬[Å�ÆR²u©
§��ª°N¼�¨)·¸§NÍ-°N¬«¬Á)¼G§¯j¥R°6¯�¯«¥)§[©§�³´¬�°G¨ª©«²�±[§[¬¬«²u©Je�Éz¥ª³´±W¥�©§[±[§"³¸ÒN§[¾�°G¼�§[¬¬j°NÂN§fB CFE�ghiI�kj °6¯1¬²u¼G§`¯j³¸¼G§
³´®ª¬¯W°�®d¯/6$l(\'VÙ°N®ª¾ ZQjd^=� [��A j . ZQ��^b6$l jT� Zml� Å�¤¦¥)§"®@¯j¥)§p·¸²¿±[°N·3±[·¸²¿±WÖ�²Nºne¬«¥)²NÁ)·´¾ß¶8§1©²u·´·¸§[¾µ¶)°N±WÖ�¯«²
¯j¥ª§�Ò�°N·´Á)§ ZQ�3^X6$l j�*.ZQjd^?� [��A > � j.� ZQ��^b6$l j1°�®)¾ÄÍÄ¼�²u©«§"²+Òu§[©"ÍA°N·´·�¼�§[¬«¬«°NÂu§"¬!¬«§[®ª¾)§[¾�¶=¹oeG¾)Á)©«³¸®)Â@¯j¥ª§
³´®=¯«§[©Ò�°N·mVL� ^=W"jd^_ZQ� ^X6 l j=a�� [��A j=a�� [��A jz¬¥)²uÁ)·¸¾�¶8§½§"·´³´¼�³´®)°�¯j§"¾ÄÅ ��®)¾�¬«²G²u®ÄÅlÑ�§"®)±[§�ÍÄ°�¯l¯j³¸¼G§`³¸®)¬¯j°N®=¯
� [��A °p¼�§[¬«¬«°NÂu§Þº�©²u¼ Y ¯j²��-±[°N®�¨)©²KÒN²uÖN§l°p¼mÁª·¸¯j³¸¨)·´§�©«²N·´·´¶)°N±WÖ`²Nº8¨)©«²�±[§"¬«¬«²N©O�0a�e�afeBefe�³¸®�¯j¥ª§¦¬¹�¬¯«§[¼�Å

EGF E p QOqsr QTWNK U�V6W1K�S

ÆR©«²u¼ ®)²+ÉPÉ�§½¬¥R°N·¸·Ä±[²u®ª¬«³´¾ª§[©¦¯j¥)§!º�²u·¸·´²+Éz³´®ªÂ�¬«¨8§[±"³�°N·�¬Á)¶8±[·�°�¬«¬z²Nº�¯j¥)§°N¶8²+Òu§`Âu§[®ª§[©j°�·�¼G²�¾)§[·¸¬[Å
� ±W¥R°N³¸®�²�º4¨)©²¿±"§[¬¬«²u©¬t*,a ��afefeBega � ³¸¬{±�°N·¸·´§"¾%°�é«è-u+é«è=æ�åp³¸º;°N®=¹ß¨)©²¿±"§[¬¬«²u©wvG±[°N®%¬«§"®)¾�°m¼�§[¬nÀ

¬j°�Âu§`²u®)·¸¹G¯j²�³¸¯«¬¦©«³´ÂN¥d¯z®ª§[³´ÂN¶-²uÁª©Ov > *NÅ ��²G®)²�²u®)§`¬§[®)¾)¬l¼�§[¬«¬«°NÂu§"¬l¯«²�¯«¥)§`¨)©«²�±[§"¬«¬²u©½Î½°N®)¾%¯j¥ª§
¨)©²¿±"§[¬«¬²u© �Ã¾)²¿§"¬4®)²�¯4¬§[®)¾�°N®=¹¼�§[¬«¬«°NÂu§"¬[Å'Ôf®m²�¯j¥)§"©;É�²u©«¾)¬"Íx� Azy	{���}| ^~vX��� > **jYÅ(��¼�§[¬¬j°NÂN§
¬«§"®)¾)§"¾�º�©«²u¼�vµ¯«²	v > *½±�°N®È¨)©«²+Òu²NÖN§m°�±�°N¬±�°N¾ª³´®)ÂG©«²�²u·�À|¶R°N±WÖ@²Nº'¨)©«²�±[§"¬«¬«²N©«¬/v > ��afefefe�Å -z§[±[°N·´·
¯j¥)°�¯�°N·¸·ª°�¶-²+Òu§�¯j³´¼�§�³´®=¯j§"©Ò�°N·´¬4°N©«§Þ§��¿¨-²N®)§[®=¯j³´°N·´·�¹`¾)³´¬�¯j©³´¶)Áª¯«§[¾�°�®)¾�¬«Á)¨ª¨-²u¬§[¾�¯j²1¶-§{³¸®)¾)§"¨-§"®)¾)§[®=¯[Å
�p¶=Ò¿³¸²uÁ)¬·¸¹uÍ-¯j¥)§�¬�¯j²�±W¥R°N¬¯«³´±m¨ª©«²�±[§[¬¬K9 C h I� ^_lIj1� ^*ZP`B^�lIj=aBefefeBaIZihN^_lIj j�³´¬ $�°N©«Ö�²KÒ�³´°N®ÄÅ-�àÒu§"©¹ ³¸¼�À
¨8²u©¯j°N®=¯�¨ª©«²u¨8§[©�¯f¹�³¸¬¦¯j¥R°�¯1°N®=¹��f¯«©«Á)®ª±�°�¯«§[¾5�¼G°N©«ÂN³´®R°N·E¨)©«²�±[§"¬«¬79}C h�� I� ^�lIjm� ^ ZP`=^�lIj=aBefefeBaIZih��=^�lIj j Í

Ï



� ` ` �ÜÍ3³¸¬z°N·´¬² $È°N©«Ö�²+Ò¿³´°N®ÄÅ
�1¬¬«Á)¼�§¯«¥R°�¯¦º�²u©z°�®d¹PvG¯j¥)§!º�²u·¸·´²+Éz³´®ªÂ�·´³¸¼G³�¯

���y � ��� \�	� �  
Z y ^�lIj
l ^�³´®%¨)©²u¶R°N¶)³¸·´³�¯f¹!j  �Î�"

§��¿³¸¬¯j¬"Å�¤¦¥)§[®�¯j¥ª§�®�Áª¼m¶-§"©«¬ � �y Í v@� *,afefefega �ÜÍ�±W¥R°�©j°N± ¯j§[©³´Ç"§�
Rå â:N�ã6â��èdUEéWå�²�º�¯«¥)§�¼G²�¾)§"·�Å¤¦¥)§
¼G°N³´®ßÂu²u°N·E²Nº�¯j¥ª§¨ª©«§[¬§[®=¯�¨R°N¨8§[©¦³´¬{¯«²�¨)©«²+Òu§§��¿³¸¬¯j§"®)±[§²Nº�¯j¥)§"¬«§`·´³¸¼G³�¯j¬Þ°N®)¾ß¯j²�±�°�·´±[Áª·�°�¯«§1¯j¥)§"¼�Å

/�²N¯«§�¯j¥R°�¯`³�º»ÉÞ§�Á)®)³�º�²u©«¼�·¸¹�¯j©«°N®)¬�º�²u©«¼ ¯j¥)§�°N¶)¬²u·´Á¿¯j§m¯j³¸¼G§�¬«±�°�·´§ lN��� 6uÍÄÉz¥)§[©§�� . �%³¸¬`°
±[²N®)¬¯j°N®=¯�°�®)¾ 6�³´¬`°ß®)§ É °N¶)¬²u·´Áª¯«§m¯j³¸¼G§m¬±�°N·¸§NÍ�¯j¥ª§�¨-§"©º�²u©¼µ°N®ª±[§�±W¥R°N©«°N±"¯«§[©³´¬¯«³´±"¬  nÎ�"�Éz³´·¸·4®)²�¯
±W¥R°N®ªÂu§NÅ

� 8:9����%£Y�A£ ��� �?>  ß£B;A¢�� 9{��9��A£gA 9 A �� C96D

�Þ²u®)¬³´¾)§"©l°�¬§$#dÁ)§"®)±[§
� ��� � � �*` � �Bc � 
�
�
���
�
�


²Nº�¯j³´¼�§�¼�²u¼G§"®=¯j¬!Éz¥)§[®Ü±W¥R°N®)ÂN§[¬�²�º{·´²�±�°�·4¯j³¸¼G§�°�¯®)²�¾)§"¬½¼G°�¹ ¥R°N¨)¨8§[®� �É�§G¼�§�°�®Ü·¸²¿±[°N·4¯j³¸¼G§
Á)¨8¾R°�¯«§[¬{°�®)¾@¼�²u¼G§"®=¯j¬�²NºÄ¬§[®)¾)³¸®)Âm²NºÄ¼G§"¬«¬j°�Âu§[¬2" Å�Ô|¯{³¸¬�±"·´§[°N©�¯j¥R°�¯7_���� � ` � ���$c  � ! � ³´¬�°½¬§$#dÁ)§"®)±[§
²NºA³¸®)¾)§[¨8§[®ª¾)§[®=¯¦³¸¾)§[®=¯j³¸±�°N·¸·¸¹�¾ª³´¬¯«©«³¸¶)Áª¯j§"¾µ©"Å Ò8Å»¥R°�Ò�³´®)Â½§��¿¨-²N®)§[®=¯j³´°N·E¾ª³´¬¯«©«³¸¶)Áª¯j³¸²u®�Éz³¸¯j¥µ¨R°N©j°�¼G§ ¯j§[©

� �
h
�
A ! `

� A >
h � `�
A ! `

� A�� A � ` e

�p¶)¬«§"©Ò�³´®ªÂ�¯j¥)§ ±[²u®=¯j³¸®dÁ)²uÁ)¬È¯«³´¼�§ $È°N©«Ö�²+ÒL¨)©²¿±"§[¬«¬ ^�ZP`B^�lIj afefefegabZih1^�lIjbj�°�¯È¯«³´¼�§Ü¼�²u¼�§[®=¯j¬�� �
É�§µÂu§ ¯m°�¬«²�À|±�°N·¸·´§[¾Ó§[¼�¶-§"¾)¾)§[¾ ¾)³´¬±[©«§ ¯j§�¯j³´¼�§ $È°N©ÖN²+ÒÜ±W¥R°N³´®%_"9	^?(�j=a�( ��� a"* afeBefe c@Éz³¸¯«¥ ¬�¯W°�¯«§
¬«¨)°N±[§ 
 h�lÅ Ôf®2¯«¥)§�¬«§ #�Áª§[·!ÉÞ§ Éz³¸·´·p¶8§ ³´®=¯j§"©«§"¬¯j§"¾P³¸®Ù¯j¥)§�·´²N®)Â�À|¯«³´¼�§�¶8§[¥)°+Ò�³¸²u©ß²Nº¯j¥)§�±W¥R°N³¸®
_�9	^?(�j=a�(@� � a"* aBefefe cdÅ
���! �#)�"_'!" �i�$# � �&%  %'" �("_'!"���) + Ôf® ¯«¥)§ $o� _�9	^=(Pj=a�(�����a"* afefeBeic�¯«¥)§[©§Ü°�©«§È¯«©j°N®)¬³¸¯«³´²u®)¬µ¨)©«²�À
¾)Á)±"§[¾ß¶=¹G°½º�©«§"§1¾ª¹�®R°�¼G³¸±[¬�°N®)¾µ¯«©j°N®)¬³¸¯«³´²u®)¬»Âu§"®)§[©«°�¯j§"¾@¶=¹µ©²u·´·¸¶R°N±WÖd¬[Å'Ý�¹�¯j¥)§lº�©«§[§�¾ª¹�®R°N¼�³´±"¬�É�§
¼�§�°N®%Á)¨8¾R°�¯«³´®)Â�²Nº;·´²�±�°N·8¯j³¸¼G§"¬

)%_�9	^?( > **jT� Z >+* y-, 9]^=(�j � Z c���� y � � ` a vX��*,afefefega � e

�



Ô|¯l³´¬¦§[°N¬¹ß¯«²�¬§[§`¯j¥R°6¯z³¸º4°�¬�¯W°�¯«§�Z ��^_ZP`=afefefegabZihkj{³¸¬¦¬«Á)±W¥�¯j¥R°�¯¦º�²N©¦¬«²u¼�§ v Z y � Z y � `Þ¯«¥)§[®�°
¼�§[¬«¬«°NÂu§`¬«§"®)¾)§"¾�º�©«²N¼ vG¯«²Sv > *`¨)©²¿¾)Áª±[§[¬�°m¯j©«°N®)¬«³�¯j³¸²u®ß²Nº�¯j¥)§!º�²u·¸·´²+Éz³´®)Â½º�²u©«¼

^�ZP`=afefeBeBabZ y abZ y � ` afefefegabZQ��abZQ� � `=afefefe=abZihGj�� ^�ZP` aBefefeBaIZ y a�� y � ` afeBefeBa��/�_aIZQ� � `=afeBefegaIZihGj  �Ë "

Éz³¸¯«¥%¨)©«²u¶)°N¶)³´·¸³¸¯f¹

� � ` � y � y � `
� � `�
j ! y � `��

^��/jgabZQj	�
�/j � ` abZQj � `bj�� ^ * �� � j������ C E h � E h�� � � ` I ��� h
� ` a  � "

Éz¥)§"©«§
� ¬§$#dÁ)§[®ª±[§C^�� y � ` afefefega��/��jÞ³´¬z°N¾)¼�³´¬¬«³¸¶)·´§p³¸®@¯j¥)§!º�²u·¸·´²+Éz³´®ªÂm¬«§"®)¬«§ *

v � � ` �@a � y � `� Z y �/j `��/j � ` `a\ ��� ^�ZQjgabZQj � ` � **j a ^ v � e � � j

� � ^��/jBabZQj����/j � ` abZQj � `bj �  j#^ * �� j j �� � � ���  
�  jm�

�mj
�mj > �mj � j � `

Íme � �ÓÅ
Ñ�§"©«§  j�³´¬;¯j¥)§¦¨)©²u¶R°N¶ª³´·´³�¯f¹`²Nº-°N®�§"ÒN§[®=¯»¯j¥R°6¯�¨)©«²�±[§"¬«¬²u©Oe1³´®�¬¯W°6¯j§GZQj�¬«§"®)¾)¬�°�¯�·¸§�°N¬�¯�²u®)§¦¼�§[¬¬j°NÂN§
¯j²'e > *¶-§ º�²u©«§½Á)¨-¾)°�¯j³¸®)ÂG³�¯j¬z¬¯j°�¯j§ ZQj!� ZQj > *uÅ¦ÆR²u© e � � É�§�¨)Áª¯  hL� �ªÅ �¿²G³´®�¯j¥)§±�°N¬§
��� � ¯«¥)§`¨)©«²N¶R°N¶)³¸·´³¸¯f¹  � "�¯W°NÖ�§[¬z¯j¥)§!º�²u©¼

� � ` � y � y � `
h � `�
j ! y � ` �

^��/jgabZQj	�
�/j � ` abZQj � `bj e

" �!�  '!"$#(� � �P� �  '" �  'd�!),+ /l²N¯j§�¯j¥R°�¯�¯j¥ª§�	R©¬¯�¨)©²¿±"§[¬¬«²u©#ZP`B^�lIj�§ Òu²u·�Òu§"¬'³´®)¾ª§[¨8§[®)¾)§"®=¯j·¸¹½²NºR²�¯j¥)§"©
¨)©²¿±"§[¬«¬²u©«¬"Å Ô|¯ß³´¬GÁ)¬«§ º�Á)·�¯«²D³´®=¯j©²¿¾)Áª±[§È®ª§"Ét¨)©«²�±[§"¬«¬�% � ^�lIj�� ^�&,c*^_lIj=afeBefega
& h1^�lIjbj \ 
 h � ` ³¸®
©«§"·�°�¯«³¸ÒN§!±[²�²u©«¾)³¸®R°�¯«§[¬z°N¬{Ò�³´§ Éz³´®)Â�¶=¹�°N®%²u¶)¬§[©�Òu§[©�¬«³�¯«¯j³¸®)Â�°�¯z¯«¥)§`¨-²u³¸®=¯GZP`B^�lIj�*

& y ^�lIj [ � Z y ^�lIj � ZP`B^�lIj a vX� ��aBefefeBa ��e

Ôf®�°µ¬³´¼�³´·�°�©{É{°�¹ÈÉ�§m¾)§�	R®)§'% ^=(�j.�(% � ^ � � j Í)( � � a"* aBefefeAÅp¤¦¥)§�º�©§[§m¾¿¹¿®)°N¼G³¸±[¬�¨)©«²�¾)Á)±"§[¬p¯j¥ª§
º�²u·¸·´²+Éz³´®)Â½¯j©j°�®)¬«³�¯j³´²N®)¬{²Nº)% ^?(�j�*

)%_*% ^?( > **jT�+& >+* y-, %�^=(PjT�,& c � � y � � ` a vX� ��aBefefe=a ��a  CÏ "
).-/% ^?( > **jT�+& �10 hy ! c * y , % ^?(�jT�.&32 � � ` � � ` e  � "

�



�¿³¸®)±[§p©²u·´·¸¶R°N±WÖ�¾)²�§[¬{®ª²N¯¦°�Õ-§[± ¯¦²u®@¯«¥)§+	R©¬¯z¨)©²¿±"§[¬«¬²u©Þ¯«¥)§p±[²N©«©«§"¬«¨8²u®)¾)³¸®)Âm¯j©«°N®)¬³¸¯j³¸²u®)¬�¥R°�Òu§!¯j¥ª§
¬j°�¼G§pº�²u©¼ °N®)¾ß¯«¥)§`¬j°N¼�§`¨)©«²u¶)°N¶)³´·¸³¸¯«³´§[¬�°N¬  �Ë "{°N®)¾  � "YÅ

� ���A��¢����?;��A£"¢ A �½�ß��A�½�ß£[¢�£ ���
�1·¸·»¬¯W°6¯j§[¼�§[®=¯«¬�²Nº{¯«¥)³´¬½¬«§"±"¯j³¸²u®Ø°�©«§GÒ�°N·¸³´¾ º�²u©`¯j¥)§G¶-²�¯j¥ $È°�©«ÖN²+ÒÜ¨)©«²�±[§"¬«¬§[¬f9 C h I� ^�lIjYÍ l \ n � Í
°N®)¾89	^=(Pj ÍQ( \ 
 � Å{Æ3²N©l¯«¥)§½¬«°NÖN§½²Nº�¶)©§�°�Ò�³¸¯f¹ßÉ�§�Âu³�Òu§¥)§[©§�©§[¬«Áª·¸¯j¬l²u®)·�¹ßº�²u©¦¯j¥)§½±[²u®=¯«³´²u®dÁ)²uÁª¬
¯j³¸¼G§1¼G²�¾)§[·)9 C h I� ^_lIj Å
�	� � � � �!% 
$+�� åHR��u1éWã-Uu��Cæ�å â R��Þã�é«è-u+é«è=æ�å��µã[æ�å ä u��Xu[è�� 9<C � I� � ` ^_lIj�èdU8æ 9<C � I� � c ^�lIj������:R:T 
8âjã+éWå�u�u+ã6â�u
* a �!afefefe=a�( èdU8æ 
ªèNâè �µåHRfå â�u � ` afefeBeBa3� � èdU8æ8� C ` I` c a��MC ` Ic�� afefefega�� C ` I��� ` � � N�ã6â R?TRå��»â�uHR �µã[æ�å ä 9}C � I� � ` ^_lIjèdU8æ 
ªèNâè �µåHRnå â�u;�P` afefefega3� � èdU8æP� C c I` c a�� C c Ic�� afefefega�� C c I��� ` � � N�ã6âfR:TRå�u+åWéWã-U8æ �µã[æ�å äm9 C � I� � c ^�lIj����;u�u����µå
R:TªèdR

� C ` IA � A � ` `a� C c IA � A � ` &)� e
��TRåHUDR:TRå��»â�uHR �µã[æ�å ä59<C � I� � ` ^_lIj;uHRfã+é�Tªè-uHR ��é«èNä5ä!��æ�ã �"�:U8èdRfå�u�ã$#Nå âJR?TRå;u+åWéWã-U8æ �µã[æ�å ä59<C � I� � c ^�lIj%�:UoR:TRå
N�ã6ä5ä´ã$���:U'&Pu+åHUu+å)(*� N/9 C � I� � ` ^X� jT��9 C � I� � c ^=� j�R:TRåHU	N�ã6â½èdU+� R � �µå �µã �µåHUmR�l,�ÞåKTªè�#Nå.-

9<C � I� � ` ^�lIj0/�1 � 9}C � I� � c ^_lIj e
2 � � �43 ¼G°�¹ ¶8§ßÂu³¸ÒN§[®Û¶=¹D°N®Û§��ª¨ª·´³´±"³¸¯�±[²uÁ)¨ª·´³´®ªÂ�±[²u®ª¬¯j©Á)±"¯«³´²u®Dº�²u©½¯j¥)§ß¨)©²¿±"§[¬¬«§[¬ 9<C � I� � ` ^�lIjm°�®)¾
9<C � I� � c ^�lIj¦²u®È¯«¥)§�¬«°N¼G§¨)©²u¶R°N¶)³¸·´³�¯f¹ß¬«¨R°�±[§NÅl¤¦¥)§�º�²N·´·´²+Éz³¸®)Â�ºC°N±"¯�¬«¥)²NÁ)·´¾�¶8§Á)¬«§"¾ *l° �;²N³´¬«¬²u®3�R²+É
Éz³¸¯«¥Ü³¸®=¯j§[®ª¬«³¸¯f¹o�MC ` I` c ±�°�® ¶8§�²N¶ª¯W°N³¸®)§[¾�º�©«²N¼ °���²u³´¬¬«²u® �R²+É Éz³�¯j¥Ó³´®=¯j§"®)¬«³�¯f¹ � C c I` c ³¸®ÓÉz¥)³¸±W¥ °�®d¹
¨8²u³´®=¯  C³¸®)¾)§"¨-§"®)¾)§[®=¯«·¸¹@º�©²u¼ ²N¯«¥)§[©2"{³´¬¦Öd³´·¸·´§[¾@Éz³�¯j¥%¨)©²u¶R°N¶)³¸·´³�¯f¹Y* � � C

` I` c65 � C c I` c Å

7 � � �i� �  �98;:=<?> �i� "� %  � � "�� � )9@*+BA �DC�u+ã �µåP*�`FE ` � Efc ��
�
�
n� EHG � (PèdU8æ éWã-Uu��Cæ�å â	R��Þã
é«è-u+é«è=æ�å �µã[æ�å ä u)(�9<C � I� � ` ^�lIjI���:R:T 
ªèNâè �µåHRnå â�uKJ � ` afeBefeBa3� � �Q� C ` I` c a��MC ` Ic�� afefefega�� C ` I��� ` � �ML èdU8æ 9}C � I� � c ^_lIj���:R:T�
ªèNâ«è �µåHRfå â�u J �P` afefefega3� � �m� C c I` c a�� C c Ic�� afefeBeBa�� C c I�-� ` � ��LON � TRå âjå

� C c IA�� A � ` ��� C ` IA � A � ` &)� {\<_9E ` aBefefeBaPEHG�cma � C c IA�� A � ` � � &)�T\ _QE `=afefeBeBaREHG cme
S�åé«èdU u[è��	R:TªèdRMR:TRå �µã[æ�å ä�9 C � I� � c ^�lIj!æ�� Tpå â�u@NYâWã ��R:TRå �µã[æ�å ä�9 C � I� � ` ^�lIj!ç)�PR:TRå 
8âjå�u+åHUEéWå`ã N  u+ã6ä!�CæçWèNâYâ?��å â�uç åHR �ÞåWåHU 
8âjã+éWå�u�u+ã6â�uUE�`½èdU8æVE ` > * N �Q�Q� N EHG`èdU8æWEHG > *X�Y��TRåHU�ç)�Z��TRåWã6âjå��\[]�Þå;Tªè�#Nå

^ : ô #{î÷ þ6öuô�í6÷Wô¿ô/íKîñ/î3î`_+õÌöCô�öd÷badc?ePf�gih!jHk,l4mn"oqp?rsutwv�xzy|{�x mn"oqp?r}~twv�xzy|{�� ð óKö�ô�ð��|í�÷ öCô/õ��RùKñ�ð���îö�öCî«ö�n"oqp?rsutwv�{ ÷Yþ�úMn"oqp?r}~tDv�{
ö/ø!�|í�ô�í6÷Wô*��� y]� mn oqp?rs twv�xzy|{�� mn oqp?r} tDv�x�y|{4��v������ � : ó�� x ����� p ïEî!ö/÷jü"� ��� õ ó��� ��� �4óhð"ñ{÷��?�� ���x��`����x�� �hù6÷ ñCô�õÌ÷��uð ñ|ú+î�ñ����

�



R:TªèdR
9<C � I� � ` ^_lIj/`�� � 9<C � I� � c ^�lIj e

� �~�?;�9 � � �

�Ü§!¬¯W°�©¯{Éz³�¯j¥ß¯j¥)§-$�°N©«Ö�²KÒµ±W¥R°N³¸® 9}C c I� ^�lIjYÅ'�¿³´®)±"§!¨)©«²�±[§"¬«¬²u©K*pÉÞ²N©«Öd¬z³´®)¾)§"¨-§"®)¾)§"®d¯«·¸¹NÍ)¯j¥)§!¼G°N³´®
³´®=¯«§[©«§"¬¯l¥R°N¬ $È°�©«ÖN²+Ò%±W¥R°�³´® % C c I� ^_lIj � Z$c�^�lIj � ZP`B^_lIj Å¤4°�Ö�³¸®)Â�³´®µ¼G³¸®)¾G¯«¥)§p©«§"¼µ°�©«ÖG°�¯Þ¯«¥)§p§[®ª¾�²�º �¿Á)¶)¬§[±"¯«³´²u®�Ë�ÅwË¿Í�º�²u©Þ¶ª©«§�°�Ò�³¸¯f¹µ²NºA®)²N¯j°�¯j³¸²u®µ·¸§"¯ÞÁ)¬
©«§"¬«±[°N·´§z°N¶ª¬«²u·¸Áª¯j§{¯«³´¼�§{³´®�¬Á)±W¥@°1ÉÞ°�¹�¯j¥R°�¯ � � *NÅ4¤¦¥)§"®�$È°�©«ÖN²+Ò�±W¥R°�³´®'%C^?(�j4¥R°N¬'¯«¥)§¦º�²u·´·¸²+Éz³´®)Â
¯j©«°N®)¬³¸¯j³¸²u®ß¨)©²u¶R°N¶)³¸·´³�¯j³´§"¬

� A�� A � `��� cfa � A�� A � ` � � `=a � A�� � ��� ` c ^=� /�� j=a � A � A ��� ` cX^?� � � j
°N®)¾ � A�� y � �mº�²u©z°N®=¹%°N®ª²N¯j¥)§"©z¨R°N³´©/�Ia v�Å

β12

λ1 λ2
λ1 λ2

β12β12

Y0

°
�	� � � � �!% �P+ L?N � ` � �$cKR:TRåHU	��èNâjê=ã$#�é�Tªè��:U'%C^?(�jB� u!å â &�ã[æ���é)� L?N � ` . � cKR:TRåHU
��èNâjê=ã$#mé�Tªè��:U
% ^?(�j,� utR/âèdUu���åHUmRd�
7 � � �i� �  �98�� + L:N � ` � � c	R:TRåHU � �` � � �c � � `)� L:N7�P` . � c	R:TRåHU � �` � � `�èdU8æ � �c � � c$�
�âjã+ã N��+$È°N©ÖN²+Ò ±W¥R°�³´® %C^?(�j�³¸¬p²u®)§YÀf¾)³¸¼G§"®)¬«³¸²u®R°N·;°N®)¾ ³�¯j¬!°N®)°N·¸¹�¬«³¸¬p³´¬J#�Áª³¸¯j§�§�°N¬�¹uÅ�¤�²ß§[¬�¯W°N¶ª·´³´¬¥
§[©Âu²�¾)³´±"³¸¯f¹ßÁ)®ª¾)§[©1°N¬«¬Á)¼G¨¿¯j³´²N® � ` � � c1É�§�Á)¬§½¯«¥)§mÆR²u¬�¯j§[©nÀ/0Ä¹=°�¨)Á)®)²+Ò�±[©³¸¯j§"©«³¸²u®  �¤¦¥)§[²N©«§[¼�Î�� "
Éz³¸¯«¥ ¯j§[¬�¯%º�Á)®)±"¯«³´²u®��^�&Rj � , & , Í &�\:
¦Å ¤¦¥)³¸¬%³´¼�¨)·´³¸§[¬G¯«¥R°�¯CZ$c�^_lIj � ZP`B^�lIj@¥R°N¬�°D·´³¸¼G³�¯µ³¸®
¾)³¸¬¯j©³´¶)Á¿¯j³´²N®Û°N¬ l � �PÅ]-l§"±�°N·¸·Þ¯j¥)°�¯ ZP`B^�lIj�³´¬�° �;²N³´¬«¬²u®)³´°N®Û¨)©«²�±[§"¬«¬�¥)§[®)±"§�¯«¥)§%·´³¸¼G³�¯ � �` �
l � ` ��� \� ZP`B^_lIjT� � `{§��ª³¸¬¯«¬  �³´®ß¨)©²u¶R°N¶)³¸·´³�¯f¹ "YÅ'Ô|¯¦º�²u·¸·´²+Éz¬Þº�©«²N¼ ¯j¥)³¸¬{¯j¥R°6¯ � �c � l � ` ��� \� Z$c�^�lIj ��� `YÅ

×�®)¾ª§[©�°N¬«¬Á)¼�¨ª¯j³¸²u®t�P` . � c�ÉÞ§»Âu§ ¯�¯j©«°N®)¬«³¸§[®)± ¹p¶=¹!±W¥)²�²u¬³´®)Â{¯«¥)§'º�Á)®)± ¯j³´²N®��^�& j ��\ � �P^������ a"**jYÍ
&C\ 
¦ÍRÉz¥)§"©«§½É�§ 	���¬«Á ��±[³¸§[®=¯j·�¹%¬«¼G°N·´·�� . �¿Í-°�®)¾È°�¨)¨)·¸¹�³¸®)Â�¤¦¥)§[²u©§[¼ Î�%ªÅ �¿²G°N®=¹ß¯j©j°��§[±"¯«²u©¹

%



²Nº % ^=(�jz¬«¨8§[®)¾ª¬`° 	R®)³�¯j§½¯«³´¼�§`³´® °N®=¹�¨)©«§�	��¿§[¾ ¾)²N¼µ°N³¸®}_ & /�� c�¥ª§[®)±"§ Z$c�^�lIj � ZP`B^_lIj � � �°N¬ l�� �  /°¿Å ¬"Å "YÅ Ô|¯�¼�§�°N®)¬�¯j¥R°�¯�°�º5¯j§"©È¬²u¼G§Ü¯j³´¼�§Ó¼G§"¬«¬j°�Âu§[¬ * � ��±[°N® ®)²N¯È¨)©«²�¾)Á)±"§
°Û©«²u·¸·´¶R°N±WÖÙ°N®=¹¿¼�²u©§NÍp¬² ZP`B^�lIj%°N®)¾ Z$c�^�lIjß¶8§[±[²N¼G§Ó°N¬�¹¿¼�¨ª¯«²N¯j³¸±�°N·¸·¸¹�³´®)¾)§"¨-§"®)¾)§"®d¯�°N®)¾ ¥)§[®)±"§
� �c � l � ` � � \� Z$c�^�lIj � �$c�Å

� �~�?;�9 � � �

�	� � � � �!% �P+*A ã$�¿âJu��:R��ªèdR ��ã-Uu½èNâjå 
Rã�u�u��Cç[ä´å)�
[ �;L:N �P` � \ � � ^X�$cBa3��� jtR:TRåHU � �` � � �c � � �� ���P`��
� �;L:N �$c . � ` . ���fR?TRåHU � �` � � �c � �P` N � �� � �+�$�
� �;L:N �$c � \ � � ^X�P` a3��� jtR:TRåHU � �` ��� ` N � �c � � �� � �$c9�
� �;L:N �P` . � c . ���fR?TRåHU � �` � � ` N � �c ��� c N � �� � �+�$�
Ô|¯j§"¼G¬Ë¿Í��%°N®ª¾ÓÏ%±[°N®�¶-§�©§[¾)Á)±"§[¾Ó³´®�¬«²N¼G§m¬§[®)¬§�¯«²ß¯j¥)§�©§[¬«Áª·¸¯j¬!²N®�¯«¥)§�±�°N¬§ � � �  C¬«§"§

�Þ²u©²u·´·´°N©¹%Ï "YÅ � §�¨ª©«²+Òu§m¯«¥)§[¼t³´®È¯«¥)§m±[Áª©«©«§"®=¯`¬«§[± ¯j³¸²u®ÄÅ-��©«²�²Nº»²Nº�³¸¯«§[¼ Î�³´¬�¾)³¸Õ-§[©§[®=¯`°N®)¾�Éz³¸·´·
¶8§ÂN³¸Òu§"®%³´®��¿§[± ¯�Å �¿Å

2 � � �43 �43 �	� �!� � �!% � < "_'d�!% ) :	� � @*+ �Ü§µ¬�¯W°N©�¯½º�©²u¼ ¯j¥ª§G³�¯j§[¼�Ë�* �$c . �P` . ���[Å3��³´®)±"§
¯j¥ª§ 	R©«¬�¯!¯fÉÞ²%¨)©²¿±"§[¬¬«²u©¬`°N©«§mÂN²KÒN§[©®)§[¾Ó¶=¹È¯j¥ª§
$È°N©ÖN²+Ò ±W¥R°N³¸®o9 C c I� ^_lIj1°N®)¾ ¾)²ß®ª²N¯!¾)§"¨-§"®)¾�²u®
¯j¥ª§�¬�¯W°�¯«§%²Nºp¨)©²¿±"§[¬¬«²u© � ÉÞ§�°N¨)¨ª·¸¹	�Þ²u©²u·´·´°N©¹ÜÏÓ°N®)¾Ú±[²u®ª±[·´Áª¾)§ß¯j¥R°�¯ 9<C c I� ^�lIjm³´¬�§"©«Âu²�¾)³´±%°�®)¾
� �` � � �c ��� `YÅ

0�§"¯lÁ)¬z±[²u¼�¨R°N©§p¯j¥)§!º�²u·¸·´²+Éz³´®ªÂ�¯fÉÞ²�±�°�¬«±�°�¾)§½¼�²�¾)§[·¸¬

9 C � I� ^_lIj [ *�
 �� �� � ��
 ��� �� � �

9<C � I� � c ^_lIj [ * 
 �� �� � � �� � �

 C¨)°N©j°N¼�§"¯«§[©¬ �P` ÍQ� c�°N®)¾D����°N©«§p¯«¥)§`¬j°N¼�§!º�²u©{¯j¥ª§!¶-²N¯«¥�¼�²�¾)§[·¸¬ 9 C � I� ^_lIjz°�®)¾�9 C � I� � c ^�lIj "YÅÔf®Ó¯«¥)§�¼G²�¾)§"· 9 C � I� � c ¯j¥)§�Âu©²uÁ)¨)¬`²Nº�¨)©«²�±[§"¬«¬²u©«¬ _�* a �scµ°N®)¾ _��5cG§"ÒN²u·¸ÒN§�³¸®)¾)§"¨-§"®)¾)§[®=¯«·¸¹uÅ�4'Ò=À
³´¾ª§[®=¯j·�¹uÍ'°�®Ø°N¬�¹¿¼�¨ª¯«²N¯j³¸±G¬¨-§"§[¾Ø²Nº{¨)©«²�±[§"¬«¬«²N©���³¸®Ó¯«¥)§µ¼�²¿¾ª§[·M9<C � I� � c §��ª³¸¬¯«¬m°N®)¾Ü³´¬§$#dÁR°N·»¯j² ����Å
Ý�¹ �Þ²u©«²u·¸·�°N©�¹ Ë'9}C � I� ^�lIjS`�� � 9}C � I� � c ^�lIjYÅ�Ñ�§"®)±[§�³´®�¯«¥)§�¼G²�¾)§"·@9<C � I� °N®Ó°N¬�¹¿¼�¨ª¯«²N¯j³¸±m¬«¨8§[§"¾Ü²Nº�¯j¥ª§

�



¨)©²¿±"§[¬«¬²u© ��³¸¬KUEã-RM&Nâjå«èdRfå â�¯j¥)°N®o�+��Å��¿³¸®)±[§t�+� � �P`�ÉÞ§±[²N®)±[·¸Á)¾)§!¯j¥R°6¯¦¯j¥)§"©«§§��¿³´¬�¯j¬z¬«²u¼�§p¯j³¸¼G§
¼�²u¼G§"®=¯�� � ¬«Áª±W¥Û¯«¥R°�¯º�²u© lY/�� � ³´®Ü¯«¥)§µ¼�²�¾)§[·O9<C � I� ¼�§[¬¬j°NÂu§"¬½º�©²u¼��%¯j² ��¯j¥R°6¯�©²u·´·»¶R°N±WÖ
¯j¥ª§�¨)©²¿±"§[¬¬«²u© ��Éz³¸·´·�¶-§%Òu§"©¹<�n©«°N©«§3�WÅ �¿²�¯j¥)§"¬«§�©j°N©§�©²u·´·¸¶R°N±WÖd¬�Éz³´·¸·{¶-§%®)²�¯G§"¬«¬§[®=¯j³´°N·¦º�²u©�°N®
°N¬�¹¿¼�¨ª¯«²N¯j³¸±�°N·Ä¬¨-§"§[¾�²Nº;¯«¥)§`¨)©«²�±[§"¬«¬²u© �ªÅ»Ôf®�²N¯«¥)§[©¦É�²u©«¾ª¬[Í8°N¬Gl � � ¯«¥)§Âu©«²uÁª¨)¬¦²Nº'¨ª©«²�±[§[¬¬«²u©¬
_�* a ��c�°N®)¾ _��5c�²Nº»¯j¥ª§m¼G²�¾)§"·@9<C � I� ¶8§[±"²u¼G§m°N¬¹�¼�¨ª¯j²N¯«³´±[°N·´·�¹%³´®)¾)§"¨-§"®)¾)§"®d¯[Í�¬«²ß¯j¥ª§m¨)©«²�±[§"¬«¬²u© �
Éz³´·¸·E¼�²+Òu§!Éz³¸¯«¥%¯«¥)§°�Òu§[©«°NÂu§¬«¨8§[§"¾o�+�+Å

Ô|¯j§"¼G¬ �Ó°N®)¾ÚÏÜ±[°N®�¶8§%±[²u®ª¬«³´¾ª§[©«§"¾�³¸®�° ¬³´¼�³´·�°�©½ÉÞ°+¹NÅL/l²N¯j§ß¯j¥ª§�³�¯j§"¼ � ±[²u®)¬³´¬�¯j¬�²Nº�¯fÉ�²
¬«Áª¶-±[°N¬«§"¬ * �P` . �+� . �$c�°N®)¾D��� . � ` . �$c[Å �Ü§`²u¼�³¸¯{¾ª§"¯W°�³´·´¬"Å

� ��� < D"£"¢Þ£Y� ¢Þ�½�@;Ä���4¡%¢��A£"�½� �?>��Z� �?<�¡%�ß�
	 >�¡%�%¢��A£"�½�

Ôf®%¯j¥)³¸¬¦¬«§[± ¯j³¸²u®�É�§`¨)©«²+ÒN§¯«¥)§`³¸¯j§"¼ Î`²Nº;¤¦¥)§[²N©«§[¼ ��ÅT-l§"±�°N·¸·E¯j¥R°6¯�²NÁ)©¦ÖN§ ¹�°N¬«¬Á)¼G¨¿¯j³´²N®�¥ª§[©«§`³¸¬

� ` � �$cfa � ` � ���fe  � "

$È°N³¸®Ø³´¾ª§�°�³´¬¯j² ¨)©²+Òu§@¯j¥)°�¯m¯j¥ª§ $È°N©ÖN²+ÒØ±W¥R°�³´®�% ^?(�j½³¸¬m§[©Âu²�¾)³´±�Å ¤;² ¾)²�¯j¥)³¸¬�ÉÞ§%°�¨)¨)·¸¹Ó¯j¥ª§
ÆR²u¬¯«§[©nÀ/0Ä¹=°N¨ªÁ)®)²+ÒÓ±[©«³�¯j§"©«³´²N®  �¬«§"§µ¤¦¥)§"²u©«§"¼ Î��%³¸® ��¨)¨-§"®)¾)³ � "YÅ��1¬³´®�¯j¥ª§G±[°N¬«§G²Nº.�Þ²u©²u·´·´°N©¹ÈÏ
§[©Âu²�¾)³´±"³¸¯f¹G²Nº % ^=(�jÞ³¸¼G¨ª·´³´§"¬�¯«¥R°�¯ � �y ���P`YÍ�v ��* a �!a �@Å

� FIH � O Q M7q����0VTM��NO V��NQ���0S����0K q
�Þ²u®)¬³´¾)§"©@¯j¥)§�§"¼m¶-§"¾)¾)§"¾ $È°�©«ÖN²+Ò ±W¥)°N³´®.% ^?(�jYÅ � ¬¯«²¿±W¥R°�¬¯j³¸±�¾ª¹�®R°N¼�³´±[¬ß¨ª©«²�¾)Á)±[§"¾ ¶d¹�¯j¥)³¸¬
$È°N©ÖN²+Ò@±W¥)°N³´®@±"²u®)¬³´¬¯«¬{²NºA¯fÉ�²�±[²u¼�¨-²N®)§[®=¯j¬ *'¯j©«°N®)¬«³�¯j³¸²u®)¬�Âu§[®)§"©j°�¯«§[¾ß¶=¹µ¯«¥)§1º�©§[§p¾ª¹�®R°�¼G³¸±[¬{°�®)¾
¯j©«°N®)¬³¸¯j³¸²u®)¬!Âu§"®)§[©«°�¯j§"¾ ¶=¹�©«²N·´·�À|¶R°N±WÖd¬[Å�ÆR²u©`§�°�±W¥Ü¯j©«°N®)¬³¸¯j³¸²u®�¨)©«²N¶R°N¶)³¸·´³¸¯f¹ ��� 
 Í�� {���»ÍAÉ�§µ¥)°+ÒN§
¯j¥ª§`º�²N·´·´²+Éz³¸®)Âm©«§"¨)©«§"¬«§"®d¯j°�¯j³¸²u® *

��� 
 � 6
� 
 > E

� 

a  � "

Éz¥)§"©«§ 6
� 


/��µ±[²u©©«§"¬«¨8²u®)¾)¬p¯«²%°G¯j©«°N®)¬«³�¯j³¸²u®��1� �ÚÉz¥)³¸±W¥ ²¿±"±[Á)©¬p¾)Á)§m¯«²µ¯j¥ª§�º�©«§"§m¾ª¹�®R°N¼�³´±"¬
°N®)¾ E

� 

±"²u©«©§[¬«¨8²u®)¾ª¬z¯«²µ°�©²u·´·hÀf¶R°N±WÖ�¯j©«°N®)¬³¸¯j³¸²u®�� � ��Å

¤4°�Ö�³¸®)Âm³¸®d¯«²m°N±"±[²uÁª®d¯�¯j¥)§1©«§[¼G°N©Ö�°�¯Þ¯«¥)§1§"®)¾ß²Nº��¿Áª¶)¬«§"±"¯j³¸²u®%Ë¿ÅÌË¿ÍdÉz³¸¯«¥)²uÁª¯Þ·´²u¬¬�²NºAÂN§[®)§"©j°N·¸³¸¯f¹
É�§�°N¬«¬Á)¼G§�¯j¥R°�¯G¯j¥)§�¯j³´¼�§�³´¬µ©§[¬±�°N·¸§[¾ ³´®�¬«Á)±W¥ ÉÞ°+¹�¯j¥R°6¯ � � *uÅL¤¦¥ª³´¬@¬·´³´ÂN¥d¯«·¸¹Û¬³´¼�¨)·´³ 	R§[¬
®)²N¯j°�¯j³¸²u®Üº�²N©½¯j©«°N®)¬³¸¯j³¸²u® ¨ª©«²u¶R°�¶)³´·¸³¸¯j³¸§[¬"ÅÈÆR²u©½§��ª°N¼�¨)·´§�Í4º�©«§"§@¾ª¹�®R°N¼�³´±"¬½¯j©«°N®)¬³¸¯j³¸²u®)¬  CÏ " .  � "½°N©§
§$#dÁR°�·)¯j²S�$c[Ís����°N®)¾'� `4±"²u©«©§[¬¨-²u®ª¾)³´®)ÂN·¸¹uÅ��p®�¯«¥)§z®)§���¯�	RÂNÁ)©«§¦É�§l¬¥)²+É °N·¸·ª®)²N®¿ÀfÇ"§[©«²!¯«©j°N®)¬³¸¯«³´²u®)¬
� � �»Í(^�� {��� jYÅ'Ô|¯�³´¬»¯j©«Áª§NÍ�²Nº�±[²NÁ)©«¬§NÍ¿¯«¥R°�¯ ��� � ��* � 0 
"!! � ��� 
 Íd¶)Á¿¯{³¸¯�³¸¬�Á)¬§[·¸§[¬«¬�¯j²½¨)Áª¯�¯j¥)³¸¬

Î�



³´®¿º�²u©«¼G°�¯j³¸²u®�²N®�¯«¥)§z¨)³´± ¯jÁ)©§NÅ�Ý�§[·´²+ÉÚÉÞ§zÂu³�Òu§¦§��ª¨ª·´³´±"³¸¯'º�²N©«¼à²�ºE©²u·´·¸¶R°N±WÖ`¯j©j°�®)¬«³�¯j³´²N®�¨)©«²u¶)°N¶)³´·¸³¸¯«³´§[¬ *

* � �	[ E ��� ��� ` c º�²u© � � &,c
� � �P[ E ��� ��� c�� º�²u© &,c � & �

* � � � �P[ E ��� � � � ` c^ * �  c=j � �  cda �H� � & �
� ` c^ * �� c=j � � a �H�k�,& � º�²u© � � &�� `�&,c

* � � � �P[ E ��� � � � ` c ^ * �� c=j � �  cda �H�7`�&,c
� ` c^ * �  c=j � �

� ` a �H�G�.&�� º�²u© � � & c � &��
Éz¥)§"©«§ & � ^�&,cfa�& � j Í�� � ^��fcda��H� jYÅ

λ1

λ2

y3

y2

2→ 3

2→ 3

1→ 2

1→ 2→ 3

1→ 2→ 3
λ3

� F E p VTM ��V��1O V
	�S0K��TK�S H
�p®�¯«¥)§`¨)·�°�³´®� &,c�& �l·¸§"¯zÁ)¬z±"²u®)¬«³¸¾)§[©l°N®%§"·´·´³¸¨)¬«§

� ^�& cfa�&�� j ��� & cc >  ^�& c � & � j c ��*,a � . ��a  . ��a

ÎuÎ



°N®)¾ ¾ª©j°�É ° ¯j°N®)Âu§"®=¯ß·´³¸®)§�¯«²D³¸¯µÉz³�¯j¥ ®)²N©«¼G°N·lÒN§[± ¯j²u© ^ ��� a"**jYÅp4�Ò�³¸¾)§[®=¯j·�¹uÍz¯j¥)§"©«§ §��ª³¸¬¯@¯fÉ�²
¯W°�®)Âu§[®=¯�·´³¸®)§[¬mÉz³�¯j¥D¯j¥ª§�¬«°N¼�§�®ª²u©«¼G°N·�ÒN§[± ¯j²u© ^ ��� a"**j ÅÛÔ|º � . � ³´¬�¬Á ��±[³¸§[®=¯j·�¹Û·�°N©Âu§µ¯j¥ª§[®
²u®)§½²Nº'¯«¥)³´¬z¯W°N®ªÂu§[®=¯p·¸³´®)§!¯«²uÁ)±W¥)¬l¯j¥)§½§[·´·¸³´¨)¬§°�¯1¬²u¼�§�¨8²u³´®=¯ ���1²Nº'¯j¥ª§�¾)²u¼G°N³¸® & c � �ªÍ & � � �ªÅ
¤;°NÖN§½°�¬§[Âu¼�§[®=¯�²u®%¯j¥)³¸¬¦·´³´®ª§pº�©«²u¼ ¯«¥)§`¨-²N³´®=¯ ���z¯j²G°�¨8²u³¸®d¯�� �6��^=� a�Z�� j{²Nº;³´®=¯j§"©«¬§[±"¯«³´²u®%Éz³¸¯«¥
±[²�²u©¾)³´®R°6¯j§{°��ª³¸¬  &��[Å /�²+ÉÚ·´§ ¯'Á)¬�¾)©«°�ÉÚ¯j°N®)Âu§"®=¯�·´³¸®)§[¬�¯j²1¯«¥)§{§[·¸·´³¸¨)¬«§�±[²u©©«§"¬«¨8²u®)¾)³¸®)Â1¯j²`°�®)²u©«¼G°N·
Òu§"±"¯«²u© ^ * a ��� j Å�Ô|º � . ��³´¬¦¬Á ��±[³´§"®=¯j·¸¹%·´°N©«ÂN§NÍª¯«¥)§[®�²u®)§`²Nº�¯j¥)§"¬«§�·¸³´®)§"¬{¯j²uÁª±W¥)§[¬z¯j¥)§§[·¸·´³¸¨)¬«§!°6¯
¬«²N¼G§�¨8²u³´®=¯��(c²Nº�¯«¥)§�¾)²u¼G°N³¸® &�� � �ªÅ 0�§"¯`Áª¬`¯j°NÖN§�¯«¥)³´¬p¯j°N®)Âu§"®d¯`·¸³´®)§m°N®)¾ 	���°ß¬«§"Âu¼�§[®=¯²u®
³¸¯¦º�©²u¼ ¯«¥)§`¨-²N³´®=¯ � cz¯j²�°�¨8²u³´®=¯���ck��^?ZicBa�� j�²Nº4³´®=¯j§"©«¬§[±"¯«³´²u®ßÉz³�¯j¥%±[²�²u©«¾ª³´®R°�¯«§`°)�¿³´¬  &,c[Å»Ô|¯z³¸¬
§"Ò�³¸¾)§[®=¯z¯j¥R°6¯�����c�� ��	i� n c��
 _�^�& cfa�&�� j [ & c 5 Z$c > &�� 5 Z��k��*dc=Å

0�§"¯%Á)¬ß±"²u®)¬«³¸¾)§[©ß®ª²KÉ °Ø±[·¸²u¬«§"¾ ±[²u®=¯j²NÁ)©�¦Í1±[²N®)¬«³¸¬¯j³¸®)ÂØ²Nº¬Á)¶)¬«§ #dÁ)§[®=¯j·�¹ �²u³´®)§"¾Ù¬«§"Âu¼�§[®=¯
� ����c+Í4¬§[Âu¼�§[®=¯���c �(c�Í'°�©«± � c �|��²NºÞ¯j¥)§�§[·¸·´³´¨ª¬«§�°N®)¾Ü¬«§[ÂN¼G§"®d¯ �|��� �+Å@¤¦¥)³¸¬�±"²uÁ)®=¯j²uÁª©½¥R°�¬½¯j¥ª§
º�²u·¸·´²+Éz³´®)Â�¨ª©«²u¨8§[©�¯f¹ *{°N®=¹%©j°�¹%²Nº'¯«¥)§º�²N©«¼ _ � � a � . �5cdÍRÉz¥)§[©§ � \ n c Í � {���ªÍ3¥R°N¬�§��ª°N±"¯«·¸¹%²u®ª§
±[²N¼G¼�²u®ß¨8²u³´®=¯¦Éz³¸¯«¥ß¯j¥)§`±[²N®d¯«²uÁ)©��¦Å

y3

y2K2

K3

T3

T2

�

�����������
�
���

��� �!��"

0

#1§[®ª²N¯j§¶=¹ ( ^�& j{°mÒu§"±"¯j²N©�²Nº;Á)®)³�¯z·´§"®)ÂN¯j¥ßÉz¥)³¸±W¥�³¸¬z°N®�²uÁª¯j§"©z®)²u©«¼G°N·8Òu§[± ¯j²u©z¯j²�¯j¥ª§±"²u®=¯j²uÁª©
�L°�¯`¯«¥)§�¨-²u³¸®=¯ &&\$�¦Å�¤¦¥)§�Òu§"±"¯j²N©º�Á)®ª±"¯j³¸²u® ( ^�&Rjp³´¬pÉ�§[·¸·�¾)§ 	)®)§[¾ °�¯½°N·´·;¨-²u³¸®=¯j¬`²Nº!�P§��¿±[§"¨ª¯
��c�°N®)¾%� ��°N®)¾ÄÍR¼�²u©§[²+Òu§"©[ÍR¯j¥)³¸¬{º�Á)®)± ¯j³´²N®�³¸¬¦±[²u®=¯j³¸®dÁ)²uÁ)¬l²u®&��§��¿±[§"¨ª¯1¯«¥)§`¨-²N³´®=¯j¬���c�°N®)¾&� �+Å
� ¶-§"¥R°�Ò�³´²uÁ)©¦²�º;¯«¥)§!º�Á)®)±"¯«³´²u® (^�& jÞ²u®ß¯j¥)§°N©± �(c �|��³¸¬z²Nº4¼G°N³¸®@³´®=¯j§"©«§"¬¯�*

ÎKË



( ^�& j � � � ^�& j� � � ^�& j �
a � � ^�& j � �R^ � & c >  ^�& c � & � j=a �  ^�& c � & � j j=a &�\�� c �|��� �@e

Ô|¯l³´¬¦§[°N¬¹@¯«²�¬«§[§`¯j¥)°�¯ ( ^�&Rj ��(^ �(c=j�º�²u© & \]^ ��c �(c�	/Ím( ^�& j ��(^ �|�=j�º�²u© & \ � �|��� � j¦°N®)¾

( ^�&Rj ��� Z � `c a�Z � `��� &�\]^ � ����c j e
ÆR²u©¦¯j¥)§¬«§ #�Áª§[·�³¸¯z³´¬z³¸¼G¨8²u©¯j°N®=¯{¯j²�¨8²u³´®=¯l²uÁª¯z¯j¥ª§º�²u·¸·´²+Éz³´®ªÂm¨-²N³´®=¯j¬z²Nº;¯j¥)§½°N©«± �(c ����* & C � I �

^ � �� `	� c a � �� `	� c j{°N®ª¾ & C c I Í � & C c I � � � c �|� 
 - &QC c I� ��
 � GG &QC c Ic 2 Å»Ô|¯z³¸¬¦§�°N¬�¹ß¯j²�±W¥)§[±WÖß¯«¥R°�¯

( ^�& C c I j �  & �Ba ( ^�& C � I j �  & c�e
4'Ò�³´¾)§"®d¯«·¸¹NÍ)¯j¥)§`¶8²N¯j¥%¨8²u³´®=¯j¬¦¶8§[·¸²u®)Â�¯j²�¯«¥)§`¾)²u¼G°N³´®o_ & c � � a &�� � �5cdÅ
� ��%&%  � +��TRåON?�5UEéHR���ã-U (^�& j;Tªè-u�R:TRåON�ã6ä5ä´ã$���:U'& 
8âjã 
Rå â3R ��å�u)(

��� (^�& j=a�&�� {� �	& & \ ���5_ ��cfa�� �$c
� L:N � . �K� u'u���� é���åHUmR/ä!��ä�èNâ &�å'R:TRåHU R:TRå âjå�å�C�� uHR`éWã-UmR �:U+�Rã$��u7N?�sUEéHR ��ã-Uu � c*^�& j@èdU8æ ���*^�&Rj
u��Ré�T R:TªèdR
�=c�^ � c j � ����^ ��� j ��* a � c�^ �|� jT� �?��^ �(c jT����a � c�^�& j . � a&�?�*^�& j . � & \]^ �(cfa �|�=j

(^�& j � �=cd^�& j ( ^ � c j > �?�*^�& j (^ �|� j=a & \]^ �(cfa �|�=j=e
��� (^�& j=a*^=� a � **j�� � ��� N & c � � N &�� . & c N èdU8æ � (^�& j=a*^ � * a�� j�� � � � N!&,c . � N & � � �+�

� F	� � K�� M
�� 0VTM:V�	 	��1MJr � 0VTM��
ÆR²u©z°N®=¹ß¨8²u³´®=¯ ^�&,cfa�& � jG\on c �5_-�5c�¾ª§ 	R®)§��G^�&,cfa
&�� j . ��¬Á)±W¥�¯«¥R°�¯

^�&,cfa
&�� j
�G^�& cfa�& � j \ �@e

ÆR²u© ^�&,cfa�& � j �1�ÈÉ�§%¨)Áª¯��G^=� a�� jX�1�¿ÅÜ¤¦¥)§@º�Áª®)±"¯«³´²u® �G^�&,cfa
&�� j½³¸¬�É�§[·´·hÀf¾)§�	R®)§"¾�°�®)¾Û¥R°N¬m¯j¥ª§
º�²u·¸·´²+Éz³´®)Â�¨)©«²u¨8§[©�¯j³¸§[¬ *

Î��



� � [ n c � n �  C¨8²u¬³¸¯j³�Ò�³¸¯f¹�"

� �G^zE & cBaRE*&�� j �=E �k^�&,cga�&�� j Í+E . �¿Í� C¥)²N¼G²uÂN§[®)§"³¸¯f¹�"

� � � _ & [ �G^�& j � *dcdÅ
¤�² °N®=¹ ¨8²u³¸®d¯ &&� ^�&,cfa
&�� j!ÉÞ§@¨ªÁª¯m³¸® ±[²N©«©«§"¬«¨8²u®)¾R°�®)±[§%°�¨-²u³¸®=¯ & � [ � �

� C � I \ �¦Å�¤¦¥)§"©«§ º�²u©«§�Í
�G^�& � j ��*uÅ

�������
	�����������

�������
����������
�

�� �!�"
#�!�$�%�&('

)�*,+.-/*102*,+43

0

y3

y2

� ��%&%  65 +

� �\&Nâè=æ���åHUmR � �G^�&Rj@å�C�� uHR?ußèdR!èNä5ä 
Rã$�:UmR?u%å�C¿éWå 
 R7R?TªèdR & N�ã6â]� T'��é�T & � � ��c�ã6â�� ��èdU8æ N�µã6âjåWã$#Nå â N R:TRåB&Nâè=æ���åHUmRb� uméWã-UuHR�èdUmR¦ã-U�âè�� u�ã N�R:TRåMN�ã6â� _ � � a&� . �5c N � \on c (
� �G^�&Rj�

(^�& � j
� & � a�( ^�& � j�� e

� � åHR & � ^�&,cfa�& � j�ç åJu��3é�T8R:TªèdR & � \�� c ���$� ��TRåHU
, �k^���j � � � �G^�& � j=a�� � , `

�87-(�6Bl
�k^�& j � � � & � c e  % "

L3U ã-R:TRå â*�Þã6â«æ-u N �:U�è	UEå��w&-Tªç ã$�¿â�TRã+ã[æ�ã N R:TRå-
Rã$�:UmR &YR:TRå@N?�5UEéHR���ã-U��2é«èdUÈç å1è�
 
8âjã�C�� ��èdRfå«æ
ç)� R?TRåä!�:UEå«èNâ N?�sUEéHR���ã-U � � �k^�& � j=a 
 �)�

Î�Ï



Ôf®�¨)°N©¯«³´±[Áª·�°N©"Í �G^�&Rj � � � �G^�& � j=a�&�� Å
��©«²�²Nº4²�º�0�§[¼�¼G°
��³¸¬z°�¬�¯j©«°N³´Âu¥=¯º�²u©ÉÞ°N©«¾%±"²u¼G¨ªÁª¯W°�¯«³´²u®EÅ

� F�� � V6W
 �Jr Q ��0V M V�	 ���NK �1O 0MJr �� S0K V
	 S V/r(QTSXS 0M1K�QTO ����
ÆR²u©m°�®d¹Ü¬¯j°�¯j§ � ¾)§�	R®)§%°È¬§"¯ �

�
� _ ��[ ��� 
 . �5cdÅ -z§[±�°�·´·�¾)§[±"²u¼G¨8²u¬³¸¯j³¸²u®  � "½°�®)¾D¾)§ 	)®)§

�
�
� _ � [ 6

� 
 . �5c�°N®)¾	�
�
� _ ��["E

� 
 . �5cdÅ�Ô|¯�³¸¬�§"Ò�³¸¾)§[®=¯�¯j¥)°�¯ �
�
�
�

���
�
�
Å ¤¦¥)§

¼�²u¬¯�¬«³¸¼G¨)·¸§!±�°N¬§�³¸¬�
���

�
�
����Å¦¤¦¥)§�±[°N¬«§��

���
�
� {��� ±�°�®È¶8§�©«§"¾)Á)±"§[¾È¯«²G¯j¥ª§�¨)©§"Ò�³´²uÁª¬

²u®)§�¶=¹�°%¾)³´·´°�¯W°6¯j³´²N®È²Nº�¯j¥)§�¬�¯W°�¯«§�¬¨R°N±"§NÅ�¤¦¥�Áª¬É�§�°N¬«¬Á)¼G§�¯«¥R°�¯��
���

�
�
��� °�®)¾Ü±"²u®)¬³´¾)§"©

§"ÒN§[®=¯j¬;_*% ^=( > **jG\��
�
c!°N®)¾D_*% ^=( > *dj6\��

�
c=Å'�p®G¯«¥)§1¬§"¯J_�� \���[ % ^=( a��kj � �wc1ÉÞ§p¥)°+ÒN§

����� C � � ` I! �"�#%$ ^!�kj > ���&� C � � ` I! �'(#�$ ^)�kj+* *NÅ»Ñ�§[®ª±[§NÍ

, ^ �^�% ^?( > **jbj , %�^?(�jT� �j � �^�� j � , � ^��^ % ^=( > **jbj � �^�&RjIj(����� C � � ` I! �"�#%$ , %�^=(Pj � � � >
> , � ^��^ % ^=( > *djbj � �^�&RjIj(� ��� C � � ` I! �'-#%$ , % ^=(Pj � � �

Ô|¯Þº�²u·¸·´²+Éz¬�º�©«²u¼ ¾ª§ 	R®)³�¯j³¸²u®G²�º�$È°N©ÖN²+Ò�±W¥R°N³´® % ^=(Pj  �¬«§"§ �¿Á)¶)¬§[± ¯�Å ��Å¸Î�"4¯«¥R°�¯{¾ª³�°N¼�§"¯«§[©«¬/.
�
[ �

.�� ��B0�
�
°N©«§`Á)®)³�º�²u©«¼�·¸¹�¶8²uÁ)®)¾ª§[¾�³´® ��*1.X��\�^ 2

�
.
� � > �PÅ #1§ 	)®)§�°mÒN§[±"¯«²u©

2 " ^ �j � , � ^ % ^=( > **j � �j������ C � � ` I! 3"�#%$ , %�^=(PjT� � � � �

  3"�#

^?� � � j ��� 
 e

¤¦¥)³¸¬;³¸¬;°�®m°N®R°�·´²uÂuÁª§�²Nº3°z®)²N¯j³¸²u®²Nº)¼�§�°N® �Á)¼�¨� �¬«§"§, �Î+Ë "Ä³´®-�1¨)¨8§[®)¾ª³ � " Å;Ôf®½¯j¥ª§�®)§���¯'¬«Áª¶)¬«§"±"¯j³¸²u®
É�§p¬«¥R°�·´·3®)§[§"¾µ¯j¥ª§�º�²u·¸·´²+Éz³´®)Â`¼�²¿¾ª³ 	R±[°�¯j³¸²u®�²NºÄ¯j¥ª§1¨)©³´®)±"³´¨)·¸§l²�º�·´²�±�°N·R·¸³´®)§[°N©«³�¯f¹mº�©«²N¼ Ê�Î[Ð( �¬«§[§p°N·´¬²
�¿Á)¶ª¬«§[± ¯�Å ��ÅÌË�³´® �1¨ª¨-§"®)¾)³ � "YÅ

� ��%&%  54 + �;u�u����µå�R:TªèdR R:TRåMN�ã6ä5ä´ã$���:U'&%éWã-U8æ��:R���ã-UYTRã6ä�æ-u
���76� 8:9 4;�  3<>= �@?A;� � � ?&B(C #

, �^ED� j � � ^ED�j , �GF a

� TRå âjå � ��6V� utR�è6ê=åHUÜã$#Nå âèNä5ä�ä!�:UEå«èNâ N?�sUEéHR ��ã-Uu ����S�åKuHR�èdRfåtR?TªèdRQNYâjã �\�:UEåIH)�)èNä!�:R��
�X^�� > 2 " ^�� jbj � �^ �j � �J F a

�:RQN�ã6ä5ä´ã$� u�R?TªèdRwR:TRåON�ã6ä5ä´ã$���:U'& �:UEåIH)�ªèNä!�:R �
, � ^ �^�% ^?( > **jbj � �^�� j j(� �&� C � � ` I! �" # $ , % ^?(�j � � � � � F

Î��



TRã6ä�æ-u)�
��©«²�²Nº4²�º4¯j¥ª³´¬¦¬¯j°�¯j§"¼G§"®=¯1©§[¨8§�°�¯«¬z¯«¥)§`¨)©«²�²Nº;²Nº'¨ª©«³´®ª±[³´¨ª·´§p²Nº;·´²�±�°�·Ä·´³¸®)§�°N©³¸¯f¹G¨)©«§"¬«§"®d¯«§[¾�³¸®ÓÊ�Î[Ð

°N®)¾EÍ)¯j¥dÁ)¬[ÍR³¸¬¦²u¼�³¸¯«¯«§[¾ÄÅ

� F�� �oO V6V
	 V
	��1VOq ��KPO r(V M1W ���0V M

¤¦¥)§!Ò�°N·´³¸¾)³¸¯f¹G²Nº�¯j¥)§ÆR²u¬�¯j§[©¦±"²u®)¾)³�¯j³¸²u®@Éz³´·¸·-º�²u·¸·´²+É º�©«²u¼ ¬«§"ÒN§[©«°N·4°�Á1�¿³´·�°�©¹G·´§[¼�¼G°N¬Þ¾)§[°N·´³¸®)ÂmÉz³¸¯«¥
¯j¥ª§`º�²N·´·´²+Éz³¸®)Âm¾)³�ÕE§"©«§[®=¯z¾)²N¼µ°N³¸®)¬¦²Nº�¯j¥)§`¬�¯W°�¯«§¬¨R°N±"§ *

� � [ � _ &X� ^�&,cBa�&�� j [w\ � � ^�&,cBa�&�� j � �5c a
� ` [ � _ &X� ^�&,cBa�&�� j [ &,c . ��a�&�� . �scka
� ` � c [ � _ &,c . ��a &��k���5c a
� ` � � [ � _ &,cm� ��a &�� . �5c e

� ��%&%  �� +	� ã-Uu��Cæ�å â½æ�ã ��è��:U
� � � _ &X��^�&,cfa�& � j [w\ ���P^�&,cfa�& � j � �5c ����TRå âjå�å�C�� uHR:u ��� . � Nu��Ré�T8R?TªèdR6� N��G^�&Rj . ��� N R?TRåHUè��
, � ^ �k^ % ^?( > **jIj � �G^�&RjIj������ C � � ` I) �'� $ , % ^=(PjT�.& � `��6a

ç`� R:TRå âWå�å�C�� uHR:u F . �8u��Ré�T8R?TªèdR
� ^$& > 2 " ^�& jbj � �k^�& j � �J F e

�âjã+ã N��lÔ|¯l³´¬¦§ Ò¿³¸¾)§[®=¯z¯j¥)°�¯z¯j¥)§!Òu§"±"¯«²u©

2 " ^�& j��^X�$c � � ` a3�+� � � `Ij
³´¬�±[²u®ª¬¯W°�®d¯
 C¾)²�§[¬�®)²N¯p¾ª§[¨8§[®)¾ ²u® & "YÅ �¿³¸®)±[§½¯j¥)§Òu§[± ¯j²u©J( ^ �(c=jl³¸¬1±"²�Àf¾)³¸©«§"±"¯j§"¾ÈÉz³¸¯«¥�¯«¥)§�Òu§"±"¯«²u©
^ *,a ��� jm°N®ª¾Û¯«¥)§@Òu§"±"¯«²u© ( ^ �|�=j�³´¬�±[²�À|¾)³´©§[±"¯«§[¾DÉz³¸¯«¥Ø¯j¥)§ßÒN§[±"¯«²u©�^ ��� a"**jm°N®)¾D¯«¥)§ß±[²u®ª¾)³¸¯«³´²u®)¬
� c . � `YÍQ�+� . �P`Þ¥)²u·¸¾ÄÍªÉ�§`±�°N® 	R®)¾�°�·�°N©Âu§ � ` . ��¬Á)±W¥�¯«¥R°�¯

� 2 " ^�&Rj a�( ^ � c j�� � � a � 2 " ^�& j=a�(^ �|� j�� � �.a & � . � ` e

Æ4³ �@¯j¥ª³´¬ � ` Å»Ñ�§"®)±[§�Í8¶=¹ 0�§"¼G¼G°
��¯«¥)§[©§`§��¿³´¬�¯j¬ F . ��¬Á)±W¥�¯«¥R°�¯

� 2 " ^�&Rj a�( ^�&Rj � � ��� F ³�º \ ���P^�&,cfa
&�� j � ��e
Î��



��Áª¯ � �,& > 2 " ^�&RjÞ°�®)¾�±"²u®)¬³´¾)§"©

�G^�� j � �G^�&Rj � �k^���j � � � �G^�& � j=a�&��
� �k^���j � � � �G^�& � j=a�� � > � � �G^�& � j a�� � &��
� �k^���j � � � �G^�& � j=a�� � > � � �G^�& � j aA2 " ^�&Rj � e

Ý�¹  % "�º�²u©z°N®=¹ßÂN³¸Òu§"® F . �mÉÞ§±�°�®�±W¥)²�²u¬§ � � . ��¬«Áª±W¥�¯j¥)°�¯

, �G^�& > 2 " ^�&RjIj � � � �G^�& � j aA2 " ^�&Rj � , `
�87-(�6fl
�k^�& j . c ` F ³¸º �G^�&Rj / � � e

/�²+É ¯j¥)§`³¸¯«§[¼ ¶ "{²Nº;¯«¥)§`·´§"¼G¼G°�§�°�¬«³´·�¹µº�²u·¸·´²+Éz¬[Å
0�§"¯�Á)¬�¨)©«²+Òu§G¯j¥)§@³�¯j§"¼ ° "²Nº¦¯«¥)§@·´§"¼G¼G°ªÅ�/�²N¯«§G¯«¥R°�¯m³¸® ¯j¥ª§@¾)²u¼G°N³´® &�� . &,cBa &,c � ��°

©«²N·´·´¶)°N±WÖ!¾)§[±"©«§[°N¬«§"¬�±[²�²u©«¾)³¸®R°�¯«§ & ��*G^�&,cfa
&�� j�� ^�&�lc a�&sl� j � ^�& cfa�&,c j Å'ÆR©²u¼ Âu§[²N¼G§ ¯j©«³¸±�°N·d¨)©²u¨8§[©¯«³´§"¬
²Nº4·´§"ÒN§[·�¬§"¯j¬l²Nº;º�Á)®)±"¯«³´²u® �Û°N®)¾�³¸¯«§[¼ ��²Nº(0A§"¼G¼G°
��³�¯¦º�²u·´·¸²+Éz¬Þ¯j¥R°6¯1°�®d¹ß¯«©j°N®ª¬«³¸¯«³´²u®ßÂN§[®)§"©j°�¯«§[¾
¶=¹�°©²u·´·¸¶R°N±WÖ½¾)§[±"©«§�°�¬«§[¬{°!Ò�°N·¸Á)§z²NºE¯«¥)§¦º�Á)®)± ¯j³´²N® ��* �G^ ^�& cfa�& � j j � �G^ ^�&slc a�&sl� j jYÅ'Ôf®�¯j¥)§l¾)²u¼G°N³´®
&�� � � a &,c . �µ°G©«²N·´·´¶)°N±WÖß¥R°N¬1¯«¥)§½º�²N·´·´²+Éz³¸®)Â�º�²N©«¼ * ^�& cfa�&�� j � ^�&slc a
&sl� j6� ^X� a�& � jYÅpÆR²u©l¬«³´¼�³´·´°N©
©«§[°N¬«²N®)¬!ÉÞ§G°NÂ=°N³¸® ¥R°�Òu§��G^ ^�&,cfa�& � j j � �G^ ^�& lc a
& l� j jYÅmÔf®Ó¯«¥)§�¾)²u¼G°N³´® & �P` & c � �@¯j¥ª§[©«§�³¸¬!®)²
©«²N·´·´¶)°N±WÖ3Å /�²+ÉP¯«¥)§`³¸¯«§[¼ ° "Þ§[°N¬«³¸·¸¹Gº�²u·´·¸²KÉz¬"Å
� ��%&%  
���+ � ã-Uu��Cæ�å â`æ�ã ��è��:U4( � `T��_ & ��^�& cfa�& � j [ &,c . � a�& � . �5c �

[ � ��TRåméWã-U8æ��:R���ã-U8èNä;å�C 
RåWéHR�èdR ��ã-U
, � ^	�G^ % ^=( > *djbj � �G^�&RjIj������ C � � ` I! �"  $ , %�^=(PjT�.& � ��� � Z � `c a�Z � `� � aA2 " ^�&Rj��

æ�ã+å�u�UEã-RÞæ�å 
RåHU8æ%ã-U &��
� � ��TRå âjåmå�C�� uHR¦éWã-UuHR|èdUmR:u �1` � a��$` � . ��u��3é�T8R:TªèdR

, � ^ �G^�% ^=( > **jbj � �G^�& jbj�� ��� C � � ` I! �'  $ , % ^=(�jT�+& � ` � � ` � �G^�&Rj � N �k^�& j . �1` �  � "

�âjã+ã N��l¤¦¥)§»¬«§"±[²u®ª¾½¬�¯W°�¯«§[¼�§[®=¯�º�²u·´·¸²+Éz¬-º�©«²N¼ ¯j¥ª§'ºC°N±"¯�¯«¥R°�¯�³¸®p¯j¥)³¸¬Ä¾)²u¼G°N³´® �G^�& j � � � Z � `c a�Z � `� � a
& � a
°N®)¾%¯j¥ª§`ÒN§[± ¯j²u© 2 " ^�&RjÞ¾ª²¿§"¬l®ª²N¯z¾)§[¨8§[®ª¾È²u®�&8Å

0�§"¯;Á)¬;¨ª©«²+Òu§  � "YÅ4Æ4³ �`¬«²N¼G§�·´§ Òu§[·d¬§"¯w_ &,c 5 Z$c > & � 5 Z��m� �Pc 
7_ &,c . � a
&�� . �5c{°N®)¾�±"²u®)¬³´¾)§"©
°N®�°N± ¯j³´²N®�²�º4©²u·´·¸¶R°N±WÖd¬[Å��Ü§`¥R°�Òu§`¯j¥)©§[§`¾)³¸Õ-§[©§[®=¯l¬«³�¯jÁR°�¯«³´²u®ª¬[Å

° " 0A§ ¯ &ß¶8§¬«Á)±W¥�¯«¥R°�¯ &,c%/,&�� . �ªÅ¦Ô|¯lº�²u·¸·´²+Éz¬{¯j¥R°6¯ & c%/ �`
� � >

`
� �
e � ³¸¯j¥�¨)©²u¶R°N¶)³¸·´³�¯f¹ � ` c

É�§�¥R°�Òu§�°@©«²N·´·´¶)°N±WÖ%²Nº�¯j¥)§mº�²N·´·´²+Éz³¸®)Â�º�²N©«¼ ^�&,cBa�&�� j � ^X� a�& l� jlÉz¥ª§[©«§ � ` & l� `(& ��ÅÑ�§"®)±[§�¯j¥ª§

Î��



º�Á)®)± ¯j³¸²u® �G^�& j�Éz³´·¸·Ä¾)§"±[©«§[°N¬«§½°�¯z·¸§�°N¬�¯z²u®�¯«¥)§!Ò�°N·´Á)§
�`

� � >
`
� �

[ Z$cC� �
* > Z$c 5 Z�� a

°N®)¾�¯j¥ª§�±"²u®)¾)³�¯j³´²N®R°N·)¼�§�°N® , � ^ �G^�% ^?( > **jbj � �G^�& jbj�� ��� C � � ` I) �'  $ , % ^=(�j �.& � Éz³´·´·ª®)²N¯�§��¿±[§"§[¾
¯j¥ª§`Ò�°N·¸Á)§ � � ` c ^ * > Zic 5 Z�� j � ` ��Å

¶ " 0�§ ¯ &%¶-§½¬«Á)±W¥ ¯«¥R°�¯J� � `c &���` & c � & ��Å�Ô|¯�º�²u·´·¸²+Éz¬l¯«¥R°�¯ & c�/ �c�� �
� �
� �
� ���

Å � ³�¯j¥�¨)©²u¶R°6À
¶)³¸·´³¸¯f¹'� ` c�É�§¥R°�Òu§½°�©²u·´·¸¶R°N±WÖ ^�&,cfa
&�� j � ^=� a�& l� jÞÉz¥)§[©§f� `+& l� `+& �1°N®ª¾�Éz³�¯j¥%¨)©«²N¶R°N¶)³¸·´³¸¯f¹'� c��
É�§¥)°+ÒN§°m©«²u·¸·´¶R°N±WÖ�^�&,cfa�& � j � ^�&,cfa
&,c jYÅ�¤¦¥)§!¶-²�¯j¥%²NºA¯j¥)§"¼ Éz³¸·´·8¾)§[±"©«§�°�¬«§`¯j¥)§pº�Á)®ª±"¯j³¸²u® ��Å»ÝÞÁ¿¯
¯j¥ª§ 	R©¬¯p©²u·´·¸¶R°N±WÖ@Éz³¸·´·�¾)§"±[©«§[°N¬«§�³�¯�°�¯p·¸§�°N¬�¯1²u®�¯j¥)§½ÒN°�·´Á)§ �

�R^ * > Z$c 5 Z�� j Å+�¿²�ÉÞ§m±"²u®)±"·´Á)¾)§¯j¥R°6¯
¯j¥ª§½°�¶-²+Òu§`±"²u®)¾)³�¯j³´²N®R°N·E¼�§�°�®%Éz³¸·´·-®)²N¯l§��¿±[§"§[¾�¯j¥)§!Ò�°N·´Áª§ � `c � ` c ^ * > Z$c 5 Z�� j � ` ��Å

±�"6/�²+ÉP·´§"¯!&µ¶-§!¬Á)±W¥�¯«¥R°�¯7� � &,c ` `c &���Å�Ô|¯zº�²u·¸·´²+Éz¬Þ¯«¥R°�¯!&�� � & cB/ �]^ � j�Éz¥)§"©«§

�]^ � j [ � *
� 


�
J `c � � >

`
� � L

� ��Z��
Z�� 5 Z$c > � e

� ³¸¯«¥�¨)©«²u¶)°N¶)³´·¸³¸¯f¹t� ` c»ÉÞ§z¥R°�Òu§�°!©«²u·¸·´¶R°�±WÖ ^�&,cfa�& � j�� ^=� a�&�l� j Í�� `�&�l� `�&��[ÍuÉz¥)³´±W¥�¾)§[±"©«§[°N¬«§"¬�¯j¥ª§
º�Á)®)± ¯j³¸²u® ��Íª°N®ª¾GÉz³¸¯«¥G¨ª©«²u¶R°�¶)³´·¸³¸¯f¹	� c���ÉÞ§�¥R°�Òu§1°½©«²N·´·´¶)°N±WÖ ^�& cfa�& � j � ^�&,cfa
&,c jYÍdÉz¥ª³´±W¥@¾)§"±[©§�°N¬§[¬
¯j¥ª§mÒN°�·´Á)§�²Nº»¯«¥)§mº�Á)®)± ¯j³´²N® � °6¯`·´§�°�¬¯!²u® �]^ � j 5 Z��[Å�Ñl§[®)±"§�¯«¥)§�±[²N®)¾)³¸¯«³´²u®)°N·;§��¿¨-§"±"¯W°6¯j³´²N®�Éz³¸·´·
¾)§"±[©«§[°N¬«§½°�¯z·¸§�°N¬�¯�²N®%¯«¥)§!Ò�°N·´Á)§ � � c����]^�� j 5 Z��m� � � c��^?Z4� 5 Z$c > � j � ` ��Å

� ��%&%  
4
 + � ã-Uu��Cæ�å â;R?TRå�é«è-u+å�u�� TRåHU &Üç å ä´ã-U'&-u�Rnã R:TRå�èHC¿å�u)( & \ ��` � � N & \ � c � �Q���½å âjå

, � ^ �G^�% ^=( > **jbj � �k^�& jbj(���&� C � � ` I! �'  $ , %�^=(�jT�,& � ` � � ` `��G^�&Rj a
èdU8æ

, � ^	�G^�%C^=( > **jbj � �G^�& jbj������ C � � ` I! 3"  $ , % ^?(�jT�,& �
æ�ã+å�u�UEã-RÞæ�å 
RåHU8æ%ã-U & N � TRå âjå!& \<_ &�[ �k^�& j . �1` `3c �
�âjã+ã N�� �Ü§µ±[²N®)¬«³¸¾)§[©½³´® ¾ª§"¯W°�³´·´¬`¯j¥ª§µ±�°�¬«§ � ` � � �1_ &,c � ��a &�� . �5cdÅ �Ü§µ¬¯j°N©¯½Éz³¸¯«¥Ü¯j¥ª§µº�©«§"§
¾ª¹�®R°N¼�³´±"¬[Å�¤¦¥)§`º�²u·¸·´²+Éz³´®)Â¯j©«°N®)¬«³�¯j³¸²u®

^X��a�&�� j � ^�& lc a�& l� j ��^ � * a�& � � **jG\ � �G��_ & c � � a�& � . &,c$c e
²�±[±[Áª©«¬1Éz³�¯j¥ ¨)©²u¶R°N¶)³¸·´³�¯f¹8�P` Å1Ô|¯!³´¬�§�°N¬�¹È¯j²µ¬«§[§m¯«¥R°�¯pº�²N© &�� . �1` `lÒ�°N·¸Á)§[¬�²Nº�¯j¥)§½º�Á)®)±"¯«³´²u® �k^ 
 j

Î�%



³´®G¯j¥)§!¶8²N¯j¥ß¨8²u³¸®d¯«¬ ^X��a�&�� jÞ°N®)¾ ^ � * a
&�� � **j�±"²u®)±"³´¾)§pÉz³�¯j¥µÒ�°N·¸Á)§[¬{²�º;·¸³´®)§[°N©�º�Áª®)±"¯«³´²u® � ( ^ �|�=j=a 
 � Å
� ³¸¯«¥�¨ª©«²u¶R°�¶)³´·¸³¸¯f¹ �$czÉÞ§`¥R°�ÒN§�°m¯j©«°N®)¬³¸¯j³¸²u®

^=� a�& � j � ^�& lc a
& l� j ��^ * a�& � jG\ � `T��_ & c . � a�& � . �5c a
°N®)¾%Éz³¸¯«¥%¨)©«²u¶)°N¶)³´·¸³¸¯f¹��+�lÉ�§½¥)°+ÒN§�°m¯«©j°N®)¬³¸¯«³´²u®

^=� a�& � j � ^�& lc a
& l� j ��^=� a�& � > **jG\ � �fe
4'Ò�³´¾)§"®d¯«·¸¹NÍ�¯«¥R°�¯{³¸®µ°�·´·R¯j¥)§"¬«§�¨-²u³¸®=¯j¬N^X� a�& � j Í ^ *,a�&�� j�°N®)¾o^X� a
&�� > **j4ÒN°�·´Á)§"¬Þ²Nº �k^ 
 j�±[²N³´®)±"³´¾)§¦Éz³¸¯«¥
Ò�°N·´Áª§[¬¦²Nº4°�·¸³´®)§[°N©Þº�Á)®ª±"¯j³¸²u® � (�`=a 
 �YÅ�Ñl§[®)±"§NÍ

, � ^ �k^ % ^?( > **jIj � �G^�&RjIj�� ��� C � � ` I) 3"  $ , %�^=(Pj �.& � � � ` � ( ^ �|�=j=ad^ � * a � **j��
> �$c � (#`=a*^ * a�� j � > �+� � (#`=a*^=� a"**j �(e

�¿³¸®)±[§!¯j¥ª§©"Å ¥EÅ ¬"ÅR¾)²¿§"¬z®)²N¯z¾)§"¨-§"®)¾È²u®�&µÉ�§Âu§"¯¦¯«¥)§`¬«§[±"²u®)¾�¬¯W°6¯j§[¼�§[®=¯l²Nº�¯j¥)§`·¸§[¼�¼µ°ªÅ
#1Á)§�¯«²ß°µ©²u·´·¸¶R°N±WÖ@¯j¥ª§ $È°N©ÖN²+Ò�±W¥R°N³´® % ^=(Pj�Âu²�§[¬lº�©«²u¼ ¯«¥)§m¬¯j°�¯j§ ^X� a
&�� j1\ ��` � �1¯«²ß°µ¬�¯W°�¯«§

^X��a�� j�Éz³�¯j¥Ù¨ª©«²u¶R°�¶)³´·¸³¸¯f¹ � c��+Å �¿³¸®)±[§ÈÒ�°N·¸Á)§[¬µ²Nº��G^ 
 jG°�¯µ¯j¥)§"¬«§�¯fÉ�²D¨-²u³¸®=¯j¬@±[°N® ¶-§È±�°N·¸±[Á)·´°�¯j§"¾
¶=¹�Áª¬«³´®ªÂ ¯j¥)§È·´³´®ª§�°N©�º�Á)®)± ¯j³´²N® � (�`=a 
 �YÍz¯«¥)§�©²u·´·¸¶R°N±WÖD¾)§"±[©«§[°N¬«§"¬@¯j¥)§�ÒN°�·´Á)§�²Nº�� ²u®���Í¦Éz¥)§[©§
� � �k^ ^X� a�& � j jYÅ�¤¦¥)§,	R©«¬�¯�¬�¯W°�¯«§[¼�§[®=¯l²Nº�¯j¥)§`·´§"¼G¼G°m³´¬¦¨ª©«²+Òu§"¾ÄÅ

¤¦¥)§±�°N¬§²�º;¯«¥)§`¾)²u¼G°N³´®
� ` � �G� _ &,c . � a & �G���5c�³¸¬¦¬«³¸¼G³¸·�°N©"Å

� ��%&%  
 : + A ã6âèdU+� � � . �

8:9 4��� � C � I B ���
, ^	�G^ % � � `Ij , % � �+&Rj � > � e

�âjã+ã N��l¤¦¥)³¸¬p¬¯j°�¯j§"¼G§"®d¯1º�²u·´·¸²KÉz¬zº�©«²N¼ ¯«¥)§�ºC°N± ¯1¯j¥)°�¯'�Á)¼�¨)¬1º�©²u¼ °N®=¹�	1�ª§"¾�®)§[³¸Âu¥d¶-²uÁª©«¥)²�²¿¾�²Nº
^X��a�� j{°N©§!¶-²uÁª®)¾)§[¾�°N®)¾%¯j¥ª§`ºC°�±"¯¦¯j¥)°�¯z¯j¥)§!º�Á)®)± ¯j³¸²u® �D³¸¬¦±[²u®=¯«³´®dÁ)²uÁ)¬"Å

Î��



� � �½�%¢kD[¡ ;�£ ��� ;�� ¢������ 9z¢���¡@� 9.;\��%  < 9{� ;�< 9z¢��A£ 	 9.;

�.FIH � K r V U � VOq����0V M 0M ��V�� ORV��
�Jq
�Ü§¬¥R°N·¸·�°N·¸ÉÞ°�¹�¬�°�¬«¬«Áª¼G§!¯j¥)°�¯l°N·´· �P` aBefefeBa��ihÙ°�©«§`¾)³¸Õ-§[©§[®=¯�Å�#1§�	R®)§½°mº�Á)®)±"¯«³´²u®

� ^?B@j/[ ��\ � �A B
	 � A e
4'Ò�³´¾)§"®d¯«·¸¹NÍ)¯j¥)³¸¬{º�Á)®)±"¯«³´²u®%¥R°�¬z¯«¥)§!º�²u·´·¸²+Éz³´®)Âm¨ª©«²u¨8§[©�¯f¹ *

� ^ **j ��� `0/ 
�
�
 / � ^?B@j0/ � ^?B > **j / 
�
�
 /a\ � ��^X�P` afefefega3�ihmj � � ^�� j e
0�§"Òu§"·Ä¬«§ ¯j¬{²�º�º�Á)®)±"¯«³´²u® � Âu§[®)§ ¯W°�¯«§!°�¨R°�©¯j³�¯j³¸²u®G²�ºÄ¯j¥)§1¬«§"¯J_�* afefefe=a � cdÅT/1°N¼�§[·�¹uÍ=¯j¥)§"©«§p§��¿³´¬¯«¬

°�¬«§$#dÁ)§"®)±[§;v ` � * � vfc � 
�
�
m� v�� � v�� � ` � � > *¬«Á)±W¥�¯j¥R°�¯z¯«¥)§`¬«§"¯�²Nº'°N·´·Ä¨ª©«²�±[§[¬¬«²u©¬1±[°N®
¶8§¾ª³¸Ò�³´¾)§"¾%³´®=¯j²�¬«§ Òu§"©j°N·A®)²u®ª³´®=¯j§"©«¬«§"±"¯«³´®)Â�Âu©²uÁ)¨)¬

_�*,afefefe=a � c�� 
[ ! ` � ���

[a  �Î� "

� [�[ � _Hvf[ a vf[ > * aBefefe=a vf[ � ` � *dc a � ^ vf[ � **j . � ^~vf[djT� 
�
�
 � � ^ vf[ � ` � **j . � y G � � e
" �!%  � � 
 �P+ �1®�§$#dÁ)³�ÒN°�·´§[®=¯�¾)§"¬«±[©³´¨ª¯«³´²u®�²Nº8¯j¥)§lÂu©²uÁ)¨�³´¬�¨8²u¬«¬³´¶)·¸§NÅ(�Ü§z¬j°�¹uÍdº�²u©»§��ª°N¼�¨)·´§�Íu¯j¥R°6¯
* a �!afefefe=a Y ³´¬z°�Âu©«²NÁ)¨%³¸º

�P` `a\ ��� ^b� cdafefeBeBa3� [fjia � ` . �$[ � ` e  �ÎuÎ�"

�.F E � VTM���� �  U�K � K �NQ � 0V��1O V�	 ���NK�� ORV�� �;q
¤;°NÖd³´®)Â�³´®=¯j²�°N±"±[²uÁ)®=¯½¤¦¥)§[²N©«§[¼�¬ ��°N®ª¾ �%°N®)¾Ü¯«¥)§G°N¶-²+ÒN§G®)²�¯j³´²N®Ó²�º{Âu©²uÁ)¨)¬²Nº{¨ª©«²�±[§[¬¬«²u©¬½É�§
¨)Áª¯zº�²u©�É{°�©«¾ß¯j¥)§!º�²u·¸·´²+Éz³´®ªÂ �Þ²u®)�§"±"¯jÁª©«§NÅ
7 �i���B�!�,'�� � � 
 � + �Ju�u����µå R?TªèdRpèNä5än�P` afefefega3�ih èNâjåµæ�� Tpå âjåHUmR � A ã6â�èdU+�Sv R:TRå N�ã6ä5ä´ã$���:U'&�ä!� �"�:R
� �y � � � \�	� �  

Z y ^�lIj
l å�C�� uHR?u�èdU8æ � �y � � ^ v!jV�

�¿²¶d¹�¯«¥)³´¬�±"²u®)�§[± ¯jÁ)©§ � �y � � ^ vf[fj'º�²N©@v�\ � [6Å'Ô|º-º�²u©»¬«²u¼�§ Y ¯«¥)§�ÂN©«²uÁ)¨ � [l±"²u®)¬³´¬¯«¬�²�º �µã6âjå
R:TªèdU ã-UEå`¨)©«²�±[§"¬«¬²u©¦ÉÞ§¼µ°�¹µ¬j°�¹ß¯j¥R°6¯¦¯j¥)§`¨)©²¿±"§[¬«¬²u©«¬l²Nº�¯j¥)§`Âu©²uÁ)¨ � [`°N©«§	u��-UEé�T�âWã-U+���6å«æNÅ
" �!%  � � 
	� <�� � %&�i�#� 'd�i���o�  )B�!)$@d+ Ô|º �P` ��
�
�
�� �ih�¯«¥)§[® � �y ���P`�º�²u©z°N®=¹ v3Å
Ô|º �P` . 
�
�
 . �$h�¯«¥)§[®%º�²u©z°N·¸·Yv�ÉÞ§`¥R°�Òu§ � �y � � y Å

Ë 



0�§"¯`Á)¬`¾)³¸¬«±[Áª¬«¬`¶)©«³¸§ �)¹È¨-§"©«¬¨-§"±"¯j³�Òu§"¬½²Nº�©³´Âu²u©²uÁ)¬p¨ª©«²�²Nº�²Nº�¯«¥)§�°N¶8²+Òu§��Þ²u®)�§"±"¯jÁª©«§�º�²u©p·´°N©«Âu§
Ò�°N·´Áª§[¬µ²�º �ÜÅLÔf®�ºC°N±"¯[Í{ÉÞ§�¥)°+ÒN§ °N·¸©«§�°�¾ª¹Û¨)©«²+ÒN§�¯j¥)³¸¬G±"²u®)�§[± ¯jÁ)©§[¬@º�²u©�Éz³´¾ª§È±[·´°N¬«¬G²Nº`±�°�¬«±�°�¾)§
¼�²¿¾)§"·´¬"Å
�	� � � � �!% 
 � + �Ju�u�� �µåfR?TªèdRlèNä5ä�� `=afefefe=a3�$h èNâWå�æ�� Tpå âjåHUmRzèdU8æ�è 
ªèNâ3R��:R ��ã-U ��[��.��ã NSR?TRåSu+åHR�ã N

8âjã+éWå�u�u+ã6â�u/_�* afeBefeBa � cY� u u��Ré�T R?TªèdR , � [ , ` � N�ã6â1èNä5ä Y �Y��TRåHU R:TRålä!� �"�:R:u ���y � ��� \�	� �  

Z y ^�lIj
l å�C�� uHR

èdU8æ � �y � � ^ v!jV�
��©«²�²Nº»²Nº'¯«¥)³´¬�¬¯W°6¯j§[¼�§[®=¯1³´¬ �Áª¬¯!°G±[²u¼m¶ª³´®R°�¯«³´²u®%²Nº�¯«¥)§�©§[¬Á)·¸¯1²Nº»¤¦¥)§[²N©«§[¼ �  �³¸¯j§"¼ Î�"�°�®)¾

°N©ÂuÁ)¼�§[®=¯j¬z²Nº�¯j¥)§`¨)©²¿²�º;²�º4³�¯j§[¼�¬lËKÀ|Ï�²�º4¤¦¥)§"²u©«§"¼ �¿Å��Ü§`Éz³¸·´·-®)²N¯zÂu²�³´®=¯«²�¾ª§"¯W°�³´·´¬"Å
�¿²½¯«¥)§lÖN§"¹�¯j²`¯j¥ª§1¨)©²¿²NºE²Nº��Þ²N®)�§[± ¯jÁ)©§1±[²N®)¬«³¸¬¯j¬�³´®�Âu§[®ª§[©j°�·´³´Ç[°�¯j³¸²u®�²Nº�³�¯j§"¼ Î1²NºE¤¦¥)§[²N©«§[¼ �¿Å

�1¬�ÉÞ§�¬«§"§1º�©«²u¼ ��§[±"¯«³´²u®��²u®ª§1²Nº�¨8²u¬¬«³´¶ª·´§zÉ{°�¹�²Nº�¬Á)±W¥ßÂu§[®ª§[©j°�·´³´Ç[°�¯j³¸²u®�³´¬�°N®µ§��¿¨)·´³¸±[³¸¯�±"²u®)¬¯«©«Á)±YÀ
¯j³¸²u®@²Nº�ÆR²u¬�¯j§"©�À/0Ä¹u°N¨)Á)®)²+ÒGº�Á)®)±"¯«³´²u®µ³´®@¥)³¸Âu¥@¾)³¸¼G§"®)¬«³¸²u®)¬"Å'¤¦¥)³´¬�¬«§"§[¼�¬{¯j²m¶8§!°m¾)³ 	R±[Á)·�¯�¯«§[±W¥)®ª³´±�°�·
¨)©²u¶)·´§"¼ Éz¥)³¸±W¥�³¸¬¦²uÁª¯l²Nº�¯j¥)§`¨)Áª©«¨8²u¬«§"¬�²Nº�¯j¥ª³´¬¦¨R°N¨8§[©"Å

� � < < 9z�% ß£ �

0�§"¯ ^�� � aQ(���� a$* afefefe5j�¶-§È° ±[²NÁ)®=¯W°N¶)·¸§�³¸©«©§[¾)Á)±"³´¶)·¸§È°�¨-§"©«³´²�¾)³¸±3$�°N©«Ö�²KÒ�±W¥R°N³¸®�Éz³�¯j¥�¯«¥)§�¬�¯W°�¯«§
¬«¨)°N±[§��ßÅ

� F H p O �� KPO 0Q
�Ü§Áª¬«§!¯j¥)§!º�²u·¸·´²+Éz³´®ªÂ�ÆR²u¬¯«§[©z±[©³¸¯j§"©«³¸²u®ÄÅ

�	� � � � �!% 
 5�<	� 
�
�@*+ ��TRå � èNâjê=ã$#%é�Tªè��:U�� � � uGå â &�ã[æ���é � N�èdU8æ�ã-URä!�I� NfR?TRå âjåGå�C�� uHR?u�è�
Rã�u��:R�� #Nå
N?�sUEéHR ��ã-U � ^��j N � \� N è�U+����ç å â F . ��èdU8æ@èB�OU+�:RnåJu+åHR�� \� u��Ré�T8R:TªèdR[��

, ^ �^�� � � ` j , � � �,& j � �^�& j � � F
N�ã6â½èNä5ä & {\� N� � , ^ �^�� � � `0j , � � �+&Rj � > � N�ã6âèNä5ä & \�"�

¤¦¥)§`º�²u·´·¸²KÉz³¸®)Â�¯«¥)§[²u©§[¼ ÂN³¸Òu§`°�±[©³¸¯«§[©«³¸²u®ß²Nº�¯j©«°N®)¬«³¸§[®)± ¹uÅ
�	� � � � �!% 
 4 <	� 
�
�@*+ ��TRå � èNâjê=ã$#�é�Tªè��:U � uPR/âèdUu���åHUmR N � N�èdU8æ ã-URä!��� NPR:TRå âjåµå�C�� uHR:uGè 
Rã�u��:R�� #Nå
N?�sUEéHR ��ã-U � ^��j½èdU8æ@è u+åHR�� u��Ré�T8R?TªèdRwR:TRåON�ã6ä5ä´ã$���:U'& �:UEåIH)�ªèNä!�:R ��å�u½èNâjåON?��ä �»ä5ä´å«æ

, ^��^�� 	 � ` j , � 	 � � A j � �^�� A j `�� a & � A {\� a

Ë¿Î



�^ �#[fj � � ��6
���  ��

�^ � y j a N�ã6âèdR�ä´å«è-uHR¦ã-UEå ��[ {\ � e

� F3E �oO 0MJr ��NS K V�	 S0V/r QTSXS�0MNK�Q O ��%�
ÆR©«²u¼ ®ª²KÉ É�§ß°N¬Á)¼G§�¯j¥R°6¯�¯j¥ª§µ¬¯j°�¯j§G¬«¨R°�±[§ � ³¸¬�°È¬Á)¶)¬§"¯�²Nºz¬²u¼�§�n [ Å%#�§ 	R®)§%°%Òu§"±"¯j²N©m²Nº
¼�§�°N® �Á)¼�¨ßº�©«²u¼Ã¯j¥)§`¨8²u³´®=¯ �

2�^�� j � , ^ ^�� � � ` � �j , � � � �j � �


^=� � �j � � 
 e  �ÎKË "

�1¬¬«Á)¼�§!¯j¥R°6¯.
�
[ ��\�^ 2 
 _ , � � � , [ ��� 
 . �sc � � º�²u©z°N·¸· ��Å

¤¦¥)§`º�²u·´·¸²KÉz³¸®)Âm¨)©³´®)±"³´¨)·¸§p²Nº;·´²�±�°N·-·´³¸®)§�°N©³¸¯f¹�É{°�¬l¨ª©«²+Òu§"¾È³´®ÓÊhÎ[Ð/Å

� ��%&%  
 � + �;u�u����µå�R:TªèdR¦èdRMu+ã �µå�
Rã$�:UmR ��R:TRåON�ã6ä5ä´ã$���:U'&ßéWã-U8æ��:R���ã-U
���76� 8:9 4;�  3<>= �@?A;� � � ?&B(C #

, �^ED� j � � ^ED�j , �GF a

TRã6ä�æ-u N � TRå âjå � �76 � utR�è6ê=åHUÜã$#Nå â½èNä5äÄä!�:UEå«èNâ N?�5UEéHR���ã-Uu �`� ��TRåHU
�X^�� > 2 ^��jIj � �^�� j � �J F ��� , ^ �^�� � � `0j � �^�� j , � � � �j � � F e

���
	�������������

�����������! #"�"%$'&)(�*,+-��"��/.102$43657(�*�+-$482.10:9�;! <3=+>(�*�?@ #A:9%B�.) #8>B� #82.DC1E1F2B4C19�3!$GB� #F:8�CH��I:"%$J+-��E1;! <3=BH0���9�82.�(
K ��LMI:E19%N/O!$QPR8:9�3!$4ED.D9�CS�GT,ED$�.D.�*U��VWVWX/(

�ZY[��\7(]T@(U^_$4E1CD.D$4;W�#.�*a`2(]bc(a?d.D9�CD.19�;e"�9%.<*aTf��EH��"�"%$4"g��82Nh\�9%.1C1E19�I:F:CD$�N K  #L)A:F:CH��C19% #8jikbkF:L�$4E19%B���",+l$4C102 mN:.�(
n C102$48��pomB49%$48eC19rq�BW*�^_$4"�L� #8�C�*s+-�#.D.<(U��VWV!tm(

�Zu[��\7(�+l9�C1EH�/*wv�(@+l9�C1EH��8:9x* n 8���"��/.19%.)��82NzykA:C19�LcF:L{Aa$4E}|~ #E1L���82B�$G �|RC��� hL�$�.D.H��O!$��xA��#.H.19�8:O6A���EH��"�"%$4"
A:ED eB�$�.H.D #ED.�.1�m82BD0:ED #8:9���02$�N'I��JED #"�"�I��#BD;�(�T�$4E}|� #E1L���82B�$c�,3W��"�F���C19% #8htJ�}��VW�!tW��*d�W�W���H��Y��

� �#�)5Q(]�)(,+h�#N/9%.D$4C1C19x*�`2( K (f����"�EH��82N���82Nz\7(�&7(,+-$�.D.D$4ED.DBH0:L)9�C1C�* n .1�m82BD0:ED #82 #F2. n "�O! #E19�C10:L�.)|~ #E7C102$
T���EH�!oe9�LcF:"���C19% #8z �|_�,3!$48eC}�S\�E19�3!$48=\��e8���L)9%B���"_oe�m.1CD$4L�.<* n K +�?dEH��82.H�#B4C19% #82.Q #8�+l mN:$4"�"�9�8:O'��82N
K  #L)A:F:CD$4Eoe9�LcF:"���C19% #8j*�5w #"x(j�W*:b� �u/*2`WF:"��h��VWV/�W*2Tf��O!$�.�Y��W�#��Y!t[�

�ZX[�poa( �wFj(�T� #Aa <3a* n (�&)(s&�ED$�$48�I�$4E1O2*257( n (2+-��"��/.102$43�*soeCD mBD0��#.1C19%BML� eN:$4"%.k �|�L��#.D.D9�3!$4"���A���EH��"�"%$4"�B� #L7�
A:F:CH��C19% #8j(�+h��E1;! �3GT,ED mB�$�.D.D$�.R��82N'�R$4"���CD$�N���9%$4"%N:.�*/57(��W*:bR�-�}��VWVWX!��*:�et#u[�x��VW�/(

�/�



���[� n (�&)(/&�ED$�$48eIa$4E1O2*2oa(/oe02$48:;!$4E�* n (��w(/oeCD #"�����E�* n .D�e82BH0:ED #82 #F2.�PkA�N2��CD$�.g9�8��d��E1O!$T���EH��"�"%$4"doe�/.1CD$4L�.�(
omv}&
+l�w? �kv K o�V��)X��#V��)T n *2P
o n

��t<� n (U&�F:A:CH�/*av (]�_( n ;m�e9�"%N/9��!*a�:F	�}9�L� #CD :*�T@$4E}|~ #E1L���82B�$ n 8���"��/.19%.� �|g?_9�L�$M����E1A-� 9�C10-+lF:"�C19�A:"%$�
� ��
L� #O!$482$� #F2.wT,ED mB�$�.D.D #ED.�(�v �w�w�6?jEH��82. �#B4C19% #82.�yk8)om �|�CS�_��ED$ �,8:OW9�82$�$4E19�8:O2*!5w #"x(m�<tm*Wb� :(e���/*�y�B4CD #I�$4E
��VWV/�W*j���/��u/(

�Z�[��+=(d&F:A:CH�/* n (��F:L���E�*j�c(joe02 #ED$4�!*�kF2$4F2$49�8:O'+- eN:$4"%.���82N�oeCH��I:9�"�9�C��h �|_+l$�.H.H��O!$7�@"% <��.
9�8�\�9%.}�
C1E19�I:F:CD$�N-oe9�LcF:"���CD #ED.k �|gykAa$48��kF2$4F2$49�8:O�bk$4C��� #E1;/.�(�TwED$4A:E19�8�C�(

�ZV[��+=(:&�F:A:CH�7��82N n (m�F:L���E�* n bk #8eI:"% eBH;e9�8:O n "�O! #E19�C10:L |� #E�C102$k\�9%.1C1E19�I:F:CD$�N�oe9�LcF:"���C19% #8� �|@� K �wo
�kF2$4F2$49�8:Opb�$4CS�� #E1;m.R� 9�C10'vSE1ED$�N/F2B49�I:"%$c+-��E1;! <3e9���8l�R #F:C19�8:O2(2T,ED$4A:E19�8eC�(

�����[� n (a�F:L���EM��82Nh�M(�oe02 #ED$4�!*@oeCH��I:9�"�9�CS�- �|��,3!$48�Ccoe�m82BD0:ED #8:9%. ��C19% #8�9�8-\�9%.1C1E19�I:F:CD$�Nh\�9%.DB4ED$4CD$7�,3!$48eC
oe9�LMF:"���C19% #8j(aT,ED$4A:E19�8�C�(

���W�����M(#oe02 #ED$4�!* n ([�F:L���E�*!��82Nc�)(]+>(��R$4O!$W*#vS82.DCH��I:9�"�9�CS�c��82NQT@$4E}|~ #E1L���82B�$��U9�L)9�CD.f �|s\�9%.1C1E19�I:F:CD$�N)oe9�L7�
F:"���CD #ED.
 �|g�2$�$�Nm|~ #E1����EDN��kF2$4F2$49�8:OGbk$4C��� #E1;/.�( n K + ?jEH��82. �#B4C19% #82.
 #8-+- eN:$4"�9�8:OG��82N K  #L)A:F:CD$4E
oe9�LMF:"���C19% #8j*s5w #"x(stm*:b� :(�Y/* n A:E19�"���VWV!tm*2T���O!$�.�Y/�����mYWuW�/(

����Y[��?
( 5Q(�5w #��82$�.H$482.1;#�����/* n 8���"��m.D9%.
 �|_��"�O! #E19�C10:L�.� �|_C19�L�$).1�m82BD0:ED #8:9%.H��C19% #86|~ #E
N/9%.1C1E19�I:F:CD$�N�.19�LcF:"��[�
C19% #8j( n E1C19rq�B49���"d9�8�CD$4"�"�9�O!$482B�$���\ #82$4CD.1;:��*�b�Y/*2Y��#��uW���~YW�W�W�!��� 9�8'��F2.D.D9���8s��(

����u[��?
( 5Q(@5w #��82$�.D$482.1;W�����/*,+h��C102$4L���C19%B���"�L� eN:$4"_ �|R��"�O! #E19�C10:L�.) �| .D�e82BH0:ED #8:9��<��C19% #8  �|�C19�L�$�|~ #E�C102$
N/9%.1C1E19�I:F:CD$�N6.19�LcF:"���C19% #8j* 9�8��w(]bc(��k #ED #"%$43>���wN:.�(���*��4TwED #OWEH��L .1�m.DCD$4L�.���82N-CD m #"%.��#i C102$Q?_02$4L���C19%B
B� #"�"%$�B4C19% #8l �|�|~�#B4F:"�C��J5�+l9%�  �|�C102$M+l W.DB� <� oeCH��CD$�Pk8:9�3!$4ED.19�CS�GbQ�Wi,+ n�� TwED$�.D.�*�X��[�������~YW�W�W�!��(

���4�#��\7(,`!$���$4ED.H #8j* n (@� 9�C1;! ���.D;e9x* n 8 n A:A:ED !�#BD0zCD 6T�$4E}|� #E1L���82B�$ n 8���"��/.19%.7 �|�?_9�L�$G.DCH��L)A/�SN/E19�3!$48
oe�e82BH0:ED #8:9��<��C19% #8-+-$�BD0���8:9%.DL�.�(d��VW��� n K +h�[���WV!t#V/���H�4��u[�H�c���2*s�W�W���#�WY���u

����X[��v (]�_( n ;e�m9�"%N/9��!*��g( K 02$48j*_oa(]�c(�\
�#.1C�*��M(]+>(f�:F	�}9�L� #CD :*��c(]��(wom$4E}|~ #�� :*�T�$4E}|~ #E1L���82B�$ n 8���"��m.19%.) �|
?_9�L�$�����E1A � 9�C10��U9�L)9�CD$�N�+-$4L� #E1�!(wT�$4E}|� #E1L���82B�$l�,3#��"�F���C19% #8 �R$43m9%$4��*g5w #"x(�YW�/*�b� :(��W*�`WF:82$
��VWVWY

�����[��+-��"��/.102$43 57(�*�+-��8:9�CH� n (M?_9�L�$�.1�m82BD0:ED #8:9��<��C19% #8 A:ED #I:"%$4L�(M����A:Aa #E1C=N:$ ED$�BD02$4EDBH02$ v�b��Rv n *
bc(2XWYW���2*sYW�W���2(

���<t<� n (�+-��8:9�CH�/*:57(�oe02BD02$4E1I���;! <3a( n .1�eL)A:CD #C19%Bc��8���"��m.19%.R �|�A���E1C19%B4"%$c.1�m.DCD$4L � 9�C10�L�$���8/�~q�$4"%N�9�8eCD$4EH�#B��
C19% #8j*���E � 9�3ai L���C10j(]Tw���#�����W�Wu!t#Yl� 0eC1C1Aji����#��E! m9�3�(] #E1Oe��(

�����[��+-��"��/.102$43�5Q( n (�*�+-��8:9�CH� n (]\7(�T,0��#.D$gC1EH��82.19�C19% #82.j9�8�C102$wC19�L�$w.1�m82BD0:ED #8:9��<��C19% #8QL� eN:$4"x(�TwED #I���I:9�"�9�CS�
?_02$� #E1����82N n A:A:"�9%B���C19% #82.<*:5w #"x(�XW�/*�YW�W�WX

�#"


