
HAL Id: inria-00071521
https://inria.hal.science/inria-00071521

Submitted on 23 May 2006

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.

Contours Actifs d’Ordre Supérieur Appliqués à la
Détection de Linéiques dans des Images de Télédétection

Marie Rochery, Ian Jermyn, Josiane Zerubia

To cite this version:
Marie Rochery, Ian Jermyn, Josiane Zerubia. Contours Actifs d’Ordre Supérieur Appliqués à la
Détection de Linéiques dans des Images de Télédétection. RR-5063, INRIA. 2003. �inria-00071521�

https://inria.hal.science/inria-00071521
https://hal.archives-ouvertes.fr


IS
S

N
 0

24
9-

63
99

   
   

 IS
R

N
 IN

R
IA

/R
R

--
50

63
--

F
R ap por t  



de  r ech er ch e 


THÈME 3

INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE

Contours Actifs d’Ordre Supérieur
Appliqués à la Détection de Linéiques

dans des Images de Télédétection

Marie Rochery — Ian Jermyn — Josiane Zerubia

N° 5063

Décembre 2003





Unité de recherche INRIA Sophia Antipolis
2004, route des Lucioles, BP 93, 06902 Sophia Antipolis Cedex (France)

Téléphone : +33 4 92 38 77 77 — Télécopie : +33 4 92 38 77 65

���������	��
���
�����������������
���
�� �!��"$#%
��&�'��


("�"�)*��+,�-#%��./)&0/12#3���%�������	�4�-�657�&�-#'��+,�-�%�
�-0	�-�����%�98;:<0�=��%�9�-�?>@#')&#%�-#3���%�A���&�	�

BDCFE*GIHKJ!L�M�NOHPE*QFR�S�CUTDVFHPEXWKQ�TYR�VFL;ZXGICFTOH$[3HPEX\O]OGIC

^`_badcfe�g-hjilknm�edo&prqdm�sutrkv_btrcwcfeXxycKprq&_zs{kbe}|
s{cKp�~�e���|��ztrkzkb��e���|bq�trkzk�p�su���&p�kbq�e��

�%o�t���edm	��o�s�p�k�p

��p��z��tro�m��ze�o�e�q�_bedo�q�_be�k����}�}�}g!h�����q�edc��zo�e��}�}�}g-h��}����p�~�e��

���n�P�����¡ '�,p�kb��q�e!o&p��z�Otro�m�|�kbtr¢b���zo�����edkUm�trkb��¢zkbe!kbtr¢z£�ed¤{¤ue�cf�dm�_btU�ze���tr¢zo�¤y¥ s{kbq�tro��Ot�x
o&p�m�sutrk¦�§¥ ¢zkbe!s{k;¨©tro�cKp�m�sutrk¦��¢zo�¤�pw~���trcf�dm�o�sue$ª!«�¬X­¯®r¬X­O�bp�kb��¤ue!q�pr�;o�e-�ze��	q�trknm�tr¢zo���prqdm�s°¨©��±
²�tr¢b��s{kUm�o�tU�;¢zsu�&trkb��¢zkbe-kbtr¢z£�ed¤{¤ue�qd¤�pr����e��ze-q�trknm�tr¢zo��,prqdm�s°¨©���§¥³tro��;o�e���¢z�O�do�sued¢zo�|�´U¢zs���trkUm
�ze��µ�dkbedo�~}sue��'´n¢�pr�;o&p�m�su´U¢be��µ��¢zo%¤y¥³e�����prq�e��ze��·¶dx¸q&_�pP¹ukbe���|nq�trkUm�o&p�s{o�edcfedknm·p�¢;º��dkbedo�~}sue��»qd¤�pr�¼x
��su´n¢bedcfedkUm�¢zm�s{¤{su����e��-´n¢zsµ�&trknm!¤{s{kb��p�s{o�e���±�½¾e����dkbedo�~}sue�����edo�cfedm�m�edkUm��zef�z�X¿bkzs{o��ze��,s{knm�edo¼x
prqdm�sutrkb��kbtrkÀm�o�s{£Fs�p�¤ue��,edknm�o�e�¤ue��,�;s°Á§�do�edknm����Otrs{knm��,�;¢Âq�trknm�tr¢zo�±�Ã%¤{¤ue��,�ztrkzkbedknm,k�p�su���*p�kbq�e
Ä �ze��·¨©tro�q�e��	kbtrkÅ¤utFq�p�¤ue���|���edo�cfedm�m&p�kUm�p�s{kb��s��§¥ s{knm�o�tF�;¢zs{o�e-¢zkbe�s{k;¨¯tro�cKp�m�sutrk¦~���trcf�dm�o�su´n¢be
¨©tro�m�ew�bp�kb�!¤ue�cftF�zad¤ue}±A��¥ ¢zkÆ�Otrs{knm��ze�£F¢befp�¤{~�tro�s{m�_zcwsu´U¢be}|Akbtr¢b�!¢zm�s{¤{su�&trkb�,¤�pÇcf�dm�_btF�zt�x
¤utr~}sue-��p�o�q�tr¢zo���e����ze!kzs{£�e�p�¢ÆpP¿bkÀ�ze�m�o�tr¢z£�edo�¤ue-cws{kzs{c�¢zc<�ze!¤y¥³�dkbedo�~}sue}|�¤�pK�zo�����edkbq�e��ze
¨©tro�q�e���kbtrk@¤utFq�p�¤ue��wkb��q�e�����s{m&p�kUmf¢zkbe7eXºFm�edkb��sutrkÈ�ze���cf�dm�_btU�ze��f��m&p�kb�bp�o��@¢zm�s{¤{su����e��w�Otr¢zo
¤y¥³�d£�tr¤{¢zm�sutrkÂ´U¢be�kbtr¢b���z��qdo�s{£�trkb��±O²�tr¢b�	¢zm�s{¤{su��trkb��q�e-kbtr¢z£�e�p�¢ÀcftU�zad¤ue-��tr¢zo�¤�pf�z�dm�e�qdm�sutrk
�ze�¤{s{kb�dsu´n¢be��wÉÊo�tr¢zm�e���|�o�s{£Fsuado�e���|�±{±{±ÌË	�bp�kb��¤ue��	s{cKp�~�e����ze�m��d¤u���z�dm�e�qdm�sutrkÆedm�kbtr¢b��cftrknm�o�trkb�
�ze���o�����¢z¤{m&p�m��	�§¥³eXº;m�o&prqdm�sutrkv��¢zo	�ze���s{cKp�~�e���o���ed¤{¤ue���±
ÍÏÎbÐ���Ñ&ÒnÓÊ�n�� Ô~���trcf�dm�o�sueÈªv«�¬*­©®r¬X­Ê|¾�dkbedo�~}sue��7´n¢�pr�;o&p�m�su´U¢be���|`q�trknm�tr¢zo��Åprqdm�s°¨©��|»cftU�zad¤ue��
�z�X¨©tro�cKp��z¤ue���|beXº;m�o&prqdm�sutrk¦�ze�o����&e�p�¢;º�¤{s{kb�dsu´U¢be���±
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��� ��Ð����zÒ�Ð� 7i¸kÏm�_zsu� o�ed��tro�m�|��»e¡s{knm�o�tF�;¢bq�eÈpÈkbe��Ôqd¤�pr��� t�¨�prqdm�s{£�e q�trknm�tr¢zoÆedkbedo�~}sue�� |
´U¢�pr�;o&p�m�suqKtrk�m�_bef����prq�eKt�¨�¶dx¸q�_�p�s{kb� |�pr�-tr�z��t}�&e��Âm�tÅqd¤�pr����suq�p�¤»edkbedo�~}sue���|��·_zsuq�_Dp�o�ef¤{s{k;x
e�p�o�±¡^`_be���e7edkbedo�~}sue��f�zeX¿bkbeÇkbtrk@m�o�s{£Fs�p�¤`s{knm�edo&prqdm�sutrkb�f�Oedm��¾e�edk��;s°Á§edo�edknmf�Otrs{knm��wt�¨�m�_be
q�trkUm�tr¢zo�|�p�kb��m�_n¢b��p�¤{¤ut���m�_be�s{kbq�tro���tro&p�m�sutrkÅt�¨·ª�«�¬X­¯®}¬*­���_�p���e�s{k;¨©tro�cKp�m�sutrk7m�_zo�tr¢z~}_7m�_be
~�edkbedo&p�m�sutrkÅt�¨�kbtrk;xy¤utUq�p�¤�¨©tro�q�e��»m�_�p�m·q�p�o�o��f~�e�trcfedm�o�suq�s{k;¨©tro�cKp�m�sutrkA±'^`_be��Çp�¤u��t�p�¤{¤ut��9m�_be
�zeX¿bkzs{m�sutrk t�¨'q�trcw�z¤ueXºv�bp�m&p�m�edo�cf�	¤{s{k �Fs{kz~fm�_be!�bp�m&p$p�m	�;s°Á§edo�edknm���trs{kUm��	t�¨%m�_be!q�trknm�tr¢zo�±
^�tf��tr¤{£�e,m�_be!cftU�zed¤u��|!�»e,¢b��e!m�_be,¤ued£�ed¤���edm·cfedm�_btF�ztr¤utr~"��|�s{k7m�_be!�zo�tUq�e�����eXºFm�edkb�;s{kz~Km�_be
��m&p�kb�bp�o��7ed£�tr¤{¢zm�sutrkÅcfedm�_btU�z�`m�tw�ze�p�¤#�·s{m�_7m�_be�kbtrk;xy¤utFq�p�¤{s{m��7t�¨�m�_be�¨©tro�q�e��`s{kn£�tr¤{£�e��§±%$Æe
¢b�&e�m�_zsu��kbe��2p��z�zo�t�prq�_Às{k tro��zedo�m�t��zeX¿bkbe�cftU�zed¤u��¨©tro	m�_be�eXºFm�o&prqdm�sutrkÂt�¨'¤{s{kbe-kbedm��¾tro��F�
ÉÊo�t�pr�z� |zo�s{£�edo���|§±{±{±ÌË¾s{kv�*p�m�ed¤{¤{s{m�e,s{cKp�~�edo���±&$Æe!��_bt�����trcfe�o�e���¢z¤{m���trk7o�e�p�¤°x'�»tro�¤u�¦s{cKp�~�e���±
(*),+OÑ.--Î
��/3��  ��_�p���e��zo�sutro�|�´n¢�pr�;o&p�m�suqfedkbedo�~}sue�� |�prqdm�s{£�ewq�trknm�tr¢zo�� |��zeX¨©tro�cKp��z¤uewcftF�zed¤u��|
¤{s{kbe!kbedm��»tro��ÅeXº;m�o&prqdm�sutrkA±
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, ± , ilknm�o�tF�;¢bqdm�sutrkD±!±�±,±!±,±!±,±!±!±,±�±,±!±,±!±!±,±!±,±�±!±,±!±,±!±,±!±�±,±!±,± �
, ± � -Ae����dkbedo�~}sue��	´U¢�pr�;o&p�m�su´n¢be�� ±!±,±�±,±!±,±!±!±,±!±,±�±!±,±!±,±!±,±!±�±,±!±,± .

, ± �;± , -Ae��`¨©trkbqdm�sutrkzkbed¤{¤ue���¤{s{kb��p�s{o�e��w±!±,±!±!±,±!±,±�±!±,±!±,±!±,±!±�±,±!±,± .
, ± �;± � -Ae��`¨©trkbqdm�sutrkzkbed¤{¤ue���´n¢�pr�;o&p�m�su´U¢be��2±!±,±!±,±�±!±,±!±,±!±,±!±�±,±!±,± /

, ± g Ã%£�tr¤{¢zm�sutrk �;¢vq�trknm�tr¢zoÇ±!±,±!±!±,±�±,±!±,±!±!±,±!±,±�±!±,±!±,±!±,±!±�±,±!±,± , �
, ± g;± , -Ae���q�tr¢zo��Oe����ze,kzs{£�e�p�¢ ±�±,±!±,±!±!±,±!±,±�±!±,±!±,±!±,±!±�±,±!±,± ,�,
, ± g;± � ��¤{~�tro�s{m�_zcfe��	�z�d£�ed¤utr�z�O���	�bp�kb�·¤ue!q�pr�;o�e��ze���q�tr¢zo���e��	�ze,kzs{£�e�p�¢ ± , �
, ± g;± g ½`p�¤uqd¢z¤��ze�¤�p�¨©tro�q�eÂ±!±!±,±�±,±!±,±!±!±,±!±,±�±!±,±!±,±!±,±!±�±,±!±,± , �

, ± 0 Ã%m�¢b�ze-�§¥ ¢zkvq�pr�·��p�o�m�suqd¢z¤{suedo��§¥³�dkbedo�~}sue�´n¢�pr�;o&p�m�su´U¢be ±,±!±,±!±,±!±�±,±!±,± � ,

1 �3242 Ó5%ÊÒ,�;Ð&%ÊÎ$#»  /3��Ð�)UÒ}Ð&%ÊÎ$# / )�Ó5%(#��6%()A� )n� /���#�� /�)n��%¯� �87
)n� /�)!Ð��FÓI� /��nÐ�)nÒ}Ð&%ÊÎ9# 19:
�;± , Ã%m&p�m	�ze!¤y¥ p�o�m�±!±�±,±!±,±!±,±!±!±,±�±,±!±,±!±!±,±!±,±�±!±,±!±,±!±,±!±�±,±!±,± �<;
�;± � -Ae,cftF�zad¤ue,�zo�tr�Ot}��� ±,±!±,±!±!±,±�±,±!±,±!±!±,±!±,±�±!±,±!±,±!±,±!±�±,±!±,± g}�
�;± g �	����¢z¤{m&p�m�� ±,±!±�±,±!±,±!±,±!±!±,±�±,±!±,±!±!±,±!±,±�±!±,±!±,±!±,±!±�±,±!±,± g}�
�;± 0 =�kbe�p�¢zm�o�e,�Ot}����s{�zs{¤{s{m����Otr¢zo·¤y¥³�dkbedo�~}sue��ze,¤y¥ s{cKp�~�eÈ±�±!±,±!±,±!±,±!±�±,±!±,± g}�
�;± 0b± , Ã%kbedo�~}sue,s{cKp�~�e$±!±,±!±!±,±�±,±!±,±!±!±,±!±,±�±!±,±!±,±!±,±!±�±,±!±,± g}�
�;± 0b± � ½¾trkb��m�o�¢bqdm�sutrkv�§¥ ¢zk¦q�_�p�cw�v�Otr¢zo�¤�p��z�dm�e�qdm�sutrk �ze�¤{s{kb�dsu´n¢be��j±!±,± g}�
�;± 0b± g �	����¢z¤{m&p�m	p�£�e�q!q�edm�m�e,kbtr¢z£�ed¤{¤ue-�dkbedo�~}sue�±!±,±�±!±,±!±,±!±,±!±�±,±!±,± 0n�

�;± � ilkzs{m�s�p�¤{su�&p�m�sutrk¦edm�q�trkU£�edo�~�edkbq�e6±,±�±,±!±,±!±!±,±!±,±�±!±,±!±,±!±,±!±�±,±!±,± 0n�
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-AeKq�pr�;o�ew~��dkb�do&p�¤`�zefq�ewm�o&p�£rp�s{¤`��¥ s{kb��qdo�s{m-�bp�kb�!¢zkbef�zo�tr�z¤u�dcKp�m�su´U¢be��§¥³eXºFm�o&prqdm�sutrkD�ze
¨©tro�cfe��f�bp�kb�f�ze���s{cKp�~�e��$�zeÇm��d¤u���z�dm�e�qdm�sutrkA±µÃ%k�o&p�su��trkÈ�zeÇ¤y¥ s{cw��tro�m&p�kbq�evqdo�trsu���&p�knm�ev�;¢
kbtrc-�zo�e¦�§¥ s{cKp�~�e��7prq�´U¢zsu��e���|µs{¤��zed£Fsuedknm�kb��q�e����&p�s{o�e �zev�z�d£�ed¤utr�z�Oedo��ze���tr¢zm�s{¤u��p�¢zm�trcKpPx
m�su´U¢be��K�§¥ p�k�p�¤ �;��e¦�§¥ s{cKp�~�e��K�Oedo¼¨¯tro�cKp�kUm���±µ�'¤{¢b�K�zo���qdsu���dcfedkUm�|µkbtr¢b�Kkbtr¢b�Ks{kUm��do�e�����trkb� Ä
¤�pfcftU�z�d¤{su�*p�m�sutrk �§¥ ¢zkbe-~���trcf�dm�o�sue�ª�«�¬*­©®r¬X­��z¤{¢b�����O��qds°¿�´n¢be-�ze���¨©tro�cfe�� Ä �z�dm�e�qdm�edo�±§½¾e�qds
e���m�¢zk ��trs{kUm�¨¯trkb�bp�cfedkUm&p�¤%�z¢zsu��´n¢be-¤ue���tr�;�¼edm�� Ä eXºFm�o&p�s{o�e��zo�����edkUm�edknm,~��dkb�do&p�¤uedcfedknm-�ze��
�zo�tr�zo�su�dm�����~���trcf�dm�o�su´U¢be���´n¢zs»��edo�cfedm�m�edkUm��zeK¤ue��-�;s°Á§�do�edknm�suedo���p�o�o&p��z��tro�m Ä ¤ued¢zo�edkn£Fs°x
o�trkzkbedcfedkUm�±
²�tr¢b�·�z�d£�ed¤utr�z�Otrkb��q�edm�m�e��dm�¢b�ze,�bp�kb�·¤ue�q�pr�;o�e,�ze��·q�trknm�tr¢zo��	prqdm�s°¨©��±b½¾e��·�zedo�kzsuedo���trkUm

�dm���¢zm�s{¤{su�����·�bp�kb�`�ze�kbtrc��zo�ed¢b��e���p��z�z¤{suq�p�m�sutrkb�·edk�m�o&p�s{m�edcfedkUm��§¥ s{cKp�~�e����zed�z¢zsu�¾¤ue���p��zsuedo
tro�s{~}s{k�p�¤3�ze&%!pr��� � �`ª('*),+ , ;�-¸±�i¸¤u��t�Á�o�edkUm��ze!kbtrc-�zo�ed¢b��e�����t}����s{�zs{¤{s{m������ze,cftF�z�d¤{su�&p�m�sutrkÀedm
�&trknmfpr����tFqdsu��� Ä �ze��fp�¤{~�tro�s{m�_zcfe��K��s{cw�z¤ue��wedm�o&p��zsu�ze���±G-'¥ su�z��e7e���m�o�ed¤�p�m�s{£�edcfedknmK��s{cw�z¤ue/.
s{¤¾��¥ p�~}s{m��ze$�z�X¿bkzs{o�¢zkbeK¨¯trkbqdm�sutrkzkbed¤{¤ueÇ��¢zo-¤y¥³e�����prq�eÇ�ze��K¶dx¸q&_�pP¹ukbe��w�bp�kb�-¤ue��ztrcKp�s{kbe��ze
¤y¥ s{cKp�~�e�É¯�dkbedo�~}sue Ë»�ztrknm`¤ue�cws{kzs{c�¢zc o�ed�zo�����edknm�e��ze��`��m�o�¢bqdm�¢zo�e��¾s{cw�Otro�m&p�knm�e��·�ze�¤y¥ s{cKp�~�e}|
�z¢zsu�%�ze¾m�o�tr¢z£�edo'q�e¾cws{kzs{c�¢zcÅ±F-Ae����zo�edcwsuedo���cftU�zad¤ue���ÉÊ¤ue��10d��k�p ��e��20¾edm3¤ue��%q�trkUm�tr¢zo��µprqdm�s°¨©�
p�£�e�q�¤�p,¨©tro�q�e	��p�¤{¤utrk�Ë»trkUm`�dm����z�X¿bkzsu�`��¢zo¾¤y¥³e�����prq�e��ze��»q�tr¢zo��Oe��¾��p�o&p�cf�dm�o���e���tr¢z£�edo�m�e��`tr¢
¨©edo�cf��e����;¢ �ztrcKp�s{kbew�ze-¤y¥ s{cKp�~�e�edm	¨yp�£�tro�su�*p�suedknm!�ze���q�tr¢zo���e���¤{su�&��e���p�¢ kzs{£�e�p�¢Â�ze���~}o&pPx
�;suedkUm��%�d¤ued£����'�ze¾¤y¥ s{cKp�~�e3+ ;;| , ;4-¸±}½¾e��3cftF�zad¤ue��%�dm&p�suedknmµ�z�d�Oedkb�bp�knm��µ�ze»¤�p���p�o&p�cf�dm�o�su�&p�m�sutrk
�ze!¤�p�q�tr¢zo���e!edm	��tr¢zo���p�¤{¤{suedo�q�e,�zo�tr�z¤uadcfe}|��ze,kbtr¢z£�e�p�¢;º7cftF�zad¤ue��	trkUm��dm����zo�tr�Ot}�����	´U¢zs
�dm&p�suedkUmK�z�X¿bkzsu�fq�trcwcfeÅ�ze���¨©trkbqdm�sutrkzkbed¤{¤ue��K��¢zow¤y¥³e�����prq�e7�ze��fq�tr¢zo��Oe��f��´n¢zs{£}p�¤uedknm�e��f��p�o
q&_�p�kz~�edcfedknmÇ�ze7��p�o&p�cf�dm�o�su�&p�m�sutrkA± -Ae��Kq�trkUm�tr¢zo���prqdm�s°¨©�w~���tF�z����su´n¢be��w¨¯trkUmf��p�oKeXºzedcw�z¤ue
��p�o�m�sue��ze�q�edm�m�e�q�p�m��d~�tro�sue5+ 0�| , .�-¸±;�%¢zsu� |F�ze��¾m�edo�cfe��·�dkbedo�~��dm�su´U¢be��·��¢zo¾¤ue��»o��d~}sutrkb�·trkUm·�dm��
s{kUm�o�tU�;¢zs{m����bp�kb��+ , �;|�g}�;| 0 , -¸±§Ã%k¡�z¤{¢b���zew�Oedo�cfedm�m�o�eK�zewm�edkzs{o-q�trcw�zm�ef�z¤{¢b�,¨yprqds{¤uedcfedknm
�ze��¾�zo�tr�zo�su�dm����·��¢zo¾¤ue��`o��d~}sutrkb�`edkz~}¤utr����e��`��p�o`¤ue�q�trknm�tr¢zo�|zq�e��¾m�edo�cfe��·��trkUm¾�z¤{¢b�¾o�tr�z¢b��m�e��
p�¢7�zo�¢zs{m�±
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i¸¤be���m%s{kUm��do�e����&p�kUm»�ze·o�edcKp�o�´U¢bedoµ´U¢be}|r��tr¢zo'm�tr¢b�µq�e��%cftU�zad¤ue�� |}¤ue��'q�trknm�o&p�s{kUm�e��¾~���trcf�Xx
m�o�su´U¢be�����e'o����;¢zsu�&edknm Ä �ze���q�trkUm�o&p�s{knm�e��'��¢zo3¤y¥³�d¤�pr��m�suqds{m��,É¯edm3��p�o¼¨¯trsu�3¤�p	o�s{~}su�;s{m�� Ë��;¢�q�trknm�tr¢zo�±
½¾ed¤{¤ue���x¸qdsFcfadkbedkUm Ä �ze��3¨¯tro�q�e����ze¾o��d~}¢z¤�p�o�su�&p�m�sutrkA|�¨©trkbqdm�sutrkf�ze»¤�p�q�tr¢zo��z¢zo�e}|}´U¢zs;p��z�Otro�m�edknm
¢zkbefs{k;¨¯tro�cKp�m�sutrk¡~��dkb�do&p�¤ue}|��bp�kb�!¤ueK��edkb�!t���ed¤{¤ue��-edkbq�tr¢zo&p�~�edknm��ze��!q�edo�qd¤ue��-q�trcwcfefcws°x
kzs{cKpv�§¥³�dkbedo�~}sue}±�����q�edcwcfedknm�|��z¤{¢b��sued¢zo��-m�o&p�£}p�¢;º�trknm��dm��fcfedkb����pP¿bk¡�§¥ s{knm�o�tF�;¢zs{o�e$¢zkbe
s{k;¨©tro�cKp�m�sutrk�~���trcf�dm�o�su´n¢be¾�z¤{¢b���z�dm&p�s{¤{¤u��e`�bp�kb�3¤ue���cftF�zad¤ue���± -Aed£�edknm�trk � ��ª(' ) + �}�4-;e���m�s{cfedknm
¤�p$¨©tro�cfew�ze�¤y¥³tr�;�¼edm Ä eXº;m�o&p�s{o�e}|§¤�p�o�ed�zo�����edkUm�ew��p�o,¢zkbew�;su��m&p�kbq�ef��s{~}kb��ewedm�¨©trknm-�d£�tr¤{¢bedo
¤ueKq�trknm�tr¢zo�£�edo���q�edm�m�ew¨©tro�cfeKe���m�s{cf��eKedm��&p7��t}��s{m�sutrkA±�½»o�edcfedo�� � ��ª(' )�+ , �4-µcftF�;s°¿�edknm�¤�p
¨©trkbqdm�sutrkzkbed¤{¤ue��ze��¦¢zc�¨¯tro��Fx��U_�p�_@pP¿bk �§¥ �Âs{knm�o�tF�;¢zs{o�e$¢zkbeKs{k;¨¯tro�cKp�m�sutrk@��m&p�m�su��m�su´n¢be$��¢zo
¤�p$¨©tro�cfef�zew¤y¥³tr�;��edm�±Ail¤u��¢zm�s{¤{su��edknm-¢zkbew��p�o&p�cf�dm�o�su�&p�m�sutrkDeXºF�z¤{suqds{m�ef�zef¤�p7q�tr¢zo���e Ä ¤y¥ p�su�ze
�ze��l���z¤{s{kbe��	�7edmK�z�X¿bkzsu����edkUmK¢zkbeÅ�;su��m�o�s{�z¢zm�sutrk �ze7�zo�tr��p��zs{¤{s{m��¦~np�¢b����suedkzkbe7�Otr¢zoKq�_�prqd¢zk
�ze����Otrs{knm����ze-q�trkUm�o�
r¤uew�;¢��l���z¤{s{kbe
�&± -Ae����z�X¨©tro�cKp�m�sutrkb���;¢ q�trkUm�tr¢zo��&trknm,q�trknm�o&p�s{kUm�e��!p�¢
�&tr¢b�¼x¸e�����prq�e	�ze��¾�z�X¨©tro�cKp�m�sutrkb�µ�Ot}����s{�z¤ue��¾tr�zm�edkn¢be���±F��p�o&p�~}sut}�¾edm¾�	tr¢b���&trk�+ g , -��zo�tr�Ot}��edkUm
¢zkÀcftF�zad¤uew´n¢zs3m�suedknm-q�trcw�zm�ew�ze����zo�tr�zo�su�dm����,¤utUq�p�¤ue��,edm�~}¤utr��p�¤ue��!�ze�¤y¥³tr�;��edm Ä �z�dm�e�qdm�edo�±
=�kÆcftF�zad¤ueK�zew¤�pÇ¨¯tro�cfe ªw«�¬*­©®r¬X­�e���m�q�trkb��m�o�¢zs{m Ä ��p�o�m�s{o-�§¥ ¢zk¡edkb�&edc��z¤ue��§¥ s{cKp�~�e���±�=�k
q�pr�;o�e���m&p�m�su��m�su´U¢beÇe���m-�z�X¿bkzs�p�£�e�q$�Otr¢zo�s{kbq�trkzkn¢be���|�¤�pÅ¨¯tro�cfe�edm�¤ue����z�X¨©tro�cKp�m�sutrkb���Ot}�¼x
��s{�z¤ue��·�ze�q�edm�m�e�¨©tro�cfe}±zil¤u�¾q&_bedo�q�_bedkUm	¢zkbe�m�o&p�kb�¼¨©tro�cKp�m�sutrk7~}¤utr��p�¤ue,edm·¢zkbe�o�ed�zo�����edknm&p�m�sutrk
��p�o$q�tr¢zo���e��f�zeÅkzs{£�e�p�¢;º@´U¢zs�cKpPº;s{cwsu��edknm$¤�p �zo�tr��p��zs{¤{s{m��Dª7«;® � � �X¬X­¯®r¬X­`�dm&p�knm$�ztrkzkb�v¤ue
cftF�zad¤ue$ª�«�¬*­©®r¬X­A�ze!¤�p�¨©tro�cfe}±�½»_bedk � �·ª(' ) + ��-3�z�X¿bkzsu���&edknm�¢zkbe!¨©trkbqdm�sutrkzkbed¤{¤ue-�z�d�Oedkb�bp�knm
�;¢K~}o&pr�;suedknm`�ze�¤y¥ s{cKp�~�e	edm»�ze�¤�p�¨©tro�cfe�cft���edkzkbe��ze·¤y¥³tr�;��edm Ä eXºFm�o&p�s{o�e}±6-Ae�m�edo�cfe	~���trcf�Xx
m�o�su´U¢be�ª�«�¬X­¯®r¬X­b�d£}p�¤{¢be�¤�p-��s{cws{¤�p�o�s{m����ze�¤�p!¨¯tro�cfe��;¢�q�trkUm�tr¢zo·edm¾�ze	¤�p,¨©tro�cfe��ze�o��X¨©�do�edkbq�e
ÉÊcftF�;¢z¤ut7¢zkbef��q&_bed¤{¤ue}|A¢zkbewo�trm&p�m�sutrkDedm,¢zkbewm�o&p�kb��¤�p�m�sutrk�Ë!edk�q�p�¤uqd¢z¤�p�knm-¢zkbe�¨¯trkbqdm�sutrk¡�ze
�;su��m&p�kbq�e�edknm�o�e-¤ue����zed¢;ºÅ��p�o	¤�pwcf�dm�_btF�ze��;s{m�e�����pr��m�� p�o�q&_zs{kz~����ze��Fedm�_zs�p�k + g}�4-¸±�Ã'k;¿bkA|
��tr¢z¤utrkzkbe�p�¢ � �`ª(' ) + , g�-��z�X¿bkzsu�&��edknm	�ze����ze���qdo�s{�zm�ed¢zo��	�ze�¨©tro�cfe Ä ¤y¥ p�su�ze-�ze��·cftrcfedknm����ze
-�ed~�edkb�;o�e7edm-s{kUm�o�tU�;¢zsu��edkUmw¢zk�ªK«�¬*­©®r¬X­'~���trcf�dm�o�su´U¢be��bp�kb��¤ue�q�pr�;o�eÇ�ze$q�trkUm�tr¢zo��Kprqdm�s°¨©�
�ze�m �U�Oe,o��d~}sutrkb��|b��p�o�¤y¥ s{knm�edo�cf���;s�p�s{o�e��§¥ ¢zkbe!�;su��m&p�kbq�e!´U¢�pr�;o&p�m�su´U¢be!edknm�o�e�¤y¥³edkb��edc��z¤ue-�ze��
cftrcfedkUm��	�;¢vq�trkUm�tr¢zo�edm·¤y¥³edkb��edc-�z¤ue��ze��	cftrcfedknm��	�ze!¤y¥³tr�;�¼edm	�ze�o��X¨©�do�edkbq�e}±
Ã%k$o�����¢zcf�}|U¤ue��¾cf�dm�_btF�ze��`�z��qdo�s{m�e��·qds°x¸�ze�����¢b�¾��tr¢zo�o&p�suedkUm��dm�o�e��z�X¿bkzsue��`�ze�¤�p-cKp�kzsuado�e

��¢zs{£rp�kUm�e}±�Ã%m&p�kUm,�ztrkzkb�-¢zkÀedkb��edc-�z¤ue��§¥³eXºzedcw�z¤ue����ze�¤�pf¨©tro�cfe Ä �z�dm�e�qdm�edo�edm�¢zkbe-o�ed�zo��Xx
�&edknm&p�m�sutrkÀ��p�o�m�suqd¢z¤{suado�e��ze�¤�pw¨¯tro�cfe}|�¢zk q�edo�m&p�s{k kbtrc��zo�e��ze-cftU�ze����ze�£rp�o�s�p�m�sutrkb����¢zo�¤�p
¨©tro�cfe���trknm·�z�X¿bkzsu��± -'¥³�d£�tr¤{¢zm�sutrkv�;¢Çq�trknm�tr¢zo�e���m`p�¤utro��·q�trkUm�o&p�s{knm�e,��p�o`¤�p!¨¯tro�cfe�cft���edkzkbe
�ze�¤y¥³tr�;�¼edm Ä �z�dm�e�qdm�edo`edm'¤ue��»�z�X¨©tro�cKp�m�sutrkb�»��t}����s{�z¤ue��'��p�oµo&p��z�Otro�m Ä q�edm�m�e·¨©tro�cfe}±F½¾e��µcf�Xx
m�_btF�ze��¾q�trkb�;¢zsu��edknm�p�s{kb��s Ä ¤�p-�z�dm�e�qdm�sutrk��§¥ ¢zk�m��F��e���p�o�m�suqd¢z¤{suedo`�§¥³tr�;�¼edm`edm¾�§¥ ¢zk���ed¢z¤O�bp�kb�
¤ue��µs{cKp�~�e���|�q�e�´U¢zs��zed£Fsuedknm»£Us{m�e·o�e���m�o�suqdm�s°¨¼±U��p�kb�µkbtrm�o�e�q�pr��|}kbtr¢b�µkbe�£�tr¢b�;o�sutrkb�µ��pr�'s{knm�o�t�x
�;¢zs{o�e-�bp�kb�	¤ue���cftF�zad¤ue����ze��	s{k;¨¯tro�cKp�m�sutrkb��~���trcf�dm�o�su´U¢be���p�¢b�&��s����O��qds°¿�´n¢be�� |bcKp�su���z¤{¢zm�
rm
�ze��»q�trknm�o&p�s{kUm�e��¾´U¢zs��z�X¿bkzsu���&edknmµ¢zkbe	qd¤�pr����e·�z¤{¢b�µ~��dkb�do&p�¤ue	�ze·¨©tro�cfe��'��p�o�m&p�~�e�p�kUm»¢zkbe	q�edo¼x
m&p�s{kbe»o�e�����edc-�z¤�p�kbq�eµ~���trcf�dm�o�su´U¢be}±�½¾trkb��su�z�do�trkb��|P��p�o�eXºzedcw�z¤ue}| ¤ue���o�����e�p�¢;º!o�tr¢zm�suedo���±�²�tr¢b�
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kbe��Otr¢z£�trkb�,kzs'�z�X¿bkzs{o,¢zkbe�¨©tro�cfe�cft���edkzkbe}|§kzs%¢zkÆq�edo�m&p�s{kÂkbtrc-�zo�ef�zew�z�X¨¯tro�cKp�m�sutrkb� Ä
��p�o�m�s{o¾�ze�q�edm�m�e·¨©tro�cfe�cft���edkzkbe}±Uil¤u�%�zo�����edkUm�edknm·q�ed�Oedkb�bp�knm`�ze��µ��s{cws{¤�p�o�s{m����»~���trcf�dm�o�su´n¢be��
¨©tro�m�e�� .z¤ue��	��tro��z���ze���o�tr¢zm�e�����trkUm	��p�o&p�¤{¤uad¤ue���edm��zo�����edkUm�edknm�¢zkbe�q�tr¢zo��z¢zo�e�¨©p�s{�z¤ue��&p�¢;¨µp�¢
kzs{£�e�p�¢È�ze��Kq�p�o�o�eX¨¯tr¢zo���±µ½�¥³e���mfq�eÇm��F��e7�zeÇ~���trcf�dm�o�sue�ªÇ«�¬X­¯®r¬X­»´U¢beÇkbtr¢b�f��tr¢z_�p�s{m�edo�sutrkb�
s{kUm�o�tU�;¢zs{o�e-�bp�kb�·¤ue,cftF�zad¤ue}±
��¿bk��zevcftU�z�d¤{su�&edoKq�eÅm �U�OeÅ�zevq�trkUm�o&p�s{knm�e���~���trcf�dm�o�su´U¢be���|µkbtr¢b�Ks{knm�o�tF�;¢zsu��trkb�$¢zkbe

kbtr¢z£�ed¤{¤ue,qd¤�pr�&��e��ze�q�trkUm�tr¢zo���prqdm�s°¨©��± -�p-�z¤{¢z��p�o�m	�ze��`cftF�zad¤ue��`s{knm�o�tF�;¢zs{m���� ¢b�&´n¢A¥ Ä �zo�����edkUm
�Oed¢z£�edknm��dm�o�eK�z�X¿bkzsu��q�trcwcfeK¢zkbeK�dkbedo�~}sueK¤{s{kb��p�s{o�e$��¢zo�¤y¥³e�����prq�e$�ze�� , x¸q&_�pP¹ukbe���|�q}¥³e���m¼x Ä x
�;s{o�e¦¤ue����dkbedo�~}sue��Ç��ed¢z£�edkUmÇ� ¥³eXºF�zo�s{cfedo Ä ¤y¥ p�su�zeÀ�§¥ ¢zkbe ��ed¢z¤uevs{kUm��d~}o&p�¤ueÂ��¢zoK¤ue q�trknm�tr¢zo�±
²�tr¢b�µ�z�X¿bkzsu�&��trkb�µ�ze��»q�trknm�tr¢zo��·prqdm�s°¨¯�»�§¥³tro��;o�e	��¢z�O�do�sued¢zo¾p�£�e�q	�ze��»�dkbedo�~}sue��»´U¢�pr�;o&p�m�su´n¢be��
��¢zof¤y¥³e�����prq�ev�ze�� , x¸q�_�pP¹ukbe���±»Ã%kYeXÁ§edm�|%¤ue��$�dkbedo�~}sue��K¤{s{kb��p�s{o�e��$kbe7�Oed¢z£�edknmK��pr�$s{cw�Ot}��edo
�ze¡q�trknm�o&p�s{kUm�e��Âq�trcw�z¤ueXº;e��À��¢zo¦¤�p@~���trcf�dm�o�sueD�;¢ q�trknm�tr¢zo�± =�k eXºzedcw�z¤ue¡qd¤�pr�&��su´n¢be��ze
q�trkUm�o&p�s{knm�e-~���trcf�dm�o�su´n¢be$ª,«�¬*­©®r¬X­�s{cw�Ot}����e,e���m·¤�p�¤utrkz~}¢bed¢zo��ze,¤�p�q�tr¢zo���e/.
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t�� �� ������o�ed�zo�����edknm�e�¤ue�£�e�qdm�ed¢zo`m&p�kz~�edknm Ä ¤�p-q�tr¢zo���e�p�¢���trs{kUm���|��
�����
�no�ed�zo�����edknm�e�¤�p�kbtro�cfe� ��edm!��¤y¥ p��b��qdsu�&��e!qd¢zo�£Fs{¤{s{~}kbe}±�-�p�¨©tro�q�e!�z�do�s{£���e!�ze,q�edm�m�e!�dkbedo�~}sue-��¥³��qdo�s{m .
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t��,(����$�»o�ed�zo�����edkUm�e�¤�pKq�tr¢zo��z¢zo�e�p�¢Å�Otrs{knm��§¥ p��b��qdsu����e��!edm �* ���$�»¤ue!£�e�qdm�ed¢zo�¢zkzs{m&p�s{o�e�kbtro¼x
cKp�¤'eXº;m��do�sued¢zo�edk-�n±A½¾edm�m�e�¨©tro�q�ewq�trknm�o&p�s{knm�¤uewq�trknm�tr¢zo Ä m�edkb�;o�ew£�edo��,¢zkÆq�edo�qd¤ue}|��z¢zsu� Ä
�;su����p�o&pP¹um�o�e}±z½¾trcwcfe�m�tr¢zm�e��¾¤ue��»¨©tro�q�e��¾�z�do�s{£���e��·�§¥ ¢zkbe��dkbedo�~}sue�¤{s{kb��p�s{o�e}|;ed¤{¤ue�e���m»¤utFq�p�¤ue�edm
p��z�Otro�m�e��ztrkbq�¢zkbe�s{k;¨©tro�cKp�m�sutrk7�Otrkbqdm�¢bed¤{¤ue}±8-Ae��`��t}�&��s{�zs{¤{s{m����`�ze�cftF�z�d¤{su�&p�m�sutrk7��trkUm	p�¤utro��
o����;¢zs{m�e�� ±��	¢wq�trkUm�o&p�s{o�e}|�¤ue��'�dkbedo�~}sue��»´n¢�pr�;o&p�m�su´U¢be��'edknm�o&pP¹ukbedkUm¾�ze��3¨©tro�q�e��%kbtrk;xy¤utFq�p�¤ue��µ´U¢zs
£�trkUm��Oedo�cfedm�m�o�e!�ze,cftF�z�d¤{su��edo��ze��·s{knm�edo&prqdm�sutrkb��kbtrk7m�o�s{£Fs�p�¤ue��	edkUm�o�e,¤ue����;s°Á§�do�edknm����Otrs{knm��
�;¢Åq�trkUm�tr¢zo�± �Ftr¢z¤{s{~}kbtrkb��q�ed��edkb�bp�kUm	´n¢be�¤ue��	�dkbedo�~}sue���¤{s{kb��p�s{o�e��·o�e���m�edkUm�m�o�a��·s{cw�Otro�m&p�knm�e��
edm·�Oed¢z£�edknm �dm�o�e!q�trkb��su�z�do���e���q�trcwcfe,¢zkvq�pr�·��p�o�m�suqd¢z¤{suedo��ze����dkbedo�~}sue��	´U¢�pr�;o&p�m�su´n¢be�� ±
��tr¢zo�¤�pwcws{kzs{cwsu�*p�m�sutrkÀ�ze-¤y¥³�dkbedo�~}sue}|�¢zkbe�p��z�zo�tFq�_be��;s{o�e�qdm�e��ze-�ze���q�edkUm�e-�ze-~}o&pr�;suedknm

�Oed¢zm �dm�o�e�¢zm�s{¤{su����e}|zcKp�su��¤ue��·¤{s{cws{m&p�m�sutrkb�	edk7m�edo�cfe����ze���p�o&p�cf�dm�o�su�&p�m�sutrk¦edm�q&_�p�kz~�edcfedknm��
�ze¦m�tr�Otr¤utr~}suevkbtr¢b�ÇtrknmÇq�trkb�;¢zs{m Ä pr�ztr�zm�edo�¤�p�cf�dm�_btU�ztr¤utr~}sue ��p�oÇq�tr¢zo���e��Ç�ze¦kzs{£�e�p�¢A|
s{kUm�o�tU�;¢zs{m�e$��p�o�.���_bedo-edm �Fedm�_zs�p�k �bp�kb��+ ��.4-¸±3½¾edm�m�e�p��z�zo�tUq&_be�pv�dm��fm�o�a��-¢zm�s{¤{su����e$edm-�ze
kbtrc-�zo�ed¢;ºKp�¤{~�tro�s{m�_zcfe��'trknmµ�dm��`�z�d£�ed¤utr�z�O���'�bp�kb�'q�e·q�pr�;o�e}±}²�tr¢b��£�edo�o�trkb�'q�ed�Oedkb�bp�knmµ´U¢be
¤y¥ s{kUm�o�tU�;¢bqdm�sutrk �ze�¨¯tro�q�e��·kbtrk7¤utFq�p�¤ue��`kbtr¢b��tr�z¤{s{~�edkUm Ä pr�bp��zm�edo	q�edo�m&p�s{kbe����ze��·m�e�q&_zkzsu´n¢be��
��m&p�kb�bp�o��7¢zm�s{¤{su����e����Otr¢zo·¤y¥³�d£�tr¤{¢zm�sutrk¦�;¢¦q�trknm�tr¢zo�±
��tr¢zo�s{¤{¤{¢b��m�o�edo	¤ue!��trm�edkUm�sued¤3�ze!q�edm�m�e�kbtr¢z£�ed¤{¤ue-qd¤�pr�&��e!�ze�q�trkUm�tr¢zo���prqdm�s°¨©��|zkbtr¢b��p�£�trkb�
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o����&e�p�¢;ºO±%½¾ed��edkb�bp�kUm�|3s{¤¾��¥ s{kb�&qdo�s{m-m�trm&p�¤uedcfedkUmf�bp�kb�-kbtrm�o�eÇq�pr�;o�e��zeKm�o&p�£rp�s{¤`�z¢zsu��´U¢be$¤ue��
o����&e�p�¢;ºD�zo�����edkUm�edknm��ze��wo�e�����edc-�z¤�p�kbq�e��K~���trcf�dm�o�su´U¢be��K�&p�kb�f��tr¢zoKp�¢zm&p�kUmf��tr¢z£�trs{o��dm�o�e
�z�X¿bkzsu�	��p�o·¢zkbe�¨©tro�cfe,cft���edkzkbe}±
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-Aew�z¢zm-�zeKq�ewm�o&p�£}p�s{¤»e���m!�zeK�z�dm�e�qdm�edo-¢zk�tr¢��z¤{¢b��sued¢zo���tr�;��edm�����¢zo�¢zkbews{cKp�~�e}±�=�kbe
¨yp���trkÇ�§¥ �w��p�o�£�edkzs{o`e���m»�ze��z�X¿bkzs{o`�ze��µ¨©trkbqdm�sutrkzkbed¤{¤ue��·��¢zo¾�ze��¾��tr¢b�¼x¸edkb�&edc��z¤ue��·�ze�¤y¥ s{cKp�~�e
�ztrkUm,¤ue��,cws{kzs{cKpÇq�tro�o�e����Otrkb�zedknm�p�¢;º tr�;��edm��!´n¢be�¤y¥³trkÆ��tr¢z_�p�s{m�eK�z�dm�e�qdm�edo�±AÃ%kÂ�zo&p�m�su´U¢be}|
kbtr¢b��kbtr¢b�'s{knm��do�e�����trkb� Ä ¢zkwm��F��e¾��p�o�m�suqd¢z¤{suedoµ�ze·��tr¢b��x¸edkb��edc��z¤ue�� .�¤ue��%q�_�pP¹ukbe��µ�z�X¿bkzsue��µ��¢zo
¤uew�ztrcKp�s{kbew�ze�¤y¥ s{cKp�~�e}|��zewq�tU�;s{cfedkb��sutrkD�$tr¢ , ±§Ã'kÂ��p�o�m�suqd¢z¤{suedo�|Akbtr¢b�,q�trkb��su�z�do�trkb��¤ue��
¨©trkbqdm�sutrkzkbed¤{¤ue����z�X¿bkzsue��-��¢zo!�ze��w¶dx¸q&_�pP¹ukbe��!¨©edo�cf��e���edkÆ�zed¢;ºÂ�;s{cfedkb��sutrkb��±���p�kb�!¢zkÂ�zo�eXx
cwsuedo¾m�edcw�b��|Ukbtr¢b�¾��p�o�¤utrkb�¾�ze��»¨©trkbqdm�sutrkzkbed¤{¤ue��`¤{s{kb��p�s{o�e��·´n¢zs���trknm`qd¤�pr����su´U¢bedcfedknm`¢zm�s{¤{su����e��
�bp�kb�µ¤ue�q�pr�;o�e	�ze��»q�trknm�tr¢zo��`prqdm�s°¨¯� |}�z¢zsu�'kbtr¢b�¾p���tro��ztrkb�µ¤ue��%¨©trkbqdm�sutrkzkbed¤{¤ue��»´U¢�pr�;o&p�m�su´n¢be�� |
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=	kbe�¨©trkbqdm�sutrkbed¤{¤ueK��¢zo��ze��w¶dx¸q�_�pP¹ukbe���e���m-�;s{m�ew¤{s{kb��p�s{o�eK��sy|O�Otr¢zo!¢zkbe$q�trc��zs{k�p�su��trk¡¤{s°x

kb��p�s{o�e,�ztrkzkb��e��ze-¶dx¸q&_�pP¹ukbe��*)��,+�-/.�� �r|U¤�p�£}p�¤ued¢zo��ze�¤�p-¨¯trkbqdm�sutrkbed¤{¤ue�e���m·�ztrkzkb��e,��p�o·¤�p
c �dcfe�q�trc��zs{k�p�su��trk¦¤{s{kb��p�s{o�e��ze��·£}p�¤ued¢zo����ze����zed¢;ºÅq�_�pP¹ukbe��2.

����)��,+�-0.�� � �%�1) � ���,+ �2-3.�� ��� � � É , ± , Ë
��p�kb�-kbtrm�o�eÇq�pr��|Akbtr¢b����trcwcfe�����ed¢z¤uedcfedkUm�s{kUm��do�e�����������p�o�¤�pÅ~���trcf�dm�o�sueÇ�ze$¤y¥ s{cKp�~�e

�ze��¦¶dx¸q�_�pP¹ukbe��vedmKkbtr¢b��£�tr¢z¤utrkb�Çs{cw��t}�&edo Ä ¤y¥³�dkbedo�~}sue �§¥ �dm�o�e¦s{kn£}p�o�s�p�knm�eÀ¤utro��&´n¢be � e���m
o�edcw�z¤�prq���eK��p�o �54�|§t��64,e���m,¢zk��;s°ÁO��trcftro��z_zsu��cfe'7P±�½¾trkb��su�z�do�trkb�98 ¢zkÆ�&tr¢b�¼x¸edkb��edc��z¤ue
�ze9: � edm�¢zkbe�p��z�z¤{suq�p�m�sutrk �zs ��e�qdm�s{£�e#�<;"= +,> 8,±�Ã%m&p�kUm,�ztrkzkb�-¢zkbe-cf�dm�o�su´U¢be@?Åedm�¢zkbe
p��z�z¤{suq�p�m�sutrkBA$��¢zo�8,|rkbtr¢b�%�Otr¢z£�trkb�'�z�X¿bkzs{o%¤�p�¨¯trkbqdm�sutrkbed¤{¤ue	¤{s{kb��p�s{o�e���¢zs{£}p�knm�e·��¢zo%¤y¥³e�����prq�e
�ze��!¶dx¸q�_�pP¹ukbe���´n¢zs§�zo�����edo�£�e!¤y¥ s{kn£}p�o�s�p�kbq�e!£�tr¢z¤{¢be!�Otr¢zo·¤y¥³�dkbedo�~}sue/.
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	�� ��� ��� ��� L�A���� ����� � � � É , ± g�Ë

t�� � ��� L o�ed�zo�����edkUm�e!¤�p�kbtro�cfe!�;¢v£�e�qdm�ed¢zo��K�bp�kb�	¤�p�cf�dm�o�su´n¢be@?�±
=	k eXº;edcw�z¤ue���s{cw�z¤ue��ze!¨©trkbqdm�sutrkzkbed¤{¤ue�¤{s{kb��p�s{o�e�e���m	¤�pK¤utrkz~}¢bed¢zo��ze-¤�pKq&_�pP¹ukbe}|O�z�X¿bkzsue

��p�o .

��������� 	 � � � ������� � � É , ± 0UË

=	kbe�p�¢zm�o�e���t}����s{�zs{¤{s{m��	�Otr¢zo¾qdo���edo`¢zkbe�¨©trkbqdm�sutrkzkbed¤{¤ue�¤{s{kb��p�s{o�e��zo����&edo�£rp�kUm¾¤y¥ s{kU£rp�o�s�p�kbq�e
�ze�¤y¥³�dkbedo�~}sue-e���m��§¥ s{knm��d~}o�edo�¢zkbew¶dx©¨©tro�cfe!��¢zo�¤�p�¶dx¸q&_�pP¹ukbe/.

� ��� ��� C E G�� N�� � 	 � � �����	� � ��� É , ± ��Ë

-'¥ p�s{o�e,�ze�¤y¥ s{knm��do�sued¢zo	�§¥ ¢zkbe , x¸q&_�pP¹ukbe!e���m`¢zk7eXº;edcw�z¤ue,�ze�¨©trkbqdm�sutrkzkbed¤{¤ue,¤{s{kb��p�s{o�e,�ze,q�e
m �U�OeXxy¤ Ä .
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t����������D4�������������±
-�p��z¤{¢z��p�o�mµ�ze��%cftF�zad¤ue��%�zo�tr�Ot}�����O�¼¢b��´U¢A¥ Ä �zo�����edknmµ�bp�kb�'¤ue�q�pr�;o�e·�ze��'q�trknm�tr¢zo��`prqdm�s°¨©�

�Oed¢z£�edknm �dm�o�ew�z��qdo�s{m��!��p�o!�ze���¨¯trkbqdm�sutrkzkbed¤{¤ue���¤{s{kb��p�s{o�e���±§��¿bkÆ�ze��Oedo�cfedm�m�o�ef�ze���cftF�z�d¤{s°x
�*p�m�sutrkb���z¤{¢b�,q�trcw�z¤ueXºze���|�kbtrm&p�cwcfedknm,�Otr¢zo�¤y¥ s{knm�o�tF�;¢bqdm�sutrkÆ�ze�q�trknm�o&p�s{knm�e���kbtrk;xym�o�s{£Us�p�¤ue��
��¢zo»¤�p�¨©tro�cfe,�;¢Çq�trkUm�tr¢zo�|;kbtr¢b�`kbtr¢b�`s{knm��do�e����&trkb� Ä �ze��µ¨©trkbqdm�sutrkzkbed¤{¤ue���´U¢�pr�;o&p�m�su´n¢be��	��¢zo
¤y¥³e�����prq�e!�ze���q�_�pP¹ukbe�� ±
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½¾trkb��su�z�do�trkb�,�zed¢;º , x¸q&_�pP¹ukbe�� ��edm�$ �bp�kb�@8,±�²�tr¢b����tr¢z£�trkb�,�z�X¿bkzs{o�¤ued¢zo��zo�tF�;¢zs{m�|�&%'$ |z¢zkbe 
 x¸q&_�pP¹ukbe-�bp�kb� 8 � ±b�3tr¢zo�¤ue!q�pr��t�� � ; = +]> 8,|bq�edm�m�e-q�trkb��m�o�¢bqdm�sutrkÀ�ztrkzkbe

¤y¥ p��z�z¤{suq�p�m�sutrk �(� � ;�) � > 8 � |3t��*) � � = + �/= + e���m-¤ue 
 xym�tro�e}±�²�tr¢b�wp�£�trkb�w�ztrkbq
¢zkbe$p��z�z¤{suq�p�m�sutrk'% ;#+'+ ��8!�,�*+'+ ��8!� > + � ��8 � �&|�t��'+.- �0/ ��e���m!¤y¥³e�����prq�eK�ze�� �zx¸q�_�pP¹ukbe��
��¢zo�¤�p¡£}p�o�su�dm��1/�± =�kbev¨©trkbqdm�sutrkzkbed¤{¤ueÂ¤{s{kb��p�s{o�eÂ��¢zo2+ � ��8 � �K�zed£Fsuedknm7¢zkbe¦¨¯trkbqdm�sutrkzkbed¤{¤ue
�zs{¤{s{kb��p�s{o�eÇ��¢zo3+'+ ��8!���4+'+ ��8!����p�o�q�edm�m�e�q�trkb��m�o�¢bqdm�sutrkA±��3p�ow�z�X¿bkzs{m�sutrkA|3¢zkbefm�ed¤{¤ueK¨©trkbqXx
m�sutrkzkbed¤{¤ue¦�zs{¤{s{kb��p�s{o�eÀe���mK¢zkbev¨©trkbqdm�sutrkzkbed¤{¤ue ´U¢�pr�;o&p�m�su´U¢be¦��¢zo�+'+ ��8!��p�£�e�q¦¤y¥ p��z�z¤{suq�p�m�sutrk
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���&±���s{kb��sy|z�Otr¢zo�q�trkb��m�o�¢zs{o�e�¢zkbe,¨©trkbqdm�sutrkzkbed¤{¤ue-´U¢�pPx

�;o&p�m�su´U¢bew��¢zo�¤y¥³e�����prq�ew�ze��w¶dx¸q&_�pP¹ukbe�����¢zo@8,|�kbtr¢b�!�zed£�trkb��q�trkb��m�o�¢zs{o�e�¢zkbe�¨¯trkbqdm�sutrkzkbed¤{¤ue
¤{s{kb��p�s{o�e���¢zo�¤y¥³e�����prq�e��ze�� 
 x¸q&_�pP¹ukbe��w�bp�kb� 8 � ±�i¸¤ ��pvedkbq�tro�e��zed¢;º�cKp�kzsuado�e����ze��z�X¿bkzs{o
�ze�m�ed¤{¤ue��,¨¯trkbqdm�sutrkzkbed¤{¤ue���±�Ã%m&p�knm-�ztrkzkb�w¢zkbewcf�dm�o�su´U¢befedm,¢zkbeKp��z�z¤{suq�p�m�sutrk���¢zo58 � |Okbtr¢b�
�Otr¢z£�trkb���z�X¿bkzs{o�¢zkbe�¨©trkbqdm�sutrkzkbed¤{¤ue���¢zo��ze�� 
 x¸q�_�pP¹ukbe��,q�trcwcfe��bp�kb��¤y¥³��´n¢�p�m�sutrk@É , ± ��Ë	tr¢
p�¤utro�� |;kbtr¢b���Otr¢z£�trkb���z�X¿bkzs{o	¢zkbe 
 x©¨©tro�cfe "2��¢zo,8 � |zedm	�z�X¿bkzs{o .
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-�pÇ��m�o�¢bqdm�¢zo�ef�zo�tF�;¢zs{m!�ze � � � edm�) � ��s{~}kzs°¿�ew´U¢befq�edm�m�e�¨©trkbqdm�sutrkzkbed¤{¤uef�Oed¢zm,m�tr¢r�¼tr¢zo��
�dm�o�e���qdo�s{m�e!edk7m�edo�cfe��	�ze���q�tFtro��ztrkzkb��e�� ���

�
� � �µ��¢zo�) � q�trcwcfe/.
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�� �����	� "#���#����� � � ��� � � � � �� ��� � � ���)� � � É , ± .�Ë

t�� �� ��� ���
� � �����Ae���m�¤ue`£�e�qdm�ed¢zo%m&p�kz~�edknm¾edk�� Ä ��|redm "#��� � � � �&|r�Otr¢zo�m�tr¢zm ��� � � � �	� 8 � |}e���m¢zkbe�cKp�m�o�suq�e}±�½¾edm�m�e�cKp�m�o�suq�e���edo�cfedm`�ze���trkb�z�do�edo`¤ue��»s{knm�edo&prqdm�sutrkb��edkUm�o�e,�zed¢;ºK��trs{kUm��`�ze
¤�p7¶dx¸q�_�pP¹ukbe��§¥ p��b�&qdsu����e�� � edm � � ±�-Ae!q�_btrs°ºÅ�ze,¤�p 
 x©¨¯tro�cfe "2e���m�m�o�a��·s{cw�Otro�m&p�knm��z¢zsu��´U¢A¥ s{¤
�Oedo�cfedm'�ze·�z�X¿bkzs{o'¤ue`m �U�Oe·�§¥ s{knm�edo&prqdm�sutrk�edknm�o�e·¤ue��%�Otrs{knm�� ±�-'¥ s{knm�o�tF�;¢bqdm�sutrk$�ze·q�e��'�dkbedo�~}sue��
t�ÁOo�e,�ze��·�Oedo����Oe�qdm�s{£�e��	�ze�cftF�z�d¤{su�&p�m�sutrk¦�§¥ ¢zkbe,~���trcf�dm�o�sue��;¢vq�trknm�tr¢zo��z¤{¢b��q�trcw�z¤ueXº;e}±
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=	kbe�¨©trsu�A¤y¥³�dkbedo�~}sue»�;¢�cftF�zad¤ue'�z�X¿bkzsue}|Ps{¤ne���mAkb��q�e����*p�s{o�eµ�ze%¤�p`cws{kzs{cwsu�&edo�±r½¾edm�m�e»�dkbedo�~}sue
´U¢be!kbtr¢b���zed£�trkb��cws{kzs{cwsu��edo���¥³eXºF�zo�s{cfe-�;s{o�e�qdm�edcfedknm!edkv¨¯trkbqdm�sutrkÀ�;¢¦q�trkUm�tr¢zo�±9-�p�¨yp���trk
¤�pv�z¤{¢b��k�p�m�¢zo�ed¤{¤ueÇ��tr¢zo-¨yp�s{o�e$�d£�tr¤{¢bedo�¤ueÇq�trknm�tr¢zow��edo&p�s{mw�ztrkbqÇ�§¥ ¢zm�s{¤{su��edo�¢zk p�¤{~�tro�s{m�_zcfe
�zeÇm �U�Oe7�ze���q�edkUm�ev�zeÇ~}o&pr�;suedknm�±`½¾ed��edkb�bp�kUm�|µq�e7m �U�Oe7�§¥ p�¤{~�tro�s{m�_zcfeÅ�zo����&edknm�evq�edo�m&p�s{kbe��
¤{s{cws{m&p�m�sutrkb� ±µil¤¾kbeÅ~�ado�e7��pr�Kp�¢zm�trcKp�m�su´U¢bedcfedknm�¤ue��fq�_�p�kz~�edcfedkUm����zeÅm�tr��tr¤utr~}sue/.%s{¤���edo&p
s{cw�Ot}����s{�z¤ue��ze	�z�dm�e�qdm�edo`�z¤{¢b��sued¢zo��¾tr�;�¼edm��»�z¢zsu��´U¢be�¤�p!m�tr��tr¤utr~}sue��ze	¤�p�q�tr¢zo���e�s{kzs{m�s�p�¤ue���edo&p
¤�p7c �dcfef´n¢beKq�ed¤{¤uef�zew¤�p7q�tr¢zo��Oe�¿bk�p�¤ue}|Ao����;¢zsu�*p�knm�p�s{kb��s'¤�p7�z�dm�e�qdm�sutrk Ä ¢zk���ed¢z¤'tr�;��edm�±
il¤��zo�����edknm�e��d~np�¤uedcfedknm¦�ze��Å�zo�tr�z¤uadcfe��Å�zeÀ��p�o&p�cf�dm�o�su�&p�m�sutrkA±	²�tr¢b�vp�£�trkb�Å�ztrkbqÆq�_btrsu��s
�§¥ ¢zm�s{¤{su�&edo�¤�p�cf�dm�_btF�ztr¤utr~}sueÂ�ze���q�tr¢zo��Oe��Ç�zevkzs{£�e�p�¢;º �zo�tr��t}�&���$��p�o .���_bedoÇedm �Fedm�_zs�p�k
�bp�kb�5+ ��.4-¸±A½¾edm�m�e�cf�dm�_btF�ztr¤utr~}sue���edo�cfedm,�ze���¢zs{£Fo�e�¤y¥³�d£�tr¤{¢zm�sutrkÆ�ze�¤�p�q�tr¢zo���e�edm��zo�tr�Ot}��e
�ze��`��tr¤{¢zm�sutrkb��p�¢;º$�zo�tr�z¤uadcfe��·�d£�tU´U¢b���`qds°x¸�ze�����¢b��±F�,p�kb�·q�edm�m�e	��p�o�m�sue}|;kbtr¢b�¾o&p��z�Oed¤utrkb�`¤ue��
�zo�s{kbqds{�Oe��µ�ze��»q�tr¢zo���e��»�ze·kzs{£�e�p�¢A|��z¢zsu�µkbtr¢b�'�z��qdo�s{£�trkb�¾q�edo�m&p�s{kb�¾p�¤{~�tro�s{m�_zcfe��¾�z�d£�ed¤utr�z�����
�bp�kb��¤ue,q�pr�;o�e,�ze,q�edm�m�e,cf�dm�_btU�ze}±�Ã%k;¿bkA|zkbtr¢b���z��qdo�s{£�trkb��|�edkÅ�z�dm&p�s{¤y|;¤ue,q�p�¤uqd¢z¤��ze��`¨©tro�q�e��
�z�do�s{£���e����ze,q�e,kbtr¢z£�e�p�¢Åm �U�Oe!�§¥³�dkbedo�~}sue}±
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�q�tr¢zo&p�knm�e}±·������tr¢b�;o�e q�edm�m�e ��´U¢�p�m�sutrk��ztrkzkbe ¢zkbe
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cKp�s{kbe]8D�Otr¢zo�o�����tr¢b�;o�e¾¤y¥³��´n¢�p�m�sutrkf�ze`q�tr¢zo��Oe¾�ze`kzs{£�e�p�¢ÅÉ , ± , ��ËX±}�,p�kb��¤ue`q�pr��t��#" � ¥³��qdo�s{m
¤utFq�p�¤uedcfedknm-edkÀ¨¯trkbqdm�sutrkÆ�ze"
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���·p�kb�ze-Ã%m�o�trs{m�e
�&|�q�e-´n¢zs�o�ed�zo�����edknm�e-¢zk¦q�t��zm��ze�q�p�¤uqd¢z¤3m�o�a���s{cw�Otro�m&p�knm�±9=	kbe�p�¢zm�o�e!�Ot}�¼x
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q�p�¤uqd¢z¤uedo�¤ue��wq�tFtro��ztrkzkb��e��w�ze�����trs{kUm��fp��z��p�o�m�edk�p�knm$p�¢ q�trknm�tr¢zo�± -µ¥ su�z��e��ze���m�e�q&_zkzsu´n¢be��
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i¸¤'e���m,s{cw�Otro�m&p�knm-�zewo�edcKp�o�´n¢bedo-´n¢A¥ s{¤µe���m,��t}����s{�z¤ue��zefo�edkbq�trknm�o�edo-�ze���q�pr��p�c��zs{~}¢b��±

Ã'kÆeXÁOedm�|§trkÂ�Oed¢zm,m�o�tr¢z£�edo��ze��!q�trk;¿b~}¢zo&p�m�sutrkb��q�trcwcfefq�ed¤{¤ue�s{¤{¤{¢b��m�o���ef��¢zo�¤�pÇ¿b~}¢zo�e , ± �;±
il¤%e���m�p�¤utro��,kb��q�e����*p�s{o�ef�§¥ pr�ztr�zm�edo!¢zkbefq�trkU£�edknm�sutrk .3��trs{m,¤y¥³tr�;�¼edm�|§�&trs{m,¤ue�¨¯trkb��ÉÊcKp�su�!��pr�
¤ue��,�zed¢;º�Ë���¢z�z�Otro�m�ew�ze���£�trsu��s{kb�!�;s�p�~�trk�p�¢;º§±§��p�kb��kbtrm�o�ewq�pr� |Okbtr¢b�!p�£�trkb�!tr�zm����Otr¢zo,¤�p
�zo�edcwsuado�e���tr¤{¢zm�sutrkA±

��
§Ð�)6#��&%ÊÎ$# / ) Ó � '¸Î ��Ò,)
�	�zo�a���¤y¥³�dm&p��Oe��§¥³eXº;m�o&prqdm�sutrkA|O¤�pK¨¯tro�q�e�e���m�q�p�¤uqd¢z¤u��ewedkÂq�_�pr´U¢be���trs{kUm��;¢Âq�trkUm�tr¢zo,��p�o

¢zkbe$s{knm��d~}o&p�m�sutrk kU¢zcf�do�su´n¢beÇ��¢zo�¤ueKq�trkUm�tr¢zo�±3il¤»e���m�p�¤utro��-kb��q�e����&p�s{o�e��§¥³�dm�edkb�;o�e�¤�p7¨©tro�q�e
q�p�¤uqd¢z¤u��e¦��¢zof¤ue¦q�trknm�tr¢zo Ä m�tr¢zmK¤ue¦�ztrcKp�s{kbev�zeÅ¤y¥ s{cKp�~�e 8,±'�·�bp�¤u��m�eds{kb�&��trkYedm��Fedm�_zs�p�k
�zo�tr�Ot}��edkUmf¤y¥ ¢zm�s{¤{su�&p�m�sutrkY�zeÇ¤�pÂcf�dm�_btU�zeÅ�ze�0���s{m�e�����e7Ã'm�edkb�;¢be 0�É¯edkYp�kz~}¤�p�su������� ���8�X­¯®��
��� '°®
��­(��� Ë�+ , -¸±�-'¥ su�z��e¡e���m¦�zeÆq�trkb��m�o�¢zs{o�e�¤�p@¨¯tro�q�e "! 
" �Kedk�m�tr¢zm ��trs{kUm¦�ze68 £��do�s°¿�p�knm
#%$'&("�)+* "  ," � ��� �!� "#��� �&±���ew�z¤{¢b��|§s{¤u��s{cw��t}��edkUm�¤�p7q�trkb�&edo�£rp�m�sutrk��zeK¤�p7�;su��m&p�kbq�ef��s{~}kb��e
edkÀo�����tr¤{£}p�knm,¤y¥³��´U¢�p�m�sutrk� "- ," � �& 6
 � �;±§�3tr¢zo!tr�zm�edkzs{o,�z¤{¢b�,�ze��zo���qdsu��sutrkA|Okbtr¢b�!p�£�trkb�
�zo��X¨©�do��!¢zm�s{¤{su�&edo	¢zkbe-p��z�zo�tFq�_be�¨©trkb�z��e���¢zo�¢zkbe-��´n¢�p�m�sutrkÀp�¢;ºv�z�do�s{£���e��	��p�o�m�sued¤{¤ue����zo�tr�Ot�x
�&��e-�bp�kb� + g}g�-¸± -�pK¨©tro�q�e "?e���m��dm�edkb�;¢be��ze�cKp�kzsuado�e Ä q�e�´U¢A¥³ed¤{¤ue-o�e���m�e-q�trkb��m&p�kUm�ew��¢zo�¤�p
kbtro�cKp�¤ue Ä ¤�p�q�tr¢zo���e � � 
 �&±z²�tr¢b�·o����&tr¤{£�trkb��p�¤utro��·¤y¥³��´U¢�p�m�sutrk¦��¢zs{£}p�knm�e/.

"/.�- ��s{~}k�� 
��  "
�  6
%� �  " ��� É , ± �}��Ë
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� ®����y®��F¬��
	��
�¯­ ���������`¬��r¬�������«��X¬*­����F¬ , ;

, ± ½¾trkb��m�o�¢bqdm�sutrk �;¢Å�Otr¤ �Uk 
rcfe+��� %X+��
�+ ��� �»�ze!�zed~}o�� , edm�s{kzs{m�s�p�¤{su�*p�m�sutrk
�ze,¤�p��zo�edcwsuado�e!¨¯edk �dm�o�e!��tr¢zo·¤ue,�Otrs{knm 	 É�� �Ï¶PË .

� � % ���
�+
� � ��� ���1A � � � �H-0A � � �
�
� ��
�+�� ��� & � � �� �� ��� � 	

�;±	���
�F- ¶$�
g;± �Us/��� % �
�'+��
�+ ��� �»edm � �
�'+� ��� ��trkUm	�z�X¿bkzsu� .

� � % ���
�+
� � ��� ��� � � % �
�'+��
�+
� � ��� �2-�� ��� �
������� G� ��� 
��
�'+�
������� G� ��� ��� & � � �
t�� � � ��� � � ��s � � � � � � � � �

� � ��s{kbtrk
� �� ��� �!� � �
�'+� ��� &@¶ ��s � � � �"� � � � �� �
�'+� ��� ��s{kbtrk

edm
� � � A � � ����� G� ��� � � � � � � ����� G� �#� 
�� �� � � A � � � ��� G� ��� �'+ � � � � � � � ��� G� �#� 
��$�'+ �

¨ +{±{±{± -�o�ed�zo�����edkUm�e,¤ue��	�;s°Á§�do�edkbq�e��	�;s{£Fsu����e����ze,²�e��·m�trkA±

%'&)(+* , ± ,-,/. � ª(' ��®r¬X­5��� 	 ����� ­(��� �X¬¸«;®('{ª��¯­¯®�� �'0 �#)
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�
� ��
�+ � � ��� " ��� G�� � ��� " � �" ��� G � " �

A � � �
�
� � �

�
� ��
���� � ��� " ��� G % " ��� � � � ��� " � % " ��� G��" ��� � � " �

A � � �
�
� � �

�
� ��
�� � � ��� " ��� G %
	
	
	�% " ��� m � � ��� " � %
	
	
	�% " ��� m � G �" ��� m � " �

% &+()* , ± � , . �����r­ �
�X¬����$����� �r­ ��­B� ����� �6�-0 �
� �y®��

0�®��yª��¯­©®���� � e���m�¤ue!�Otrs{knm��ze-�z�d��p�o�m��;¢Àq�trknm�tr¢zo�¨¯tro�cf����p�o�¤y¥³edkb�&edc��z¤ue��ze��Otrs{knm����w| �
¤ue��Otrs{knm!q�tr¢zo&p�kUm�|�= ¤�pÇ�;s{o�e�qdm�sutrk��ze�o�e�q&_bedo�q�_be}|��'¬�� ��e���m,¢zkÂs{kb�;suq�p�m�ed¢zo!cwsu� Ä ¶f´U¢�p�kb�
¤ue�m�o&prq��Kq�trcwcfedkbq�efedm �d®��6�$�fe���m,¢zkÂs{kb�;suq�p�m�ed¢zo�cwsu� Ä ¶f´U¢�p�kb�Â¢zkÂkbtr¢z£�e�p�¢Æ�Otrs{knm-e���m
m�o�tr¢z£��}±

, ±�½»_btrsu��s{o�¢zkÅ�Otrs{knm	�ze,�z�d��p�o�m � ± � � � edm*= ���;±
�;±z^3p�knm�´n¢be �2e���m��;s°ÁO�do�edkUm��ze � tr¢��'¬���� �Ï¶�|F¨yp�s{o�e,¤ue����dm&p��Oe��	g Ä , �;±
g;± �d®�� �$� ���;±
0b± ^�p�knm�´n¢be��d®�� �$� ���;|F¨©p�s{o�e,¤ue��	�dm&p���e��	� Ä /;|bp�¢Å�z¤{¢b�	g-¨©trsu��±
�;± �Us���|;¤ue�£�trsu��s{kÅkU¢zcf�do�t ��=,&@¶+�¾�ze �(e���m	�bp�kb��� .
�;± � ����|F= �D=,& 
 |���®�� �$� �Ï¶�±
;F± �Us{kbtrkA|b��s���|;¤ue�£�trsu��s{kvkn¢zcf�do�tB=@�ze � e���m��bp�kb���w| � ���6edm �d®��6�$� �Ï¶�±
.;± �Us{kbtrkA|b��s���|;¤ue�£�trsu��s{kvkn¢zcf�do�t ��=�- ¶+�»�ze �(e���m��bp�kb���w| �
���6edm ��®�� �$� � ¶�±
/;± �Us{kbtrk = � = - 
 ±
, �;±��µ¬�� � ���;±
,�, ± �3s{kv�ze�¤y¥ p�¤{~�tro�s{m�_zcfe}±

% &+()* , ± g , . � ª(' ��®r¬X­(��� 	 � �F� �¯¬¼ªF��� )
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� ®����y®��F¬��
	��
�¯­ ���������`¬��r¬�������«��X¬*­����F¬ , /

g � ,
0 ½ �
� � ;

% &+()* , ± 0 , . �����r­Ê¬���� �¯­©®��8� �F��¬������ �X¬���� ��«;® ���*­ � ' ���
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φ>0

φ>0φ<0

φ<0

� ��� * , ± � , � ®�� � ���F¬¼ª<�¯­¯®��Æª 	 �X­ ��� � )

-�p���tr¤{¢zm�sutrk7�ze�q�edm�m�e���´U¢�p�m�sutrk�£��do�s°¿�e  "
 �B " ���;|;q�e�´n¢zsO��s{~}kzs°¿�e�´U¢be	¤�p-£}p�o�s�p�m�sutrk
�ze "9¤ue`¤utrkz~!�ze¾¤�p�kbtro�cKp�¤ue�e���m�kn¢z¤{¤ue}±}²�trm�trkb�'�d~np�¤uedcfedkUmµ´n¢be¾¤�p	¨©tro�q�e·q�p�¤uqd¢z¤u��e�p�¢wkzs{£�e�p�¢
�;¢ q�trknm�tr¢zo�o�e���m�e!¤�pfc �dcfe}±�Ã'k eXÁ§edm�|b�Otr¢zo	¢zk¦��trs{kUm��;¢¦q�trkUm�tr¢zo�|O��s{~}k � 
 �`e���m	kn¢z¤��ztrkbq"!. ���;±�½¾edm�m�e`��´n¢�p�m�sutrk�¨yp�s{m3�ztrkbq·�d£�tr¤{¢bedo%¤ue»kzs{£�e�p�¢ ���do�t,p�£�e�q`¢zkbe¾£Fs{m�e�����e "�edm�q�trkb�&edo�£�e
¤ue��	�;s°ÁO�do�edkUm�e��	q�tr¢zo��Oe��	�ze�kzs{£�e�p�¢¦��´U¢zsu�;su��m&p�kUm�e���±
�	s{kb��sy|�kbtr¢b��tr�zm�edkbtrkb��¢zkbe�eXº;�zo�e�����sutrk¦�ze-¤�p�¨©tro�q�e�edk q&_�pr´n¢be-��trs{kUm��;¢À�ztrcKp�s{kbe��ze

¤y¥ s{cKp�~�evedmwkbtr¢b�w��tr¢z£�trkb�fo�����tr¢b�;o�e7¤y¥³��´U¢�p�m�sutrk��§¥³�d£�tr¤{¢zm�sutrkA±µ²�tr¢b�f��trcwcfe��ftr�z¤{s{~����K�ze

F

F

F

F

F?

F?

����� * , ± g , � ® 	 	 ����� � � � �$�r¬�� '°ª
��®r¬ �����
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� ®����y®��F¬��
	��
�¯­ ���������`¬��r¬�������«��X¬*­����F¬ � ,

�z�d£�ed¤utr�z�Oedo,q�edm�m�e�m�e�q&_zkzsu´n¢be���p�o�m�suqd¢z¤{suado�e�edk o&p�su��trk �ze��	¨©tro�q�e���kbtrk ¤utFq�p�¤ue�����¥³eXº;�zo�s{cKp�knm
p�£�e�q,¢zkbe,s{kUm��d~}o&p�¤ue���¢zo·¤ue!q�trkUm�tr¢zo�|b�zo�����edkUm�e��	�bp�kb�·¤y¥³��´U¢�p�m�sutrk¦�§¥³�d£�tr¤{¢zm�sutrkA±

�#"�� �À�O����� ���l�-�4��0���"-0�
����&�3��)&�&�%
����¸#'���%
�=	�&� +,��0	�-
�0`���&+��-�

-Ae%�z¢zm��zeµq�edm�m�e'��p�o�m�sueµe���m��§¥³�dm�¢b�;suedo�¢zk�q�pr�A��p�o�m�suqd¢z¤{suedo��§¥³�dkbedo�~}sue¾´U¢�pr�;o&p�m�su´n¢be»�z�X¿bkzsue
�bp�kb�'¤ue���tr¢b�¼x¸q&_�p��zs{m�o�e , ± �;±���p��z��ed¤utrkb�%¤y¥³eXº;�zo�e�����sutrkK~��dkb�do&p�¤ue��§¥ ¢zkbe��dkbedo�~}sue	´U¢�pr�;o&p�m�su´U¢be/.

���������
	 	 �� ����� � "#���#����� � � ��� � � �	� �� ��� � � � �)��� � É , ± � , Ë

Ã%kÇs{cw��t}�&p�kUm·¤y¥ s{kn£}p�o�s�p�kbq�e���p�o`o�trm&p�m�sutrkÅedm¾��p�o`m�o&p�kb��¤�p�m�sutrkA|Fkbtr¢b�·tr�zm�edkbtrkb�·¤�p!¨©tro�cfe
��¢zs{£rp�kUm�e,��tr¢zo·¤y¥³�dkbedo�~}sue/.

� ��� ���'& 	 	 �� �����	� �� ��� � ����� � � ��� � ��& �#������� � ���!��� � É , ± �}��Ë

t�� � � & ; ��o�ed�zo�����edknm�e¾¤�p��;su��m&p�kbq�e`ed¢bqd¤{su�;suedkzkbe·edknm�o�e¾¤ue�����trs{kUm�� �fedm ; �ze 8,±&-�p�¨©trkbqdm�sutrk���Otrkb�zado�e`¤ue��%s{kUm�edo&prqdm�sutrkb�»edkUm�o�e·¤ue��%�;s°ÁO�do�edkUm��'�Otrs{knm��'�;¢$q�trknm�tr¢zoµedm'�ztrs{m �dm�o�e�q&_btrsu��sue	p�£�e�q
�&trs{k7�z¢zsu��´n¢A¥³ed¤{¤ue,�z�X¿bkzs{m	¤ue��·q�trknm�o&p�s{knm�e���~���trcf�dm�o�su´U¢be��	�;¢7cftF�zad¤ue}±z²�tr¢b�	p�£�trkb��q�_btrsu��sA¤�p
¨©trkbqdm�sutrk��(��¢zs{£rp�kUm�e/.

����� ��� ��	� ¶¦��s ��
 � � ����&/4�Æ��s ��� � � ���@- 4+� �¼¶)& " ��
 � ���� & +� � � � ��� " ��
 � �#�� ����s{kbtrk É , ± �}g�Ë

-'¥³�dkbedo�~}sue¦p�s{kb��s��z�X¿bkzsuevedkbq�tr¢zo&p�~�eÅ¤ue��K¤{s{~}kbe��K�;o�trs{m�e���±µÃ%kYeXÁ§edm�|%�Otr¢zof�zed¢;º �Otrs{knm��
�zo�tFq�_be��)��edm)� � |A¤y¥³�dkbedo�~}sueKe���m!cws{kzs{c-¢zc ��tr¢zo!¤ue���£�e�qdm�ed¢zo���m&p�kz~�edkUm�� �� ������edm#�� ��� � ����pPx
o&p�¤{¤uad¤ue�� ± -'¥³�dkbedo�~}suevedcw� ��q�_be¦�d~np�¤uedcfedknm�´n¢beÅ�zed¢;º �Otrs{knm��$p�£�e�qv�ze��w£�e�qdm�ed¢zo��Km&p�kz~�edknm��
p�kUm�s°xy��p�o&p�¤{¤uad¤ue���kbeÅ��¥ p��z�zo�tFq�_bedknm��z¤{¢b�f´U¢A¥ ¢zkbevq�edo�m&p�s{kbe¦�;su��m&p�kbq�e}±'Ã%k eXÁOedm�|%�Otr¢zoK�zed¢;º
�Otrs{knm����zo�tFq�_be��!� edm)� � p�£�e�q��ze��-£�e�qdm�ed¢zo���m&p�kz~�edkUm��fp�knm�s°xy��p�o&p�¤{¤uad¤ue���|�¤y¥³�dkbedo�~}sueÇ�;s{cws{kn¢be
¤utro��&´n¢be	¤ue��µ�zed¢;ºf�Otrs{knm��¾��e�o�ed�Otr¢b����edkUm�ÉÊ¤�p!�;su��m&p�kbq�e�edkUm�o�e	¤ue��»�zed¢;ºf��trs{kUm��`p�¢z~}cfedkUm&p�knm*ËX±
-µ¥³�dkbedo�~}sueK¨yp�£�tro�su�&eK�ztrkbq��ze��-��m�o�¢bqdm�¢zo�e��wp�¢;ºÆ�zo&pr�-��p�o&p�¤{¤uad¤ue������d��p�o�������p�o�¢zkbeKq�edo�m&p�s{kbe
�;su��m&p�kbq�e}±

=	k7q�edo�qd¤ue�o�ed�zo�����edkUm�e,¢zkÇ��trs{kUm��ze,��ed¤{¤ue��ze�¤y¥³�dkbedo�~}sue/. Ä ��p�o�m�s{o��§¥ ¢zkÅq�edo�qd¤ue}|;¤ue��`s{kb��m&pPx
�zs{¤{s{m�����ÉÊsy±³e}±U¤ue��µs{o�o��d~}¢z¤�p�o�s{m����·�;¢�q�trknm�tr¢zo*Ë»��¥ p�~}o&p�kb�;su����edkUm·edm'¨©tro�cfedknm`�ze��»�zo&pr�`p�¢;ºf�Otro��z�
��p�o&p�¤{¤uad¤ue�� ±�½¾e��·s{kb��m&p��zs{¤{s{m����	kbe,��trknm·��pr�	p�o��zs{m�o&p�s{o�e��2.z¤ued¢zo·¨¯o���´n¢bedkbq�e,��¢zo·¤ue,q�edo�qd¤ue��ze,�z�Xx
��p�o�m·edm`¤ued¢zo`m&p�s{¤{¤ue���trknm·q�trknm�o�
r¤u��e��	��p�o`¤�p,¨©trkbqdm�sutrk���±F�	s{kb��sy|zp�¢Ç¤{sued¢7�ze	¤{su�&��edo`m�tr¢zm�e��`¤ue��
s{o�o��d~}¢z¤�p�o�s{m������;¢Æq�edo�qd¤uef�zef�z�d��p�o�m-q�trcwcfew¤ue�¨©edo&p�s{m,¢zkbef�dkbedo�~}suew¤{s{kb��p�s{o�e}|�q�edm�m�eK�dkbedo�~}sue
�Oedo�cfedm Ä q�edo�m&p�s{kbe��,s{o�o��d~}¢z¤�p�o�s{m������zew��e��z�d£�ed¤utr�z��edo-edm,��edo�cfedm,¤�p$¨©tro�cKp�m�sutrk��ze�¨©tro�cfe��
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� � � * , ± 0 ,/. ª
��®��$� �¯­©®�� �F�·«;®��$�F�d¬¼ª��¯­©®�� )
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n’
R(s,s’)

s

s’

� ��� * , ± � ,�� ��� �����$��� �6��'{ª
�d®}¬ ��� �I� ­(��� �X¬�ª<� �¯­©®�� )
Ä ¤�p�~���trcf�dm�o�sue�q�trcw�z¤ueXºze}±�²�trm�trkb�	´U¢A¥ ¢zkÅm��F�Oe!��s{cws{¤�p�s{o�e!�§¥³�dkbedo�~}sue�pw�dm��,s{knm�o�tF�;¢zs{m��bp�kb�
+ �}��-���tr¢zo��z��qdo�s{o�e,¤�p�¨¯tro�cKp�m�sutrkv�ze�q�edo�m&p�s{kb��cftrm�s°¨©��edkÅ� �Uk�p�cwsu´U¢be!�ze����b¢zsu�ze���±
²�tr¢b���dm�¢b�;sutrkb��¤y¥³�d£�tr¤{¢zm�sutrk¦�§¥ ¢zkvq�edo�qd¤ue,��tr¢b��¤y¥ s{k��b¢bedkbq�e��ze�¨©tro�q�e��·�z¢zo�edcfedknm�~���trcf�Xx

m�o�su´U¢be���±8-'¥³�dkbedo�~}sue-e���m��z�X¿bkzsue��ze�¤�pwcKp�kzsuado�e!��¢zs{£}p�knm�e/.
�,L ��� � � � � �� ��� � -0)������ �&,. � � �� � �� � ��� � ��� � � � � � ���!��� � É , ± � 0UË
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� ®����y®��F¬��
	��
�¯­ ���������`¬��r¬�������«��X¬*­����F¬ �}g

t���¤ue��%£}p�o�s�p��z¤ue��%�zo�s{cf��e��'edm�kbtrkw�zo�s{cf��e��%o�ed�zo����&edknm�edknm»¤ue��'´U¢�p�knm�s{m����'�d£}p�¤{¢b��e��µp�¢;º-�Otrs{knm��
�§¥ p��b�&qdsu����e����Kedm�� � edm � ��� � � � �A¤�p��;su��m&p�kbq�e�ed¢bqd¤{su�;suedkzkbe	edkUm�o�e�¤ue��%�Otrs{knm�� �#������edm �#��� � �&±�-�e�zo�edcwsuedo·m�edo�cfe,e���m¾¢zkÇm�edo�cfe�¤{s{kb��p�s{o�e,q�tro�o�e����Otrkb�bp�knm Ä ¤�p-¤utrkz~}¢bed¢zo	�ze�¤�p�q�tr¢zo��Oe}±�½¾edm�m�e
�dkbedo�~}sue�e���m-¢zkbe$�dkbedo�~}sue��zefo��d~}¢z¤�p�o�su�&p�m�sutrk@´U¢zs»q�trkUm�o&p�s{knmw¤ueKq�trkUm�tr¢zo Ä o�e���m�edo-¤{su����e}±�-�e
�&e�q�trkb�$m�edo�cfe�e���m`¢zkÇm�edo�cfe��zo�tr��tro�m�sutrkzkbed¤ Ä ¤y¥ p�s{o�e,�ze�¤y¥ s{knm��do�sued¢zo��;¢�q�trkUm�tr¢zo�±bi¸¤��Oedo�cfedm
�ze	q�trknm�o�
r¤uedo`¤y¥³eXºF��p�kb��sutrk$�;¢$q�trkUm�tr¢zo�±UÃ'k;¿bkA|�¤ue	�zedo�kzsuedo¾m�edo�cfe	e���m'¤y¥³�dkbedo�~}sue�´U¢�pr�;o&p�m�su´U¢be
�zo����&edknm���e�qds°x¸�ze��&��¢b��´U¢zsO¨©p�£�tro�su��e,¤y¥ p��z��p�o�s{m�sutrk¦�ze���m�o�¢bqdm�¢zo�e�� Ä �zo&pr�·��p�o&p�¤{¤uad¤ue�� ±

-'¥³�dkbedo�~}sue¦�ze¦¤y¥³��´U¢�p�m�sutrkÏÉ , ± � 0UËKe���mKcws{kzs{cwsu����e¦~}o��rq�e Ä ¢zkbe¦�ze��&q�edknm�e �zeÅ~}o&pr�;suedknm
s{cw�z¤�p�kUm���e·p�£�e�q»¤�p·cf�dm�_btF�ze»�ze���q�tr¢zo���e��3�zeµkzs{£�e�p�¢;º�q�trcwcfe¾�z��qdo�s{m��bp�kb��¤ue»��tr¢b�¼x¸q�_�p��zs{m�o�e
, ± g;±�-'¥³��´n¢�p�m�sutrk¦�§¥³�d£�tr¤{¢zm�sutrk¦e���m	�z�dm�edo�cws{kb��e-�ze�¤�p�¨yp���trkÅ��¢zs{£rp�kUm�e/.

) �
) 


�'& � ����� ��+� É , ± �}��Ë
-Ae!q�p�¤uqd¢z¤��ze�¤�pw�z�do�s{£���e��ztrkzkbe,¤y¥³eXºF�zo�e��&��sutrkv��¢zs{£}p�knm�e,�Otr¢zo�¤y¥³��´U¢�p�m�sutrkv�§¥³�d£�tr¤{¢zm�sutrk .

�* � ) �
) 


� &)( & )#- 
 . 	 � �� � �* � � � � � � ��� � � � � � � � � É , ± �}��Ë

t�� �� � J$#�-C' �"J$#�-�� '
0 J$#�-C' �"J$#�- � ' 0 ±

½¾edm�m�e-��´U¢�p�m�sutrk¦e���m�edkb��¢zs{m�e-s{cw�z¤�p�knm���ewp�£�e�q��ze���q�tr¢zo��Oe����ze!kzs{£�e�p�¢ ��tr¢zo	¨©p�s{o�e-�d£�t�x
¤{¢bedo	¤ue!q�trknm�tr¢zo Ä m�o&p�£�edo���¢zkbe�¨©trkbqdm�sutrk¦�ze!�;s{cfedkb��sutrk ��¢z�O�do�sued¢zo�e�
 q�tro�o�e����Otrkb�bp�knm Ä ¤�p
�;su��m&p�kbq�eK��s{~}kb��e�p�¢�q�trknm�tr¢zo�±%½¾edm�m�e$�d£�tr¤{¢zm�sutrkDe���m��z¢zo�edcfedkUm-~���trcf�dm�o�su´U¢be}±3²�tr¢b��cftrk;x
m�o�trkb�	�ze��`o�����¢z¤{m&p�m����ze,q�edm�m�e!�d£�tr¤{¢zm�sutrkv�bp�kb��¤�p!¿b~}¢zo�e , ± �;±zi¸¤u�`kbtr¢b���ztrkzkbedkUm�¢zkbe��Otrkzkbe
su�z��e��;¢$m �U�Oe	�ze�q�trcw��tro�m�edcfedkUm��¾¨©p�£�tro�su�����»��p�o¾q�edm�m�e�kbtr¢z£�ed¤{¤ue��dkbedo�~}sue}± =�k$q�edo�qd¤ue��d£�tr¤{¢be
£�edo���¢zkbe���m�o�¢bqdm�¢zo�e Ä �z¤{¢b��sued¢zo����zo&pr����p�o&p�¤{¤uad¤{¤ue���|§´n¢zs�e���m,pr�bp��zm���e Ä ¤�pKcftF�z�d¤{su�&p�m�sutrkÂ�ze
o����&e�p�¢;ºÀ�ze�¤{s{kb�dsu´U¢be���± -�p$¿b~}¢zo�e , ± �Çcftrknm�o�ew�z¤{¢b��sued¢zo����d£�tr¤{¢zm�sutrkb�!�Ot}����s{�z¤ue��!p�£�e�qf�;s°Á§�Xx
o�edkUm�e���£}p�¤ued¢zo��-��tr¢zo!¤ue�����p�o&p�cfadm�o�e�� � � ���Âedm )»±�-�ef��p�o&p�cfadm�o�e�� � ���Â�zew¤�p7¨¯trkbqdm�sutrk ��Oedo�cfedmµ�ze�q�trkUm�o�
r¤uedoµ¤�p�¤�p�o�~�ed¢zo»�ze��'�zo&pr��¨©tro�cf���µ�;¢zo&p�kUmµ¤y¥³�d£�tr¤{¢zm�sutrkA±F-�e��'m�o�trsu�'�zo�edcwsuado�e��
¤{s{~}kbe��¾cftrkUm�o�edknm·�ze��`�d£�tr¤{¢zm�sutrkb�`p�£�e�q � � ���#���

��� ��	 |;q�e�´U¢zs�q�tro�o�e�����trkb�$�zsuedk Ä ¤�p�¤�p�o�~�ed¢zo�ze��f�zo&pr�Ktr�zm�edkn¢b� ± -Ae��$�zed¢;º@�zedo�kzsuado�e��$¤{s{~}kbe��fcftrkUm�o�edknm�¤y¥ s{k��b¢bedkbq�e¦�;¢���p�o&p�cfadm�o�e )»±
�3tr¢zo�¤�pÇ¿b~}¢zo�e , ± �;|Akbtr¢b��p�£�trkb��q�_btrsu��s])
� ��� � � ��tr¢zo-¤�pÅ´U¢�p�m�o�suadcfeK¤{s{~}kbe$edm )
� ���{¶
�Otr¢zo�¤�pv�zedo�kzsuado�e�¤{s{~}kbe}±�½¾e$�zedo�kzsuedo-��p�o&p�cfadm�o�eÇq�trknm�o�
r¤ue}|3�zo�s{kbqds{��p�¤uedcfedkUmKp�¢D�z�d�z¢zm��ze
¤y¥³�d£�tr¤{¢zm�sutrkA|U¤ue·kbtrc-�zo�e��ze·�zo&pr�µ¨©tro�cf���µ��¢zo'¤ue	q�edo�qd¤ue	�ze	�z�d��p�o�m . , ���zo&pr�»��tr¢zo'¤y¥³�d£�tr¤{¢zm�sutrk
0!edm .��zo&pr�'�Otr¢zo%¤y¥³�d£�tr¤{¢zm�sutrkÇ�;±n�%¤{¢b�'¤�p�£}p�¤ued¢zoµ�ze�q�e·��p�o&p�cfadm�o�e�e���m%¨yp�s{�z¤ue}|}�z¤{¢b�%¤ue·o����&e�p�¢
tr�zm�edkU¢¦e���m��zedkb�&e}±
Ã%k¡o�����¢zcf�}|�¤y¥ s{kUm�o�tU�;¢bqdm�sutrkÈ�§¥ ¢zkbeÇ�dkbedo�~}sue�´n¢�pr�;o&p�m�su´U¢be���edo�cfedm Ä ¢zk q�edo�qd¤ue�s{kzs{m�s�p�¤

�§¥³�d£�tr¤{¢bedo�£�edo���¢zkbe$¨¯tro�cfe Ä �z¤{¢b��sued¢zo����zo&pr��p�¤{¤utrkz~����w�ztrkUm�¤�pÅ¤�p�o�~�ed¢zo�kbe$£rp�o�sue���pr��tr¢
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Ã%£�tr¤{¢zm�sutrk , .

Ã%£�tr¤{¢zm�sutrk � .

Ã%£�tr¤{¢zm�sutrk g .

Ã%£�tr¤{¢zm�sutrk 0 .

Ã%£�tr¤{¢zm�sutrk � .

� ��� * , ± � , � ��®(' � �¯­©®��8� �F��® 	 � �¯¬*­�� �����3«;®��F¬��r­ �
�d¬����$� ��� �Pª/' ���F¬�� �F���A«;ªr¬�ª 	�� �¯¬���� � � ����� �¯¬�®r­ �«�¬���	�­��X¬����&' ­���� �����3� ��)	� �6��� � �F�d¬��b­��X¬����&' ­����9����� )

�Oed¢A±n½¾e·q�trcw�Otro�m�edcfedknm`e���m�kbtr¢z£�e�p�¢$edm%m�o�a��'�;s°Á§�do�edknmµ�ze��µ�d£�tr¤{¢zm�sutrkb�'~���trcf�dm�o�su´U¢be��¾p�£�e�q
�ze��¾�dkbedo�~}sue��`¤{s{kb��p�s{o�e��`qd¤�pr����su´U¢be���±FÃ%k�eXÁ§edm�|U¤ue��µcws{kzs{cKp��ze��`�dkbedo�~}sue��`qd¤�pr����su´U¢be��¾�&trknm`�ze��
q�edo�qd¤ue�� |�´U¢zs;�;su����p�o&p�su����edkUm�edk�¤y¥ p��b��edkbq�e`�ze¾m�edo�cfe¾�zo�tr��tro�m�sutrkzkbed¤ Ä ¤y¥ p�s{o�e`�bp�kb��¤y¥³�dkbedo�~}sue·edm
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� ®����y®��F¬��
	��
�¯­ ���������`¬��r¬�������«��X¬*­����F¬ �}�

´U¢zs;��e`��m&p��zs{¤{su��edknm'p�¢zm�tr¢zo'�§¥ ¢zkwq�edo�m&p�s{kwo&p ��trkfedkw�&p	�zo�����edkbq�e}±�-Ae¾kbtr¢z£�e�p�¢wm �U�Oe»�§¥³�dkbedo�~}sue
s{kUm�o�tU�;¢zs{m��bp�kb��q�eKo&p��z��tro�m-��edo�cfedm��ztrkbq$�§¥ s{kbqd¤{¢zo�eK¢zkbefs{k;¨©tro�cKp�m�sutrk¡~���trcf�dm�o�su´U¢be$kbtrk
m�o�s{£Fs�p�¤ue��bp�kb�µ¤ue��»cftU�zad¤ue�� ±n��e��z¤{¢b��|U¤y¥³�dkbedo�~}sue���p�o�m�suqd¢z¤{suado�e�´U¢be�kbtr¢b�`p�£�trkb�¾�zo�����edkUm���e�e���m
pr�bp��zm���e Ä ¤�p!cftU�z�d¤{su�*p�m�sutrk$�ze�o����&e�p�¢;ºf¤{s{kb�dsu´n¢be���±F�,p�kb�'¤�p!�zo�tUq&_�p�s{kbe���p�o�m�sue}|nkbtr¢b�¾p�¤{¤utrkb�
s{kUm�o�tU�;¢zs{o�e�¢zk7kbtr¢z£�e�p�¢vcftF�zad¤ue,�Otr¢zo�q�edm�m�e�p��z�z¤{suq�p�m�sutrkA±
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����� ��� 
�� � �����3
����#
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� "$� �À��0`���-�?)P�y0�
��

-�pÅ�z�dm�e�qdm�sutrk p�¢zm�trcKp�m�su´n¢be��zewo�tr¢zm�e����bp�kb�!¤ue��!s{cKp�~�e����&p�m�ed¤{¤{s{m&p�s{o�e���edm�pr�do�suedkzkbe���p
¨yp�s{m�¤y¥³tr�;��edm-�zeKkbtrc��zo�ed¢b��e���o�e�q&_bedo�q�_be��w�zed�z¢zsu�-�z¤{¢b�-�ze$´n¢zs{k ��eÇp�kb��±�Ã'k¡eXÁ§edm�|A¤y¥ s{cw�Otro¼x
m&p�kbq�e`qdo�trsu���*p�knm�e·�ze�� � �;��m�adcfe��%�§¥³i¸k;¨©tro�cKp�m�sutrk�����tr~}o&p��z_zsu´U¢be!É �Fi���ËAedm%��¢zo�m�tr¢zm%¤ue¾�Oe���trs{k
�§¥ prq�´U¢b�do�s{o��ze����ztrkzkb��e����ze�¨yp���trkvp�¢zm�trcKp�m�su´U¢be!trknm·cftrm�s{£��!q�e��·�dm�¢b�ze�� ±8-'¥³eXºFm�o&prqdm�sutrk¦�ze
o����&e�p�¢;ºÇo�tr¢zm�suedo����ze�¨yp���trk¦p�¢zm�trcKp�m�su´U¢be}|�tr¢ ��edcws°xlp�¢zm�trcKp�m�su´n¢be}|�e���m�¢zkbe!m��rq�_be��z�d¤{suq�p�m�e
�z¢zsu�&´n¢be	¤ue��'o�tr¢zm�e��¾�bp�kb�µ¤ue��»s{cKp�~�e��µ�Oed¢z£�edknm·p��z��p�o&pP¹um�o�e��ze�cKp�kzsuado�e�m�o�a��»�;s°Á§�do�edknm�e}±;��p�o
eXºzedcw�z¤ue}|�¤y¥ s{kUm�edkb��s{m�� Ä ¤y¥ s{knm��do�sued¢zo`�§¥ ¢zkbe�o�tr¢zm�e	��ed¢zm»£rp�o�suedoµ�ze�¨©p���trk$kbtrm&p��z¤ue	�§¥ ¢zkbe	o�tr¢zm�e
Ä ¤y¥ p�¢zm�o�e}±�il¤ �ÆpÇ��p�o¼¨¯trsu��¤�p7�zo�����edkbq�e$�§¥ ¢zk�m�edo�o�eXxy�z¤ueds{k q�edknm�o&p�¤y±I-�p7¤�p�o�~�ed¢zo�£rp�o�sueK�§¥ ¢zkbe
o�tr¢zm�e Ä ¢zkbe�p�¢zm�o�e���ed¤utrk¦�&trk¦s{cw�Otro�m&p�kbq�e}±O��e���trc��zo�e����;¢be�� Ä ¤�pK�zo�����edkbq�e��§¥ p�o��zo�e���tr¢
�ze�� ��m�s{cfedkUm��	�Oedo�m�¢zo��Oedknm	¤y¥ p��z��p�o�edkbq�e-�ze,¤�p�o�tr¢zm�e}±�-�e��·s{knm�edo���e�qdm�sutrkb���Oed¢z£�edknm �dm�o�e!m�o�a��
q�trcw�z¤ueXºze���edm·¤ue��`£�trs{m�¢zo�e��	p�s{kb��sA´n¢be�¤ue��`cKp�o�´U¢�p�~�e��	p�¢Å��tr¤A�ztrkzkbedkUm�¢zkvpr���Oe�qdm`�;s°Á§�do�edknm
Ä ¤�p,o�tr¢zm�e	��¢zoµ�ze��'s{cKp�~�e��¾�ze�m�o�a��µ_�p�¢zm�e�o�����tr¤{¢zm�sutrkA±F�%¤{¢b��sued¢zo��»cf�dm�_btU�ze��»trknm`�dm��·�zo�tr�Ot�x
�&��e���|zcKp�su��s{¤�e���m	�Otr¢zo�¤y¥ s{kb��m&p�kUm��;s��Kqds{¤ue��§¥³tr�zm�edkzs{o��ze��	o�����¢z¤{m&p�m��	m�o�a����*p�m�su�¼¨©p�su�*p�knm����bp�kb�
m�tr¢b��¤ue���q�pr��±

-�p-�zo�edcwsuado�e,�;s��Kqd¢z¤{m���q�trkb��su��m�e Ä �z�X¿bkzs{o`¢zkÇcftF�zad¤ue�o&pr�;sutrcf�dm�o�su´U¢be,q�p���p��z¤ue,�ze�cft�x
�z�d¤{su�&edo�¤y¥ pr���Oe�qdm-�ze��-o�tr¢zm�e��-��¢zo�¤ue��-s{cKp�~�e���±�^%�U�zsu´U¢bedcfedknm�|3¤ue��-_��F��trm�_ba���e���¨yp�s{m�e����Otr¢zo
q�edm�m�e!cftU�z�d¤{su�&p�m�sutrk¦��trknm�¤ue��	��¢zs{£rp�kUm�e�� .

� ¤�pw��¢zo¼¨yprq�e�o&pr�;sutrcf�dm�o�su´n¢be-�§¥ ¢zkbe,o�tr¢zm�e!e���m·o�ed¤�p�m�s{£�edcfedkUm�_btrcftr~�adkbe}|
� ¤ue��·o�tr¢zm�e��	�&trknm�m�o�a���q�trkUm�o&pr��m���e�����p�o·o&p��z��tro�m Ä ¤ued¢zo�edkn£Fs{o�trkzkbedcfedknm�±
-Ae���e�q�trkb�v��trs{kUm�q�trkb��su��m�e Ä �z�X¿bkzs{o�¢zkvcftF�zad¤ue!~���trcf�dm�o�su´U¢be}±$-�e��	_ �U�Otrm�_ba���e���~��dkb�Xx

o&p�¤uedcfedkUm��dcwsu��e��	�§¥ ¢zkÅ��trs{kUm	�ze,£F¢be�¤utUq�p�¤A�&trknm .
� ¤�p�¤�p�o�~�ed¢zo	�§¥ ¢zkbe,o�tr¢zm�e�e���m Ä ��ed¢v�zo�a���q�trkb��m&p�knm�e}|
� ¤�pwq�tr¢zo��z¢zo�e!�§¥ ¢zkbe,o�tr¢zm�e�e���m·o�ed¤�p�m�s{£�edcfedknm�¨©p�s{�z¤ue��&p�¢;¨%p�¢7kzs{£�e�p�¢ �ze���q�p�o�o�eX¨©tr¢zo���±
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-Ae�cftU�zad¤ue,¿bk�p�¤A�ztrs{m�p�s{kb��s§�zo�edkb�;o�e!q�trcw�zm�e!�ze��·q�p�o&prqdm��do�su��m�su´n¢be��	o&pr�;sutrcf�dm�o�su´n¢be���edm
~���trcf�dm�o�su´U¢be����ze���tr�;��edm�� Ä �z�dm�e�qdm�edo�±��,p�kb��q�eµ´U¢zsU��¢zs{m�|�kbtr¢b����pr����trkb�3edk�o�ed£F¢beµ�;s°Á§�do�edknm�e��
cf�dm�_btF�ze����zo�tr�Ot}����e����bp�kb��¤�p�¤{s{m�m��do&p�m�¢zo�e!�Otr¢zo·¤�pw�z�dm�e�qdm�sutrkv�ze,¤{s{kb�dsu´U¢be���±
i¸¤ �ÆpÅ�zo�s{kbqds{��p�¤uedcfedknmw�zed¢;º�q�p�m��d~�tro�sue��-�zeKcf�dm�_btU�ze��-�Otr¢zo�¤y¥³eXº;m�o&prqdm�sutrk¡�zefo�tr¢zm�e�� ±
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o�tr¢zm�suedo»��¢z�z��t}�&e·´n¢be`¤ue`o�����e�p�¢$e���m'tro�~np�kzsu�����ze¾¨yp���trkf_zsu�do&p�o�q�_zsu´U¢be	edm'´U¢be`m�tr¢zm�e��'¤ue��'o�¢be��
�&trknm-q�trkzkbe�qdm���e���edkUm�o�e�ed¤{¤ue�� ±��,p�kb��+ ��-¸|��	s{o&p�¢z¤{m � ��ª(' )��zo�tr��t}��edkUm-¢zkbeKcf�dm�_btU�zeK¨©trkb�z��e
��¢zof¤�pÂq�tFtr���do&p�m�sutrk edknm�o�e¦¢zkYp�¤{~�tro�s{m�_zcfe¦�ze¦��¢zs{£Fs��zeÅo�tr¢zm�e��ÀÉ¯tr�zm�s{cwsu�&p�m�sutrkY�§¥ ¢zk qdo�s°x
m�ado�e,�§¥ _btrcftr~��dkb�ds{m����;s{o�e�qdm�sutrkzkbed¤{¤ue Ë·edm·¢zkbe�cf�dm�_btF�ze,~}¤utr��p�¤ueKÉ¯�&ed~}cfedknm&p�m�sutrk¦�ze!¤y¥ s{cKp�~�e
edmwq�p�o&prqdm��do�su�&p�m�sutrkY�ze��-o��d~}sutrkb�wx�¤ue���o�tr¢zm�e��f�&trknmw�ze���o��d~}sutrkb�w�ze$¨¯tro�cfe7p�¤{¤utrkz~���eÅ�ztrkUm
¤ue��	��tro��z����trkUm	��p�o&p�¤{¤uad¤ue���edm�´U¢zs��zo�����edkUm�edknm�¢zkbe�m�eXº;m�¢zo�e!_btrcftr~�adkbe Ë��Otr¢zo�p�cf�d¤{sutro�edo�¤�p
¿�p��zs{¤{s{m����ze,¤�p��z�dm�e�qdm�sutrkA±

-�p-c�¢z¤{m�s{m�¢b�ze!�ze�cf�dm�_btF�ze��`�zo�tr��t}����e��`�Otr¢zo·q�e��zo�tr�z¤uadcfe,��tr¢z¤{s{~}kbe��zsuedkÇ¤�p-�;s��Kqd¢z¤{m��
�ze�¤y¥³eXºFm�o&prqdm�sutrkÇ�ze�¤{s{kb�dsu´U¢be��»�bp�kb�µ¤ue��'s{cKp�~�e��¾�ze�m��d¤u���z�dm�e�qdm�sutrkA±F²�tr¢b�»�zo�tr�Ot}��trkb�µ�bp�kb�¾q�e
o&p��z�Otro�m�¢zkbe�cf�dm�_btU�ze-¨©trkb�z��ew��¢zo�¤y¥ s{kbq�tro���tro&p�m�sutrk��§¥ ¢zkbe�kbtr¢z£�ed¤{¤uewqd¤�pr�&��e��§¥³�dkbedo�~}sue/.O¤ue��
�dkbedo�~}sue���´n¢�pr�;o&p�m�su´U¢be���|��bp�kb�·¤ue!q�pr�;o�e��ze��	q�trknm�tr¢zo���prqdm�s°¨¯��|b��tr¢zo�¢zkbe!cfeds{¤{¤ued¢zo�e!cftF�z�d¤{s°x
�*p�m�sutrkÅ�ze,¤�p�~���trcf�dm�o�sue$ª!«�¬X­¯®}¬*­¯±
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-Ae�cftU�zad¤ueK�ztrs{m,m�edkzs{o�q�trcw�zm�ef�zew�zed¢;ºÆpr����e�qdm���¨©trkb�bp�cfedknm&p�¢;º .A¤�p�~���trcf�dm�o�sueKedm!¤�p
o&pr�;sutrcf�dm�o�sue}±�-�p-~���trcf�dm�o�sue,q�trkb��su��m�e�edk7�ze��`m�edo�cfe��·�§¥uª�«�¬X­¯®}¬*­�´n¢zs�kbe��z�d��edkb�zedkUm���pr�`�ze
¤y¥ s{cKp�~�e}±F�,p�kb�'¤ue�q�pr�;o�e��ze��»q�trknm�tr¢zo��·prqdm�s°¨¯� |�¤�p,�z¤{¢z��p�o�m`�ze��'cftF�zad¤ue��»¢zm�s{¤{su��edknm`��ed¢z¤uedcfedknm
¢zkbe-�dkbedo�~}sue-�ze�o��d~}¢z¤�p�o�su�&p�m�sutrkÈÉÊ¤�pw¤utrkz~}¢bed¢zo,�ze!¤�pKq�tr¢zo���e Ë�q�trcwcfe�m�edo�cfe��ze!~���trcf�dm�o�sue
ª,«�¬X­¯®}¬*­¯±8-�p�o&pr�;sutrcf�dm�o�sue-q�tro�o�e�����trkb� Ä m�tr¢b�·¤ue��·m�edo�cfe���´n¢zsO¨©trknm�s{kUm�edo�£�edkzs{o	¤y¥ s{cKp�~�e-��¢zo
¤�pr´U¢bed¤{¤ue�trk¡��tr¢z_�p�s{m�e��z�dm�e�qdm�edo�¤y¥³tr�;�¼edm�±I-'¥³�dkbedo�~}sue�m�trm&p�¤ue$�;¢DcftU�zad¤ue���¥³��qdo�s{m��ztrkbq$�ze$¤�p
cKp�kzsuado�e���¢zs{£rp�kUm�e/.
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 �Otrkb�zado�ev¤ue���q�trknm�o�s{�z¢zm�sutrkb�ÅedkUm�o�ev¤ue¦m�edo�cfe¦~���trcf�dm�o�su´n¢be,��L edm$¤ue¦m�edo�cfe¦s{cKp�~�e��� ±���tr¢zo�¤ue,m�edo�cfe!~���trcf�dm�o�su´U¢be}|bkbtr¢b�	¢zm�s{¤{su��trkb��¤y¥³�dkbedo�~}sue-�z��qdo�s{m�e��bp�kb��¤ue���tr¢b�¼x¸q�_�p��zs{m�o�e
�zo���q����zedkUm , ± 0b±�-µ¥³�dkbedo�~}sue��ze�¤y¥ s{cKp�~�e�e���m�q�trkb��m�s{m�¢b��e!�ze!�zed¢;ºÇm�edo�cfe�� .
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¤ue�£�e�qdm�ed¢zo·kbtro�cKp�¤§eXºFm��do�sued¢zo�p�¢7q�trknm�tr¢zo�e���m»¤utFq�p�¤uedcfedknm�tr�z�Ot}����p�¢�£�e�qdm�ed¢zo`~}o&pr�;suedkUm��ze
¤y¥ s{cKp�~�e}|nq}¥³e���m¼x Ä x¸�;s{o�e·�Otr¢zoµ�ze��'q�pr�%t��f¤�p�o�tr¢zm�e�e���m%�z¤{¢b�'qd¤�p�s{o�e�´U¢be·��trkfedkn£Fs{o�trkzkbedcfedknm�ÉÊs{¤
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��¢ �fo&p�s{m¾�§¥ s{kU£�edo���edo·¤ue���s{~}kbe	�Otr¢zo¾�z�dm�e�qdm�edo·�ze��»o�tr¢zm�e��`�z¤{¢b�»�&trc��zo�e��*ËX±b½¾e�m�edo�cfe	¨yp�£�tro�su�&e
�d~np�¤uedcfedkUm	¤ue���edkb�;o�trs{m���p�£�e�q�¢zkÇ¨¯tro�m�~}o&pr�;suedkUm�tr�z�Ot}���!p�¢7£�e�qdm�ed¢zo	kbtro�cKp�¤y±

-Aew��e�q�trkb�Âm�edo�cfefe���m�¢zk�m�edo�cfew´n¢�pr�;o&p�m�su´U¢bef´U¢zs�¨©p�£�tro�su��ef�zed¢;ºÀm��F��e��!�zew��s{m�¢�p�m�sutrk
q�trcwcfe s{¤{¤{¢b��m�o�� ��¢zo�¤�p�¿b~}¢zo�e �;± , ±`�%o�edcwsuado�edcfedkUm�|·¤ue��Ç��s{m�¢�p�m�sutrkb�Ç��tr¢zo�¤ue���´U¢bed¤{¤ue��Ç�ze��
��p�s{o�e����ze!�Otrs{knm���p�¢;º7£�e�qdm�ed¢zo���m&p�kz~�edknm�����p�o&p�¤{¤uad¤ue���q�tro�o�e�����trkb�zedkUm Ä �ze��	�Otrs{knm����ze,¨©tro�m
~}o&pr�;suedkUm��bp�kb��¤�p`c �dcfeµ�;s{o�e�qdm�sutrk���trknm3edkbq�tr¢zo&p�~���e���±�½¾ed¤{¤ue��¼x¸qdsFq�tro�o�e����Otrkb�zedknm Ä �ze��A�Otro��z�
cKp�o�´U¢b���µ�ze�¤y¥ s{cKp�~�e/.nm �U�zsu´U¢bedcfedknm¾¤ue·�Otro��f�§¥ ¢zkbe�o�tr¢zm�e}|ncKp�su�»p�¢b����s�¤ue·��tro��$�§¥ ¢zkKq�_�p�cw�
tr¢Â�§¥ ¢zkÆtr�;��edm,q�trknm�o&pr��m��}±A��ed¢;º;suadcfedcfedknm�|§¤ue�����p�s{o�e��,�ze��Otrs{knm���p�¢;º £�e�qdm�ed¢zo���m&p�kz~�edknm��
p�kUm�s°xy��p�o&p�¤{¤uad¤ue���É ­ )B� )b�ze��¾��trs{kUm��¾��¢zo»¤ue��¾�zed¢;º$q 
rm����`tr�z��t}�&���»�ze�¤�p!o�tr¢zm�e ËX|;q�tro�o�e����Otrkb�bp�knm
Ä �ze��,��trs{kUm����ze�¨©tro�m!~}o&pr�;suedkUm��ztrkUm�¤ue��!�;s{o�e�qdm�sutrkb����trknm-tr�z��t}����e�� |A��trknm-�d~np�¤uedcfedknm�edk;x
q�tr¢zo&p�~���e�� ±µ½¾e�����s{m�¢�p�m�sutrkb�wq�p�o&prqdm��do�su��edknmf�z¤{¢b�w������qds°¿�´U¢bedcfedknmw¤ue���o�tr¢zm�e����z¢zsu�w´U¢A¥³ed¤{¤ue��
¨yp�£�tro�su�&edknm��zed¢;ºÇ�Otro��z��q�trknm�o&pr��m���� ±
½¾e����dkbedo�~}sue���m�suedkzkbedkUm,�zsuedk q�trcw�zm�e��;¢ ¨yp�s{m�´U¢be�¤ue���o�tr¢zm�e�����trkUm Ä �Otro��z����p�o&p�¤{¤uad¤ue��

edm�q�trkUm�o&pr��m���e�����p�o�o&p��z��tro�m Ä ¤ued¢zo	edkn£Fs{o�trkzkbedcfedknm�±
²�tr¢b�µ��tr¢z£�trkb�µo�edcKp�o�´n¢bedo¾´n¢be·¤ue��µm�edo�cfe��µ´U¢�pr�;o&p�m�su´n¢be��¾�ze·¤y¥³�dkbedo�~}sue	~���trcf�dm�o�su´n¢be�edm

�ze�¤y¥³�dkbedo�~}sue-�ze�¤y¥ s{cKp�~�e!�Oed¢z£�edknm �dm�o�e!o�ed~}o�tr¢z������edkÅ¢zkÅ��ed¢z¤§m�edo�cfe/.
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�Ftr¢z¤{s{~}kbtrkb��¤�pf�zo�����edkbq�e��ze�¨¯tro�q�e���kbtrk ¤utUq�p�¤ue��wÉ ­ )B�2)§´U¢zs3��¥³eXº;�zo�s{cfedknm!p�£�e�q-¢zkbe�s{kUm��Xx
~}o&p�¤ue���¢zo`¤ue�q�trknm�tr¢zo*Ë·�z�do�s{£���e����ze�¤�p��zo����&edkbq�e,�§¥³�dkbedo�~}sue���´n¢�pr�;o&p�m�su´U¢be����bp�kb�`¤ue�cftF�zad¤ue}±
��£�e�q,¤ue��	cftU�zad¤ue���qd¤�pr����su´U¢bedcfedknm�¢zm�s{¤{su������cfedm�m&p�kUm�edk tUed¢z£Fo�e!�ze��	�dkbedo�~}sue���¤{s{kb��p�s{o�e���|�¤ue��
¨©tro�q�e�����trkUm�¤utFq�p�¤ue���± .�kÅ£�trs{m	�ztrkbq,�zsuedk7¤y¥ s{k;¨©tro�cKp�m�sutrk¦��¢z�z�z¤u�dcfedknm&p�s{o�e�p��z��tro�m���e,��p�o	¤ue��
s{kUm�edo&prqdm�sutrkb�7p�¢�kzs{£�e�p�¢Y�zeÅ¤�pÂ~���trcf�dm�o�sue}±¾Ã%kYq�trkUm�o�ed��p�o�m�sue}|¾edk�o&p�su��trkY�ze��f¨¯tro�q�e��Kkbtrk
¤utFq�p�¤ue���|ztrkÅkbe��Oed¢zm·��pr�·¢zm�s{¤{su��edo��;s{o�e�qdm�edcfedknm�¤ue��·m�e�q�_zkzsu´U¢be��	��m&p�kb�bp�o��z���ze�¤�p�cf�dm�_btF�zt�x
¤utr~}sue���p�o�q�tr¢zo��Oe����ze�kzs{£�e�p�¢v�Otr¢zo	¤y¥³�d£�tr¤{¢zm�sutrkÀ�;¢¦q�trkUm�tr¢zo�±�²�tr¢b�	�zed£�trkb���ztrkbq�pr�bp��zm�edo
q�e��	m�e�q�_zkzsu´U¢be���edm�¤y¥³�d£�tr¤{¢zm�sutrk e���m�p�¤utro��	o���p�¤{su�&��e�q�trcwcfe��z��qdo�s{m��bp�kb�	¤�pw��p�o�m�sue , ± gf�ze-q�e
o&p��z�Otro�m�±
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²�tr¢b��p�£�trkb�!m�e���m���kbtrm�o�eKcftU�zad¤uew��¢zo��ze��,s{cKp�~�e����*p�m�ed¤{¤{s{m&p�s{o�e��!o���ed¤{¤ue���± �U¢zo,¤�pÇ¿b~}¢zo�e
�;± �;|�kbtr¢b�'�zo�����edkUm�trkb�µ¤ue��µo�����¢z¤{m&p�m��µ��¢zo'�zed¢;ºws{cKp�~�e��»�zo�����edknm&p�kUm»q�edo�m&p�s{kbe��¾�;s��Kqd¢z¤{m�����±nÃ'k
eXÁ§edm�|b��¢zo�q�e��	s{cKp�~�e���|b�ze��	o��d~}sutrkb�	�ze�¨©tro�m�~}o&pr�;suedknm���trknm	�zo�����edknm�e���cKp�su�	q�tro�o�e����Otrkb�zedknm
Ä �ze����Otro��z�7�ze q&_�p�cw�b�Åedm�kbtrk��ze��$�Otro��z�7�ze o�tr¢zm�e���± -Ae��7q�_�p�cw�b�v��trknm7�ze��7tr�;��edm��
�ze-~���trcf�dm�o�suew��s{cws{¤�p�s{o�e Ä q�ed¤{¤ue��ze���o�tr¢zm�e�� ± �U¢zo�¤�pK�zo�edcwsuado�e�s{cKp�~�e��ze-¤�pf¿b~}¢zo�ef�;± �;|�trk
tr�b�&edo�£�e%¢zkbeµ�;su��q�trkUm�s{kn¢zs{m��¾��¢zoA¤�p`o�tr¢zm�e}±P��tr¢zo�¤ue����zed¢;º,s{cKp�~�e���| ¤ue��Ao�tr¢zm�e����&trknm�o�edm�o�tr¢z£���e��
�Otr¢zo	¤y¥ p�¤{~�tro�s{m�_zcfe-�zo�tr�Ot}���}±$-�p�¿b~}¢zo�e��;± �wcftrknm�o�e-¤ue���s{cKp�~�e����ze-�z�d��p�o�m�|���¢zo�¤ue���´U¢bed¤{¤ue��
kbtr¢b�-��tr¢z_�p�s{m�trkb���z�dm�e�qdm�edo-¤ue���o�tr¢zm�e���|§�z¤{¢b��sued¢zo����dm&p���e��-�zef¤y¥³�d£�tr¤{¢zm�sutrk ��trknm-�zo�����edknm���e��
p�s{kb��sA´n¢be�¤ue�o�����¢z¤{m&p�m�¿bk�p�¤��ze,�z�dm�e�qdm�sutrkA±�-Ae�����p�o�m�sue���kbtrs{o�e��	q�tro�o�e�����trkb�zedkUm Ä ¤y¥ s{knm��do�sued¢zo
�;¢Åq�trkUm�tr¢zo�edm�¤ue�����p�o�m�sue����z¤�p�kbq�_be�� Ä ¤y¥³eXº;m��do�sued¢zo�±

-�pw¿b~}¢zo�e��;± gwcftrkUm�o�e�¢zkÀp�¢zm�o�e-o�����¢z¤{m&p�m���¢zo	¢zkbe-s{cKp�~�e-�*p�m�ed¤{¤{s{m&p�s{o�e��z¤{¢b��q�trcw�z¤ueXºze}±
-�e»o�����¢z¤{m&p�m'e���m�s{cw��p�o¼¨yp�s{m%cKp�su��o�e���m�e¾m�o�a��%edkbq�tr¢zo&p�~�e�p�knm�±nÃ%kfeXÁOedm�|�¤ue¾o�����e�p�¢��zo�����edkUm�e·�ze��
¤{s{~}kbe����z¤{¢b��tr¢-cftrs{kb����s{kU¢bed¢b��e���| edm�q�edo�m&p�s{kbe�����p�o�m�sue���kbe'��trkUm���pr��q�trkUm�o&pr��m���e��3��p�oAo&p��z�Otro�m
Ä ¤ued¢zo�edkU£Us{o�trkzkbedcfedkUm�|�edk¦�z¤{¢b���ze����;s��Kqd¢z¤{m�����q�trcwc�¢zkbe��,p�¢;ºÅs{cKp�~�e����ze�¤�p�¿b~}¢zo�e��;± �;±
²�tr¢b��kbtr¢b����edkbq&_btrkb�!prqdm�¢bed¤{¤uedcfedknm���¢zo�¤ue����z�X¨©p�¢zm���´U¢be�kbtr¢b���Otr¢z£�trkb��tr�b��edo�£�edo,��¢zo�¤�p
�z�dm�e�qdm�sutrk .�edkÆ��p�o�m�suqd¢z¤{suedo�¤�pÇ¨©p�¢b���&ew�z�dm�e�qdm�sutrk¡edm!¤ue��-trcwsu����sutrkb�!�;¢�q�trs{k¡s{k;¨¯�do�sued¢zo-�;o�trs{m
�ze�¤y¥ s{cKp�~�e}±
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��()-��� *��I��	 �B	�� �4�()-��C *
�	¢zm�trcKp�m�suq-o�t�pr�¦eXº;m�o&prqdm�sutrk ��pr��e��vtrk¦c�¢z¤{m�s°x¸��q�p�¤ue�cftF�zed¤{s{kz~b|�q�trkUm�eXºFm,p�kb�¦��k�p ��e���±

���4H����



� ®����y®��F¬��
	��
�¯­ ���������`¬��r¬�������«��X¬*­����F¬ � ,

� ��� �X¬���ª��¯­©®���ª(' 	�¬����n­ � ���,® �I! �F®��y® �r¬�ª 	 	 � �¯¬��wª��$� ����	f®�� ��� � �8�*­(� � �g:�É , /�/<;}ËX| , �}� ,
,�, g;±

+ �}��-?A �J)��K��	-��� *�����	 �1�J)J* ( �$&��-� *`½»¤�pr����suq�p�¤Acfe�q&_�p�kzsuq���p�kb�7o�t�pr�v�zedm�e�qdm�sutrkvs{k �U�Otrm
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