
HAL Id: inria-00071647
https://inria.hal.science/inria-00071647

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.

Méthode de type Galerkin-discontinu pour la
propagation des ondes en aéroacoustique

Marc Bernacki, Serge Piperno

To cite this version:
Marc Bernacki, Serge Piperno. Méthode de type Galerkin-discontinu pour la propagation des ondes
en aéroacoustique. RR-4932, INRIA. 2003. �inria-00071647�

https://inria.hal.science/inria-00071647
https://hal.archives-ouvertes.fr


IS
S

N
 0

24
9-

63
99

   
   

 IS
R

N
 IN

R
IA

/R
R

--
49

32
--

F
R ap por t  

de  r ech er ch e 

THÈME 4

INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE

Méthode de type Galerkin-discontinu pour la
propagation des ondes en aéroacoustique

Marc Bernacki — Serge Piperno

N° 4932

Septembre 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��"
����	���"1�2�/�����+�,��#3��%0"4����5
%��

687�9;:�<>=?9A@B7C:EDGF,HJI+=?9AKL=�M.FONJ=?9A@�P

QSRUT�V&W.XZY\[^]_V�`UacbEde]gfih0W�d2fkjlde]gV&]cmnbodn]_fkh
p W,mrqlmrdnTAV>W;m�s�fiV>j!agW�t^W;m
uBvefowxW�dzy�{z|r}~{z�

�2bojUjCfkvnd p W.veWAs�RUWAves�RUW�hC�+Xi�i�i��Y\[^WAjldnWAV��UveW,�o�i�k�,Y��U��j!bo�iWAm

���^���+�����(�zfk`!m3jUve�AmnW�h?dnfih!m�`Uh!W�hUfi`U�kWAaga_WzV&��dnRUf p W p W�dxq?jCW���bkagWAvn�^]_hl� p ]_mes�fih?dn]_h?`�bkjUjUa_]_�?`U�AW��Za_b�vn�;mrfiag`Udn]_fkh
h^`UV&��ve]_�?`UW p WAm
�;�i`�bEdn]_fkh�m p4  ¡ `UagWAv�a_]ghU�;bove]_mn��W;m
bo`ldefk`Uv pG  `Uh¢�;s�fi`UagWAV&W�h?d
`UhU]g£¤fkveV>W~fi`¥hUfkhG¦3�2fk`�m
`ldn]_a_]_mnfkh!m
`UhUW,£¤fkveV�`UacbEde]gfih§s�W�h?dnve��W.jCfk`!vzbojUj!vnfls�RUWAv�agW;m�]gh?de���kv�boa_WAm2W�h~mr`!vr£¨bis�W.W�d�`Uh©mns�R!��V
b p W.dxq^jCW�mnbk`ldnW��ªV&fi`ldnfih�WAh
dnWAV&j!m�¦L�2fi`!m�s�fkh�mxdevn`U]cmnfkh!m�`!hUWZs�fkh p ]gdn]_fkh©bk`lt~ag]_V&]«deWAm p W,dxq^jCWZbk�!mrfivn��boh?dnW.W�d�`UhUW>s�fih p ]gdn]_fkh©bo`Ut�a_]gV&]gdnW;m p W
dxq^j�W�vn��¬!�As�RU]cmemnbkhideWk¦l�2fi`!m p �AV&fkh?dnvefkh!m p boh!m�a_W�sAb p veW p4  `!h~�As�fi`Ua_W�V&W�h?d2`UhU]g£¤fkveV&W.`UhUW�s�fkh p ]«de]gfih p W�mxd�bo�U]_a_]«de�
J® p W�dxq^jCWZy�¯�°�¦!�zfk`!mS]_aga_`!mrdnvefkh!mSa_WAm�sAboj!bis�]gdn�;m p W�hUfodevnW.mes�RU��V
b&mr`!v�jUag`�mr]_W�`Uv�m�s�bim�dnW;mxd�m�¦
±³²�´A��µe¶i·¤�^�,��a_]_hU�Abkvn]cmnbodn]_fkh p WAm��A�?`!bodn]_fkh!m p4  ¡ `Ua_W�v;¸��As�fi`Ua_W�V&W�h?d�`UhU]g£¤fkveV>W�fk`ZhUfkh$¸;V&��dnRUf p W p W3dxq^j�W2��boa_W�ve�^]ghU�
p ]cmns�fkh?dn]_h^`
¹+º�W�d3¹B»;¸?s�fkh p ]«de]gfih�ag]_V&]«deW�bk�!mrfivn��boh?dnWi¸ks�fih p ]gdn]_fkh
a_]gV&]gdnW�vn��¬!�As�RU]cmemnbkhideWk¸kmes�RU�AV&b�mnbk`ldnW��ªV&fk`Udnfkh
WAh
dnWAV&j!m�¸�mxd�bo�U]_ag]gdn�, ® ¸UV
bo]_a_a_bk�kW�hUfkh~mrdnve`!s¼de`Uvn�



	§��"$#��������A����%0")�����������
����� �������
	��E�,� ���0��� ���,� ���+�,���,-,�.������� ���
�,�����,�,#���%0"4����#3"

�
	 ��´���U¶o´i�${ p ]_mes�fihide]gh!fk`!m���boa_W�ve�?]_h
V&W�deRUf p ]_m�boj!jUag]_W p RUW�veW2def,dnR!Wzh^`UV&W�ve]_sAboaCmrfiag`lde]gfih
fo£4deRUWzde]gV&W�� p fiV
bo]_h
¡ `Ua_W�v   m2WA�?`!bEde]gfih!m�bovefk`!h p boh§`UhU]g£¤fkveV fiv2b&hUfkh§`UhU]g£¤fkveV ¬�f��.¦��(W�`!mrW,b
s�W�h?dnWAvnW p V>W;boh~boj!jUvnf�tl]_V
bEdn]_fkh�£¤fkv
dnRUW�mn`Uvr£¨bis�W�]gh?deW��kv�boacmJbkh p bZa_WAbojU�O£¤vefk�>mns�RUWAV&W2£¤fkv�b p �Eboh!s�]ghU�Z]gh0dn]_V&Wk¦�� W�s�fkh!mrdnve`!s�dSbkh0bo��mrfivn�U]_hU�,�Cfk`!h p boveq
s�fih p ]gdn]_fkh bkh p b(vnW�¬!WAs�dn]_hU���Cfk`!h p boveq s�fih p ]gdn]_fkhG¦�� W0j!vnfE�iW���]«deRU]_h deRUW�£¤v�boV&W��3fivn� fo£�bkh `Uh!]«£¤fivnV ¬!f�� b
mr`��
s�]gWAh?dzy�¯�°G�3 ® mrdebo�!]ga_]«dxq0s�fkh p ]«de]gfihG¦J[^fiV>W�deWAmrdem2sAbkmnWAm�]ga_a_`!mxdevebodnW�dnR!W.j�fkdnW�h?de]_bkaGfo£�fk`Uv2mes�RUW�V&Wi¦
�����Lµ���²����+�i��a_]gh!WAbove]cmnbodn]_fkh>fo£LdnRUW ¡ `Ua_W�vJW;�?`!bEde]gfih!m�¸k`UhU]g£¤fkveV bkh p hUfkh
`Uh!]«£¤fivnV ¬!f��.¸o¹ º boh p ¹ »Jp ]_mes�fihide]gh!fk`!m
��boa_W�ve�^]gh©V&W�dnRUf p ¸$bk�!mnfkve�U]gh!���Cfk`Uh p boveq©s�fkh p ]«de]gfihG¸4veW�¬!W;s¼dn]_hU����fi`Uh p bkvnq~s�fkh p ]gdn]_fkh$¸4agW;bojl�ª£¤vnfi��de]gV&W
mns�R!W�V&Wk¸
 ® mrdebo�!]ga_]«dxqi¸U`Uh!mrdnve`!s�dn`UveW p V&WAmnRUWAm



���������
	��	���������������������� �"!$#%	��'&�(���!)���"!)*+�,��*��-���-�)�.�/���10��2���3�2!4	��/&5�2!6	���&5��!7�����.�
��(���*�&/���38�*$� �

9 ��:§��� 	0��" � ������;��+��"

<�=C´���² ���+¶o´
>¤²6= ?

@ ±³�?´
A+² � �CB U· ��� DE>3= �F>¤�;¶k²G=C´1>3=4� � H
�k¦_� | h?dnvef p `!s¼de]gfih�¦�¦.¦�¦.¦�¦.¦.¦�¦.¦�¦.¦�¦.¦�¦.¦.¦�¦.¦�¦.¦�¦.¦.¦�¦.¦�¦.¦�¦.¦.¦�¦.¦�¦.¦�¦.¦�¦.¦.¦�¦.¦�¦.¦ I
�k¦ � °$b p ]cmes�ve��dn]cmebEdn]_fkh§mnj!bEde]_bkagWZ¦�¦.¦�¦.¦�¦.¦�¦.¦.¦�¦.¦�¦.¦�¦.¦.¦�¦.¦�¦.¦�¦.¦.¦�¦.¦�¦.¦�¦.¦�¦.¦.¦�¦.¦�¦.¦ I
�k¦ � y3fkh p ]«de]gfih~bo`lt�a_]_V>]gdnW;m�ve��¬!�;s�RU]_memeboh?dnW&¦�¦.¦.¦�¦.¦�¦.¦�¦.¦.¦�¦.¦�¦.¦�¦.¦.¦�¦.¦�¦.¦�¦.¦�¦.¦.¦�¦.¦�¦.¦ J
�k¦ X K�]_mes�ve��de]_mebEde]gfih�deW�V&j�fivnWAaga_W>¦�¦.¦�¦.¦�¦.¦�¦.¦.¦�¦.¦�¦.¦�¦.¦.¦�¦.¦�¦.¦�¦.¦.¦�¦.¦�¦.¦�¦.¦�¦.¦.¦�¦.¦�¦.¦ J

LNM = �©¶i²6= �F> ´1>¤²G=¥���EO � $=C´�� � �~�A´� 	 >¤·P>¤´A� Q
�l¦_�SR2h!W.��hUWAvn�i]gW p ]cmns�vnT�dnW ¦.¦.¦�¦.¦�¦.¦�¦.¦�¦.¦.¦�¦.¦�¦.¦�¦.¦.¦�¦.¦�¦.¦�¦.¦.¦�¦.¦�¦.¦�¦.¦�¦.¦.¦�¦.¦�¦.¦ T
�l¦ � y3fkh�mrWAvn�EbEde]gfih p W.a   ��hUWAvn�i]gW p ]cmns�vnT�dnW�¦.¦�¦.¦.¦�¦.¦�¦.¦�¦.¦.¦�¦.¦�¦.¦�¦.¦.¦�¦.¦�¦.¦�¦.¦�¦.¦.¦�¦.¦�¦.¦ T
�l¦ ��°GW,sAbov�bks�dnT�veW p ��U!hU]$j�f?mr]gdn]g£ p W.a   ��hUWAvn�i]gW p ]cmes�veT�dnW ¦.¦�¦.¦.¦�¦.¦�¦.¦�¦.¦.¦�¦.¦�¦.¦�¦.¦�¦.¦.¦�¦.¦�¦.¦��;�

VWM =¥�A¶�A+�^�  �A´� 	 · � �X��^¶�� �?�
¶i²6= �F> ´1>¤²G=+�
·P>¨�7> ´ �?�
 	 �;²�� 	 $=C´ �?� @�L
�U¦_� °$b&s�fkh p ]gdn]_fkh~bk�!mrfivn��boh?dnW ¦�¦.¦�¦.¦�¦.¦�¦.¦.¦�¦.¦�¦.¦�¦.¦.¦�¦.¦�¦.¦�¦.¦.¦�¦.¦�¦.¦�¦.¦�¦.¦.¦�¦.¦�¦.¦��;�
�U¦ � y3fkh�mxdevn`!s�dn]_fkh p4  `UhUW.hUfi`U�kWAaga_W���hUWAvn�i]gW ¦.¦.¦�¦.¦�¦.¦�¦.¦.¦�¦.¦�¦.¦�¦.¦.¦�¦.¦�¦.¦�¦.¦�¦.¦.¦�¦.¦�¦.¦��;�
�U¦ ��°GW,sAbov�bks�dnT�veW p ��U!hU]$j�f?mr]gdn]g£ p W.a   ��hUWAvn�i]gWZY,[ ¦�¦.¦�¦.¦�¦.¦.¦�¦.¦�¦.¦�¦.¦.¦�¦.¦�¦.¦�¦.¦�¦.¦.¦�¦.¦�¦.¦��AX

\]M ´1>¤·P>¨��l´
>¤²G= �_^_�F= �©���?´
A+² � �a`.±cb @ H
X!¦_� }§��dnRUf p W,uJ}©° ¦�¦.¦�¦.¦.¦�¦.¦�¦.¦�¦.¦�¦.¦.¦�¦.¦�¦.¦�¦.¦.¦�¦.¦�¦.¦�¦.¦.¦�¦.¦�¦.¦�¦.¦�¦.¦.¦�¦.¦�¦.¦���J
X!¦ � ¡ tljUveWAmemr]_fkh p `~mes�RU��V
b ¦.¦�¦.¦�¦.¦�¦.¦�¦.¦.¦�¦.¦�¦.¦�¦.¦.¦�¦.¦�¦.¦�¦.¦.¦�¦.¦�¦.¦�¦.¦�¦.¦.¦�¦.¦�¦.¦��;�

?]d U�>´��^�A´ ��= L$e �;� �0� ,>¤·¨· ,f �©´ ��> )=gfL�$· ,> ��� @�h
i ¦_� [ls�RU�AV
bkmS�kfiag`!V>W;mjU!hU]cm ¦.¦�¦.¦�¦.¦�¦.¦�¦.¦.¦�¦.¦�¦.¦�¦.¦.¦�¦.¦�¦.¦�¦.¦.¦�¦.¦�¦.¦�¦.¦�¦.¦.¦�¦.¦�¦.¦ �k�
i ¦ ��}§��dnRUf p W.¹ » mn`Uv�V
bo]_a_a_bk�kW�dnve]_bkhU�k`Uacbo]_veW©¦.¦.¦�¦.¦�¦.¦�¦.¦.¦�¦.¦�¦.¦�¦.¦.¦�¦.¦�¦.¦�¦.¦�¦.¦.¦�¦.¦�¦.¦ �k�
i ¦ �����;mr`Uagdebodem�h^`UV&�Avn]c�?`UWAmz¦.¦.¦�¦.¦�¦.¦�¦.¦�¦.¦.¦�¦.¦�¦.¦�¦.¦.¦�¦.¦�¦.¦�¦.¦.¦�¦.¦�¦.¦�¦.¦�¦.¦.¦�¦.¦�¦.¦ �U�

i ¦ �U¦_� y�bim�dnWAmrd,�¥¦.¦�¦.¦.¦�¦.¦�¦.¦�¦.¦�¦.¦.¦�¦.¦�¦.¦�¦.¦.¦�¦.¦�¦.¦�¦.¦.¦�¦.¦�¦.¦�¦.¦�¦.¦.¦�¦.¦�¦.¦ �i�
i ¦ �U¦ � y�bim�dnWAmrd�� ¦.¦�¦.¦.¦�¦.¦�¦.¦�¦.¦�¦.¦.¦�¦.¦�¦.¦�¦.¦.¦�¦.¦�¦.¦�¦.¦.¦�¦.¦�¦.¦�¦.¦�¦.¦.¦�¦.¦�¦.¦ �oX
i ¦ �U¦ � y�bim�dnWAmrdz�8¦.¦�¦.¦.¦�¦.¦�¦.¦�¦.¦�¦.¦.¦�¦.¦�¦.¦�¦.¦.¦�¦.¦�¦.¦�¦.¦.¦�¦.¦�¦.¦�¦.¦�¦.¦.¦�¦.¦�¦.¦ ��I

HW<�=C´���² ���+¶o´
>¤²6= !�¥¶ �� ���k=+²6=¥�F=g>3lª²��o� � L H
IU¦_� °GW;m��A�?`!bodn]_fkh!m�jUR^qlmn]_�?`UW;m ¦�¦.¦�¦.¦�¦.¦�¦.¦.¦�¦.¦�¦.¦�¦.¦.¦�¦.¦�¦.¦�¦.¦.¦�¦.¦�¦.¦�¦.¦�¦.¦.¦�¦.¦�¦.¦ ��I
IU¦ �WK�]_mes�ve��de]_mebEde]gfih!m�mrj�bEdn]cboa_W�W�dSdnWAV&j�fivnWAaga_W¢¦.¦.¦�¦.¦�¦.¦�¦.¦.¦�¦.¦�¦.¦�¦.¦.¦�¦.¦�¦.¦�¦.¦�¦.¦.¦�¦.¦�¦.¦ �mJ
IU¦ ��°GW;m2s�fih p ]gdn]_fkh!m�bk`lt�a_]gV&]gdnW;m ¦.¦�¦.¦�¦.¦�¦.¦.¦�¦.¦�¦.¦�¦.¦.¦�¦.¦�¦.¦�¦.¦.¦�¦.¦�¦.¦�¦.¦�¦.¦.¦�¦.¦�¦.¦ �mJ
IU¦ X ��WAV&bkve�?`UW;m/¦�¦.¦�¦.¦�¦.¦.¦�¦.¦�¦.¦�¦.¦�¦.¦.¦�¦.¦�¦.¦�¦.¦.¦�¦.¦�¦.¦�¦.¦.¦�¦.¦�¦.¦�¦.¦�¦.¦.¦�¦.¦�¦.¦ ��T
IU¦ i y�bkm�deWAmrdzb��kW;sz�;s�fk`!agWAV>WAh?d�s�]_mebo]_a_ag� ¦.¦�¦.¦.¦�¦.¦�¦.¦�¦.¦.¦�¦.¦�¦.¦�¦.¦.¦�¦.¦�¦.¦�¦.¦�¦.¦.¦�¦.¦�¦.¦ ��T

dZ²6=+¶k·O�$�
>¤²G= V)n

����l ������=+¶ �^� VE@

ogoqp2r�s�t/u/v



X � ���/!G��(��
�����j� �,���/!6�

���Fo��
	



���������
	��	���������������������� �"!$#%	��'&�(���!)���"!)*+�,��*��-���-�)�.�/���10��2���3�2!4	��/&5�2!6	���&5��!7�����.�
��(���*�&/���38�*$� i

�4�,���+�
	§%�#J�������

°   bo�Avnf?bks�fk`!mrdn]c�?`UWzW;mxd�`Uh p fiV&bk]gh!W�WAh§jUagWA]gh!W.W�tlj!boh�mr]_fkhG¸ p W.hUfkVZ�UvnWA`!mnWAmSbojUj!vnfls�RUW;m3h^`UV&�Avn]c�?`UWAm�mnfkh?d2bojl�
j!bkvn`UW;m�s�WAm p W�vehU]gTAvnW;m�bohUhU�AWAm�� ���Ufkv�acb�jUag`!j!bovnd p W�s�WAm�V&��dnRUf p W;mBbojUj!bkvrde]gWAhUhUWAhid���a_b�£¨bkV>]_a_agW p W;mBs�fkV&jU`UdebEde]gfih!boa
¬!`U] p©p q^h!bkV&]_sAm��ªy�¯ K��¼¸LagWA`Uvzj!vn]_h!s�]_jCW,vn�;mr] p W p bkh!m2a   `ldn]_ag]cmebEdn]_fkh p W�mns�R!��V
bkm�WAh p ]
	C�AvnWAh!s�W;m U!hU]_WAmzdnveTAm2jUvn�;s�]cm�¸
a_W�`UvBvefk�U`�mxdeWAmemrW�h   WAmrd�jUag`�mB� p ��V&fkh?dnveW�v��_�A��� ¦�K   bk`ldnveWAm�V&��dnRUf p W;m�dnWAh!boh?d�s�fiV>jUdnW p WAm�j�bovndn]cs�`Uacbove]«de�Am�jUR^qlmr]c�?`UWAm
p W;m,jCW�vndn`Uve�!bEde]gfih!m.��dn` p ]_��W;m,fihidZj�WAvnV&]cm��~s�W,wxfk`Uv p4  fi�ldnWAhU]_v p WAm�vn�;mr`!a«d�bEdem,W�h!s�fkveW
jUag`�m,jUve�As�]_m�� � i �ª¸� T��ª¸� X��ª¦
K�W�jUa_`!m p4  ��hUfivnV&W;m3bkV>�Aag]_fkv�bEde]gfih!mJbk`�hU]_�kW;bo` p `�devebk]«deW�V&W�h?d p WAmSs�fih p ]gdn]_fkh!mSbo`Ut&a_]_V>]gdnW;m�fkh?d���dn��jUvej�f?mr�AWAm�s�WAm
p WAvnhU]_T�veWAmSbkhUhU��W;m�� � i � ¸
�_�1I��ª¦

}~bkagRUWA`UveW�`!mnW�V&W�h?d;¸$]_a�W�tl]_mrdnW0W�h!s�fkveW�j�WA` p W0V&��dnR!f p WAm>j�WAvnV&W�drdebkh?d p4  ��de` p ]_W�v>a_b�jUvnfij!bo�?bEde]gfih p W0jCW�vndn`Uve�!bo�
dn]_fkh�m�bks�fi`!mrdn]c�i`!WAm p boh�m�agW.sAb p veW p W��k��fiV&��dnve]_WAmSs�fiV>j!agW�t^W;mShU�As�WAmemr]gdebkh?dSa   `ldn]_ag]cmebEdn]_fkh p W.V
bo]_a_a_bk�kWAm�]_vnve���i`Ua_]gWAvemA¦
K�W�jUa_`!m,hUfi`!m.jCfimemr� p fkh�m�j�WA` p W�ve�Amn`Ua«d�bEd�m,�?`!boh?d��§a   �A�kfka_`lde]gfih p W�j�W�dn]gdnW;m,jCW�vndn`Uve�!bEde]gfih!m p4  `Uh �;s�fk`!agWAV>WAh?d
hUfih0`Uh!]«£¤fivnV&W�� �EX�� ¦

°GW;m�ve�Amn`UagdebEd�m�jUve�AmnW�h?de�Am p boh!m3s�W2v�bojUjCfkvnd3mnfkh?dJfivn]_W�h?dn�;m p bkh!mJs�W�mnW�h!mA¦i°$Wz�U`ld p W2hUfkdnveW�dnv�b��Ebo]_a!W;mxd�a_b,s�fkh!mrdnve`!s��
dn]_fkh p4  `Uh¥fkjC��v�bEdeW�`Uv p W~j!vnfij!bo�?bEdn]_fkh jUvn�;s�]cm&W�d�vefk�U`�mxdeW0`lde]ga_]cmnbk�UagW~WAh¥�k��fiV&��dnve]_W�s�fkV&jUa_W�tlW§W�d�s�W§jCfk`Uv
`!h
�As�fk`Ua_W�V&WAhid�`UhU]g£¤fkveV&WZfi`©hUfkh$¦L�zfim�jUve�As�� p W�h?d�m2deveb��Ebo`Ut p �A�kWAagfijUj��;m p boh!m�� I��BW�d�� J���fihid�V&]_m�WAh©���^] p W�h!s�WZa_WAm
jUvefkjUve]_��dn�;m�deRU��fivn]c�?`UWAmzW�d�h?`!V>�Avn]c�?`UWAm p WZa   `ldn]_a_]_mebEde]gfih p4  `Uh�mes�RU��V
b p W,dxq^jCWZ�ifka_`UV&WAm U!hU]cm�b��iWAs�¬!`Ut�s�W�h?devn�;m
W�h WAmnj!bks�W�W�d&mnbk`ldnW��ªV&fi`ldnfih W�h deW�V&j!mZj�fi`Uv>agW;m��;�i`�bEdn]_fkh�m p4  ¡ `Ua_W�v&a_]ghU�;bove]_mn��W;m��Omns�RU�AV
b©�?`U]�b���bk]«d p �xwr����dn�
��de` p ]_��jCfk`!v3a_WAm��A�?`!bodn]_fkh!m p W.}~bEt ��W�a_a�� �l�����¼¦!y3W�hUfk`U�iWAbk`�vebkjUjCfkvnd3s�fih!mxde]«de`UW�`Uh0bkjUjUvefo£¤fkh p ]_memnW�V&W�h?d p W�s�W�drdnW
V&��deRUf p W
jU`U]cmn�?`UW
h!fk`!m,b��ifkh!m�ve��`!memn]��0��dnWAh p veW&dnfk`�m.agW;m�vn�;mr`!a«d�bEdem.dnRU�Afkve]_�?`UW;m�bk` s�bkm pG  `Uh!W�bojUj!vnf�tl]_V&bodn]_fkh
W�h~W;mrj�bks�W p W.dxq^j�W&��boa_W�ve�?]_hl� p ]cmns�fkh?dn]_h^` p4  fkv p veW.¹ » ¦CuBa_`!m2jUve�As�]_mn��V&WAhid�hUfk`!mzb��kfkh�mSvn�A`!mnmn]+� p ��V&fkh?dnveW�v p boh!m
s�W
h!fk`U�iWAbo` s�b p vnW&a   W�tl]_mrdnWAh!s�W p4  `UhUW�s�fkh p ]gdn]_fkh mn` ��mnbkh?dnW p W
mxd�bo�U]_a_]«de��mr`Uv.V
bk]ga_a_bk�kW
�?`UW�acs�fih!�?`UW&W�h p WA`lt�W�d
dnvefk]cm p ]_V>WAh!mn]gfih!m pG  W;mrj!bis�Wi¸CjCfk`!v�s�W�acb�h!fk`!m�b��kfih!m2V&fihidevn�>a   W�t^]cmrdnW�h�s�W p4  `!hUW&��hUWAvn�i]gW>b�qiboh?d�a_b0jUvefkjUve]g��dn�>mr`Uv
V
bo]_agacbo�iW�hUfih mrdnve`!s�dn`Uve�>mnfk`�mz`Uh!W&s�fkh p ]«de]gfih p WZdxq^j�W�y�¯�° p W&mrW&s�fih!mrWAvn�iW�v�mr]�a_W p fkV
bo]_hUW>hUW&s�fkV&jCfkvndnW>j!bkm
p W,j�bovefk]cm�bo�!mnfkve�!boh?deWAm�W�d p W p �As�vnf��_devnW.�
s�R!bi�?`UW.]«de��v�bEde]gfih0deW�V&jCfkveW�a_agW�� p WAm2vn�;mr`Uagdebodem2mn]_V>]_acbo]_vnW;m�fkh?d p �rwr�&��dn�
p �AV>fih?dnve�Am�j�fi`UvBa   `lde]ga_]cmnbodn]_fkh p4  `!hZdeW�a!mes�RU�AV&b�mn`UvBagW;m��A�?`!bodn]_fkh!m p Wz}~bot �3WAaga�� �k�����¼¦k°$WAm�]_h?dn��v���d�m�jUve]gh!s�]gj�bo`lt p W
s�W�drdeW p ��V
bov�s�RUW�ve�Amn] p WAh?d p boh!mSa   bkV&��a_]gfivebodn]_fkh p W.a_b>jUve�As�]_mn]gfih��?`   W�a_a_WAmShUfi`!m�b
bojUjCfkvndn�AW�W�d p boh�m2mnb&mnfk`Uj!agW;mnmnW
�_� J�� ¦

�2fi`!m2s�fkV&V&W�h!s�W�vefkh!m�j!bkv p ��V&fkh?devnWAv2s�WAm p ]�	L��veW�h?dem2vn�;mr`Uagdebodem�deRU��fivn]c�?`UWAmSWAh�]_h?dnvef p `U]cmnbkhid�`Uh!W,s�fkh p ]«de]gfih~bo`lt
a_]gV&]gdnWAm p WZdxq^j�W>ve��¬!�;s�RU]_memeboh?dnW,j!`U]_m�`Uh!W&s�fkh p ]«de]gfih�bo`lt©a_]_V>]gdnW;m p W�dxq^jCW>bk�!mnfkve�!boh?dnWi¦C[^`!v�devnfi]_m�s�bim2deWAmrd�bis�bo�
p �AV>]c�?`UWAm�W�h��As�fi`Ua_W�V&W�h?dz`Uh!]«£¤fivnV&Wk¸ChUfi`!m�s�fkV&j!bkvnWAvnfih!mSa_b�jUve�As�]cmn]gfih p W�a   bkjUjUvef�tl]gV
bEde]gfih§¹ º �¨�kfka_`UV&WAm�U!hU]cm��
b��kW;s.s�WAaga_W p WZa   bojUj!vnf�tl]_V&bodn]_fkh§¹ » ¦��2fi`!m�s�fkV&j!bkvnWAvnfih!mS���?boa_W�V&W�h?d2acb��?`!boa_]gdn� p W,hUfodevnWZs�fkh p ]«de]gfih�bo��mrfivn�!bkh?dnW
j!bkvJv�bojUjCfkvndJ�,`Uh!W2V&��dnR!f p W�uJ}~° p �A�kW�a_fkj!j��AW�j!bov��,¦ °�¦^{�dn�^]gh�m�� ���LW�d3h!fk`!mJ�k��ve]�U!W�vefkh!m�agW2�Cfkh0s�fkV&jCfkvndnWAV>WAh?d
p W�hUfkdnveW2s�fih p ]gdn]_fkh
bo`lt>ag]_V&]«deWAmBve��¬��As�RU]cmnmeboh?deWk¦ ¡ h�U�h p boh!m�`UhUW p WAvnhU]_T�veWSj!bovndn]_Wk¸khUfk`!m�]ga_ag`�mxdevnWAvnfih!m�a   `lde]ga_]_mebEde]gfih
p WZhUfodevnW,V&��dnRUf p W p boh!mzagW>s�bim p WZa_b
j!vnfij!bo�?bEdn]_fkh p4  `UhUWZj�WAvrde`Uve�!bEde]gfih©bks�fi`!mrdn]c�i`!W�bo`©mnW�]_h p4  `Uh©�;s�fk`!agWAV>WAh?d
s�]cmebo]_aga_�k¦

ogoqp2r�s�t/u/v



I � ���/!G��(��
�����j� �,���/!6�

� �������0�
	�� �����������
���'	§��"+#3�Z�,�����&%������� ���	��
���������������
u+fi`Uv UUtlW�v�a_W0sAb p veW p W;m,�;�i`�bEdn]_fkh�m��?`U]�hUfk`!mZ]_hide��veWAmemrWAh?d�hUfk`�m,jCfk`U�ifkh!m�vebkjUj�WAagWAvZ�?`UW p boh!m�agW�s�fihideW�t^dnW

p W,jCW�de]«deWAm2jCW�vndn`!vn�!bodn]_fkh!m�������� ����� �� �� ��!�� �#"%$ p4  `Uh~�;s�fk`!agWAV>WAh?d2`UhU]g£¤fkveV>WZs�bov�bks�dn�Avn]cmr��j!bkv��&�^º'� �Cº(�  oº�� !Sº(� "�º'$e¸!a_WAm
�A�?`!bodn]_fkh!m p4  ¡ `Ua_W�v2a_]_hU�Abkvn]cmr�AWAmSm   �;s�ve]g�iW�h?d�j�fi`Uv*)+,.-0/1�&�^º32�º4���5� �^º32�º4�� 6� �?º72�º4��!�� �#"%$689 ) +,91:<;>=�?  A@ )+ B @ ) +,<CDCE-GF� b��iWAsIHB @ ) +,<CJ- / @4K�L ) +,M� K�N ) +,M� KPO ) +,<CQ� �r���
f(R�W�h!s�fkveW9 ) +,91: ; STTU �Cº F F 2�ºF � º F FF F � º F2 º F F � º

V3WWXY Z#[ \]7^
9 ) +,9�_ ; STTU  oº F F FF  º F 2 ºF F  º FF 2 º F  º

V3WWXY Z#[ \]4`
9 ) +,96a ; STTU !�º F F FF ! º F FF F ! º 2 ºF F 2 º ! º

V3WWXY Z#[ \]7b
9 ) +,9Dc -GFd �ª� �

°   �A�?`!bodn]_fkh~jCfkvndeboh?d�mn`Uve����h   ��d�boh?d�j!bim�devnT;m2]_hide��veWAmemnbkh?dnWk¸!W�h§£¨bo]gd�a_WZsAboacs�`Ua p WQ�#"©hUfk`!m2£¤fk`UvehU]gde���C¸�sAbov p boh!m
agW.sAb p veW�]_mnW�h?dnvefkj!]_�?`UWf�#"g-h2 ®º ���C¸UW�d p bkh!mS`Uh~s�b p veW��?`UWAa_s�fkh!�?`UW����� : � _ � a � c $ ) ������Fi� _ ) � º : � a )  º : � c ) ! º : $�-kj2 ®º ���#"�� : � _ � a � c $ ) �#"*�lF� _ ) � º : � a )  º : � c ) ! º : $m$id �O� �

u�fk`Uv�hUW�j!bimzbkagfi`Uv p ]gv2a_W�j!vn�;mrWAhid�vebkjUj�fivrd;¸!�U]_W�h(�i`!W,agW;mzve�Amn`Uagdebodem�deRU��fivn]c�?`UWAmz�i`!W�hUfi`!m p �AV&fkh?dnveW�vefkh!mzmrfi]gWAhid
W�tUbks�dem3j�fi`UvS`UhUW p ]_V&W�h!mn]gfih p4  WAmnj!bis�W��?`UWAa_s�fkh!�?`UWi¸^]gacmSmrWAvnfihidSbojUj!ag]c�?`U�AmSbo`Ut��A�?`!bEde]gfih!m p4  ¡ `UagWAv�ag]_hU�;bove]_mn��W;m�W�h
�2KZ¦����n o�pM����qr�1
s%���mqtp5������uqtv�p���wp�x�y

K�bkh!mSs�R!bk�?`UW2�ifka_`UV&W�U!h!]C]_h p W�tl�zj!bkv3]ª¸ia_WAm�]_h!s�fihUh^`UWAmJh^`UV&��ve]_�?`UW;m3s�fkvevnW;mrjCfkh p W�h?d3bo`Ut&j!vnfkwxWAs¼de]gfih!m�fivrdeRUfo�
�kfih!boa_WAm p W ) +, mn`Uv2`Uh!W.£¨boV&]_aga_W p W.£¤fih!s¼de]gfih!m p W��!bkmnW.jUve�Aboacbo�!agWAV>WAh?d�s�R!fk]cmr]_W p boh�m�agW��kfka_`UV&W,�?`UW.a   fih~hUfodeW�v�b� )+ z|{~} $ »#� } �1�w� ¸Gb��kWAs = { agW&hUfiV��UveW>agfls�bka p W p W��ivn�;m p W&ag]_�CW�vndn���0a   ]gh?de��ve]gWA`Uv p W
acb0s�W�a_ag`Ua_WA� { ¦G�2fi`!m�dnfiag�Avnfih!m�agW£¨bo]gdz�?`UW�a   bojUj!vnf�tl]_V&bodn]_fkh0jU`U]cmnmnW���dnveW p ]cmns�fkh?dn]_h^`UW.bo`§hU]_�kWAbk` p4  `UhUW.]_h?dnWAvr£¨bis�W�W�h?dnveW p W�`Ut�s�WAaga_`Ua_WAmA¦
¡ h>V�`Uagdn]_jUa_]_bkhid�a   �;�i`�bEdn]_fkh �x���Gj!bkv�`UhUW p WAm+£¤fkh�s¼dn]_fkh�m p W3�!bimrW )+ z|{~} W�d�W�h�]_h?dn�A�kv�boh?d�mn`Uv�a_b�s�WAaga_`Ua_W	� { ¸�fkhZfk�lde]gWAh?d48�r� � )+ z�{�}�� 9 ) +,91: - ) �t� � / )+ z|{�}������w� » K � 9 L�� @ ) +, C � �¨X �

mrfi]«d �r� � )+ z|{~}�� 9 ) +,91: - �r� ��� �� �w� » / 9 L�� )+ z�{�} K ��� ) +, ) ��4� � / )+ z�{�} � �� �w� »��� � K �'� ) +,M����|��� j ��d�d�� = {�� � � i �

b��kW;s��Za_b p ]_V&W�h!mn]_fkh p4  W;mrj�bks�W�W�d H�� a_W.�kWAs�dnWA`Uv�hUfkveV
boaL`UhU]gdebk]gveWk¦[^]�hUfk`�mzhUfkdnfih!m ) +� { acb�jUvefowxW;s¼dn]_fkh�fkvndnRUfi�kfkh�boa_W,s�boh!fkhU]c�?`UW p W ) +, mn`Uvf ¢¡�2 : � )+ z|{~} � j*£ � £ = { $ p bkh!mzacb�s�W�a_ag`!agW� { ¸UhUfk`�m�j�fi`U�kfih!m p bkh!m�a   �;�?`!bEde]gfih � i ��veW�V&jUacbks�W�v*)+, j!bov*) +� { ¦!u�fk`!v2agW;m�]_hide���ivebkagW;m p W,�Cfkv p m�¸�s�fkV&V&W,bo`�s�`UhUW
s�fihide]gh^`U]gdn�zh   W;mxd3]gV&jCfimn��Wk¸ p Wzh!fkV��!vnWA`!mrW;mBbojUj!vnf�tl]_V&bodn]_fkh!m�jCW�`!�kW�h?d���dnveW�`lde]ga_]_mn��W;mJjCfk`!vJs�fih!mxdevn`!]gveW�agW;m��Eboa_W�`!vem
bo`lt0��fiv p mA¦U�2fi`!m�s�RUfi]_mn]_memnfkh!m p W;m�¬!`lt�s�W�h?dnve�AmA¸Umnfk]gd¤ �¦¥ { �§� _ �E� {�¨ ��) +, + ) +� { ; ) +� ¨© � ��I �

b��kW;s�¥ { a   W�h!mnW�VZ�UagW p WAm�]_h p ]cs�W;m p W;m2s�WAaga_`Ua_WAm�bojUj!bkvrdeW�h!bkh?d��&acb&j!bkvrde]«de]gfihJª p W,h!fodnveW p fiV&bk]gh!W¢« �ifk]cmr]_hUW;mSj!bov
`UhUW,mn`Uvn£¨bks�W p W.V&WAmn`UveW�hUfkhl� h^`Ua_agW p W�acb>s�W�a_ag`!agW*� { W�d�� {¬¨ -� {�® � ¨ ¦U°GW.�iWAs¼deW�`Uvf) +� { jCW�`Ud ��dnveW p �As�fkV&jCfimn��mn`Uv
a_b>�!bimrW p W;m�£¤fkh!s�dn]_fkh!m2jUvnfijUveWAm p W�a_b&s�W�a_ag`Ua_W*� { ¸!s�W.�?`UW.a   fih0�;s�ve]gv�b>mrfi`!mSa_bZ£¤fivnV&W(8� _ �¦� { � ) +� { � _ � : $¯- �

»°� } �1± � , {�} � : $ )+ z|{~} � _ $6d � J��

���Fo��
	



���������
	��	���������������������� �"!$#%	��'&�(���!)���"!)*+�,��*��-���-�)�.�/���10��2���3�2!4	��/&5�2!6	���&5��!7�����.�
��(���*�&/���38�*$� J

K�boh!mBs�R!bi�?`UW3s�W�a_ag`Ua_Wk¸Ea_WS�kW;s¼dnWA`Uv ) +� { j�WA`ld ��devnWSveW�jUve�AmnW�h?dn�3j!bov�acb2£¨bkV&]ga_agW p W�mes�bka_bk]gveWAm	�l, {~} � j*£ � £ = { $n¦o�zfk`!mhUfkdnW�vefkh�m	� { - � , { � $ »#� � �D± � ¦�¯+]_h!bkagWAV>WAh?dA¸Ufih0jCW�`ld2ve�As�vn]_veW�� i �Smnfk`!mSacbZ£¤fkveV>W���|��� j ��d�d�� = { � �± �� � � » 9 , { �91: �r� � )+ z {�} � )+ z { � - �r� � � �� ��� » / 9 L � )+ z {~} K � � ) +� { ) �¨���� � �r� � � / )+ z {�} � �� �w� » �� {¬¨ �°K � �Y Z [ \� � �
) +� { ; ) +� ¨© � �3T �

b��kW;s H��%{�¨ - H�%{¬¨��
	 H�%{�¨�	 f�R H�%{¬¨ s�fivnveWAmnj�fih p �&a   ]gh?dn�A�kv�boa_W p W.a_b&h!fkveV&bkagW�`Uh!]«d�bo]_vnW p W.a   ]gh?dnWAvr£¨bis�W*� {¬¨ fkve]gWAh?dn��W p W� { �iW�v�m � ¨ ¦��`�W�h!s�fkveW.mrfi`!m�`UhUW�£¤fkveV&W�jUag`�m2s�fih p W�h�mr�AW
� { 9 � {91: - � �r� � � �� ��� » / 9 L � )+ z {�} K � � ) +� { ) �¨���� � �r� � � / )+ z {�} ¹ {¬¨ ) +� { ; ) +� ¨© �

»°� } �1± � � �¨� �

b��kW;s � { -���� {������������ � �������� � � - � ��� � )+ z|{ � � )+ z|{ ��! ������� � ������"� � � d �r�A� �

°$b>V
bEdevn]cs�W#� { WAmrd�`UhUW.V
bEdevn]cs�W p W.j!vnf p `U]gd2mnsAboacbo]_vnWi¸^W�a_agW.W;mxd p fih!s.mrq^V&��devn]c�?`UW p ��U�hU]gW�jCfimn]«de]g�iWk¦���%$ & �������w������� p¯�(' xm�*) � ��y§q 
s,+es§�
-���qrqtp¯�	��y
| alWAmrd����^] p W�V&V&W�h?d�hU�As�WAmemnbk]gveW p W p ��U!hU]_v�agW�mnW�h!m p W�a   bojUjUvef�tl]gV
bodn]_fkh���I �+agfiveme�?`UW�a   ]gh?deW�vn£¨bks�W � {¬¨ W;mxd�bk`Z�Cfkv p

p ` p fiV
bo]_hUWSW�d3�?`UW�a   ]_h p ]cs�Wz�Zs�fivnveWAmnjCfkh p ��`UhUW2s�W�a_ag`Ua_W U�s�dn]_�kWk¦?�2fi`!m�boa_a_fkh!m p ��U!hU]_v p WA`lt&mnfkvndnW;m p W2s�fih p ]gdn]_fkh!m
bo`Ut0a_]gV&]gdnWAmA¦�°+b&jUveW�V&]gTAvnWi¸U�?`U]$W;mxd2acb&jUa_`!m2�A�?] p WAhideWk¸!s�fkvevnW;mrjCfkh p �&`Uh!W�s�fih p ]gdn]_fkh p W�dxq^j�W�vn��¬!�As�RU]cmemnbkhideW.�i`!W
hUfi`!m p ��U�hU]_memnfkh!m�s�fkV&V&W�mn`U]gd� {/. «e��� {�¨0. 9 «e�%� _ �¦� {¬¨ � ) +� ¨ � _ $¯-21 { ¨ ) +� { � _ $6� ) +, � _ $ + j© �43 ; 1 {�¨ $ ) +� { � �r�k���

b��kW;s p boh!mSa_W,s�bim p `~mrqlmrdnT�V&W��O� �¼¸

1 {¬¨ - STTU j ) © �� ®{¬¨ ^ ) © �� {�¨ ^ �� {�¨ ` ) © �� {¬¨ ^ �� {¬¨ b F) © ��%{¬¨ ^ ��%{¬¨ ` j ) © �� ®{�¨ ` ) © ��%{�¨ ` ��%{¬¨ b F) © ��%{�¨ ^ ��%{¬¨ b ) © ��%{¬¨ ` ��%{�¨ b j ) © �� ®{¬¨ b FF F F j
V3WWX � �r�;� �

s�W�drdeW(s�fih p ]gdn]_fkh s�fkh!mn]cmxdeW(mn]gV&jUa_W�V&W�h?d§� dnv�bo]gdnWAv�a_W��Cfkv p p ` p fkV
bo]_hUW(s�fkV&V&W�`Uh V>]_vefk]_v�jCfk`Uv�agW;m�jCW�de]«deWAm
jCW�vndn`Uve�!bEde]gfih!mA¸+s�W0�i`!]3jUR^qlmn]_�?`UWAV>WAh?dZ�©`Uh mrWAh!m�mn]JW�d>mnW�`Ua_W�V&W�h?d&mr]�a   �As�fk`Ua_W�V&WAhidZj�fivrdeW�`UvZWAmrd�debkhU�kWAh?dZ�~acb
j!bkvnfi]O¦���45 6h�mqt�1
isD���qtp�������� ��y7)Mv*�P
iy§x�x�y

�2fi`!m�`Udn]_ag]cmrfih!m3`Uh�mes�RU��V
b p Wzdxq^j�W�mnbk`ldnW��ªV&fk`Udnfkh$¦i�2fi`!m p ��U!h!]_memrfih!m�j�bov98 : a_Wzj!bimJWAh
dnWAV&j!m3�?`U]CWAmrd�mn`Ujl�
jCfimn�2s�fkh�mxd�boh?dA¦k°$WAmB]_h!s�fkhUh^`UW;mBh^`UV&��ve]_�?`UW;m�mrfih?d��A�Eboa_`U��W;m�bo`lt>]gh�mxd�boh?dem : [ - � 8 : W�dJhUfode��W;m�, [{�} ¦k°   W�tljUvnW;mnmn]_fkhp `~mes�RU��V
b&mrW p � p `U]gd p ]_vnW;s¼dnWAV&W�h?d p W�a   �A�?`!bodn]_fkh �¨� �#8
� { � [�: »{ ) � [<; »{© 8 : - � �� � � � � / 9 L�� )+ z|{~} K � � ) +� [{ ) �¨���� � �r� � � / )+ z�{�} ¹ {�¨ ) +� [{ ; ) +� [ ¨© �

»°� } �1± � d �r�A� �

u�fk`Uv�agW�dnv�bo]gdnWAV>WAh?d p WAm�s�fih p ]gdn]_fkh!m�bo`lt§ag]_V&]«deWAm�vn��¬!�As�R!]_memnbkh?dnWAmA¸ p4  boj!vnT;m�a_b�mrW;s¼dn]_fkh~j!vn�;s�� p W�h?dnWi¸!hUfi`!mzjCfimnfkh�m
bo`�hU]_�kW;bo` p4  `!hUW.]gh?deW�vn£¨bks�W�ve��¬!�;s�RU]cmnmeboh?dnWe� {¬¨ W�h?dnveW�`UhUW,s�WAaga_`Ua_W�]gh?dnWAvnh!W*� { W�d2`Uh!W,s�W�a_a_`UagWZU�s�dn]_�kW*� ¨ 8� _ �E� {�¨ ��) +� [ ¨ � _ $¯-=1 {¬¨ ) +� [{ � _ $6d �r��X �
�2fi`!mS�kWAvnvefkh�m3�A�ibkagWAV>WAh?d p bkh!mSacb
mrW;s¼dn]_fkh§�U¸lacb&s�fih!mxdevn`�s¼dn]_fkh p W,s�fkh p ]gdn]_fkh�m�bo`lt�a_]_V>]gdnW;m2bo��mrfivn�!bkh?dnWAmA¦

ogoqp2r�s�t/u/v



T � ���/!G��(��
�����j� �,���/!6�

� � �0� #3�Z��	§���������'"�%�� "+�����+�	�� "4�+�5:��A�������

�2fk`�mBboa_agfih!mB��jUvn�;mrWAh?d p ��V&fkh?dnveW�v�`Uh!W2s�fkh p ]«de]gfih>mn` ��meboh?dnWSjCfk`UvBacb�mxd�bo�U]_ag]gdn��3® p WShUfodevnWShUfi`U�kW;bo`Zmes�RU�AV&b
p ��U�hU]�j�bov��x�A� �¼¸?W�h�s�fkh!mn] p ��v�boh?dJ`Uh!]_�?`UWAV>WAh?d p W;m�s�fkh p ]«de]gfih!mJbk`lt
ag]_V&]«deWAm�vn��¬!�As�R!]_memnbkh?dnWAmA¦k�zfk`!m3`ldn]_a_]_mnfkh!m3jCfk`Uv
s�WAa_b
acb
V���V&W>bojUjUvefls�RUW,�?`UW p bkh!m�� J�� ¸!f�R©`UhUW,£¤fkveV>WZ�i`�b p v�bEde]_�?`UW�wxfi`UW,a_W�v��ka_W p4  `UhUW,£¤fih!s¼de]gfih p WZ°$qibkjU`UhUfE�
p W�dnfi`ldnW;m�agW;mS]gh�s�fkh!h?`!WAmSh^`UV&��ve]_�?`UW;m�¦n���� �h��y<s§��y%
�����y�����qr�1
�	D��y

¡ h©`lde]ga_]_meboh?d2defk`Ewxfi`Uv�m�a   boj!jUvnfls�RUW,�?`UW.h!fk`!m�b��?]_fkh�m�b p bkjldn�AW p boh!m � J��ª¸�hUfk`!m p ��U�hU]_memnfkh!m�a   ��hUWAvn�i]gW p ]cmes�veT�dnW
mrfi`!mSacb�£¤fivnV&W
e ��
 =g>¤´1>¤²G= L�3@ � ��*��C*�!G�+�,���/���"���3��!hª ��!������ *��+�/&�� !$�'&�	�* 	����+���"!G�J« ������(k&���*������+��!)�	��/&k(���!G	��"���3��!$&
�.��� ��(����'&�&���!)� ��&Z��*����.�2�.	 &-	�*a	����+���"!G��� !G��*�&Z(���!$&/�3	����.��!$& 	��2!,&-(/����8�*$��(����"� *�� ����� &/*������ ��!$&������/��� 	�*a	����+���"!G�
� � ��!6����02�3�5&/*��!����!$� �#"� ? �%$ [{ - j© ��� � @ ) +� [{ � ) +� [{ ; ) +� [ : »{ � ) +� [<; »{ C - j©'& / � [{ � { � [{ ; / � [ : »{ � { � [<; »{ ( � �r� i �

$ [ - �� � �*) $ [{ d
| a$W;mxdza_fk]_h p4  ��devnW.devn]_�^]_bka+�?`UW�s�W�dndnW,�AhUW�ve�k]_W.jU`U]cmnmnW�m   ] p WAhide] U�W�v��&`!hUW,£¤fih!s¼de]gfih p W�°Gq?bojU`!hUfE�L¸!s�bkv2W�a_agW p ��jCW�h p
W�tljUa_]_s�]«deW�V&W�h?d p ` mes�RU�AV&b�`ldn]_a_]_mn�k¦ K�boh!m>acb�mn`U]gdnWk¸Bh!fk`!m>boa_agfih!m p ��V&fkh?devnWAv>�?`UW§s�W�drdnW���h!W�ve�k]_W0mnW�s�fkh!mnW�ve�kW��
s�R!bk�?`UW~j�bkm p W©dnW�V&j!m�W�d0�?`   ]_a�m   bk�k]gd p4  `UhUW~£¤fivnV&W©�?`!b p vebodn]c�i`!W p ��U!h!]gW©jCfimn]gdn]_�kW p W©dnfk`UdnWAm�agW;m�]_h!s�fihUh^`UWAm
h^`UV&��ve]_�?`UW;m�mrfi`!m�`UhUW,s�fih p ]gdn]_fkh p W�dxq^j�WZy�¯�°J¦n���n & ����q�y§
�+�p���w�	� ��y x-, s§��y%
�����y ����qr�1
�	D��y
b �l� � � L�3@/. ! (���!,&/�3	����.�2!$� ���&�(�������k	���� !$�F�,���'02143�# 1-5�67��� � ��!6����0��3��	2�'&�(���8�� � 	���� !)�3� �,���'021�9�62��&/�Z������(�� ��#���!$� (���!,&������ ���#:<;=� �/&/��# >�#%	��"� � $ [ -?$ [<; » d �r�1I �

e �l��²G=$�A´ ��l´
>¤²G= L@��@ �zfk`!m�b��ifkh!m��kvBAks�W��>acb
mrq^V&��devn]_W p W#� {$ [ ) $ [ ; » - j© � { / � [<; »{ � { & � [�: »{ ) � [ ; »{ ( ; / � [{ � { & � [{ ) � [<; ®{ ( �
p W�jUa_`!m�hUfi`!mSj�fi`U�kfih!mSve�As�ve]_vnW��x�;� �3`UhU]c�?`UW�V&W�h?d2WAh0£¤fih!s¼de]gfih p WAm�� 8

� { � [�: »{ ) � [<; »{© 8 : -/C { � [{ ) j© �¨���� � &�D {�{¨ � [{ ; D { ¨¨ � [¨ ( �
b��kW;s C { -FE � � �r� � / � 9 L � )+ z { � $(K � )+ z { �HG ������� � �������� �w� � DJI-KL - � �r� M�N / )+ z I � ¹ I L )+ z K � ! ������� � �������� � � �
p fkh�s j8 : & $ [ ) $ [<; » ( - � { / � [<; »{ C { � [{ ; / � [{ C { � [<; »{

) j© �¨���� � & / � [ ; »{ D {�{¨ � [{ ; / � [<; »{ D {�¨¨ � [¨ ; / � [{ D {�{¨ � [<; »{ ; / � [{ D { ¨¨ � [<; »¨ ( �
¡ h~mrfiV&V&bkh?d�mn`U]_�Eboh?d�agW�dxq^jCW p4  ]_h?dnWAvr£¨bis�WAmA¸^hUfk`�m�fk�ldeW�hUfih!mj8 : & $ [ ) $ [<; » ( -

���Fo��
	



���������
	��	���������������������� �"!$#%	��'&�(���!)���"!)*+�,��*��-���-�)�.�/���10��2���3�2!4	��/&5�2!6	���&5��!7�����.�
��(���*�&/���38�*$� �

- � { & / � [<; »{ C { � [{ ; / � [{ C { � [<; »{ ( � ? $
) j© { [ /������ I L �

��{ ['/����.[�� � & / � [<; »{ D {�{¨ � [{ ; / � [<; »{ D {¬¨¨ � [¨ ; / � [<; »¨ D ¨3¨{ � [¨ ; / � [<; »¨ D ¨ {{ � [{ ( � ?l? $
) j© { [ /������ I L �

��{ [ /���� [	� � & / � [{ D {�{¨ � [<; »{ ; / � [{ D {¬¨¨ � [<; »¨ ; / � [¨ D ¨ ¨{ � [<; »¨ ; / � [¨ D ¨ {{ � [<; »{ ( � ?l? ? $
) j© { [ /������ I L � ��

����� � � L�
 { ��� I [ /�� � & / � [ ; »{ D {¬{¨ � [{ ; / � [<; »{ D { ¨¨ � [¨ ; / � [{ D {¬{¨ � [<; »{ ; / � [{ D { ¨¨ � [<; »¨ ( � ? ? ?l? $d��v;¸Us�fkV&V&W�¹ ¨#{ - ) ¹ {¬¨ W�d�/ ¹ {¬¨ - ¹ {¬¨ ¸UhUfi`!m�b��kfih!mD { ¨¨ - ) / D ¨ {{ � / D {¬{¨ - D {¬{¨ �
p4  f(R � ? ? $ ; � ?l? ? $5- ) { [ /������ I L �

��{ [ /���� [	� � & / � [<; »{ D {�{¨ � [{ ; / � [<; »¨ D ¨ ¨{ � [¨ ( �� ? ? $ ; � ?l? ? $ ; � ? ? ?l? $§- ) � { �¨���� � / � [<; »{ D {�{¨ � [{ ) j© { ['/������ I L � ��
����� � � L�
 { �w� I ['/�� � & / � [<; »{ D {¬¨¨ � [¨ ; / � [{ D {¬¨¨ � [ ; »¨ (Y Z [ \� { �� d

K�W.jUag`�m � ?  i$�- ) j© { [ /������ I L � ��
����� � � L�
 { ��� I [ /�� � � � � � @ / ) +� [<; »{ ¹ {�¨ 1 {¬¨ ) +� [{ ; / ) +� [{ ¹ {�¨ 1 {¬¨ ) +� [<; »{ C d

��v2�iv�Ais�W.bo`lt�W�tljUveWAmemr]_fkh�m �O� ��W�d �r�;� ��¸!hUfi`!m2meb��kfih!m��?`UW.a_b�V&bodnve]_s�W.¹ {¬¨ 1 {�¨ W;mxd�`UhUW.V
bEdevn]cs�W�bkh?dn]cmrq^V&��devn]c�?`UW
mnfk`!mSacb&s�fkh p ]«de]gfih pG  fivrdeRUfk�ifkh!bkag]gdn��agflsAboa_W�mn`U]_�Eboh?dnW�8/ �&� º �  º � ! º $ � )+ ���{�¨ -GF�mnfk`!m�s�W�drdeW.R^q?jCfodeRUTAmnWk¸ pG  `Uh~mnW�h!mSj!R?qlmn]_�?`UW��A�?] p WAhid;¸UhUfi`!m�b��kfih!m� ?  6$�-hFid
¯�]gh�boa_W�V&W�h?d j8 : & $ [ ) $ [<; » ( - � { & / � [<; »{ C { � [{ ; / � [{ C { � [<; »{ ( ) � { �¨���� � / � [<; »{ D {�{¨ � [{ �j8 : & $ [ ) $ [<; » ( - � { & / � [<; »{ � { ¨ � [{ ; / � [{ � {¬¨ � [<; »{ ( �³b��iWAs � { ¨ - ��� {¬¨������������ � ������"� � � - C { ) j© �¨���� � D {¬{¨ �
fkv

� {�¨��� - � � � � � / � 9 L�� )+ z|{ � $(K � )+ z|{ � ) j© �¨���� � � � � � / )+ z�{ � ¹ {¬¨ )+ z�{ � �- ) � � � � � / )+ z|{ � K � � 9 L�� )+ z|{ � $ ; � �7� � / )+ z|{ � � � � K � �� � � )+ zQ{ � ) j© �¨���� � � � � � / )+ z|{ � ¹ {�¨t)+ z|{ � �
jU`U]cm�j!bkv�mrq^V&��devn]_W p W*K � �5���f� � j ��d�d�� � � ¸- ) � � �r� � / � 9 L�� )+ z|{ � $(K � )+ z�{ � ; j© �¨���� � �r� � � / )+ z�{ � ¹ {¬¨ )+ z�{ � - ) � {¬¨�"� d
K�fkh!s�acb>V&bodnve]_s�W � {¬¨ WAmrd2boh?dn]cmnq?V&��dnve]_�?`UWi¸lW�d2hUfi`!mSfk�ldeW�hUfih!mSa_W�ve�Amn`Uagdebod p `�a_W�V&V&W$ [ ) $ [<; » -hFid

�

ogoqp2r�s�t/u/v



�A� � ���/!G��(��
�����j� �,���/!6�

n��%$ o�y �1p¯
p�����	%
y<��s��f����v*��qr� ���� ��y x-, s§��y%
�����y ����qr�1
�	D��y
K�bkh!m>a   fkjlde]_�?`UW p4  fk�UdnW�h!]gv&`UhUW§s�fih p ]gdn]_fkh p W~mxd�bo�U]_ag]gdn��jCfk`Uv&hUfkdnveW�mes�RU��V
b!¸+hUfi`!m&boa_agfih!m p ��V&fkh?devnWAv>�?`UW

hUfodevnW§�AhUW�ve�k]_W p ]_mes�veT�deW'$ [�¸Jmrfi`!m&`UhUW©s�fkh p ]«de]gfih p W©mrdebk�U]_ag]gdn�~jCfkvndebkhid�mn`Uv 8 : ¸�WAmrd�`UhUW�£¤fivnV&W©�?`!b p vebodn]c�i`!W
p ��U�hU]gW.jCfimn]gdn]_�kW p WAmS]_h!s�fkhUh^`UW;mSh?`!V>�Avn]c�?`UWAm�� [{ ¦Ly3fkV&V&W�h���fkh!m�j!bkv p fkhUh!W�v2s�WAvrd�bo]_hUWAm p ��U!hU]gdn]_fkh�m�¦
e ��
 =g>¤´1>¤²G= L�'L � )+ � �< ¢¡�2 : � )+ zQ{�} � j*£ � £ = { $ � !6��*�& !6��� ��!$& 	 )+ � 	 � � ��� !G�����+�
 ® 	�* � ��(�� ��*�� )+ � &�*��Q� { �
( � ��&/��# >2#%	��"�.� 	 )+ � 	 ®� � -�� � � 	 )+ � 	 ® :
	 � ���-�+�+!G��� �����3��!4&����.�a*����"� �'&�� ���,��*����� !G�����+�, ® 	� *�! ����(�� ��*��5&/*��*�!6�
�"!$� �������(���� {¬¨ :
e ��
 =g>¤´1>¤²G= L� V�� ��*�& &/* ���,� &����.��!$&*�!G��(����/� �2�"!6���.� 02*����2�/�"� � 	���&����!6(����3��!,& 	�� � ��&�� )+ z|{~} � jE£ � £ = { : � � *�&�)�.��(��'&��-�+��!)� � !6�2*�& &/* ���,� &����.��!$& 8�*$�Z&/*�� (�����8�*$� � �2� *��+��� { � �"�E�����'&�� ��	��/&�(���!,&/� ��!)� ��&�� { ����� {¬¨ � ¤ �E¥ { $ � ���"����&
8�*$� ��)+ � �J �¡�2 : � )+ z|{~} � j*£ � £ = { $i�5���f��� j ��d�d�� � � � 	 9 L7�7)+ � 	 � � £ � {��5{  { 	 )+ � 	 � � � �r� J����)+ � �  *¡�2 : � )+ z|{�} � je£ � £ = { $i�5� ¤ � ¥ { � 	 )+ � 	 ®� � � £ � {�¨	 )+ �¢{¬¨ 	  { 	 )+ � 	 ®� � � �r�1T �

������(�  { � � ����� *��+� 	��5��� (����"� *������ { ��� �5{ -�� ¨���� � 	 H�%{¬¨
	 &���!������/�!� 8����.�H:
e ��
 =g>¤´1>¤²G= L��\ �j����(�� > ��� &����+�����/�3� 	���&=��2���/�3(���&�K � � !6��*�& �.�/���,�����2!,&����5�.��&/*�� � �2� &/*��!����!$��¯)+ � �  ¢¡�2 : � )+ z {~} � j*£ � £ = { $i�5���f��� j ��d�d � � �

	 K � )+ � 	 ®� � - ��� � 	 K � )+ � 	 ® £ ����K � $ ® �r� � 	 )+ � 	 ® -h���&K � $ ® 	 )+ � 	 ®� � �
������(�� ���5�.�����2!C& ����(���� ��� : � ��*�& !6�2� ���.��!$&

� - � � ����K � $i� � {�¨ -h���O¹ {¬¨ $
b �l� � � L�'L�. !k*����"� �'&���!)�_� ��&�(�������a	�� � !$� �,����021��-6�#�02143�6�#�021-5467� ���_� �/&�!G��� �����3��!,& 	��/& 	�� � !$�"���3��!$&���:�� > ��: 5��
� � ��!6����02�3�	2�'&�(���8�� � $E[{ 	���� !)�3� ���2� 0 1*9B6 �����/� �j���$g[{"! j© @ 	 ) +� [{ 	 ®� � ; 	 ) +� [<; »{ 	 ®� � C ) � {#��{ � 8 :  { 	 ) +� [{ 	 � � 	 ) +� [<; »{ 	 � �

) 8 :$ �¨���� � % � {¬¨ � {¬¨ 	 )+ � {¬¨ 	  { 	 ) +� [<; »{ 	 ®� � ; � ¨#{ � ¨ { 	 )+ � ¨#{ 	  ¨ 	 ) +� [ ¨ 	 ®� �'& d �r�A� �

. !k(���!$&/�3	����.��!)� 	���!$&�(������ �5�����)�.��&�&/�3��! 8�*$��&��D� {�¨ ��&/� *�!G���"!)� �������(��5�.� � ��(����'&�&���!$� �-�j�����2��& ���2� (���! ����!$���3��!
	 ) +� [ ¨ 	 � � - 	 ) +� [{ 	 � � �(� ¨#{ -)� {¬¨ �P  ¨ -G  { d

���Fo��
	



���������
	��	���������������������� �"!$#%	��'&�(���!)���"!)*+�,��*��-���-�)�.�/���10��2���3�2!4	��/&5�2!6	���&5��!7�����.�
��(���*�&/���38�*$� �i�

e �^��²G=+��´�� U´1>¤²G= L@�"L �zfk`!mzb��kfkh�m$ [{ - j©'& / � [{ � { � [{ ; / � [ : »{ � { � [<; »{ (- j©'& / � [{ � { � [{ ; / � [ ; »{ � { � [<; »{ ( ; 8 :�� [{ ��b��iWAs
� [{ - j© / � [<; »{ � { & � [�: »{ ) � [ ; »{ (

- ± ��} � » / , [<; »{~} � � � � � � / ) +� [{ K � � 9 L�� )+ zQ{�} $ ) �¨���� � � � � � / )+ z|{~} ¹ {�¨ ) +� [{ ; ) +� [ ¨© �
- �r� � � � / ) +� [{ K � @ 9 L7� ) +� [<; »{ C ) �¨���� � �r� � � / ) +� [<; »{ ¹ {¬¨ ) +� [{ ; ) +� [ ¨©- j© ��� � � � @ / ) +� [{ K � @ 9 L7� ) +� [ ; »{ C ) / ) +� [<; »{ K � @ 9 L�� ) +� [{ C1C ) j© �¨���� � ��� � � / ) +� [<; »{ ¹ {�¨ ) +� [ ¨ d

K�fkh!s

� � [{ � £ j© � � ������

� � � / ) +� [{ K � @ 9 L ��) +� [<; »{ C ���� ; � ������

� � � / ) +� [<; »{ K � @ 9 L �7) +� [{ C ���� ; �¨���� � ���� � � � � / ) +� [<; »{ ¹ {¬¨ ) +� [ ¨ ���� �
£ j© � � � @ 	 ) +� [{ 	 � � 	 K � @ 9 L�� ) +� [<; »{ C 	 � � ; 	 ) +� [<; »{ 	 � � 	 K � @ 9 L�� ) +� [{ C 	 � � C ; �¨���� � 	 ) +� [ ; »{ 	 � � � 	 ¹ {¬¨ ) +� [ ¨ 	 � � � �

£ � { �5{ �  { 	 ) +� [<; »{ 	 � � 	 ) +� [{ 	 � � ; j$ �¨���� � � {�¨ % � {¬¨
	 )+ ��{�¨ 	  { 	 ) +� [<; »{ 	 ®� � ; � ¨ {�	 )+ ��¨#{"	  ¨ 	 ) +� [ ¨ 	 ®� �'& �
s�W;mBW�tljUveWAmemn]gfih!m�vnW;mxd�boh?d��Eboa_] p WAmBa_fkv�mn�?`UW�a_W��kfiag`!V>W2s�fkh!mn] p ��ve�2b p V&W�d�`UhUW2f�R
jUag`�mr]_W�`Uv�m�£¨bis�WAm�V>��debkaga_]_�?`UW;mB�kvBAks�W
bo`UtZs�fih?�iW�h?dn]_fkh�mgU!t^�AWAm p bkh!m�a   �AhUfkh!s�� p `&agWAV&V>Wi¦?y�bov�WAh>W 	CW�dJmr] ¤ �E¥ { W�dP� {�¨ WAmrd�`UhUWS]_h?dnW�vn£¨bks�WSvn��¬!�As�RU]cmemnbkhideW

	 ¹ {¬¨ ) +� [ ¨ 	 � � � £ � {¬¨ 	 1 {¬¨ ) +� [{ 	 � � � -Y�Z#[�\
��� � � � � � � { ± � {¬¨
	 ) +� [{ 	 � � � £ � {¬¨ � {¬¨ 	 )+ �¢{¬¨
	  { 	 ) +� [{ 	 � � �

	 ¹ {¬¨ ) +� [ ¨ 	 � � � £ � {�¨ � {�¨	 )+ �Q{�¨
	  { 	 ) +� [{ 	 � � -Y�Z#[�\
	 I � L�
 [ � � [ / { 
 [ � {�¨ � ¨#{"	 )+ �|¨#{"	  ¨ 	 ) +� [ ¨ 	 � � d

¯�]gh�boa_W�V&W�h?dA¸

� $ [{ � ! j© 	 ) +� [{ 	 ®� � ; j© 	 ) +� [<; »{ 	 ®� � ) 8 : � � [{ � W�d�agW�£¨bk]«dz�?`UWE� {¬¨ -� ¨#{ p fkhUhUWAh?d2agW.ve�Amn`UagdebEd p `�a_W�V&V&Wk¦

�

b �l� � � L� V . ! *����"� �'&��2!$�j���5&�(������+� 	�� � !$� �,��� 0 1��-6�#�02143-6 #�021�5�67� ��� ����&�!6��� �����3��!$&5	���& 	���� !)�"���3�2!,&���:�� > ��: 5��
� � ��!6����0��3� 	2�'&�(���8�� � � �2� �2��� $g[c	�� � !$�3�-���2� 021*9B6C�/&/� *�!G� ������+��8�*$��	2�.�����38�*$� 	�� � !$�3� �,� &/�"���!� � 	�� � �2*�� ��& � �/& � �2#
�/�3�*������&-&/� � ? �%� ¤ � ¥ { � 8 : � © � � { ; � {�¨ � {¬¨ $� ©   {� { d �ª�o� �

ogoqp2r�s�t/u/v



�;� � ���/!G��(��
�����j� �,���/!6�

e �l��²G=$�A´ ��l´
>¤²G= L@�'V K   bkjUveTAmSa_W.agWAV>V&W.jUve�As�� p WAh?dA¸lhUfi`!m�b��kfih!m$ [{ ! j© @ 	 ) +� [{ 	 ®� � ; 	 ) +� [<; »{ 	 ®� � C ) � { � { � 8 :  { 	 ) +� [{ 	 � � 	 ) +� [<; »{ 	 � �
) 8 :$ �¨���� � % � {�¨ � {¬¨
	�)+ ��{�¨ 	  { 	 ) +� [<; »{ 	 ®� � ; � ¨#{ � ¨#{"	�)+ ��¨#{ 	  ¨ 	 ) +� [ ¨ 	 ®� � & d

y3W.�i`!W.a   fkh�j�WA`ldzve�As�vn]_vnW�mrfi`!mSacb�£¤fivnV&W$ [{ ! �¨���� � 	 )+ � {¬¨ 	 % j© �5{ 	 ) +� [{ 	 ®� � ; % j© �5{ ) � {¬¨ � {�¨ 8 :$   { & 	 ) +� [<; »{ 	 ®� �
) � { � 8 :  { 	 ) +� [{ 	 � � 	 ) +� [<; »{ 	 � � ) � ¨#{ � ¨#{ 8 :$   ¨ 	 ) +� [ ¨ 	 ®� �'& d

K   f(R $ [{ !�¨���� � 	 )+ ��{�¨
	 %�% j© � { ) � { � 8 :©   { & 	 ) +� [{ 	 ®� � ; % j© � { ) � {�¨ � {¬¨ 8 :$   { ) � { � 8 :©   { & 	 ) +� [<; »{ 	 ®� � ) � ¨#{ � {¬¨ 8 :$   ¨ 	 ) +� [ ¨ 	 ®� � & d
¡ h~mrfiV&V&bkh?d�mn`U]_�Eboh?d�agW;m�]gh?deW�vn£¨bks�W;m�W�d2W�h§`lde]ga_]cmnbkhid�a_WAm�h!fodebodn]_fkh!m p `§a_W�V&V&Wk¸Uh!fk`!mSfi�ldnWAhUfkh!m$ [{ ! { [ /����.[	� ��

� I L � � � � � 	 )+ ��{�¨
	��6{¬¨ ; ����� � � L�
 { �w� I [ /�� ��
� I L � � � � � 	 )+ �Q{¬¨
	���{¬¨ ��b��iWAs �

��{¬¨ - % j© �5{ ) � {¬¨ � {�¨ 8 :$   { ) � { � 8 :©   { & @ 	 ) +� [{ 	 ®� � ; 	 ) +� [<; »{ 	 ®� � C ;
% j© ��¨ ) � ¨#{ � ¨#{ 8 :$   ¨ ) � ¨ � 8 :©   ¨ & @ 	 ) +� [ ¨ 	 ®� � ; 	 ) +� [ ; »¨ 	 ®� � C

��{¬¨ - % j© �5{ ) � {¬¨ � {�¨ 8 :$   { ) � { � 8 :©   { & @ 	 ) +� [{ 	 ®� � ; 	 ) +� [<; »{ 	 ®� � C�d
¯�]gh!bkagWAV&W�h?dA¸la   �AhUW�ve�k]_W $E[(W;mxd2`!hUW�£¤fkveV&W��?`!b p v�bEdn]c�?`UW p ��U!h!]gW.jCfimn]«de]g�iW p W�dnfi`ldnW;mSagW;m��Ebove]_bk�UagW;mSmr]� ? �§� ¤ �E¥ { � j© � { ) � {¬¨ � {�¨ 8 :$   { ) � { � 8 :©   {��

Fi�
s�W.�?`U] p fihUhUW�a_W.vn�;mr`Uagdebod p `§agWAV>V&Wi¦

�
�2fi`!mSW�h p � p `U]cmrfih!mSagW�ve�Amn`UagdebEd�jUve]_h!s�]_j!boa p W,s�W�dndnW.j!bkvrde]gW�8
� A+�?²����l� � L@��@?. ! *����"� �'&���!$�j���5&�(/���-�+� 	���� !$�E���2��021 �-6�#�02143-6�#�0 1�5�6 &/*��-*�! �+���"�"� ��0m� ���H���"��� ���"�.��0 (���� ���2�/� �2!$�
*�!$�38�*$�-�+��!$� ��*�� � ���.	�&+	��/&�"!$� �������(��/&�.��� ��(����'&�&���!)� ��& 6 ��������& !G��� �����3��!$&	���& 	���� !$�"���3��!$& � :�� > � : 5���� � ��!6����0��3�
	��'&�(���8�� � $E[ 	���� !)�3� ���2� 021�9B6 ��&/� (��2!,&���������� ��* (���*���& 	��/&��"� ��� �����3��!,&�:
	 � �)� *�&B�g�"�)&�� ��0��"� � 0m�������+��!)� 	 � *�!6� ������+�
8�*$��	��.�2���38�*$�-	���� !)�3� ����&��"���!����	�� � ��*�� �/&�����& �����/�3�*������& & � [{ � � [<; »{ ( � � &�&/*��.��!)� �2�"!,&/�g���5&/� �*���"� �"� �S ® 	2*+&�(/���-�+�7�
&/� ��� �,� &5	���� �-� �$&=�����/� �j� ����(���!G	��"���3��!� ? �§� ¤ �E¥ { � 8 : � © � � { ; � {�¨ � {¬¨ $� ©   {��{ d
� � � "$#B�0��� ��"G�+��:§��� ���,��# 	0��" #3���0	§����������" �A� � �¼�+��"��5:0"+�,� :������+��"

K�bkh!m�s�W�drdeW�mnWAs¼de]gfihG¸�hUfi`!m
devebk]«defkh!m p W©s�fih p ]gdn]_fkh!m0bo`lt ag]_V&]«deWAm�bk�!mnfkve�!boh?dnW;m�¦��zfk`!m�boa_agfih!m
jUvefkjCfimnW�v
`Uh
V&f p T�a_WZjCfk`Uv.a_W�`!vem�dnv�bo]gdnWAV&W�h?dem�W�d.V&W�dndnveWZWAh(�A�^] p WAh!s�W>acb�mrdebk�U]_ag]gdn�& ® p W>hUfodevnW&mes�RU��V
b p W>dxq?jCW���boa_W�ve�^]ghl�
p ]cmns�fkh?dn]_h^`�bkmemrfls�]g�>� p W;m�s�fkh p ]«de]gfih!m�bo`lt~a_]gV&]gdnW;m�vn��¬!�As�RU]cmemnbkhideWAmzW�d.bo�!mnfkve�!boh?deWAmA¦��2fi`!m�`ldn]_a_]_mnW�vefkh!m�acb�V���V&W
bojUj!vnfls�RUW��?`UW p boh�mSa_b>j!bkvrde]gW�jUve�As�� p WAhideWk¦

���Fo��
	



���������
	��	���������������������� �"!$#%	��'&�(���!)���"!)*+�,��*��-���-�)�.�/���10��2���3�2!4	��/&5�2!6	���&5��!7�����.�
��(���*�&/���38�*$� �;�

$���� o�pM�1������� ��w�	�up���qt�P
���p��	�ry
�2bkjUj�WAagfih!m p �rwr�.�?`UW2a_W2jUvefk�Ua_T�V&W�jUve�AmnW�h?dn�Sj!bkv��O� ��WAmrdJ`Uh
j!vnfi�UagTAV&W2mxdevn]cs¼deW�V&W�h?d�R^q^j�WAvn�Cfka_]_�?`UWSd�boh p ]_m3�i`!W

mn]BhUfk`!m�deW�hU]_fkh�m,s�fiV>jUdnW p W
a   �;�i`�bEdn]_fkh jCfkvndeboh?d.mr`!v����©]ga�m   bo�k]_v�bo]gd p4  `Uh�jUvefk�Ua_T�V&W>£¤fkvndnWAV&W�h?d.R?q^jCW�ve��fiag]c�?`UWk¦
K�boh!mSa_WAm p W�`lt0sAbkmA¸lhUfk`�mSj�fi`U�kfih!m p fkh�s�b �
vnV&W�v2�?`UW� )+ �� � ¹ - � � �� � K � W;mxd2`!hUW.V
bEdnve]cs�W p ]_bk�kfih!boa_]_mebo�!agW �
p W�s�Wz£¨bo]gdA¸^]gaCW�tl]cmxdeWz`Uh!W�V
bEdevn]cs�W p ]cbo�kfih!boa_W��h- =�?���� � � � $�W�d�`!hUWzV
bEdevn]cs�W�]gh^�iW�v�mr]_�Ua_W
	
deW�a_agW;m3�?`UW�¹J-�	/; » ��	S¸
hUfi`!mShUfodeW�vefkh!mSbkagfivem

� ¹ � -	 ; » � � � 	P�Lb��kWAs � � � - =(?���� � � � � � $id
�2fi`!mSjCfk`U�ifkh!mS�A�iboa_W�V&WAhidSveW�V
bov��?`UW�v��?`UW p boh�mSagW.s�bim p `~mrqlmrdnTAV>W��ª� �¼¸!a_b>V
bEdevn]cs�W�¹ WAmrd�mnq^V&��dnve]c�i`!Wk¸ p fih!s�]ga
W�tl]cmxdeW�`Uh!W,�!bkmnW�fivrdeRUfkh!fkveV>�AW p W��iWAs¼deW�`Uv�m2j!vnfijUvnW;m�jCfk`Uv�a_bi�?`UW�a_agW�	/; » -�/�	�¦mK�bkh!m�agWZ�U`ld p WZs�fih!mrdnve`U]gveW.`UhUW
s�fih p ]gdn]_fkh bo�!mnfkve�!boh?deWk¸!h!fk`!m�jUvefkjCfimnfkh!mzj�fi`Uv�dnv�bo]gdnWAv�`!hUWZ]_h?dnWAvr£¨bis�W�� {�¨ W�h?devnWZ`UhUW
s�WAaga_`Ua_W>bk`��Cfkv p � { W�d�`UhUW
s�WAaga_`Ua_W U�s¼de]g�iWf� ¨ 8

¹ {¬¨ ) +� [ ¨ - � ¹ {¬¨ � ) +� [<; »{ d �ª�l���
b �l� � � V �3@/. !�*����"� �'&���!)� ����&�(/���-�+��	�� � !$�G�,��� 021 ��6�#�0 1�3�6�#�021-546 #�0 � 1B67� ��� ����&-!6�2� �2���3�2!,&5	���&-	�� � !$�"���3��!$& � :��'>��: 5�� � � ��!6����0��3� 	2�'&�(���8�� �5� ��� ��� � $E[ 	�� � !$�3�����2��021�9B6 �����/� �j�

$ [ -?$ [<; » ) 8 :© { [ /������ I L � ��I-K � 
 � K I [ /�� � � � � � @ / ) +� [<; »{ � ¹ {¬¨ � ) +� [<; »{ ; / ) +� [{ � ¹ {¬¨ � ) +� [<; ®{ C d �ª�k� �

e �^��²G=+��´�� U´1>¤²G= V��@ °$WZve�Amn`Uagdebod�mnW p � p `U]gd p ]gveWAs�dnW�V&WAhid p W>a_b p ��V&fkh�mxdevebodn]_fkh p `(agWAV&V>W
�l¦_�k¸CW�h�W 	LW�dA¸4WAh
veW�jUveW�h!bkh?d�a_W.V���V&W,s�RUW�V&]_hUW�V&WAhid;¸lhUfk`�mSfk�ldeW�hUfih!m

$ [ - $ [�; » ) 8 :© { [ /������ I L � ��
� L /���� [	� � & / � [<; »{ D {¬¨¨ � [¨ ; / � [{ D {¬¨¨ � [<; »¨ ( �

W�d pG  bkjUvnT;m��x��X � ���O�U���

$ [ - $ [<; » ) 8 :© { [ /������ I L � ��I-K � 
 � K I [ /�� � �r� � � @ / ) +� [<; »{ � ¹ {�¨ � ) +� [<; »{ ; / ) +� [{ � ¹ {�¨ � ) +� [<; ®{ C
) 8 :© { [ /������ I L � ��

����� � � L�
 { ��� I [ /�� � � � � � @ / ) +� [ ; »{ ¹ {�¨ 1 { ¨ ) +� [{ ; / ) +� [{ ¹ {�¨ 1 { ¨ ) +� [<; »{ CY Z#[ \º

�
p4  f(R�agW.ve�Amn`Uagdebod p `�a_W�V&V&Wk¦

�
�2fi`!m>j�fi`U�kfih!m>vnWAV
bov��i`!W�vZ�?`UW§a   �AhUW�ve�k]_W�hUW�mnW~s�fih!mrWAvn�iW�jUa_`!mA¸�s�W~�?`U]SWAmrd&�A�^] p WAV&V>WAh?d&h!�As�W;mnmebo]_veW�jU`U]cme�i`!W
hUfkdnveW
�U`ld�W;mxd p W�s�fih!mxdevn`!]gveW&`UhUW�s�fkh p ]gdn]_fkh bk�!mnfkve�!boh?dnWi¦$y3W�jCW�h p bkh?dA¸$ve]_W�h hUW
jUvefk`!�kW��?`UW
jCfk`Uv p WAm.j�bkm p W
dnWAV&j!mB�?`UW�acs�fih!�?`UWAmA¸Ah!fodnveW���hUWAvn�i]gW�mrfi]«d�`UhUW�mn`U]«deW p �As�vefk]cmemnbkhideWk¦�u�fk`UvBs�WAa_bzhUfk`�m�bkaga_fkh�m�s�fkh!mrdnve`U]_vnW3`UhUW�hUfk`!�kW�a_a_W
��h!W�ve�k]_W�WAh0v�bEwxfi`ldebkh?d p W;mSdnWAvnV&W;m�s�fkveveWAs¼de]«£¨mS� $g[B¦
$���n & ����q��r
6������w��� � ,�����y ����� +	y§x�x�yGs§��y%
�����y
e �*
 = > ´1>¤²G= V �3@ 	 �2!,& ��� (���& 	� *�! 	����+���"!G�C(���� ���2�/� �2!$��	���& (���!G	��"���3��!$& ��*��k� �!� �"� ��& ����&����H� �2!$� �/& ��� �.��� ��#
(����'&�&���!$� ��&��_!6��*�&�(���!$&��3	���� ��!,&���� ��!G����0��3�	��'&�(���8�� ��&�*��!����!)� �� ? � Y [{ - $ [{ ) 8 :$ I-K � 
 � K I [ /�� ��{ [ /������ I L � � �r� � � @ / ) +� [{ � ¹ {�} � ) +� [{ ) / ) +� [<; »{ � ¹ {�} � ) +� [<; »{ C¢� �ª�o� �

ogoqp2r�s�t/u/v



��X � ���/!G��(��
�����j� �,���/!6�

Y [ - �� � �*) Y [{ d
	g��& � �����+�/& (����/�.��(����  & �/���,���/� ���/& > $E[ !6� �,���/� ��!)� 	���!6(Z8�*$��&/*�� ����& ���2�.���'& ����&��2�H�.�2!$� �/&�: � ��*�& �2�"����!$& > �6�.�/&���!$���2!$���.���-8�*$�5� � ��!G����02�3�	��'&�(���8�� ��Y$[ ��&�� 	���(��.���'&�&���!)� � >�(�����8�*$���,� &5	�� � �-� �$&�:
b �l� � � V �'L�. !C*����"� �'&���!$�j����&�(/���-�+��	�� � !$�G�,��� 021 ��6 #�021�3�6�#�021-5�6�#�0 ��1�67� ��� ����&-!6��� �����3��!$&-	��/&5	�� � !$�"���3��!,& � :��'>��: 5�� � � ��!6����02�3�	2�'&�(���8�� � � ��� ������Y,[ 	���� !)�3� ���2� 0 ��3�6���&�� 	���(��.���'&�&���!)� � >�(�����8�*$� �"� ��� �����3��! : �j� *�&j�)�.��(��'&����+��!)�

85Y - Y [ ) Y [<; » - ) 8 :$ I�K � 
 � K I [ /�� ��{ [ /������ I L � � ��� � � / @ ) +� [{ ; ) +� [<; ®{ C � ¹ {~} � @ ) +� [{ ; ) +� [<; ®{ C £ F �ª�EX �

e �l��²G=$�A´ ��l´
>¤²G= V�"L �zfk`!m�b��ifkh!m
8�Y - 8�$ ) 8 :$ I-K � 
 � K I [ /�� ��{ [ /������ I L � � � � � � @ / ) +� [{ � ¹ {~} � ) +� [{ ) © / ) +� [<; »{ � ¹ {~} � ) +� [<; »{ ; / ) +� [<; ®{ � ¹ {~} � ) +� [ ; ®{ C �

W�d2�iv�Ais�W�bo`�vn�;mr`Uagdebod��O�k� �3W�dz�>a_b&mnq^V>��dnve]gW p W.acb>V
bEdnve]cs�W � ¹ {~} � ¸lhUfi`!mSfk�ldeW�hUfih!m
85Y - ) 8 :$ I-K � 
 � K I [ /�� ��{ [ /������ I L � � ��� � � / @ ) +� [{ ; ) +� [<; ®{ C � ¹ {~} � @ ) +� [{ ; ) +� [<; ®{ C �

agW�s�bov�bks�dnTAvnWShU�A�ibEde]«£ p W�s�W�dndnW�W�tljUveWAmemr]_fkh p �;s�fk`!agW p ]_veWAs¼deW�V&W�h?d p `�s�bkvebis¼dnTAvnWSjCfimn]«de]«£ p W2a_b,V&bodnve]_s�W � ¹ {�} � ¸is�Wz�?`U]
bks�RUTA�kW�a_b p �AV&fkh!mrdnv�bEde]gfih p `�a_W�V&V&Wk¦

�

$��%$ o�y �1p¯
p�����	%
y<��s��f����v*��qr� ���� ��y x-, s§��y%
�����y����
Q$fi`Ewxfk`Uv�m p boh�m3a   fkjlde]_�?`UW p4  fk�ldeW�hU]_vS`UhUW.s�fih p ]gdn]_fkh p W�mrdebk�U]ga_]gdn��j�fi`UvShUfodevnW�mns�R!��V
b�a_fkv�me�i`!WzhUfi`!m�`ldn]_ag]cmnfkh!m

p WAm�s�fih p ]gdn]_fkh!m2bk�!mnfkve�!boh?dnW;mSW�h�mnfkvndn]_W p W p fkV
bo]_hUWk¸�hUfk`�mzboa_a_fkh!m p ��V&fkh?dnveW�v��i`!W�mrfi`!m2`!hUW�s�fih p ]gdn]_fkh~jCfkvndebkhid
mr`!v 8 : ¸,Y�[$WAmrd�`UhUW�£¤fkveV&W.�i`�b p v�bEde]_�?`UW p ��U�hU]gW.jCfimn]gdn]_�kW p WAm2��bkvn]cbo�!agW;mA@ ) +� [{ � ) +� [<; »{ C�¦
b �l� � � V � V . !C*����"� �'&���!$�j����&�(/���-�+��	�� � !$�G�,��� 021 ��6 #�021�3�6�#�021-5�6�#�0 ��1�67� ��� ����&-!6��� �����3��!$&-	��/&5	�� � !$�"���3��!,& � :��'>��: 5�� � � ��!6����02�3�	2�'&�(���8�� � Y,[{ 	�� � !$�3�����2��0 �*3�6 �����/� �j���

Y$[{ ! j© @ 	 ) +� [{ 	 ®� � ; 	 ) +� [<; »{ 	 ®� � C ) � { � { � 8 :  { 	 ) +� [{ 	 � � 	 ) +� [<; »{ 	 � �
) 8 :$ �¨���� � % � {¬¨ � {¬¨
	 )+ �Q{¬¨
	  { 	 ) +� [<; »{ 	 ®� � ; � ¨#{ � ¨ {�	 )+ �Q¨#{ 	  ¨ 	 ) +� [ ¨ 	 ®� � & d �ª� i �

. ! (���!,&/�3	����.�2!$� 	���!,&( ����� ������6�.��& &/�3�2! 8�*$� &/�§� {�¨ �/&/� *�!G�5�"!)� �������(��� � � ��(/�m�'&�&��2!$� �+��*7�*�/&��2�H� ��!$� �-� �2������& ���2�
(���! ����!$���3��!

	 ) +� [ ¨ 	 � � - 	 ) +� [{ 	 � � �(� ¨#{ -)� {¬¨ �P  ¨ -G  { d
���Fo��
	



���������
	��	���������������������� �"!$#%	��'&�(���!)���"!)*+�,��*��-���-�)�.�/���10��2���3�2!4	��/&5�2!6	���&5��!7�����.�
��(���*�&/���38�*$� � i

e �^��²G=+��´�� U´1>¤²G= V�'V °+b p ��V&fkh�mxdevebodn]_fkh�WAmrd�bkh!boa_fk�i`UW��Zacb p �AV>fih!mrdnv�bEdn]_fkh§�l¦ �ZhUfk`!m�b��ifkh!m

Y [{ - j©'& / � [{ � { � [{ ; / � [<; »{ � { � [<; »{ ( ; 8 :�� [{ ) 8 :�� [{ �Bb��kWAs
� [{ - j$ I-K � 
 � K I [ /�� ��{ ['/������ I L � � �r� � � @ / ) +� [{ � ¹ {�} � ) +� [{ ) / ) +� [ ; »{ � ¹ {�} � ) +� [<; »{ C �
� [{ - j© �� � � � @ / ) +� [{ K � @ 9 L � ) +� [ ; »{ C ) / ) +� [ ; »{ K � @ 9 L � ) +� [{ C1C ) j© �¨���� � ��� � � / ) +� [<; »{ ¹ {�¨ ) +� [ ¨

- j© �� � � � @ / ) +� [{ K � @ 9 L7� ) +� [ ; »{ C ) / ) +� [ ; »{ K � @ 9 L�� ) +� [{ C1C ) j© { [ /���� [	� ��{ [ /������ I L � � ��� � � / ) +� [<; »{ ¹ {¬¨ ) +� [ ¨
) j© ����� � � L�
 { ��� I [ /�� ��{ [ /������ I L � � � � � � / ) +� [ ; »{ ¹ {¬¨ 1 { ¨ ) +� [{ ) j© I-K � 
 � K I [ /�� ��{ [ /������ I L � � � � � � / ) +� [ ; »{ � ¹ {¬¨ � ) +� [<; »{ d

K�fkh!s

Y [{ - j©'& / � [{ � { � [{ ; / � [<; »{ � { � [<; »{ ( ; 8 :© � � � � � @ / ) +� [{ K � @ 9 L ��) +� [ ; »{ C ) / ) +� [<; »{ K � @ 9 L ��) +� [{ C1C
) 8 :© { [ /���� [	� ��{ [ /������ I L � � � � � � / ) +� [ ; »{ ¹ {�¨ ) +� [ ¨ ) 8 :© ����� � � L�
 { �w� I ['/�� ��{ ['/������ I L � � � � � � / ) +� [<; »{ ¹ {¬¨ 1 {¬¨ ) +� [{
) 8 :$ I-K � 
 � K I [ /�� ��{ [ /������ I L � � ��� � � @ / ) +� [<; »{ � ¹ {¬¨ � ) +� [<; »{ ; / ) +� [{ � ¹ {¬¨ � ) +� [{ CQ�

Y [{ ! j© @ 	 ) +� [<; »{ 	 ®� � ; 	 ) +� [{ 	 ®� � C ) � {���{ � 8 :  { 	 ) +� [<; »{ 	 � � 	 ) +� [{ 	 � � ) 8 :© { ['/����.[�� ��{ [ /������ I L � � � {¬¨
	 ) +� [<; »{ 	 � � � 	 ) +� [ ¨ 	 � � �
) 8 :© ����� � � L�
 { ��� I [ /�� ��{ [ /������ I L � � � {�¨
	 ) +� [<; »{ 	 � � � 	 ) +� [{ 	 � � � ) 8 :$ I-K � 
 � K I [ /�� ��{ [ /������ I L � � � {¬¨ @ 	 ) +� [<; »{ 	 ®� � � ; 	 ) +� [{ 	 ®� � � C �

s�bkv���� � ¹ {�¨ � $�-���¨¹ {�¨ $�-h� {¬¨ W�d 	 1 {¬¨ ) +� [{ 	 � � � - 	 ) +� [{ 	 � � � ¦

ogoqp2r�s�t/u/v



�1I � ���/!G��(��
�����j� �,���/!6�

K   f(R
Y [{ ! j© @ 	 ) +� [ ; »{ 	 ®� � ; 	 ) +� [{ 	 ®� � C ) � { � { � 8 :  { 	 ) +� [ ; »{ 	 � � 	 ) +� [{ 	 � �

) 8 :$ { ['/����.[�� ��{ [ /������ I L � � � {¬¨ % � {¬¨ 	 )+ � {¬¨ 	  { 	 ) +� [ ; »{ 	 ®� � ; � ¨#{ 	 )+ � ¨ { 	  ¨ 	 ) +� [ ¨ 	 ®� �'&
) 8 :$ ����� � � L�
 { �w� I ['/�� ��{ ['/������ I L � � � {�¨ % � {¬¨ 	 )+ � {�¨ 	  { 	 ) +� [ ; »{ 	 ®� � ; � {�¨ 	 )+ � {¬¨ 	  { 	 ) +� [{ 	 ®� � &
) 8 :$ I�K � 
 � K I [ /�� ��{ [ /������ I L � � � {¬¨ % � {¬¨
	 )+ �¢{¬¨
	  { 	 ) +� [ ; »{ 	 ®� � ; � {�¨ 	 )+ �¢{¬¨ 	  { 	 ) +� [{ 	 ®� � & �

W�d2WAh0`lde]ga_]cmnbkhid2a_WAm�s�fkh^�kWAh?dn]_fkh!m p fihUhU��W;m p boh�mSagW.a_W�V&V&Wk¸Ufih0fi�ldn]_W�h?d

Y [{ ! j© @ 	 ) +� [ ; »{ 	 ®� � ; 	 ) +� [{ 	 ®� � C ) � { �5{ � 8 :  { 	 ) +� [<; »{ 	 � � 	 ) +� [{ 	 � �
) 8 :$ �¨���� � � {¬¨ % � {�¨	 )+ �¢{¬¨
	  { 	 ) +� [<; »{ 	 ®� � ; � ¨#{"	 )+ �Q¨#{ 	  ¨ 	 ) +� [ ¨ 	 ®� � & �

agW�£¨bk]«dz�?`UW*� {�¨ -h� ¨ { hUfk`�m p fkhUh!W�a_W.ve�Amn`Ua«d�bEd p `§a_W�V&V&Wk¦
�

b �l� � � V ��\ . !C*����"� �'&���!$�j����&�(/���-�+��	�� � !$�G�,��� 021 ��6 #�021�3�6�#�021-5�6�#�0 ��1�67� ��� ����&-!6��� �����3��!$&-	��/&5	�� � !$�"���3��!,& � :��'>��: 5�� ��� ��!G����0��3��	2�'&�(���8�� �� �2� �2��� Y$[ 	���� !)�3�Z���2��0 ��3�6a��&/� *�!6� ������+��8�*$��	2�.�����38�*$� 	���� !)�3�Z����&/�"���!��� 	��+� �2*�� ��&5����&� �2�/�3�*������&-&�� � ? �§� ¤ �E¥ { � 8 : � © � � { ; � {�¨ � {¬¨ $� ©   {��{ d �ª�2I �

e �l��²G=$�A´ ��l´
>¤²G= V� \ °+b p ��V&fih!mxdevebodn]_fkh§WAmrdz] p W�h?de]_�?`UW��
s�W�a_agW p `©a_W�V&V&WZ�l¦ �&W�h~`lde]ga_]cmnbkhid�agW;m2hUfkdebEde]gfih!m p `
agWAV&V>W,�!¦ �!¦

�
�2fi`!mSW�h p � p `U]cmrfih!mSagW�deRU��fivnTAV>W.mn`U]_��bkh?d
� A+�?²����l� � V��@?. ! *����"� �'&��2!$�Z��� &�(������+��	���� !)� ���2� 021 ��6 #�021�3�6�#�021-5�6�#�0 ��1�6 &/*��+*�! ��2�"�"����0m� ���H���"���.���"�.� 0 (���� #
���2�/� �2!$�-��*�� � ���.	�& 	���& �"!$� �������(��/& �.��� ��(/�m�'& &��2!$� �/& ��� ����&��2�H�.�2!$� �/& 6 �4� ��( ����& !6�2� �2���3�2!,&�	���& 	���� !)�"���3�2!,& ��:�� >��: 5�� � � ��!6����02�3� 	��'&�(���8�� ��Y,[ 	���� !)�3� �,��� 0 �*3-6C��&/� *�!G� &/*��"� � 	���(�� ���'&�&���!$� �#: 	 �-�)� *�&B���"� &�� ��0��"�-��0m��� �-�+��!)�Z	 � *�!6�������+� 8�*$��	�� �����38�*$�+	�� � !$�3� �,� &/�"���!����	�� � �2*�� ��&�����&������/�3�*������& & � [{ � � [<; »{ ( � � &�&/*��.��!)�����"!,&/�j����&/� ���/�"� �"� �. ® 	2*
&�(/���-�+�7� &/� �����,� &5	�� � �-� �$& � ���/� �_� ��� (���!6	2�"���3�2!� ? �§� ¤ �E¥ { � 8 : � © � � { ; � {�¨ � {¬¨ $� ©   {��{ d
� � ��������"$���������\	��r%���� � �����0�
	���� ���

�3]_W�h��?`UW�a_WAm3ve�Amn`Ua«d�bEd�m p �AV&fkh?dnve�Am p boh�mJa_WAm�j!bkvrde]gW;mJjUve�As�� p WAh?dnWAm3veW�h p WAh?d3hUfkdnveW�s�fkh p ]gdn]_fkh0bo�!mnfkve�!boh?deW�dnveTAm
bEdndnv�bks¼de]g�iWk¸lhUfi`!m�b��kfih!m p �A�kW�a_fkj!j���W�h§j!bkvebkaga_T�a_W�`Uh©s�f p W.¹B»�bkmemrfls�]_�.�>`UhUW,V&��deRUf p W,uJ}~°J¦�°   ]_h?dn��v���d;¸!s�fiV&V>W
hUfk`�m3a_W��kWAvnvefkh!mJ�kvBAks�W�bk`lt�s�bimJdeWAmrdemA¸Ub���dn� p W�jCfk`U�ifk]_v$wx`U�iW�v p W�acbZ�?`!bkag]gdn� p `§s�bkvebis¼dnTAvnW�hUfkh0vn��¬!WAs�R!]_memnbkh?d p W
hUfodevnW�s�fkh p ]gdn]_fkh&bo��mrfivn�!bkh?dnWk¦E���;s�WAV>V&WAhid�a_WAmBdnv�b���bk`lt p W�����veW�h!�kW�v�� i �!fih?d�veW�V&]cmBbo`&�kf
	ld p `�wxfk`UvBa   `ldn]_ag]cmebEdn]_fkh
p WAmSV&��dnRUf p W;m p ]«deWAm p W.s�fk`!s�RUW;mSW�h�agW;m�boV&��a_]_fkv�boh?d3jCfk`Uv�a_WAmS�;�?`!bEde]gfih!m p W,}~bEt ��W�a_aO¦,K�W�jUag`�mSa   bojUj!vnfls�RUW�£¨bo]gdnW
j!bov�����veW�hU�iW�vJm   W;mxd�vn�A�k�Aag�AW ��dnveW�bkjUjUa_]_sAbo�Ua_Wzmnfk`!m p WAmJ£¤fkveV&WAm p ]g�iW�v�mrW;mJ� p WAm�s�fkh,U!�k`Uv�bEde]gfih!mBjUa_`!m�s�fiV>j!agW�t^W;m�f�R

���Fo��
	



���������
	��	���������������������� �"!$#%	��'&�(���!)���"!)*+�,��*��-���-�)�.�/���10��2���3�2!4	��/&5�2!6	���&5��!7�����.�
��(���*�&/���38�*$� ��J

V���V&Wz� p4  bo`UdnveWAmBjUvefk�!agTAV>W;mBjUR^qlmr]c�?`UWAm �g�����ª¸ �g�
I�� ¸ � ��� ¸ �_�k��� ¦�K�W2hUfiV��UveW�`!mnWAm��Ebkvn]cboh?dnW;m p `
V&f p T�a_W p W����AvnWAhU�kWAv
fkh?d���dn��s�fih!mrdnve`U]«deWAm3W�h�bo��vefibis�fi`!mxde]_�?`UWi¦ ��h�jCW�`UdSs�]«deW�v�¯�¦��Z¦ �2` �g�
I�� ¸ p fih?d�a_W�V&f p TAagW�m   WAmrd3ve���i��a_�zjCW�vn£¤fkveV
boh?d
V
bo]cm�V&bkagR!W�`UveW�`!mnW�V&WAhid�mrfi`UV&]_m�� p WAm�jUvefk�!agTAV>W;m p WSmrdebk�U]_ag]gdn��j�WA`Zj!vn�A�?]cmn]g�Ua_WAm p 	!mBbk`ZsAbov�bks¼deT�veWB£¨bo]_�Ua_W�V&W�h?d�R^qi�
jCW�ve��fiag]c�?`UW p `&hUfk`!�kWAbk`>mnqlmxdeT�V&W�fk�UdnW�h^`&a_fkv�mn�?`UW�a_b��^]gdnW;mnmnW p W�a   �;s�fk`!agWAV>WAh?d�h   W;mxd�j�bkm�h^`Ua_agWi¦�K�boh!mBa_W�`!v�bovndn]cs�a_W
Q�boV§¸�{z`Uvn]cbo`!a«dzW�d�y�boVZ�U`Ua_ag]� �k����fkh?d2V&]_mzW�h©�A�?] p WAh!s�W�s�W.jUvefk�Ua_T�V&W,W�dzjUvefkjCfimn�.`UhUW�mnfka_`ldn]_fkh©bk`©s�bim�j!bov�s�bkm
W ��sAbks�W�V
bk]_mJj�WA`
jUvnfijU]cs�W2bo`Ut>s�bkvebis¼de��ve]_mrdn]c�?`UWAm p W;m�V
bo]_a_a_bk�kWAmB�?`UWzhUfk`!m��kfk`!agfih!mB`lde]ga_]_mnW�v;¦�K   bo`ldevnW;m�bojUj!vnfls�RUW;m
fkh?d.��de� p ���iW�a_fkjUjC��W;m�j�fi`Uv.j!bkaga_]gWAv�agW�sAbov�bks¼deT�veWZV
bkaBj�f?mr� p `�V&f p T�a_W
uJ}~° dnv�b p ]«de]gfihUhUW�aJW�h�bo��vefibis�fi`!mxde]_�?`UWi¸
W�a_a_WAm�s�fkh�mr]cmxdeW�h?d3h!fkh�jUa_`!mS��mnjUa_]«dndnWAv3a_WAm��A�?`!bodn]_fkh!mJV
bo]cm3��vebowxfk`ldeW�v p WAmJdnW�veV&WAm�bo`lt
�;�i`�bEdn]_fkh�mJW�t^]cmrdeboh?deWAm � �o���ª¸
�_�;��� ¸ �_� i � ¦ �3]_W�h©�?`UWZs�WAmzhUfk`!�kWAbk`lt�V&f p T�a_WAmzj�WAvnV&W�drdnWAh?d p W,ve�Amnfk` p vnW�deRU��fivn]c�?`UW�V&W�h?dza_WAmz]gV&jCW�vn£¤WAs�dn]_fkh!m p W,acb
V&��deRUf p WzuJ}~°J¸k]_a_mJs�fkV&jUa_]c�i`!W�h?d p W�V
bohU]_T�veW2mn`U�!mrdeboh?de]gWAaga_W�agW;mB�A�?`!bodn]_fkh!mA¦ ¡ h�U�hG¸ p boh!mBa_W2s�b p veW p W2a   `lde]ga_]_mebEde]gfih
p4  `UhUW>V&��dnR!f p W p W�dxq^jCW&��bkagWAvn�^]_hl� p ]_mes�fihide]gh^`UWi¸ ��¦ ° {�dn�^]_h!m�� ���Bb�V&]_m�W�h ���^] p W�h�s�WZs�W�vndebk]ghUW;m�mn]_V>j!ag]�U�s�bodn]_fkh!m
�?`UW2hUfi`!mBjCfk`U�^]_fkh!m3bojUjCfkvndnWAv�bo`
V&f p T�a_WzuJ}©°~dnv�b p ]«de]gfihUhUW�aª¦ku�bovJvebkjUj�fivrdJ��s�WAm p ]�	L��veW�h?d�mJs�ve]gdnT�veWAm�hUfk`!mJb��kfkh�m
��d�bo]gd�fi�Ua_]g�i�Am p Wz£¨bk]gveWz`!h�s�RUfi]«t�mn`Uv�agW�V&f p T�a_W�uJ}©° �?`UW�hUfi`!mJ�ifk`Ua_]_fkh!m3`ldn]_a_]_mnW�v;¦!y3fkV&V&W�a_W��!`ld p W�s�W�d�bovndn]cs�a_W
h   WAmrdzbo�!mnfka_`UV&W�h?d�j!bim p W,s�fih!mxdevn`!]gveW�`UhUW.V&��deRUf p W,uJ}~°�j!bkvr£¨bk]«deW�j�fi`Uv2a   bk��vefibks�fk`!mrdn]c�?`UWk¸?hUfi`!m2b��kfih!m p �As�] p �
p4  `ldn]_a_]_mnW�vBacb�V>��dnRUf p W2u3}~° p ���iW�a_fkjUjC��WSj!bkv �,¦ °~{�dn�^]gh�m�W�h&]gV&jCfimeboh?dB`Uh U!a«devnW p bkh!m�acb��AfkhUW�uJ}©°§j�fi`UvB���^]gdnW�v
a   bkjUj!bove]gdn]_fkh p W�jUvnfi�Ua_T�V&WAm p W.mrdebk�U]ga_]gdn� p bkh!m�s�W�drdnW��AfkhUWi¦

5���� � sD��-�����y���� o
��WA�kW�h!fkh!mS�>a   �A�?`!bodn]_fkh �O� ��W�tljUve]gV&��W�WAh p W�`lt p ]gV&W�h�mr]_fkh!m pG  W;mrj!bis�W�8

9 ) +,91: ; K L 9 ) +,9�_ ; K N 9 ) +,9�a -GFd �ª��J �

°GW�jUve]gh!s�]gjCW p Wzacb.V&��dnR!f p W�uJ}~° s�fih!mn]_mrdnWz��mrjUa_]gdrdnWAv3a_WAmJ�A�?`!bodn]_fkh!m p boh!m3a_W�mnW�h!mJf(R�s�R!bi�?`UW��Ebove]_bk�UagWzjUR^q^mn]c�i`!W
WAmrd�mn��j�bove��W�W�h p W�`lt
�Ebove]cbo�Ua_WAmA¸kacb,jUveW�V&]_T�veW2��d�boh?d3bimnmnfls�]_��Wzbk`lt p ��ve]g�i��WAmJW�h
t
W�d3acb p WA`ltl]gTAV>W�bo`lt p �Avn]_�k�AWAm�WAh
qk¸�W�d�W�h�bowxfk`ld�boh?d p W�j!ag`!m���s�R!bi�i`!W,�A�?`!bodn]_fkh§`Uh~deW�veV>W p4  bkV&fkvndn]cmnmnW�V&W�h?d�bkhU]cmrfkdnvefkjU]c�?`UWk¦UuBa_`!m�jUve�As�]cmn��V&W�h?dA¸
hUfi`!mSvn�;s�ve]g�ifkh!m��ª��J���mnfk`!m�acb>£¤fkveV&W

	







� 







�

9 ) +, »91: ;� L ) +,³» ; K L 9 ) +,9�_ -GF9 ) +, ®91: ;� N ) +, ® ; K N 9 ) +,96a -GF) +, -<) +,³» ; ) +, ®
�ª�2T �

�2fi`!m�jCfk`!�kfkh�m��k�Avn]�U!WAv��?`UW�a_fkv�mn�?`UW~a_WAm�s�f^W �
s�]gWAh?dem pG  bkV>fivrde]_memnW�V&W�h?d�mnfkh?d�h^`Uacm�a_WAm��A�?`!bEde]gfih!m pG  ¡ `!agWAv0a_]«�
hU�;bove]_mn��W;m�mnfkh?d�`Uh sAbkm�j!bovndn]cs�`!ag]_W�v p W&hUfkdnveW�hUfi`U�kW;bo`(mnqlmxdeT�V&Wk¦$y3W;m�s�f^W ��s�]_W�h?dem�mnfkh?d�]gh?dnvef p `U]gdem p bkh!m�agW&�U`ld
p4  bo�!mnfkve�CW�v�agW;m p ]�	L��veW�h?dnW;m�fkh p W;m�W�d,s�W p boh�m�`!hUW���fkh!WZWAh��Cfkv p `UveW p W p fiV
bo]_hUWk¦ K�WZjUa_`!m�a_W�`Uv.s�RUfi]«t�m   b��kT�veW
p �Aag]cs�bodA¸^W�h0£¨bo]gd�]_a4h   W�tl]cmxdeW�j!bim��?v�bo]_V&W�h?d p W�a_fk]cm�jUvn�;s�]cmrW;mJV
bk]_m�jUa_`ld��kd p WAm�veW�V
bov��?`UWAmJW�V&jU]_vn]c�?`UWAm�]cmnmn`UWAm p W�acb
V&]_mnW.W�h�jUv�bEde]_�?`UW p W,s�WAmSV&��deRUf p WAm��¨�kfi]gv��_�;��� ¸ �_�1I����¼¦!°$W p WAmemn]gh§mr`!]g�Eboh?d�]_aga_`!mrdnveW.agW�dxq^j�W p W p fkV
bo]_hUW�`lde]ga_]_mn�k¦

ogoqp2r�s�t/u/v



�1T � ���/!G��(��
�����j� �,���/!6�

  �����

�����

���

��	�
� � � � ��������������
� � �

��� ���������������������

� ^ � º
� `�� º
� ^ � º
� ` � º

���

� ^ � º
� ` � º
� ^ � º
� ` � º

!�"$#&%+�('*)G(������+��	�*�	����+���"!G� 	�� (��2��(�*��

°$bZU!�i`UvnWS]_aga_`!mrdnveW�agW;m p W�`Ut�dxq^j�W;m p4  ]gh?deW�vn£¨bks�W;m��k�AhU��ve�Am�j!bkvBagW p fkV
bo]_hUW�uJ}~°J¸k`Uh&jUveW�V&]_W�v�dxq^j�W pG  ]_h?dnW�vn£¨bks�WAm
W�h?dnveW ��fkh!W0hUfih uJ}©° W�d ��fkh!W0uJ}~°8W�d&`!h p WA`ltl]gTAV&W�dxq^jCW pG  ]_h?dnW�vn£¨bks�WAmZW�h?dnveW ��fkh!WAm&uJ}~° p ]cmxde]gh�s¼dnW;m�¦�°$WAm
jUvefkjUve]g��dn�;m,veW�V
bov��?`!bo�Ua_WAm p W�acb~V&��deRUf p W�u3}~° mnfkh?d�VZ`Uagdn]_jUagW;m�¸+dnfi`ld p4  bk��fiv p h!fk`!mZj�fi`U�kfih!m�b �
vnV&W�v>�?`   �
`UhUW,]_h?dnWAvr£¨bis�Wk¸�W�h?dnveW,`Uh!W ��fihUW,hUfih©uJ}~° W�d�`Uh!W ��fihUW�uJ}~° f(R~WAhidevnW p W�`lt ��fihUWAm�uJ}~°J¸�hUfivnV
bka$�
a   bot^W p WAm
bo�!mes�]cmemrW;m�b��iWAszagW;m�s�f^W ��s�]_W�h?d�m p4  bk�!mnfkvejldn]_fkh!m�veWAmnj�W;s¼de]«£¨mf�  L »��  N $BW�d��  L ® �  N $e¸Uacb�ve��¬!W�tl]gfih0W;mxd�h^`Ua_agW�W�d2a   fkh p Wdnv�boh!mnV&]_mnWJs�fkh!mnW�ve�kWBacb2V���V&W p ]_vnW;s¼dn]_fkh�W�d+acb2V��AV>WSboV&jUa_]gdn` p W��?`UWJa   fih p W3]gh!s�] p W�h?dnW�W�d�s�WJ]_h p �Aj�WAh p bkV>V&WAhid p W
a   boh!�ka_W pG  ]_h!s�] p WAh!s�WSW�d p W�a_b�£¤ve�A�?`UW�h�s�W p W�a   fih p Wk¦iy3W�drdeW�jUvnfijUve]g��dn�SvnW;mxdeWS���^] p W�V&V&W�h?d�W�tUbks�dnW p boh�mBagW�sAbkm p4  `UhUW
]gh?deW�vn£¨bks�W3hUfkveV
boa_W3��a   bEtlW p WAm�fiv p fihUhU�AWAm$mn��j�bov�boh?d p WA`lt,V&]ga_]_W�`lt p fih?d�a_WAm�s�f^W �
s�]gWAh?dem p4  bo�!mnfkvejldn]_fkh�m$veWAmnj�W;s¼de]«£¨m
mrWAvebk]gWAh?d��  Li�  N » $BW�d*�  L�  N ® $n¦,K�W�jUag`�mSagfiveme�?`UW  L �¨vnW;mrj$¦  N��3WAmrdSh!fkh�h^`Uaª¸la   bkV>j!ag]gdn` p W p WAm p ]
	C�AvnWAhideWAm�fkh p WAm�?`   WAaga_WAm�mnfk]_W�h?d p W3h!bodn`UveW3bis�fi`!mxde]_�?`UWi¸ p W3�ifkvndn]cs�]gdn�3fk`,WAhidevnfijU]c�i`!W p �;s�vef��cd�W�t^jCfkh!W�h?dn]_W�a_agWAV&W�h?d p boh!m+a_b p ]_vnW;s¼de]gfih
t �¤veWAmnjG¦ p bkh!mSa_b p ]_vnW;s¼de]gfih0q �¼¦,K�W�hUfkVZ�UveW�`!mnWAm p �AV>fih!mrdnv�bEdn]_fkh�m p W.s�WAmSve�Amn`Ua«d�bEd�m3W�tl]_mrdnWAhid p bkh!m�a_b>a_]«dndn�Avebodn`UveWk¸
�kfi]gv��_�1I��ª¸ �g����� ¦C°$WAmzmn]_V>j!ag]�U�s�bodn]_fkh!m�bojUjCfkvndn�AWAm�j�bov ��¦ °J¦C{�de�^]gh!m � ����s�fkh!mn]_mrdnWAh?d���mn`UjUjCfimnW�v��?`UW  L�W�d  N
mrfihidp WAm�s�fkh!mrdebkhideWAm p W�V���V&WAm��Eboa_W�`!vem p bkh!m�agWA`Uvem �AfkhUW;m$veWAmnj�W;s¼de]g�iWAmA¸;j!ag`!m�j!vn�;s�]cmr�AV>WAh?d�]_a^`ldn]_ag]cmnW�a_WSV&f p T�a_WSmn`U]_�Eboh?d48

+ ^-,(.
+ ^-,(.
+ `/,0.
+ `/, + + ^/, +

+ `/, +
+ ^/, +
+ `/,0.

+�1 .

!�"$#&%L�2'*)G(������+��	�*�	����+���"!G� 	�� (��2��(�*��

y3WzV&f p T�a_W��.acb.jUvefkj!vn]_��de� p W�devnT;mJ�U]_W�h0m   b p bkjldnWAvJ�.a   `Udn]_ag]cmnbodn]_fkh pG  `Uh!WzV&��deRUf p W p Wzdxq^j�W���bkagWAvn�^]_h p ]cmns�fkhl�
dn]_h^`UW.W�d p W,mn]gV&jUa_]�U!W�v�a_W,mrqlmrdnTAV>W��ª�2T ��s�fkV&V&W,mr`U]gd48

	

� 

�
9 ) +,91: ; K�L 9 ) +,9�_ ; K�N 9 ) +,9�a - )  L ) +, ; �  L )  Nt$ ) +, ®9 ) +, ®91: ; K N 9 ) +,9�a - )  N ) +, ® �ª�o� �

���Fo��
	



���������
	��	���������������������� �"!$#%	��'&�(���!)���"!)*+�,��*��-���-�)�.�/���10��2���3�2!4	��/&5�2!6	���&5��!7�����.�
��(���*�&/���38�*$� �;�

°   `lde]ga_]_mebEde]gfih p WJs�W�dndnWJV&��dnRUf p W�j�WAvnV&W�d+���?boa_W�V&W�h?d p W p ]_V>]_h^`UW�v�acb2s�fiV>j!agW�t^]gdn�3j!bov+vebkjUjCfkvnd$�2acb�V&��dnR!f p W3uJ}~°
dnv�b p ]«de]gfihUhUW�a_a_W�jU`!]_me�?`UW�h!fk`!m3h   b��kfkh�mJjUa_`!mS�Z]gh?dnvef p `U]_vnW��?`   `!hUW.mrWA`UagW�hUfk`!�kW�a_a_WAm��Ebove]_bk�UagW�8�) +, ® ¦l�2fk`�m3jCfk`!�kfkh�mbo`�mnmn]4vnWAV
bov��i`!W�v��?`UW�a   bo�!mnW�h�s�W p W.ve��¬!W�t^]_fkh�mSj!bov�bkmn]«deWAmSbo`�hU]_�kW;bo` p W.a_b �AfkhUW,uJ}©° mrfi`!mx� W�h?deW�h p a   `lde]ga_]_mebEde]gfih
p4  `Uh§V
bo]_agacbo�iW�ve���i`Ua_]gWAv p boh!m�s�W�drdeW���fihUW.agfiveme�?`UW�agW;m�s�f^W ��s�]_W�h?d�m p4  bo�!mnfkvejldn]_fkh�m3h!W,mrfihid�j!bim�s�fih!mxd�boh?demA¸la_W�£¨bk]«d
p4  b��kfi]gv�fkjlde�.j�fi`Uv p W;m�s�f^W ��s�]_W�h?d�m�s�fkh�mxd�boh?demShUfi`!mSjCW�veV>W�d p fkh!s p W�s�fkh!mnW�ve�kWAv3`!h�V
bk]ga_a_bk�kW��?`UW�acs�fih!�?`UW p boh!m
acb �AfkhUW&uJ}~°J¦+y3W�jCW�h p bkh?d�acb p ]_mes�fihide]gh^`U]gdn�>�Uve`ldebkagW p `�s�f^W ��s�]gWAhid p4  bo�!mnfkvejlde]gfih©W�h?dnveW>a_b ��fihUW�]_h?dnW�vehUW>W�d.acb��fihUW,uJ}~° mrWAveb>]_hU���^]gdebo�!agWAV>WAh?dzvnW;mrjCfkh�mnbk�UagW p W.a_���iT�veWAmSve��¬!W�tl]gfih!mSj!bov�bkmn]gdnWAmA¦U¯�]gh�boa_W�V&W�h?dA¸�hUfk`�m2s�RUW�v�s�RUWAvnfih!m
�&s�fiV>j�boveW�vS�kvBAks�W�bk`lt0s�bim�dnW;mxd�mShUfodevnW�¬!`lt§bo�!mnfkve�!bkhid��>`UhUW.V&��deRUf p W,uJ}~°�h!fkh�fkjlde]gV
boa_Wk¦
5���n � '�v�
y§qrqr�w�	� ��� qr�
-�s ) p

u�bov�mnfk`!s�] p W©mrdebo�!]ga_]«de�k¸�h!fk`!m
`Udn]_ag]cmrWAvnfih!m p bkh!m
a_WAm �AfkhUW;m
uJ}~° `Uh mes�RU��V
b W�tljCfkhUWAh?dn]_W�aª¦J°$b(£¤fkveV&W p WAm
�A�?`!bodn]_fkh!m p W �O�k� ��jCW�veV&W�d pG  fi�ldnWAhU]gvZ`Uh mes�RU��V
b�£¨bis�]_agW��§V&W�drdnveW�WAh f^W�`U�^veW
j!bov,v�boj!j�fivrd��©s�W�a_`U]3�?`UW�hUfk`!m
b��^]gfih!m p �xwr�>s�fih!mxdevn`!]«d2s�bkv3a_W�dnv�bo]gdnWAV>WAh?d p `§mes�RU��V
b p boh!m�acb �AfkhUW�hUfih0uJ}~° veWAmrdnW�agW�V���V&W�W�d�]_a4WAmrdSmn` ��mnbkh?d
p W.s�fihUh!b��_devnW�a   ���ifka_`ldn]_fkh p W�a_bZhUfi`U�kWAaga_W��Ebkvn]cbo�Ua_W�`UhU]c�i`!W�V&W�h?d p boh�m3acb ��fihUW�u3}~°�¦!�zfk`!m�jCfk`U�ifkh!m�a_W�vn�;mr`UV&WAv
mnfk`!mSacbZ£¤fkveV>W.mn`U]_��bkh?dnW(8
�CfkhUW�hUfih~uJ}~°�¸

	





� 





�

� { � [�: »{ ) � [ ; »{© 8 : - C { � [{ ) j© �¨���� � & D {�{¨ � [{ ; D {¬¨¨ � [¨ ( �
C { - E � � �r� � / � 9 L � )+ z { � $(K � )+ z { �HG ������� � ������"� � � � D I-KL - � �r� M N / )+ z I � ¹ I L )+ z K � ! ������� �w�������� � � �O�k� �

 L¢-  �  N�-F�
	






















� 






















�

� [�: »{ -h� [<; »{ ¡ ; ® ��� / ; j ) ¡�; ® ��� / &�� { ;� � [® � (
� { -=� ; »{ � C { � [{ ) j© �¨���� � & D {�{¨ � [{ ; D { ¨¨ � [¨ ( �� [�: »® � -h� [<; »® � ; © 8 : �� {
�� { -=� ; »{ � �C { � [{ ) j© �¨���� � @ �D {¬{¨ � [{ ; �D {¬¨¨ � [¨ C �
�C { - � � � � / � 9 N )+ z { � $(K N )+ z { � ! ������� �w�������� � � � �D I-KL - � � � M�N / )+ z I � & �� I L ` K N ( )+ z K � ! ������� � �������� � �

�O�U���

 L¢-GF�  N*-  � 	


� 


�
� [�: »{ - � [<; »{ ¡ ; ® ��� / ; j ) ¡�; ® ��� / & � { ;  & � [{ ) � [® � (H(� [�: »® � - � [<; »® � ¡ ; ® ��� / ; j ) ¡�; ® ��� / �� { � �O�i� �

 L -  N -  �	� � [ : »{ -� [ ; »{ ¡ ; ® ��� / ; j ) ¡ ; ® � � / � { d �O�k� �


 � ��" �+��"4� �2� �� "+%0� � ���A�����,-,�)�+�������0-�%��������+�

�2fi`!m�boa_agfih!m p boh!m�s�W�drdeWSj!bovndn]_WJdeWAmrdnWAv�a   W ��s�bis�]gdn� p WAm p ]
	L��veW�h?dnW;m+V&��dnRUf p W;m�bk��fiv p ��WAmA¦�| alm   bo�i]«d p WS�i`�boh?dn]�U!W�v
a   bkjUj�fivrd�WAh0jUve�As�]_mn]_fkh p `0j!bimnmebo�iW pG  `Uh!W p ]_mes�ve��de]_mebEde]gfih�W�h�WAmnj!bis�W p W�dxq^j�W�¹ º �>`UhUW p ]cmns�vn��dn]cmnbodn]_fkh0W�h§WAmnj!bks�W
p W�dxq^jCW�¹ » W�d p W,s�fkV&j!boveW�v�a   `lde]ga_]cmnbodn]_fkh p W.hUfkdnveWz¬!`Ut�bo��mrfivn�!bkh?dS�>`UhUW,s�fkh p ]«de]gfih p W�dxq^jCW,uJ}~°J¦

ogoqp2r�s�t/u/v



�o� � ���/!G��(��
�����j� �,���/!6�

����� ��� -�s7)Mp�q +��	x�� )My§q"�f���mq
°GW3mes�RU�AV&b2`ldn]_ag]cmn� p bkh!m � I��^W�d�� J��ls�fivnveWAmnjCfkh p ��`!h�s�bimGj!bkvrde]_s�`Uag]_W�v p `�mes�RU��V
b2�?`UW3hUfk`�mG�kWAhUfkh�m p W3jUvn�;mrWAh?dnW�v

W�d p fih?dSa_WAm�sAbov�bks�dn��ve]cmxde]_�?`UW;m�mnfkh?d�a_WAm�mn`U]g�EbkhideWAm48
� °$WAm��ifka_`UV&WAm_U!hU]cm2mnfkh?d�] p WAh?dn]�U!�Am�bk`lt�devn]cbohU�iagW;m p `§V&bk]ga_acbo�kWi¦
� u�fk`!v�s�R!bi�i`!W,s�W�a_a_`UagWi¸!hUfi`!m�`lde]ga_]cmrfih!m2`Uh!W�bojUj!vnf�tl]_V&bodn]_fkh�¹+º p W;m2�Ebove]cbo�Ua_WAm�j!R?qlmn]_�?`UW;m�¸!hUfk`!m2`ldn]_ag]cmnW�vefkh!m
devnfi]_m�£¤fih!s¼de]gfih!m p W.�!bimrW�] p W�h?dn]�U!�AWAm�bo`Ut��kW;s¼dnWA`Uv�m�s�fkh�mxd�boh?dem H¡ L ¸ H¡ N ¸ H¡ O ¦$KzW,s�W�£¨bo]gd�� ? � = { -��U¦

� °$WAmS¬!`Ut0bo�!mnfkve�!bkhid�m�W�d2ve��¬!�;s�RU]_memeboh?dem3`ldn]_a_]_mn�Am2mnW p � p `U]_meboh?d p W,s�W�`lt p �xwr�&jUve�AmnW�h?dn�;m�¦
y3WAm p ]
	L��veW�h?dem�s�RUfi]«t0hUfk`!mSjCW�veV&W�dndnW�h?d p W.j!vn�;s�]cmrWAv�a_WAm p ]�	L��veW�h?d�mS�kv�boh p WA`Uv�m3]_h?dnvef p `U]gdnWAm p boh!m �r� J��3W�d �x�1T �#8
� � ? � � { -F
� � ? �§� ¤ �E¥ { � � {¬¨ - j¯�]gh!bkagWAV&W�h?dA¸lacb
s�fih p ]gdn]_fkh p W,mxd�bo�U]_a_]«de� p fkhUhU�AW.j!bov �ª�2I �Sm   �As�ve]gd� ? �D� ¤ � ¥ { � 8 : � ©   {� {¬¨���{ � �O�oX �

�2fi`!mSvnW�dnvefk`U�ifkh!m3acb
s�fkh p ]«de]gfih�mn` ��meboh?dnW p W.mrdebo�!]ga_]«de� p ��V&fihidevn�AW p boh!m�� J�� ¦

����n � sD��-�����y���� qr��
 )Mp¯�mx�x�p ��yh��
i�wp�� ����x�p¯��
y
K�bkh!m.s�R!bk�?`UW�dnve]_bkhU�ka_Wk¸LhUfi`!m�mr`!jUj�f?mrWAvnfih!m��i`!W>a_WAm�£¤fih!s¼de]gfih!m p W&�!bkmnW>mnfkh?d�¹ » ¸Gs�W>�?`U] p fkhUhUW = { -
	�5� ? ¦��`!boh?d2bo`§s�RUfi]«t p W;mS£¤fkh�s¼dn]_fkh�mS¹ »zp boh!mzs�R!bk�?`UW�dnve]_bkhU�ka_Wk¸lh!fk`!mS`lde]ga_]cmrWAvnfih!m�agW;mS£¤fkh!s�dn]_fkh!m H� {�} � _ $¯- � {�} H¡ � b��kW;sH¡ � � � H¡�L�� H¡�Nr� H¡ O � W�d � {�} acb�£¤fkh!s�dn]_fkh&¹ » �Eboacboh?d���bo`
mrfiV&V>W�d � {�} p `>dnve]_bkhU�ka_W ? W�d���mr`!vBagW;m p W�`UtZbo`ldevnW;mBmrfiV&V>W�demp `
devn]cbohU�iagWi¦^y3W�s�RUfk]gt
j�WAvnV&W�d�W�h?dnveWzbk`ldnveW p W�s�fihUh!b��cdnveW p W�V
bohU]_T�veWzW�tlbis¼deW2agW;m p ]�	L��veW�h?dnW;mJ]_h?dn�A�kv�boa_WAmBjCfkvndebkhid

mr`!v2s�R!bk�?`UW�s�WAaga_`Ua_W.fk`§mr`Uv�a_W�`!vzs�fihidefk`Uv p fih?dSh!fk`!m�b��ifkh!m��CWAmnfk]_hG¦
b �l� � ��? �3@ �j����(�� >�( � (������ ��� ����& �����,����� 8�&��/& 	��-��� 	���� !$�"���3��! ��: 3�&���!$� � ���/� �_����&����E�6� *�&j�)�.��(��'&����+��!)�_!G��*�&
���2*�� �2!,&5�� ���+���58�* � ���"� �/&�����&���!)�E�,��*�� � ? � � ®{ - ��� � _ } ��� � � 	 H� {�} 	 $��{ d �O� i �� ? � � ¤ �¦¥ { � � {¬¨ - © d �O��I �
e �l��²G=$�A´ ��l´
>¤²G= ? ��@ K   bkjUveTAmSa_WAm p fihUhU��W;mS�k�AfkV&��devn]c�?`UWAm�W�d2a_WAm�£¤fkh!s�dn]_fkh!m p W.��bkmnW�`lde]ga_]cmr�AWAmA¸UhUfk`�m�b��kfkh�m�r� � z¯{~}4z¯{¬¨ - � j ; � {�¨ $   {j © � �O�mJ��� � � � z {~} z { � - � j ) � ¨m} $i� j ) � ¨ � $i� j ; � } � $ 	 H�%{�¨
	� d �O��T �

u�fk`Uv3agW�vn�;mr`Uagdebod �¨� i ��¸is�fih!mn] p �Avnfih!mB`Uh��kWAs�dnWA`Uv�)+ � �  ¢¡72 : � Hz {�} � j*£ � £ = { $n¸^�i`!W2a   fkh�j�WA`ld��A�ibkagWAV>WAh?d�V>W�drdevnWmrfi`!mSacb�£¤fivnV&W|)+ � -�� } ��� � )+ � {~}�z�{�} ¦!�zfk`!m�b��ifkh!m��kvBAks�W�� �O�mJ��
	 )+ � 	 ®� � - ��� � )+ � � )+ � -   {j © �} ��� � �¨���� � � j ; � } ¨ $ )+ � {�}�� )+ � {�¨-   {j © SU �} ��� � 	 )+ � {�} 	 ® ; 	 �} ��� � )+ � {�} 	 ® VX !   {j © �} ��� � 	 )+ � {�} 	 ® � �O�k� �

p W�jUa_`!m 	 9 L�� )+ � 	 ®� � - j$   { �} ��� � �¨���� � )+ � {~}�� )+ � {¬¨
	 H�%{�}<	 H�%{¬¨�	 ��%{�} ^ � ��%{¬¨ ^ �- j$   { SU �} ��� � 	 H�%{~}<	 ��%{~} ^ � )+ � {~} VX ® - � ®{$   { SU �} ��� � 	 H�%{�}<	� { ��%{~} ^ � )+ � {�} VX ® �
���Fo��
	



���������
	��	���������������������� �"!$#%	��'&�(���!)���"!)*+�,��*��-���-�)�.�/���10��2���3�2!4	��/&5�2!6	���&5��!7�����.�
��(���*�&/���38�*$� �U�

W�d2�iv�Ais�W��>a_b&s�fih^�kW�tl]gdn� p W.acb�£¤fih!s¼de]gfih~s�boveve��Wk¸
	 9 L�� )+ � 	 ®� � £ � ®{$   { �} ��� � 	 H�%{~}<	� { @ ��%{�} ^ � )+ � {~} C ® £ ��{$   { � � _ } ��� � � 	 H�%{�}<	 $ �} ��� � 	 )+ � {�}<	 ® � �¨Xi� �

U!h!bkagWAV&W�h?d p4  bkjUveTAm �¨�i� �3W�d �¨Xi� �¼¸

	 9 L��7)+ � 	 ®� � £ � �5{ � � _ } ��� � � 	 H�%{�}<	 $  ®{ 	 )+ � 	 ®� � �
s�W.�?`U] p fkhUhUW�a_W.vn�;mr`!a«d�bEd��¨� i �¼¦ ¡ h~`ldn]_ag]cmeboh?d��¨��T �¼¸Uh!fk`!m�b��ifkh!m

	 )+ � 	 ®� � � - �} ��� � �� ��� � � j ) � ¨m} $6� j ) � ¨ � $6� j ; � } � $ 	 H�%{¬¨
	� )+ � {~} � )+ � { �
- 	 H�%{�¨
	

�

STTU �} ��� ����� �
	 )+ � {�} 	 ® ; 	 �} ��� ����� �

)+ � {~} 	 ® V3WWX
	 )+ � 	 ®� � � £ 	 H� {¬¨ 	� SU �} ��� � 	 )+ � {�}<	 ® ; 	 �} ��� � )+ � {�}<	 ® VX � �¨X!���

U!h!bkagWAV&W�h?d��kvBAks�W�� �¨�i� �3W�d �¨X!���¼¸lfkh�fk�Udn]_W�h?d
	 )+ � 	 ®� � � £ © 	 H� {�¨ 	  { 	 )+ � 	 ®� � � �¨X?� �

p4  f(R �¨��I �¼¦
�

{2]_h!mn]O¸ p boh!m�s�W,s�b p vnWi¸^a_b&s�fih p ]gdn]_fkh p W.mrdebo�!]ga_]«de� p `�dnRU�AfkveT�V&W.�U¦_��jCW�`Ud�m   �As�vn]_veW� ? �§���|� ¥ { � 8 : SU � � � � � _ } ��� � � 	 H�%{~}<	 $�5{ ; � {~} VX �
  {��{ d �¨Xi� �

�
�l�  ���G� �k? �3@ � ��*�& �,��*�����!$&�&/�!� �6� � �_���Z� � �����6�.�/&�&/�3��!�6�.��(�� 	���!)� �-��! �.�-�+��� 8�*$�2!$� 8�*$� &/� � � ��!a!6�2� � 	 H� {~}�� 	 -�
�
_ } ��� � 	 H� {�} 	 � ��{ ) 	 H�%{�} � 	 - �} ��� ��	�� � �

	 H�%{�} 	 ! 	 �} ��� ����� � �
H�%{~}<	 - 	 ) H�%{�} � 	 - 	 H�%{~} � 	 �

	� ��
 �
�
_ } ��� � 	 H� {~} 	 £ � {© �

��� *�!6� (���!G	��"���3��! 	��5&�� �*���"� �"� � �+���"!$& � !6���+���'& �)� *�& &/�!� �)��������*��_&�� ��(��/�"�.�� ? �§���A�E¥ { � 8 : � �� � © ; � {~} � �
  {�5{ d

���%$ � s§qr��xw�rp��q ��� )Ms%
6������y§q
u�fk`Uv��k��ve]�U!W�vZa   W ��s�bis�]gdn� p W�hUfodevnW0mns�RU�AV
b©bo]_h!mn]3�?`UW�hUfkdnveW�s�fih p ]gdn]_fkh p W
dxq^j�W�bo�!mnfkve�!boh?deWk¸4hUfi`!mZbkaga_fkh�m

s�fiV&V>WAh!s�WAv�j!bovSdeWAmrdnWAv�hUfodevnW�V&��deRUf p W,mr`!v p W�`lt§s�bim�dnWAmrdemzbks�b p ��V&]c�?`UWAmA¦ ¡ h~W 	LW�d2a_WAm2sAbkm3dnW;mxd�m2s�bkvebis¼de��ve]_meboh?d
acb�mnfkvndn]_WzhUfih�vn��¬!�As�R!]_memnbkh?dnW p W�jCW�vndn`Uve�!bEde]gfih!m�bks�fi`!mrdn]c�i`!WAm�fi`�defk`Uve�U]_aga_fkhUh�bo]_vnW;mBW�h0jUvn�;mrWAh!s�W p4  `Uh��;s�fk`!agWAV>WAh?d
`UhU]g£¤fkveV&W�hUW,mrfih?dSj�bkmShUfi`U�kW;bo`lt p bkh!mSacb&ag]gdrde��v�bEdn`!vnW�W�h~�2KQ8U�ifk]_v �_�A���ª¸ �_��X��ª¸ �g� �GW�d��_�A��� ¦
ogoqp2r�s�t/u/v



�k� � ���/!G��(��
�����j� �,���/!6�

? �'V��@ d U�&´��^�A´ @

�2fodevnW3s�bkm4dnWAmrdA¸�dnv�b p ]gdn]_fkh!hUW�aª¸AbSa   b��Ebkhid�bo�iW��?`UWJhUfk`!m+s�fihUh!bo]cmemrfih!mLa_b�mnfka_`lde]gfih.W�tUbks�dnW p W�V
bkhU]gTAvnW�bkh!boa_q?dn]c�?`UWk¸
W�h(£¨bo]gd.a_b�jCW�vndn`Uve�!bEde]gfih�]_hU]gdn]cboa_W>W;mxd.`Uh jU`UacmnW>WAh(j!vnW;mnmn]gfih©jUacbks��&bk`(s�W�h?dnveW p `(V
bk]ga_a_bk�kW>W�d.a   �;s�fk`!agWAV>WAh?d�W;mxd
`UhU]g£¤fkveV&W0RUfivn] ��fih?deboa p W�V&bis�R �!¦ i ¦��zfk`!m&s�fiV&j!bovefkh!m�a_b(V&��deRUf p W§¹+º�b��iWAs0s�fkh p ]«de]gfih bo��mrfivn�!bkh?dnWk¸�¹�»�b��kW;s
s�fih p ]gdn]_fkh�bk�!mrfivn��boh?dnW.W�d�¹B».b��kW;s���fihUW�uJ}©° j!bkv�v�boj!j�fivrd���a_b0mrfiag`Udn]_fkh©W�tlbis¼deW��kvBAks�W���`!hUW>s�fk`UjCW�WAh©q����U¦
K�bkh!m,a_W�sAbkm.f�R h!fk`!m�]gV&jCfimnfkh!m.`!hUW�j!bkvnfi]Jbo�!mnfkve�!bkhideW&W�h mnfkvndn]_W p W p fiV&bk]gh!Wk¸Ga_W p fiV&bk]gh!W�WAmrd�`Uh sAbovevn� p W
s-�kdn�~�A�i�§W�d�a_W�V
bo]_a_a_bk�kW p W
dxq^jCW�hUfkh mrdnve`!s�dn`Uve�
WAmrdZs�fiV&j�f?mr� p W0� i �kX�I�dnve]_bkhU�ka_WAm��x� Jo�U�AX�h!f?WA` p m �¼¦�°Gfkv�m p W
a   `lde]ga_]_mebEde]gfih p W�acb�V>��dnRUf p W2u3}~°�¸Ea_W p fkV
bo]_hUWSWAmrdB`Uh&s�boveve� p W�s��odn���k�;�U¸�a_W�V
bk]ga_a_bk�kW p W�dxq^j�WShUfih>mrdnve`!s¼de`Uve�3W;mxd
s�fiV>jCfimn� p W,X?�U��X?�,devn]cboh!�ka_WAm �O�U�1Ti� i hUf^W�` p m ��W�d�a_b��AfkhUW,uJ}©° WAmrd p W.acbove�kW�`!v i W�h�debk]ga_agW �Os�W��?`U]+s�fkveveWAmnj�fih p
b>`UhUW.V&fEqkWAhUhUW p W,�E���A��dnve]_bkhU�ka_WAm p bkh!mSa   WAj!bo]cmnmnW�`!v p W�a_b&s�fi`!s�RUW.uJ}~° � p bkh!mSagW;m p W�`Ut p ]_vnW;s¼de]gfih!m�¦

°GWAm p ]�	L��veW�h?dnW;m��kv�boh p W�`Uv�m�mrfihid�a_WAm2mn`U]_�Eboh?dnW;m38
	



� 



�

� º - j d © ¤ � � ��� � � º -hFid �(2 º �  º -hF�h" º - j F�� � �
��h0]_V&j�f?mrWi¸����¢�&Fi� _ � a $¯-h�� �� F� _ � a $�-hF� �#"*�lF� _ � a $�- j F � ¡ ;�� 	�
���� � L � : N � $
 - $ F�F �¤�EbkagWA`Uv�fkjlde]gV
bkagW.fi�ldnWAh?`!W�bkjUveTAm p ]
	C�AvnWAhid�m�WAmemebo]cm��

�¨XkX �

°$b U��k`UveWJ��jUve�AmnW�h?deW��#"��Sdevnfi]_m$]gh�mxd�boh?dem p ]
	C�AvnWAhid�m�¦�u�fk`Uv+j�fi`U�kfi]gv+bojUjUve�As�]gWAvA¸;mrWAagfih.a_bzV&��dnR!f p Wk¸;a   boV&jUa_]«de` p W
p WAm�j�WAvrde`Uvn��bEdn]_fkh�mBs�ve��W�W;m�j!bovBacb�V&��deRUf p W�W�d�j!bkv�a_WAm�s�fkh p ]gdn]_fkh�mBbo`lt>ag]_V&]«deWAmA¸ohUfk`�mBh   b��kfkh�m+veW�j!vn�;mrWAhide���i`!W p WAm
]_mnfE�Eboa_W�`Uv�mGjCfimn]gdn]_�kWAm+W�d�acbzjUa_`!m�jCW�dn]gdnW p W;m�]_mnfE�Eboa_W�`Uv�m$s�fkvevnW;mrjCfkh p ��acbz�Eboa_W�`!v+jCfk`Uv�acbk�?`UWAaga_WJhUfi`!m�s�fiV>V&WAh���fih!m+�
�^]_mn`!boa_]cmrWAv4agW;m4j�WAvrde`Uve�!bEde]gfih!m���W�h,s�fiV&j!bov�boh?dGb��kW;s+acbS�Eboa_W�`Uv$V&botl]gV
boa_Wk¸As�W�acbShUfi`!mL£¤fk`!vnhU]gd$`Uh�fiv p veW�boj!jUvnf�tl]_V
bEdn]g£
p W�a   W�veveW�`Uv2s�fkV&V&]_mnW�j�fi`Uv2s�R!bk�?`UW�V&��deRUf p Wk¦�°GWAmSa_���iW�h p WAmSW�d�a_WAm�ve�Amn`Uagdebodem�mnfkh?d�vn�;mr`UV&�;m p boh!mSa_W,Q+bk�Ua_WAbo` �k¦

 IMAGE 1  IMAGE 2
IMAGE 3

IMAGE 4  IMAGE 5
 IMAGE 6

���Fo��
	



���������
	��	���������������������� �"!$#%	��'&�(���!)���"!)*+�,��*��-���-�)�.�/���10��2���3�2!4	��/&5�2!6	���&5��!7�����.�
��(���*�&/���38�*$� �k�

IMAGE 7  IMAGE 8
 IMAGE 9

!�"$#&%C�2'

����� %+� '
±��i´ A$² � � <�=$�A´�)=C´ <A� ,f�� <��A²�X�!· �l� �E� � � ���l� �

¹ º b��kW;s2¬�`lt
bo�!mnfkve�!bkhid

d ���U¦_�A��JEm |r}~{2� ¡ � �A�Z]_mnfE�Eboa_W�`Uv�m p W��#" p W.X!¦ i � Ti� i�� p4  W�vevnWA`Uv
d ���U¦ �k�km |r}~{2� ¡ X �A�Z]_mnfE�Eboa_W�`Uv�m p W��#" p W.X!¦ �&�+Jk� I � p4  W�vevnWA`Uv
d ���!¦ �im |r}~{2� ¡ J �A�Z]_mnfE�Eboa_W�`Uv�m p W��#" p W,�U¦ I&� Ii� I � p4  W�vevnWA`Uv

¹�»�b��kW;s2¬�`lt
bo�!mnfkve�!bkhid

d ���U¦_�A��JEm |r}~{2� ¡ � �;�>]_mnfE�Eboa_W�`Uv�m p W��#" p W,�U¦ X i � Ti� � p W,�!¦ i�� p4  W�vevnWA`Uv
d ���U¦ �k�km |r}~{2� ¡ i �;�>]_mnfE�Eboa_W�`Uv�m p W��#" p W
�k¦ X i �+Jk� � � p4  W�vevnWA`Uv
d ���!¦ �im |r}~{2� ¡ T �A�Z]_mnfE�Eboa_W�`Uv�m p W��#" p W
�k¦ �>� Ii� � � p4  W�vevnWA`Uv

¹ » b��kW;s �AfkhUW.uJ}©° d ���U¦_�A��JEm |r}~{2� ¡ � �;�>]_mnfE�Eboa_W�`Uv�m p W��#" p W,�U¦ X i � Ti� � p W,�!¦ i�� p4  W�vevnWA`Uv
d ���U¦ �k�km |r}~{2� ¡ I �;�>]_mnfE�Eboa_W�`Uv�m p W��#" p W,�U¦ Jo�Z�+Jk� � � p4  W�vevnWA`Uv
d ���!¦ �im |r}~{2� ¡ � �A�Z]_mnfE�Eboa_W�`Uv�m p W��#" p W,�U¦ I&� Ii� � � p4  W�vevnWA`Uv

y3WAm3ve�Amn`Ua«d�bEd�m�]_aga_`!mrdnveW�h?d�a_Wz�?bo]_h�W�h�jUvn�;s�]cmr]_fkh p Wzacb,V&��deRUf p W�¹ » j!bkv3v�boj!j�fivrd3��a_b�V&��dnR!f p W�¹ º ¦l�2fk`�mJjCfk`l�
�kfih!m+�k��ve]�U!W�v��i`!WJacb�mnfkvndn]_W p W�a   fkh p W3bis�fk`�mxde]_�?`UW�mr`Uv�a_WAm p ]�	L��veW�h?deWAm�j!bovefk]cm p ` p fiV&bk]gh!WJW�h!�kW�h p vnW p WAm�ve��¬!W�t^]_fkh�m
p bkh!mBdefk`!mBa_WAm3s�bim �¤]_aCbkjUj!bkveb��_d�V���V&Wz�?`UWzj�fi`Uv�acb.V&��dnR!f p Wz¹ » ¸ka   WAvnveW�`UvBh^`UV&�Avn]c�?`UW2WAmrd�defodebkagWAV&W�h?dJW�h!�kW�h p vn�AW
j!bkvJa_WAm�s�fkh p ]«de]gfih!mJbk`lt&ag]_V&]«deWAm �¼¦�K�bkh!m�a_W�sAbkm p Wza   `Udn]_ag]cmnbodn]_fkh pG  `Uh!W ��fihUWzuJ}©°�¸?hUfk`!m3jCfk`U�ifkh!mB]_h?dnWAvnjUve��deW�v�s�WAm
ve��¬!W�t^]_fkh�m�s�fkV&V&W p W;m�ve��¬�W�tl]gfih!m�j!bov�bkmn]«deWAm p `UWAm��0a_b��Ebove]_bodn]_fkh©�Uve`ld�boa_W p `�s�f^W ��s�]gWAhid p4  bo�!mnfkvejldn]_fkh�agfiveme�?`UW
hUfi`!m.j!bimnmnfkh!m p W�acb ��fihUW
]gh?deW�vehUW��§acb ��fihUW�uJ}~°J¦�°$WAm.ve��¬!W�tl]gfih!m.fk�UdnW�h^`UW;m p bkh!m,a_W�s�bim p W�a   `ldn]_ag]cmebEdn]_fkh p W
hUfkdnveW�¬!`Ut�bo�!mnfkve�!boh?d�mnfkh?d�jUa_`!m�� ��h�boh?dnW;m�sAbov�W�a_agW;m�V>W�drdeW�h?d.W�h��A�^] p WAh!s�W>a_WAm�ag]_V&]«deWAm p W>hUfkdnveW>s�fkh p ]gdn]_fkh$¸CWAh
W 	LW�dS�U]_W�h��?`   f�	Lv�boh?d p W;mJve�Amn`UagdebEd�mBdevnT;mJboj!jUvn�;s�]cbo�Ua_WAmJj�fi`UvJacb�mrdebk�U]_ag]gdn� p WzhUfkdnveWzmes�RU��V
b,s�W�drdeW�s�fkh p ]«de]gfih
h   W;mxd
�?`UW p4  fkv p veWZ`Uh WAh dnW�veV&W p W
jUve�As�]cmn]gfihG¦GuBa_`!m,jUve�As�]_mn��V&WAhid;¸4hUfk`�m.j�fi`U�kfih!m��?`!boh?dn]�U!WAv.agW;m p ]
	C�AvnWAhid�m�debk`lt p W
ve��¬!W�t^]_fkh§8 i	� p boh�m�a_W�s�bimB¹+ºzb��kWAs�¬�`lt&bk�!mnfkve�!boh?dA¸?� � p boh!mJagW�s�bimB¹�»Sb��iWAs�¬!`Ut&bk�!mrfivn��boh?d�W�d�� � p boh!mJagW�s�bkm
¹�»�b��iWAs �AfkhUWzu3}~°�¦?| a�bkjUj!bov�b��cd p fih!s2s�acbo]_veW�V&W�h?d��kvBAks�W2�.s�WzsAbkm�dnWAmrd3�?`UW�hUfodevnW2mes�RU��V
b�jCW�veV&W�d pG  fi�ldnWAhU]gv p WAm
ve�Amn`Ua«d�bEd�m�j!vn�;s�]cm�W�d.W�h!s�fk`Uv�bo�iWAboh?d�m�¸Ls�WAj�WAh p boh?d�a   boV&�Aag]_fkv�bEde]gfih p W>a_b�jUve�As�]_mn]_fkh p W>h!fodnveWZ¬!`lt(bk�!mrfivn��boh?d�mnW�v�b
`Uh§fk�UwxWAs¼de]«£Bs�ve`!s�]_bka p W.hUfim�£¤`lde`UveWAm�veWAs�RUWAves�R!WAmA¦
°GW��kv�boj!RU]_�?`UW�mr`!]g�Eboh?d�s�fivnveWAmnj�fih p �Za_bZs�fkV&j!bkvebk]_mnfkh p W�hUf?m�vn�;mr`Uagdebodem�b��kW;s2acbZmnfka_`ldn]_fkh�W�tUbks�dnW�mrWAagfih�a_b>s�fi`UjCW
q����>j�fi`UvSd ���!¦g�;�mJEmA¦?| a$s�fihl£¤fkvndnW�a_WAmSve�Amn`Ua«d�bEd�mSjUvn�;mrWAh?dn�Am p bkh!mSa_W�debo�!agW;bo`G¦

ogoqp2r�s�t/u/v



�EX � ���/!G��(��
�����j� �,���/!6�

-60

-40

-20

 0

 20

 40

 60

 80

 100

-60 -40 -20  0  20  40  60

d
e
lt
a
 p

abscisse

sol.
P0

P1 fl.abs.
P1 PML

-60

-40

-20

 0

 20

 40

 60

 80

 100

-28 -26 -24 -22 -20 -18 -16

d
e
lt
a
 p

abscisse

sol.
P0

P1 fl.abs.
P1 PML

-7

-6

-5

-4

-3

-2

-1

 0

 1

 2

 3

 30  35  40  45  50

d
e
lt
a
 p

abscisse

sol.
P0

P1 fl.abs.
P1 PML

!�"$# %CX�'

? �'V�"L d U�&´��^�A´ L

y3W�hUfk`U�iWAbk`>sAbkm�dnW;mxd�h!fk`!m�jCW�veV&W�d3s�W�drdeWS£¤fk]cm p WSdnW;mxdeW�v�h!fodnveWSV&��dnR!f p W2mr`UvJa_b�s�fiV��U]_h!bk]_mnfkh p4  `Uh>dnfk`!vn�U]_a_agfih
W�d pG  `Uh!W�fkh p WJbks�fk`!mrdn]c�?`UWk¦;y3fiV&V>WBjCfk`!v$a_W�s�bkmGdnW;mxd$j!vn�;s�� p W�h?dGhUfk`�mGs�fihUh!bo]cmemrfih!mLa_bzmrfiag`lde]gfih�W�tUbks�dnW p W�V
bkhU]gTAvnW
boh!bkagq?de]_�?`UWi¦^°$W p fkV
bo]_hUW�WAmrdS`!h�sAbovevn� p W.s-�ode���k�k��W�d�agW�V
bo]_a_a_bk�kWzW;mxd�`Uh�V
bo]_agacbo�iWzhUfih0mrdnve`!s¼de`Uve��s�fkV&j�f?mr� p W
� i X�J�XZdnve]cbohU�iagW;m �x� Jo�mJ2T�hUf^WA` p m ��agfivem p W�a   `ldn]_a_]_mebEde]gfih p W.hUfodevnW,s�fkh p ]gdn]_fkh~bk�!mrfivn��boh?dnW�debkh p ]cm2�?`UW p boh�m�agW,sAbkm
p W�a   `ldn]_ag]cmebEdn]_fkh pG  `Uh!W �AfkhUW�u3}~°�¸CagW p fkV
bk]ghUW�WAmrd�`Uh�sAbovevn� p WZs��odn�>�k�o�&W�d�a_W�V
bo]_a_a_bk�kW,W;mxd�`Uh©V
bo]_agacbo�iW,hUfih
mxdevn`�s¼dn`!vn�2s�fkV&j�f?mr� p W�Xi�k��J�Tzdnve]_bkhU�ka_WAm��O�l�
Tk�kX�hUf^WA` p m �¼¦ °$b�acbove�kW�`!v p W2acb ��fkh!W2uJ}~°~��deboh?d��A�iboa_W2�&�A��WAh>debo]_a_agW
�¨s�W��?`U]�s�fkvevnW;mrjCfkh p b�`UhUW,V&fEqkWAhUhUW p W��E���A�>devn]cbohU�iagW;m p bkh!m2a   WAj!bo]cmemrWA`Uv p WZa_b�s�fk`!s�R!W,uJ}~°���¦4°GWAm p ]
	C�AvnWAhideWAm
�kv�boh p W�`Uv�m3mnfkh?d�a_WAm2mn`U]_��bkh?dnWAm48

	








� 








�

� º - j d ¤ � � � � � � º -GFd ���< º -Fid ��" º - j ��� � ����Q��Fi� _ � a $�-GFd F $ � a ) © �r$�¡ ;�� 	�
 ���� � � L ; ® � � � : � N ; ® � � � $�� ���Fi� _ � a $¯- ) Fd F $ � _ ) © ��$�¡ ;�� 	 
 ���� � � L ; ® � � � : � N ; ® � � � $�#"���F� _ � a $�-h¡ ;�� 	�
 � �� � L � : N � $
 -hFd � �¤�EbkagWA`Uv�fkjlde]gV
bkagW.fi�ldnWAh?`!W�bkjUveTAm p ]
	C�AvnWAhid�m�WAmemebo]cm��

�¨X i �

°$b U!�i`UveW i jUve�AmnW�h?dnW�a_WJs�R!bkV&j p W��^]«deWAmemrW3�Sdnvefk]cm4]_h!mxd�boh?dem p ]
	C�AvnWAhid�m�¦;u�fk`Uv p ��deW�veV>]_hUWAv$a   fiv p veW�boj!jUvnf�tl]_V
bEdn]g£
p W�a   W�veveW�`Uv�jCfk`Uv2s�R�bk�?`UW�V&��dnR!f p Wk¸UhUfi`!mSjUvefls�� p fkh!mSs�fiV&V>W�jCfk`Uv�a_W,s�bim�dnW;mxd2jUve�As�� p WAh?dA¦

 IMAGE 1  IMAGE 2
IMAGE 3

���Fo��
	



���������
	��	���������������������� �"!$#%	��'&�(���!)���"!)*+�,��*��-���-�)�.�/���10��2���3�2!4	��/&5�2!6	���&5��!7�����.�
��(���*�&/���38�*$� � i

 IMAGE 4  IMAGE 5
IMAGE 6

 IMAGE 7  IMAGE 8
IMAGE 9

!�"$#&% i '

����� %L� '
±³�?´
A+² � � <�=$�A´�)=C´ <A� ,f�� <��A²�X�U· �^� �E� � � ���l� �

¹ º b��kW;s2¬�`lt
bo�!mnfkve�!bkhid

d ���i�km |r}~{2� ¡ � �A�Z]_mnf p W���� p W 	� $ ��d j F�; � �&�U¦_�A� i J �
d ���i�km |r}~{2� ¡ X �;�>]_mnf p W���� p W ��d ��d j F ; � � � � 	id j F ; ® T �
d �Z� i �im |r}~{2� ¡ J �;��]cmnf p W���� p W $ � © $ d j F�; � � �� �id j F ; ® T �

¹�»�b��kW;s2¬�`lt
bo�!mnfkve�!bkhid

d ���i�km |r}~{2� ¡ � �A�Z]_mnf p W���� p W © ���rd j F ; � �>�!¦g�;� i � �
d ���i�km |r}~{2� ¡ i �;��]cmnf p W���� p W j d ���d j F�; � � � � 	id j F ; ® � �
d �Z� i �im |r}~{2� ¡ T �;��]cmnf p W���� p W © � j © d j F�; � � �� �id j F ; ® X �

¹�»�b��kW;s �AfkhUW.uJ}©° d ���i�km |r}~{2� ¡ � �A�Z]_mnf p W���� p W © ���rd j F�; � �>�!¦g�;� i � �
d ���i�km |r}~{2� ¡ I �;��]cmnf p W���� p W j d ���d j F�; � � � � 	id j F ; ® � �
d �Z� i �im |r}~{2� ¡ � �;��]cmnf p W���� p W �i� j �d j F�; � � �� �id j F ; ® � �

y3WAmZve�Amn`Ua«d�bEd�m�s�fivnvefk�CfkveW�h?d�s�W0�?`UW�h!fk`!m>b��^]gfih!m p � p `U]gd p ` jUveW�V&]_W�vZsAbkm�dnW;mxd;¦�°$W�devebk]«deW�V&W�h?dZ�iagfi�!boa p WAm
jCW�vndn`Uve�!bEde]gfih!m�bks�fi`!mrdn]c�i`!WAm�W�d�dnfk`!vn�U]_a_agfihUh!bo]_veWAm2W;mxd.mebEdn]cmr£¨bo]cmnbkhid;¦Ly3WAj�WAh p boh?d�hUfk`�m�veW�V
bkve�?`Ufih!m�¸�j!bov�v�bojUjCfkvnd
bo` sAbkm�deWAmrd�jUve�As�� p WAhid;¸+�?`UW�a_WAm�j�WAvrde`Uve�!bEde]gfih!m.h^`UV&��ve]_�?`UW;m,boj!j!bov�bo]cmnmeboh?d,b��Eboh?d p4  bEdndnW�]_h p veW�a_WAm�j!bovefk]cm.mrfih?d
jUa_`!m�]_V&j�fivrd�boh?dnW;m�¦U°$WAmSW�veveW�`Uv�m��ka_fk�!bkagW;m3jCfk`!v : - j �(F���mnfkh?d2bo]_h!mr] p W.a   fkv p veW p W�T � p bkh!mSagW,sAbkmS¹ º b��iWAsz¬!`lt
bo��mrfivn�!bkh?dA¸^X � p boh!mSa_W,s�bimS¹ » b��kWAsz¬!`lt§bo�!mnfkve�!bkhidSW�dz� � p bkh!mSagW,sAbkmS¹ » b��iWAs���fkh!W�u3}~°�¦

ogoqp2r�s�t/u/v



�2I � ���/!G��(��
�����j� �,���/!6�

? �'V�'V d U�&´��^�A´ V

y3W�hUfk`!�kWAbk` s�bkm,dnW;mxdZb©j�fi`Uv��U`Ud p W
deWAmrdnWAv�hUfkdnveW�s�fkh p ]«de]gfih p W�dxq^jCW�ve��¬!�;s�RU]_memeboh?dnWi¦G°GWAm p fkh!hU��W;m,jCfk`Uv
a   �As�fk`Ua_W�V&WAhid,W�d�acb~j�WAvrde`Uve�!bEde]gfih ]_hU]gdn]cboa_W�mrfih?d�agW;m.V���V&WAmZ�?`UW
j�fi`Uv�a_W�jUveW�V&]_W�v�sAbkm�deWAmrdA¸�V&bk]_m�s�W�dndnW
£¤fi]_m,agW
p fkV
bk]ghUW>WAmrd.vnW;s¼d�bohU�i`Ua_bk]gveWk¸�agW&V
bo]_a_a_bk�kW�W;mxd.`Uh V
bo]_agacbo�iWZh!fkh�ve���i`Ua_]gWAv�s�fkV&jCfimn� p W§�;�k�k�i�&dnve]_bkhU�ka_WAm�W�d�h!fk`!m
]gV&jCfimnfkh!m3s�fihl£¤fkveV&��V&W�h?dJbo`
ve�Amn`Uagdebod p Wzacb.j!bkvrde]gWz�.`UhUW�s�fkh p ]«de]gfih
vn��¬!�As�RU]cmemnbkhideW2mr`!vJa_WAm�j�bovndn]_WAmBRUfivn] ��fih?deboa_WAm
p ` p fiV
bo]_hUW2d�boh p ]cm��i`!WzhUfi`!mJ]_V&j�f?mrfih!m3`UhUW�s�fkh p ]«de]gfih�bo�!mnfkve�!bkhideW2mr`!v3a_WAm3j!bovefk]cm��iW�vndn]cs�bkagW;m�¦?�2fk`�mJhUW p fkh!hUW��
vnfih!m�j!bim p W p ��d�bo]_a_m�mr`!vza_WAm2]cmnfE��bkagWA`Uv�mSW�d�a_WAmzW�vevnWA`Uv�m2s�fiV>V&]cmrW;m�¸�]ga�m   bo�i]«dJwx`!mxdeW p WZ�^]_mn`!boa_]cmrWAv��x�ivnf?mnmn]_T�veW�V&W�h?d��
agW.s�fkV&j�fivrdeW�V&W�h?d2bo`§hU]_�kW;bo` p WAm�j�bovefk]cm�¦

!�"$#&%GI2' . ����� *����3��!7	��e��� ��*�(���*���&�	�* � ��� �)&�	���!$& � � (�� &�¹B» 0 �.� �6�.��&���!$� �����3��!7	�� 1�� �'&��4� �2����*���& 6�:
°GWAm�ve�Amn`Ua«d�bEd�m p WZa_b U!�k`UveW5I�V>fih?dnveW�h?dza_W��Cfkh�s�fkV&j�fivrdeW�V&W�h?d p WZhUfkdnveW�s�fih p ]gdn]_fkh©ve��¬��As�RU]cmnmeboh?deWk¦!¯�]_h!boa_W��

V&W�h?dA¸�hUfk`!mzs�fkh�mxd�bEdnfih!m2�?`UW p bkh!m2a_W�sAbkm p W�j�W�dn]gdnWAmzj�WAvrde`Uve�!bEde]gfih!m2bo`Udnfk`!v p4  `Uh~�As�fk`Ua_W�V&W�h?d2`Uh!]«£¤fivnV&Wk¸�hUfodevnW
V&��dnR!f p W�WAmrd��?v�bo]_V&W�h?dzW �
sAbks�Wk¦GKzW>jUa_`!mza_WAm�ve�Amn`Ua«d�bEd�m2deRU��fivn]c�?`UWAmzhUfk`!mz£¤fk`!vnhU]cmemrWAhid p WAm�s�ve]gdnT�veWAm p WZmrdebk�U]_ag]gdn�
jUve�As�]cmA¦![^W�`Ua_WAm2agW;m2s�fih p ]gdn]_fkh!m2bk`lt�a_]gV&]gdnW;mzbo��mrfivn�!bkh?dnWAm p fi]g�iW�h?d ��devnW,bkV>�Aag]_fkve��W;m�¦^| a$bkjUj!bkveb��_d p fih!s�h!bEde`UveW�a p W
�kfi`Uagfi]gvS��dnW�h p vnW�hUfkdnveW�V>��dnRUf p W,bk`�sAbkm p W.jCW�de]«deWAm�jCW�vndn`!vn�!bodn]_fkh!m�bk`ldnfi`Uv p4  `Uh§�As�fi`Ua_W�V&W�h?d�hUfkh§`Uh!]«£¤fivnV&Wk¦

� �4���+�+�
	§%0#��������/�Z%/#��,	0��� ���Z� %��0� �E�,� � �

°GW,�U`Ud�jUve]gh�s�]_j!boa p W,hUf?m2veWAs�RUWAves�RUW;mSWAmrd p W,jCfk`!�kfk]_v2��dnW�h p vnW�hUfodevnW,V&��dnRUf p W�bk` p fkV
bk]ghUW.�CWAbk`!s�fi`Uj~jUa_`!m
s�fiV>j!agW�t^W p W&j�W�dn]gdnW;m�jCW�vndn`!vn�!bodn]_fkh!m�bk`ldnfi`Uv pG  `Uh �As�fk`Ua_W�V&WAhid�hUfih�`UhU]g£¤fkveV&Wk¦ K�boh!m�a_WZv�bojUjCfkvnd p WZveWAs�RUWAves�R!W
� J��ª¸ihUfk`!mJb��?]_fkh�m$deWAmrdn�2`!hUW�V&��dnR!f p W2¹+º�jCfk`Uv�acb�jUvefkj!bk�ibodn]_fkh pG  `Uh
j!`Ua_mnW�W�h
j!vnW;mnmn]gfih>bk`
mrWA]gh p4  `Uh
�As�fk`Ua_W�V&WAhid
s�]cmnbk]ga_a_�k¦^°   bo�!mnW�h!s�W p W�mnfka_`ldn]_fkh!m p W�ve��£¤��veW�h�s�W2jCfk`Uv�s�Wzdxq^jCW p W�jUvefk�Ua_T�V&W;mJhUfi`!mSb,WAV>j �As�R!�Am p W���bkag] p WAv�bk`ldnveW��
V&W�h?d��i`!W�j!R?qlmn]_�?`UWAV&W�h?dBagW;m�vn�;mr`Uagdebodem�fi�ldnWAh?`�m�¦o°$W��!`ld p W�s�W�drdnW�j�bovndn]_W3W;mxd p WSjUvefkjCfimnW�v�`Uh&mes�RU��V
b p W�dxq^j�WS¹ »
bo]_h!mn]G�i`!W p WAm�s�fih p ]gdn]_fkh!m�bk`lt�a_]gV&]gdnW;m�vn��¬!�As�R!]_memnbkh?dnWAm�W�d�bk�!mnfkve�!boh?dnW;m p boh!mSa_W.s�b p vnW p W�jCW�de]«deWAm�jCW�vndn`Uve�!bodn]_fkh!m
bo`ldefk`Uv p4  `Uh~�;s�fk`!agWAV>WAh?d��?`UWAa_s�fkh!�?`UWi¦

����� o�y§q>s ����p���w����q v -	��qr������y§q
°GWAm��A�?`!bodn]_fkh!m p4  ¡ `Ua_W�v>a_]ghU�;bove]_mn��W;m.bo`ldefk`Uv p4  `!h �As�fi`Ua_W�V&W�h?d,hUfih `UhU]g£¤fkveV>W�mnfkh?d,V
boa_RUWA`UvnWA`!mnW�V&W�h?d,jUa_`!m

s�fiV>j!agW�t^W;mz�?`UW>s�W�a_a_WAm p fkhUh!��WAm�j!bkv �O� �¼¦4u�bov�mrfi`!s�] p W�j!vn�;mrWAhid�bEde]gfihG¸!hUfi`!m�s�fkh�mr] p ��vefkh�m�agW;mz�;�?`!bEde]gfih!m p boh!mzagW

���Fo��
	



���������
	��	���������������������� �"!$#%	��'&�(���!)���"!)*+�,��*��-���-�)�.�/���10��2���3�2!4	��/&5�2!6	���&5��!7�����.�
��(���*�&/���38�*$� �mJ

s�bim p W p W�`Ut p ]_V&W�h!mn]gfih!m p4  WAmnj!bks�Wk¦

9 ) +,91: ; 991: @4K�L ) +,�C ; 996a @3K¯N ) +,<C -GF��b��kW;s ) +, - STTU ����^º3��� ; �Lº3����^º3�� ;  oº7���»
� ; » �#" ; »

® ��� & � ®º ;  ®º ( ; �^º��l�Cº ��� ;  oº7�� i$
V3WWX ���¨X�I �

K¯LE- STTTU
F j F F»

®�& � � ) j $� ®º ; � � ) �$(� ®º ( �Cº¯� � ) � $  oºP� j ) � $ � ) j) �Lº# oº  oº �Lº F�Lº @ & � ® ) j ( & � ®º ;  ®º ( ) L ��
� ; » C � ��® ; L ��

� ; » ; & �® ) � ( � ®º � j ) � $(�Lº  oº � �Cº
V3WWWX � �¨X�J �

K N - STTTU
F F j F) �Cº  oº  oº �Lº F»

®�& � � ) j $'� ®º ; � � ) ��$' ®º ( �Cº¯� j ) � $  oº�� � ) � $ � ) j oº @ & � ® ) j ( & � ®º ;  ®º ( ) L ��
� ; » C � j ) � $(�Cº3 oº � ��® ; L ��

� ; » ; & �® ) � (  ®º �  oº
V3WWWX d �¨X�T �

�
�l�  ���G� ��H �3@
� ; �2!$���.���"� �-�+��!)� > ( � 8�*$�j!6�2*�&j���
�3��!$& ��2�"�����2*��_� �_&�� &/� 8-�+� 0 �-67�G!6��*�&_!6� �,��*�����!,&g�)� *�&j!6� 02� � 0����_��� � 8�*$�����3��!

���2�/� �2!$� &/*������@:
� � ��*�& ���2*�� �2!,&���0m��� �-�+��!)� �.����2�.8�*$���B� 8�*$��	��2!,& (���!6��*�������*a( ��	��.�-� ����& �+�����/�3(��/&�K L ���§K N !G�Z&���!$�G�6� *�&

&����+�����/�38�*$�/&�: 	 � �6� *�&�&/�j	���!,& ����&����2�/���3��& �6�.��(�� 	���!)� ��&B�_!G��*�& �4�1�3�2!,&��� ���"� ��> *�!�&/� &/� 8��+� &����/�3(�� �����!$�
�����,���H� ��� �38�*$�-�_���5!6�2*�� ���2* &/� &/� 8-�+� ��&/�j8�*$��!)�<>�� *�� *�!$�38�*$�-�+��!)� ��2�/� �����!$�_�����,���H�.�2� �38�*$�H:

����n 6h�mqt�1
isD���qtp���������q qtv�p���wp�x�y yD�>�ry ) v*��
y§x�x�y
R2h!W,jUveW�V&]gTAvnW.bkjUjUvef^s�R!W,�i`!W.hUfk`!m2j�fi`U�kfih!m2b p fkjldeW�v2W;mxdzs�W�a_agW pG  `Uh!W�bojUj!vnf�tl]_V&bodn]_fkh0¹+º p W,a   �As�fi`Ua_W�V&W�h?dA¦

y3W�dndnW p ��V
bkves�RUWi¸+s�fkh!mn]_mrdebkh?dZ��mn`UjUjCfimnW�v>agW;m��ivebkh p WA`Uvem,jUR^q^mn]c�i`!WAm p W�a   �;s�fi`UagWAV&W�h?d&s�fkh!mrdebkh?dnWAmZmr`!v>s�R!bi�?`UW
s�WAaga_`Ua_Wk¸�jCW�veV&W�d p W�j�WA`,s�fiV>j!ag]c�?`UW�v4a_WJmes�RU��V
b p fkh!hU�Bj!bov�x�A� �¼¦ ¡ h.W 	LW�dA¸AW�h,s�fkh!mn] p ��v�boh?dCa_WAm$hUfk`!�kW�a_a_WAmL�Ebove]_bk�Ua_WAmA¸
a_WAm�hUfk`!�kW�a_a_WAm2V
bodnve]_s�WAm p W�¬�`lt©W�d�agW;mzV��AV>W;m�hUfod�bEdn]_fkh�m�s�fkh!s�W�veh!boh?dza_WAm�£¤fkh�s¼dn]_fkh�m p W>�!bimrWi¸�a_W>mes�RU�AV&b�s�RUfk]cmr]
m   �;s�ve]«d

� { � [�: »{ ) � [<; »{© 8 : - � �� � � � � / 9 L�� )+ z|{~} K { � � ) +� [{ ) �¨���� � �r� � � / )+ z|{�} j© @�¹ {{¬¨ ) +� [{ ; ¹ ¨{�¨ ) +� [ ¨ C �
»#� } �D± � �

�¨Xi� �
b��kW;s*K {� a   W�tljUvnW;mnmn]_fkh p W>a_b�V
bEdnve]cs�W¢K � p boh!m�acb�s�WAaga_`Ua_W¢� { W�d�¹ �{�¨ - � � ��%{�¨ � K � � ¦ ¡ h�veW�jUveW�h!bkh?dzagW;mzh!fodebodn]_fkh!mp W.acb>j!bovndn]_W,�l¦ �l¸lhUfi`!mSj�fi`U�kfih!m�vn�;s�ve]gveW�hUfodevnW.mes�RU��V
b&mrfi`!mSacb�£¤fivnV&W

� { � [ : »{ ) � [ ; »{© 8 : -/C { � [{ ) j© �¨���� � & D {¬{¨ � [{ ; D {¬¨¨ � [¨ ( � � i � �

b��kW;s C { - E � � � � � / � 9 L7� )+ z|{ � $�K { � )+ zQ{ �HG ������� � �������� � � � D I-KL - � � � M�N / )+ z I � ¹ KI L )+ z K � ! ������� � ������"� � � d � i ���

°   ]_hide��v���d��A�^] p WAh?d p4  b��kfi]gv,s�RUfi]_mn]J`!h V&f p T�a_W�¹ º jCfk`!v�a   �;s�fk`!agWAV>WAh?d�vn�;mr] p W p boh!m�agW�£¨bo]gdZ�?`UWgK {� W�dZ¹ �{¬¨ mrfih?ds�fih!mrdeboh?d�m�¦U°$WAm�s�bka_s�`Uacm p WAmSV
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� �zfk`!m�jCfk`U�ifkh!m p �xwr��vnWAV
bov��i`!W�v+�?`UW�mr]^a   �;s�fi`UagWAV&W�h?d�s�RUfi]_mn]?WAmrd�`Uh!]«£¤fivnV&Wk¸;hUfi`!m�vnW�dnvefk`U�ifkh!m4W�tUbks¼deW�V&W�h?d�agW
mes�RU��V
b p �A�kW�a_fkj!j�� p bkh!m�a_WAmBj!bkvrde]gW;m�jUve�As�� p W�h?deWAm�W�dJV��AV>W�j!ag`!m�jUvn�;s�]cmr�AV&W�h?d��i`!W�h!fodnveW�hUfi`U�kW;bo`Zmes�RU�AV&b
W;mxdzs�fkh!mrdnve`U]gd p W�dnW�a_a_W.V&bkhU]_T�veW��?`UW.a_fls�boa_W�V&WAhid�]_a$m   ] p W�h?de] U!W.�>hUfkdnveW�bkh!s�]_W�h~mes�RU��V
b!¦

� °+b2s�fiV>j!agW�t^]gdn� p WAm+hUfk`!�kW�a_a_WAm4�;�i`�bEdn]_fkh�m4hUWJh!fk`!m$j�WAvnV&W�d+jUag`�m p4  `lde]ga_]_mnW�v+agW;mGve�Amn`UagdebEd�m p W3mxd�bo�U]_ag]gdn�3fk�ldeW�h^`!m
p bkh!m.a_WAm.j�bovndn]_WAm�jUve�As�� p WAhideWAmA¦G{2vevn]_�kWAv p boh!m�s�W
hUfi`U�kW;bo`(sAb p veW
� p ��deW�veV&]ghUWAv.`UhUW�s�fkh p ]«de]gfih(W�t^j!ag]cs�]gdnW
p W0mxd�bo�U]_ag]gdn�
veWAmrdnW
jCfk`!v,hUfk`�m�`Uh jUvefk�Ua_T�V&W&fk`U�iW�vndA¦${z]gh�mr] p W�V
bohU]_T�veW&jU`UveW�V&W�h?d,a_fk�k]c�?`UWk¸4h!fk`!m,b��ifkh!m
`lde]ga_]cmr�i¸�jCfk`Uv�agW;mzsAbkm�deWAmrdem p W�acb
j!bkvrde]gW�mn`U]_�Eboh?dnWi¸!acb�s�fih p ]gdn]_fkh p W>mxd�bo�U]_ag]gdn� p fkhUh!��W,j!bkv �ª�2I ��W�h§dnWAh!boh?d
s�fkV&jldnW p `§sAbov�bks�dnT�veWzh!fkh~s�fih!mxd�boh?d p WAm��Ebkvn]cbo�Ua_WAm�jUR^qlmn]_�?`UW;m p W�a   �As�fk`Ua_W�V&W�h?d;¦

� °+b�s�fkh p ]«de]gfih p W�s�fih!mnW�ve��bodn]_fkh p W�a   �AhUW�ve�k]_WS¸ H� � H� -hF!¸��?`UW�hUfi`!mGb��kfih!mC�^`UW�jCfk`UvGa_WAmGj!bovefk]cmLvn��¬!�As�R!]_memnbkh?dnWAm
p bkh!m�a_WSsAbkm p4  `Uh&�As�fk`Ua_W�V&WAhidB`Uh!]«£¤fivnV&W�mrWAveb�`UhUW�s�fkh p ]gdn]_fkh>]_V>jCfimn��W p W�V
bkhU]gTAvnW p ]cmns�vnT�dnW���a   �As�fk`Ua_W�V&WAhid
hUfih§`UhU]g£¤fkveV>Wi¦
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bo]_hUW�WAmrd2`Uh~s�bkvnve��f(R§hUfk`�mS]gV&jCfimnfkh!m
p WAm.s�fkh p ]«de]gfih!m�bo`lt©a_]gV&]gdnW;m,bo�!mnfkve�!bkhideWAm�mr`Uv�defk`ldeWAm�a_WAm�j!bkvnfi]_mA¦4u+fi`Uv����Eboa_`UWAv�a_W&�ibk]gh(W�h jUvn�;s�]cmr]_fkh p W&hUfodevnW
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V
bo]_agacbo�iW�hUfkh&`Uh!]«£¤fivnV&Wzs�fkV&j�f?mr�
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-0.05 < deltap(20,x,y) < 0.106 -0.05 < deltap(20,x,y) < 0.106

-0.042 < deltap(30,x,y) < 0.092 -0.042 < deltap(30,x,y) < 0.092

-0.03 < deltap(50,x,y) < 0.07 -0.03 < deltap(50,x,y) < 0.07
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-0.03 < deltap(70,x,y) < 0.065 -0.03 < deltap(70,x,y) < 0.065
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a   �As�fk`Ua_W�V&WAhid;¦+}~bkagRUWA`UveW�`!mnW�V&W�h?d��~s�W.wxfk`Uv�hUfk`!m p ]_mnjCfimnfkh!m p W�j�WA` p W�ve�Amn`Ua«d�bEd�m�dnRU�Afkve]_�?`UW;m�W�d�h^`UV&�Avn]c�?`UWAm
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ag]_hU�;bove]_mn��W;m�bk`ldnfi`Uv p4  `!h(�;s�fk`!agWAV>WAh?d�`!hU]«£¤fivnV&W&W�h p WA`lt©W�d.devnfi]_m p ]_V&W�h!mn]gfih!m p4  WAmnj!bks�Wk¦4�2fi`!m.b��^]gfih!mzV&fihidevn�
a   W�tl]cmxdeW�h!s�W p4  `!hUW,��h!W�ve�k]_W�b�q?boh?d�a_b>jUvefkjUve]_��dn�.mn`Uv�V
bo]_agacbo�iW�hUfkh§mxdevn`�s¼dn`!vn�i¸!mrfi`!mS`UhUW,s�fkh p ]«de]gfih p W�dxq^jCWZy�¯�°�¸
mrfi]«d p W�mrW�s�fkh!mnW�ve�kWAv�mn]�a_W p fkV
bo]_hUW
hUW�s�fkV&jCfkvndnW
j!bim p W
j!bovefk]cm.bo��mrfivn�!bkh?dnWAmA¸4mr]_hUfih p W p �As�vnf��_devnW
�§s�R!bk�?`UW
]«de��v�bEde]gfih�dnW�V&jCfkveW�a_agW �¤�iv�Ais�W��©a   ��acbo�Cfkv�bEdn]_fkh p W�¬!`lt bo��mrfivn�!bkh?dem �¼¦${ jUvn�;mrWAh?dA¸$h!fk`!m>b��kfih!m.��deW�h p ` dnfi`!mZs�WAm
vn�;mr`!a«d�bEdem�bk`~s�b p vnW.�CWAbk`!s�fi`Uj§jUag`�m�jUve�As�]cm p4  `UhUW,£¤fkveV�`UacbEde]gfih p W,dxq?jCW���boa_W�ve�^]gh p ]cmes�fkh?de]gh^`§¹ »�p W;m��A�?`!bodn]_fkh!m
p4  ¡ `Ua_W�v�ag]_hU�;bove]_mn��W;m�¦C°GWAm�s�bim2deWAmrdem�jUve�AmnW�h?dn�;mzfih?d�V&]_m�WAh©���^] p W�h!s�WZa_W>�ibo]_h©WAh©jUve�As�]cmn]gfih©]gV&jCfkvndebkhid��?`UWZh!fk`!m
b��kfih!m�fk�ldeW�h^`ZW�dJmrfih?d�devnT;m�W�h!s�fk`Uv�bo�iWAbkhid�m�¦;| acm�fkh?dJbo`!memn]?V&]cmBW�h&�A�?] p WAh!s�WSa_W�j�fi]gh?dBjUve]gh!s�]gj�boa p W�hUfkdnveW�mns�RU�AV
b��
boV&��a_]_fkveW�v78;acb.jUve�As�]_mn]_fkh p W�hUfodevnW2s�fkh p ]«de]gfih&bk�!mnfkve�!boh?dnWi¦ou�fk`UvJs�W�acbU¸ p W�hUfkVZ�UvnWA`lt>s�R!fk]gtZm   f�	LveW�h?dJ��hUfk`�m�¸oh!fk`!m
j�fi`Uvevn]_fkh!m2j!bov2W�tlW�V&jUa_W�]_V&bk�k]_hUW�v p W.dnv�b��Ebo]_aga_W�vzW�h©¹ ® fk` p4  bo`U�iV&W�h?dnWAv2agWZhUfkVZ�UveW p W p WA�kve�Am p W,ag]_�CW�vndn� p boh!mp WAm ��fihUWAmBj!vnfls�RUW;m p `
�Cfkv p
p Wzh!fodnveW p fiV&bk]gh!Wk¦i�zfk`!mJj�fi`Uvevn]_fkh!m����ibkagWAV&W�h?d3s�RUWAves�RUWAv��,boV&�Aag]_fkveW�v p ]gveWAs�dnW�V&WAhid
a   W�tljUveWAmemn]gfih p W0h!fodnveW�¬�`lt bo�!mnfkve�!bkhid�dnfk`Ud>WAh s�RUWAves�R!bkh?d>��s�fkh!mnW�ve�kWAv�a_WAmZjUvefkjUve]g��dn�;m,devnT;m�]_h?dn��veWAmemeboh?dnW;m p W
mxd�bo�U]_a_]«de���?`UW.h!fk`!m�b��ifkh!m�fk�UdnW�h^`UW;m�¦�y3W;m p ]
	C�AvnWAhid�mSj�fi]gh?d�m2mrfih?d�bk`Ewxfk`!v p4  R^`U]G�>a   ��de` p Wi¦
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�_� �,QSRU]_v p s�fiV&jU`ldebodn]_fkh!bkaUboWAvnf?bks�fi`!mrdn]cs�m �3fivn�lmnRUfkjZfkh>��WAh!s�RUV
bove�,jUvefk�!agWAV&mA¦���bkmeb�s�jl�x�o�i�k�E�x�o�i�mJo�k�U¸���{�[l{�¸
�A�i�k�U¦

� ���,{�s�fi`!mxde]_�?`UW p bkh!m�a_WAmS�;s�fk`!agWAV>WAh?demA¦ ¡ s�fka_WAm�s�WAbo�ªW p £ �ª]_hUve]_b!¸^|x�z��|x{�¸!mrWAjldnWAV��UveW,�o�i�k�U¦�mn`UjUjCfkvnd p W.s�fk`!vemA¦
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s�fi`!mxde]_s.bkjUjUa_]_sAbEde]gfih!m�¦���b��o��I�T!��� �k�k�!�k¸k��{�[l{�¸!°$bkhU�ka_W�q0��WAmnWAbkves�R~y3W�h?dnWAv �zboV&jldefkhG¸4�;�k��J^¦
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� X��Zy�¦�� � "������ boh p KZ¦���	�
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fk£4bis�fi`!mxde]_s2jUvnfij!bo�?bEde]gfihZjUvefk�!agWAV&mJ`!mn]ghU��ag]_hUWAbkvn] ��W p W�`Ua_W�v
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bkmSWAh��ifka_`UV&WAmjU!h!]_m2b��iWAs�¬!`lt§s�WAhidevn�;m38UbkjUjUa_]_sAbEde]gfih��&a   bk��vefibis�fk`�mxde]_�?`UWi¦��2bkjUjCfkvnd
p W�veWAs�RUWAves�R!W�h^`UV&��vef&X i ��IU¸?|x�z�2|x{,¸owx`!]ga_agW�d��o�i�i�l¦

� J���}�¦#������ ��! � "4boh p [L¦�$ "�%������&�¦�[ls�RU��V
bim3WAh��ifka_`UV&WAm_U!hU]cm�b��kW;s�¬!`lt�s�W�h?devn�;m3jCfk`!v�acbZjUvnfij!bo�?bEde]gfih p WAm
fih p WAmSWAh�bk��vefibis�fk`�mxde]_�?`UWi¦+�2bkjUj�fivrd p W�veWAs�R!W�v�s�RUW�h^`UV&�Avnf&X�Ii�k�!¸i|x����|x{,¸kwrboh^�^]gWAv��k�k�i�U¦
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