
HAL Id: inria-00074788
https://inria.hal.science/inria-00074788

Submitted on 24 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.

Convergence analysis of a multi-level relaxation method
Hervé Guillard

To cite this version:
Hervé Guillard. Convergence analysis of a multi-level relaxation method. [Research Report] RR-1884,
INRIA. 1993. �inria-00074788�

https://inria.hal.science/inria-00074788
https://hal.archives-ouvertes.fr


������� �� 	
� ���������������
�������������������
��������� �!� ��"#�$�

�!%'&�(*)+(-,.(��
/0(-)213%'/54
6�7 � 708:9'70;$8<9'7
7 %=��%'>?1 ;-@ /0(-)2AB, 7
7 ( 7 %C��,.($1 @ /0(-)2AB, 7

DFEFEHG ; 1I,.( 7J6�7 &K"L, 8 )21I4 7 &
M�NO�PNRQTS

EFU Q EFD �V1TW 9 )2/0�X��%T(-)2W#1I4Y)2&
Z ; /F% 8[7

\ ]�^_^=`badcLe f_g \ gihkjlg�a#hkjlg

��monHpTp G

q�r:s[t3r-uwvxvzy_{
|#}$~Y�$�-~B�����Y���5���O�.�w�0���w�_�0�����~O����}����Y���

�$�#�����:�Y���Y�X~3�3�-� ������Y�w�0�

�=�z� ����� ����� �_� � � � ¡P¢ £P¤F£ �¦¥
� § ¨ ¡ª©«¤<¬!¡K������¡ ����¡�����J©«¤T�¦�

§ �®©®¯ �¦°

� 70;�± �7«² �b��"L"³����	

´ / ; &�n0QFQFS



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

021�35476198;:�<�=>=�? 3A@

BC��D	����E��

F;G ? G ? =>H.IJ19: G 19KL61NM5O�PD@!1QKR:�=>MS<>T G <>4U1�?V:�WXP-Y:Z=>1 I[@!<�351 \]M5<>P G I;@!1X@!1�I5\^1 G M51_IJP G M
` 35Pbac1�M.61�1 IRIJ:�3d@!1 Ie1 I ` ?b\]1 If4U1�\^M5Pg35<>1N=�IX@!1Z@!<�K�1 G Ic<>P G I9< G!h 61N35<>1N:�351 IiY?j\^1�=>=�1�@!1
=lkm1 I ` ?b\^1RPb3S<>ng< G ? =po�qrks? G ? =>H.IJ1R1 IJMQt&?gID61�1�IJ:.39: G 1�@761 \]PbK ` PUIc<>MS<>P G @D1e=lku1 I ` ?b\^1
Pg35<�nb< G ?V=v1 G : G 1iIcPbK�K�1R@!<>3S1 \^M51�wp? :xIJ1 G IX@D1�=�? G Pb3SK�1e1 G 61 G 1�3Snb<�1byz@!1 Gm{}|
1�I ` ?g\^1 I~Pb3SM5O�PgnbP G ?V:�W'P-Y: G 1 IcM9=�1 G PbKRt�351R@D1 G <�4U1 ?V:.Wmo F2G K�P G M53S1X1 G IJ:.<>M51
� :�1;=>1 I ` 35P ` 35<�1�M.61 I�@!1z\^P G 4U1�3Snb1 G \^1[@!1z\^1�MSM51[KL61NM5O�PD@!1;IcP G Mv<�@!1 G M5< � :�1 I7Y?Q\^1�=�=>1 I
@D1�KL61�M5O�PD@D1 I�KR:�=>MS<>ng35<>=�=>1 I ` =>:&I[\]=�?bISIJ< � :�1�I^o

�}�&��,-�!� �&�D���U�����
�����
	�$"	X���z�Z���
��� $*)+�%�U,-�!��B��!�"�!#
�!��$%�&�'����� �
��

021�35476198;:�<�=>=�? 3A@

���
	^� � ���b�

�Z1[? G ?V=�H�Ic1;?2KR:�=>MS<>T"=>1�4U1]=bK�1NM5O�PD@Qt&?bIc1 @9P G Ic:&\�\^1 ISIJ<�4U1 ` 35Pbac1 \]M5<>P G I�P h @D1 I5\^1 G M
@D<>351�\^M5<�P G I�< G MSPQ4U1 \^M5Pg3�I ` ?b\^1 I�P h IJKi? =>=>1N3r@!<�K�1 G Ic<>P G I�M5O�? G M5O�1;Pb3S<>nb< G ?V=-I ` ?b\^1�o
�Z1~�&3AIcM;IJO�P ��MSO&?VM[MSO�1QPb3S<>nb< G ?V=
I ` ?b\]19\N? G t&19I ` =><�M5MS1 @e< G M5PR?X@D<>351�\^M[Ic:�K�w%< G
MSO�1�IJ1 G IJ1iP h MSO�1�1 G 1�35ngH G Pb3SK�yQP hzGm{}| Pb35MSO�PbngP G ? =~I ` ?b\]1 If�[O.1�351 G <�I9MSO�1
G :�KRt&1�3QP h =>1�4U1�=�I^o��zIJ< G n�M5O�<�I�351�IJ:�=�M��r�v1iMSO�1 G IcO�P ��M5O&? MXM5O�1d\^P G 4U1�35ng1 G \^1
` 35P ` 1�3SM5<�1 IfP h M5O.<�I9K�1�MSO�PD@'?V3S1�<�@D1 G MS<�\�? =�M5PZM5O�1�\^P G 4U1�35ng1 G \^1 ` 35P ` 1N35M5<�1 IXP h
K�Pb351_\^=�?gI5IJ<�\�?V=-Ke:.=>M5<�nb3S<�@XK�1�M5O.PD@�I^o

|



nTN��!%T( ; 1 6 , 8 (-)21I%��

�vO.<�I ` ? ` 1�3�? G ?V=>H.IJ1�I�?;M51 \AO G < � :�1�MSPQ?b\�\]1�=>1�3+?VMS1vM5O.1;\^P G 4U1�35ng1 G \^1�3+?VM51[P h <>M51N3A?VT
MS<>P G IrP h M5O.1 h Pg35K������
	���
� {�� w��������/y
�[O�1�3S1 � <�I�?��g@!1 I5\]1 G M��Q@!<>3S1 \^M5<�P G ��? G @
������������	�Mc�vP�IJ:&\N\^1 I5Ic<>4U1R? `�` 35P WD<>Ki? M5<�P G I2P h M5O�1�IJPg=>:�MS<>P G P h ?i=>< G 1 ?V3QIcH�IcM51�K
� ����� < G ?d� G <�M51R@!<�K�1 G Ic<>P G ?V=�I ` ?g\^1���o! G M5O�<�I_MS1 \AO G < � :�1U�&M5O.1 ` 3S1�4D<>Pb:�I
<�M51�3+?VMS<>P G I[?V351}\AO&? G nb1 @ h Pb3;?RIJ1 � :�1 G \]1~P h <>MS1�3A? M5<>P G I[P h M5O�1QMcH ` 1�"

� ����	 �#� � {%$'&� $ � � w�� � ����y w | y
�[O.1�351}1 ?b\AO $ � <�I;? ` 35Pbac1 \]M5<>P G < G MSP�?RI ` ?g\^1(� � �[O�P�IJ1R@!<�K�1 G Ic<>P G <�I;IJKi? =>=�1�3
MSO&? G MSO�1}@!<>K�1 G IJ<�P G P h � ? G @ $ &� <�I�<>M+I�MS3A? G I ` PUIc1Uo)�vO�<�IvM51 \AO G < � :�1;O&?gIvt�1N1 G
< G MS35PD@!:�\^1 @�< G* |,+
h Pb3 G P G T"=>< G 1 ?V3}IcO&? ` 1�P ` M5<�K�<.- ? M5<�P G ` 3SPbt�=�1�KiI^o�/2:.K�1�35<�\�?V=
1NW ` 1�3S<>K�1 G MAI&O&?�4U1[IcO�P � G M5O&? MrM5O�<�I ` 3SPD\^1 @!:�3S1v<�Ir?V=�IJP~1,0d\^<�1 G M h Pb3r=�< G 1�?V3 ` 35Pgt�T
=�1�KiI~? G @ \�? G t&1�P h < G M51�3S1 IJM_?bI9?i=>< G 1 ?V3}IcPb=>4U1N3�o! pMQ<�IQ\^=�1 ?V3QMSO&?VM}M5O�1�?Vt&P 4U1
` 35PD\^1 @D:�351iO&?gIXIJM53SP G nZ\]P G�G 1�\^M5<�P G I9�[<�M5O MSO�1�KR:�=>MS<>nb3S<�@�IcM53A? M51�ngHUo21z\^M5:&? =>=�HU�
�[O.1 G M5O�1Q@D<>K�1 G IJ<>P G P h MSO�1Q=>< G 1 ?V3 IJH.IJMS1�K�<�I�=�?V35ng1U��KR:�=>MS<>nb3S<�@9MS1 \ O G < � :�1 I�?V3S1
\]1�35M+?V< G =>Hj?VK�P G n�M5O�1it&1 IcMX�[?�H�I9MSP IcPb=�4U1i? =�< G 1�?V3XIcH�IcM51�K�o 02P �v1N4U1�3QM5O�1�3S1
1NW!<�IJM;IJPgK�1X\N?bIJ1�I �[O�1N3519MSO�1X? `�` =�<�\�? M5<>P G P h ?XKR:�=>MS<>nb3S<�@�IcM53+?VM51NnbH�<�I2@D<30d\^:�=>MNo
�vO.1 IJ1z\�?bIc1 I�\^Pb3S351 I ` P G @eMSP}IJ<>MS:&?VMS<>P G I��[O�1N351;M5O�1;?gI5IJ1NKet�=�HQP h M5O.1~\^P�?V3+IJ1;nb35<�@
P ` 1�3A? M5Pb3+I[?V3S1Q@!<30d\^:�=�M�Pb3v1N4U1 G <�K ` PUISIJ<>t.=>1Uo4�vO�1~:�IJ1QP h
G P G TlIJM53S:&\^MS:�351 @X� G <>MS1
1N=>1�K�1 G M[McH ` 1RK�1 IcO�1 I ` 35P 4!<�@!1 IQ?d��3AIJM}1�W.?VK ` =�19P h M5O.<�I�McH ` 1eP h IJ<�M5:&? M5<�P G I�"
� O.1 G M5O�1QIcPb=�:�M5<�P G O&?bI[M5PXt&1}\^PgK ` :�MS1 @fP G ?fng<>4U1 G K�1 IcO h Pb3[�[O�<�\ O G P G ?VMST
:.3A?V=
\]PU?V3+IJ1 G < G nR1�WD<�IJM+I^�.\^PbK ` =><�\N?VM51�@eIcM53A? M51�ng<>1 I[O&?�4U1~MSPet&1}@!1�4D<�Ic1 @�M5PR@!1^� G 1
MSO�1R\^P�?V3AIc1X=>1�4U1N=�I;? G @�M5O�1}< G M51�3ST%ng35<�@�M53A? G I h 1N3AI^o512K�P G n�MSO�1XKi? G HiIcPb=>:.M5<>P G I
P h MSO�<�I ` 35Pbt.=>1�K�wl?Vngnb=>PgK�1�3+?VM5<�P G K�1�MSO�PD@�I *768+ �
12=>ng1�t�3+?V<�\:9�:�=>MS<>nb3S<�@ * |�;<+ �>=21�T
=�?V: G ?�Hx\^P�?V3+IJ1 G < G n *7?8+ y ? ` PUISIJ<�t�<>=�<>McH M5O�?VM�O&?gI�t�1N1 G Ic:&\�\^1 ISI h :�=�=>H MS1 IJMS1 @ < G
? 1�35PD@DH G ? K�<�\NI *A@<+ <�I�M5O.1~:&IJ1QP h MSPbMA? =>=�He: G 351�=�?VM51�@eK�1 IcO�1 IrM5O&? M;?V3S1�ng1 G 1�3+?VMS1 @
: G @!1�3XMSO�1�IJPb=�1�\^P G IcM53+?V< G MAIXM5O�?VMXM5O.1�H'? `.` 35P WD<>Ki? M51�=�H��&MXM5O�1�IS?VK�1�t&Pg: G @!T
? 35<�1 I^oj02P �v1�4U1�3QMSO�1i\^PgK ` =>1NW!<�MJH�? G @ MSO�1�IJM5Pg3A? nb1�3S1 � :�<>3S1 @ tDH MSO�<�IQMJH ` 1iP h
? =>ngPb35<�M5O�K \�? G t�1 ` 3SPbO�<�t�<>MS1�=>HR=�? 35ng1X? G @ 351�IJM53S<�\^M7M5O�1Q:&Ic19P h KR:�=>MS<>ng35<�@XK�1�MSO�T
PD@.IfMSP�M5O�1 Ic1 ` 3SPbt�=�1�KiI^oB1�Ic1 \^P G @ 1�W�? K ` =�1XPD\�\^:�3+I9�[O�1 G M5O�1iKi? M53S<>W � <�I
G 1�4U1�391NW ` =�<�\^<�M51�=�H�t�:.<>=>M}t�:�MX3S1 IJ:�=�MAI h 3SPbK ?ZIJ1 � :�1 G \^1�P h 1�=�1�K�1 G MA? 35H�Ic<>K ` =>1
IcM51 ` IDC h Pg3[< G IcMA? G \^1 � Kd?�HRt&1QM5O�1 ` 35PD@!:�\^M2P h Ic<>K ` =>1zI ` ? 3AIJ1}Ki?VMS35<�\^1 I��[O.<>=>1
� <>M+IJ1�= h <�Ir? h :�=>=�Kd?VM53S<>WQM5O�?VMv<�Ir<>K ` PUISIJ<�t�=>17M5P}IJMSPb351_? G @XM5OD:&IrM5O�1;Ki? M535<�W � <�I
P G =>H}< G @D<>351�\^M5=�H'E G PV� G tDH9<>M+I ` 3SPD@!:&\^M�P G ?~nb<�4U1 G 4U1 \]M5Pb3No4�vO�<�I�IJ<�M5:&? M5<�P G Ki?�H
3S1 IJ:.=>MAI h 35PgK�� G <>M5171�=>1NK�1 G M�@!<�I5\^3S1�M5<F- ?VMS<>P G P h 4U1�3SH~=�? 35nb1 ` 35Pbt.=>1�KiImPg3 h 35PgK P ` T
MS<>Ki? =&\^P G MS35Pb= ` 35Pgt�=>1NKiI��[O�1 G M5O�1Q\]P G M535Pg=m<�I�P G M5O�1~MS1�35K�< G ? =&IJM+?VM51z�[O�<>=�12MSO�1
< G <>MS<�? =rIcMA?VMS1XO&?bI;M5Pit&1X<�@!1 G M5< �&1 @moG G IJ:�\ O�\�?bIc1 I^�m1N4U1 G < h < G MS1�35T"nb3S<�@iM53A? G I h 1N3
\N? G t&1�t�:�<�=>MN�r<>MXKi?�H�O&? `�` 1 G MSO&?VMRM5O�1�?gI5IJ1NKet�=�H�P h \]PU?V3+IJ1inb3S<�@ P ` 1�3+?VMSPb3AI

H



<�IQIJ<>K ` =>H�<�K ` PUISIJ<>t.=>1XPb3QMSO&?VMQP ` 1�3+?VMS<>P G I�P G M5O�1R\^P�?V3+IJ1�=�1�4U1�=�I;?V3S1�?gIQ\^PUIcM5=>H
MSO&? G M5O�1Q� G 1Qnb3S<�@iP ` 1�3A? M5<�P G I]o���Pg3~Ic:&\ O�Ic<>M5:�?VM5<�P G I]��MSO�1Q:&IJ1}P h MSO�19<�M51�3+?VMS<>4U1
IS\ O.1�K�1}w | y7\N? G t&1X?b@D4UPD\�?VMS1 @�t�1�\�?V:&Ic19<�M G 1�4U1N3v351 � :�<�351 I�M5O�1Qt�:.<>=�@D< G nXP h MSO�1
\]PU?V3+IJ1Qnb3S<�@�P ` 1�3+?VMSPb3AIz? G @�M5OD:&Iv<�IvKe:&\AORK�Pb3S1~Ic<>K ` =�1�3�M5PX<�K ` =>1NK�1 G MrMSO&? G ?
KR:�=�M5<>ng35<�@9K�1�M5O.PD@mo F;G =�H�IcM53A? <>ngO!M h Pb35� ?V3+@ ` 3SPbac1 \^MS<>P G I�P h ?94U1 \^MSPb37P h � O�?�4U1
MSPet&1 @!P G 1�o)9�Pb3S1�P 4U1�3���MSO�1}\^P G IcM53S:&\^M5<�P G P h MSO�1X\^P�?V3+IJ19=�1�4U1�=�I G 1�4U1N3;? `�` 1 ? 3AI
1NW ` =�<�\^<�M51�=�H�? G @Z\�? G t&1RM5PbM+?V=�=>H ��\^M5<�M5<>Pg:&I^o F[h \^Pb:�3+IJ1U�-<>M~<�I~\^=>1�?V3;M5O&? M�P G 1RP h
MSO�1;K�PUIcM�<�K ` Pb3SMA? G M�<�@!1�?_P h Ke:.=>M5<�nb3S<�@�K�1�M5O�PD@.I <�IrK�<�ISIJ< G n�< G MSO�1;Ke:�=�M5<�T%=�1�4U1^=
K�1�M5O�PD@ w | yAo�� O&? M <�IfK�<�I5Ic< G nZ<�IXM5O.1�<�@!1 ?�M5P ` 1N3 h Pb3SK MSO�1�351�=�?VW.?VMS<>P G P G
MSO�1X\]PU?V3+IJ1}K�1 IJOi�[<�M5O�\]PU?V3+IJ1Xng35<�@iP ` 1�3+?VM5Pg3AI2MSO&?VM_?V351}=>1 ISI2\]PUIJMS=>HiM5PRO&? G @!=>1�o
� P G IJ1 � :�1 G MS1�=>H��[O�<>=�1eKR:�=>MS<>ng35<�@�K�1NM5O�PD@�IQ\�? G IJPg=>4U1R?�/�@!1Nnb351N1eP hvh 351N1 @!PbK
` 35Pbt.=>1�K �[<�M5O�? G P ` M5<�Ki?V=&\]PUIJMzw������
�[<>MSOi?9\^P�IJM ` 3SP ` Pb3SM5<>P G ?V=�MSP / Pb3 /2=�Pbn /Qy
MSO�<�IX�[<>=�= G PbM�O&? `�` 1 G �[<>MSO IS\ O�1NK�1Zw | y}�[O�1�3S1�1 ?b\AO <�M51�3+?VMS<>P G 351 � :�<�351 I9MSO�1
1N4b? =>:&? M5<�P G P h M5O�1d@!1 I5\]1 G M @!<>3S1 \^MS<>P G � P G M5O�1R� G 1inb3S<�@moZ02P �v1N4U1�3���@!1 I ` <>M51
MSO�<�Ir=�<>K�<�MA?VMS<>P G �VMSO�1;Ke:�=�M5<�T%=�1�4b1�=gK�1�MSO�PD@ w | y�IJO�?V351�IvIJPgK�1[< G M51N351 IcM5< G n h 1 ?VMS:�351�I
�[<�M5OZKe:.=>M5<�nb3S<�@�K�1�MSO�PD@�I^o  G ` ? 35M5<�\^:�=�?V3��-<>MQ<�I2MSO�1 ` :�3 ` P�IJ1RP h MSO�<�I ` ? ` 1�3QM5P
IcO�P � MSO&?VMr< G I ` <�M51[P h <�MAIrIc<>K ` =><�\]<>McHU�^MSO�1[<>MS1�3A? M5<�4U1vIS\ O.1�K�1;w | y�1�WDO�<>t�<�MAIr?;K�1 IJO
< G @!1 ` 1 G @!1 G M[\^P G 4U1�3Snb1 G \^1~3A? M51}?bI[< G KR:�=>MS<>ng35<�@XK�1�MSO�PD@mo

D N ´ ,�4+(-)+� 4 7 ±37 4d� 7 42/
	'/H(*)21I%'&#�

qm1NM(� t&1i?�� G <>MS1�Tl@!<>K�1 G IJ<�P G ? =r02<�=>t&1�3SMQI ` ?g\^1Uoi�(1�\^P G IJ<�@!1�3QP G � ?i=>< G 1 ?V3
P ` 1�3A? M5Pb3;1 � :&?VMS<>P G "

����!�#� w H y
�[O.1�351 ���� w � � ��y-<�I
?2IcH!K�K�1�M53S<�\ ` P�IJ<�M5<>4U17@!1]� G <>MS1�=>< G 1 ?V3�P ` 1N3A?VMSPb3�? G @5� 
��o��Z1�< G MS35PD@!:�\^1�?[O�<>1�3+?V3+\ ODH[P h � G <>MS1�@!<>K�1 G IJ<�P G ? =gI ` ?g\^1 ���<� � 	 �������F� ����� �
? G @X? h ? K�<>=�H2P h M53+? G I h 1�35MrP ` 1�3A? M5Pb3+Irt�1NMJ�71�1 G M5O.1 IJ1 I ` ?g\^1 I�3S1 ` 351�IJ1 G M51 @~tDH h :�=>=
3+? G E�Kd?VM53S<�\^1�ID"���� ��	� �� w � � � � � ��	 y���� �� ��	 �� w � � ��	 � � � yAoX�(1R?gI5Ic:�K�1XM5O�?VM
MSO�1Q< G M51�3STpI ` ?b\]1~M53+? G I h 1�3AI;I5? M5<�I h H�M5O.19\]P G @!<�M5<�P G "

��� ��	� ��w����� ��	 y & w� Uy

� <�M5O MSO�1�O�1N= ` P h M5O�1 Ic1�P ` 1�3+?VMSPb3AI]��MS3A? G I h 1�3+I!�
�
� "� w � � � � � yQt&1�Mc�v1N1 G ? G H

=�1�4U1�=&P h M5O�1QO�<�1�3A? 3A\AO!H ���<� � 	 �������.� �#�'� ��\�? G t�1 @!1^� G 1 @�t!H "

� �� �"� ��%$ 	 � �%$ 	�&$('*)�)+) ��� ��	� < h-,/.10

� �� �"� �����	 � ����	���2' )�)+) � � $ 	� < h-,/310
w�4Dy

 



 G ` ?V3SM5<�\]:�=�? 3
� ��  � w � � � ���Uy���� �� �� w ����� � � y @!1^� G 1vM5O.1vM53+? G I h 1�35M
P ` 1�3+?VMSPb3AIt&1�Mc�71�1 G � � ? G @ ���(���o /2PbMS1QM5O&? M9w  VT 4!y7<>K ` =�HXM5O&? M2�71QO&?�4U1 "

� �� ��w����� y & w ? y

8;<�4U1 G ?Xt&?bIc<�\~351�=�?VW.?VMS<>P G ` 3SPD\^1 ISI P h MSO�1 h Pb35K "

� � � {�� $ 	 w ��� � �my w 6 y

�71��[<>=�=~IcPb=>4U1jw H yetDH ?jIJ1 � :�1 G \]1�P h K�PD@!< �&1 @ 3S1�=�? W�? M5<�P G IJMS1 ` Ie�[O.1�351�MSO�1
@D1 I5\^1 G M @!<>3S1 \^M5<�P G I � $ 	 w ��� � �my�? 351 ` 35Pbac1�\^M51 @R< G M5P � � h Pg3 , � ; � )�)�) ���2"

| � < G <�M5<�?V=><F-�1'" �2��� �
H � h Pb3 0 � ; � )�)�) ���

` 1�3 h Pg35K
	dIJMS1 ` IvP h MSO�1QK�PD@!< �&1 @e3S1�=�? W�? M5<>P G "
� � � � � { � �� � �� � $ 	 w���� � � � y

�����
	 � ���
 (� � � � � ��	�� ngPeMSP | ��: G M5<>= \^P G 4U1�3Snb1 G \]1

w��gy

�vO.1;?Vt&P 4U1~? =>nbPg35<�M5O�K <�I�4U1�3SHQKe:&\AOX? =><FEU1[?~IS?��[MSPUPbMSO�\]PU?V3+IJ1[MSP_� G 1[Ke:.=>M5<�nb3S<�@
\]H�\^=�1Uo4�/P ` Pg< G M�Pb:�MrMSO�1 Ic1;\^P G�G 1 \^M5<�P G I]�U=>1�M
:&Ir1�W.?VK�< G 17?'9(8 I5?��[MSPUPbM5Od\^H�\]=>1
�[O.1 G P G =�H�P G 1X3S1�=�? W�? M5<�P G tDH�=>1N4U1�=�<�I ` 1�3 h Pb3SK�1 @mo ��35PbK M5O�1R@D1^� G <�M5<>P G P h ?
9(8xIS?��[M5PUPbMSOR\^H.\^=>1[wlIJ1�171Uoun * H + yr� <>M
\�? G t&1v< G!h 1�3S1 @~M5O&? M�MSO�1 0 =�1�4U1�=g\^Pb3S351 \]M5<>P G
 � \�? G t�1 @!1 @!:�\^1 @ h 3SPbK�MSO�1 0 � | =>1�4U1�=-\^Pg353S1 \^M5<�P G  �&$ 	 t!H�"

 � � � ��&$ 	  �%$ 	 { w � � y $ 	 w�� ���� � � � � ��&$ 	  �%$ 	 y w @ y

�[<�M5O � � ��� � �Z? G @ � � � � � ?V351RM5O.1XP ` 1�3A? M5Pg3AI9\]Pb353S1 I ` P G @!< G n�M5P � � � P G
MSO�1Q\^P�?V3+IJ19ng35<�@mo�qm1�Mv:�I2@!1 G PbMS1�� � �#� { � ��  � MSO�1Q\^Pg35351�\^M51 @�? `�` 3SP W!<�Ki?VMS<>P G
P h M5O.19IcPb=�:�M5<�P G o ��35PgK�w @ yv�71~Pbt.MA?V< G "

� � �� �&$ 	 { � �� w � � y $ 	 � �� w ��� � � �&$ 	 y w��Uy

� PgK ` ? 35< G n~M5O�<�Ir351�=�?VM5<�P G �[<�M5Oiw��gyA�U�v1;Ic1�1[M5O�?VM�M5O�1;Mc�vP~1NW ` 3S1 I5Ic<>P G I�?V351[<�@!1 G T
MS<�\�? =[< h � �� w � � y $ 	 � �� � � �� � �� � $ 	 o  G ` ?V35MS<�\^:.=�?V3N� h Pb3��[<�\AO&?V3+@�IJP G k IeK�1�M5O�PD@
�[O.1�351 � <�I7?�KR:�=>MS< ` =�1vP h MSO�1~<�@!1 G M5<>McHU�gM5O�1;Ke:.=>M5<�T%=�1�4U1]=!K�1NM5O�PD@iw��gyr<�I�1�W.?b\^MS=>H
? 9(8 IS?��[MSPUPbMSO'\^H.\^=>1Uo[�Z1 G P � ` 35PD\^1N1 @�M5P ` 35P 4U19MSO&?VM~< G M5O�1}nb1 G 1�3A? =�\�?bIc1
MSO�1QKe:.=>M5<�T%=�1�4b1N=�K�1�MSO�PD@�\^P G 4U1�3Snb1~�[<�M5O�?9K�1 IJO.T%< G @!1 ` 1 G @D1 G M�3+?VM51�o

4



SIN � ;$7 4Y) @ )�%'/ ; ) 7 & �
�vO.1�02<�=>t&1�3SM9I ` ?b\]1 � \N? G t&1�1 � :�< `�` 1 @ �[<�M5OZM5O�1R1 G 1N35nbH�< G�G 1�3 ` 3SPD@!:&\^M " .
� ��� 3�� � . � � ��� 3 or�Z1Q@!1 G PbM51zt!H�� ��� � M5O�1Q?gI5IcPD\^<�? M51 @�1 G 1N35nbH G Pg35K ? G @
�71~?gI5IcPD\^<�? M51QM5P}1 ?b\AO�I ` ?b\]1 � � ?�=�< G 1 ? 3�P ` 1�3A? M5Pg3 � � �� w � � � � � y�@!1^� G 1 @etDH "

��� � � �� � � �� w |�; y

�vO.1�< G MS1�35ng35<�@fMS3A? G I h 1�3+I*� �� < G @!:&\^1zM5O�1QI ` =><�M5MS< G n}P h � < G M5P}Mc�vP � T%Pg35M5O.PbnbP G ?V=
I ` ?b\]1 I,"

� �	� ��
�!� w |g| y
�[O.1�351�� � ����w�� �� yz? G @ � � � � $ 	���� � w � �� yAo =21 G PbMS1etDH�� � ? G @�� � MSO�1 ���
Pg35MSO�PbngP G ? = ` 35Pbac1 \]M5Pb3+I/P G � � ? G @ � � o �vO�1 h Pb=>=�P �[< G n;351 Ic:�=>M+I/P G MSO�1 ` 3SPbac1 \^MSPb3+I� � ? G @�� � ?V3S19\]=�?bISIJ<�\�?V=�< G Ke:.=>M5<�nb3S<�@R\^P G 4U1�35ng1 G \^1zM5O�1�Pg35H "
�7�!�'�'����� ����� , ���!  �"�# $� '� ���%� �  &� '� { �#� �  �� '�

���%� �  �"� ��(' � �[O.1�351 ' �  � � <�IvM5O�1}IcPb=>:.M5<>P G P h MSO�1
\^PU? 3AIJ1Qng35<�@ ` 35Pgt�=>1NK " � � ' �"� �� �  �o
�����!  � �)�%� �  �� � ��� ' � � �+*�[O�1�351,� '  � � �)� ' � '� * � . � � ' � ' 3 o
��%� � � �� � � �� ? G @-� � � �� � ; o

.0/2131�4 ">wlIJ1�1Q1Uo n�o * � + � * 4 + yAo

�Z1 G P � IJO�P � M5O&? M�� � <�Iv1 � :&?V=-M5P}M5O�1 h Pb=�=>P �[< G nX@!<�351 \^M7Ic:�K�P h 1;T%Pg35M5O.PbnbP G ?V=
I ` ?b\]1 I,"5Q� ��6���	N$*� $"�&�7���'"8� � �9� � $ 	 
 � ��: � � $ 	
.0/2131�4 " �Z1 �&3+IJMR351�Kd?V3 EZM5O�?VMR�v1�O�?�4U1 � � $ 	 � � � $ 	� � � � �� $ 	 ? G @ M5O�?VMR1 ?b\AO
I ` ?b\]1D� � \�? G t&1}@!1 \^PgK ` PUIc1 @�< G M5PXMc�vP � � � Pb35MSO�PbngP G ? =7I ` ?g\^1 I'"

��� �	� �� $ 	 
�� �� $ 	 w | H y
�[O.1�351iO�1�3S1 
 @!1 G PbM51�? G � � � Pg35MSO�PbngP G ? =Q@!<>3S1 \^M IJ:�K��!� �� $ 	 �;��w�� �� $ 	 y}? G @
� �� $ 	 � w � � y $ 	���� � w�� � $ 	� yAo
/;PV�Q�U=�1�M8  � � ��MSO�1 G < ' �  � � I^o M�o8 � � �� ' � ��tDH�w | H y��71[O&?�4U1[M5O&? M�M5O�1�3S1
1NW!<�IJMQw>= � �@? � y  � �� $ 	,A � �� $ 	 I]ouMNo ' � �B= � { ? � oDCv1 \�? :&IJ1E= �  � �� $ 	 � < = � $ 	 � � $ 	 I]ouM�oF= � �"� �� $ 	 = � $ 	 ? G @iM5OD:&I*� �� = � � � �� $ 	 = � $ 	  � �

$ 	 o
��P ` 35P 4U12MSO&?VM � �� ? � t&1�=>P G nUI�M5P � �

$ 	 ��=�1�M�:&IvIcO�P � MSO&?VM7<>M�<�I �G� Pg35MSO�PbngP G ? =�M5P
? G H-H(�"� �� $ 	@I � $ 	  � �

$ 	 ���71�O�?�4U1�" .#� � �� ? � ��H 3 � .#� � ? � ��� �� $ 	@I � $ 	 3 � ;
t&1 \N?V:&Ic1J? � <�I � � � Pb3SM5O�PgnbP G ?V=rMSPR? G He1N=>1�K�1 G MrP h � �� $ 	 o �vO!:�Iv�v1QO&?�4U1QIJO.PV� G "
� �!K � � $ 	 
 � ��: � � $ 	 o
�vO.1Q\^P G 4U1�3+IJ1 h Pb=�=>P �;IrM53S<>4D<�?V=�=>H h 35PbK "8� � �	� �): � �	� �L: wM� � $ 	 
&� � $ 	 y�? G @

?



� ��: � � $ 	 �9� � $ 	 o
�

B��!�'����� ��� "#/2PgM51ZM5O&? M�M5O�1 ` 351�4D<>Pg:&I 3S1 IJ:.=>M�\N? G t&1 �[3S<>M5MS1 G "	� � �
� � : w � � $ 	 
� � $ 	 y �	� � : � � $ 	 
 � � : � � $ 	 o
�}�&� �&�%�"����� ����vO�1 I ` ?b\]1 � \�? G t&1j@!1 \^PgK ` PUIc1 @ < G M5P MSO�1 h Pb=>=�P �[< G n ���
Pg35MSO�PbngP G ? =�@!<>3S1 \^M IJ:�K "

� �	� � 
 wM� 	 : � � y 
 �����]wM� � $ 	 : � � $(' y 
�� � $ 	 w |  �y

�vO.<�I h Pb=�=>P �;Iv<>K�K�1 @!<�?VM51N= H h 35PgK ` 35P ` PUIJ<�M5<�P G'| o

=;1 G PbMS1~tDH I ��� � $ 	 M5O�1 ` 35Pbac1 \]M5Pb3+I�MSO&?VM[Ki? ` � P G MSP � �): � � $ 	 M5O�1z1�W ` 351 ISIJ<>P G
P h M5O.1 IJ1~P ` 1�3A? M5Pb3+I2<�I[? =�IcP�?RIJ<�K ` =>1z\^P G IJ1 � :�1 G \^1~P h�� 3SP ` o | o
�}�&� �&�%�"�����
	��[qm1�M   � M5O�1 G I ��� � $ 	  � w�� � � � � $ 	 y  �o
.0/2131�4� CvH ` 3SP ` o | ���71�O�?�4U1E� �  �B� � $ 	  { I ��� � $ 	  /o
�}�&� �&�%�"���������2"�qm1�M � �� $ 	 ? G @ � �� $ 	 t&1iM5O�1 ` 3SPbac1 \^MSPb3+I9M5O&? MXKi? ` � � P G M5P
� �� $ 	 ? G @ � �� $ 	 �v=>1�M ' �  � � t&1�Ic:&\ O'MSO&?VM � �  � � �� ' � M5O.1 G �v1�O�?�4U1 "
� � $ 	  � � �� � �� $ 	 ' � ? G @ I ��� � $ 	  � � �� � �� $ 	 ' � o
�vO.1 G 1�W!M7351 Ic:�=>M+Iv1 IJM+?Vt�=�<�IcO�< G n}M5O�1Q3S1�=�? M5<>P G IJO.< ` I�t�1NMJ�71�1 G MSO�1 ` 35Pgac1 \^M5<�P G I�P G
Mc�7PRIJ:&\�\]1 I5Ic<>4U1~=�1�4U1�=�I�? 351Q1 ?bIcHiM5PXPbt.MA?V< G "
�7�!�'�'��	0� ���%� � � � $ 	 � � � $ 	 � � � � � $ 	

����� � � � $ 	 �B� � $ 	 � � � ;
����� � � � $ 	 �B� � $ 	 � � �B� �
��%� � � � $ 	 �9� � $ 	 � � �B� � �� � $ 	 �B� � $ 	 ��� �

.0/2131�4�� qm1NMX:&I ` 35P 4U1 h Pb3R< G IcMA? G \^1��m�vM5O.1 ` 35PUP h IRP h MSO�1iPbM5O.1�3e3S1 IJ:.=>MAI9�[<�=>=
h Pg=>=�PV� <>K�K�1�@D<�?VMS1�=>H "
�   � �71QO&?�4U1 "

� � � � $ 	  � � �� w � � y
$ 	 � �� �� � �� $ 	 w � �

$ 	 y $ 	 � � $ 	� �  ��
� � �� w � � y

$ 	 w�� �� � � �� y � �� $ 	 w � �
$ 	 y $ 	 � � $ 	� �  

� � �� $ 	 w � �
$ 	 y $ 	 � � $ 	� �  �7� � $ 	  �

�Z1 G PbMS1QM5O&? M2�719? =�IcPeO&?�4U1 "

� 0��", � � � � �� � � �� ? G @ � � � �� � ; w | 4!y

6



MSO�<�I h Pg=>=�PV�;I h 3SPbK � � � ��  � � � � �� w��
�
� $ 	 )�)+) �

����	� yD �? G @ =�1�K�K�? | @mo

G N� 1I% ±370;��T7 % 8 7 W ; 1V1T>%�
�vO.1 ` 35PUP h P h MSO�1i\^P G 4U1N35nb1 G \^1RP h M5O�1�KR:�=�M5< � =>1�4g1�=
K�1�M5O.PD@ <�I�t&?gIJ1 @ P G MSO�1
h Pg=>=�PV�[< G n �G� Pb35MSO�PbngP G ? =�I ` =><>MSM5< G n9P h ? G Hi4U1 \^MSPb3#  � M5O&? M h Pg=>=�PV�;I[@D<>351�\^M5=�H
h 3SPbK ` 35P ` o | "
qm1NM   � MSO�1 G "

�� &� '� � ��� � $ 	  &� '� { �zw�� � $ 	 � � � $(' yAw> my�� '�
{ )�)+) { �~w � 	 � � � y+w> my � '� { ��� � w> my � '�

w |�? y

qm1NM � � � � $ 	 � � � t&1�M5O�1i1�3S35Pb3�?VMRM5O.1�t&1�nb< G�G < G n(P h w��gyA���v1�@!1 G PgM51it!H��� � � $ 	 � � � � M5O�1�1�353SPb3�? h M51N3 0 IcM51 ` IRP h MSO�1�\^H.\^=�1(w �by ? G @ tDH�� � MSO�1
1N=>1�K�1 G M}P h � � I^ouMNo � � ��� � � �� � � o  G MS1�35K P h M5O�1�1N3535Pg3AI]� MSO�1�<�M51�3+?VMS<>P G I
` 1�3 h Pb3SK�1 @eP G M5O.1 0 &�� =>1�4U1N=�P h M5O.19\]H�\^=�19w �by7t&1 \^PbK�1 I "

� �
�
� � � � �� � �� � $ 	 � � � �B� � � � { � �� w�� � � � �� � $ 	 � � � y w |�6 y

? G @�M5OD:&I[M5O�1Q3S1�=�? W�? M5<>P G IG� � � { � �� � �� � $ 	 w�� � � � y ` 1�3 h Pg35K�1�@eP G MSO�1 0 &��
=�1�4U1�=�K�PD@!< h H(MSO�1�\^PbK ` P G 1 G M9P h MSO�1i1�353SPb3X< G � � t�:�MX=�1 ?�4U1�: G \AO&? G nb1 @ MSO�1
\]PbK ` P G 1 G M�< G�� � o 1~\�\^Pg3A@!< G nQM5P � 35P ` o | � � � <�IrM5O�1;@D<>351�\^M �G� Pb35MSO�PbngP G ? =
IJ:�K
P h � �&$ 	 ? G @�� � : � �&$ 	 o��vO!:�I_Pg:�3QKi?V< G ?bISIJ:�K ` M5<>P G ?Vt&Pb:.MXM5O�1X3S1�=�? W�? M5<>P G
` 35PD\^1 ISI �[<�=>=�t&19MSO&?VM ` 1�3 h Pg35K�1�@dP G MSO�1 0 &�� =>1�4U1�=l�!<�M[351 @!:�\^1 Iv: G < h Pb3SK�1�=>HX< G�0
MSO�1�� PUI5\]<>=>=�?VMSPb35H
� ` ? 35M[P h MSO�1Q\^PgK ` P G 1 G M7P h M5O�1~1N3535Pg3vMSO&?VM[t&1�=�P G n�IvM5P � � �����
MSO�1}\^PbK ` P G 1 G Mv< G � � : � �&$ 	 "
��	�	��
� 6�� $"�&� �)�vO�1N351Q1�WD<�IJM+I��(< G @!1 ` 1 G @!1 G MvP h 0 IJ:�\ OiM5O�?VM5"

�%� � � ����	 � '� � ��� �&$ 	 � � � '� { w | �	�ry�� I � � �%$ 	 �
� � '� w | �by

Cv1 h Pb351 ` 35P 4D< G nxM5O&? M'w | �gy�<�K ` =�<>1 IeMSO�1'\^P G 4U1N35nb1 G \^1ZP h w��byi�[<�M5O ? K�1 IcO�T
< G @!1 ` 1 G @!1 G M�3+?VM51���=�1�M
:&I�IJO�P �'M5O&? M�M5O�<�I�< G 1 � :&? =><�MJHz<�I�1 � :�<�4b? =>1 G M
M5PQM5O�17:&IJ:�?V=
?gI5Ic:�K ` MS<>P G @!P G 1~< G KR:�=>MS<>nb3S<�@}\^P G 4U1�35ng1 G \^1;IcM5:&@D<>1 I[wpIc1�1;1Uoun.o *  + qm1�K�Ki? H o H �
* � + 1~ISIJ:�K ` M5<�P G  Do |�
  !o H yG"
5Q� ��6���	N$*� $"�&� 	 �G�vO�1Q< G 1 � :&? =><>McHiw | �by7<�Iv1 � :�<�4g?V=>1 G M7M5P�"

��� ����	 � '�� � ��� � � '�� ������� ��&$ 	 � � � '�� w |�@ y

.0/2131�4� w |�@ y7<�Iv1 � :�<>4g? =>1 G MvMSP "
��� ����	 � '�� � ��� ��%$ 	 � � � '�� { w | �	�ry���� ��&$ 	 � � � '�� w | ��y

�



? G @ h 3SPbK � Pb3SPb=�=�?V3SH  �71(O&?�4U1 " � �� � ��&$ 	 � � � � �%$ 	@��� ? G @ � �� � ��%$ 	 � � �
I � � �%$ 	 ��� �mK�Pb3S1�P 4U1�3 h Pg3}? G H��  � � ��� � �� ����� �� � � � ? G @�M5OD:&I9w | ��y;<�I
1NW�?g\^M5=�H�w | �by+o
B��!�'����� 	 �iw |�@ y h Pg=>=�PV�;I h 3SPbK�M5O.1�IcPbTl\�?V=�=>1 @B�bIcK�PUPbMSO�< G n ��? G @ �g? `�` 35P W!<�T
Kd?VM5<�P G � ` 35P ` 1�3SM5<�1 I^o  G * � + <>M[<�I[IcO�P � G MSO&?VM[MSO�1 IJ1 ` 3SP ` 1�3SM5<>1�I2? 351Q4g?V=><�@ h Pb3;?
=�?V3Snb1}\^=�?gI5I[P h 351�=�?VW.?VMS<>P G ` 3SPD\^1 ISIJ1 I;? G @inb3S<�@�M53+? G I h 1�3AI]o
�Z1 G P ��IJO.PV� M5O�?VM}w | �gyv<�K ` =�<>1 IrM5O.19\]P G 4U1�35ng1 G \^1;P h MSO�1}\^H.\^=>1}w��gy�"
5Q� ��6���	N$*� $"�&� � � ��qm1NMX:&IXIJ: `.` P�IJ1�MSO&?VMXMSO�1i351�=�?VW.?VM5<�P G IS?VMS<�I ��1 I w | �gy h Pg3
? G H�=>1�4U1�= 0 M5O�1 G MSO�1}\^H�\]=>1}w��by7\]P G 4U1�35ng1 Iv< G 1 G 1�35ngH��[<>MSO�?X\^P G 4U1�35ng1 G \^1z3A?VMS1
t&Pg: G @!1 @�?VM;=>1 ?gIJM[tDH�w | �	�ry 	�� ' �
.0/2131�4� �vO�191N3535Pg3 �+' ? h M51N3 H IcM51 ` I[P h w��gy[IS?VMS<�I ��1 I'"

� � 	 � ' � '� � � � � � 	 � '� { w | �	�ry�� I 	 � � �
	 � '�

t.:�M[�v1~O�?�4U1zt!H � Pb3SPb=>=�?V3SH H " I 	 � � ��	 ��w � 	 �� � y ��	 ��w � 	 ��� � y � � � w�� 	 �
� � y � �� � � �[O�1N351�� � <�I9? G 1�=>1NK�1 G M2P h � � o �vOD:&I I 	 � � ��	 � I 	 � � � � t�1�\�?V:&Ic1
� 	 � �� � � � � � � �� � � tDH�w | 4!y+o
�Z1~< G MS35PD@!:&\]1~M5O�1}?g@�@!<>MS<>P G ?V= ?bI5Ic:�K ` MS<>P G M5O&? M[M5O�1Q3S1 @!:&\^MS<>P G P h MSO�1Q1�353SPb3v< G
� � tDH�M5O.1_��3AIJMzIJMS1 ` P h w �by�<�I[IJ:�0d\^<>1 G MS=>HX1,0d\^<>1 G M7M5PXO&?�4U1�"

��� � � 	 � '� � w | �	� y�� � � � � � '�
? G @ �71 G P � ` 3SPD\^1�1 @�tDH�< G @!:&\^MS<>P G o 1~I5Ic:�K�< G n9M5O�?VM;�v1~O&?�4U1�"
�%� �%$ 	 � � � '� � w | �	�ry � ��� � � � � '� { � I 	 � � �

� � '� { )+)�) { � I �&$ 	 � �%$(' �
� � '� �

�71QO&?�4U1~t!H�w | �gy'"
�%� � � ����	 � '� � �%� �%$ 	 � � � '� { w | �	�ry�� I � � �%$ 	 �

� � '�
t.:�M[:&IJ< G n � Pb35Pg=>=�?V35H H ? G @ 3S1 \^:�3+IJ<>4U1N=>Hiw | 4!y7�v1~O�?�4U1

I � � �&$ 	 � � � I � � �&$ 	 � �%$ 	 � I � � �&$ 	 � �� � �

� I � � �&$ 	 � �%$ 	

�������

� I � � �&$ 	 � �
? G @ MSO!:�I'"
�%� � � ����	 � '� � w | �	� y � ��� � � � � '� { � I 	 � � � � � '� { )�)�) { � I �%$ 	 � �%$(' � � � '�{ � I � � �%$ 	 � � � '� �

@



�vO.1�=�?bIcM~IcM51 ` P h w��gyvng<>4U1 IG"

� � � ��	 � � � w | �	�ry���� � $ 	 � � � � { � � � $ 	 � � � �
t.:�M9tDH w | 4DyQ�v1i? =�IJP�O�?�4U1�"�� � $ 	@� � � � � $ 	@� � $ 	 � )�)+) � � � $ 	@� � ? G @ �71
� G ?V=�=>H�Pgt�MA? < G "

� � � ��	 � '� � w | �	� y � ��� � � � � '� { � I 	 � � � � � '� { )�)�) { � I � � � $ 	 � � � '�{ ��� � $ 	 � � � '� �
�

�Z1Q1 G @it!H G PbM5< G n�MSO&?VM;M5O�1}\^H.\^=�1ew �by7<�I G PgM2MSO�19P G =>HiP G 19MSO&?VMz\�? G t&19t�:�<�=>M
h 3SPbK M5O�1[<�@!1 ?2P h :�IJ< G n9?gI�351N=�?VW.?VMS<>P G ?�Ic:&\�\^1�I5IJ<�P G P h ` 35Pbac1 \]M51 @}@!1 I5\]1 G M @!<>3S1 \^T
MS<>P G P h MSO�1 h Pg35K � �� � �� � o��U<>K�<�=�? 3[\^H.\^=>1�IvM5P�MSO�19KR:�=>MS<>ng35<�@X��� ��� )�)�) � \^H�\]=>1 I
\N? G t&1[@!1 Ic<>n G 1 @mo4�vO�17\^P G 4U1�3Snb1 G \^1rP h M5O�1 Ic17\^H�\]=>1 I&\�? G ?V=�IJP;t&1v? G ?V=�H�Ic1 @~:&IJ< G n
MSO�1}I ` =�<>MSM5< G n�w |  �y7P h � < G M5P�? G �G� Pg35MSO�PbngP G ? =�@!<>3S1 \^M;Ic:�K�o 12=�M5O�Pg:�nbO��v1}@!P
G PbM7\^=�? <>K M5O&? M�MSO�<�Ir1�W ` 3S1 I5Ic<>P G P h � ?gI�?�@D<>351�\^M�IJ:.K P h4��� Pb3SM5O�PgnbP G ?V=
I ` ?b\^1�I
<�IQ? G 1�� 3S1 IJ:.=>M��
<>M}IJ1N1�KiI2MSO&?VM}<>M}@!PU1 I G PbMR? `�` 1 ?V3+I�1�W ` =><�\^<>MS1�=>Hi< G ` 3S1�4D<>Pb:�I
` ? ` 1�3AI[P G KR:�=>MS<>ng35<�@XM5O.1�Pb3SH��[O�1�3S1U�!< G IJMS1 ?b@�M5O.1�3S1 \^:�3+IJ<�4!<�MJHXP h M5O.1~Ke:.=>M5<�nb3S<�@
\]P G IcM535:�\^M5<�P G <�I~1�W ` =>Pg<>M51�@�M5P�:�IJ1RP G =�H�M5O�1X3S1�=�? M5<>P G t&1�Mc�71�1 G Mc�vP�IJ:�\�\^1 ISIJ<>4U1
=�1�4U1�=�I^or�Z19t&1�=><�1�4U1~MSO&?VM;M5O�1}1�W ` 351 ISIJ<�P G w |  �y[<�I P h < G M51�3S1 IJM[< G <>MAIc1�= h ? G @ M5O�?VM
<�M[Ki?�HXnb<�4U19?X@D<��-1�351 G M[=�<>nbODMvP G MSO�1}? G ? =>H.IJ<�IvP h KR:�=>MS<>nb3S<�@XM51 \AO G < � :.1 I^o

�



�������
���R�"�D��&�D� �D����	
�vO�1}�vPb3 E ` 3S1 IJ1 G M51�@eO�1�3S1�Pg35<�nb< G ?VM51�@ h 3SPbK Ic1�4U1�3+?V=
@!<�I5\^:&ISIJ<�P G Iv�[<�M5O�19o

=21�3S4!<�1�:�W�? G @� �?g\ E G P �[=>1�@!nb1Q�[<>MSO ` =>1 ?gIJ:�3S1QO�<�I[\^P G MS35<�t�:�M5<�P G M5PXMSO�<�I[�vPg3 E-o

���������	��
�����

* | + �7o�Cv1�:�W-��19o
=21�354D<>1N:�Wm�.IJ:�t.K�<>MSM51 @XM5P�� G nb< G 1�1�3S< G n � PgK ` :�M+?VM5<�P G I]o
* H + ��o �vo>9�\ � Pg35K�<�\ E-� �  �1'9���o>/2:�K�1�3�o 1 G ? =po 	��&��w | � @ 4!y+� `�` H ? ? T H 6  Do
*  + ��o �vo>9�\ � Pg35K�<�\ E-� �  �1'9���o>/2:�K�1�3�o 1 G ? =po 	�	-��w | � @ ? y+� `�` 6  4bT 6 4� Do
* 4 + ��o �vo 9�\ � Pb35K�<�\�EX? G @���oU��o � :�ng1U� �  �1'9���o
/2:�K�1N3�o 1 G ?V=lo������-w | � @ H yA�

`.` � H 4bT � H �!o
*A?<+ 0}ob82:.<>=>=�?V3+@m� /;PD@!1�T G 1 IJMS1 @(9�:.=>M5<�nb3S<�@ h Pb3 G P G TpIcM535:�\^M5:�3S1 @9K�1 IcO�1 I]�< / �  �1

3S1 IJ1�?V3A\AO�� 1 ` Pg35M[< G ` 351 ` ? 3A? M5<>P G o
*A6<+ 9 os09o�q�?V=�=>1�Kd? G @m�709o �UMS1�4U1U� 19o =21�354D<>1N:�Wm� � PbK ` :�M51N3AI 
 ��=>:�<�@�I^� 	0�&�

w | ��� H y+� `�`  �� �NT�4   !o
* � + ��o �7o�9�?V<�M53S1Q? G @ �vo�9�:�IJHU� �  �1'9���o>/2:�K�1N3�o 1 G ?V=po 	0����w | � @ 4!y `�` 6 ? ��T

6 � | o
*A@<+ =}o%9�?�4D35< ` =><�I�? G @ 19o��U?VK�1 IcP G � 9�:�=>MS<>ng35<�@ IJPg=>:�MS<>P G P h MSO�1 Mc�vPbT

@D<>K�1 G IJ<>P G ?V=��r:�=>1N3�1 � :&?VMS<>P G IeP G : G IcM535:�\^M5:�3S1 @ K�1 IcO�1 I]� 1: 1:1 ` ? ` 1�3
@ ��T ;  ? ; ��w | � @ �by+o

* � + ��o49�? G @!1�=l� �&o 9�\ � Pb3SK�<�\�Ei? G @���o �[:�nb1U� �  �1'9 ��o /;:�K�1�3No>1 G ?V=lo 	��-�
w | � @ @ y+� `�` � | T |g|�; o

* |�;<+ ��o �[:�nb1Z? G @��Xo �UM! :�t&1 G �'12=�nb1�t�3+?V<�\ 9�:.=>M5<�nb3S<�@%9�1�M5O.PD@�Ie< G#"%$�&(' �*) / �,+
" � ',- 1 +/.�w ��o<9�\ � Pb3SK�<�\�E���@�yA� ��35P G M5<�1�3AI&< G 1 `�` =><>1�@'9�?VMSO��/0�Pg= ? � �  �1'9 �
� O�<�=�?g@!1�= ` O�<�?Do

|�;


