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THÈME 1

INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE

Minimizing SONET ADMs in unidirectional WDM
rings with grooming ratio 3

Jean-Claude Bermond — Stephan Ceroi

N° 4626

Novembre 2002





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��/ 3'4'5���
���6 ")7%"��'�8

9;:=<;>3?�@BAC<EDGFG:,HB:JI�KMLN>GFPORQTSU:WVGXY<;>Z@B:JI�LN[

\	]_^
`babcedgf$h�ija�kmlon.a�pqijroispt^
`ba�i
uYvtwyxsa�pqz|{e}_~$�e\$\$�

f�ky�_�EwWv�p��oa7vta��1]�a�vt�1]�aP�;�3�W�J�y��dg��w��Wa
`5��vja��y�W�W��d�c��5�_km�ma�i

���3���
�����m�m��� a5��wm�Ei�� �oa
v�pjv1k�¡¢�7�mvtw=wm`b�£�_�4�£� �¥¤ z¦l���� �o�§vja¨�©pt�£wW�_kyª«vt�§���Wi$¬$�£pj]�kyª§ª®­Cpjwm­¯kmª£ª°l��_�®­
± wWvj`²l����£ptkyvtr4ptvtky¡4�m³ � a/�oa
pja�vj`b�§��a7pj]�a�`b�§���§`(l�`´�Jl_`(�;a
v$w ± }_�e�q�R\qµy} ¤e¶ km�_�=­¯��vjwW�.`(l_ª®pt�®­
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ª§a
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wW�opj� �
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v�pjw `b�£�_�£`b�§Ç
a pj]�a
ptvtkm�_ij`B� iti��§wm�,�
wWi�p�À°�§�,�_kmv�pt�§�
l�ª kyv¸pj]�ab�=l�`(�;a
v7w ± ¬	kU�ma
ª§a
�_�ypj]Ei
À;wmvepjw�`b�£�_�£`b�§Ç
aBpj]�aba¨»Wl_�£��`ba��Wp
�
wWi�p�Ào�§���_kyvjpj� ��l�ª kyv½pt]�a7pjwmptkyª°�=l�`5�Ea�v$w ± { ¤ z|i$l_ija����§�.pt]�a���a
ps¬ÆwWvG=N³
¶ a
vtamÀm¬½aq�
wm�_ij�§��a
vGpj]_a��_kyvjpj� ��l_ª§kmv&�
kmija$w ± l��_�§�o�§vta��©pt�£wW�_kyª_vj�§���WiG¬$�£pj]¢i�ptkypj� �$l���� ± wmvt` ijr=`b`Ba
p�­

vt� �ekmª£ª£­Cpjwy­¿kyª§ª;pjv1k�¡¢�y³Y¾¿��pt]��§iq�
kmijamÀ ± wWv$a�kW�1]��_km�£vIHCJ>K*L!MmÀ�¬½a�kmiti�wo��� k�ptaek4�
�£v1��ª§a4· wWv����§vt�
l��®p©º½¬$]�� �1]
�
wm�Jptkm�£�Ei$�Ewmpj]�pt]�a/vta�»Jl�a�i�p ± vtwm`NJ&pjw@L.km�_� ± vjwW`OL¢pjw:J1³	¾ ± a�kW�1]��
�£v1��ª§a�vta�»Jl��§vja¨i$wm��ª§rOPQ w ± pj]�a�Eky�_�o¬$� �=pt] w ± k4¬	kU�ma�ª£a����ypt]«À�¬½a(�
km��Rs�Wvjw=wm`�S�T �
�£v1��ª§a�iqwm��pt]�a(itky`ba/¬	kU�ma
ª§a
�_�ypj]T³UT � iq��kyª§ª£a¨�
pt]�a��Wvjw=wm`b�§���7vtkypj�§w¢· wWv&�mvtw=wm`b�£�_� ± km�©ptwmv©º©³WV�wWv&a�n�ky`b��ª§amÀW� ± pt]�a�vta�»Jl�a¨isp ± vtwm`OJTptw1L.· ky�_� ± vtwm`XL
ptwIJ¿ºT� iGwm��aq��~R­1c¨��km�_�Bkq¬	kU�ma�ª£a����ypt](�
km�B��kyvtvjr�ky�¢��~R­¯�ZY�À¨pt]�a	�mvtwJwW`b�£��� ± km��pjwmvY� i"�_³ � �£�Wa
�5pj]�a
�Wvjw=wW`B�§���bv1k�pj�§w�T ky�E��pj]�a(ij�§Ç
a/Ã w ± pt]�a(vt�£�_�_Àopt]�a(wW�oxsa���pj�§�ma�� i$pjw.`B�§���§`b�£Ç�a/pj]_a�pjwmptkyª3�=l�`(�;a
v
w ± { ¤ z i�l_ija��°ÀG�oa
�_wypja¨�\[�]*T�KjÃW^jÀYky�E� pt]�a
vta ± wWvjaBpjw|vta���l_��abpt]�a4��a�ps¬½wmv'=,�
wWi�p7�=r�a
ª§�£`b�§�_k�pt�£���
kWiq`4km�Jr|{ ¤ z|i7kWiq�;wWiti��§��ª§a ± vtwm`�pj]_aIR���w.�Wvjw=wW`B�§���.��kmija4S©³_V_wmvea�n�ky`b��ª§amÀNª§a�p7Ãa`Xb!c°¬½a(]_kU�Wa
� �
�£v1��ª§a�i4�
wmvtvja¨i��;wm�_���£���,pjw pj]_a ���Eky�§vti�H�deK'f M�KgHedZKGh MiK
HedeKGbjM�KgH$f K'h M�KgHCfjKkb!MiKgH7h!KkbjMy³ � �£pj]_wmlop
�Wvjw=wW`B�§���EÀmpt]_k�p	�§i	� ± ¬½aekWijij�§�m�.wW��ae¬½kU�Wa
ª§a
���mpj]4�;a
v����§v1��ª§amÀ=¬Æae��a�a����5{ ¤ z|i	�;a
v$���§v1��ª§aecJpj]�a���k
ptwyp1kyªyw ± cU�½{ ¤ z|iTkmvjaYvta�»Jl��§vja¨�°³3}=l_���EwJi�aY�_w�¬,pt]_k�p�TX`lh�À�pj]_kypT�§iT¬Æa&��ky�7�mvtw=wm` ¼$�
�£v1��ª§a�i«wm�7wm��a
¬	kU�ma�ª£a����ypt]«³G�¸�_a��
ky�4�Wvjw=wW` wm�4¬	kU�ma�ª£a����ypt]�c	pt]�a¸�
�£v1��ª§a�i&kWijijwo��� k�pta��5¬$�®pt]�HedeK>f8M�KgH�deK'h M�KgHedZKkb!M
lEi��§���e�e{ ¤ z|iRky�_�(wm�B¬½kU�Wa
ª§a
���mpj]5��pj]�wJi�a	kmitijw=�
�§kypja¨��¬$�®pt]�HCf K'h M�KgH$f Kkb!M�KgHCh!Kkb!MÆl_ij�£�_�e¼e{ ¤ z|i
± wWv�k5pjwyp1kyª°w ±im { ¤ z|i�³
\	]�� i	�
kWi�a�w ± l���� �o�§vja¨�©pt�£wW�_kyªEvj�§���WiÆ¬$�£pj]�i�ptkypj� ��l��_� ± wWvj` ijrJ`b`ba�ptvj� �qkmª£ª£­Cpjwy­¿kyª§ª�ptvtky¡¢��]_kWiR�;a
a��

�
wm�_ij� �oa
vta��,�Jr�`4ky�=r,kyl�pj]�wWvtin?§cyÀT¼_ÀoY�À&c¨�oÀ&cmcmÀ&c¨�=ÀRc��oÀYc m À&c7Y�À&c7AoÀ"�y�EDÆkm�_� �=l�`ba
vt�§��kyªGvja¨i�l_ª®p1i
À
]_a
l�vt�§i�pj� �
i5ky�_� ptky�_ª£a¨i(]_kU�Wa4�Ea�a
� �m�§�ma
�¥· i�a�a ± wWv(a�n�km`B�_ª£a.pj]�wJi�a¢�§�l?§c m D º©³ \	]�� i5��kmija¢��vta�ija
�Jpti
pt]�a(kW�o��ky�Jptkm�ma7w ± ��wW�_��a��Jpjv1k�pj�§���4wW��pt]�a/�Wvjw=wm`b�§���4��]_kWi�a¢·¹a�n���ª§l_�o�§���4pt]�a/vtwmlopt�£�_�Jº©³½¾¯pe��ky�|kyª ijw
�;a5km����ª§�£a¨��pjw.�mvtwJwW`´�
wm`b�EwW��a
�Jp1iqw ± `bwWvja/�Wa
��a�vtkmªT��wW����a¨�©pj�§wm�Ei$pj]Eky�|ps¬½w¢wm�_�EwJi��£pja/�Eky�§vtiq�£�Jpjw
¬	kU�ma�ª£a����ypt]_i	wmvq`BwWvja7�Wa
��a�vtkmªT��ª kmiti�a¨i
³½\	]�a�ija(�
wm`b�EwW��a
�Jp1i�kyvta/�
kmª£ª§a������§v1��ª§a�i�? ¼oÀ;�m�ED3wWvq���§v1��l��£pti
?§c m DTwmv	��vt�£`b�£pj�§�ma�vt�£�_�Wi�? �_À m D¯³
¾¿�\?§cgDT�£pq� i$��wypta���pj]Ek�p$pj]_a���vjwW��ª§a
`²w ± `b�§���§`B�§Ç
�§���bpt]�a��=l�`(�;a
v�w ± { ¤ z i ± wmv	pt]�a�l���� �o�§vja¨�©­

pt�£wW�_kyª3vj�§���pT Å ÀN¬$�£pj],k.�mvtw=wm`b�£�_� ± km�©ptwmvITBÀN��ky� �;a(a
no��vja¨ijija��|kWi ± wWª£ª§w�¬�i
Á	�_kmv�pt�®pt�£wW��pj]�aBa����ma�i
w ± pt]�a.�
wm`b��ª§a�pja.�mv1ky��] wm� Ã �ma�v�pt�§�
a�i¢· Ä Å º7�§�Wptwrq i�l��_�mv1ky��]_i�s�t_ÀWuv`wdZK'f K7x
x7xgK'q À"]_kU�=�£�_�
y z ]*sItj^ y a��o�Wa�i¸ky�_� y { ]*sIt ^ y �ma�v�pt�§�
a�i�À�¬$�®pt] y z ]|s�tj^ y�} T ky�_��¬$]_a
vta@~��tC� P y { ]|s�t8^ y ]_kWi$ptw¢�Ea
`b�§���§`B�§Ç
a¨� · pt]�a(a¨�o�ma¨i$w ± Ä Å ��wWvjvta�ij�;wm�_��pjw¢pj]�a(�
�£v1��ª§a�i�À�pt]�a(ijl����Wvtkm��]_i�s�t4�
wmvtvja¨i��;wm�_��ptw4pj]�a
¬	kU�ma�ª£a����ypt]_i7ky�_� k��ma�v�pta�n w ± sIt��
wmvtvja¨i��;wm�E��i¸pjw ky� { ¤ z º�³T¾¿��?§c4DR��kyvt�§wml_i7vta�ijl�ª£pti/kmvjab�m�§�ma��
lEi��§���bpjw=wWª§i$w ± �oa�ij�£�W��pj]�a�wmvtrr?�BED"km�_��pj]�a�r��§`b��vtw��ma�ky�_��l_��� ± r�kyª§ª°pt]�a(��vta��
a��o�§���bvta�ijl�ª®p1i��§��pj]�a
ª§�£pja
v1k�ptl�vtam³4��wmpjaBpj]_kyp(�oa�ij�§�m��pj]�a�wmvtr ¬½kWi�kyª i�w�l_ija����£��? ��À m D ± wmv/k�ijª£�§�m]Jpjª§r,�o�	�Na
vta
�Jp/��vtwm��ª§a
`
¬$�£pj]�T�`l�_À�kmi½pt]�a
r���wm�Ei�� �oa
v	��� �o�§vja¨�©pt�£wW�_kyª°vt�£�_�Wi$ky�E�.�bvta�»Jl�a�i�pti$kmvjae�mvtwml_�Ea¨�.�§�|kB�
�£v1��ª§am³
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kmija7�§i�a�kmijr¢ptw¢i�wWª£�Wa¸¬$]_a
��pj]_a
vta�a�no�§i�pti$k

�Ekyvjpj�£pj�§wm��w ± Ä Å �§�Jpjw4Ä�
�� i/· pjvt�§km���mª§a�i1º©À�kWi�Ä�
e� i	pj]�a��Wvtkm��]�¬$�®pt] ¼5a¨�o�ma¨i	]_kU�=�£�_�5pt]�a�`b�£�_�£`5l�`
�=l�`5�Ea�v$w ± �ma
vjpj� ��a¨i
³WV�wWv	pj]_kyp$¬Æa��
km��lEi�aepj]_a�a�no�§i�pja��_��aew ± }Jpta
�§��a
v�\3vj�§��ª§a/}=roispta
`4i	wmvI]¹Ã�K'hjK7d/^¹­
��a�ij�£�W�_i	¬$]�� �1]���ky���Ea/i�ptkypja���kWi ± wmª§ª£w�¬�i7· ± wWv�kb��vtwJw ± ija
an? �CD º�³
��� É=Í � É �������°� É����TÉ ���£�B� � É=Í � É ����� +/% ,$�! �Ã#"XdeKGh�]%$'&)(+* ^-,i)#6 & &>"
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54 �6�
�qwypja	pt]_k�pYpt]�a$��vtwm��ª§a
`P¬Æa$��wW�_ij�§�oa�vY]�a
vta	�§iY��� �Na
vta
�Jp ± vtwm` pt]�a$��vtwm��ª§a
`4iGw ± �oa¨i��§�m�5pj]�a�wmvtr/�§�

¬$]_�§�1]�wm��aeª£w=wZ==i ± wWv	k5�_kmv�pt�®pt�£wW�.w ± pj]�a7a¨�o�ma¨iÆ�§�JpjwB�§ijwm`bwWvj��]_�§�¸i�l��_�mv1ky��]_i	km�_�.ijl_�1]�k5�_kmv�pt�®pt�£wW�
a
no�§i�ptiqwm��ª§r ± wWv¸ijwm`ba/��kyª§l�a¨iqw ± ÃY³_V�wmv¸wypt]�a
v¸�Ukmª£l_a�i�wW��a5��ky��pt]��£�!=�ptw.l_ija/vta�ijl�ª£pti�wW�|�_km�>==�§���Wi
wWv$��w��ma�vj�§���JiYpjw4ijwmª§�ma¸wml�v	��vtwm��ª§a
`�³�V�wWv	a�n�ky`b��ª§amÀ ± wWv T�` h5km�_�.Ã87"�d7wWvUh ]¹`bwo�
* ^tÀowm��a7�
km�
pt]��§�j=4pj]Ek�p½pj]�a7�;a�i�p$ijwmª§lopt�£wW�¢�§i	wW�optkm�£�_a��4�=r4p1k/==�£�_�5kmi½`4ky�=r¢Ä�
 � i	kmi½�;wWiti��§��ª§amÀ=��lop$�£p��ow=a�i½��wyp
�_a���a¨ijitkyvt�§ª£r/ª§a�kW�BpjwBky�4wm��pj�§`bkmªEijwmª§lopj�§wm�T³Y~ÆwW�_i�� �oa�v ± wmvRa�n�ky`b��ª§aqÄ�9m³"¾¯p	�
km�4�Ea��Ekyvjpj�£pj�§wm��a¨�b�£�Jpjw
pt]�a���ptvj� ky�_�mª§a�i ]GdeK'fjKGhj^GK
]GdeKGb!K�: ^GK7]*f KGb!K�* ^GK7]|h!K�: K�* ^_�_ª£l_i&pj]�a¸¼�a��o�Wa�i$c
­¯�_ÀJ��­ B�Àm¼�­¯�_³Y}=w_ÀJkyª£pjwW�ma�pt]�a
v
¬½a.]EkU�ma B,i�l��_�mv1ky��]_i(ky�_� c7Y { ¤ z|i�³ ¶ w�¬½a
�Wa
v¨À3¬½a���ky� kmª§ijw �_kmv�pt�®pt�£wW� Ä�9¢�§�Jpjw,pj]�a�¼,Ä�
�� i
]GdeK>f KGhj^GK7]*f KGb!K;:8^GK7]|h!K�: K�* ^tÀ_pt]�a4isp1kyv�Ä P�< 
 ¬$�£pj] a¨�o�ma¨i5c
­C�EÀ£c
­ B�À£c
­¯�_À;km�_�,pj]�ab�_kypj]1=?>4¬$�£pj] a����ma�i��­¯�_À �y­C�EÀ �m­¯¼_³T\	]�� i	i�wWª£lopt�£wW�.l_ija�i�B5ijl����mv1ky�_]_iÆkm�_��c m { ¤ z|i
³R}o�£`b�§ª§kmvjª§rmÀ=� ± ¬½aelEi�a7kb��w��ma�vj�§���/w ±
pt]�a	a��o�Wa�i3w ± Ä 9 �=r/�eÄ 
 � iYky�E�(�oa�ª£a
pja½pj]�a	a¨�o�ma¨i3�
w��ma
vta���ps¬$�§�
amÀ�¬½a½¬$�§ª§ªJ]EkU�maÆpjwel_i�a	�ei�l��_�mv1ky��]_i
¬$�£pj]�¼/�Wa
vjpj� ��a�i½ky�E�.kyª£pjwW�ma
pj]�a�vqc7Y(�ma�v�pt�§�
a�i�³Gz�wWvja¸�ma���a
v1kyª§ª£rWÀW¬$]_a
�¢Ã � i½a
�Wa
�«Àok(�
w��ma�vj�§����w ± Ä¢Å
�=r|Ä 
 � i¸��a
a¨��i�@ ÅBA9DC pjvt� ky���Wª£a¨iqky�E� ¼4pt�£`ba�ie`bwmvta({ ¤ z|i7c«��l�pe¬½a(¬$�§ª£ªGij]�w�¬ pj]_kypqpt]�a5wW�opj�§`4kyª
ijwmª§lopt�£wW��l_ija�i$km�EwWlop
E Å >GF ± a�¬Æa�v�{ ¤ z|i
³
¶ a
vtamÀo¬½ae�oa
pja�vj`b�§��aqpt]�a7a�n�km��p½��kmª£l�aew ± [�]*hjK�ÃW^tÀ��oa
�_wypja¨�¢�=r:[�] ÃW^j³R\	]_a¸`4ky�§�¢pt]�a
wWvja�`��
km�

�;a/i�ptk�pta���kmi ± wWª£ª§w�¬�i
Á
��� É=Í � É �IH

]|J'^v0 68&
��Ã � �@+7"Z"J,W[�]¹ÃW^ `�Ã�]¹Ã#K�de^ML/f3NPOQ, 5W6 &g%G&RO�`TSr� .�ÃU" d�+$%1h�]%$'&)(+* ^-, ,$� "OU` fp� .	Ã+"V:p]%$'&)(+* ^XW
]#J J'^v0 68&
��Ã � �@&ZYE&
�G,�[�] ÃW^ `ZÃ�]¹Ã#K�de^MLefDN[E Å > F N�OQ,U5W68&
%G&RO_`Odp� .qÃ1"X��]%$'&)(adEf8^/,

,/�-"\OU`]S�+$)|68&
%45�� �g&^�
V_l�v�pt]�a
vt`bwmvta&wml_v"ijwmª§lopj�§wm��lEi�a¨i«pt]�aR`b�§���£`5l�` �=l�`(�;a
v"w ± ijl����Wvtkm��]_iÆ· ¬	kU�ma
ª§a
�_�ypj]Eitº;�;wWiti��§��ª§amÀ

pt]_k�p�� i1@ Å`_ Å�a P-b9 C cTpj]�a�vja ± wmvta ± wWv�T `Oh�ÀNpj]_ab�
wm��xsa¨�©ptl�vjabw ± ? ¼/DYpj]_kyp7pj]�ab`b�£�_�£`5l�`��=l�`5�Ea�vew ±
{ ¤ z i$�
ky���;a7kW�1]��§a
�ma¨�¢¬$�£pj]�pj]�a�`b�§���§`(l�`��=l�`5�Ea�v$w ± ¬½kU�Wa
ª§a
���mpj]_iÆ�§i½ptvjl_aB·¹�£�\?§c4DT�£p	� i$ij]�w�¬$�
pt]_k�p$pt]�a/��wW��xsa���pjl�vta7�§i ± kmª§ija ± wmv$`4ky�=r¢��kmª£l�a¨i	w ± TBÀopj]_a7Â_vti�p$wm��a7�;a
�§����T�`Vcmº©³
d ��'�%3)7%"�
'(�

{¸i$¬½a�`Ba��Jpj�§wm��a¨���§��pj]_a/�£�Jptvjwo�ol_��pj�§wm�«À_¬Æa�¬	ky�Jp$pjw4�Ekyvjpj�£pj�§wm��pj]�a�a¨�o�ma¨i$w ± Ä Å �£�Jptw¢i�l��_�mv1ky��]_i
¬$�£pj]�k�p½`BwJisp$¼/a¨�o�ma¨iÆkm�_�bptw5`b�§���£`b�§Ç
a¸pj]�a¸pjwmptkmªE�=l�`5�Ea�vU[ ]¹ÃW^Gw ± �Wa
vjpj� ��a¨i&�§��ijl_�1].k/�Ekyvjpj�£pj�§wm�«³
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¶ a
vta�kyvta¸pt]�a7�EwJijij�§��ª£a/�
wm���_a��©pta���i�l_���mv1ky��]EiÆ¬$�£pj]|kyp�`BwJisp�¼Ba����ma�i�Á

�qky`ba ~Æª§kWiji � �Wa
vjpj� ��a�i � wo�����oa
�Wvja�a¸�Wa
vjpj� ��a�i
z � �
= 
 ¼ �

Ä�
 ¼ �

Ä P;< 
 � �

= > � �

V_wmv7k4�m�§�ma��|�_kyvjpj�£pj�§wm�+= w ± pj]�a5a��o�Wa�i�w ± Ä Å À;¬ÆaB�oa
��wmpja5�Jr�� P À����yÀ���
yÀ���
yÀ��6
/pj]�a5�=l�`(�;a
vw ± ijl����Wvtkm��]_i½w ± psr=�Ea(vja¨i��;a���pj�§�ma
ª§r z À!=5
WÀ_Ä�
mÀ_Ä P�< 
yÀ = > ³ FÆr���wWl��Jpj�§���Bpj]�a/�=l�`5�Ea�v�w ± a����ma�i	w ±Ä Å ¬½ae]EkU�mamÁ
� P N f���� N h	�`
 N h	�6
 N h	�6
1` Ã�] Ã Kvd/^ L/f ·sc¨º

\	]�a�ijl�` w ± pj]�ae�=l�`(�;a
v	w ± �ma�v�pt�§�
a�iÆw ± pt]�a�i�l_���mv1ky��]EiR�§�.pt]�ae�_kyvjpj�£pj�§wm� = �§i$��a
��wmpja�� [�] =@^j³
\	]=l_i

[�] =@^W`lf�� P N h	� � N h	� 
 N b
� 
 Nab
� 
 ` Ã�] Ã Kvd/^ L/f3N�� P N�� � N�� 
 N
� 
 · �mº
V"�§�_kyª§ª§rmÀ ± wmª§ª§w�¬$�£���Bpt]�a/�oa�ÂE���®pt�£wW��w ± [ ]¹ÃW^R�W�£�Wa
���£��pj]_a��£�Jpjvtwo�ol_��pj�§wm�«Ào¬½a7]_kU�ma
[ ]¹ÃW^W`]$����oHC[�] =@^�� = �§i$kB�_kmv�pt�®pt�£wW��w ± Ä Å MJ³
8 � ' 0 !$ � '(���.���

¾¿��pj]_�§i$ija���pj�§wm�.¬½ae��vjw��Wa�pt]_k�p�[�] ÃW^&]_kmi	kyp½ª§a�kWisp	pj]_ae��kmª£l�ae�m�§�ma��.�§��\	]_a
wmvta
`²��³��«a�p3=P�Ea�ky�=r
�Ekyvjpj�£pj�§wm��w ± pt]�a�a����ma�i	w ± Ä.ÅE³

~½kWi�an]#J'^ Á«� ± Ã+"�dZKGh�] $'&�(
*j^jÀUa�»Jl_kypj�§wm�4· �Wº°�m�§�ma¨i°�§`B`ba¨�o�§kypja�ª£rI[�] =@^�� Ã�] Ã K�d/^MLefo³T}=l_���EwJi�a
�_w�¬¥pj]Ek�p�Ã+"V: ] $�&)(
* ^t³R\	]=l_i	Ã�]¹Ã
Kvd/^ L/f " d@] $'&�(phj^j³R\	]�a���a�»Jl_k�pt�£wW� ·�c¨º½`bwo�ol�ª§w¢¼B�m�§�ma�i
� P N f�� � 7` S�³
}=l_���EwJi�a(pj]_kyp�� P N�� � N�� 
 N�� 
 `Odm³¸��wypta�pj]Ek�pqpt]�a5ijl����Wvtkm��]_i z À = 
 À;Ä P�< 
 km�_�+=5>(]_kU�Wa�Wa
vjpj� ��a¨i$¬$�®pt]|wo��� �oa��mvta
am³	{qi¸a
�Wa
vtr¢�ma�v�pta�n��£� Ä Å ]Ekmi�a��ma�����a
�mvta
aWÀ_¬½a/]_kU�Wa/k4��wm�JptvtkW�o�§��pj�§wm�«À

pt]=l_i�� P N
��� N���
 N��6
���fo³
\	]�a����Jr.a�»Jl_k�pt�£wW� ·C�mº�À![�] =@^�� Ã�] Ã Kvd/^ L/f N fo³

~½kWi�an]#J J'^ Á/{qi7Ã �§i7a��ma
�TÀ°pj]�a¢��a
�mvta
aBw ± a�kW�1],�ma�v�pta�n w ± Ä Å �§i7wo���«ÀTi�w�a��ma
vtr|�ma�v�pta�n `5l_isp
�;a¢ky� wo��� �oa��mvta
ab�ma�v�pta�n,w ± kyp/ª£a¨kmi�p/wm��a¢ijl����Wvtkm��]oc3��lop/pt]�a¢�=l�`(�;a
v(w ± w=�_� ��a
�mvta
ab�Wa
vjpj� ��a�i
w ± z À =5
WÀ_Ä�
mÀEÄ P�< 
�À;ky�_�
= > kyvta(�oÀ �oÀ ��À �_À �/vta�ij�Ea¨�©pt�£�Wa
ª§r-c=pt]=l_i$¬½a�]_kU�maepj]_a ± wmª§ª£w�¬$�§���4km�_�o�®pt�£wW�_kyª�§��a¨»WlEkyª§�®psrNÁ

f�� P N f�� � N b
� 
 N f�� 
 � Ã ·¹¼Wº

���N�$�j�g�4�4�



� ���������_&
%4�n+/�-"
	�
�����&
%G+/�
V_vjwW`�·¹¼Jº½¬Æa��oa¨�ol_��a7pt]_k�p

b!] � P N�� � N�� 
 N
� 
 ^�� Ã�N f ] � P N�� � N
� 
 ^
}ow

� P N��
� N���
 N��6
 � @ Ã b C
¬$]_�§�1]��m�§�ma¨i½pj]�a�vta�ijl�ª£p ± wWv	pj]�a/��kmija�i½Ã87"l��]%$'&)(�dCf ^j³
�qw�¬ � ± Ã�" ��] $'&�(�dEf8^jÀ;pt]�a
� Ã�]¹Ã#Klde^MLef " d�]%$'&)(�hj^	km�_��pt]JlEi¸a¨»Jl_k�pt�£wW� ·scUº�`bwo�ol�ª§w�¼

�W�£�Wa�i&pj]�a�km�_�o�®pt�£wW�_kyªN��wW�_i�pjv1ky�§�Wp � P N\f������ dm³Y\	]=l_i½¬Æa¸]_kU�ma_b!] � P N �
� N ��
 N �Z
$^ � Ã�N d¸ky�E�
[ ]%=@^�� Ã�]¹Ã
Kvd/^MLef N Ã5L$b3Nld�kmi	vta�»Jl��§vja¨�°³

� � 
 
,!$ � '(���.���

�Ta�p�� P K�� � K7x
x
x
K����½�;a¢i�wW`baB�_wm����a��Wkypj�§�mab�£�Jpta
�ma�vti7c«pt]�a�(>+$�X2�. &g) &:�@� . )*� 2 ,/%4)|��) &@�/%G,�2!6\5���)#6a(g. ,E�>�
�4�	�C&g��� P K	� �$K7x
x7x
K�� � ÀE�oa���wypta���Ä�

� < 
 A <������ < 
��&�§i���a�Â_��a¨��pjw4�;a�pj]�a��Wvtkm��]�¬$�®pt]|�ma
vjpja
n�ija�pD= P�� = � �x7x
x � = � ¬$]�a
vta y =�� y `����jÀJkm�_�bps¬½w/�ma�v�pt�§�
a�i����
=��3km�_�����#=��¸kyvtaqkm�Ux�kW��a��WpÆ� ± km�_�4wm�_ª£rB� ± J37` LE³
V_wmv! #" S�À°¬½ab��a
��wmpjabÄ�$&%('(·¹vja¨i��«³5Ä�$&%(' < ) ºq�=r Ä�$ < $ <������ < $|· vta�ij�«³(Ä�$ < $ <������ < $ < ) º¸¬$]�a�vja+*�w=����l�v1i, pt�£`ba¨i
³

-¸i��§���epja�vj`b�§��wmª§wm�Wrew ± �oa¨i��§�m�(pj]�a�wmvtrmÀ�pt]�a	a�no� ispta
�_�
aÆw ± k¸�_kyvjpj�£pj�§wm�Bw ± pt]�a$a����ma�i"w ± Ä�

� < 
 A <������ < 
���§�Jpjw.Ä/.(� i�a¨»Jl��£��kmª£a��Wpqpjw4pt]�a(a
n=� i�pja
�E��a/w ± k/0 �21i�_�43 �/%G+/�J2a"/�iY7� �4�%0g.	&�"Z&4�4� �e�&5�5���)|6��/%'+$�J2��>�	�C&g�
� P K	� �/K7x
x7xgK�� � À«kyª i�w =J�_w�¬$�,kmi,0 �21i�_�w+/.�)  ;2j&,*(6 �P *(6 A� x
x
x7* 6�89 À°¬$]�a
vta/pt]�a
vtaBkmvja �:�½��kyª§l�a¨iqw ± pj]�a�;��� i	a¨»Jl_kyªNptw+*&�j³

\	]�a ± wmª§ª§w�¬$�£���(pj]�a�wmvta
` w ± ~Æwmª§�EwWl�vj�r? �$D&· i�a�aekmª§ijw�?§c
��Ào\	]�a�wmvta
` cm³ ���eD º&¬$�£ª§ªN�Eael_ija��.vja��Ea¨k�p�­
a¨�oª§r;Á
��� É=Í � É �=<?> &g)@*-K7 �,$� "�A\�
+/�n&I� +$���-& �Z,/)|�iY$&����!) & �Z&
%>�Z�RÄB$C%;' < ) (>,$� 0'&�"e&>(>+$�X2 +$�
&'"@����) +7Ä 
 4 �
� .�,/�-"�+$��.  2� .I)#6 & .g+/.�.	+$5����8��(>+$�-"/��)|�#+/�j��,/%G&�,/.�.o�
,$)*� �ED &>"GF

]#J'^�� .H*�" S�)#6 &g�/ ���h), +/%I W` fr,$� "!A `J* , +/%I W` d ,/�-"!Ap` S), +/%I W` S)W
]#J J'^�A } *-]� 5Kvd/^I+/%K*: W`]SGW
]|J J*J'^�*�]	 ?Kvd/^ N�A " S�]%$'&)(rf ^�+$%K*( W` S)W
]|J	L�^�*: "]S�]%$'&)(rf8^�+$%KA ` S)W
]ML�^�* �  >]� 5K de^MLef3NN*( OA " Sr]%$'&)(�h ^��

� a ��w�¬´��vtw��ma�pj]�a,l����;a
v¢�;wml��E��i¢�§�¥\	]�a
wWvja�` �o³Z{$�©ptl_kyª§ª£r ¬Æa|�W�£�Wa k isptvjwW���ma�vbvja¨i�l�ª£p�À	�=r
a
no]��£�_�®pt�£���Bpt]�a/��ª kmiti�a¨i	w ± pj]�a/�oa¨��wW`B�;wWij�£pj�§wm�«³
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��� É=Í � É ��� > &g)"Ã ��f �n�o68&
%G&n&��Z� �4)|��, 2 ,/%4)|��)*�#+$�a+ .$Ä Å �8�4���8�

� � � .	Ã#" deK'hp]%$'&)( *j^/, ÅB_ Å�a P/b9 Ä�
 W
� � � .	Ã#"V:p] $�&)(+*j^/, ÅB_ Å�a P-b a��9 Ä 
 ,/�-" � = 
 W
9B� � .	Ã#" SjKGb�]%$'&)( dEf8^/, ÅB_ Å�a P-b9 K Å > Ä 
�,$� " Å > Ä P�< 
 W
� � � .	Ã#" f K'�p]%$'&)( dEf8^/, ÅB_ Å�a P-b a �9 K
	 Å�a �>�� Ä 
 ,
	 Å�a �>
� Ä P;< 
 ,$�-" � z W
� � � .	Ã#" *jK7dQSp] $�&)(adEf8^-, Å`_ Å�a P-b9 K Å�� �> Ä�
J, Å�a �> Ä P�< 
�,/�-" � = > �

� � Í«Í����

� � �����¢�m��� É � Ã Í Î"Î �
¾ ± Ã+"�deK'h�]%$'&)( *j^jÀ=pt]�a�vja¨i�l_ª®p�� i	a�n�km��pjª§r.\	]�a�wmvta
`-cW³Y}ol����;wWija���w�¬¥pt]_k�p$Ã+" : ]%$'&)(
* ^t³

V"�§vti�p�¬Æa��oa¨kyª°¬$�£pj]�pj]_a/�
kmija�i	Ã�` :Bkm�_��Ã�`XdedbÁ

� Ä��q��ky�4�;a¸�oa¨��wW`B�;wWija��b�§�Jpjwb��Ä�
 � i�]GdeK>f KGhj^jÀ-]kdZKkb!K;:8^tÀWky�E�¢�\= 
 � iR¬$�£pj]¢a¨�o�ma¨i&�m­¿��À ��­ Beky�E�
�y­¿¼�À ¼�­ B c

� Ä P'P �§iept]�a4l����§wm� w ± k|Ä��bky�_� k|Ä P %)9 < ��³¢\	]�� i/Ä��b�
km���;a¢�oa¨��wm`b�;wWija�� kmi�ija
a�� km�Ew��Wa�£�Jptw��4Ä�
�� ieky�_� ��=5
�� i�³1F½r�\	]_a
wmvta
`�¼ · ¬$�£pj] *:` dmÀ  ` *¢ky�E� A�` :mº©À;Ä P %)9 < �(�
km�|�Ea�oa��
wm`b�;wWija����£�Jpjw|cEB(Ä 
 � i
³R}=w4Ä P'P �
km���;a/�oa¨��wm`b�;wWija����£�Jptw�c m Ä 
 � i�ky�_���'= 
 � i
³
�qw�¬ ± wmv	Ã ��dJc/ky�_�.Ã�`]*��RN1:¢· ����fmº�ÀoÄ�9 
 � �¸� iRpt]�ael����§wm�.w ± f ��Ä�
 � i�À;c7Ä��eky�_��k(Ä�
C% � 
 < �y³F½lop(Ä��B��ky� �;a¢�oa��
wm`b�EwJi�a¨�,�§�Jpjw ��Ä�
 � i/km�_� � = 
�� i�À3ky�E��Ä�
C% � 
 < �4�
km���;a¢�oa��
wm`b�;wWija����£�JpjwÄ 
 � i	�Jr�\	]�a
wWvja�`²¼B¬$�®pt] *n`�h�À  W` f ��ky�_� A `V:o³

� É � Í � Î �W��� É � Ã É��EÉ)���
V"�§vti�p�À�¬½a��oa�kmª°¬$�®pt]�pj]�a ± wWª£ª§w�¬$�£�_�bij`4kyª§ª«�
kWi�a¨i
Á

� �
kWi�a7Ã�` f�ÁGpjvt�§�J� kyª*c

� �
kWi�a�Ã�`Nb Á.Ä >��
ky� �Ea��oa��
wm`b�;wWija�� �§�Jpjw pt]�a�Ä 
 ]GdeK>f KGhj^ekm�_� pj]_a�Ä P�< 
 ¬$�®pt] a����ma�i�y­1cmÀ �y­s�oÀ �y­¿¼jc

� �
kWi�aYÃ�`]*7Á3kmi«i�ptkypja��7�§�7pj]_aR�§�Wptvjwo�olE�©pj�§wm�TÀ¨Ä 9 �
ky�7�;aÆ�oa¨��wW`B�;wWija��e�§�Jpjw	pj]_a =5>&¬$�®pt]/a����ma�i
�U­¿��À ��­¯�_À �y­¿¼�Àmpj]�a/Ä P�< 
 ¬$�®pt]�a��o�Wa�i7c�­¯�_À§c�­ BoÀ§c�­¿��ÀJky�_�.pj]_a/Ä 
 � i�]kdZK'fjKGh ^tÀ ]*f KGb!K;:8^jÀ ]*hjK;: K-*j^Gc

� �
kWi�aeÃ�` ��ÁGptk/=WaekB�oa¨��wm`b�;wWij�®pt�£wW��w ± Ä��¸�§��Ä�
�� i�À�ky�E���
wm����a¨�©p$ky��km�����®pt�£wW�_kyªN�ma�v�pta�n��
pjw|kyª§ªG�ma�v�pt�§�
a�iew ± pt]�a4Ä���³B\	]�a m a¨�o�ma¨iq�§�_�
�§�oa��Jpeptw � ��ky� �Ea4�oa¨��wW`B�;wWija�� �£� �.Ä P;< 
�� iky�_��wW��a z c
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kWi�a5Ã\` dQS|ÁqÄ P�� �
ky�,�Eab�oa��
wm`b�;wWija��|�§�Jpjw¢pt]�abÄ P;< 
(¬$�®pt],a¨�o�ma¨i1A�­s�oÀ A�­¯�_À A�­¿��À�pj]�aBÄ P;< 
¬$�®pt]�a��o�Wa�i7c��y­tcWÀ£c¨��­¿¼�À§c��y­ B�À�pj]�a = > ¬$�£pj]�a��o�Wa�i Yy­ A_À Ay­tc¨��À§c���­ m Àykm�_��pj]�a ± wWª£ª§w�¬$�§���BÄ 
 � i
Á
]kdZK�: K�* ^ ]GdeK>f KG�j^ ]kdZKGh!K�� ^
]*fjK-*jK�c�^ ] f K'hjK�: ^ ]*fjKkb!K7dQSj^
]|h!K;c8K'� ^ ]*hjKGb!K-*j^ ] :jK;c K�� ^
]#b�KG�jK;:8^ ]|b!K7deK;c8^ ]%*!KG�jK7dQSj^

�qw�¬ ª§a�p5Ã�` b  N AM¬$�£pj]� \" S\]%$'&)(�hj^jÀ  ��Oh|km�_� A `[S!K'fjKkb!K�*jK'�.wWv¢c��_³�Ä¢Å �
km� �Ea
��a���wW`b�EwJi�a¨� �£�Jpjw  �Ä > � i�À&k,Ä ) ky�_� k Ä > %(' < ) ³�F½r \	]�a
wWvja�`¦¼ ¬$�®pt] * ` b_À&Ä > %(' < ) �
km�M�Ea��a���wW`b�EwJi�a¨���§�Jpjw.Ä 
 � i
ÀEa�n���a��opq¬$]�a��� `�h¢ky�E� A�` d^S�À_�C³ am³	Ã�`Xfef�À ± wmv¸¬$]�� �1]�pj]�a(�
wm�_���®pt�£wW�
]|J JG^"�§i½��wmp½itk�pt�§i�Â_a��«³G�qw�¬ ± wmv½ÃP7` fef�ÀWa¨km�1].Ä > �
km�.�;a¸�oa¨��wm`b�;wWija��4�§�Jpjwbk(Ä�
¸ky�_�.k(Ä P�< 
yÀoky�E�Ä ) ��ky� �;a5�oa¨��wW`B�;wWija��,kmiqij]�w�¬$� km�Ew��Wam³ ¶ a
�_�
a5¬½a/�ma
pek.�_kyvjpj�£pj�§wm� w ± Ä Å �§�Wptw4pj]_a5vta�»Jl��§vja¨��=l�`5�Ea�v$w ± Ä�
 � i
ÀEÄ P;< 
 � i�À z ky�_� = > ³

V"�§�_kyª§ª£r ± wWv7Ãa`Ofef�À°Ä � �B�
km� �;ab��a���wW`b�EwJi�a¨�|�£�Jptw b�Ä > � i
À«k�Ä�9Bky�_��k�Ä > % > < 9�³/�&kW�1]�Ä >��ky���Ea/�oa¨��wW`B�;wWija��.�£�JptwbkbÄ�
7km�_��kBÄ P�< 
y³&\	]�a�Ä�97��ky���Ea��oa¨��wm`b�;wWija���kmi	ija
a
��ky�;w��mae�§�WptwBk= > À=k�Ä P�< 
yÀJky�_�4¼�Ä�
�� i�³WFÆrb\	]�a�wmvta
`P¼�¬$�£pj]�*n`  �`�b/km�_��A `]*_ÀWÄ > % > < 9$�
km�4�Ea¸�oa��
wm`b�EwJi�a¨��§�Jpjw4Ä 
 � i�³&\	]=l_i	¬Æa7�Wa�p�kb�_kyvjpj�£pj�§wm��w ± Ä � � �£�Jpjw4k =5>WÀ!BbÄ P�< 
 � i�ky�E��ijwm`ba�Ä 
 � i�À�kmi	vta�»Jl��§vja¨�°³�qwypja/pj]_kyp�ÀEkWi$`ba
�Jpj�§wm�_a����§��pj]�a/�§�Jpjvtwo�ol_�©pt�£wW�«À�wWl�vqijwmª§lopj�§wm��l_ija�i	pt]�a/`b�§���£`5l�` �=l�`(�;a
v�w ±
ijl����Wvtkm��]_i$�;wWitij�£��ª§amÀEpj]Ek�p¸� i�@ Å`_ Å�a P-b9 C À°i�]�w�¬$�§���4pt]_k�p ± wmvIT `�h_À_pt]�aB�
wm��xsa¨�©ptl�vja(w ± ? ¼ED"� iqpjvtl�am³
�

� � '(��#½*��.�"��'(�

¾¿� pt]��§i(kyvjpj� ��ª§amÀT¬½ab]_kU�ma4�oa
pja�vj`b�§��a���pj]_a4`B�§���§`(l�` �=l�`(�;a
v�w ± }E�e�q�&\ km���o­¯�ovtwm� `(l_ª®pt�£��ª§a�n=­
a�vtib· { ¤ z|itº�vja¨»Wl_�£vta��,¬$�®pt] k��mvtw=wm`b�§����v1k�pt�£w�¼��£� l���� �o�§vja¨�©pt�£wW�_kyª �¥¤ z vj�§���Wie¬$�£pj] kyª§ª£­ ptwy­¿kyª§ª
l_��� ± wWvj`�l����£ptkmvjr.pjv1k�¡¢�y³ � a/]_kU�ma/kmª§ijw¢ij]�w�¬$��pj]_kyp�pj]�� i�`b�§���§`(l�` �=l�`(�;a
vq�§i¸k�p�p1ky�§��a���¬$�£pj] k
`b�§���§`(l�` �=l�`(�;a
v¸w ± ¬	kU�ma
ª§a
�_�ypj]Ei
³$\	]�aBijkm`Ba�� �oa¨kmiq��ky�|�;a(l_ija��|pjw.�oa
pja�vj`b�§��a�pj]_a(`b�£�_�£`5l�`
�=l�`5�Ea�v2[�]*T�KjÃW^ ± wmvbª§kmvj�Wa
v5�Ukmª£l_a�iBw ± TB³ V�wmv:T3`wb ky� wW�opj�§`4kyª$ijwmª§lopj�§wm� �
ky� �Ea�wm��ptky�§��a¨�
a¨kmij�£ª§r kmi�¬Æa �
km�¥�_kmv�pt�®pt�£wW�¥pj]_a�a¨�o�ma¨i�w ± Ä Å �§�Jpjw�T > � i�km�_�¥Ä�
 N z ³�\	]�a�vja ± wmvta,¬½a,]_kU�Wa
[ ]#b�K�ÃW^U`PÃ�]¹Ã Kld/^ L/f4¬$�£pj]�pj]_aB`b�§���§`(l�`-�=l�`5�Ea�v7w ± ¬	kU�ma�ª£a����ypt]_i�À;k�vja¨i�l_ª®p7wm�op1ky�§��a���kyª i�w��§�
?§c¨�EDC³ � aq]_kU�Waqkyª i�w(wm�op1ky�§��a��b�_kmv�pt�§kmª_vta�ijl�ª£pti ± wmv&pt]�a¸��kmija�i T�`V:/km�_�:TX` *�³G¾¿�4pt]�aqª k�pjpja�v½��kmija
¬½a��
km��l_ija�vta�ijl�ª®p1i	wm���y­ �7¤¸¤ ��lop$pj]_a
r�kmvjae��wmpqi�lo¡¢�
�£a��Wp ± wWv�kyª§ª°pj]�a/�
wm���Wvjl_a
�_�
ae�
ª§kWijija�i�³

�b��� �3Í=Ì � É Î
	 � É�� � � � a¸pt]_ky�!= ¤ kU�=� ��~ÆwWl_�oa
vjp�ky�_���ywJi�a���]�
&l ± wWvÆpt]�a
�§v$]�a�ª£� ± l_ª«��wm`b`ba
�Jp1i
³

��!���!$ "!��.#½!$�

?£c
D��_³ ­s~¸³�FÆa�vj`bwW�_� ky�_� ¤ ³&~Æwml_�oa�v�p¨³ -���� ± wmvt` kyª§ª®­Cpjwm­¯kmª£ªYptvtky¡¢�b�mvtwJwW`b�£���|�§�Ml��_�§�o�§vta��©pt�£wW�_kyª
�¥¤ z²vj�§���q�_a�ps¬½wmv'==i�³J}ol���`b�®pjpja¨��pjw��G� �i���4��) &
%4�-,/)|�#+/�-,$.��i+/�Q.g&
%G&g� (>&1+$�#�i+/���@� �!�#(>,$)*�#+$�!�
� � � � 4 � 9m³
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? �$D�u"a
pja
v �_³�~½km`ba
vtwm�«³5��+/� 0g���-,/) +/%4�#(4��F�) +�2��#(g��,�) &>(g6Z�!� � �!&g�1Ày�1]Eky�opta
vWY/Á"}=pja
�§��a�vTptvj�§��ª§aÆijr=i�pja�`4i
³
~½km`(��vt� �o�ma!-��_�£�Wa
v1i��£psr¢uYvta�iti
ÀE~½km`(��vt�§���mamÀo�Y�_�mª ky�_�°ÀTc7AeAm�_³

? ¼/D�{(³��&³W~Æ]��§lbky�_�5�$³ ¶ ³mz|w=���§km��w_³o\3vtky¡4�Æ�mvtw=wm`b�§���qkyª§�mwWvj�£pj]_`bi ± wmvYvta���l_���§���qa�ª£a¨�©ptvjwW���§�Æ`(l_ª®­
pt�£�_ª£a
n=�§������wJisp1i��§� �¥¤ z vt�£������a�ps¬½wmv'=oi
³ �G�i�i����� 
 � �j+$� %4� ,$.�+ . > � �/6Z)*5 , Y$&���&>(46��-+$. +G�  �À
cCY�· �y�W�m�Jº©À����Nc¨�o³

? �eD(~¸³ �_³$~ÆwWª£�;wml�vt�«³ }o`bkmª£ªe�mvtwml_�¥�o�£�=� i��§��ª§a��oa¨i��§�m�Ei¢¬$�£pj]¥��ª§wo�>= i��§Ç
a,¼_³[�G� �i+$��04��� ���r,/)#6�i+/� 0g��� �3��+/�D2-� ) �§ÀTc
�|·scCAeAm¼Jº©ÀNcCB�c��Nc m cW³
? B$D(~¸³ �_³&~ÆwWª£�;wml_vj�Mkm�_� �_³ ¤ �£�_�®ptÇmÀRa¨�o�£pjwmv1i�³��o68&������X68,/�-"`0G+C+
	a+ .U�i+$��04��� ,$) +$%4�#,$.1"Z&4�4� �e�j�©³
~½f�~ uYvta�iti
À��qa
¬	­ 
&wmv'=;ÀNcCAeAm�_³

? �/D(~¸³ �_³o~ÆwWª£�;wml�vt�4ky�_�.{/³	�T�£�_�_³ � kU�ma
ª§a
�_�ypj]4kW���=­¿�ovjwW�b`(l�ª£pj�§��ª§a�no�£�_� ± wmvÆ`b�£���§`b�£Ç��£�_�B}_�e�¸�&\
{ ¤ z i
³ � � �
(g%'&g) &_� 2 2�. �#&'"��r,$)|68&
�2,$)*�#(4�©À�ptw4ky���;a�kmv�³

? m D(~¸³ �_³;~Æwmª§�EwWl�vt��km�_��uG­���³ � ky�T³Æz��§���£`b�§Ç
�§���.�ovtwm����wJisp ± wWvq}_�e�q�R\qµ �¥¤ z ��a�ps¬½wmv'=oiÆ¬$�£pj]
P� ¬½kU�Wa
ª§a
���mpj].vta�»Jl��§vta
`ba
�Jpti�³�� &
)|5 +/%�	7�©À_¼ m ·C�y�W��c¨º�ÀNc�� m �;cWc���³

? Y/D�f/³ ¤ lop�p1k¢ky�_���(³_f$wmlEik=�kmi�³½�¸��wm��pj�§`bkmª°pjv1k�¡¢�7�Wvjw=wm`b�§���B�£� �¥¤ z vj�§���Ji
³ �'�i�i� � +/� %4�-,/.
+/.I
 &
.	&>(
) &>"��_%'&',$�����P�i+$�@��� ���#(',/)|�#+/�j�©ÀE�m��·C�y�W�W�mº�ÀNc��;cU�o³

? A/D�f/³ ¤ lopjptk ky�_���/³�f$wWl_iG=UkWi
³ \3vtky¡¢� �mvtw=wm`b�§���M�§� �¥¤ z �_a�ps¬½wmv'==i�ÁMuGkmi�p�km�_� ± l�pjl�vtam³
\3a��1]_���§��kyª°vta
�;wmvjp�ÀE~	}_~ \$f	­s�y�W�W�U­¿�eY_ÀW�7~	};-/ÀE�m�m�J�o³

?§c��/D/�5³ � a
v1i�pja
ªCÀYu"³ �T�£�«À&km�_� � ³Y}okmitk/==�C³ � kU�Wa
ª§a
���mpj] kmiti��§�m�_`Ba��Jp(�£� k �¥¤ z
vj�§���|ptw,`b�£�_�®­
`b�§Ç
a(�
wWi�p�w ± a
`5�Ea¨���oa�� }E�e�q�&\Zvt�£���Ji
³R¾¿� �G�i�i� �4�^.g+7(>+$�BÀ_�Eky�ma¨i Ay���;c��_cmÀ�}okm�pV_vtkm�_��� it��w_À
~½kmª£� ± wmvt��� k�À°cCAeAeY_³

?§cmc
D/�5³ � a�vti�pja�ª À½f�³&f�km`bkWi�¬	ky�_� ÀRkm�_� � ³R}�kmitk/==� ³ ~ÆwWi�p�­¯ag�Na���pj�§�ma�pjv1k�¡¢�.�Wvjw=wW`B�§�����£� �¥¤ z
vt�§���Wi�³ �G�i�i��� ����� �j%G,$�!�g,Z(g)*�#+$�!� +$����&g)*5 +$%�	E�����mÀ!Y�· �m�m�W�Wº©Ào�_c7Y
�o�m¼W��³

?§c¨�$D��_³�
5³ ¶ l«³	�¸�opj�§`4kyªNpjv1k�¡¢�e�mvtw=wm`b�§��� ± wWv�¬	kU�ma
ª§a
�_�ypj]�­¯�o�§�=�§ij�§wm�o­¯`(l�ª£pj�§��ª§a�no�§���/vt�£���Ji	¬$�®pt] kyª§ª®­
ptwy­¿kyª§ª°l���� ± wmvt`�ptvtky¡4�m³I� 
j� �j+$� %4� ,$. + .:�52-)|�#(>,/.�� &
)|5 +/%�	7�©À«c4·C�y�m�J�mº�À=¼J���=�J�o³

?§c�¼/D7��³Tz�wo�o�§km��w�km�_� u"³��«�§�«³�\Tv1k�¡¢�(�mvtwJwW`b�£���.�£� �¥¤ z ��a�ps¬½wmv'=oi
³ �G�i� �[�i+/���@� �!�#(>,$)*�#+$�!�
�r,7�Z,C�g��� &�ÀN¼eA�· �m�m�_c¨º©À°cU�����;c¨�eA�³

?§c
�eD7f�wm�_kmª§� ~¸³Yz�l�ª§ª£�§� km�_� ¶ km�_is­ ¤ �£a
pjvt�§�1] �5³ VÆ³ � vtwm�_kml«³ ������6 ,$�-"`0'+7+�	�+ .#�i+/� 0g���-,/) +/%4�#,$.
"Z&4�4� �e�j�©ÀE�1]Eky�opta
v$¾�¾j¾¸Á�u F ¤ iqkm�_� �7¤¸¤ i�Á&\	]�a�F	kmij� �
i�³Y~½f�~ uYvja¨iji�À���a�¬	­ 
&wWvG=NÀ°cCAeAm�_³

?§cCB$D7{(³3}=wW`bkm���C³B}=l�vt�=�£��km��ª£a5pjv1k�¡¢�B�mvtw=wm`b�§���.�§� �¥¤ z ��a�ps¬½wmv'=oi
³(¾¿� ¤ ³ �b³ � kmloptkm`�À°a��o�£pjwWv�À��%G+C,e" 0',/�-":+�2�)*�#(',/.&D�0'&
%I(>+$�@�@� �!�#(>,$)*�#+$�!�_) &'(g6Z� +$.	+'�  � ����� � �1�«Ào�Eky�ma¨i�c m �J�8BoÀ �mkmª£�Jkywm�TÀ¾¿�E�o�§k_À ¤ a���a�`(�;a
vq�m�m��cW³o���§v�p1kyª§�«uYvtke=�kmij]_ky�«³G¾¿�=�=�®pta����_ky�;a
v¨³
?§c��/D7uY­ �_³ � km�«À � ³¸~½kmª£�§��a¨ij�
l«À �R³ �«�§l«À¸km�_� �5³UV�vt�§a��oa�v�³ � vtw=wm`b�£�_� w ± kyvt���£pjv1kyvtr ptvtky¡4���§�

}E�e�q�&\qµ �¥¤ zNF �3}ofqi
³ �'�i�i� �j+/� %4�-,$.!+/. 
 &
.	&>(g) &>"_�_%G&>,$� ���+�i+/���@� �!�#(>,$)*�#+$�!�©À_c7YB· �m�m�W�Wº©À
cCAeA�B��o�m�m�W¼�³
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?§c m D��_³ � km���_À � ³o~Æ]_w_À��(³��Ya
`5l�vj�CÀ=ky�_�2Fe³oz�lj==]�a
v xsa
aW³°¾¿`b��vjw��Wa��bky�_��vjwo�1]�a¨i ± wWvÆ��wJispj­Ca
�;a¨�©pt�£�Wa

ptvtky¡¢�	�mvtwJwW`b�£���7�§� �¥¤ z vt�£�_����a�ps¬½wmv'=oi
Á«¾¿ª§� ± wmvt`(l_ª§kypj�§wm�_iYkm�_�bi��§���mª§a�­¯]�wW�Bkm�_�b`(l�ª£pj�§]�wW�
�
wm���_a��©pt�£wW�_i�³ �'�i�i� ��� 
 � �j+/� %4�-,$.�+ . > � �/6Z)*5 , Y$&���&'(g6Z� +$.	+'�  �ÀTc7A�·C�y�m�_c¨º�À;c¨�y�8B��;c¨�ZBm¼�³

?§c7Y/D��5³ 
&l_ky� ky�_� {/³�V�l_ª§kUrW³ � kU�ma�ª£a����ypt] kmitij�£�W��`ba
�Jp(ptw�`b�§���£`b�§Ç
a�pj]_a��=l�`5�Ea�vBw ± }_�e�¸�&\
{ ¤ z iq�§� �¥¤ z¦vj�§���Ji
³½¾¿� �G� �i� �g�!) &g%4� ,$)*�#+$� ,$. �i+/�Q.g&
%G&g� (>&2+$� �i+$�@��� ���#(',/)|�#+/�j� � � � �GÀ�qa
¬ 
&wmv'=NÀ�{���vt�£ª"�y�m�J�o³

?§c7A/D��5³��;]Eky����ky�E�4~¸³ 
¸�§kmw_³;�¸�Bwm�opt�£`4kmª_kyª§ª®­Cpjwm­¯kmª£ª=�;a
v1i�wW�_kyª§�§Ç
a��B��wW����a¨�©pj�§wm�EiYky�_�b��wJispj­Ca
�;a¨�©pt�£�Wa
��a�ij�£�W�_i	�£� �¥¤ z vj�§���Ji
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