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a�bdc9e'f�g�hjilkFmnfporqOstmruwvOkKbdvOe`e'f9xVe qys5b�uwkdfOz
u{e qX|Ofp}pz�~dvykdkd�pfp}pzds�vOkdk�qXu�}r}nqyk�s�fD}

��orvX��f9m���orfpqXe
�#qy�d�TvOo�m�~df�orfps5b�f9o5s5bdf�k<���F�O�O��h ��fp��mnfpe��dorf��X�y�Og-h��O����qX|Ofp}

�K�;�p�9 ¢¡d£y�y¤ ��f9mnfps�mnu{vyk'qXk�~�u�}�vO¥{qXmnu{vyk�vy¦�¦§qyuw¥{¨dorfp};uwk'¥�qXor|yf�qXk�~`s�vOe`��¥wf9©�}�ª�}�mnfpe'}�}n¨�s5b'qy};mnfp¥wfDs�vOe�x
e�¨dkdu�s9qXmnu{vyk kdf9m�«�vOon¬�}�qyonf�s9on¨Ts�u�qX¥Tqyk�~s5b�qy¥w¥{f9k�|yu{kd|:mrqO}�¬�}p®�a�b�f#�dorvy�d¥{f9e¯s�vOk�}nu{~�fponfD~'bdf9orf#u�}�mrb�q¢m
vy¦M~du{qy|ykdvF}�u{kd|�mnbdf�¥�qXor|yfD}�m±°dorf9k�s5b'��qOs5¬yf9m�}n«�u²m5s5bdu{kd|-kdf�m�«�vyor¬M®�a�bdf�s5b�qy¥w¥{f9k�|yf�u{}±mnv:�Tf�qy}�f�³s9uwfpkOm
qO}�mnbdf-f9©�u�}�mnu{kd|'f�©��Tfpo�m#}nª�}�mrf9e4«�bdu{¥{f-�donv¢´�u�~�u{kd|�|OonfDq¢mrf9o�|yf9k�f9o5qX¥{u²m�ªqyk�~µTf�©�uw��uw¥{u²m�ªK«�u²mrb	orfp}n�<fpstm
mrv_mnfDs5bdkdvO¥wvO|yu�s9qX¥�qXk�~3orfps9vyk�¶�|O¨do5q¢mnu{vyk3s5b�qykd|yfD}-uwk·mnbdfk�f�m�«�vyor¬<®_a�bdf�kdf�m�«�vyor¬¸u�}�e qO~�f¨d�·vy¦
u{kFmnfpors9vykdkdfDstmrfp~¹s�vye'�<vykdfpkFmr}:fpqOs5bIvy¦�«�b�u{s5b3s9qyk3}nf9kT~!z�orfps9f9u{´yf'qXk�~Imno5qXkT}�e'uwm�e`fD}n}rqX|Ofp}�´�u{q	uwmr}
�<vyonmr}p®±a�bdf:�dorvy�d¥{f9e¯«�f�qyonf�¦§qys9fp~�«�u²mrb�u�}�mnv`¦ºvy¥{¥{v¢«»mnbdf:fp´yvy¥{¨�mruwvOkKvX¦�mnbdf:kdf9m�«�vOon¬'vOkKmrbdf:��qy}nu{}
vy¦�mnbdf'}�mronfDqXe+vX¦±mnu{e'f�xl}�m5qXe'�<fp~�qy¥{qyone }�«�bdu�s5b¸qyonoruw´Of�q¢m#mrbdf�}n¨d�<f9or´�u{}nuwvOk�s�fpkOmrf9oD®#¼¹f�b�q½´Of�~�f�x
s9u{~dfp~	mnv ¨T}�f�e'v�~�fp¥²x¾��qy}nfp~�mrfps5bdkdu�¿F¨dfp}#«�bdu{s5b�qyonf:orfps9vy|yk�uwÀpfp~�mnv �<f�e'vyorf�qy~dqy��mnfD~�mnvfp´yvy¥{¨�mruw´Of
}nª�}�mrf9e }�mnbTqXk	f�©��Tfpo�mru{}nf�x¾��qO}�fD~�qy�d�dorvOqys5b�fp}�qXorfy®
a�bdu�}±��qy�Tfpo±}�m5qXonmr}�«�uwmnb q�~dfp}rs�oruw��mruwvOk�vy¦Tbdv¢«Á«�f�e'v�~�f9¥�mrbdf�|y¥{vy�TqX¥��Tfpb�q½´�uwvOo�vX¦�mrbdu�}�~�u�}ns9onf9mnf�x

fp´yfpkOmK}nª�}�mrf9e(��ªÁ¨�}nu{kd|Âs�vOe'e�¨dkdu�s9qXmnu{kd|3¶�kduwmnf¹}�m5q¢mrf�e qys5bdu{kdfp}p®Si¾m�|yv�fD} vykÃmrv·f�©��d¥�qXu{k»bdv¢«
mrbdu�}'e`v�~�fp¥�u{}`¨�}nfp~Â¦ºvyo qXkTqX¥{ªFÀpuwk�|�mnb�f[}�mnorfpqyeÄvX¦�qy¥{qyone }`qXk�~Á~�u�qX|yk�vO}nuwkd|¸mnbdf[kdf9m�«�vOon¬M®ÁÅ�¨do
«�vyor¬�u�}-��qO}�fD~IvOk3mnbdf~du{qy|ykdvF}�fpo�qX�d�dorvOqOs5bI��onvO�TvF}�fD~¸��ªÂÆÇ�X�¢ÈV®_�Fmrqyo�mruwk�|[¦ºonvOe/q[e'v�~�f9¥�vX¦�mnbdf
k�f�m�«�vyor¬�qy~�qX��mrfp~:mrv�}nuwe�¨d¥{qXmnfR¦§qX¨d¥wmr}pz½mnbdu�};qX�d�dorvOqOs5b�mno5qXk�}�¦ºvyore }�uwm;u{kFmnv�q#¶�kduwmnf�}�m5q¢mnf�qX¨�mrvye q¢mrvyk�z
spqX¥{¥wfD~Éq¸~�u�qX|OkdvO}nf9oDz;uwk·vOor~df9o�mrvIqyk�qX¥{ª�À9f mrbdf�}�mnorfpqyeÊvy¦�qX¥�qXore }9®¸a�b�f�qX���donvFqys5bÉ~�fD}ns9onu{�TfD~Éu{k
ÆÇ�X�dzO��ËtÈ<�dorv¢´yfp~�mnv-�<f#|yorvy¨�k�~�fp~�vyk s9f9onmrqXu{k'��qy}nu�s�b�ª��<vXmnb�fp}nfp}±«�bdu�s5b'«�fponf�mrvFv-orfp}�mnoru�stmnu{´yf�¦ºvOo�vy¨do
qy�d�d¥{u{spq¢mruwvOk�®�a�bdu�}���qy�Tfpo;f9©�mnf9kT~d}�Æ �dËtÈ¾Ì }��dorvy�<vO}rqX¥Omnv-s9vye'e�¨dk�u{spq¢mnu{kd|�¶�kduwmnf�}�mrq¢mrf�e'qOs5bdu{kdfp}p®�a�bdf
~du²³s�¨�¥²mruwfD}:«�f`b�qy~¸mnv_s9vy�<f�«�uwmnbÉqXorf�vO¨�mn¥{u{kdfp~¹qXk�~¸mnb�f`«�q½ª_«�f�v¢´Of9o5s�vye'f�mnbdfpe�u{}:��onfD}�fpkOmrfp~!®
Í e q¢��vOo�~�u²³s9¨d¥²m�ª�u{}�mrbdf:b�¨d|yf-}nuwÀpf�vy¦�mrbdf:|y¥{vy��qy¥<e'v�~�fp¥!vX¦�mrbdf�}nª�}�mnfpe[®�a�v }�vO¥w´Of�mrbdu�}��dorvy�d¥{f9e
«�f:mrqy¬yf-qy~d´½qykFmrqX|Of:vX¦;mnbdf�b�uwfporqyors5bdu�s9qy¥!}�mron¨�s�mn¨dorf:vX¦�mnb�f-kdf�m�«�vyor¬KqXkT~�orf9¥{ªKvOk_q'|yf9k�f9oru{s�e'v�~�f9¥
vy¦�mrbdf�}�ª�}�mnfpe4¦ºvyo���¨duw¥�~�u{kd| q'|yfpkdf9oru{s�~�u�qX|OkdvO}nf9oD®
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�� ����� � ¤�� q3~���mrfpstmruwvOk ~df_��qXkdk�fp} ~dqyk�}~�fD} }�ª�}�mnc9e'fD} s�vye'�d¥{f�©�fD}`mnf9¥�¿O¨�f	¥{fp}on�D}�fDqX¨�©Â~�f
mr�9¥{�ps9vye'e�¨dk�u{spq¢mnu{vyk'fD}�mR¨�k �donvO�d¥{c9e'f�~�uw³s�u{¥wf#f9m�s9on¨�s9u{qy¥]® � Ì qX�d��¥wu�s9qXmnu{vyk ��mr¨�~�u{�9f�~�qXk�}�s9f�m�qXonmnu�s�¥{f
fD}�m�¥{q�~d��mnfDstmruwvOkÂ~�f��qykdkdfD}�~dqyk�}�¥{fK�d¥{¨�}�|yo5qXk�~3or�p}nfpqy¨I¦ºo5qXk��9qXu�}���s9vye'e�¨dmrq¢mruwvOk·~�f��qO¿F¨df�m5}9®
� fIs5b�qy¥w¥{f9k�|yf�fD}�m[~!Ì �9mnorfIqy¨�}n}nu�f9³s9qys9f¸¿F¨df¸¥{f3}�ª�}�mnc9e'f�f9©��Tfpo�m	f�©�u{}�mrqykFm�f�m[~!Ì v��Monu{o�¨�kdf¸�d¥{¨�}
|Oorqyk�~�f�qO~dqX�dmrq¢mruw´�uwmn���º�doru{}nf�fpkIs�vOe'��mnf`~�fp}��9´Ovy¥{¨�mnu{vyk�}#mnfDs5bdkdvy¥{vy|Ou{¿F¨dfD}#f9m�~�fD}�orfps9vyk�¶T|y¨do5q¢mruwvOk�}
~d¨on�D}�fDqX¨���® ��f:~�fponkdu{f9o�fp}�m�s9vyk�}�mnuwmn¨d��~!Ì ¨dkKfpk�}�fpe��d¥{f�~df�s�vOe'�TvF}nqykOm5}�u{kFmnf9o5s�vOkdkdfDstmn�D}�fpkOmronf�f9¨�©!®
��bTqy¿F¨df#s�vOe'�TvF}nqykOm±�<f9¨�m��9e'f�mnmnorfyzyorfps9f9´Ovyu{opz¢vO¨�mrorqyk�}ne`f9m�mronf#~�fD}±e'fp}r}nqy|yfD}9® � f��dorvy�d¥{c9e'f�fD}�mR~�f
}n¨du{´�onf:¥VÌ �p´yvy¥{¨�mruwvOk�~�¨[or�p}nfpqX¨!�`��qXonmnu{o�~�¨	µ�vXm�~�Ì qy¥{qyone'fp}�~dqXmn�pfp}�qXororuw´¢qXkFm�qX¨[}�¨��Tfpon´�u�}�fp¨dop® "�vy¨�}
¨dmnu{¥wu�}�vOk�}R~dfp}±mrfps5bdk�u{¿F¨dfD}#�-��qO}�f#~�f�e'v�~dc9¥{fp}�¿F¨du<}�vOkOm��d¥w¨T}Rqy~�qX��mr�9fp}RqX¨�© }�ª�}�mncpe`fD}±�9´Ovy¥{¨�mnuw¦§}R¿F¨df
¥{fp}�}nª�}�mrc9e'fp}�f9©��Tfpo�m5}9®
��qXk�}�¨dk���onfpe`u{f9o�mnfpe`�T}�kdvO¨�};~��ps9onu{´yvOk�}�s�vOe'e`fpkFm�kdvO¨�}�e'v�~��9¥{u�}�vOk�}�¥{f�s9vye'�TvOo�mrf9e'f9kFm�|O¥wvO��qX¥

~d¨¸}�ª�}�mncpe`f$� ¥VÌ qyu{~�f`~!Ì qX¨�mrvye q¢mrfp}�s9vye'e�¨�kdu{spqXkFmr}p®#��¨�u{}�kdvO¨�}#f9©���¥wu�¿F¨dvyk�}�s�vOe`e'fpkOm:s�f�e`v�~�cp¥wf
fD}�m�¨�mnu{¥wu�}n���TvO¨do�qyk�qX¥{ª�}�fpo�¥wf-µTvXm�~!Ì qX¥�qXore'fp}�f9m�f��Mfps�mn¨dfpo�¥{f�~�u�qX|OkdvO}�mnu�sX®%"#vO}#mno5q½´¢qX¨�©�}pÌ qX�d�d¨�uwfpkOm
}n¨do�¥]Ì qX���donv�s5bdf�~�u{qy|ykdvF}�mru{¿F¨dfp¨doR��onvO�TvF}��pf#��qXo�ÆÇ�X�½È¾®±�±qXonmrqXkFm�~�Ì ¨dk�e'v�~dc9¥{f�~�f�or�p}nfpqX¨qO~dqX�dmn�&��¥{q
}nu{e�¨d¥�q¢mruwvOk�~�f-��qykdkdfOzds�f�mnmnf-qX���donv�s5bdf�mno5qXkT}�¦ºvOone'f�¥wf:e'v�~�c9¥{f:f9k	¨dk_qX¨�mrvye q¢mrf�¶�k�u�qX�d�<f9¥{�-~�u�qX|Xx
k�vO}�mnu�¿O¨�f9¨doD® � Ì qX�d��onv�s5bdf:�dorvy�<vO}n�9f:~dqXkT}-Æ �y��zT�dËtÈ�}pÌ qy�d�d¨du{f�}�¨�o#~�fp}�b�ª��<vXmnb�cp}nfp}�mnorvy�[orfp}�mnoru{s�mnu{´yfD}
�<vy¨�o�kdvXmronf�qy�d�d¥{u{spq¢mnu{vyk�®�"�vXmronf-��qy�du{f9o���mrf9k�~¹ÆÇ��ËtÈ;qX¨�©[qX¨�mrvye q¢mrfp}�s�vOe'e�¨dkdu�s9qykFmr}p® � fp}#~du²³s�¨�¥²x
mr�p}�onfpk�s�vOkFmnor�9fp}�f9m�¥{fp}�}�vO¥w¨dmnu{vyk�}�¨�mnu{¥wu�}n�9fp}�}nvykFm��dor�p}nf9kFmn�pfp}p® � q ��¥w¨�}�|yo5qXkT~�f�~�uw³s�¨d¥wmn����mrqyu²m�¥wu{�9f
��¥�qm5qXu{¥w¥{f`~d¨¹}nª�}�mrc9e'f$�	~�u�qX|OkdvO}r¿F¨df9oD®:�;vO¨do:on�D}�vO¨�~�orf�s�f'�dorvy��¥wcpe`f�kdvy¨T}�q½´Ovyk�}�mnu{or���dorvX¶�m:~�f
¥�q`}�mron¨�s�mn¨dorf�bduw�porqyors5b�u{¿F¨df�~�¨�or�p}nfpqy¨Kf9m�k�vy¨�}�q½´yvOk�}�s�vykT}�mron¨duwm�¨dk	e`v�~�cp¥wf�f�m�¨dk_~�u�qX|OkdvO}�mnu�¿F¨df9¨�o
|O�9kd�ponu�¿F¨dfy®
' 2 �D� . £
( � �I¤ mnfDs5bdkdu�¿O¨�fp})�	��qy}nf`~df`e'v�~�cp¥wfD}9z�}n¨d�<f9or´�u{}nuwvOk�z!or�p}nfpqX¨d©¸~�f`mn�9¥{�ps9vye'e�¨�kdu{spq¢mruwvOk�}9z
qy¨�mnvOe q¢mnfD}�s�vye'e�¨dkdu�s9qXkFm5}9z�e'v�~�c9¥{f-|y�pkd�9oru�¿O¨�f
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��f�mrfps�mnu{vyk[qXk�~Ku{}nvy¥�q¢mruwvOkKvX¦�¦§qXu{¥w¨dorfp}�u{k�¥�qXor|yf:qXkT~Ks�vOe'�d¥wf9©K}�ª�}�mnfpe'}�}n¨�s5b[qy}�mnfp¥wfDs�vye'e�¨dkdu�s9q¢mruwvOk
k�f�m�«�vyor¬�}!qyonf�s9on¨Ts�u�qX¥yqyk�~-s5b�qX¥{¥{f9kd|Ouwkd|�m5qy}n¬�}9®�a�b�f��dorvy�d¥{f9e%s�vOk�}�u�~�fponfD~�b�f9orf±u{}�mnb�qXm�vX¦d~�u�qX|OkdvO}nu{kd|
mrbdf�¥{qyon|Ofp}�m;°�onfpk�s5b���qOs5¬yf9m�}n«�u²m5s5bdu{kd|�k�f�m�«�vyor¬��p® Í k'f9©��<f9onm±}�ª�}�mnf9e�s9¨doronfpkOmr¥wª-b�f9¥{��}�vy�<f9o5q¢mrvyo5}!mnv
qyk�qX¥{ª�À9f-}�mnorfpqXe }�vy¦;mruwe'f9x¾}�mrqye`�<fp~[fp´yfpkOm5} �ºvOo�qX¥�qXore } ��qXkT~[u{~�fpkFmnuw¦ºª��dorvy��¥wfpe'}�vOk[mnbdf-k�f�m�«�vyor¬<®
�R´yf9orª:~dq½ª�qyonvO¨dk�~�vyk�f�b�¨dk�~�orfp~:mrbdvy¨T}nqyk�~-qX¥�qXore }�qXorf�orfps�fpuw´Ofp~:qXkT~�qXk�qy¥wª�Àpfp~:��ª�mrbdf�}n¨d�<f9or´�u{}nuwvOk
s9f9kFmnfpop®»Å�¨do s5b�qX¥{¥{f9kd|Of�u�}`mnv¹�Tf�qO}`f�³s�u{f9kFmqy}�mnb�f	f9©�u{}�mnu{kd|3f�©��<f9onm }nª�}�mrf9e8«�bdu{¥{f	��onv¢´�u�~�uwk�|
|OonfDq¢mrf9o�|Of9kdfporqy¥wuwm�ª[qXk�~[µTf�©�uw��uw¥{u²m�ª_«�uwmnbIonfD}��<fps�m�mrvKmrfps5bdkdvO¥wvO|yu�s9qy¥�qXkT~_onfDs�vOk�¶�|y¨�orqXmnu{vyk_s5b�qXk�|yfp}
u{k	mnbdf-k�f�m�«�vyor¬<®
a�«�vÉs9¥{qO}n}nu{spqX¥�qX���donvFqys5bdfD}`uwkÃe'vykduwmnvOonu{kd|3}�¨Ts5b }nª�}�mrf9e } qXorf[¬Fk�v¢«�¥wfD~�|yf9xV��qO}�fD~3mnfDs5bdkdu�¿F¨dfp}
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mrbdfKf9©��Tfponu{f9k�s9fKvy¦#¨�}�fpor}p® Í kdvXmrbdf9o`�TvF}n}nu{�duw¥{uwm�ª¹f9©��d¥{qyuwk�uwkd|�mnbdu�}�}nfp¿F¨dfpk�s�f�vX¦�qy¥{qyone }-u{k·mrbdf9vOonª
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a�b�f�s5b�qy¥w¥{f9kd|Of-mnb�f9orf�¦ºvyorf�«�qy}#mnv��Tf'qy}�f�³s�u{f9kFm-qy}�mrbdf`f�©�u{}�mnu{kd|�f�©��Tfpo�m:}�ª�}�mnfpe���¨�m�mrvK�dorv¢´�u{~df
|OonfDq¢mrf9o�|Of9kdfporqy¥wuwm�ªIqyk�~¹µ�f�©�u{�du{¥wuwm�ª¹mnv��<f�qy�d¥wfKmnv¸qO~dqX�dm�mnv¸mnfps5b�kdvy¥{vy|Ou{spqX¥Rqyk�~3onfDs�vOk�¶�|y¨�orqXmnu{vyk
s5bTqXkd|Ofp}:u{k3mnbdfk�f�m�«�vyor¬<®�¼If�~�fps9u{~�fD~¹mnv_¨�}nfe'v�~�f9¥wx¾��qy}nfp~ImnfDs5bdkdu�¿F¨dfp}-«�b�u{s5b·qyonf orfps9vy|yk�uwÀpfp~
mrv'�Tf:e'vyorf�qO~dqX�dmnfp~Kmnv'fp´yvy¥{¨�mruw´Of�}nª�}�mrf9e }�mnb�qyk�f9©��<f9onmnu�}nf�x¾��qy}nfp~�qX�d�dorvOqOs5bdfp}�qXorfy®�a�bdu�}�}�fDstmruwvOk
~dfp}rs�oruw�<fp}�mrbdf-¦ºvOone qX¥{u�}�e+«�f-¨�}nfp~	mrv e'v�~df9¥�mrbdf�kdf9m�«�vOon¬M®�°�u{k�qy¥w¥{ªyz<}�fDstmnu{vyk��d® �}nbdv¢«#}�bdv¢« mnb�u{}
e'v�~�fp¥#s9qXkÁ�Tf[�d¨�uw¥wm��ª·s�vye'�<vO}nuwk�|Ifp¥wfpe`fpkFmrqXorª3e'v�~df9¥�} �ºu{kÂ¦§qOstms�vOe`e�¨dkdu�s9qXmnu{kd|¸¶Tkdu²mrf_}�m5q¢mnf
e qOs5bduwk�fp} �#}�mnvyorfp~�uwk¸qK¥wu{�do5qXorªy®:a�bdf's�vye'�<vO}nu²mruwvOk_vy�<f9o5q¢mruwvOk�u{}���qO}�fD~_vyk¸mnbdf`s�orvO}r}�x¾�dorv�~d¨�stm�vy¦
¶Tkdu²mrf�}�m5q¢mrf�e qOs5bduwk�fp}p®
°�onvOe qI}n¨d�<f9or´Fu�}nuwvOkÂ�<vyu{kOm'vX¦�´�uwfp«-z±mnbdf[kdf9m�«�vOon¬3u�}`e'qO~�f[¨d�Âvy¦�q¹}�f9m`vy¦�u{kFmnf9o5s�vOkdkdfDstmnfD~

s9vye'�<vykdfpkOm5}9z�fDqys5bKvy¦�«�bdu�s5b[s9qXk�f9e'uwm�vOo�onfDs�f9u{´yf�e'fp}r}nqy|yfD}R´�u�q�uwmr}��<vyonmr}p®�i¾m#«�qO}�mrbdf9orf�¦ºvOonf�´yfponª
kTq¢mn¨�orqy¥Tmrv s5bdv�vO}nf�s9vye'e�¨dk�u{spq¢mnu{kd|�¶�kduwmnf�}�mrqXmnf:e qys5bdu{kdfp}�mrv`e'v�~�fp¥Mmnbdu�}#~�u�}ns9onf9mnf9xVfp´yf9kFm�}�ª�}�mnf9e[®
ilk	¦§qOstmpzT«�bdf9k�q s9vye'�<vykdfpkOm#orfps9f9u{´yfD}�q'e`fD}n}rqX|Of�m�«�v s9qO}�fD}�s9qyk	�<f�~�u�}�mnu{kd|y¨du�}nbdfp~ Rmnbdf-e'fD}n}rqX|Of
spqXk q �Mfpstm`mnb�f[s9vye'�<vykdfpkOm }�mrq¢mrf�vOo�mrbdf[e'fp}r}nqy|yfKu�}`vykd¥{ª3mno5qXkT}�e'uwm�mnfD~·��ª3mnb�f[s9vye'�<vykdfpkOm`mnv
qykdvXmrbdf9o±s9vye'�TvOkdf9kFmD®�ilk'vyo5~�fpo�mrv:mrqy¬yf�mnbdu�};¦§qys�m�uwkFmrv:qOs9s9vy¨dkFmpzy«�f�b�q½´Of�u{kFmnorv�~�¨�s�fD~�m�«�v-~�u �<fponfpkOm
e'v�~�fp¥{} 
� q-}�mron¨Tstmn¨�orqy¥�e`v�~�fp¥]zF«�bdu�s5b'onfp�donfD}�fpkFmr}�mnbdf�s�vye'�<vykdfpkFmr}�vX¦<mnb�f#kdf�m�«�vyor¬Mz¢mnb�f9u{oRs�vOkdkdfps�mnu{vyk�}
qXk�~�mrbdf9u{o��ºkdvOk�x �¾mno5qXkT}�e'uwm�mnu{kd| }�mrq¢mrfp} �

� q��<f9b�q½´�u{vyo5qX¥Xe'v�~�f9¥Vz½«�bdu�s5b�onfp�dorfp}nf9kFmr}!b�v¢«¹fDqys5b-s�vOe'�TvOkdf9kFm��<f9bTq½´yfp}�qXk�~!z½e'vyorf��dorfps9u{}nf9¥{ªyz
bdv¢«¹u²m;onfDqystm5}<mnv#u{k�s9vye'uwk�|�e`fD}n}rqX|Ofp}M��ª�s5bTqXkd|Ouwkd|�uwmr}�}�m5q¢mrf�qXk�~:fpe`uwm�mruwk�|#e'fp}r}nqy|yfp}<mrv#vXmrbdf9o
s�vOe`�<vyk�f9kFmr}p®
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a�b�f �Tfpb�q½´�uwvOorqy¥±e`v�~�fp¥Rorf9�dorfp}nf9kFm5}�mnbdfK}�mrqXmnf vy¦�mrbdfKs�vOe'�TvOkdf9kFmr}�qXk�~3bdv¢«=mnbdfpªIorfpqOstm-mrv[¦§qXu{¥²x
¨�onfD}9®�a�bdf��<f9bTq½´Fu{vyo5qX¥Te'v�~df9¥<vX¦�fpqOs5bKs�vOe'�TvOkdf9kFmRu�}�~�fp}rs�oruw�<fp~'��ª q�s9vye'e�¨�kdu{spq¢mruwkd|�¶�kduwmnf:}�m5q¢mnf
e qOs5bduwk�fKÆ ��z�Ë�È¾®:a�b�u{}�¦ºvyore qX¥{u{}ne b�qy}��dorv¢´yfp~	mrvK�<f�«�f9¥{¥±}�¨�u²mrfp~[mrv�e'v�~�f9¥{u{kd|�~�ª�k�qye'u{s�}�ª�}�mnf9e }
Æ{Ë½�DÈV® �RqOs5bKmrorqyk�}nu²mruwvOk�vy¦�mnb�f:¶�kduwmnf�}�mrq¢mrf:e'qOs5bdu{kdf:u{}�mronu{|y|Of9orfp~��ª mrbdf-orfps�fp��mnu{vyk�vX¦�f�©dqys�mn¥{ª vykdf
e'fD}n}rqX|Of�qyk�~Ku�}�orf9�dorfp}nf9kFmrfp~��ª ¶T|y¨dorf-gd®

state1 state2
-(mr,pr)

+((me,pe),d1,d2))

°�u{|y¨�onf-g�±a�orqyk�}nu²mruwvOk

i¾m-e'fpqyk�}�mnb�qXm:«�b�f9kImnbdf s�vOe'�TvOkdf9kFm � orfps9f9u{´yfp}�mnb�f`e'fD}n}rqX|Of 2 � vykI�TvOo�m ! � q¢m:mnu{e'f � z�u²m
}n«�uwmrs5bdfD}�¦ºonvOe $ � � � ��� mnv $ � �0� � � qyk�~¹}�fpk�~d}�mnb�f e`fD}n}rqX|Of 2 � vOk¹�<vyonm ! � qXm-mnu{e'f ���9, «�b�f9orf
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�Re`uwm�mrfp~Éfp´yfpkOm5}-s9qyk3mnbdfponf9¦ºvyorf`�<fu{kFmnf9ork�qy¥�f9´Of9kFmr}-vOo�qX¥�qXore }9®	��fps9f9u{´yfp~If9´Of9kFmr}�qXorf'¦§qXu{¥w¨dorf vyo
u{kFmnfponk�qy¥�f9´Of9kFmr}p® a�b�f_e`v�~�fp¥#vX¦�mnbdf�}nª�}�mrf9e u�} q3�XxVmn¨��d¥wf ���  � �� 8� 	 � «�bdf9orf � * � � � � � z
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¦§qyuw¥{¨dorfp}pz � � � mrbdf�}nf�m`vX¦�f9e'uwm�mnfD~Éu{kOmrf9ork�qX¥�f9´Of9kFmr}pz � � mrbdf�}nf�m`vX¦�f9e'uwm�mrfp~Âqy¥{qyone }p®_a�bdfK}nf�m�vy¦
vO��}nf9or´½qy�d¥{fp} ��� u{}�~�f9¶�kdfp~¸��ª ���	* � � qXk�~_mnbdf'}�f9m�vy¦R¨dkdvO��}�fpon´¢qy�d¥wfD} � � � qO} � � � �2� � �;� � � ®
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vy¦ ��� ®
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a) Synchronous model
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b) Diagnoser
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c) Communicating model d) Extended diagnoser
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(2,{F2})
(2,{F1})
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a) System model
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b) Extended diagnoser
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� ilk·mrbdf�}rqXe'fK«�q½ªyz;«�f�qy}r}nv�s9u{qXmnfKqI~dq¢mrfvX¦�v�sps�¨dororf9k�s9f'mnv�mrbdf	uwkFmnfponkTqX¥Re'fD}n}rqX|Ofp}�vy¦�mnbdf
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°;u{k�qX¥{¥wªOz�q	}�m5q¢mnf`vX¦�mnbdf'f9©Fmrf9k�~dfp~¹~�u{qy|ykdvF}�fpo�u�}:vX¦�mrbdf`¦ºvyore � � -5  & �� � «�b�f9orf � u�}:q�}nª�}�mrf9e
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(1,{})

2

3

1

-f2
+o1

-f1

b) Extended diagnoser

-(o1,t1)

a) System model

(3,{(f1,u1),(f2,t1)})
with u1<t1
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mrbdorvy¨d|Ob:mno5qXk�}nu²mruwvOk�} �)� +  �)��� ������  �)�3� ® Í mno5qXkT}�uwmnu{vyk:¦ºorvye � � -5  & �� � mrv � � . -5).  & . �� . � u�}�mrbdf9k�qO~d~�fD~
mrv:mnbdf�f�©�mnfpk�~�fD~ ~�u{qy|ykdvF}�fpopz¢«�uwmnb & . * &-( &8+ � & � zO«�bdfponf &8+ u�}�mrbdf�}nf�m�vy¦Mu{kFmnfponk�qy¥df9´Of9kFmr}�onfDs�f9u{´yfD~
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5+. *95 � 5 � ( 5 + «�bdfponf 5 � u{}�mnbdf�}�f9mRvX¦�qX¥{¥d¦§qyuw¥{¨dorf�e'fp}r}nqy|yfp}�onfDs�f9u{´yfD~�mrbdorvy¨d|Ob �)� +  �)� � ������  �)� � qXkT~
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5 + u{}�mnbdf`}�f9m�vX¦ � � ����}��<f9¥{vykd|Ouwkd|'mrv 5 �&5 � ®�a�bdf-mrorqyk�}�uwmnu{vyk[¦ºorvye � � -5  & �� � mrv � � . 15).  & .� � . � u{}
¥�qX�<f9¥{fp~���ª ( � *  � � � 5 + ® �_vOonfpv¢´yfpopz½s�vOk�}�mrorqyuwkFm5}�orf9¥�q¢mruw´Of�mnv�mnb�f�~�q¢mnf�vX¦ 5 + qyonf�qy~�~�fp~�mnv � ®�°;uw|O¨dorf
Ë �K|Ouw´Ofp}�qXk¹f�©dqXe'�d¥{f`vX¦�q	}nª�}�mnfpe�«�uwmnbImnf9e'�<vyo5qX¥±s�vOk�}�mno5qXu{kOm5}:qXk�~¸vX¦�uwmr}:f9©�mnf9kT~�fp~¹~�u�qX|yk�vO}nf9oD®
¼¹f�qy}r}n¨de'f�mrb�q¢m�mrbdf � � ����vX¦ ( � u�} 4 ( � 7 ®

(1,{},{})

(4,{},{})

1

2

3

4

a) System model

−(o1,t1)

−f2

−f1
+o1

+(i,d1,d2)

−i
+o2

−(o2,t2)
+(f1,t1) +(f2,u1)
with t1<u1<t2

{(i,t1+d1,t1+d2)})
(2,{(f1,t1)},

b) Extended diagnoser

°;u{|y¨dorf'Ë ��±a�bdf-f9©�mnf9kT~�fp~[~�u�qX|OkdvO}nf9o�«�u²mrb[uwkFmnfponkTqX¥!f9´Of9kFmr}

�(��� � $ � &FC )�CD-E& - �7)B"($ �FC����E&(-E< $ /
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� *�� � � � � «�bdf9orf � � qyonf�fpe'u²mnmnfp~�f9´Of9kFmr};qXk�~ � � qXorf�orfps9f9u{´yfp~:fp´yfpkOm5}9® �_vyorf9v¢´Of9o � � * � � � � ���
qyk�~ � � * � � � ����� z�«�bdfponf � � � qXorf:f9e'u²mnmnfD~[uwkFmnfponkTqX¥!f9´Of9kFmr}pz � � � onfDs�fpuw´Ofp~�uwkFmnfponkTqX¥!f9´Of9kFmr}pz ���
¦§qyuw¥{¨dorfp}pzdqXk�~ � � qX¥�qXore'}p® � u�}�q`¦º¨dk�s�mnu{vyk_~�f�¶Tkdfp~	��ª 

����� $�� ��� � $ ��� � $ � 3�(� � ���
Í ~du{qy|ykdvF}�fpo<u�}�q�k�vyk-~�f�mrf9ore'uwkdu�}�mnu�s±s�vye'e�¨dkdu�s9q¢mruwk�|�¶�kduwmnfR}�mrqXmnf±e qys5bdu{kdf � *���� �  � � �� �  
 	 � � ®

� � * � � � �2� � � «�bdfponf � � �	* � � u�}�mrbdf`}nf�m�vX¦RqX¥�qXore }9®#a�b�f9ª[qXorf-mnbdf�vykd¥{ª	vy��}nf9or´¢qX�d¥{f�f9´Of9kFmr}
vy¦�mnbdf�}�ª�}�mnfpe	zDmrbdu{};}nf�m�u�};s9qX¥{¥{fp~ � � � u{k-mrbdfR¦ºvO¥w¥{v¢«�u{kd| � � � � �$� � ��* � � �t® � � � u�}�mrbdf�}nf�m;vX¦ � � ���M®

Í }�mrqXmnf-vX¦�mnbdf�~du{qy|ykdvF}�fpo�u�} 
 � * � ��� 15  &  � � «�bdfponf
� ���4� � u�}�q }nuwkd|O¥wf-}�mrqXmnf:vX¦;mnbdf-�<f9bTq½´Fu{vyo5qX¥<e'v�~�f9¥�vy¦�mrbdf�}�ª�}�mnfpe	®
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Notations :

[d1,d2], [d’1, d’2], [d"1,d"2] denote the time intervals corresponding respectively to the SW rebooting delay, 
the TC repairing delay, the SW repairing delay.

cvhs(t)

t->u1

t->u2

u3<t’<t
n004(t)

s1(u1,u2) = ((TC_cut,u1), (TC_SC_back,u2)) with d’1 < u2-u1 < d’2

s3(u2,t’,u3)
s2(u1,t)

with d’1 < u3 - u1 < d’2 and d1 < u2 - u1 < d2
tm(u) = (TC_SW_back,u+d1,u+d2)

s3(u1,u2,u3) = ((TC_break,u1), (TC_SW_back,u2), (TC_SC_back,u3))

s2(u1,u2) = ((SW_break,u1), (SW_TC_back,u2)) with d’’1 < u2-u1 < d’’2

n003(t)

cvhs(t)
t->u1

cvhs(t)
t->u1

l={(SW_break,u1)}

cves(t)

cves(t)

s1(u1,t)

u1<t’<t
s1(u1,t)

t’->u1

n004(t)
s2(u1,t)

cves(t)
u1<t’<t’’<t

cves(t)
u2<t’<t’’<t

s3(u1,t’,t)
t’’->u1

s3(u2,t’’,t)
s1(u1,t’)

cvhs(t)
t->u2

cves(t)
u2<t’<t

s3(u2,t’,t)

l={(TC_break,u1)

cvhs(t)
u2<t’<t

t’->u1
t->u2

u2<t’’<t’<t
s3(u1,t’,u2)

t->u2
t’’->u1cves(t)

u2<t’<t

s2(u1,t’)
u2->u1
t->u2

cves(t) t->u2

n004(t)

s3(u1,t’,t)

cves(t)
u1<t’<t

l={(SW_break,u1)
(TC_cut,u2)}

cvhs(t)

s3(u1,t’,u2)
u2<t’’<t’<t

t’’->u1
t->u2

l={(SW_break,u1)

(TC_SC_back,u3)}

cves(t)
u1<t’<t
t->u3
u1->u2
t’->u1

cvhs(t)
u1<t’<t

s2(u1,t’)
t->u1

cvhs(t)
u3<t’<t

s3(u2,t’,u3)
t->u2

t->u3
cves(t)

cvhs(t)
t->u2

cvhs(t)
u3<t’<t

s3(u2,t’,u3)
t->u2

n004(t)
u3<t’<t

s2(u1,t’)
s3(u2,t,u3)

cves(t)
u2<t’<t

s1(u2,t)

cves(t) s1(u2,t)

(TC_break,u2)}
l={(SW_break,u1)

7

5
l={(TC_cut,u1)}
2

l={} i={} 1

 i={} 

3  i={} 

4  i={} 

8

6

l={(TC_break,u1)}

(TC_break,u2)

(TC_SC_back,u2)}

s3(u1,t,u2)

or

or u2<t’’<t’<t

or u1<t’’<t’<t

cvhs(t)

i={tm(u1)}

i={tm(u1)}

i={tm(u2)}

i={tm(u1)}

°;u{|y¨dorf�ËD����±©�mnf9kT~�fp~	~�u�qX|yk�vO}nf9o�vy¦�q�}nª�}�mrf9e¯s�vOe`�<vO}nfp~vX¦�q-mrfps5bdk�u{spqX¥Ms�f9kFmrf9o ��� qXk�~Kq�}n«�u²m5s5b
�7�
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 � � ��� � , � � + � *
��� � ®�¼If-|Of�m � � � + � � � �  4 � � +�+  � � � ������ �� � + �  � � � 7�� ®
��������
 � ��� �·¡�  ,
¼»b�f9k qXk qy¥{qyone � u�}orfps9f9u{´yfD~!zRmrbdf�¦ºvO¥w¥{v¢«�u{kd|ÉqX¥{|yvyoruwmnbde u{}K¨�}�fD~ mnv·¨��<~dqXmnf_mrbdf¸}�mrqXmnf 3 *
4 �)� +  3 + � ������ ��)� �  3 � � 7 uwkFmrv�mrbdf-kdfp«S}�mrqXmnf 3. ®

��vOe`��¨�mnf � � � �
°�vyo#qX¥{¥ & � � � ��� , � s9vye'�d¨�mrf 3 .� �]}�fpf-�d® �T®wË:qXkT~[�d® �T® � �
��a � 4 �)� + # � � � �  3.+ � ��)� + # � � � �  34+ � ������  �+� ��# � � � �  3�.� � ��)� � # � � � �  3�� � 7
°�vyo#qX¥{¥ & � � � ��� , �
uw¦ �§f9e'��m�ª�}nf�m � � ��# � � � � � ��mnb�f9k � � * � � ( �)� ��# � � � �  3 .� �
uw¦ �§f9e'��m�ª�}nf�m � � � # � � � � ��mnbdfpk �"�9* � � ( �+� � # � � � �  3 � �
1��<~dqXmnf 3.� �Fª�~�f9¥{f�mruwkd|'mrbdf:mnfpe'�TvOorqy¥w¥{ªu{k�s�vOk�}�u�}�mnf9kFm#}�mrq¢mrfp}uw¦ �§f9e'��m�ª�}nf�m � 3.� � ��mrbdf9k � � * � � ( �)� � # � � � �  3.� �Í �d�d¥{ªmnb�f�}�mrvyorf�vO�TfporqXmnu{vyk�«�u²mrb	¨��<~dqXmnf-vy¦��� � � qXk�~ � � �§}nf9f���® ��® � �

Í �d�d¥{ªmnb�f���vyu{k	vO�TfporqXmnu{vyk�vyk � � �]}�fpf���® ��®Ç�
�
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3. � * � �

� ��� �����I ?FHD$
¼¹f�s9vyk�}nu�~�f9o�mnbdf�kdf�m�«�vyor¬I|Ouw´Of9kÉ��ª¹¶�|y¨�onf��y��qXkT~3mnbdf	f�©�mrf9k�~�fD~·~�u�qX|OkdvO}nf9o�vy¦�¶�|y¨�onf�ËD��qXkT~
}nbdv¢« bdv¢« mrbdf¹kdf�m�«�vyor¬ }�mrqXmnfIf9´yvO¥w´Ofp}K«�bdf9k mnbdfI¦ºvy¥{¥wv¢«�u{kd| }�fD¿O¨�f9k�s9f¸vX¦�qy¥{qyone }�u{}�orfps�fpuw´Ofp~ 
� �
��% $�� � �����  � ��� z � �	�0��$�� ������  ���� � ,������� ��� � �  ����� z � ,����� � �7�����  � ���� ®�a�b�f�~df9¥�q½ª ,8��� � s�vOo�x
orfp}n�<vyk�~d}�mrvKmrbdf'e'qX©�uwe qX¥±~�fp¥{q½ª[¦ºvOo-qXk�ª�s�vOe`�<vyk�f9kFm-�Tf9¦ºvyorf�uwm-u{}:orf9��qyuworfp~¸q¢¦ mnfpo-q���onfDqX¬�~�v¢«�k
� , ��� � * , . �"* ,8. . � � , .�� * , . �"* � ��®	a�b�u{}�~�f9¥�q½ª¸u�}-e�¨Ts5bÉ|yorfpq¢mrf9o:mrb�qXk3mrbdfe q¢©�u{e'qy¥R~�fp¥{q½ª
qO}n}nv�s�u�q¢mrfp~_mrv[uwkFmnfponkTqX¥±f9´Of9kFmr}p®`ilk¸mrbdf'¦ºvy¥{¥wv¢«�u{kd|	f�©dqXe'�d¥{fyz�«�f }n¨d�d�<vO}nf�mrb�q¢m , ��� � * � ��� qXkT~
mrb�q¢m�mnb�f�~�fp¥{q½ª	mrqy¬yfpk���ª�mrbdf'}�«�uwmrs5b�k�¨de��Tfpo��Kmnv	onfp�Tv�vym��<f9¥{vykd|F}#mrv � � ��� ��� � ®�a�bdfD}�f�mnfpe`�<vyo5qX¥
s9vyk�}�mno5qXu{kFmr}#qyonf�kdvXm�f�©��d¥{u{s9u²mr¥wª_}�mrq¢mrfp~_u{k_mrbdf�¦ºvO¥w¥{v¢«�uwk�|f�©dqXe'�d¥{f���¨�m�qyonf�s5b�fps5¬yfD~_qysps�vyo5~�u{kd|'mnv
mrbdf�qX�<v¢´yf:qX¥{|yvOonuwmnb�e	®
°�vyo#}rqX¬yf:vy¦;}nuwe'�d¥{u²¶<s9q¢mruwvOk�z�«�f-¨�}�f�mrbdf�}�b�vyonmnf9k�fp~�kdvXm5q¢mnu{vyk	vX¦�¶�|y¨�onf'Ëp��®

� a�bdf-u{kdu²mru{qy¥�}�mrq¢mrf:vX¦;mnbdf-kdf9m�«�vOon¬ u�} 3 * 4 � �  4 � �	 � � � 7�� 7 qyk�~ ��� �"�%*	� ®

� ��fps9f9��mruwvOk[vX¦�mrbdf�qX¥�qXore � *�� �	��%�$�� ������  ����
¼If-bTq½´yf � � � � * ����������
 ����� � � ����� ®

� � # � � � ��* ����������
 ����� � ��� ���
Í ¥w¥�mrbdf���orqyk�s5bdfp}�vX¦ �������	��
 ����� � ��� ��� ¬yfpf9�Émrbdf_}nqye'f�}nf�m'vX¦#�<vO}r}�u{�d¥{f	}�mrqXmnfp}`qXkT~
b�u{}�mnvOonu{fp}p®�¼If-|Of�m�mnbdfpk 4 � �	 � � � 7 ®

� � # � � � ��* ����������
 ����� � �������
a�b�f�kdfp«=s9qyk�~�u�~dq¢mrfp}�¦ºvyo�mnb�f��do5qXkTs5bdfp}�vX¦ �������	��
 ����� � ������� s�vOonorfp}n�TvOk�~[mrvKmrbdf`~du²x
qy|ykdvF}�fpo�}�mrqXmnfD}#�`vyo �'«�u²mrb[f9e'��m�ªbdu�}�mnvyoru�s9qX¥!orfps9vyo5~d}p®�¼¹f-|yf9m 4 ���� � � �  � �  � � � 7

� "�v }�mrvyo5qX|yf�vy�<f9o5q¢mruwvOk ��kdv:��vyu{k	vy�<f9o5q¢mnu{vyk�®
a�bdf-¨d�M~dq¢mrfp~[}�mrq¢mrf:vX¦;mnbdf-kdf9m�«�vOon¬qXm�mnu{e`f ��� u{}�mrbdf9k�
3. * 4 � �������	��
 ���� � ��� ���  4 � �	 � � � 7�� �� ����������
 ����� � � �����  4 � �� � � �  � �  � � � 7 � 7

� ��fps9f9��mruwvOk[vX¦�mrbdf�qX¥�qXore � *�� �	�0��$�� ������  ����
¼If-bTq½´yf � � � � * ����������
 ����� � � ����� ®

� �������	��
 ����� � ��� ���$# � � � � * �������	��
 ����� � ��� ���
Í ¥w¥�mrbdf���orqyk�s5bdfp}�vX¦ �������	��
 ����� � ��� ��� ¬yfpf9�Émrbdf_}nqye'f�}nf�m'vX¦#�<vO}r}�u{�d¥{f	}�mrqXmnfp}`qXkT~
b�u{}�mnvOonu{fp}p®�¼If-|Of�m�mnbdfpk 4 � �	 � � � 7 ®

� �������	��
 ����� � ��� ���$# � � � � * �
� �������	��
 ����� � �������$# � � � � * � ®
� �������	��
 ����� � �������$# � � � � * �������	��
 ����� � �������
a�b�f-kdf9«Ss9qXkT~�u{~�q¢mnfD}�¦ºvyo�mrbdfp}nf-�do5qXk�s5bdfD}�qXorf	
4 � �	 � 4 $�� � �� ����� 7 � � �� �  � 4 $�� � �� ����� 7 � � �� �  � 4 $�� � ���� �  ����� � + 	�� � � � 	�� 7 � � 
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� �  �
	����������� ��	�����"	  � #�� �����/������� �  "����� 	������ ���
� ����� gO�

���� � � � ����� � � �  � �	 � 4 $�� � � �  �  ���� � + 	�� � � � 	�� 7 � � 7
* 4 � �  � 4 $���� ���� ���� 7	 4 $�� � ���� �  � ��� � + 	 � � � � 	 � 7 � � 
� �  � 4 $�� � �  ����� 7  4 $���� � �  �  ���� � + 	 � � � � 	 � 7 � � ����  � � �  ���� � � � 7

� "�v }�mrvyo5qX|yf�vy�<f9o5q¢mruwvOk ��kdv:��vyu{k	vy�<f9o5q¢mnu{vyk�®
a�bdf-kdfp« ¨d�M~dqXmnfp~[}�mrqXmnf:vX¦;mnbdf:kdf9m�«�vOon¬�q¢m�mnu{e'f ��� u{}�mrbdf9k�
3. * 4 � �������	��
 ���� � ��� ���  4 � �	 � � � 7�� 

� ����������
 ����� � �������  4 � �  � 4 $���� ���� ���� 7	 4 $�� � ���� �  ����� � + 	 � � � � 	 � 7 � � 
� �  � 4 $�� � �  ����� 7  4 $���� � �  �  ���� � + 	 � � � � 	 � 7 � �  ���  � � �  � �  � � � 7�� 7

� ��fps9f9��mruwvOk[vX¦�mrbdf�qX¥�qXore � *�� ,������� ��� � �  �����
¼If-bTq½´yf � � � � * ����������
 ����� � �7� ��� ®

� �������	��
 ����� � ��� ���$# � � � � * �������	��
 ����� � ��� ���
Í ¥w¥�mrbdf���orqyk�s5bdfp}�vX¦ �������	��
 ����� � ��� ��� ¬yfpf9�Émrbdf_}nqye'f�}nf�m'vX¦#�<vO}r}�u{�d¥{f	}�mrqXmnfp}`qXkT~
b�u{}�mnvOonu{fp}p®�¼If-|Of�m�mnbdfpk 4 � �	 � � � 7 ®

� �������	��
 ����� � ��� ���$# � � � � * �
� �������	��
 ����� � ������� # � � � � * ����������
 ����� � �7� �� � �������	��
 ���� � ��� �� ® Í ¥{¥-mnbdfD}�f
��orqyk�s5bdfp}�¬yf9fp�¹mnbdf	}nqye`f}nf�m�vX¦��TvF}n}nu{�d¥wf�}�m5q¢mnfD}-«�uwmnbÉmrbdfK}rqXe'fbdu�}�mrvyoru{spqX¥�orfps9vyo5~d}p®
¼¹f-|yf9m�mnbdfpk 
4 � �	 � 4 $�� � �� ����� 7	 4 $�� � � �  �  ����� � + 	�� � � � 	�� 7 � � 

� �  � 4 $��� � �  ���� 7  4 $ ��� ���� �  ����� � + 	 � � � � 	 � 7 � �  ���  � � �  � �  � � � 7
� �������	��
 ����� � �������$# � � � � * �������	��
 ����� �/��� ���
°�vyo�mrbdfp}nf:�dorqyk�s5bdfD}�mnbdf-kdfp« ~�u�qX|OkdvO}�mnu�s:s9qyk�~�u�~dq¢mrfp}�qXorf	 4 � �  � � 7 «�bdfponf
� * � 4 $���� ���� ����  $�� � �  � �� � + 	�� � � � 	�� 7	
4 $�� � �  ��. � � + 	�� � � � 	�� ��� � ��� �  $�� � � �� � �� ����� 7 4 $�� � ���� �  ����� � + 	�� � � � 	�� �$�� � ��.  � �� � � � � � � � 	�� + 	�� � � � � � 7 
4 $�� � ���� ��.  ���� � � 	�� ��� � ��� � �$�� � �  � ��� � + 	 � � � � 	 � 7	
4 $�� � ���� � �� ����� 7 �

� a�b�f¹~�u�qX|OkdvO}�mnu�s¸spqXk�~du{~dqXmnfD} 4 � �  � � 7 vX¦-mrbdf3�dorqyk�s5bdfD} ����������
 ����� � �7� ��� s9qXk �Tf
}�mnvOonfD~ u{k ��� � � ��� � �	� ��� � �2� 4 � ����������
 ����� � ��� � �  � �� �  � � 7 ®;a�bdf�bdu�}�mrvyoru²x
spqX¥!orfps9vyo5~d}�qXorf�orf9u{kduwmnu�qX¥{uwÀpfp~[qXk�~Kmnb�f-kdf9«%s9qyk�~�u�~dq¢mrfp}�qXorf�mnbdfpk 4 � �	 � � � 7 ®

� �������	��
 ����� � ��� ��� qXk�~ ����������
 ����� �/��� ��� s9qXk �<f���vOuwk�fp~ qy}�mnbdfpuwo�s9qyk�~�u�~dq¢mrfp}�}rq¢mru{}�¦ºª
mrbdf-s�vOk�~�uwmnu{vyk�} ;mnbdfpuwo�~�u�qX|OkdvO}nf9o�}�m5q¢mrfp}�qXorf�mrbdf:}nqye`f:qXkT~mrbdf:bdu{}�mnvOonu�s9qy¥Torfps9vyo5~d}�qXorf
fpe'��m�ªy®±¼¹f-|yf9m 
4 � ����������
 ����� � ��� ���  4 � �  � � � 7 �  � �������	��
 � ��� � ��� � �  4 � �	 � � � 7�� 7�
  #���(�( �4 � �������	��
 ����� � ��� ���/� ����������
 ����� �/��� ���  4 � �  � � � 7 � 7

a�bdf-¨d�M~dq¢mrfp~[}�mrq¢mrf:vX¦;mnbdf-kdf9m�«�vOon¬qXm�mnu{e`f ��� u{}�mrbdf9k�
3. * 4 � �������	��
 ���� � ��� ���/� �������	��
 ����� �/��� ���  4 � �  � � � 7 � 

� ����������
 ����� �/��� ��/� ����������
 ����� � �7� ��� 
4 � �  � 4 $���� ���� ���� 7	 4 $�� � ���� �  ���� � + 	 � � � � 	 � 7 � � 
� �  � 4 $�� � �  ����� 7  4 $���� � �  �  ���� � + 	 � � � � 	 � 7 � �  ���  � � �  � �  � � � 7
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� ��fps9f9��mruwvOk[vX¦�mrbdf�qX¥�qXore � *�� ,������� �������  � ����
¼If-bTq½´yf � � � � * ����������
 ����� � �7����� ®

� � �������	��
 ����� � ��� ���/� �������	��
 ���� � ��� � � ��# � � � ��*
����������
 ����� �/�������/� ����������
 ����� � �7� ���

a�b�f9u{o�kdf9«%s9qyk�~�u�~dq¢mrfp}�qXorf 4 � �	 � � � 7 ®
� � �������	��
 ����� � ��� ���/� �������	��
 ���� � ��� � � ��# � � � ��* ����������
 ����� �/�������
a�b�f9u{o�kdf9«%s9qyk�~�u�~dq¢mrfp}�qXorf 4 � �  � � � 7 ®

� � �������	��
 ����� � ��� ��� � �������	��
 ���� � ��� �� ��# � � � � * ����������
 ����� �/��� ����
�������	��
 ����� �/��� ��� ®�a�bdf-}�f9m#vX¦�mnbdfpuwo#�Tqy}�m��<vO}r}nuw�d¥{f-}�m5q¢mrfp}�u�} 
4 � �	 � 4 $�� � �� ����� 7	 4 $�� � � �  �  ����� � + 	�� � � � 	�� 7 � � �� �  � 4 � $�  � �  ����� 7 

4 $���� � �  �  ���� � + 	 � � � � 	 � 7 � � ����� � � � ����� � � � 7�� 7 ®
��vye'f-vX¦;mnbdfD}�f�}�mrqXmnfD}�qXorf�k�v ¥wvOkd|yfpo#s�vykT}�u�}�mrf9kFm�«�u²mrb	mnbdf�~df9¥�q½ªKs�vOk�}�mrorqyuwkFm5}�qXk�~	s9qyk
mrbdf9orf�¦ºvOonf��Tf�fp¥wu{e'uwkTq¢mnfD~!®��Fm5q¢mrfp}��qXk�~¸� qXorf�on¨�¥wfD~[vy¨�m�vyk�qysps�vO¨dkFm#vX¦±mnb�f�u{kOmrf9ork�qX¥
~df9¥�q½ª 	mrbdf_uwkFmrf9ork�qX¥�fp´yf9kFm5}9z ������������
���6� z�s�vyororfp}n�TvOk�~�u{kd|�mrv3mnbdf[f9kT~Ávy¦ �7� �
qyk�~ �7� � orf9�<v�vXmnu{kd|F}�«�f9orf�f9©��TfDstmnfD~�mrv�v�sps�¨do:�<f�¦ºvyorf �� ®���mrq¢mrf'��u�}:on¨�¥wfD~�vy¨dm�vOk
qOs9s9vy¨dkFm�vy¦#mnb�f�e q¢©�u{e qX¥�~�f9¥�q½ª ,8��� �  mnbdf[orf9��qyuwo�f9´Of9kFmr}�«�fponf�f�©��<fpstmrfp~·mnv¹v�sps�¨do
�<f�¦ºvOonf	ËD�y�d®�a�bdfponf9¦ºvyorf�mrbdf'kdf9« ~�u{qy|ykdvF}�mru{s�s9qyk�~�u�~dq¢mrfp}�vX¦�mrbdu�}-}�f9m�vy¦��do5qXk�s5b�fp}�qXorf
4 � �	 � 4 $�� � �� ����� 7	 4 $�� � � �  �  ����� � + 	�� � � � 	�� 7 � � 7 ®

� ���������	��
 ����� � ��� ��� � �������	��
 ���� � ��� �� ��# � � � � * �
� a�b�f#~�u{qy|ykdvF}�mru{s�spqXk�~�u�~dqXmnfp}�vy¦ ����������
 ����� �/��� �� � ����������
 ����� �/��� ��� spqXk'�Tf#}�mnvOonfD~
u{k ��� � � 
� � � �	� ��� � � � 4 � ����������
 ����� �/��� ��/� ����������
 ����� � �7� ���  � ���� �	

� 4 $�� � �  ����� 7  4 $���� � �  �  ���� � + 	 � � � � 	 � 7 � � 7 ®a�b�f9u{o�bdu{}�mnvOonu�s9qy¥!onfDs�vOor~d}�qXorf:onfpuwk�u²mru{qy¥wu{À9fD~�qyk�~K«�f-|yf9m 4 � �	 � � � 7 ®
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u{e'�d¥{f9e'f9kFmr}�mnbdf�f9©�mnf9kT~�fp~[~�u�qX|OkdvO}nf9o�qX���donvFqys5b�«�u²mrbdvy¨�m�mrqX¬�u{kd|'uwkFmrvqys9s9vy¨dkFm�mnfpe'�TvOorqy¥�~�f9¥�q½ª�}9®
°�onvOe mnb�f#~�fp}rs�oruw�dmnu{vyk`vX¦<mnbdf#}�mnor¨�stmr¨dorf�vy¦�mrbdf�kdf�m�«�vyor¬�qXkT~�¦ºorvye�mnbdf�e'v�~�f9¥�vX¦TfDqys5b's�vOe`�<vyk�f9kFmpz
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�<f mrorqOs5¬yfp~¹qy}�u²m`qXk�qy¥wª�}nfp}-q�}�mnorfpqye vX¦�qX¥�qXore }9®[a�bdf~�u�qX|OkdvO}�mnu�s s9qyk�~�u�~dq¢mrfp}�qyonf}�mnvOonfD~¹uwk·qyk
b�u{}�mnvOonu�s9qy¥�¶�¥{f`qyk�~¸spqXk��<f'~�u{}n�d¥�q½ªyfD~!®-°�u{|y¨�onf'��Ë�}nbdv¢«#}#mnbdf'e qXu{k�«�u{k�~�v¢«�vy¦ ��� ! ®:ilkIqKmnbdu{o5~
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u�}�~�fD}ns9onu{�TfD~	uwk¹ÆwËD�½È¾®
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a�b�f�«�vyor¬[�donfD}�fpkFmnfp~¸qX�<v¢´yf�bTqy}��Tfpf9k¹f�©��<f9oruwe'f9kFmrfp~�vOk�orfpqX¥±~dqXmrq�® Í mrfp}�m�¶T¥wf'u{k�s�¥{¨�~�u{kd|_�X�O�O�
qy¥{qyone }�fpe`uwm�mrfp~ ��ª'q-}�¨��d��qXonmRvy¦<mrbdf#kdf9m�«�vOon¬�~�¨doruwkd|KËD��bdvO¨dor}�b�qy}±�<f9fpk¨�}nfp~ qO}�q:onf9¦ºf9orf9k�s9f�¦ºvyo
´¢qy¥wu�~dq¢mruwk�|�vO¨do��donvymnvym�ªF�<fp}p®�a�bdf�¶�¥wf:«�qy}�¶�o5}�m�qXkTqX¥{ª�}nfp~K��ª mnbdf:f9©��<f9onm�}�ª�}�mnf9e «�bdu{s5b	u�~�f9kFmnuw¶�fD~
mrbdf:¦ºvy¥{¥{v¢«�uwkd|'¦§qyuw¥{¨dorfp} �Ë�a � � �dorfpqX¬Mz�� ��¼ � ��onfDqX¬Mzdg 1���3 � }nbduw¦ mpzM� 1���3 � orfps9vyk�¶�|O¨do5q¢mnu{vyk�z��
1���3 � �dorfpqy¬<z�Ë 1 � � }nbduw¦ m`qXkT~3��1%� � orfp}rs�¨df � �donfDqX¬M®a�bdf}rqXe'f}�mnorfpqXe vX¦�qX¥�qXore'}:«�qy}�mrbdf9k
qyk�qX¥{ª�À9fD~���ª_mnb�f |yf9k�f9oru{s`~�u�qX|yk�vO}nf9o-qXk�~¸mnb�f`orfp}n¨d¥wmr}:«�f9orf s�vye'��qyonfD~!® Í ¥w¥�mnbdf'¦§qy¨d¥²m5}�~�f9mnfps�mnfD~
��ª_mrbdf'f�©��<f9onm-}nª�}�mrf9e�«�f9orf qX¥�}�v	�dorvy�<vO}nfp~Iqy}-~�u�qX|OkdvO}�mnu�s�spqXk�~du{~dqXmnfD}���ª_mrbdf~�u�qX|OkdvO}nf9o�«�bdu�s5b
u�}:¿F¨du²mrf }nqXmnu�}�¦§qOstmnvOonªO®�
#v¢«�f9´Of9oDzTu{k¹qy��}nf9k�s9f�vy¦�mnfpe`�<vyo5qX¥±s9vyk�}�mno5qXu{kFmr}pz<vOkdf`�donvO�d¥{f9e u�}�mrbdf }�u{À9f
vy¦±mnbdf`bdu�}�mrvyoru{spqX¥�onfDs�vyo5~d}#qO}n}nv�s�u�q¢mrfp~	mnvKmnbdf`s9qyk�~�u�~dq¢mrfp}p®�i¾m�u{}�s�¥{fpqyo#mnbTq¢m�mnf9e'�<vyo5qX¥;s�vykT}�mrorqyuwkFmr}
qyonf�qK|yv�v�~	e`fDqXk�vy¦±�don¨�kduwk�|Kq¥{vXm�vy¦Rs9qyk�~�u�~dq¢mrfp}#«�b�u{s5b�qyonf�k�v¥wvOkd|yfpo�mnfpe'�TvOorqy¥w¥{ª�´¢qy¥wu�~!®�a�bdf
u{e'�d¥{f9e'f9kFmrqXmnu{vyk[qXk�~�mrbdf-f�©��<f9oruwe'f9kFm5q¢mnu{vyk�vX¦;mnbdf:mrf9e'�<vyo5qX¥!|yfpkdf9oru�s�~�u�qX|OkdvO}nf9o�u�}�u{k��dorvy|OonfD}n}p®
a�bdf�uwkFmnoru{k�}�u�s�¿F¨�qX¥{uwm�ª�vy¦Tmrbdf#orfp}n¨d¥²m5}�u�}�~�uw³s�¨d¥wmRmrv�qys9s9fp}r}±�<fps9qy¨�}nf�u²mRorfp¿F¨du{orfp}�mrv:¶�k�~'f�©��<f9onmr}

�]q¢m¥{fpqO}�mvOkdf �'qOs9s�fp��mnu{kd|3mrv·}�mr¨�~�ªÁmnbdf�qy¥{qyone8¶T¥wfD}KqXkT~Âmrv·¿F¨�qX¥{u²¦ºªÂmnbdf¸onfD}�¨d¥wmr}'«�uwmnb»orfp}n�<fpstm
mrv mnb�f9u{o�v¢«�k�qyk�qX¥{ª�}�u�}�vX¦±mrbdf�}nuwmn¨�qXmnu{vyk�®#i¾m�u{}�mnb�f9k¸~�uw³s�¨d¥wm�mnvKs9vye'��qXorf-mrbdfp}nf-m�«�vKqX�d��onvFqys5bdfD}
e'vOonf���onfDs�u�}�fp¥wª:vyk:mrbdf9u{o�onfD}�¨�¥²m5}9® Í s�¥{fpqyo�qO~�´¢qXkFmrqy|yf�vy¦dvy¨do;e'v�~df9¥wxV��qO}�fD~-qX�d��onvFqys5b:vyk-mrbdf�f�©��Tfpo�m
}nª�}�mrf9e�vOkdf u�}:mnbdf �<vO}r}nuw�du{¥{u²m�ª�vy¦�m5qX¬�u{kd|_uwkFmrv[qOs9s9vy¨dkFm-�Tfpb�q½´�uwvOorqy¥±qXk�~ImnvO�TvO¥wvO|yu�s9qy¥�s5bTqXkd|Ofp}:u{k
mrbdfKk�f�m�«�vyor¬<® Í }`u²m`u{}�«�f9¥{¥²x¾¬�kdv¢«�k�z±qXk�ª3s5b�qXkd|Ofu{k·mnb�fKkdf9m�«�vOon¬3s�vOe`�<vyk�f9kFmr}�vyo`qXk�ª¹s5bTqXkd|Of
u{k»mrbdfIs9vykdkdfDstmruwvOk�} �<f�m�«�f9f9k mnbdfpe(e qy¬yfp} mnbdfIf�©��Tfpo�m[}�ª�}�mnfpe vO��}�vO¥wf9mnf Imnb�f¸f�©��<f9onmnu�}�fIb�qy}
mrv��<f¨d�M~dq¢mrfp~·qyk�~3uwkÉe'vF}�m�vy¦�mnbdf	s9qy}nfp}�onfDqys9¿F¨du{orfp~¸¦ºonvOeÊ}rs�o5q¢m5s5b�®_a�bdfp}nf ¬�kdv¢«�¥wfD~�|yf9xV�Tqy}nfp~
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qy�d�dorvOqOs5bdfp}pzOqXm�mno5qys�mnu{´yf#u{k�}�mrqy�d¥{f�~�vOe qXu{k�}�qO}Re'fD~�fps9uwkdfOz�qXorf�kdvym�qO~�fp¿F¨�qXmnf#¦ºvOo�¿F¨du�s5¬�¥wª'fp´yvy¥{´�uwk�|
~dvye qXu{k�}RqO}±mrf9¥{fps�vOe'e�¨dkdu�s9qXmnu{vyk kdf9m�«�vOon¬�}p®�ilke'v�~�fp¥²x¾��qy}nfp~ qy�d�dorvOqOs5bdfp}pz¢mnb�f�s5b�qykd|yfD}�qXorf#e qy~�f
vOk[mnbdf�f9¥{f9e'f9kFmrqyonª	}�mron¨Tstmn¨�orqy¥�vyo��Tfpb�q½´�uwvOorqy¥!e`v�~�fp¥{}�«�bdu�s5b_u{}�uwk_|Of9kdfporqy¥�e�¨Ts5b_fpqy}nu{f9o�qyk�~	mnbdf
~du{qy|ykdvF}�fpo�u�}#qX¨dmnvye qXmnu�s9qX¥{¥{ª ¨d�<~�q¢mnfD~!®
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��f�mrfps�mnu{vyk[qXk�~Ku{}nvy¥�q¢mruwvOkKvX¦�¦§qXu{¥w¨dorfp}�u{k�¥�qXor|yf:qXkT~Ks�vOe'�d¥wf9©K}�ª�}�mnfpe'}�}n¨�s5b[qy}�mnfp¥wfDs�vye'e�¨dkdu�s9q¢mruwvOk
k�f�m�«�vyor¬�}!qyonf�s9on¨Ts�u�qX¥yqyk�~-s5b�qX¥{¥{f9kd|Ouwkd|�m5qy}n¬�}p®�a�bdfR|yf9k�f9o5qX¥{u²m�ªOz�µ�f9©�u{�du{¥wuwm�ª:qXk�~:orf9¥{u{qy�du{¥wuwm�ª�vy¦�e'v�~�fp¥²x
�Tqy}nfp~�qy�d�dorvOqOs5bdfp}�e qX¬yf�mnb�f9e q�´Of9orª�~�fp}nuwo5qX��¥wf�«�q½ª:mrv:e`vOkduwmnvyo;mrbdfp}nf�s�vye'�d¥{f�©`}�ª�}�mnf9e }p®�ilk[ÆÇ�X�½È
qyk uwkFmrf9orfp}�mnu{kd|�qy�d�dorvOqys5b'b�qO}��<f9fpkK�dorvy�<vO}nfp~!zO¬�kdv¢«�kqy}Rmnbdf�~�u�qX|yk�vO}nf9oRqy�d�dorvOqys5b�® Í }�f�©��d¥�qXu{kdfD~
qy�Tv¢´Of �§}nf9f'}nfpstmruwvOkIg�® � �tz<mnbdu�}:qX�d��onvFqys5b_orf9¥{uwfD}�vOk¸q	~�u{}rs�orf�mrf�x¾f9´Of9kFm�e'v�~�f9¥�vy¦�mnbdf'}nª�}�mnfpe mnv	�Tf
}n¨dor´yfpªyfp~'qyk�~'mno5qXkT}�¦ºvOone }±uwmpz�v��<x¾¥wu{kdfyz�u{kFmnv�q-¶�kduwmnf:}�m5q¢mnf�e'qOs5bdu{kdf#mrb�q¢m�u{}�}�¨�u²m5qX�d¥{f#¦ºvOo�qXkTqX¥{ªFÀpuwk�|
vO��}nf9or´½qy�d¥{fp}Rqyk�~�onfDs�vy|Okdu{À9u{kd|-mnb�f�¦§qy¨d¥wmr}p®;i¾m5}�uwk�u²mru{qy¥Mqy�d�d¥{u{spq¢mruwvOkK«�qy}�q�bdfDq¢mruwkd|Tz�´yfpkOmruw¥�q¢mruwvOkKqXkT~
qyuwonxls�vykT~�u²mruwvOkdu{kd|�¨dk�u²mD®
Æ �¢È!f�©�mrf9k�~d}�mrbdu�}�qy�d�dorvOqOs5b mnv'}�ª�}�mnfpe'}�«�bdvF}�f�mnfpe`�<vyo5qX¥M�<f9b�q½´�u{vyo�u{}�vy¦�|yorfpqXm�s9vyk�s9f9ork�®;a�b�f9ª

��onvO�TvF}�f'mrvIs�vOe��du{kdf mrbdfmruwe'fD~·~�u�}ns9onf9mnf�x¾f9´Of9kFm�}nª�}�mnfpeÊ¦ºorqye`fp«�vOon¬I~�fp}rs�oruw�<fp~·�Fª Æâ�DÈ�«�uwmnbÂmnbdf
qy¨�mnvOe q¢mrqXxV�Tqy}nfp~'~�u�qX|yk�vO}nf9o±vX¦�ÆÇ�X�¢ÈV®±a�bdu�}Rf9©�mnf9kT}�u{vyk'mrv�mnfpe'�TvOorqy¥�u{k�¦ºvyore q¢mnu{vykKu{}RuwkFmnfponfD}�mruwk�|��d¨�m
«�qy}'qy�d�d¥{uwfD~·mrv3qIorf9¥�q¢mnu{´yfp¥wª·}nu{e`��¥wf[�dorvy�d¥{f9e[zRmnbdf	¦§qys�mnvOonª·s9vyk�´yfpªyvyo`f�©dqye`��¥wfO®Áa�bdfpªÂ~�v3kdvXm
��onv¢´�u�~�f�qXk�ª�}nvy¥{¨�mruwvOk�mrv mnb�f��dorvy�d¥{f9e+orqyu{}nfp~	��ª�mnbdf�b�¨d|Of�}nuwÀpf-vX¦�mnbdf�|y¥{vy��qy¥�e'v�~�f9¥;qy}#}nv�vyk�qy}
orfpqy¥M�donvO�d¥{f9e }�qXorf�mrqys5¬�¥{fp~!®
Æ{Ëp�½È�u{k�´yfp}�mnu{|OqXmnfD}:mnbdf	�dorvy�d¥{f9eÊvX¦�~du{qy|ykdvF}�u{kd|¸~�u�}rs�orf�mnf9xVfp´yfpkOm�}nª�}�mrf9e }�¨dk�~�fpo`~�fDs�fpkOmrorqy¥wu{À9fD~

u{k�¦ºvOone q¢mruwvOk�®�a�bdf9ª��onvO�TvF}�f�q�s�v�vOor~�u{k�qXmnfp~�~�fps9f9kFmno5qX¥{u{À9fp~KqXo5s5bdu²mrfps�mn¨dorf�s9vyk�}nu{}�mnu{kd|�vX¦�¥{v�s9qX¥!}nu²mrfp}
s9vye'e�¨�kdu{spq¢mruwkd|`«�uwmnb_q's�v�vyo5~�u{k�q¢mrvyo�onfD}��<vyk�}nu{�d¥wf�¦ºvOo�mrbdf:¶�k�qy¥�~�u�qX|yk�vO}nu{}p® Í ��onvymnv�s�vO¥<u�}#~�f9¶�kdfD~
«�b�u{s5b¸}n�<fps�uw¶�fD}#mrbdf`~du{qy|ykdvF}�mru{s-u{k�¦ºvOone q¢mruwvOk�|yfpkdf9o5q¢mrfp~_qXm�fpqOs5b_¥wv�spqX¥�}�uwmnfOzTmrbdf's�vye'e�¨dkdu�s9q¢mruwvOk
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