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gi¥V]8Â��iacgp¥�bpaµo|s^o|dfX
WDÃ T �AT3T ����2 Z��p�

~
]cu�T�bey q otgih T T^� T3T T3T
Z T^� T3T T3T
2 Tp� Tp� T3T
� � ¤ ¤ T3T
TeZ ¤ ¤ T3T

Q�Ë�~j«¢\ T �M� ��2 ��2
Z � � �M� ��2
2 �M� ��2 ��2
� � ¤ ¤ ��2
TeZ ¤ ¤ ���

xzytX#u
gih q ] df]_gihVX q Q�Ë�~�«8\ T � � �
Z � � �
2 � � �
� � ¤ ¤ �
TeZ ¤ ¤ ��6
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¹C]_�i`VytXv� T$<C\^`V¥VotgihV]_u ¦ g � dmX#otdzu#bpomX5<�u#gphO�pX#yt�iX#hVu
X�ge�AdmTVX ­ ytotdza_]chVX#bpy�o|s^o|dfX
W Â �J¹ � � ��63636�Ã
\^gia_`ldf]_gih&gp��dfTVXr]_hOdmX#y|�=bpu#Xrots?o|dfX#W <�a_X
�ódjkVytX#u#gph q ] df]_gihVX q ��`Va_a Q�Ë�~j«8\%]_dmX#yfb²df]_gih

·¸h ¦ `VX#hVu
X�gp��dfTlX�hO`VW�¥;X
y
gp��ot`V¥ q giWYbp]chªÂ=WnX
omT ����Ã

�$& � � FG474 9�;�.1?IBH+��L3 � 8 ?54^8!FH47? ;�6735AC9
����� � � � 
��C� É � �=��� É^È � Å ���D�i�V� Å
\?dmXQb q s ]cotge¤|Ë�beu�T/a_]chlX#o���giyCdmTV]co�dmX#otd8u#bpomXjbpytXJ�^]_om`Vbpac]_±#X q gihY¹C]_�V¨¢�M�^¨CS,TlXjytX#ot`Va_dmozkVymX
omX#h�dmX q
¥AX#a_g � bpymX�bpa_aµu�T�beyfbpu�dfX#yt]c±
X q ¥�s%dmTVX0��gia_acg � ]_hV�/kAgi]_h�dfoK<6 u#bpacu
`Vacbedf]_gihVojbpytX�kAX#y|��giymWnX q `Vot]chl�/WnX#otT ���)76 dmTVX �J¹ �6hO`VW�¥;X
y�]_o
omX
djdfgYb�u#gphVotdfbph�dj�ebpa_`VXrgp�¢��63636$76 dmTVXruQbpa_u#`Vacbedm]cgih&otdfbpytdmo,��ymgiW bn`lhV]_��gpymW ¦ g � 76 dmTVX�acg?uQbeaCots?o|dfX#Wnor]_h q `Vu
X q ¥Os�dfTVX q giWYbp]ch q X
u#giWnkAgiom] df]_gih omgpa_�pX#y�bpymX�hVX
�pX#yromgia �iX q

� ] dfT�b�TV]c�pT�bpu
u#`Vymbpu
sp¨

�vhVX/gp¥^{|X#u�df] �iX%gp�¢dfTV]_o�omX#u�df]_gih � bpo�dmg&�pX#yt]_�ós dfTVbedrdfTVXYa°beotd�gikldf]_gihªbp¥;g��pX q ] q hlgpd�]_h^¤
¦ `VX
hVu#X dmTVX�u
gih��iX
ym�iX
hVu#X�dfgYdfTVX�otdfX#b q s�otdfbedfX�u#giWnk�bpytX q dmgDdfTVX�ymX���X#ymX
hVu#X�u
gih��iX
ym�iX
hVu#Xnbpo
kVytg q `lu#X q ¥Os�dmTVX��ia_gi¥�beaj]_WnkVa_]cu
]_d%bpkVkVytg�bpu�TºÂ�omX
X�omX
u
df]_gih»�^¨ ZOÃ � TVX
ymX�dmTVX�a_]_hVXQbpyYots?o|dfX#W
ÂR� ��ÃJ]co�bpkVkVytgQwl]_WYbedfX
a_s�otgia �iX q `Vom]_hV��Àibeu#gi¥V]�ytX#acb²wlbedf]_gihVo
¨J¹�giy
]chlotd�behVu#Xe´L¹C]_�V¨j��2��^]_om`Vbpac]_omX
o
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ots?o|dfX#W
\^gpac`ldm]cgph�gp��dfTlX�]_h�dfX
yt�=bpu
X�o|s?otdfX
W <���`Vaca Q�Ë�~j«8\�] dfX
yfbedm]cgph£Â $ i a 
 Ã

·¸h ¦ `VX#hVu
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W Â �J¹ � �¼�iÃ
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o|s^o|dfX
W Â �J¹ � �¼�iÃ
\?giac`^df]_gih�ge��dmTVXr]ch�dfX
yt�=bpu
Xrots?otdmX#W <�acX��ódjkVymX
u#gih q ]_dm]cgihlX q ��`laca Q�Ë�~j«¢\%] dfX
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dfTlX}hVgih?¤¸a_]chVX#bpy�u
gih��iX
ym�iX
hVu#X0]_hDdfX
ymWno�ge�µdfTVX�hVgiytW/beac]_omX q X#hVX
ym�psYymX
om] q `�bpaA��giyzdfTVXj��giaca_g � ]chl�
om] df`Vbedf]_gihVoK<6 dmTVX/�pacgi¥Vbpa�omgia_`ldm]cgih6otdmyfbedmX#�ps � TVX
ymXe´�bed�XQbeu�T6df]_WnX/o|dfX
kµ´�dmTVX/a_]_hVXQbpy�ots?o|dfX#W Â=� ��Ãv]co

otgia_�pX q `Vom]_hV�DÀibpu#gi¥l]$ymX#acb²wlbedm]cgihlo � ] dfT�bnac]_hVXQbey
dmTVymX
omTVgpa q�­ w^X q dfg � � a � c � W 76 dmTVX�kVytgikAgiomX q ¾v¾0Ë o|dfymbedfX
�ps � TVX#ytXp´µb²d}X#bpu�T�df]_WnX�otdmX#kµ´AdfTVX�]_hOdmX#y|�=bpu#X o|s?otdfX
W Â�ZDTiÃ
]_onomgia �iX q `Vot]chV� ��`Va_a1Q�Ë�~j«8\£]_dmX#yfb²df]_gihVo�Â � ] dfTVgi`^d/klymX#u
gih q ] df]_gihV]_hV�OÃ � ] dfT)b a_]_hVXQbpy
dmTVymX
omTVgia q�­ w^X q dfg �

U a � c � W 7AWngiymX
g��iX#y
´;dmTVX�a_g?uQbpa�a_]chVX#bpyjots?otdmX#Wno0bpytX�otgia_�pX q `Vot]chl�
X
]_dmTVX#yv� 1�¤¸u�s?u#a_Xv`Vom]_hV� 1 W a  kVymX¯¤¸omWng?gpdfTl]chV� bph q 1 � a  kAgio|dt¤¸otWng^gpdmTV]_hV� otdmX#kVo
´VgiyZ 1j¤¸u�s^u
acX
o,`Vom]_hV� 1 W a � klymX�¤õomWng?gpdfTV]_hV��beh q 1 � a � kAgiotd|¤¸otWYg?gpdmTV]chl� otdmX#kVo�Â�]ch�¥AgpdfTu#bpomX
o8dmTVX�otWng^gpdmTVX#yz]_o�brkAgi]ch�d � ]_omX�Q�be`Vomoß¤|\^X
] q X
a;WnX�dfTVg q Ã�`Vom]_hV����u
g�bpymotX
�iym] q a_X
�pX#a_o
Â�]R¨ Xp¨ $ � a  Ã¯¨

«��LX
u
df] �iX�hO`VW�¥;X
y�gp��df]_WYX/otdmX#kVo�dmg�u
gih��iX#yt�iX#hlu#X Â=]_hV] df]cbpa8hVgiymWYbpa_]_omX q X#hVX
ym�ps ymX
om] q `�bpa
ymX q `Vu
X q ¥�s&b��=bpu
dmgiy � c�� Ã,bpo � X
aca�bpojX�w^X
u#`ldm]cgih�df]_WYX
o}beymXr�i] �iX#h�]ch&SCbe¥µ¨ �l¨¢S,TVX#otX�ytX#om`la_dmo
uQbeacaµ��giy,otX
�pX#yfbea�u
giWnWnX#h�dfo�<6 ��giyJdmTV]_o�k�beytdf]_u#`la°bpyjotdmXQb q s ¦ g � dfX
otd�uQbpotXp´�dfTVX�]_h ¦ `VX
hVu#X�gp�CdmTVXracg?uQbpa$otgia_`ldf]_gih�o|dfymbedt¤

X
�ps�gih�dfTlX�hVgih^¤õac]_hVXQbey0u#gih��iX
ym�iX
hVu#X/]corymbedfTVX
y � X#bp³E¨nS,TVXnymX
��X
ymX
hVu#XnymX
om`Va d�]co0�i] �iX
h
¥�sndfTVXju#gphO�pX#yt�iX#hVu
X0gp�LdmTVX}�pacgi¥Vbpa�omgia_`ldm]cgihDotdfymbedfX
�psY¥�bpotX q gph/dfTlX0Àibpu
gi¥V]EymX
a°b²wlbedm]cgph
WnX
dmTVg q ÂR��2Y] dfX
yfbedm]cgihlo�]_h q X
k;X
h q X#h�dma_s�gp�CdmTVX�hO`VW�¥;X
y}gp�Com`V¥ q giWYbp]_hVo(7A��giy
]ch^��giymWYb²¤
dm]cgihL´�]chVu
ymX#bpom]_hV��dmTVX
ac]_hVX#bpy�dfTVytX#omTlgia q ��ymgpW � � a � c � W dfg � � a � c � � q ] q hVgpd8ytX#om`la_d8]_h
dmTVX�ytX q `lu
df]_gih�ge��dfTVX�hO`VW�¥AX#y}gp��kVotX#` q ge¤õdm]cWnX o|dfX#klo�dfg/ymX#bpu�T�dfTlX�o|dfXQb q s�o|d�bedmX�Ã¯¨,·¸h
u
giWnk�bpym]_omgphµ´AdmTVX�¾v¾0Ë otgia_�pX#y�¥�bpomX q gih&dfTVXY� 1�¤¸u�s?u#a_X�Â=Zl´ ZOÃ,a_g^u#bpa�omgia_`ldf]_gih�otdfymbedfX
�ps
bpa � b�s?ovs?]_X#a q acg � X#y0hO`VW�¥AX#y}gp�zkVomX
` q ge¤Ùdf]_WnX�otdfX
kVo � ] dfT bDotac]_�iT�d q X
�iyfb q bedf]_gih � TVX
h
]_hVu#ytXQbpot]chl�YdmTVXrh?`lW�¥AX#yjgp�Cot`V¥ q giWYbp]_hVo(76 ytX#kVacbpu#]_hV�
X�wlbpu�d�om`V¥ q giWYbp]_hromgia_`ldf]_gihVo�¥�s0bekVkVymgQw^]_W/b²dfXzomgia_`ldm]cgihlo�`lom]_hV�r� 1�¤¸u�s?u#a_X�Â=Zl´ ZOÃ
WYbp³eX#o�dmTVX q giWYbp]ch q X#u
giWnk;gpom] df]_gih omgpa_�pX#y�u
giWnk;X�df] df] �iX � ] dfT+dfTVX �ia_gi¥�bparomgpac`ldm]cgph
o|dfyfb²dfX#�esi¨C·¸h q X#X q ´ � XJhlgpdfX,b���2 � ymX q `Vu
dm]cgphYge��dfTVX�dmgpd�bea^X¯wlX
u#`ldm]cgphndm]cWnX���gpy $ i a � �
¥AX
d � X#X
h�dfTVX��ia_gi¥�bpa$otgia_`ldf]_gih�o|dfymbedfX
�ps�bph q dfTVX�¾v¾0Ë�gihVXe¨��}ojX�w^kAX#u�dfX q ´AdmTVX�¾}¾0Ë
otgia_�pX#y q X
WngihVotdmyfbedmX#o�TV]_�iTVX
y%k�bpymbpaca_X#a�X/.Yu#]_X#hlu#]_X#o q `VX�dfgªymX q `Vu#X q u
giWnW�`VhV]_uQb²df]_gih
g��iX
ymTVX#b q o
¨

����� � � � �M� � � É � �=� � É^È � Å ���Y�i��� Å
\?dmXQb q s ]cotge¤|Ë�beu�T/a_]chlX#o���giyCdmTV]co�dmX#otd8u#bpomXjbpytXJ�^]_om`Vbpac]_±#X q gihY¹C]_�V¨¢���l¨CS,TlXjytX#ot`Va_dmozkVymX
omX#h�dmX q
¥AX#a_g � bpymX�bpa_aµu�T�beyfbpu�dfX#yt]c±
X q ¥�s%dmTVX0��gia_acg � ]_hV�/kAgi]_h�dfoK<6 u#bpacu
`Vacbedf]_gihVojbpytX�kAX#y|��giymWnX q `Vot]chl�/WnX#otT ���)7
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¹�]c�i`lymXn�M�$<8\?dmXQb q s&Ë�bpu�T�ac]_hVX#o,��giyJdmTVXrom`V¥lomgihV]_u ¦ g � bpymgp`Vh q dfTVX ��� ��� ��������bp]cy|��gi]_a

S�bp¥Va_X �$<�\?`V¥VomgphV]cu ¦ g � dmX#o|d�u#bpomX <�df]_Wn]chl�io,��giyJdfTVXro|dfXQb q s�otdfbedfXromgpac`ldm]cgph
Q0acgp¥�bpaµotgiac`^df]_gih�o|dfymbedfX
�ps ÂÙÀibeu#gi¥V]=´ � � a � c � W Ã¢�pX#ymot`Vov¾}¾0Ë o|dfyfb²dfX#�es Â���`Va_a Q�Ë�~�«8\;´ �

U a � c � W Ã
Ë�X�dfTVg q $ i � ]_d �Jx * «�acbpkVotX q � �Jx *

Àibpu
gi¥V]8Â��iacgp¥�bpaµo|s^o|dfX
WDÃ Z ��2 Tp�l�QZ�otX#u Te�i��� omX
u ���^¨GT
2 ��2 ���i�AT�otX#u T�Ti�3T omX
u 232l¨à�
� T ��2 ��6��^�0otX#u ��T�6�� omX
u 232l¨ �

Q�Ë�~j«8\V®eZ�1�¤õu
s?u#a_X�Â�T^´ TpÃ 2 ��63T �32���6 otX#u Zl�QZiZnomX
u �i�l¨ Z
Q�Ë�~j«8\V®^� 1�¤õu
s?u#a_X�Â�ZV´ Z�Ã Z �p� T �32 � otX#u Tp�eZA2�omX
u ���^¨ 2

2 �eZ �M�3T�2 otX#u ��236AT omX
u ���^¨ �
� T � � �l�i�rotX#u �32AT omX
u �AT^¨à�

6 dmTVX��J¹ ��h?`lW�¥AX#yr]cov�ebpy|s?]chV��beu#u#gpy q ]_hV��dfg%dmTVX�a°b � �J¹ ����� � 3 O � TVX
ymX 3 O q X#hlgpdfX
o
dmTVX0df]_WYXr] dfX
yfbedm]cgihM76 dmTVXruQbpa_u#`Vacbedm]cgih&otdfbpytdmo,��ymgiW bn`lhV]_��gpymW ¦ g � 76 dmTVX�acg?uQbeaCots?o|dfX#Wnor]_h q `Vu
X q ¥Os�dfTVX q giWYbp]ch q X
u#giWnkAgiom] df]_gih omgpa_�pX#y�bpymX�hVX
�pX#yromgia �iX q
� ] dfT�b�TV]c�pT�bpu
u#`Vymbpu
sp¨
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GMRES/1V-cycle (4,4)

GMRES/4V-cycles (2,2)

¹C]_�i`VymX���2)<8\^`V¥VotgihV]_u ¦ g � dfX
otd�uQbpotX
�jgih^¤¸a_]_hVXQbpy,u
gih��iX
ym�iX
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 Ã

Q0acgp¥�bpaµotgiac`^df]_gih�o|dfymbedfX
�ps ÂÙÀibeu#gi¥V]=´ � � a � c � W Ã¢�pX#ymot`Vov¾}¾0Ë o|dfyfb²dfX#�es Â���`Va_a Q�Ë�~�«8\;´ �
U a � c � W Ã

¹C]_�V¨ T�6��?]cot`�bpa_]cotX#oDdmTVX&hVgih^¤õac]_hVXQbey/u
gih��iX#yt�iX#hlu#X�]_h dmX#ymWno/gp�}dmTVX�hlgiymWYbpa_]cotX q X#hVX
ym�ps
ymX
om] q `�bpa$��giyJdmTVX0��gia_acg � ]_hV�nom] df`�bedm]cgphVo <6 dmTVX/�pacgi¥Vbpa�omgia_`ldm]cgih6otdmyfbedmX#�ps � TVX
ymXe´�bed�XQbeu�T6df]_WnX/o|dfX
kµ´�dmTVX/a_]_hVXQbpy�ots?o|dfX#W Â=� ��Ãv]co

otgia_�pX q `Vot]chV� Àibeu#gi¥V]8ymX
a°bMwVb²df]_gihVo � ] dfT�b�a_]_hVXQbpy�dfTVytX#omTlgia q£­ wlX q dfg � � a � c � W bph q
� � a � c � � 76 dmTVX�kVytgikAgiomX q ¾v¾0Ë o|dfymbedfX
�ps � TVX#ytXp´µb²d}X#bpu�T�df]_WnX�otdmX#kµ´AdfTVX�]_hOdmX#y|�=bpu#X o|s?otdfX
W Â�ZDTiÃ
]_onomgia �iX q `Vot]chV� ��`Va_a1Q�Ë�~j«8\£]_dmX#yfb²df]_gihVo�Â � ] dfTVgi`^d/klymX#u
gih q ] df]_gihV]_hV�OÃ � ] dfT)b a_]_hVXQbpy
dmTVymX
omTVgia q/­ wlX q dmg �

U a � c � W beh q � U a � c � � 7OWngiymX
gM�pX#y
´?dmTVX
acg?uQbpa�a_]_hVXQbpyzo|s^o|dfX
WYo�bpymX
otgia_�pX q `lom]_hV�ª��1�¤¸u�s?u#a_XD`Vot]chV� 1 W a  klymX�¤õomWng?gpdfTV]_hV��bph q 1 � a  kAgiotd|¤¸omWng?gpdfTl]chV�o|dfX#klo
Â�dmTVX�otWYg?gpdmTVX#y�]_o�b�k;gi]_h�d � ]cotX Qrbp`Vomoß¤|\^X
] q X#alWnX�dfTVg q Ã�`Vot]chl�0�}u#gibpymotX��iyt] q a_X
�pX#a_o
Â�]R¨ Xp¨ $ � a  Ã¯¨

«��LX
u
df] �iX�hO`VW�¥;X
y�gp��df]_WYX/otdmX#kVo�dmg�u
gih��iX#yt�iX#hlu#X Â=]_hV] df]cbpa8hVgiymWYbpa_]_omX q X#hVX
ym�ps ymX
om] q `�bpa
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�pX#a�gp��ymX q `Vu
dm]cgph�]_h�dmTVXrX#hVX
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X#h�hVX
u#X#otofbpy|s%dfg
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U a � c � W dfg � U a � c � � ]_h�dfTlX�¾v¾0Ë omgpac`ldm]cgph
o|dfyfb²dfX#�es q ] q hVgpdj]_WYklymg��iX�dmTVX�u#gih��iX
ym�iX
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y
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dmdm]chl�
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X¯wlX
u#`ldm]cgph�df]_WnX#o/76 ¥�s�u
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U a � c � W � X0u#gphVu#a_` q XrdfT�b²dJdfTVX
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o
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gih��iX
ym�iX
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Q0acgi¥Vbpaµomgpac`ldm]cgph�o|dfyfb²dfX#�es ÂÙÀibpu
gi¥V]=´ � � a � c � W bph q � � a � c � � Ã
¾v¾0Ë¡otdfymbedfX
�ps6Â���`laca Q�Ë�~j«8\;´ �

U a � c � W bph q � U a � c � � Ã
S�bp¥Va_X���<�S�ymbphVomgphV]cu ¦ g � dmX#o|d�u#bpomX�<�df]_Wn]chl�io,��giyJdfTVXro|dfXQb q s�otdfbedfXromgpac`ldm]cgph

Q0acgi¥Vbpaµomgpac`ldm]cgph�o|dfyfb²dfX#�es ÂÙÀibpu
gi¥V]=´ � � a � c � W bph q � � a � c � � Ã
¾v¾0Ë¡otdfymbedfX
�ps6Â���`laca Q�Ë�~j«8\;´ �

U a � c � W bph q � U a � c � � Ã
Ë�X�dfTVg q $ i � ] d �Jx * «�a°bpklomX q ���Jx *

Àibpu
gi¥V]8Â=�pacgi¥Vbpaµots?o|dfX#W/Ã¯´ � � a � c � W 2 T�636 ��23Ti� omX#u T�6l�M� otX#u �36^¨ì�
Àibpu
gi¥V]8Â=�pacgi¥Vbpaµots?o|dfX#W/Ã¯´ � � a � c � � 2 �QZ�� ZO��TeZnomX#u ��6i��� otX#u 232^¨ì�
Q�Ë�~j«¢\l®^� 1�¤¸u�s?u#a_X�Â=Zl´ ZOÃ¯´ �

U a � c � W 2 � Ti� � �p�l�romX#u �M��636�otX#u � �^¨G6
Q�Ë�~j«¢\l®^� 1�¤¸u�s?u#a_X�Â=Zl´ ZOÃ¯´ �

U a � c � � 2 � T � T�2p�36�omX#u Tp���^�rotX#u ���?¨à�
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·¸h�dfTV]_ozk�bpkAX#y
´ � X
T�bQ�iXjymX
k;gpytdfX q gihngi`Vy�ymX
u#X
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u#giWnkAgiom] df]_gih bpa_�igiyt]_dmTVW ��giy�dmTVX omgpac`ldm]cgph�gp��d � g²¤ q ]_WnX#hVot]cgihVbpa�u#gpWYklymX#otom]_¥Va_XY]_h^¤
�?]cotu#] q�¦ g � o
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u#gphOdm]chO`Vgp`Vo�u#bpomXY��giyrb��iX
hVX#ymbpazac]_hVX#bpym]_±#X q bph q ots?WnWnX
dfyt]c±
X q T�s?k;X
ym¥Agia_]cu/ots?otdmX#W�¨��-u
gih^¤
u#ytX
dmX�]_WYklacX
WYX
h�d�bedm]cgih)T�bpoY¥;X
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y0gih�`VhVo|dfyt`Vu
dm`VymX q dmym]cbphV�i`Vacbpy
WnX#otTVX#o
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´Vdf]_WYX}]ch�dfX
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ymX�dfXrX#¬O`�bedm]cgphVo
]coJgp¥ld�bp]_hVX q
`Vot]chV��bva_]chVX#bpym]_±#X q ¥�beu�³ � bpy q «�`Va_X#y�]_WYklac]_u#] d�otu�TVX#WnXe¨�S,TVX#hµ´OdfTlX,kVymgikAgiotX qYq giWYbp]_h q X#u#gpW�¤
kAgiom] df]_gih�bpa_�igiyt]_dmTVW']coJ`lomX q ��gpyJb q �ebphlu#]_hV� dfTVX�omgia_`ldm]cgih�b²dJXQbeu�T�]cWnkVa_]cu
]_d,dm]cWnXvo|dfX
kµ¨z·õdJT�bpo
bpa_omgn¥AX#X#h&omTlg � h�dfTVbedQ´ldmTVymgp`V�iT�dfTVX0]_h�dfytg q `lu
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]co,kAgiotom]_¥VacXrdfg
X�w^kVytX#oto}dfTVX�kVytgik;gpomX q�q giWYbp]_h q X
u#giWnkAgiom] df]_gih�bpa_�igiyt]_dmTVW bpo�bD~
]_u�T�bpy q omgih�d¸s?kAX�] dfX
yfbedm]cgph
gih%]_h�dfX
yt�=bpu
X0`VhV³OhVg � hVo#¨8�}a_�iX
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df`lymXp¨��
om`l¥Votdmym`Vu�df`Vyt]chV��dfX
u�TVhV]_¬O`VX/u#bph ¥;XnbekVkVa_]cX q dmg�dfTV]_o0WYbedfyt] w�]ch giy q X#y}dmg�gi¥ld�be]ch bD��`Va_a s�]cW ¤
kVa_]cu
]_d�omu�TVX
WnX0]chYdfX#ytWno�gp�$]_h�dfX
yt�=bpu
X}`VhV³OhVg � hVo
¨¢·¸hDgi`Vy¢bpkVkVytg�bpu�Tµ´OdfTVX�]ch�dmX#yt�=beu#X}`lhV³OhVg � hVo
bpytX�hO`VWnX
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giWnkV`ldfX q `lom]_hV�/dmTVX�bpkVkVytg�w^]_WYbedfX�~
]cX
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S,TVX&ymX#ot`Va df]_hV�£bpa_�igiyt]_dmTVW T�beo/¥AX#X
h)bpklkVac]_X q dfg dfTVX&u#gpWYkl`ld�bedm]cgph gp�vb ot`V¥VotgihV]_u�bph q
b�dfymbphVomgphV]cu�o|dfX#b q s ¦ g � bpymgi`lh q b ��� ����� �����£bp]_yt��gi]_a=¨ª�}h�giyt]c�p]ch�bea,bpomkAX#u�dYgp�jgi`Vy�otdm` q s
u#gphVom]_otdmo}]_h�dfTlX�] dfX
yfbedm]_�pX�otgiac`^df]_gih�ge��a_g^u#bpa$kVymgp¥VacX
Wno}`Vot]chV�DbYW�`Va df]_�iym] q ¥�s&bp�i�pacgiWnX
yfbedm]cgih
dfX
u�TVhV]_¬O`VXp¨z·¸hYk�bpytdm]cu
`Vacbpy#´ � XjTVb��pX�]_h��iX
otdf]_��bedmX q hO`VWnX
ym]_uQbpa_a_sndmTVX
X
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d8gp�LbphYbpkVklymgQw^]cWYbedmX
omgpac`ldm]cgph6gp�8a_g^u#bpa�kVytgi¥Va_X#Wno�gih�dfTVXng��iX
yfbpa_a�X/.Yu#]_X#hlu
s gp�8dfTVX q gpW/be]ch q X
u#giWnkAgiomX q omgpa_�pX#y#¨
¹�giyvo|dfXQb q s ÂR«�`Va_X#yfÃ ¦ g � u
giWnkV`ld�b²df]_gihVo#´$ot`Vu�T£b%o|dfymbedfX
�ps�]_orW/beh q bedmgiyts�dfg�WYbp³pX�dmTVX q ge¤
WYbp]_h q X
u#giWnkAgiomX q otgia_�pX#yju#giWnkAX
dm]_dm]_�pX � ] dfT&u#acbpomot]cu#bpa¢Â=�ia_gi¥�bea Ã�otgiac`^df]_gih&dmX#u�TVhl]c¬O`VX
o#¨J¹�ytgiW
dfTl]co kAgi]_h�d gp�J�?]_X � ´�dfTlXDkVytgik;gpomX q½q giWYbp]ch q X#u
giWnk;giotX q otgia_�pX#y�u#bph½bpa_omg�¥AX/�?]_X � X q bpo�b
k�bpy|df]_u#`Vacbpy���giymW�gp�jb qlq ]_dm]_�pX�W�`Va df]_�iyt] q ]_h � TV]_u�T½W�`Va df]_�iym] q bpu
u#X#a_X#ymbedf]_gih�]_o bpkVklac]_X q gih�b
om`l¥ q gpW/be]ch6¥�bpom]_o#´�dfTlX#omXYa_g^u#bpa�uQbpa_u#`la°bedm]cgphVo�¥AX#]_hV�&u#g?giy q ]ch�b²dfX q ¥�s bph6bpkVkVytgikVym]cbedmX/¾}¾0Ë
omgpa_�pX#yJ��giy8dfTVX�]ch�dfX
yt�=bpu
X0`VhV³OhVg � hVo
¨¢S,TVX}om`Vu
u#X#otot��`Va�bekVkVa_]cu#bedf]_gih�gp�$dmTV]co�otdfymbedfX
�psY]co�u#a_XQbpyta_s
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�vhV�igi]_hV�nX
�;giytdmojbph q ��`ldf`VytX � giyt³Oo�u
gihVu#X
ymh�dfTVX0��gia_a_g � ]_hV�/bpomkAX#u�dfo�<6 u
gih��iX#yt�iX#hlu#X�beh�bpa s^ot]co/gp�jdfTVX&b qVq ]_dm]_�pX�\^u�T � bpym±�bpac�pgiym] dfTVW�¨ �v`VyYbpkVkVytg�bpu�T�dfg dfTVX
X��pbeac`�b²df]_gih�gp��dfTlX u#gih��pX#ym�pX#hVu
XYymbedfX�gp��dfTlX�b qVq ] df] �iXY\?u�T � bpyt±/beac�igpym] dfTVW Â|���iÃjytX#a_]cX
o
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X q d � ge¤ q ]cWnX
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ovdfg/dmTVX�WYbedmym]Áw � ÂRbpa_omgV´ � X ]_hO�pX#o|df]Á¤
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o�dfTVX q X ­ hV] df]_gih¼ge�Du
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gih�dfX�w?djgp�$dmTVX0X�w^]_om] df]_hV�
¦ g � omgia �iX
y � TV]cu�T ]_o0¥�bpotX q gih b%Wn] w^X q ­ hV] dfX �pgia_`VWnXY® ­ hV] dfX�X
acX
WYX
h�d���gpymW�`la°bedm]cgph
Â�`Vk � ]ch q omu�TVX
WnX#o���gpy�dfTVX q ]_omu
ymX�df]_ofbedm]cgih�gp��u#gih��iX
u
dm]_�pX ¦ `^w^X
o�®3Qrbpa_X#ym³O]_h�bpklkVymgQw^]cWYb²¤
dm]cgih�gp��dfTlX q ]_�;`Vom] �iX ¦ `^w^X#ofÃ�¨

�Y��� ��É^È / Å Ê 	EÅ � Å � �M� <0dfTlX/be`ldfTVgpymo � ]cotT6dmg&dmT�bphV³���a°be]ch6¾}X#y|�?]cX
`^wªbph q ÀpXQbph^¤õ�}h�dfgp]chVX
¾'�
om] q �#yt]E��gpyCdfTVX
]cy�u
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dm]cgph^¤ q ] �;`Vom]_gih�X#¬O`�b²df]_gihVo#¨
·¸h�¾�¨ 	0X
spX#o0x�¨���{|giymo|d�b q ´µË6¨A«�omkAX q bpaR´
X q ]_dmgiy#´ � � ����
�
'���
	DC5�L� � �
��
����
� � 	�� 
��?	B��������	B��# � ��	���
���
�	M��
 ��	 ���������
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��������������
� ��	
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�� ���(�����
	 � ����
�	M��
K��	B� �"	DC3�
	M
�
����
	DCi¨$,©]ca_X
s��¶\^gihVo
´$���i���^¨

0 � �54�«,¨3Q0g q acX � om³O]^bph q x�¨ ¤õ��¨²~�bQ�?]cbpytd#¨ ��!$�-
��?���'��#)���A�B� �	)3�
����������	-� �I� �?��
�� 	���#F��� � � ��� 
��L�1� �
����	)��
��?>���������	 #@� �O��´��pgiac`lWYX��i��2rgp� # �A�B#F��
'� � ��� ��
������H���'��# � ����
�	M��
���¨µ\?kVym]_hV�iX
y 1zX
ymacbp�V´���i� �l¨

0 �M��4 , ¨ �}beu�³?¥l`Vomu�Tµ¨ � !�#F�H� C3���H�J�-
�� ���(���P��	B� ���A�B#F���'��������	)��´L�pgia_`VWnX/Z�gp� �3�B�?�
	DC$
�� ��
��?��
��
�
	 � �����B!�� ���H����	�# � ��� ��
������H������¨8\^kVyt]chV�pX#y 1zX#yta°bp�l´µ���32��?¨

0 ��254 ��¨ ��bpa_k;X
ymhµ¨&�}y|df] ­ u#]cbpa�¥Agi`Vh q bpyts u
gih q ] df]_gihVo���gpy�dmTVX%b q �iX#u�df]_gih^¤ q ]_�;`Vot]cgih�X
¬?`Vbedf]_gihµ¨
� ��� � � � ����� �°´L���eZ < ZDTi���?Zi�32l´A���32 �l¨

0 ���54 ��¨ ��bpackAX#ythµ¨ ��gih q ]_dm]cgihlo0bp`^w�ac]_Wn]_dmX#orbpy|df] ­ u#]_X#a_a_X#o0kAgi`Vy}`lh�ots?otdmU#WnXn]chVu
giWnkVa_U
dfX
WnX#h�d
k�bpymbp¥Agiac]_¬O`VXp¨ � � � � # �'�A� ��� ��� � � ���?�%��´E�36��$< ZV���
�OZV� �l´A���3232^¨

0 T�654 ��¨ �}bpa_k;X
ymh�bph q Ë ¨L\?u�T�bedf±
WYbphµ¨,�}y|df] ­ u#]cbpa�¥Agi`Vh q beyts�u#gph q ] df]_gihVo���gpyj]_hVu
giWnkVymX
omom]_¥Va_X
�?]cotu#gi`lo ¦ g � o#¨ � � # � � � � ���H�?� ) # 	B��#��°´ T�6)< �3632
�?���p�l´;���32i�l¨

0 T^�(4�x�¨ ¤ , ��X#Wn³eX#y#¨��vh�dfTVX�giy q X#yjgp��klymgia_gihV��b²df]_gihVojbph q ymX#o|dfyt]cu�df]_gihVo}]_h&W�`Va df]_�iym] q kVytg^u
X�¤
q `VytX#o
¨ � � � �����B!�� � # �A�B#�� � ��� � �°´�Â=�ATiÃ�< ZDTp���?ZDTp�l´A���i��6l¨

0 T3T�4 �}¨jÀibpkVTlX
dQ¨ � ���
���(��
 ���B�H�
�E�%����
 ��� ��� ��� 

	 � # �A�B#F���'��������	�� #
� �'&(!)��������	 ��� �A��>�
���������	�N
��� 	 !A������	�¨zxzTV¾ dmTVX#ot]co
´$*jhV] �iX#ytom] d"��xCbpyt]co��v·t·m·�´µ���p�32l¨

0 Tp�54�Ë6¨ ¤ ��¨���bpa_acX
WYbph q ´L\?dfX��iXn\A¨c´Lbph q ¾�X#yt�?]_X#`^w���¨�*�hlotdfyt`Vu
dm`VymX q W�`Va df]_�iyt] qVq ]chV�D¥Os��pgia ¤
`VWnX�bp�i�ia_giWnX#ymbedf]_gih <Vu#`lymymX
h�d}o|d�bedm`Vo#¨ � �����B!�� 
�� ����
I#F!��H����´ T^��<à�i�i���?Z��i�^´;���p�AT^¨

0 TeZ�4�\;¨ ��bph�dfX
ym]=¨)x�bpyfbpa_a_X#a
omgia_`ldm]cgihloYge�vu#gpWYklymX#otom]_¥Va_X ¦ g � oD`lom]_hV�6g��pX#ymacbpkVkl]chV�£bph q hVgih^¤
g��iX
ymacbpkVkV]_hV�DWnX
omT�kVbpytdm]_dm]cgihl]chV�YotdmyfbedmX#�i]_X#o
¨ � ��� ��#
#%
�# � �����B!��H�
	DCi´ T3T$< �pZ��
�?� �32l´A���i� �^¨
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0 Ti��4�¾�¨?Àl¨OË�b��?yt]ckVa_]_o#¨µ¾�]cytX#u
dm]cgph�bpaEbp�i�pacgiWnX
yfbedm]cgihnW�`Va_dm]c�pym] q dmX#u�TVhV]_¬O`VX#o8��giy�TV]_�iT�dt¤õymX�s^hlgia q o
hO`VW�¥AX#y
�?]cotu#gi`lo ¦ g � o#¨zS�X#u�TVhl]cu#bpaC~
X#kAgiy|dj�32²¤|�?´l· ���0\^«
´;ÀibphO`�beyts����p�32l¨

0 T �54�¾�¨YÀl¨nË�b��?yt]ckVa_]_o beh q 1 ¨ 1zX
hV³²bed�bp³Oyt]cotTVh�bphµ¨ �}�i�ia_giWnX#ymbedf]_gih�W�`Va_dm]c�pym] q ��gpdªd � ge¤
q ]_WnX#hVot]cgihVbpa$�^]_omu
gi`Vo ¦ g � o#¨ � � � �����B!$� � � � � ���°´BT²Z <ì�p�p�
�l�i�56l´L���p���^¨

0 Ti��4�¾�¨�Àl¨¢Ë�bQ�^yt]cklac]_o�bph q 1 ¨ 1zX#hV³²bedfbp³Oym]_omTVhVbphµ¨©� � q bp�i�pacgiWnX
yfbedm]cgih W�`la_dm]c�iyt] q omgia �iX
y
��giy�dmTVX%ytX
s?hVgia q o|¤¸bQ�iX#ymbp�iX�h�bQ�?]_X#y|¤õotdmgi³pX
oYX
¬O`�bedf]_gihVo�gph£`VhVo|dfym`lu
df`lymX�WnX#otTVX#o
¨ � 	�� � � �
��!$�-
�� � � 
�� � � 
I#F!��H����´�Tp�$<ì�3Tp���l�eZiZl´L���i� �l¨

0 T�254�¹�¨ �}b²d�be�ß¨!�vh&dfTVX�`VomX�gp��gpk;X
h�¥Agi`Vh q beyts�u#gph q ] df]_gihVo}]_h�¥lacg?u�³���bp`Voto|¤¸otX#] q X#a�WnX
dfTlg q o
��giy,dfTlX�u
gih��iX#u�df]_gih^¤ q ]_�;`Vot]cgih�X#¬O`�bedm]cgihL¨�S�X#u�TVhV]_uQbeaC~
X#kAgiytd�~
· T�2pZV´ ��X#h�dfytX q X�Ë�bedmT���¤
WYbedf]_¬O`VX#o��}kVklac]_¬O`��#X
o#´;«zu
gia_X�x�gia s?dmX#u�TVhl]c¬O`VXe´C���i�p�l¨

0 Tp�54�¹�¨��}bedfbe�zbph q ¹�¨���]_X#y#¨'��gih��iX
ym�iX
hVu#XnymbedfX�gp��omgpWYX q giWYbp]_h q X#u
giWnk;gpom] df]_gih�WnX
dfTlg q o
��giyJg��pX#ymacbpkVkl]chV�Ybph q hVgihVg��iX
ymacbpkVkV]_hV�Yom`V¥ q giWYbp]_hVo
¨�S�X
u�TVhV]_uQbpa�~
X#kAgiy|d,~
·ß�36 �l´���X#h�dfytX
q X�Ë�bedmT��#WYbedm]c¬O`VX
o���kVkVa_]c¬O`��
X#o#´;«�u#gia_X�x�gia sOdfX#u�TlhV]c¬O`VXe´C���p� �l¨

0 �3654�¹�¨ ��bed�b²�ß´$¹�¨$~
gi�i]_X#y
´$bph q «,¨ q XY\?dm`Vyma_X#y
¨��vkldf]_WYbpa�]_h�dfX#y|�=bpu#X�u
gih q ] df]_gihVo0��giy q giWYbp]_h
q X
u#giWnkAgiom] df]_gih�WnX
dmTVg q o#¨
S�X
u�TVhV]_uQbpaC~jX
k;gpytd�~j·ß��6l�i´$��X#h�dfytX q X�Ë�bedmT��#WYbedm]c¬O`VX
o0�}k^¤
kVa_]c¬O`��
X#o
´L«�u#gpacX�x�gia sOdfX
u�TVhV]_¬?`lXp´C�Q�i�pZV¨

0 �l�(4r��¨�"v`�bpy|dfX#ytgihV]Obph q ��¨e\?dfgia_u#]_o#¨ ��gpWYgp�iX#hVX
gi`VoCbph q TlX
dfX
ymgi�pX#hVX
gi`Vo q gpW/be]ch q X#u
giWnk;giot] ¤
df]_gih WnX�dfTVg q o���gpy�u
giWnkVymX
omot]c¥Va_X ¦ g � bed�TV]_�iT ytX
s?hVgia q oChO`VW�¥;X
ymo
¨VS�X
u�TVhV]_uQbpal~jX
k;gpytdC�i�l´
�J~�\^ZV´$���i� �l¨

0 �AT�4r��¨�"v`�bpytdmX#ytgihV]µbeh q ��¨ 18bpa_ac]=¨ � ��
���� ����	B�����A�B#F���'��������	 � � � � 
 ��#%��>�N � ���
	M�'����������
�� ��� ��� �
����� 	���!$	B�A��� ��>���#F! 
 �B��� 	(#%
��L��´lk�bp�iX
o����p�
�)T�6p�l¨�	0a_` � X#yj�,uQb q X#Wn]_u�x�`V¥Va_]_omTVX
ymo#´����i�^�i¨

0 �i�54r��¨#"0`VbpytdmX#ymgphV]vbph q ��¨318bpa_ac]=¨¿¾}giWYbp]_h q X#u
giWnk;giot]_dm]cgph+WnX
dmTVg q o%��giy%u
giWnkVymX
omom]_¥Va_X
¦ g � o#¨8S�X#u�TVhV]_uQbea�ytX#kAgiytd#´E«zx8¹ �z´$�Q�i�i�l¨

0 �pZ�4r��¨�"v`�bpytdmX#ytgihV];bph q ��¨ 18bpa_a_]R¨ ���������
	 ��
��������������
�H����	 � 
��
���(���O����� � �����H�H��#B� � 	 
���
�	�N
�H�H��#M� &(!)���H����	)��¨ �}w?��giy q *jhV] �iX#ytom] d¸s�xzytX#oto#´����i�i�^¨

0 ����4�x�¨ ��¨%~
g^Xe¨ ��kVkVymgQw^]_W/b²dfX ~
]cX
W/behVh omgpa_�pX#ymo
´6kVbpyfbpWnX�dfX#y �iX
u
dfgpymo©bph q q ]_�;X#ytX#hVu
X
omu�TlX#WnX#o
¨ � �I� � � ����� � � � � ���°´lZ��)< ���i���^�i�^�i´L�Q�32l�i¨

0 � �54���¨J\lbib q bph q ��¨J\?u�T?`la_dm±p¨8Q0WnymX#o < QrX
hVX#ymbpac]_±#X q Wn]chV]_WYbpajymX#ot] q `�bpavbeac�igpym] dfTVW ��giy
omgpa_�?]_hV�6hlgih^¤¸o|s?WYWnX�dfym]_u�ac]_hVX#bpy�ots?otdmX#Wno#¨ � � # � � � � ��� � � ����� � � �����B!�� �°´8�$<G2i� �
�$2 �p�l´
���32 �l¨

0 ����4E�}¨e\^Wn] dfTµ¨?�}h�gikldf]_WYbpa q giWYbp]_h q X
u#giWnkAgiom] df]_gih klymX#u
gih q ] df]_gihVhlX#y���gpy�dmTVX ­ hV]_dmX�X
acX
WYX
h�d
omgpac`ldm]cgph�gp�Cac]_hVX#bpy,X#acbpotdm]cu
]_d¸sp¨ � � # � � � � ��� ��� ����� � � �����B!�� �°´µ�Q�)<à� �pZ �^���e�l´;�Q�i�AT^¨
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0 �3254E�}¨;\^Wn] dfTµ´;x�¨���{|giytotdfb q ´Ebph q , ¨ QrytgikVkµ¨ ���������
	 ��
��������������
�H����	 ��	B� � ��� ��#
#%
�# � !�#FN
�H�
#%
�>�
�# � 
�� ���(��� �������"#
#F�G�B����� � �����H�H��# �K� 	 
�� 
�	����H��# � &(! ���H����	)��¨ �JbpW�¥lym] q �iX�*�hl]_�pX#ymot]_d¸s
x�ymX
omo#´����i� �l¨

0 �i�54�Àl¨$\OdfX#�pX#y0bph q ~�¨L¹�¨ ,£bpytWn]chV�l¨0¹Ca_`^w��pX#u�dfgiyvotkVa_]_dtdf]_hV�%��giy�dmTVX ]_h��^]_omu
] q ��bpo q s?h�bpWn]_u
� ] dfT»bpklkVac]_uQb²df]_gihVondfg ­ hV] dfX q ]_�;X#ytX#hVu
X�WnX
dmTVg q o#¨ � ��� � � ����� � � � �����°´�Z36)< T �i�
�)Tp�p�l´
���32^�i¨

0 ZA654E�}¨�18beh �$X#X#y
¨�S�g � bey q ovdmTVX `Va df]_WYbedfX�u
gihVomX
yt�ebedm]_�pX q ]_�;X#ytX#hVu
XYotu�TVX#WnX)1 <Lb%omX#u
gih q ¤
giy q X#y
omX
¬O`VX#a�dfgPQ0g q `lhVg�� � o
WnX
dfTlg q ¨ � �I� � � ����� � � � �����°´��AT$< � �l� �^����6l´;�����p�^¨

0 ZV�(4�x�¨ ,6X#otomX
ac]_hV�V¨ # 	 �
	���� �(��!���������	 � ���E!�#F��� C3�?�H�P�-
��
���(����¨8ÀpgiTVh ,©]_acX�s �¶\^hVo
´����i�l�i¨
0 ZDT�4�Àl¨ �v`+bph q � ¨ ¤ �}¨��Jbe]R¨'��kVymX
u#gih q ]_dm]cgphVhVX q �iWnymX
o�WnX
dmTVg q ��giy�hlgihVots?WnWnX
dmym]_uªgiy

]_h q X ­ hV]_dmX�kVytgi¥Va_X#Wno#¨ � ��� � � � ����� �°´��p�)< �l�i� �^�^���l´A���i�AT^¨
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