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V WX YZ[\]^ _`aabcdef ghci fjkkl m nf gba _`a m o bpiqebcaidij jk`cqbcd m okckakci bcaijf ke
ghabkc

r stuvwxyzu{wt

|}i _kofgip ba~ kl qb�ijica a~f in kl _`aabcdef ghci fjkkln }hn � iic h o`_} na`qbiq akf b_
bc ji_ica ~ihjn ^ �koi �igge�ck�c _ghnnin kl _`aabcd f ghcin �gbcihj bci�`hgbabin nhabn�iq �~
bcaidjhg fkbcan bc f kg~}iqjh� hji �kokj~e�}� �hahg _`an ���� m nf gba _`an ��� m o bpiqebcaidij
jk`cqbcd �� �� � _`an ���� m hcq gblaehcqefjk� i_a _`an ��� ^ �ia �� � � � i h n~naio kl gbcihj
bci�`hgbabin � ba} jhabkchg _ki� _bican bc � �hjbh� gin ^ � �Z� Z[X ¡¢£ ¤¥¦¥§ ���� _`aabcd f ghci
�kj _`a� lkj �� � � bn h gbcihj bci�`hgba~ ¨� � ©ª« �}iji ¨ bn hc bcaidjhg �i_akj m hcq
¨� � ª bn nhabn�iq �~ nkg`abkcn kl �� � � ^ � �Z� Z[X ¡¢£ ¤¥¦¥§ ¬ ¦¦®¯°  ± §¥¯W ± [ZZ² kl ¨� � ª
ljko �� � � � ba} §W¯° ¦¢ ³ bn h ni�`ic_i kl bci�`hgbabin ´µ� � ªµ �¶ · �¸ ¹ ¹ ¹ ¸ ³ � n`_}
a}ha a}i ghna bci�`hgba~ bc a}i ni�`ic_i bn ¨� � ª m hcq lkj ¶ · �¸ ¹ ¹ ¹ ¸ ³ m a}i bci�`hgba~
´µ� � ªµ bn h �kokj~e�}� �hahg _`a qijb�iq ljko a}i fji�bk`n bci�`hgbabin bc a}i ni�`ic_i
hcq a}i bci�`hgbabin bc �� � �^ �`aabcdef ghci fjkkln �iji bcajk q`_iq bc �º� ^ �c~ bci�`hgba~
nhabn�iq �~ bcaidjhg nk g`abkcn kl �� � � }hn h �� _`aabcd f ghci fjkkl ���� m �º� ^

»`qg �h� ��¼� fjk�iq m ipaicqbcd bqihn bc �½� m��¾� m a}ha �� _`aabcd f ghci fjkkln kl bci�`hgbe
abin nhabn�iq �~ ¼e � f kbcan bc f kg~}iqjh }h�i ipf kcicabhg gicda} bc a}i �kjna _hni ^ � nbo bghj
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jin`ga lkj gblaehcqefjk� i_a _`aabcd f ghci fjkkln _hc � i lk`cq bc ��� ^ �c bci�`hgba~ ¨� � ª bn
h §®² ¦ ¥¯\ ± [Z� W¬¦ _`a lkj � · �� � �¼ ¸ ��� ��� � �� bl lkj nkoi bcqip � m ¨� � ª bn nhan�iq �~
fkbcan bc � � ��	 · ¼� hcq � � ��	 · �� ^ � �`inabkc gila kf ic bc ��� bn �}ia}ij _`aabcde
f ghci fjkkln `nbcd nf gba _`an �kj ]± §®¦ ¬ ¦ ± [ZZ² ]� }h�i ipf kcicabhg �kjnae_hni _kofgip ba~^
�c bci�`hgba~ ¨� � ª bn h ]± §®¦ ¬ ¦ lkj � · �� � 
� ��� � �� bl ¨� � ª bn nhabn�iq �~ fkbcan
bc � � ��� � � � hcq � � ���  � � �� m �}iji � ¸ � hji bcaidjhg ^ �i nh~ a}ha ¨� � ª bn
qijb�iq `nbcd a}i \®]� ¯¬¦®Z¯ �� � � � ��  � � �^ � gg bcaidjhg f kbcan bc � nhabnl~ i�ij~
nf gba _`a lkj � ^

� blaehcqefjk� i_a _`an hcq �� _`an hji nf i_bhg _hnin kl nf gba _`an ^ �f gba _`an hji i�`b�hgica
ak ��� _`an hcq �kokj~ o bpiqebcaidij ����� _`an ��½� � a}ini hji _`jjicag~ a}i okna
bofkjahca _ghnnin kl _`aabcd f ghcin lkj dicijhg bcaidij fjkdjho n ^ �`ja}ij m nf gba _`an hji
n`�nahcabhgg~ najkcdij a}hc �� _`an hcq gblaehcqefjk� i_a _`an ^ �kj a}i lho bg~ kl bcnahc_in
�ljko � ^ � ^ �kcq~ � �� · �� ¸ � �� � �� ¸ � � �� � � � m � · �¸ � ¸ ¹ ¹ ¹m a}i bci�`hgba~ � � ¼ bn
h nf gba _`a m �`a hc~ �� _`aabcdef ghci fjkkl }hn gicda} ha gihna � �� m �}b_} bn ipf kcicabhg
bc a}i ic_kqbcd nb�i kl �� ^ |}i bci�`hgba~ ��µ� � �µ  � bn h nf gba _`a lkj � · �� � �¼ ¸ ��� �
��µ� � �µ  ���� m �`a hc~ gblaehcqefjk� i_a fjkkl }hn gicda} ha gihna � ��� ^

�i fjk�i a}ha nf gbae_`a fjkkln }h�i ipf kcicabhg �kjnae_hni _kofgip ba~m a}`n dicijhgb� bcd
»`qg �h� � jin`ga ��¼� hcq k`j jin`ga ��� ^ »`qg �h� n}k�iq }k� ak ohf h �� _`aabcdef ghci
fjkkl � ba} gicda} ³ kl h nf i_b�_ bci�`hgba~ ak h � Z¯Z¦Z¯W [W¥§ ¬®[¬®¦ �nii �i_abkc �� � ba}
 �! "#� �³ �� dhain �}b_} ainan lkj _gb�`in kl h _ijahbc nb�i bc hc hj� bajhj~ djhf} ^ $ i nifhjhaig~
fjk�iq a}ha n`_} okckakci _bj_`ban }h�i ipf kcicabhgg~ ohc~ dhain ^ �i n}k� }k� ak ohf
h nf gba _`a fjkkl kl gicda} ³ ak h okckakci _bj_` ba � ba}  �! "#� �³ �� dhain lkj a}i _gb�`i
ainabcd fjk� gio oicabkciq h�k�i �a}bn bn _hggiq � Z¯Z¦Z¯W ®¯ ¦W[±Z§¥¦®Z¯� ^ |}bn o hffbcd bn
�ij~ nbo bghj ak a}i kci bc ��� lkj gblaehcqefjk� i_a _`an m hcq bn �hniq kc h fjkf ija~ kl nf gba
_`an �}b_} �i fjk�i � bl %� � &� � ª bn h nf gba _`a lkj �� ¸ � � �� � ' ¸ ( � � ) � m a}ic a}iji
ip bna c`o�ijn * hcq + � ba} * � + � ª m n`_} a}ha %� � * bn bofgbiq �~ nf gba _`an lkj �� � ' m
&� � + bn bofgbiq �~ nf gba _`an lkj ( � � ) m hcq * _hc � i _kof`aiq ljko �� � ' `nbcd
okckakci kf ijhabkcn kcg~^ ,`j jin`gan bofg~ a}ha _`aabcdef ghci fjkkln �}b_} `ni ��� _`an m
� �� _`an m a�kenaif � �� _`an ��¼� m kj fhbjbcd bci�`hgbabin ��º� }h�i ipf kcicabhg �kjnae_hni
_kofgip ba~^

�kcia m » bahnnb hcq �h� �½� dh�i hc ipfkcicabhg gk�ij �k`cq kc a}i _kofgip ba~ kl �jhc_}e
hcqe_`a fjkkln �}b_} `ni �� _`an m hcq �jhc_}bcd kc bci�`hgbabin �� � � hcq ��  � � �m
�}iji � hcq � hji bcaidjhg m n`�� i_a ak a}i jinajb_abkc a}ha a}i �� _`an hcq a}i �jhc_}bcd
bci�`hgbabin }h�i f kg~cko bhgg~ � k`cqiq _k i� _bican �nii hgnk ��¾� m ��- �� ^ |}i jin` gan bc a}bn
fhf ij m _ko�bciq � ba} jin`gan bc ��� m bofg~ a}ha �jhc_}ehcqe_`a fjkkln �}b_} `ni nf gba _`an
�`a �jhc_} kcg~ kc a}i bci�`hgbabin � µ � ¼ hcq �µ  � lkj ¼e� �hjbh� gin �µ m }h�i ipf kcicabhg
�kjnae_hni _kofgip ba~^
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�c a}i cipa ni_abkc m �i ji�bi� �igge�ck�c _kofgip ba~ jin` gan lkj okckakci _bj_`ban ^ �c
�i_abkc ½ m �i fjinica � �� _`an bc a}i lkjo db�ic bc ���� m hcq qbn_`nn a}ibj i�`b�hgic_i � ba}
nf gba _`an ^ �hniq kc a} bn i�`b�hgic_i m �i fjk�i h okckakci bcaijf kghabkc jin`ga lkj nf gba
_`an bc �i_abkc º m hcq db�i k`j ipf kcicabhg gk�ij �k`cq jin`ga ^ |}i jin`gan bc a}bn fhf ij
hji nigle_kcahbciq ka}ij a}hc lkj |}ikjio � ��¼� ^

� � wtwuwt� z{vzy{u zw����� {u�

� l`c_abkc ) � 
 � � 
 bn � Z¯Z¦Z¯W bl lkj � ¸ � bc 
� m � � � bofgbin ) �� � � ) �� � ^ 	 Z¯Z¦Z¯W
Z± W[¥¦®Z¯] hji okckakci l`c_abkcn � ba} kci kj a�k bcf`an � nkoi iphofgin hji


� ¸ * � � ¸ � � � ¸ ©�« ¸ 
&* �� ¸ ¼�

�}iji 
 bn h ckcecidhab�i _kcnahca m � hcq � hji jihg �hjbh� gin m hcq * bn h jihg _kcnahca �

&* �� ¸ ¼� bn h ¦¢[W]¢Z§\ ² ¯¬¦®Z¯ �}b_} jia`jcn ¼ m bl � � ¼ m hcq � ka}ij� bni ^ |}i l`c_abkcn
� hcq � hji okckakci kf ijhabkcn k�ij a}i qko hbc �¼ ¸ �� ^ � � Z¯Z¦Z¯W ZZ§W¥¯ ¬®[¬®¦ bn
nbo bghj ak h � kkgihc _bj_`ba m ip_ifa a}ha ba `nin kc g~ � dhain hcq � dhain ^ � �Z¯Z¦Z¯W [W¥§
¬®[¬®¦ bn kci � ba} hj� bahj~ okckakci kf ijhabkcn hn dhain ^

�ia � ³ � �� � � �� �nh~ � bn h �piq l`c_abkc kl � � � i a}i l`c_abkc �}b_} ah�in hn bcf`a
djhf}n kc � ckqin �db�ic hn bc_bqic_i �i_akjn kl iqdin� m hcq jia`jcn � bl a}i bcf`a djhf}
_kcahbcn h _gb�`i kl nb�i � m hcq ¼ bl a}i djhf} _kcahbcn h _kgkjbcd kl nb�i � � � �hcq bn
`cqi�ciq lkj hgg ka}ij djhf}n� ^ |}bn l`c_abkc bn okckakci k�ij a}i qkohbc _kcnbnabcd
kl djhf}n _kcahbcbcd h � e_gb�`i kj h � � � _kgkjbcd hn hqqbcd iqdin ak h djhf} _h`nin
a}i ohp bo`o _gb�`i nb�i ak bc_jihni ^ �c~ okckakci � kkgihc _bj_`ba nk g� bcd � ³� �� � � ��
�lkj hffjkfjbhai � � }hn hc ipfkcicabhg c`o�ij kl dhain �nii �h��kjk� ���� m hcq � gkc hcq
�kffhch ���� ^ »`qg �h� m hcq bcqif icqicag~ �kk� hcq $h�ic �-� m fjk�iq h nbo bghj jin`ga lkj
okckakci jihg _bj_`ban ^

������� � ����  W¦ �� W ¥ � Z¯Z¦Z¯W [W¥§ ¬®[¬®¦ ¬Z�± ¦®¯° � ³ � �� � � �� ! Y®¦¢ � ·
©� "#$« % &¢W¯ ��� �  �' ((�# )*+ � , -./ , %

»`qg �h� ��¼� qi�ciq h n~naio kl gbcihj bci�`hgbabin 0 n`_} a}ha bl 0 }hn h ¼e� nkg`abkc m
a}ic a}iji bn h djhf} kc � ckqin �}b_} }hn � ka} h _gb�`i kl nb�i � hcq h _kgkjbcd kl nb�i
� � �^ $i fjk�iq a}ha db�ic h �� _`aabcd f ghci fjkkl 1 kl 2� � � � ��}b_} fjk�in a}ha 0
}hn ck ¼e� nkg`abkc � kl gicda} ³ m kci _hc _kcnaj`_a h okckakci jihg _bj_`ba � ba}  �! "#� �³ ��
dhain nkg�bcd � ³� �� � � �� ^ |}ikjio � a}ic bofgbin a}ha ³ bn ipf kcicabhg bc � ^ »`qg �h� `niq
a}i lk ggk� bcd fjkfijabin kl �� _`an bc ohffbcd n}kja _`aabcdef ghci fjkkln ak okckakci jihg
_bj_`ban � ba} li� dhain �
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�� � �l %� � &� � ª bn h �� _`a lkj �� � ( � � ¨ m a}ic lkj hc~ ¼e� �i_akj � � m %� � ª � &� �
bn h �� _`a lkj �� � ¨ � ( � � �

�� � bl %� � &� � ª bn h �� _`a lkj �� � ' ¸ ( � � ) m a}ic a}iji hji c`o�ijn * hcq +
n`_} a}ha %� � * bn h �� _`a lkj �� � ' m hcq &� � + bn h �� _`a lkj ( � � ) m hcq
* � + � ª �

�� � |}i c`o�ij * �kj +� _hc � i _kof`aiq ljko � ¸ ' �kj ( ¸ ) � � ba} fkg~cko bhgg~ ohc~
okckakci kf ijhabkcn ^

»jkf ija~ �� � bn ihn~ ak fjk�i ^ �kcnbqij fjkf ija~ �� � ^ � n %� � &� � ª bn h �� _`a lkj
�� � ' ¸ ( � � ) m �i _hc hnn`oi a}ha % ¸ & ¸ ª hji bcaidjhg hcq a}iji hji o`gabf gbij �i_akjn
� ¸ �  ¼ n`_} a}ha % · �� ¸ & · �( ¸ ª · ©�' � �) « ^ �gihjg~m %� � ©�'« bn h �� _`a lkj
�� � ' m hcq nk bn &� � ©�) « m hcq ©�'« � ©�) « � ©�' � �) « ^ »jkf ija~ �� � hgnk lk ggk� n ljko
a}bn � a}i c`o�ij ©�'« _hc �i _kof`aiq ljko ' �bh f kg~cko bhgg~ ohc~ okckakci kf ijhabkcn
�a}i _ki� _bican kl � hji ajihaiq hn ckcecidhab�i _kcnahcan� ^ »jkf ijabin �� � hcq �� � }kgq
lkj a}i ohajbp _`an kl �k� �hn� hcq �_}jb� �ij �_`an �hniq kc a}i � hcq �� kfijhakjn� � nii
�� �� m ��� ^ »jkf ija~ ��� bn klaic }hjq ak fjk�i m hcq bn cka �ck�c ak }kgq lkj ohajbp _`an ^
�c �iooh - m �i fjk�i ��bh a}i i�`b�hgic_i kl nf gba _`an hcq ��� _`an� a}ha ngbd}a �hjbhcan
kl fjkf ijabin �� � hcq �� � }kgq lkj nf gba _`an ^ �i `ni �iooh - hcq bqihn ljko »`qg �h� �n
fhf ij ak n}k� bc |}ikjio � a}ha hc~ nf gba _`a fjkkl kl 2� � � � ljko »`qg �h� �n n~naio 0
}hn ipfkcicabhg gicda} ^ �kj _kofgiaicinn m �i db�i a}i bci�`hgba~ n~naio 0 �igk� ^

�ia � · ©� "#$« ^ �ia � � i h �i_akj kl � �� � ���� ¼e� �hjbh� gin m n`_} a}ha i�ij~ ¼e�
hnnbdcoica ak � _kjjinfkcqn ak a}i bc_bqic_i �i_akj kl h djhf} kc � ckqin �hnn`oi ckqin
hji c`o�ijiq ljko �¸ ¹ ¹ ¹ ¸ � � ^ �ia � � i a}i ¼e� �i_akj kl �hjbh� gin ��µ � ¶ · �¸ ¹ ¹ ¹ ¸ � � hcq gia
� � i a}i ¼e� �i_akj kl �hjbh� gin �� µ	 � ¶ · �¸ ¹ ¹ ¹ ¸ � ¸ � · �¸ ¹ ¹ ¹ ¸ � � �� ^ �kcnbqij a}i bci�`hgbabin

�
µ

� µ  � ¸ ���

� µ � �	 � � � �µ	 ¸ � ¶ ¸ � � � ¸ � ba} ¶ � � ¸ ���
�� �
�
	 � �

� µ	 · �¸ � ¶ � � ¸ �½�

� µ	 � �	 	 � � � �µ	 ¸ � ¶ ¸ � � � � ba} ¶ � � ¸ hcq � + � ��¸ ¹ ¹ ¹ ¸ � � �� ¹ �º �
�c hc~ ¼e� nkg`abkc kl a}i h� k�i bci�`hgbabin m a}i nia kl ckqin �¶ ��µ · �� lkjo n h _gb�`i kl
nb�i � kj okji m hcq lkj hgg � � ��¸ ¹ ¹ ¹ ¸ � � �� m a}i nia �¶ � � µ	 · �� bn h nah� gi nia ^ |}`n m a}i
�hjbh� gin � µ	 qi�ci h ohffbcd kl ckqin bc h djhf} ak � � � _kgkjn bc h fjkf ij _kgk`jbcd ^
|}ijilkji a}i bci�`hgbabin ��� e �º � }h�i ck ¼e � nkg`abkc ^ �ia �� � � � � ' nahcq lkj a}i
bci�`hgbabin ��� hcq ��� m hgkcd � ba} a}i � k`cqn ¼ � � � �^ �ia ( � � 
 � � ) nahcq lkj

º



a}i bci�`hgbabin �½� hcq �º � m hgkcd � ba} a}i � k`cqn ¼ � � � � hcq ¼ � � � �^ �kai a}ha
a}i h�k�i bci�`hgbabin }h�i  �� " � �hjbh� gin hcq  �� $ � _kcnajhbcan � lkj ai_}cb_hg jihnkcn �i
ciiq a}i lh_a a}ha � � ¼ ^ |}ikjio � bofgbin a}ha i�ij~ okckakci jihg _bj_`ba �}b_} ah�in
djhf}n kc � ckqin hn bcf`a �bc a}i lkjo kl h ¼e� �i_akj � � � hcq k`af`an ¼ kj � n`_} a}ha
k`af`a ¼ bofgbin �� � ' � � � � }hn ck ¼e� nkg`abkc hcq k`af`a � bofgbin ( � � ) � 
 � � }hn
ck ¼e� nkg`abkc m }hn ipfkcicabhgg~ ohc~ dhain ^

� � {��x� {tu���v vwytx{t� zyu�

�kj h c`o�ij � hcq hc bcaidij 
 m qi�ci �� · � � ©� « ^ � i�ci

� · �� � 	 ¸ � � 
 � � � �  � ¸ �  ¼ � ¹

�kgni~ ��º� qi�ciq a}i ¥]®¬ � ®� W\ ®¯ ¦W° W[ bci�`hgba~ hn

� � ���  �� �� ¸ �-�

hcq n}k�iq a}ha ba bn �hgbq hcq lh_iaeqi�cbcd lkj � � hgnk nii � hj_}hcq hcq �kgni~ ���� ^
�c � bd`ji ��h� m �i qif b_a a}i f kbcan bc � ��}ic � bn cka bcaidjhg� �~ }kjb�kcahg gbcin ^ �c
� bd`ji ��� � m a}i }hglef ghci h� k�i a}i qhn}iq gbci jifjinican �-� m hcq _kcahbcn a}i n}hqiq
jidbkcn �}b_} hji � � �� � ©�« � hcq � � ��  ��� ^ |}ijilkji �-� bn h nf gba _`a lkj � ^ |}i

z

v

z

b

v

� bd`ji � � |}i �hnb_ o bpiqebcaidij bci�`hgba~

lk ggk� bcd bn h �igge�ck�c fjkfija~ kl a}i �-� hcq _hc ihnbg~ � i bclijjiq ljko � bd`ji �^

���� � � ¨"�� �� � · �� ¸ � � 	 � � � �  � ¸ � � ���  �� �� ¸ �  ¼ �¹

|}ijilkji m hc~ gbcihj bci�`hgba~ nhabn�iq �~ fkbcan bc � bn bofgbiq �~ h ckcecidhab�i gbcihj
_ko�bchabkc kl a}i bci�`hgbabin �  ¼ m � � �  � hcq �-� ^

�ia � · �� � 
� � �� � �� m hcq hnn`oi � }hn � jk� n ^ � i�ci + · � � �� � _gihjg~
+  ¼ lkj hgg � � � ^ �ia � � 
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hcq �� �~ ��µ · ohp ��µ ¸ ¼� ^ |}ic a}i i�`habkc �+ � ����� · �� bn �hgbq lkj � hcq nk bn
a}i bci�`hgba~

�� + � ��� ��  �� �¾�
�kj hgg f kbcan bc � m �� + bn ckcecidhab�i hcq ����� bn bcaidjhg ^ |}i �hnb_ o bpiqebcaidij
bci�`hgba~ bof gbin a}ha

�� + � �� ��� ��  �� � � � � ¸ ���
kj i�`b�hgicag~ �� �� � ��� � �� ��� ��  �� � � � � m bn h �hgbq bci�`hgba~ lkj bcaidjhg f kbcan bc
� �ji_hgg a}ha �� · � � ©� «� ^ |}bn bci�`hgba~ bn a}i � ®� W\ ®¯ ¦W° W[ [Z¯\®¯° �	 ��� _`a lkj
� ^ �a lk ggk� n ljko a}i qbn_`nnbkc h�k�i a}ha a}i ��� _`a bn h nf gba _`a lkj � qijb�iq `nbcd
a}i qbn� `c_abkc ����� � ©� « � ��� ��  � � ^ � io}h`nij hcq �kgni~ qi�ciq ���� � �� _`an
hcq fjk�iq a}ha i�ij~ nf gba _`a lkj � bn hgnk hc � �� _`a lkj � � nii ���� lkj q b�ijica �h~n
kl qi�cbcd a}i � �� _`a m hcq a}i i�`b�hgic_i kl ��� � ba} a}i qi�cbabkc bc ���� ^
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� ]¥¦®]² X®¯° ¥§ § ]± §®¦ ¬ ¦] ² Z[ � %

|}i ��� _gkn`ji �qickaiq �~ � 
 �� � bn qi�ciq nbo bghjg~ bc aijo n kl � �� _`an ^ |}i nf gba
_gkn`ji kl h f kg~}iqjkc bn a}ijilkji a}i nho i hn ban � �� _gkn`ji ^
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�i nahja k� �~ fjk�bcd a}i fjkfijabin �� � hcq �� � d b�ic bc �i_abkc � lkj nf gba _`an ^ |k qk
nk m �i bc�k�i a}i i�`b�hgic_i kl nf gba _`an hcq ��� _`an m hcq `ni a}i giooh � igk� ^ �kj
¶ · �¸ � m gia
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� ��� � �~ �iooh � m lkj ¶ · �¸ � m
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bn �hgbq lkj � � � � " ^ |}ijilkji
��$ �$� � o bc�� � � �" � ��$ �� � � �" � � �� � ¸ �" ¸ � � ¸ �" � � � � � � " �

� o bc�� � � ��$ � � � �� � ¸ � � � � � �� � obc��" � ��$ �" � ��" ¸ �" � � � " � ¹
hn kfabo hg nkg`abkcn �� �� ¸ � �� � hcq �� �" ¸ � �" � kl a}i ghna a�k o bcbo b�habkc fjk� gio n � ba} kfabo hg
�hg`in � � hcq � " m ~ bigq h lihnb� gi nkg`abkc �� �� ¸ � �" ¸ � �� ¸ � �" � kl a}i �jna o bcbo b�habkc fjk� gio
� ba} k�� i_ab�i �hg`i � � � � " ^ � n

� � � ��$� �  � � hcq �" � ��$ �"  � "
hji �hgbq bci�`hgbabin lkj ¨"�� �� � � hcq ¨"�� �� " � m jinf i_ab�ig~m ��� bn bofgbiq �~ h ckccidhab�i
_ko�bchabkc kl bci�`hgbabin qi�cbcd ¨"�� �� � � hcq ¨"�� �� " � ^
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� ��� � �ia ´� � ¨� � ª �i h nf gba _`a lkj �$ qijb�iq hn qin_jb� iq h� k�i ^ �a bn hgnk hc � ��
_`a qijb�iq ljko a}i n~naio
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�~ a}i fjkkl kl �iooh º m a}iji hji c`o�ijn � � hcq � " n`_} a}ha � � � � "  ��$ �$� hcq lkj
¶ · �¸ � m � µ � ��$� µ  � µ bn h ckcecidhab�i _ko�bchabkc kl a}i bci�`hgbabin qi�cbcd � µ hcq a}i
�hnb_ o bpiqebcaidij bci�`hgba~ lkj � µ ^ �kcnbqij a}i _hni ¶ · �^ �`�naba`abcd k`a a}i ngh_�n
+ hcq 
 m �i nii a}ha � �  ¼ hcq � � � � �  �� hji � ka} bofgbiq �~ ckcecidhab�i _ko�bchabkcn
kl a}i bci�`hgbabin qi�cbcd � � m hcq � � � �� �� �  �� � ��� qi�cin hc ��� _`a lkj � � ^ � bchgg~m
� � � ��$� �  � � � i_koin ´� � % � lkj nko i % � ^

|}ijilkji m n`�naba`abcd k`a a}i ngh_�n + ¸ 
 m �i _kc_g`qi a}ha a}iji hji c`o�ijn % � hcq
& � n`_} a}ha

�b� % � � & � � ª m

�bb� ´� � % � bn h ckcecidhab�i gbcihj _ko�bchabkc kl a}i bci�`hgbabin qi�cbcd � � hcq nko i
� �� _`a lkj � � m

�bbb� ¨� � & � bn h ckcecidhab�i gbcihj _ko�bchabkc kl a}i bci�`hgbabin qi�cbcd �" hcq nko i
� �� _`a lkj �" ^

�l �i qi�ci
% · ohp �´� � � � �
 ��� � ¸ & · ohp �¨� � � � �
 ��" � ¸

a}ic % � % � ¸ & � & � hcq % � & � ª ¹
�`a ji_hgg a}ha +¨ �� � � · �
 ��� hcq +¨ ��" � · �
 ��" ^ |}i giooh lkggk� n ^

�a oh~ � i f knnb� gi ak k�ahbc h qbji_a fjkkl kl a}i fji�bk`n jin`ga � ba}k`a `nbcd a}i
i�`b�hgic_i kl nf gba _`an hcq ��� _`an m �`a �i � igbi�i ba bn cka ajb� bhg ^
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� ��� � �ia ¨� � ª � i h nf gba _`a lkj � ^ |}ic ¨� � ª bn �hgbq lkj � � · � � ��� � � � hcq
� " · � � ���  � � �� m lkj nkoi bcaidjhg jk� �i_akj � hcq bcaidij � ^ |}iji hji o`gabf gbijn
� � ¸ �" � 
� hcq � � ¸ � " � 
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�gihjg~ ¨� � ª bn h nf gba _`a lkj �� � � ��� � � �� ¸ � ��� � � ��� ^ � nbofgb�iq nf gba _`a
fjkkl _hc � i k�ahbciq �~ jif gh_bcd ih_} nf gba _`a bc a}i fjkkl � ba} a}jii bci�`hgbabin � a}i
bci�`hgbabin � ��� � � �� hcq �"�� � �" � m lk ggk�iq �~ nf gba _`a banigl ^

�l ¨� � ª bn h nf gba _`a lkj � hn bc a}i fjkkl h� k�i m �i nh~ ba bn qijb�iq `nbcd a}i
o`gabf gbijn � � ¸ �" hcq � � ¸ � " ^

�i ck� }h�i hgg a}i ak kgn ji�`bjiq ak n}k� a}ha hc~ nf gba _`a fjkkl kl a}i ¼e � bclihnb� bgba~
kl a}i n~naio 0 qin_jb� iq bc �i_abkc � }hn ipf kcicabhg gicda} ^ |}i cipa a}ikjio bn h
najhbd}alkj�hjq hffgb_habkc kl »`qg �h� �n fjkkl ai_}cb�`i lkj �� _`aabcd f ghci fjkkln ^

������� �  W¦ � W ¥ ]®�± §®� W\ ]± §®¦ ¬ ¦ ± [ZZ² Z² ¼� � � ¼� � � ¼� � � � � ² [Z� 0 ·
�� ¸ � ¸ � ��� � � � � ' ¸( � � 
 � � ) � Z² §W¯° ¦¢ ³ % &¢ W¯ ¦¢ W[W W� ®]¦] ¥ � Z¯Z¦Z¯W [W¥§ ¬®[¬®¦
Z² ]®� W  �³� " � ]Z§£®¯° � ³ � �� � � �� %

� ��� � �ia ´µ�� �µ� � ¨µ� � ªµ � i a}i ¶a} bci�`hgba~ bc � hcq _hgg a}bn � µ ^ �ia � � ¸ ¹ ¹ ¹ ¸�� � i
� `na a}i bci�`hgbabin bc �� � � � � ' hcq ( � � 
 � � ) ^ |}ic �� i�`hgn 2� � 2� � 2� � � �^
�ia �µ nahcq lkj ��¸ ¹ ¹ ¹ ¸ ¶ � �� ^ �~ qi�cbabkc m lkj ¶ � � � µ bn iba}ij h ckcecidhab�i gbcihj
_ko�bchabkc kl a}i bci�`hgbabin � � ¸ ¹ ¹ ¹ ¸� µ� � � ba} a}i o`gabf gbijn � µ	  ¼ �� � �µ � m kj h nf gba
_`a qijb�iq ljko � � hcq � � lkj nkoi � ¸ # � ¶ � �^

�ia � � nahcq lkj h ¼e� hnnbdcoica ak � ^ |}i bci�`hgba~ ni�`ic_i � � m �}iji

� �µ bn ´µ� � �µ� � ªµ � ¨µ� � ¸
bn h nbofgb�iq nf gba _`a fjkkl kl 2� � 2� � � � ljko �� � ' � � � � hcq ( � � ) � 
 � �
� ba} a}i nhoi gicda} hn � � � �µ _hc � i qijb�iq � ba} a}i nhoi o`gabf gbijn hn � µ ^ � i�ci
ª �µ · ªµ � ¨µ� � ^ �i _kcnaj`_a h ni�`ic_i kl bci�`hgbabin � bc�kg� bcd kcg~ � m hcq hcka}ij
ni�`ic_i � m bc�kg�bcd kcg~ � m n`_} a}ha

� µ 	 ´µ� � % µ ¸ � µ 	 ¨µ� � & µ ¸ hcq % µ � & µ � ª �µ
� µ ¸ � µ hji �hgbq lkj bcaidjhg nk g`abkcn kl �� � ' � � � � ¸ ( � � ) � 
 � � ¹ ����

|}`n � µ � � µ }hn a}i nhoi gila }hcq nbqi hn � �µ m �`a hc i�`hg kj nohggij jbd}ae}hcq nbqi ^
�kj ¶ · �¸ ¹ ¹ ¹ ¸� m bl � �µ bc�kg�in kc g~ � m a}ic nia � µ ak � �µ hcq � µ ak 2� � ¼ m ka}ij� bni

nia � µ ak 2� � ¼ hcq � µ ak � �µ ^ �i�ci n`�ni�`ica aijo n kl � hcq � hn lk ggk� n ^ �kj
¶ · � � �¸ ¹ ¹ ¹ ¸ � m bl � �µ bn h ckcecidhab�i gbcihj _ko�bchabkc kl bci�`hgbabin � �	 �� � �µ � � ba}
a}i o`gabf gbijn � µ	 � ¼ �� � �µ � m a}ic gia � µ hcq � µ � i ckcecidhab�i gbcihj _ko�bchabkcn kl
�	 �� � �µ � hcq �	 �� � �µ � m jinf i_ab�ig~m � ba} a}i nhoi o`gabf gbijn �µ	 �� � �µ � ^ �l � �µ bn h nf gba
_`a qijb�iq ljko � �� hcq � �� lkj nkoi � ¸ # � ¶ � �m a}ic qi�ci
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�a lk ggk� n ljko �iooh - a}ha � �µ bn bofgbiq �~ a}i bci�`hgbabin qi�cbcd � � hcq �" hcq
nkoi nf gba _`an lkj a}ini nian ^ �kji fji_bnig~m bl �i qi�ci

% µ · ohp �´µ� � � � +¨ �� � �� ¸ & µ · ohp �¨µ� � � � +¨ ��" �� ¸ a}ic % µ � & µ � ª �µ ¹ ��½�
�i a}ic qi�ci � µ ak � i ´µ� � % µ m hcq � µ ak � i ¨µ� � & µ ^

,�nij�i a}ha a}i bci�`hgba~ % µ � & µ � ª �µ bc ���� bn �~ qi�cbabkc aj`i lkj ¶ · �¸ ¹ ¹ ¹ ¸� �
iba}ij % µ · ª �µ hcq & µ · ¼ m kj & µ · ª �µ hcq % µ · ¼ ^ �ia ¶ � � m hcq hnn`oi �~ bcq`_abkc
a}ha ���� bn aj`i lkj nohggij �hg`in kl ¶ ^ �l � µ bn h ckcecidhab�i _ko�bchabkc kl bci�`hgbabin m
a}ic ���� bn _gihjg~ aj`i ^ �l � µ bn h nf gba _`a qijb�iq ljko a�k fji� bk`n bci�`hgbabin m a}ic
���� }kgqn hn ��½� }kgqn ��~ �iooh -� ^ |}ijilkji a}i ghna bci�`hgbabin bc � hcq � hji m
jinf i_ab�ig~m 2� � %� hcq 2� � &� ^ � n ª �� · ª� · � �m kci kl %� hcq &� bn ginn a}hc ¼ m hcq
�i }h�i h fjkkl kl bcaidij bclihnb� bgba~ kl iba}ij �� � ' � � � � kj ( � � ) � 
 � � ^

�i�ci h okckakci _bj_`ba � hn lk ggk� n ^ �a �jna _kof`ain '�� � � �~ okckakci kf ijhabkcn
�ji_hgg � � ¼� ljko a}i bcf`a �i_akj � � ^ �a a}ic _kof`ain % � ¸ % " ¸ ¹ ¹ ¹ ¸ %� �~ okckakci
kfijhabkcn hn lk ggk� n ^ � bjna m % � ¸ ¹ ¹ ¹ ¸ %� hji ajb� bhgg~ k�ahbciq ljko ª �� ¸ ¹ ¹ ¹ ¸ ª �� hn qbn_`nniq
h�k�i ^ �kj ¶ � � m bl � µ · �	 �� � �µ		 	 m a}ic % µ · �	 �� � �µ	 %	 ^ �i _hc hnn`oi a}ha  �� " �
o`gabf gbijn hji ckce�ijk m �~ �hjha}i �kqkj~ �n a}ikjio ^ |}ijilkji �i _hc hnn`oi � _kof`ain
% µ `nbcd ha okna  �� " � okckakci kf ijhabkcn ljko ��� �a}i � µ	 n hji �piq hn � bn �piq � a}i~
hji hgnk ckcecidhab�i� ^ �l � µ bn h nf gba _`a qijb�iq ljko a�k fji� bk`n bci�`hgbabin m a}ic �

_kof`ain % µ hn bc ��½� ^ �kai a}ha kcg~ %� hcq % � hji �hjbh� gi bc a}bn _kof`ahabkc m hcq a}`n
a}i _kof`ahabkc kl % µ bn h okckakci kf ijhabkc ^ � bchgg~m a}i _bj_`ba jia`jcn 
&* �%� ¸ ¼ � m �}b_}
bn h okckakci kfijhabkc ^ |}ijilkji m bl a}i _bj_`ba jia`jcn ¼ m a}ic %� � ¼ hcq �� � ' � � � �
}hn ck bcaidjhg nk g`abkcn ^ �l a}i k`af`a bn �m a}ic &� o`na � i cidhab�i �bl ba �iji _kof`aiq �
hcq ( � � ) � 
 � � }hn ck bcaidjhg nk g`abkcn ^

���� ����� � � £W[X ]± §®¦ ¬ ¦ ± [ZZ² Z² 2� � 2� � 2� � � � ² [Z� 0 ¢¥] W�±Z¯W¯¦®¥§ §W¯° ¦¢ %

� cha`jhg �`inabkc bn � �}~ qk �i fjk�i a}i h�k�i jin` ga lkj nf gba _`an m hcq cka qbji_ag~ lkj
��� _`an m d b�ic a}ha �i `ni ��� _`an ak fjk�i �iooh -� ,ci _hc h�kbq bcajkq`_bcd nf gba
_`an m hcq �kj� icabjig~ � ba} � �� _`an m �`a kci }hn ak _hjil`gg~ qihg � ba} a}i hqqbabkchg
ngh_� �hjbh� gin bc a}i qi�cbabkc kl a}i ��� _`a ��� ak icn`ji a}ha kcg~ okckakci kf ijhabkcn
hji `niq ak dicijhai � ^

�hn} �� m �iooh - ^�� fjk�iq a}ha h �jhc_}ehcqe_`a fjkkl kl �bcaidij� bclihnb� bgba~ �
`nbcd gblaehcqefjk� i_a _`an hcq �� _`an hcq �jhc_}bcd kc ¼e� �hjbh� gin _hc � i ajhcnlkjo iq
bcak h _`aabcd f ghci fjkkl kl bclihnb� bgba~ � � ba} gicda} + � 
 m � }iji + hcq 
 hji a}i c`o�ij
kl _`an hcq �jhc_}bcd qi_bnbkcn bc � m jinf i_ab�ig~^ �c a}bn fjkkl m i�ij~ �jhc_}bcd qi_bnbkc
bn jif gh_iq �~ h gblaehcqefjk� i_a _`a ^ ,ci _hc ihnbg~ k�ahbc a}i lk ggk� bcd jin`ga `nbcd a}i
fjkkl ai_}cb�`i lkj a}i jin`ga h� k�i ^

�¼



������� �2 �² ¦¢ W[W W� ®]¦] ¥ [¥¯¬¢ ¥¯\ ¬¦ ± [ZZ² Z² ¦¢ W ² ¥¬¦ ¦¢¥¦ ¥ ± Z§X¢ W\[Z¯ � ¢¥]
¯Z ®¯¦W° [¥§ ]Z§¦®Z¯] ]®¯° + ]± §®¦ ¬ ¦]! ¥¯\ [¥¯¬¢®¯° Z¯ � � £¥[®¥§W] Y ®¦¢ 
 [¥¯¬¢®¯°
\W¬®]®Z¯]! ¦¢ W[W W� ®]¦] ¥ ]± §®¦ ¬ ¦ ± [ZZ² Z² ¦¢ W ]¥� W ² ¥¬¦ Y ®¦¢ §W¯° ¦¢ + � 
 % &¢ W[W² Z[W! ¥¯X
[¥¯¬¢ ¥¯\ ¬¦ ± [ZZ² Z² ®¯ ¦W° W[ ®¯² W¥]®®§®¦X Z² 0 ¢¥] W�±Z¯W¯¦®¥§ §X � ¥¯X ¬¦] ± §] ¯Z\W] %

�hc~ _`aabcd f ghcin qbn_`nniq bc a}i gbaijha`ji � � inbqin �� _`an hcq gblaehcqefjk� i_a
_`an � hji iba}ij nf i_bhg _hnin kl nf gba _`an �nii ����� kj _hc �i qijb�iq �bh h n}kja �fkg~cko bhg
bc a}i c`o�ij kl �hjbh� gin� nf gba _`a fjkkl ^ �kj iphofgi m a}i fhbjbcd bci�`hgbabin ��º� lkjo h
n`� _ghnn kl nf gba _`an ^ |}i a�kenaif � �� bci�`hgbabin bc ��¼� _hc � i k�ahbciq �~ h nf gba _`a
fjkkl kl gicda} � ^ �c~ _`aabcd f ghci fjkkl kl a}i bcaidij bclihnb� bgba~ kl 0 `nbcd a}i h� k�i
_`an }hn ipf kcicabhg gicda} ^

� ���v�tz��

��� � ^ �hghn m � ^ �ijbh m hcq � ^ �kjc` �i� k gn m � gblaehcqefjk� i_a _`aabcd f ghci hgdkjba}o lkj
o bpiq ¼e� fjkdjho n m 	 ¥¦¢ W� ¥¦®¬¥§ � [Z° [¥�� ®¯° �� ��-�½�º ����½� ^

��� � ^ � gkc hcq � ^ �kffhch m |}i okckakci _bj_`ba _kofgip ba~ kl �kkgihc l`c_abkcn m ¡Z�  
®¯¥¦Z[®¬¥ � ���� ������ ^

�½� � ^ �kcia m | ^ » bahnnb m hcq � ^ �h� m �k�ij � k`cqn lkj _`aabcd f ghcin fjkkln � ba} no hgg
_k i� _bican m �Z[¯¥§ Z² �X� Z§®¬  Z° ®¬ �� �¼�� ��� ������ ^

�º� � ^ �}� �hahg m �qokcqn f kg~akf in hcq h }bijhj_}~ kl _ko�bchakjbhg fjk� gio n m � ®]¬[W¦W
	 ¥¦¢ W� ¥¦®¬] � ½¼-�½½� ����½� ^

�-� � ^ � ^ �kk� hcq � ^ $h�ic m �c ipfkcicabhg gk�ij � k`cq lkj a}i nb�i kl okckakci jihg
_bj_` ban m �Z[¯¥§ Z² ¡Z�± ¦W[ ¥¯\ �X]¦W� �¬®W¯¬W] �� ½�¾�½½- ������ ^

�¾� � ^ �kk� m � ^ � ^ �k`gghjq m �~^ |`j �hc m ,c a}i _kofgip ba~ kl _`aabcdef ghci fjkkln m � ®] 
¬[W¦W �±± §®W\ 	 ¥¦¢ W� ¥¦®¬] �� �-�½� ������ ^

��� � ^ �kk� hcq � ^ � hn} ^ ,c a}i ohajbpe_`a jhc� kl f kg~}iqjh m 	 ¥¦¢ W� ¥¦®¬] Z² 	± W[¥¦®Z¯]
� W]W¥[¬¢ �� ���½¼ ��¼¼ �� ^

��� � ^ �kk� m � ^ 
 hcchc m � ^ � ^ �_}jb� �ij m �}�hahg _gkn`jin lkj o bpiq bcaidij fjkdjhoo bcd
fjk� gio n m 	 ¥¦¢ W� ¥¦®¬¥§ � [Z° [¥�� ®¯° �� �--� ��º ����¼� ^

��� � ^ � hn} m �c ipfkcicabhg gk�ij � k`cq kc a}i gicda} kl nkoi _ghnnin kl �jhc_}ehcqe_`a
fjkkln m 	 ¥¦¢ W� ¥¦®¬] Z² 	± W[¥¦®Z¯] � W]W¥[¬¢ 	2 �½� ¾��� �¼¼ ��¼¼-� ^

��¼� � ^ � hn} hcq , ^ � �̀cg �̀� ^ �hgbq bci�`hgbabin �hniq kc nbof gi o bpiqebcaidij nian m 	 ¥¦¢ W 
� ¥¦®¬¥§ � [Z°[¥�� ®¯° �2� ���-½ ��¼¼¾� ^

��



���� � ^ � hn} m , ^ � �̀cg �̀� hcq � ^ �kqb ^ � �� _gkn`jin kl fkg~}iqjhg nian m 	 ¥¦¢ W� ¥¦®¬¥§ � [Z 
° [¥�� ®¯° �ak hff ihj� ^

���� � ^ � ^ �kokj~m ,`agbci kl hc hgdkjba}o lkj bcaidij nkg`abkcn ak gbcihj fjkdjho n m � § §W¦®¯
Z² ¦¢ W �� W[®¬¥¯ 	 ¥¦¢ W� ¥¦®¬¥§ �Z¬®W¦X �� ��-���� ���-�� ^

��½� �kokj~m � ^ � ^ ��¾¼ ^ �c hgdkjba}o lkj a}i o bpiq bcaidij fjk� gio m ��e�-�� m |}i �hcq
�kjf kjhabkc ^

��º� � ^ �`hc m � ^ �}oiq hcq � ^ � ^ �io}h`nij ^ �i�`icabhg fhbjbcd kl o bpiq bcaidij bci�`hge
babin m � ®]¬[W¦W 	± ¦®� ®�¥¦®Z¯ � � ��½� ��¼¼�� ^

��-� � ^ � ^ $ bjn_} m � ^ 
k� i�cb�k� m �i�ijhg ckain kc a}i f k�ij kl �kokj~e�}� �hahg _`an m
� §W¬¦[Z¯®¬ ¡Z§ §Z�®� Z¯ ¡Z�± ¦¥¦®Z¯¥§ ¡Z�± §W� ®¦X �ifkja |�¼½e¼ �� ��¼¼½� ^

��¾� � ^ 
 jh� ���_i� m �k�ij � k`cqn ak a}i nb�i kl _kcnahcaeqifa} fjkfknbabkchg fjkkln m �Z[¯¥§
Z² �X� Z§®¬  Z° ®¬ �� �½��¾ ����º � ^

���� � ^ 
 jh� ���_i� m �caijf kghabkc a}ikjio n m gk�ij � k`cqn lkj fjkkl n~naio n hcq bcqificqic_i
jin` gan lkj �k`cqiq hjba}o iab_ m �Z[¯¥§ Z² �X� Z§®¬  Z° ®¬ �� º-��º�¾ ������ ^

���� $ ^ � hj_}hcq hcq � ^ �kgni~m �ddjidhabkc hcq o bpiq bcaidij jk`cqbcd ak nkg�i ��»n m
	± W[¥¦®Z¯] � W]W¥[¬¢ �� m ½¾½�½�� ��¼¼ �� ^

���� � ^ � io}h`nij hcq � ^ � ^ �kgni~m � ji_`jnb�i fjk _iq`ji ak dicijhai hgg _`an lkj ¼e �
o bpiq bcaidij fjkdjho n m 	 ¥¦¢ W� ¥¦®¬¥§ � [Z° [¥�� ®¯° �� m ½���½�¼ ����¼� ^

��¼� »^ »`qg �h� m �k�ij � k`cqn lkj jinkg`abkc hcq _`aabcd f ghci fjkkln hcq okckakci _koe
f`ahabkcn m �Z[¯¥§ Z² �X� Z§®¬  Z° ®¬ �� �� ����� ������ ^

�� �� »^ »`qg �h� m 	¯ ¦¢ W ¬Z�± §W� ®¦X Z² ± [Z±Z]®¦®Z¯¥§ ¬¥§¬ §]m �ian hcq »jkkln m �c� baiq fhfijn
ljko �kdb_ �kggk �`b`o ���� m �ho�jbqdi �cb�ijnba~ »jinn m �ho�jbqdi m �
 m ���� m ff ^
����� �� ^

���� � ^ � ^ �h��kjk� m �k�ij � k`cqn lkj a}i okckakci _kofgip ba~ kl nkoi �kkgihc l`c_abkcn m
� Z� §¥\® � �¥\W� ®® � ¥� ���� ��� �����¼ � ����-� �bc �`nnbhc� ^ �cdgbn} ajhcnghabkc
bc � �Z£®W¦ 	 ¥¦¢ W� ¥¦®¬]   � Z� §¥\X 	� ½-º�½-� ����-� ^

��½� � ^ � ^ �h��kjk� m �cfjk�h�bgba~ kl gk�ij � k`cqn kc a}i _bj_` ba nb�i bc _ijahbc ljhdo ican
kl � k`cqiq hjba}oiab_ m ��£W]¦®®X¥ Z² ¦¢ W ��� �� �¼ ����º ����-� ^

��º� � ^� ^ �kgni~m �¯¦W° W[ � [Z°[¥�� ®¯° m � bgi~m � i� �kj� ������ ^
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