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I F R a�P R JEe c�M x$I \na R a�\ R iOI \ ; P M�: I
J�I`IZx$IKx f
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X [ R a N I \�DGP RnM J R a Y DW\�\ IKx DWa�» I N�c D J M
R x$I`J P R P ; f7C R J DQ\n\ ;OuO:<; _BI N b MWN�c�R JEe a Rnc�R \�D N P N D J a�b MON p
c DGP RnM J a7P M P [ M a I0x M J�I b MWN P [�I0x$I N.R �GDGP RnM J M b o c D e MON.R J a i ;
c�M x$I \ uqM J�I ® JEx a(D N I \�DGP R�M J
: I P w IKI`J P [EI o c D e MON.R J a i ; Y M J a�P�D J P u � r/u D JEx P [EI-³ S D J P R P ;Wu � # ' u DWa� # ' ì r

�

� q�q ¹ T � ðr%� # ' f ¯ T ºO±
j I N I � # ' R a x$I ® J�IZx DOa � # ' ¹ ¯ � � ± ð } �. # ' } �. # ' ì � ð �} . # ' } . # ' f ¯ T � ±

� a Y D J : I a I`I`J u P [ R a�a I P M b IK³ S DGP R�M J a [ D�� I P M<Mkc D J ;�R JEx$IK_�IKJEx$IKJ P���D N.R D : \ I a�b MWN
P [�I�x$I P I N�c�R J DQP RnM J M b M J�I �GD N�R D : \ I u � r f o S Y'[ c DQP [�I c DGP R Y DW\ R \�\ p _ M a IZx$J�I a�a R a S a S DW\�\ ;
® F IKx :<;UctS \�P R _ \ ;<R J�e . # ' ¯ » I N.c D J M I P+DQ\ u r �O� r�± u�MON � # ' ¯°L R \n\ ;Ou r �W� T ± M J :BM P ["[ D JEx
a R x$I a M b ~ ³ f ¯ T � ± f

² J P [�I"_ N I a I`J P@a�P S x ;Ou [ M w I � I NZu P [EIvx ; J D c�R Y o » o c�M x$I \ R a J M P�D x M _ P IZx ¡�S a�P
: IZY D S a I P [EI P S�N�:�S \ I`J P�� I \ M Y R P ;�® I \ x#Y D J : IkY MWc _ S P IKx w R P [ D e M<M x D Y`Y SEN D Y ;vS a R J�e
P [�I c�M x R�® IKx o c D e MWN�R J a i ;�c�M x$I \ u�R J P N�M x S Y�IZx R J P [�I b M \n\ M w R J�e u w R P [ MOS P S a I M b�D J ;
x D c _ R J�e b S J�Y P RnM JvJ�I D N P [�I w DW\�\�f

S�� p��Rj8kJj�7ÔÒuX4Ë�9�Ï���Ñ]�4Ë Ð4ÎGËqÌZË�� Ñ9ÌKÑ]�8XpZ���² J P [�IÇ_ N I a I`J P"a�P S x ;Wu D [ R eW[ \ ;
D J R a M P N�M _ R Y�Y MOc _ S P�DQP RnM J DW\ c I a [ a ; a�P I c R a S a IKx b MWN P [�IkI�É@Y R I`J�Y ; D JEx D Y`Y S�N D Y ;"M b
P [�I�Y MOc _ S P�DQP RnM J M b(D�P S�N�:�S \ I`J P Y'[ D J�J�I \�­ M w f0X [�I N I b MWN I u D c�M x R�® IKx � I N a R�M J M b7P [�I
o c D e MWN�R J a i ;Çc�M x�I \0D _E_ N.M _ N�R DQP I b MWN a S Y'[ D c I a [ a ; a�P I c ¯ � D [ N D R I P�DW\gf u r �W� �O± R a
S a IKx f

C M \�\ M w R JEe�Õ�I D N x MON�� ¯ r �q� V ± u P [�I \ M Y DQ\ x R��BS a R � R P ;�R J��kx RnN IZY P R�M J u2 r ' u�R a�DWa�a S�c IZx
P M x$IK_�IKJEx M J P [�I ® \¼P I N IKxUx R a�a R _ DQP RnM J u í r D JEx P [�I
Y S P p MQ� \ I`J�e P [ a Y DQ\ I R J��kx R�N IKY P RnM J u=]r ' u�R f I f  r ' ¹ í Ä CPür = � CPür ' f ¯ � V ±
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X [�I
x R a.a R _ DGP RnM J N DQP I u í r u$R a I a�P Rnc DGP IKx S a R J�e P [�I�eWI MWc I P N.R Y c I D J M b^P [�I a R x$I p \ I`J�e P [ a
M b4P [�I-Y`I \n\ u%� $ Ä u�� $ ð u�� $ ü u DOa

í r ? } . # ' } ü ¯ � $ Ä � $ ð � $ ü ± ð CPü f ¯ ��rZ±
X [�I \ IKJ�e P [ a Y DQ\ I R J�� p x RnN IZY P RnM J u = r ' u$R a J DGP SEN DW\�\ ; I a�P Rnc DQP IZx :<; P [�I a c DW\�\ I a�P N I a M \n� IZx
a Y DQ\ I R JR� p x R�N IKY P RnM J u2� $/' f o S�: a�P R P S P R J�e P [�I a I
I a�P Rnc DGP RnM J a R J P M ~ ³ f ¯ � V ± u� Br ' Y D J : I
c�M x�I \ IKx DWa  r ' ¹ � T � ðr ¯ � $ Ä � $ ð � $ ü ± ð C T ¯ � $ ' ± � CPü } . # ' } f ¯ � T ±
X [�I c�M x$I \ Y M J a�P�D J P _ N.M _ M a IZx :<; � D [ N D R I P0DQ\�f ¯ r �W� �W± R a � ¹ V/� V º f
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X [�I : DWa R Y�Y M J�Y�I`_ P M b$P [�I�L D e N D J�e R D J�_ D N P R Y \ I P N D Y'i R JEe R a&P M�R J P I`e N DGP I P [EI�_ D N P R Y \ I
IK³ S DQP RnM J M b c�M P RnM J u x�I a Y N�R�: IKx R J P [�I�L D e N D J�e R D J b N D c I u b MWN4R JEx R � R x S DW\ _ D N P R Y \ I aKf&X [�I
IK³ S DQP RnM J M b c�M P RnM J b MWN D _ D N P R Y \ I u \nD : I \ IZx :<; ¯(ë ± u w R P [ D c DWa�a uY�#u Y D J : I�I F _ N I a�a IZx
DWa  ¡¡¡¡¢ ¡¡¡¡£ f $�¤¦¥ q¨§#f & ¹ " ¤¦¥ q�§# u� f "/¤¦¥ q¨§#f & ¹ © ¥ q¨§# u

¯ �W�O±

w [�I N I $ ¤¦¥ q¨§# D JEx " ¤W¥ q¨§# D N I u�N I a _BIKY P R � I \ ;Wu P [�I¾Y MWc _ M J�IKJ P M b
P [EI \ M Y DGP R�M J D JEx P [�I
� I \ M Y R P ;�M b�P [�I�_ D N P R Y \ I uqR J P [�Iª� p x RnN IKY P R�M J f7C MWN Y M J � I`J R IKJEY�I R J�J M P�DQP RnM J u P [EI�_ D N P R Y \ I
R J�x$I F u ¯(ë ± u w R \n\ : I�x N�M _�_BIKx u4M P [�I N w R a IkI F _ \ R Y R P.\ ; a _BIKY R�® IZx fUX [EI b MWN Y�I D Y P R J�e M J D
_ D N P R Y \ I u © # u$R a Y M J P N�R�:�S P IKx b N�MWc P [ N I`I+_ D N P�a �

r f�a S�N b°D Y�I b MWN Y�I a�b N.MOc a SEN.N�MWS J�x R JEe ­ S�R x u a S Y'[ DOa x N D e u © ¥¬«P­P®P¯ §# u D JEx \ R b P u © ¥±° # �]² §# ´
T f :BM x ; b MWN Y�I a u © ¥¬³µ´D«P¶ §# u a S Y'[ DOa e N D�� R P'DGP RnM J DQ\�b MWN Y�IW´
� f Rnc _ S \na R � I b MWN Y�I a b N.MOc w DW\�\ u © ¥{·u®P°±° §# u D J�x b N�MWc M P [EI N _ D N P R Y \ I a u © ¥¬¸�´_°¹° §# ´

D JExvY D J a ;<ct:BM \ R Y DQ\n\ ;@: I
I F _ N I a.a IKx DWa© # ¹m© ¥¬«P­P®P¯ §# + © ¥±° # �]² §# + © ¥¬³µ´D«P¶ §# + © ¥{·u®P°±° §# + © ¥¬¸�´_°¹° §# + ¯:º &_» ·]¼ & ·]¼ �J. ± f
¯ � s ±

² J P [EI b M \�\ M w R JEe a IKY P R�M J a u D eWIKJ�I N DQ\ _ D N P R Y \ I�IZ³ S DGP RnM J M b c�M P R�M J �GDQ\ R x b MWN P [�I
Y DOa I a4DQPh\ M w _ D N P R Y \ I ] I ; J M \ x a J S�ct: I N7R a ®EN a�P R J P N.M x S Y�IKx f � b P I N P [ DGP u �GD N�R�MOS a I � IKY P�a
a _BIKY R¼® Y P M P [�I+_ D N P R Y \ I w R P [�[ R eO[ R J�I N P R D�D JEx P [�I+_ D N P R Y \ I R J w DQ\n\ p :BMWS JEx�IKx ­ M w a D N I
Y M J a R x$I N IZx f

S��s�<�$Î�ÑKÏ°Í-9°Ë#ËY���8�$ÑZÏ°Ò%� Ò�½¾7ÔÒ�ÑKÏgÒ��
S��(�m�Rj^ÑKÒ�v�Ë<Ì4X/Î��2V���²�P w DOa@¤�f�»�f o P M iWI a R J r � P [¿Y`I`J P SEN.; w [ M I F _ N I a.a IKx P [�I

a�P N I D c b S J�Y P RnM J M btP [�I ­ M w D N.MOS JEx D¿a _�[�I N�R Y DQ\ _ D N P R Y \ I R J P [EI�Y DWa I a w [�I N I P [�I
J M J \ R J�I D N P I N�c*R J o D�� R I N päo P M iOI a IZ³ S DGP RnM J R a J�IKe \ R e R�: \ ; a c DW\�\ Y MWc _ D N IZx P M P [�I � R a Y MWS a

Ä ü
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P I N.c f o S Y'["Y DWa I M YKY S�N a w [�I`J P [EI
_ D N P R Y \ I ] I ; J M \ x a J S�cm: I NKu

¶�· ¤ ¹ } \" � ìÁ\" ¤ } f ^ ¯ �O�W±

w [�I N I f R a0P [�It_ D N P R Y \ Imx R D c I P I NKuBR a cmS Y'[ \ I a�a�P [ D J S J R P ; f�X [�I�x N D e b MWN Y�I u © ¥Â«P­D®P¯ §# u
D Y P R J�e M J D J M J p D Y`Y`I \ I N DGP R J�e#_ D N P R Y \ I R J DÇa�P I D x ; D JEx S J R b MWN�c ­ M w Y D J P [�IKJ : I
MW: P'D R J�IKx S a R J�e P [�I o P M iOI a�a�P N I D c b S JEY P R�M J DWa© ¥¬«P­D®¨¯ §# � ¹ rÃ ¤ ¯ " �# ì " ¤ # ± f ¯ � Á ±

X [�I-Y M I`ÉkY R IKJ P u Ã ¤ u�R a Y DW\�\ IKx o P M iWI a N I \nDQF$DQP RnM J P Rnc I u x$I ® J�IKx DOaÃ ¤ ¹ f ðÅÄ
rZº  u ¯ � � ±

w [�I N I Ä R a P [�I-x$I`J a R P ;�N DGP R�M�M b _ D N P R Y \ I P M ­ S�R x u�R f I fÄ ¹ � ¤� � f ¯ �WºO±

S�� S�������Æ Ë����8�$ÑKÏgÒ��=�'v DOa.a I P ¯ rKºOºWºq± u v MOS a.a R J�I a ³�¯ r � V �O± D JEx n�a I`IKJ ¯ r � T � ± I F p
D c�R J�IKx P [�I c�M P RnM J M b�D@a _�[�I N I a I P�P.\ R J�e�x M w J R J Dk­ S�R x x S I P M e N D�� R P'DGP R�M J DQ\�b MON Y`I f
X [�Iv_ D N P R Y \ I�IZ³ S DGP R�M J M b c�M P RnM J¿x$I � I \ M _BIKx :<; P [�I c R a Y DW\�\ IKx v DOa.a I P p v MOS a.a R J�I a ³ p
n�a IKI`J ¯ v*v�n ± IZ³ S DGP R�M J f¿X Y'[EI`J*¯ r � s � ± I F<P I`JEx$IZx P [�I v*v
n IK³ S DQP RnM J a S Y'[ P [ DQP R P
Y MOS \ x"x�I a Y N�R�: I P [EI-_ D N P R Y \ I c�M P R�M J R J D J S J a�P I D x ; ­ M w f ~ F<P I`J a RnM J w DWa0DW\na M I F�D c p
R JEIKx b MON J M J p S J R b MON.c ­ M w a u P [ MWS eO[ u7R P [ D x a MWc I R JEY M J a R a�P I`J�Y ; DOa _ MWR J P IKx MOS P :<;
¤ MWN�N a R J � L SEc \ I ; ¯ r � � Á ± f L DQP I NKu v S I � R Y'[Ô¯ r � ÁOÁ ± D JEx ] R \ I ; ¯ r �q� rZ± c D x$I D Y MWN�N IKY p
P RnM J P M X Y'[�IKJ ï a I F _ N I a�a RnM J f

½ DGF I ; � ] R \ I ; ¯ r � ºW�O± _ N I a I`J P IZx D _ D N P R Y \ I�IZ³ S DGP RnM J M b c�M P RnM J b MONmS J a�P I D x ;
J M J S J R b MON.c ­ M w u w [ R Y'[ N I D x af " ¤ #f & ¹ rÃ ¤iÇ " �# ì " ¤ # + r

TQs f ðÅÈ�ð " �#pÉ+ rÄËÊ " �#Ê &+ r
T Ä ff & Ç " �# ì " ¤ # + r

sOV f ð È ð " �#uÉ
+ �  f Ä c ²| f & a¾ÌÍÍÎ ff &ga Ç " �# ¯ & a ± ì " ¤ # ¯ & a ± + r

TGs f ð È ð " �# ¯ & a ± ÉÏ]Ð  ¯ & ì &ga ±PÑ Ä C ð Ò±ÓÓÔ+ ( r ì rÄ 0�Õ # u
¯ � � ±



ð ò ¿ | ô/â ó ß/K
ã�ã/Ö�ö | â ó à�áBà�LiI
à�â ó à�á Ä �
w [�I N I " ¤ # N IK_ N I a I`J P�a/P [EI R J a�P'D J P�D J�I MOS a _ D N P R Y \ I � I \ M Y R P ;Wu D JEx " �# R ahP [�I R J a�P�D J P'D J�I MWS a
­ S�R x � I \ M Y R P ; DGP�P [�I"Y�IKJ P I N�M b0P [�Iv_ D N P R Y \ I R b�P [EIU_ D N P R Y \ I w I N I�J M P _ N I a IKJ PZfÈX [�I
M _BI N DGP MWNZu Ê ñ Ê & u�N I`_ N I a I`J P�a�D x$I N�R �GDQP R � I DQ\ M J�e P [�I ­ SER x3_ DGP [ u w [ R \ I f ñ f & R a�P [ DGPDQ\ M J�e P [�I
_ D N P R Y \ I P N D ¡ IZY P MON.; f

X [�I ® � I P I N.c a M J P [�I N.R eW[ P [ D JEx a R x$I M b P [�I�IK³ S DGP R�M J D N I S a S DQ\n\ ;�N I b I N�N IZx P M DOa �
r f x N D e b MWN Y�IO´
T f ­ S�R x D YKY�I \ I N DGP R�M J^´
� f�D xEx$IKx c DWa�a ´
s f [ R a�P MWN�; I � IKY P ´
� f e N D�� R P'DGP R�M J DQ\�b MWN Y�I f

X [ R a I F _ N I a�a RnM J R a N I \ I �GD J P�b MWN P [�I o P M iWI a�­ M w N I`e Rnc I f o0M P I P [ DGP R J P [EI-x N D e b MON Y`I u
P [�I D x�x�IKx c DWa�a�D J�x P [�I-[ R a�P MON.; I � IKY P�P I N�c a M b ~ ³ f ¯ � � ± u D Y MWN�N IZY P R�M J P I N�c x S I P M
P [�I � I \ M Y R P ; Y S�N �GDGP S�N I M bhP [EI�Y D N�N.R I N ­ S�R xÃY DQ\n\ IKx C�DGF�HI`J Y MWN�N IZY P R�M J�¯ CEDQF�HI`J u r � TGs ± R a
R J�Y \ S x$IKx f

� P S�N�:�S \ I`J P�­ M w R J D Y'[ D J�J�I \ w [ M a I�[ DW\¼b w R x P [ R a * R a�a RnctS \nDQP IKx R J P [EI�_ N I a IKJ Pa�P S x ; f � a�a S�c�R J�e P [ DQP P [�I
Y'[ D N D Y P I N.R a�P R Y D YKY�I \ I N DGP R�M J M b/­ S�R x�Y D J : I+I �GDQ\ S DQP IKx :<; *D JEx P [�I a [EI D N � I \ M Y R P ;Ou " ¸ u DWa×××× Ê \" �Ê & ×××× ? ×××× f \" ¤f & ×××× ? ×××× f \" �f & ×××× ? " ð¸* u ¯ sOV ±

P [�I c D eOJ R P S x$I M bhP [EI ­ S�R x D Y`Y`I \ I N DGP RnM J P I N�c¢R J ~ ³ f ¯ � � ± N I \�DGP R � I P M P [�I�x MOc�R J D J P
x N D e b MWN Y�I
Y D J : I
I a�P Rnc DGP IKx DWa××××× rÄ Ê \" �#Ê & ××××××××× rZº  f ð Ä ¯]\" �# ìÁ\" ¤ # ± ×××× ? f ð " ¸ * ¹ ( f * 0 ð ¶+·�¸ u ¯ s rZ±

w [�I N I ¶+· ¸ R a P [�I w DQ\n\ p a [�I D N ] I ; J M \ x a J S�cm: I NKu x�I ® J�IZx :q;

¶+· ¸ ¹ " ¸ * f ¯ sqT ±
X [�I c D eWJ R P S x$I M b M P [�I N P I N�c a R J ~ ³ f ¯ � � ± D JEx P [�I CEDQF�HI`J�Y MWN�N IZY P R�M J N I \nDQP R � I P M P [�I
x MWc�R J D J P x N D e b MWN Y�I P I N�c Y D J a R�c�R \nD N \ ;�: I+I a�P R�c DGP IKx DWa a [ M w J R J X4D : \ I � f r f ÿ [�I`J
P [�I@x R D c I P I N
M b P [�Ik_ D N P R Y \ I R a ctS Y'[ a c DQ\n\ I N P [ D J P [�I@Y'[ D JEJ�I \ w R x P [ u DOa R a R J P [�I
_ N I a I`J P a�P S x ;Wu P [�I�_ D N P R Y \ I�IZ³ S DGP R�M J M b c�M P R�M J�Y D J N IZx S Y`I P M P [ DQP Y M J a R a�P R J�e M J \ ;mM b
P [�I
x N D e b MWN Y�I D JEx P [�I+e N D�� R P�DGP R�M J DQ\Eb MWN Y�I f7C S�N P [�I N.c�MWN I u w [�IKJ P [�I+_ D N P R Y \ I R a ctS Y'[
[�I D�� R I N P [ D J ­ S�R x DWa R ata S Y'[ R JÔe DOa p _ D N P R Y \ I ­ M w u P [EI@e N D�� R P'DGP RnM J DQ\7P I N.c Y D J DQ\�a M
: I a Rnc _ \ R�® IZx P M Õ # M J \ ; f�X [ S a u P [�I@_ D N P R Y \ I�IZ³ S DGP R�M J M b c�M P RnM J b MWN DU\ M w _ D N P R Y \ I
] I ; J M \ x a J S�ct: I N e DOa p _ D N P R Y \ I ­ M w R J D J S J :BMWS JEx�IKx ­ M w Y D J : I w I \n\�D _E_ N.M F Rnc DGP IZx
:<; f " ¤ #f & ¹ rÃ ¤ ¯ " �# ì " ¤ # ± + Õ # f ¯ s �O±
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p��(�m�Rjp9°Ï�Ð�ÍWÒ�Î�ÎGËqÍWÑKÏgÒ���ÑZÒÝX/Î��/VÞ½�ÒEÎGÍWË�� ÿ [�IKJ P [EI�_ D N P R Y \ IUx R D c I P I NZu f u(R a�DWa
a c DW\�\ DWa+P [�I c I D J b N IKI@_ DGP [ M b ­ S�R x c�M \ IKY S \ I a u�ß&u P [�I@I F _ N I a.a R�M J M b o P M iWI a x N D e u
~ ³ f ¯ � Á ±
w R P [ ~ ³ f ¯ � � ± uhR a J MÃc�MWN I D _E_ N.M _ N�R DQP I�x S I P M P [�I a�\ R _ DGPtP [�I R J P I N b°D Y�I
: I P w IKI`Jk_ D N P R Y \ I D JEx ­ S�R x f7² J a S Y'[kY DWa I u P [�I o P M iWI a x N D e R a Y MON.N IKY P IKx :<; P [�I o P M iWI a p
¤ S J�J R J�eO[ D c Y MWN�N IKY P R�M J b°D Y P MONKu � [ u e R � I`J DWa ¯gÕ D�� R I a u r � s �W±� [ ¹ r + T-ßf ¯ r �ÅT � � + V/� s · A Ä¨à Ä « C ðPá ± f ¯ sWs ±
X [�I-x N D e R a�P [�IKJUI F _ N I a.a IKx :<; ~ ³ f ¯ � Á ±�w R P [ D Y MON.N IKY P IKx N I \nDQF�DGP RnM J P Rnc I uÃ ¤ ¹ f ð Ä � [
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P M ½ÃDGF w I \�\ R D J§x R a�P N�Rn:�S P RnM J f X [�I N I b MWN I "p¥{ã8­P´_·�ä §# ¯ � & ± a [ MOS \ x§[ D�� I D x R a�P N.Rn:�S P R�M J uð�ñ "<¥{ã8­D´b·�ä §# ¯ � & ±�ò u a S Y'[ DWa ¯ ¤ [ D J�x N DOa IKi<[ D NZu r � s �O±ð�ñ " ¥{ã8­D´b·�ä §# ¯ � & ±�ò ¹ r
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X [�I�x N D e�Y M I`ÉkY R IKJ P R J P [�I x R�N IKY P RnM JtJ MWN�c DW\WP M P [�I w DW\�\ R a7DW\na M i<J M w J P M�R JEY N I DOa I
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Y D J : I�J�IKe \ IKY P IKx f o�M P I P [ DGP�Dta R�c�R \nD N I a�P R�c DQP I R a x M JEI R J £hD _BI N � uqS a R JEe D x R¼� I N I`J P
I a�P Rnc DGP I M b&P R�c I a Y DW\ I uqR f I f � r | ¹ r} ^ # } u ¯ º � ±

w [�I N I ^ # R a�P [EI � MWN P R Y R P ;Wu D JEx P [�I a�D c I
Y M JEY \ S a R�M J R a x N D w J f
S�������ÍÅv�Ú)�$Î¦X9ÍOÒ��/Ð 9°Ï:�8V ½�Î�Ò%7 Ð{�$Î�ÑKÏgÍB9gËqÌ�ÑZÒ Û8�4Ï:X

S��(�m�B@�Ï:9°ÑKËqÎGË�X¾ÌZÍG�29°Ë���² J ­ S I`J�Y�I M b _ N I a IKJEY�I M b _ D N P R Y \ I a M J P [�I ­ S�R x c�M P R�M Jk[ DWa
J M P ; I P : IKI`J b S \�\ ;mS JEx$I N a�P M<M x f7² J a MOc I�Y DWa I a u I f e f :ES�:�: \ I ­ M w u P [EI0_ N I a I`JEY`I M b _ D N p
P R Y \ I c D ; _ N.M x S Y�I � I \ M Y R P ; ­ S Y P S DQP RnM J a M b7P [EI a S�N.N�MWS JEx R J�e ­ S�R x w [ M a I w D�� I \ IKJ�e P [
R a�a c DQ\n\ I N P [ D J P [�I
_ D N P R Y \ I
x R D c I P I N ¯ ~ a c D I`I \ R � X N�; eWe ��DOa M J u r �O� ºO± f

j M w I � I NZuZR P w DOa J SEc I N.R Y DW\�\ ; a [ M w J :<; £hD J � v�D J�I Ng¡ I`I+¯ r �W� Á ± P [ DGPhP [�I�_ D N P R Y \ I a
w MON i a4DWa R bEP [�I ; w I N I�I F<P N D :�SEN x$IKJ P M P [�I ­ S�R x w [�IKJ P [EI�_ D N P R Y \ I a/D N I a c DW\�\$D J�x
[ D�� I
ctS Y'[ \�D N eWI N x$I`J a R P ; P [ D J a S�N.N�MWS JEx R J�e ­ S�R x u DOa R a�P [�ItY DWa I R J P [�I
_ N I a I`J P�a�P S x ; f�² J
a S Y'[UY DWa I u P [EI c�MOc I`J P S�c P N D J a�b I N b N�MWc _ D N P R Y \ I a P M ­ SER xvY D J a S YKY�I a�a�b S \�\ ;@c�M x$I \ IKx
:<; D xEx R JEe P [�I N I D Y P RnM J b MWN Y�I D e D R J a�P�P [�I a S�N b°D Y�I b MON Y`I D Y P R J�e M J P [�I-_ D N P R Y \ I P M P [�I
o D�� R I N päo P M iOI a IK³ S DQP RnM J f/X [ R a c�M x�I \ R a^a MWc I P R�c I a N I b I N�N IKx P M DOa b MWN Y�I(Y MWS _ \ R J�e c�M x�I \
MWN _ D N P R Y \ I p a MWS�N Y�I p R J p Y�I \�\ ¯ £ o ² p ¤ ~ L/L ± c�M x�I \ ¯ ¤ N�M w I�I P0DQ\�f u r �q�O� ± R JvY M J P N DOa�P�P M P [�I
� I \ M Y R P ; Y MWS _ \ R J�e c�M x$I \ ¯ £hD J �Ùv�D J�I N°¡ IKI u r �W� Á ± R J w [ R Y'[ P [�I � I \ M Y R P ; x R a�P SEN.: D JEY�I
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N I D x " � aq © aq ¹ Ä N ¤ ó ¯ " � aq " ¤ aq ì " � aq " � aq ± u ¯g� V ±
w [�I N I ó ¹ û S Ã A Ä¤ f ¯g� rZ±
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ì " � aq © aq ¹ Ä N ¤ ó rZ� " ü r
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w [�I N I  |r ' R a0P [�I a S�: e N.R x a Y DQ\ I � R a Y M a R P ;�R J P [�ItY DOa I M b/P [�I S J \�D x�I`J ­ M w f � a Y D J : I
J M P R Y`IKx up Br ' R a�P [EI b S J�Y P RnM J M b(P [�I \ M Y DW\ c DOa.a�b N D Y P R�M J u Ä N ¤ u D JEx P [�I N DGP R�M�M b(P R�c I
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Particle 2
 at time t

Particle 1
at time t

Particle 2
at time (t+dt)
if collision were 
not considered

Particle 1
at time (t+dt)
if collision were
not considered

x   (t+dt)R*
i

x   (t)R
i

x  (t) + k (x   (t+dt)−x  (t))R
i

R* R
i i

$*�÷,�����øfV�&(ù]&�² J P I N p _ D N P R Y \ I+Y M \�\ R a RnM J f

P [�I
IZ³ S DGP R�M J D :�MOS P�P [�I-x R a�P�D JEY�I : I P w I`I`J P [�I RnN P N D ¡ IZY P MON.R I a u} \$ æ ¯ & ± + ë�¯]\$ æ%g ¯ & + � & ± ìÁ\$ æ ¯ & ±�± } ð ¹ f ð u ¯g�q� ±

[ DWa�P w M�N I DW\ N�M<M P'a u ë Ä D JExîë ð ¯(ë ÄBh ë ð ± u D JEx P [�I �GDQ\ S I M b�a c DW\�\ I N+N I DW\ N�M<M P u ë Ä u�R a: I P w IKI`J V D JEx r u�R f I f V h ë ÄOh r f j I N I u \$�æ ¯ & ± R a0P [�I-_ M a R P RnM J M b(£hD N P R Y \ I r N I \�DGP R � I
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w [�I N I "%æ# ¯ & ± R a P [�I N I \�DGP R � I � I \ M Y R P ;Ou" æ# ¯ & ± ¹ " ¥ Ä §# ¯ & ± ì " ¥ ð §# ¯ & ± f ¯ r V rZ±
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R J�Y N I DWa I M bhP [�I�x N D e w DWa0b MWS JEx P M I F R a�P :ES P w I D iWI N P [ D J P [ DGP Y D J : Im_ N IZx R Y P IZx :<;
v N IKJ�J�I N ï a I F _ N I a�a RnM J fh J b MON P S J DQP I \ ;Wu j�DQ\n\ MOS�R JÇI P�DW\gf ¯ r �W� ºO± x R xÇJ M P _ N I a I`J PmDvb MON.cmS \nD M b x N D eÃY MON p
N IZY P R�M J b°D Y P MON b MWN P [�I R J P I N�c IKx R DGP I�_ D N P R Y \ I ] I ; J M \ x a J S�cm: I N fan JEI�Y D J u [ M w I � I NKu
DGP.P I c _ P+P M _ N�M _ M a I D@b MWN�ctS \�D S a R JEe P [�I RnN x DGP�D u R f I f :<; I F<P N D Y P R J�e P [�I N I \�DGP R�M J : I p
P w IKI`J P [�I-x N D e b MON Y`I u P [EI R J a�P�D J P�D JEI MWS a ¶+· ¤ D J�x P [�I
x R a�P'D JEY`I b N�MWc P [�I w DQ\n\gfhj I N I u
b MWN I F�D c _ \ I u P [�I b MWN�c M b Y MWN�N IKY P R�M J b°D Y P MWN JEI D N P [�I w DW\�\ u � · ð ¯ ¶+· ¤ ^ . ± u<R a�DWa�a SEc IZx DWa� · ð ¯ ¶+· ¤ ^ . ± ¹ r + × ¯ ¶+· ¤ ± ¯e� · ð ì r�± u ¯ rOr s ±
w [�I N I�� · ð R a
P [�I�Y MWN�N IZY P R�M J b°D Y P MWN b MON P [�I�Y DOa I M b0¶+· / V�u7R f I f ~ ³ f ¯ Á rZ± MON ~ ³ f
¯ Á �O± f X [EI S J�i<J M w J b S J�Y P RnM J u × ¯ ¶+· ¤ ± u P'D iOI a-D"�GDW\ S I M b V w [�IKJ ¶+· ¤ / ï D JEx D
�GDQ\ S I rmw [�IKJ ¶+· ¤ / V ftX [ R a�b MWN�c�M b�b S JEY P R�M J#IKJ a S�N I a�P [�I b M \n\ M w R J�e DWa ;<c _ P M P R Y DQ\
: IK[ D�� R�MON a u � · ð ¯ ¶+· ¤ ^ . ± ¹
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¯ rOrZ�W±

X [�I �GDQ\ S I a M b�× ¯ ¶+· ¤ ± I F<P N D Y P IKx b N.MOc P [EI P N D ¡ IKY P MWN�R I a&b MWN ¶+· ¤ | IZ³ S DQ\<P M
V f T�uQV f �W� u r f rD JEx T f � ¯ j�DQ\n\ MOS�R JÃI P+DQ\�f r �W� ºO± D N I a [ M w J R J C R e f � f r f � \�P [ MOS eW[ \�D N eWI ­ S Y P S DGP R�M J a
Y D J : I b MWS JEx R J P [�I
_ \ M P�a u × ¯ ¶+· ¤ ± Y D J : I
I F _ N I a.a IKx u b N�MWc D Y S�N � I ® P�P R JEe u DOa× ¯ ¶+· ¤ ± ¹ r

r + � ¶+· ¤ f ¯ rOr Á ±

X [EI c�M x$I \ b MWN�ctS \�D Y D J P [�I`J : I
_ N.M _ M a IZx DOa� · ð ¯ ¶+· ¤ ^ . ± ¹ r + � · ð ì r
r + � ¶�· ¤ u ¯ rOr � ±
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_ N I a I`J P0a RnctS \nDQP RnM J a S a R JEe ~ ³ f ¯ rWr � ± f

C R e f � f T a [ M w ahP [EI P N D ¡ IKY P MWN�;mM b&D _ D N P R Y \ I�Y MOc _ S P IZx S a R J�e P [�I�_ N�M _ M a IKx c�M x$I \Bb MON p
ctS \�D u ~ ³ f ¯ rWr � ± u w R P [ P [�I a.D c I�_ D N D c I P I N a�DOa(P [ M a I R J P [�I�I F _�I N.Rnc I`J P :q; j�DQ\n\ MOS�R J
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I F _BI N�R�c I`J P'DQ\ M JEI aKf
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P�D iWI`J R J P M D Y`Y MWS J PZfÃC MONtRnc _ \ I c IKJ P�DGP R�M J M b�P [�I \ R b Pmb MON Y`I a R J P [�I b S P S�N I w MWN i u D J
I F _ N I a�a RnM J N I \ I �GD J P�b MWN P [ R a Y DWa I a [ MOS \ x : I
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a�P N.R Y P R�M J a �o P [EI
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¶+· ¤�ånå r u ¯ rOrKºO±o ¶+· ¤ R a cmS Y'[ a c DW\�\ I N P [ D J P [�I a ³ S D N I N.M<M P M bhP [EIt_ D N P R Y \ I ] I ; J M \ x a J SEct: I N: DOa IZx M J a [�I D NKu ¶+· C�u�R f I f�Þ
¹ ¶+· Ä C ðC

¶+· ¤ EOE9r u ¯ rOr � ±

w [�I N I ¶+· C3R a x$I ® J�IKx DWa
¶+· C ¹ f ð ××××× f " � Äf $ ð

××××× u ¯ r TQV ±

D JEx
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X [�I�I F _ N I a�a RnM J M b�P [�I o D � c D J \ R b P u ~ ³ f ¯ � Á ± u<R a i<J M w J P MtM � I N I a�P R�c DQP I P [EI \ R b P b MWN Y�I
DWa _ D N P R Y \ I ] I ; J M \ x a J S�ct: I N�R JEY N I DWa I aKf



� � F ò]ó õ�ã | ä LGà�ôML[ö6âmö�ô�ã��)à�ô%À
½ Y`L D S eO[ \ R J�¯ r �W� r�± N I \�DGF IZx P [�I N I a�P N.R Y P R�M J u ~ ³ f ¯ rOr � ± u D JExvx$I N.R � IZx u© ¥±° # �]² §ð ¹ �Ð � �  Ä C ð ( f T 0 ð ¯ " � Ä ì " ¤ Ä ± ××××× f " � Äf $ ð

××××× Ä C ð a eWJ 3 f " � Äf $ ð 5 z�ß u ¯ r T rZ±

w [�I N I z ß R a�D@b S J�Y P RnM J M b Þ
f-½ Y`L D S eW[ \ R J3¯ r �W� rZ± Y MWc _ S P IKx z ß R J D J DW\ ; P R Y DW\&b MON.c ab MWN DOa ;<c _ P M P R Y DW\�\ ; a c DW\�\^D JEx \nD N eOI �GDW\ S I a M b

Þ
u D JEx�_ N�M _ M a IKx R P�DOaz ß ¹  ¡¢ ¡£ ì � T Ð ð } Þ } � \ J&¯ r ñ Þ ð ± © º ¼ } Þ } ånå r u

T��ÅT �O� ì V/� Á s Á � ñ Þ ð © º ¼ } Þ } EOE*r u ¯ r TWT ±

w [ R \ I z ß b MON�R J P I N.c IZx R DQP I Þ
w DWa e R � I`J :q; DmP�D : \ I f

X M
N I \�DGF�DQ\�a M P [�I M P [�I N(N I a�P N.R Y P R�M J u ~ ³ f ¯ rWrKºq± u ½ I R ¯ r �O� T ± _ N.M _ M a IZx D Y MWN�N IKY P R�M J
b°D Y P MWN b MWN o D � c D J \ R b P :<; Y MON.N I \�DGP R JEe ¶�· ¤ D JEx ¶�· C MO: P�D R JEIKx b N�MWc P [�IUJ S�c I N�R Y DQ\
a RnctS \nDQP RnM J a :q; Õ D JEx ; � Õ w ; I N ¯ r �O� V ± f/½ I R ï a Y MWN�N IZY P R�M J b°D Y P MWN b MON P [EI o D � c D J \ R b P u� = uER a w N�R P�P IKJ DOa� = ¹

 ¡¢ ¡£ ¯ r ì V/� �W�Er s N Ä C ðC ± · A æ 2±à C Äg| + V/� �W��r s N Ä C ðC © º ¼9¶+· ¤ h sqVUu

V/� V � TGs ¯MN C ¶+· ¤ ± Ä C ð © º ¼9¶+· ¤ E sqVUu ¯ r T �O±
w [�I N ION C R a x$I ® J�IKx DWa N C ¹ r

T
¶+· C
¶+· ¤ f ¯ r TGs ±

X [�I�Y MWN�N IZY P RnM J b°D Y P MON-:<; ½ I Rgu � =#u4c D ; DQ\�a M": I D _E_ \ R IKx b MON P [EI P [�I P I`J a MON.R DQ\
I F _ N I a�a RnM J :<; L R � � [ c D x R�u ~ ³ f ¯ � � ± fv² J P [ R a Y DWa I u P [EI a [EI D N ] I ; J M \ x a J SEct: I N
a [ MWS \ x : I-x$I ® J�IZx DOa

¶�· C ¹ � T ¯ . ° q . q ° ± Ä C ð f ð f ¯ r T �W±
b MWN Y M J a R a�P IKJEY ; f

² J w DQ\n\ p :�MOS JEx$IZx ­ M w a u DWa R a�P [EI�Y DOa I R J P [�I�_ N I a IKJ P a�P S x ;Wu P [EI \ R b P b MWN Y�I R JEx S Y�IKx
:<; P [�I�_ N I a IKJEY�I M b&D w DQ\n\�a [ MOS \ x DQ\�a M-: I�Y M J a R x$I N IKx f � DWa�a I S�N �
¤ M F ¯ r �q�O� ± x�I N�R � IKx u
S a R J�e D J n�a I`IKJ D _�_ N.M F Rnc DQP RnM J b MWN P [EI D x � IKY P RnM J P I N�c R J P [�I o D�� R I N p�o P M iWI a IK³ S DQP RnM J u
D J�I F _ N I a�a R�M J b MON P [�I c�R e N DGP RnM J � I \ M Y R P ;Ou 5 � u x S I P M P [�I w DQ\n\ p R JEx S Y`IKx \ R b PKf ÿ [�I`J
P [�I
_ D N P R Y \ I+Y`I`J P I N�R a�\ M Y DQP IKx DGP�D x R a�P�D J�Y�I � b N�MWc P [�I w DW\�\^D JEx a IZx R�c IKJ P R JEe w R P [ D
� I \ M Y R P ; DQP 5 ~ u P [�I c�R e N DQP RnM J � I \ M Y R P ; Y D J : I
I F _ N I a.a IKx DWa u5 � ¹ �  f

º Ð � ð�á +ãâ ¯ ¶+· ¤ ± u ¯ r T Á ±
w [�I N I á R a x$I ® J�IKx DWaá ¹dc �| c ð ]| ä + .ä ì . ¯�I F _&¯ªì . ± ì#I F _&¯�ì ä ±.± . f . f l u ¯ r T � ±
D JEx

ä ð ¹ . ð + � ¶+· ° Y M a l f ¯ r T ºO±
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j I N I ¶+· ° R a0D�] I ; J M \ x a J SEct: I N x$I ® J�IKx :<;

¶+· ° ¹ �B5 ~ f ¯ r T � ±
o0M P I u�R J P [�I \ R�c�R P M b(¶+· ¤ / r u P [ R a I F _ N I a.a R�M J N I D Y'[ DOa ;<c _ P M P R Y DW\�\ ; P [�I-I F _ N I a.a R�M J
:<; ¤ M FT� j�a S ¯ r �q�O� ± u 5 � ¹ �

Á s ¶+· ¤ 5 ~ f ¯ rZ� V ±
¤ [�I N�S i DGP��¿½ YKL D S eW[ \ R Jk¯ r �W� V ± I F _BI N�R�c IKJ P'DQ\n\ ; _ N�M � IKx P [ DGP^P [�IhI F _ N I a�a RnM J :<;�� DOa.a I S�N
��¤ M F ¯ r �<�W� ± u ~ ³ f ¯ r T Á ± R a N I \ I �GD J P S _ P M ¶+· ¤ ¹ � fX [�I w DW\�\ p R JEx S Y�IKx \ R b P R J P [�I�_ N I a IKJEY�I M b�a [�I D N D JEx a M \ R x w DQ\n\ u DWa R a0P [�I�Y DWa I M b
P [�I�_ N I a I`J P�a�P S x ;Wu<R a c�MWN I�Y MWc _ \ R Y DGP IZx f�¤ [�I N�S i DGP*� ½ Y`L D S eO[ \ R JÃ¯ r �W� s ± x�I N�R � IKx D J
I F _ N I a�a RnM J b MWN P [�I \ R b P�b MON Y`I�JEI D N D w DQ\n\ R J D�\ R J�I D N a [�I D N ­ M w ® I \ x u DWa© ¥{° # �]² §ð� � ¯ f ñ T ± ð 5 ð~ ¹ r � �W� r Á + V2� T r Á V � ì V2� � T � T � ð + V2� s ºO� s � ü

ì-¯ � � T � �q� � A Ä + r � r s � V + T�� V º sqV � ì V/� � V � � � ð ± ¡+ ¯ T/� VOV Á � + r � V � � � � ì T�� sOVOV � � ð + r � �Er � s � ü ± ¡ ð u
¯ rZ��rZ±

w [�I N I � R akP [EIÃJ M JEx Rnc IKJ a R�M J DQ\ x R a�P�D JEY�I b N�MWc P [EI w DQ\n\ u a I`I ~ ³ f ¯ � � ± u D J�x ¡ ¹f 5 . ñ$¯ T ÷ ± R akP [EI J M J�x R�c IKJ a RnM J DQ\�a [�I D N fÝh�a I M b+P [ R a I F _ N I a�a RnM J R a N IKY MOc�c IKJEx$IZx
¯ ÿ D J�e�I P�DQ\�f u r �W�<� ± R J P [�I N IKe RnM J � I N�; Y \ M a I P M P [�I w DQ\n\ u a�D ; � � å r f|n S P�a R x$I M b&P [�I
� R a Y MOS a+a S�: \nD ; I NZu � � E � u ½ YKL D S eW[ \ R J3¯ r �O� �q± N IKY MOc�c IKJEx$IZx P [ DGP z ß R J ~ ³ f ¯ r T rZ±a [ MWS \ x : I N I`_ \�D Y`IKx :q; z u I F _ N I a�a IZx DOaz ¹ z ß ì r � º �G�

¯:� � ± �DCPü f ¯ rZ� T ±

² J P [�I R J P I N�c IKx R DGP I N D J�eWI u P [�I
I F _ N I a.a R�M J :<;@� DOa.a I S�N ��¤ M F ¯ r �q�W� ±z ¹ Ð ð
r Á

( rOr
Á � � ì r

Þ 0 u ¯ rZ�W�O±

MWN D�P�D :�S \�DGP IKx �GDW\ S I a :<; ½ Y`L D S eO[ \ R J
¯ r �O� �O± c D ;¿: I D _�_ N�M _ N�R DQP I f o Rnc�R \�D N \ ; P M
½ Y`L D S eO[ \ R J ï a I F _ N I a�a RnM J b MON P [�I \ R b Pmb MON Y`I R J D J S J :BMWS JEx�IKx ­ M w u ~ ³ f ¯ r T rZ± u P [�I
I F _ N I a�a RnM J a D :�M � I D N I �GDW\ R x S JEx$I N P [�I N I a�P N�R Y P RnM J u ~ ³ f ¯ rWr � ± f h J b MWN P S J DGP I \ ;Wu P M P [�I
: I a�P M b^D S P [ MON ï a i<J M w \ IKx$eOI uQR P a I`I c ahP [ DGP D N I \ I ��D J P I F _ N I a�a RnM J b MWN P [�I w DW\�\ p R JEx S Y�IZx
\ R b P��GDQ\ R x b MON D _ D N P R Y \ I DGP0D [ R eO[�I N ] I ; J M \ x a J S�cm: I N [ DWa J M P : IKI`Jv_ N�M _ M a IKx ; I PKf

p���ù�Ë<Ì]�89�ÑZÌ ½�ÎGÒ�7 ÑKË<ÌKÑ�ÍOÒ�7ÇÐ �/ÑQ�$ÑZÏ°Ò%�/Ì
p��(�m��¶+· ¤ dPX/ËqÐ�Ë��8X/Ë�� Ñ X/Î��2VÃÍWÒ�Î�ÎGËqÍWÑKÏgÒ�� �/Ëj�$Î�Ñ]�4Ë Ú2�/9:9ª� o Rnc�R \�D N \ ; P M P [EI�Y DOa I

_ N I a I`J P IZx R J £hD _BI N � u D¾­ M w M b
D RnN w R P [*� V�µ�c Y M _�_BI N _ D N P R Y \ I a R J D¾P S�N�:�S \ I`J P
Y'[ D JEJ�I \$­ M w DQP�¶+· ¸ ¹ÀÁ sWs
R a Y M J a R x�I N IKx f � P(P [EI w DW\�\�a u _ D N P R Y \ I a�D N I DOa.a S�c IKx P M \ M a I
P [�I w DW\�\ p J MWN�c DW\ Y MWc _ M J�IKJ P M b�P [�I RnN(c�MWc IKJ P S�c f ÿ DW\�\Ea S�N b°D Y`I _ M P I`J P R DQ\ R a J M PhP�D iWIKJ
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$F�÷,!����ø¿Õ�&¬ë�& £hD N P R Y \ I a�P�DGP R a�P R Y aKf�D ± c I D J � I \ M Y R P ; ´ : ± a�P N I D c w R a I
]0½ o � I \ M Y R P ; ´OY ±4w DW\�\ p J MWN�c DW\$]0½ o � I \ M Y R P ; ´Ox ± £ Õ C M b�a�P N I D c w R a I
� I \ M Y R P ; f ì + ì u w R P [ � · ð u ~ ³ f ¯ Á �O± ¯ ¤ DWa I � R J £hD _�I N � ± f p/p � p/p uw R P [�� · ð ¯ ¶+· ¤ ^ . ± u ~ ³ f ¯ rWr � ± ´ ¯ r �O� Á ± ´ Ù u I F _BI N�R�c IKJ P :<; d S \ R Y'i
I P�DQ\�f ¯ r �W� s ± u�ò ¹ TOÆ ´&¯ ��� Ú u$S JEx R a�P S�N�: IZx ­ S�R x f ±

R J P M D Y`Y MOS J PKf7X [�I a RnctS \�DGP R�M J�x DQP�D MO: P�D R JEIKx S a R J�e P [�I ] I ; J M \ x a J S�ct: I N x$IK_�IKJEx$I`J P
x N D e@Y MON.N IKY P RnM JUJ�I D N P [EI w DW\�\ u ~ ³Ã¯ rOr � ± D N I-Y MWc _ D N IZx w R P [ P [ M a I w R P [ P [�I MON.R e R J DQ\
M J�I u ~ ³Ã¯ Á �q± u$R f I f�¤ DWa I � R J £hD _BI N � f

j I N I u P [�I c I D J D JEx ]�½ o �GDQ\ S I a M b _ D N P R Y \ I � I \ M Y R P R I a�D J�x £ Õ C M b _ D N P R Y \ I
a�P N I D c w R a I � I \ M Y R P ; D N I�_ N I a IKJ P IKx R J C R e f � f � D p x f � a�\ R eW[ P R JEY N I DOa I R J P [�I c I D J
� I \ M Y R P ; _ N.MW® \ I u Y D J : I MW: a I N � IZx R J P [�I�Y DWa I w R P [ P [�I ¶+· ¤ p x$IK_�IKJEx$I`J P x N D e�Y MON.N IKY P RnM J fX [ R a R a : IZY D S a I P [�I
[ R eW[ a _�IKIKxv_ D N P R Y \ I a u w [ M a I
_ D N P R Y \ I ] I ; J M \ x a J S�cm: I N0R a0\�D N eWI u
: IZY D c I \ I a.a R J ­ S I`JEY`IKx :<; P [�Itx N D e R JEY N I DOa I
J�I D N P [�I w DQ\n\gf�²�P Y D J : I DW\na MkMW: a I N � IZx
P [ DQPhP [�I ]0½ o a�P N I D c w R a I � I \ M Y R P ; D N I ­�DGP.P I`JEIKx R J P [�I N I`e R�M J � � å r VOV f&X [ R a Y D J : I
I F _ \�D R J�IKx u DOa(a [ M w J R J P [EI £ Õ C M b P [�I a�P N I D c w R a I � I \ M Y R P ;OuW:<; P [ DQP(P [�I�x R a�P N�Rn:�S P RnM J
M b+P [EI \ M w I N�c�M x$I [ DOa@a [ R b P IKx P M w D N x3[ R eW[�I N �GDQ\ S I aKf*C MWN P [�I w DW\�\ p J MWN�c DQ\0]0½ o
� I \ M Y R P ;@M J \ ; a�\ R eO[ P Y'[ D J�eOI+Y D J : I MO: a I N � IKx f

p�� S���U�Ï�½�Ñú½�ÒEÎGÍWË<Ì[��X I a�Pma R�cmS \�DGP RnM J a-D N I@Y M J P R J S IZx w R P [ P [�I a.D c Ik_ D N D c I P I N a u
P�D i R J�e R J P M D Y`Y MOS J P�P [�I \ R b P�b MON Y`I f o D � c D J \ R b P w R P [ ½ I R ï a Y MWN�N IZY P R�M J R a Y M J a R x�I N IKx f



ü ò ô�ã]ä�öçK�â�ä L[ômàuI�â`ã]äMâ ß`àuIí¿.ö6â | â ó à�á�ä � T
D ±

åæçÛå
ç æèÛå
è æ
ç çÛå çvåÛå

U

é +p

y+

: ±

åçèëì
æí
î

ç çvå çvåÛå
u+

p
rm

s

y+

Y ±

ååvê çåvê èåvê ëåvê ì
åvê æåvê íåvê î
åvê ïåvê ðççvê ç

ç çÛå çvåÛå

v+
p

rm
s

y+

x ±

ååÛê åvèåÛê å ìåÛê åvíåÛê åvïåvê çåÛê çvèåÛê ç ìåÛê çví

å æ çvå ç æ èÛå è æ
P

(u
ñ +p )

u+

$F�÷,!����ø¿Õ�&¨V�& £hD N P R Y \ I a�P�DGP R a�P R Y aKf�D ± c I D J � I \ M Y R P ; ´ : ± a�P N I D c w R a I
]0½ o � I \ M Y R P ; ´OY ±4w DW\�\ p J MWN�c DW\$]0½ o � I \ M Y R P ; ´Ox ± £ Õ C M b�a�P N I D c w R a I
� I \ M Y R P ; f ì + ì u w R P [ MOS P�\ R b P�b MWN Y�IO´ p/p � p&p u w R P [ \ R b P�b MON Y`IW´ Ù u
I F _�I N.Rnc I`J P :q; d S \ R Y'ikI P�DQ\�f ¯ r �O� s ± u[ò ¹ TqÆ ´ ¯ ��� Ú u<S JEx R a�P S�N�: IZx
­ S�R x f ±

X [�I w DQ\n\ p R JEx S Y`IKx \ R b P R a J M P^P'D iOI`J R J P M D YKY MWS J P : IZY D S a I N I \ I �GD J P I F _ N I a.a RnM J b MWN [ R eO[�I N
_ D N P R Y \ I ] I ; J M \ x a J SEct: I N a R a J M P�b MWS JEx DWa J M P IKx D :BM � I f

X [�I c I D J D JEx ]0½ o �GDW\ S I a M b _ D N P R Y \ I � I \ M Y R P R I a7D JEx £ Õ C M b _ D N P R Y \ I a�P N I D c w R a I
� I \ M Y R P ; D N I _ N I a IKJ P IKx R J C R e f � f � D p x f o \ R eW[ P x$IKY N I DWa I M b c I D J � I \ M Y R P ; _ N.MW® \ I Y D J : I
MW: a I N � IZx w [�I`J P [�I \ R b P b MWN Y�I R a Y M J a R x$I N IZx f4C N.MOc P [�I £ Õ C M b/a�P N I D c w R a I � I \ M Y R P ;WuqR P
Y D J : I�J M P R Y�IKx P [ DQP�P [�I a.\ R _ p a [EI D N \ R b P b MWN Y�I�[ DWa�D J@I � IKY P�P M a I`_ D N DQP I P [�I�[ R eO[�I N D JEx
P [�I \ M w I N�c�M x$I a`f Õ S I P M P [ DGP u [ R eW[�I N a�P N I D c w R a I ]0½ o � I \ M Y R P ; Y D J : I MO: a I N � IKx f
X [�I w DW\�\ p J MWN�c DQ\O]�½ o � I \ M Y R P ; w DOa S J�Y'[ D J�eOIKx R J c�M a�P N I`e R�M J M bEP [�I�Y'[ D J�J�I \ u I F Y`I`_ P
b MWN�R JEY N I DOa I+J�I D N P [EI w DW\�\�f

X [�I�_ N I a IKJ P N I a S \¼P'a R JEx R Y DQP I D e D R J P [ DQP�P [�I �GD N.RnMWS a(b MWN Y�I w MON i R J�e M J \ ; J�I D N P [�I
w DW\�\ c D ; \�D N eWI \ ;�R J ­ S I`JEY`I w [ M \ I a�P�DQP R a�P R Y a`fhX [�I N I b MWN I c�MWN I�Y D N I b S \BP N I DGP c IKJ P ctS a�P
: Imx M J�I R J MWN x$I N P M _ N IZx R Y P0a S Y'[ ­ M w a w R P [ D : I P.P I N D YKY S�N D Y ; DWa Y MOc _ D N IKx P M P [ DGP
_ N I a I`J P IZx R J £hD _BI N � f
j M w I � I NZu DWa c IKJ P RnM J�IZx D :BM � I u P [�I N I D N I c D J ; _ N�MW: \ I c a�P M
M � I N Y MWc I u I f e f4P Mm® JEx D N I \ I �GD J P I F _ N I a.a R�M J b MWN w DQ\n\ p R JEx S Y`IKx \ R b P�b MWN [ R eO[�I N _ D N P R Y \ I
] I ; J M \ x a J SEct: I N a u D Y'[ DW\�\ I`JEeWI w [ R Y'[ w R \�\ : I \ I b P�b MON P [�I b S P S�N I w MON i f



¤ j � £�X ~ ] ºó � Ú ����	 ��� Ø�Ú �6� ç�Ü{é�Ø�Ú�Ü

X [�I a S�:$¡ IZY P M b�P [�I _ N I a I`J PkP [�I a R a u�R f I f _ D N P R Y S \�DGP I P S�N�:�S \ I`J P@­ M w u�R a�D J D JEY R IKJ P
a SE:$¡ IKY P R J P [�I�J DGP S�N I f Õ�I a _ R P I P [ DGP u x S I P M I F<P N I c I�x R É@Y S \¼P R I a�D _�_BI D N.R J�e R J�I F _�I N p
R�c IKJ P'DQ\(D JEx P [�I MON I P R Y DW\(a�P S x R I a M b�a S Y'[ ­ M w a u I � I`J N I \nDQP R � I \ ; a R�c _ \ I ­ M w a+D N I�J M P
w I \�\ S JEx$I N a�P M<M x f

² J P [ R a P [�I a R a u P [�I DGP�P I`J P RnM JU[ DOa : I`IKJ�_ D R x P M P [�I MON I P R Y DQ\ R J � I a�P R e DQP RnM J M b x R \ S P I
_ D N P R Y S \nDQP I Y'[ D J�J�I \�­ M w a@DQP N I \nDQP R � I \ ; \ M w ] I ; J M \ x a J SEct: I N f ²�P w DOa R \n\ S a�P N DQP IKx
P [ DQP-P [EI c I P [ M x M \ M e ; w DOa
a S YKY�I a.a�b S \n\ ; D _�_ \ R IKx P M P [�I�Y DOa I M b�a�P S x ; D JEx D Y`Y S�N DGP I
_ N IKx R Y P R�M J a Y MOS \ x : I c D x$I f

� J Rnc _ MON P'D J P Y M JEY \ S a RnM J u�R J D x�x R P RnM J P M P [ M a I b MWN P [�I a _BIKY R¼® Y P M _ R Y a x N D w J R J
P [�I�_ D _BI N a&DQP�P'D Y'[�IZx u�R a^P [�I Y \ I D N/R \n\ S a�P N DQP RnM J M bqP [�I�Y MWc _ \ I F R P ;�M b$P [�I�_ N.MO: \ I c f/X [�I N I
D N I D-\�D N eWI�J S�cm: I N�M b _�[ ; a R Y DQ\ _�[�IKJ MWc I`J D R J P I N D Y P R J�e w R P [�I D Y'[ M P [�I N f � Y MOc _ \ I P I
D JEx D YKY S�N DGP I-_ N IKx R Y P R�M J M b(P [�I ­ M w N IZ³ SER�N I a x$I P'D R \ IZx c�M x$I \�a0b MON P [ M a I�_�[�I`J MWc I`J D
; I P J M P�b S \n\ ; D��GD R \nD : \ I f

� \�a M�u<M J�I�Y D J�J M P R Y`I Dm\�D Y'i M b I F _�I N.R I`JEY`I M J�J S�c I N�R Y DQ\ a RnctS \nDQP RnM J M b/a S Y'[ ­ M w a
R JvY MOc _ D N�R a M J w R P [ P [ DGP M b _ S�N I P S�N�:�S \ I`J P Y'[ D J�J�I \B­ M w9w [�I N I D eOI`J�I N DW\ D e N I`I c IKJ P
M J a RnctS \nDQP RnM J¾_ D N D c I P I N a R a I a�P'D : \ R a IKx : I P w I`I`JÇx R�� I N I`J P N I a I D N Y'[ R JEe�e N�MWS _ a`f�X [�I
a Y R IKJ P R�® Y a M Y R I P ; [ DWa�a�P R \n\�DÇ\ M JEe w D ; P M e MÔ: I b MWN I D Y MWc _ \ I P I S JEx$I N a�P�D JEx R J�e M b
P S�N�:�S \ I`J P _ D N P R Y S \�DGP I ­ M w a w R P [ w DQ\n\ R J P I N D Y P R�M J a Y D J : I D Y'[ R I � IKx f

� |



ô ��� Ú�Ø Ò �M� æ � 
 � Ú�Û

² w R a [ P M P [ D J�i cm; a S _�I N � R a MON a R J o<w IKx$IKJ D JEx � D _ D J u £ N�M b I a.a MWN C N�R P ê j-f=v D N i u
£ N�M b I a.a MWN o [ S J a S iWI d M JEx M D JExÃÕ M Y�IKJ P o D R x � D [ N D R b MON�c D i R J�e P [ R a w MON iU_ M a.a Rn: \ I
x$I a _ R P I DW\�\ _ N D Y P R Y DW\ Y MWc _ \ R Y DGP R�M J aKf

C N�R P ê [ DWa4DQ\ w D ; a : I`IKJmIKJEY MOS�N D e R J�e c I D JEx \ I D x R J�e c I P M D N.R eW[ P x R�N IKY P RnM J f/² [ D x
P [�I
e N I DGP I a�P M _�_ MWN P S J R P ; P M�: I M JEI M b/P [�I a�P�D N P R J�e c I cm: I N a M b7C�DGF�HI`J�L D :BMWN DGP MWN�R I PKf

o D R x u x$I a _ R P I¾[ R a [ ; _BI N p a Y'[�IKx S \ I u a _�IKJ P ctS Y'[ P Rnc I b MWNUc I�J M P M J \ ; b MON P [�I
x R a Y S a.a RnM J a�D :�MOS P ct;�N I a I D N Y'[ :�S P�DQ\�a M b MON I � I N�; P [ R J�e�x S�N.R J�e cm; a�P'D ;@R J o$w IZx$I`J f

d M JEx M p a IKJ a I Rgu i R JEx \ ; _�I N.c�R P�P IZx c I P M [ D JEx R J P [ R a�P [�I a R a w [ R Y'[ DW\na M�R JEY \ S x�I a
_ D N P�a M b cm; w MWN i R J X M i ;WM f/² w R a [ P M P [ D J�i�[ R�c b MWN e R � R J�e c I P [ R a M _�_ MWN P S J R P ; f

X [�I0Y MOc _ S P�DQP RnM J a4b MON £hD _BI N�T�u £hD _BI Nhs D JEx £hD _BI N ��w I N I�x M J�I M J ²�v�½ ] o Á VWVOV
ÿ#MON i a�P�DQP RnM J a0DQP � vFv>¤ MWN _ MWN DGP I ] I a I D N Y'[ u�� lDWa�P I N �DOa`f�£hD N P M bhP [�ItY MWc _ S P'DGP R�M J b MWN
£hD _BI N rtw DWa x M J�I M J D o S J ÿ¾MWN i a�P�DQP RnM J DQP Õ�I`_ D N P c IKJ P M b�½ IKY'[ D J R Y a u d
X�j-f X [�I
M P [�I N Y MOc _ S P�DQP RnM J a u<R f I fh£hD _�I N � u £hD _�I N Á u £hD _BI N � D J�x@_ D N P M b/£hD _�I N r u w I N I�x M J�I
M J D Õ ~ ¤ � \ _�[ D o I N � I N-s r VWV � Q�s ÁOÁvDGP Õ�I`_ D N P c I`J P M b¥õ S D J P S�c ~ JEe R J�I`I N.R J�e D JEx
o ; a�P I c a o Y R IKJEY�I u h J R � I N a R P ;@M bhX M i ;WM f

C MON P [�I�IKY M J MWc�R Y DW\Oa S _�_ MWN P u CEDQF�HI`JEL D :BMWN DGP MWN�R I P u w [ R Y'[ R a7D Y M<M _BI N DGP R � I N I a I D N Y'[
Y�IKJ P I N a S _�_ MWN P IKx :<; d
X�j u.o h�X ~ d D JEx D J S�cm: I N M b o<w IKx R a [�Y MOc _ D J R I a R JEY \ S x R J�e
� v*v ¤ MWN _ MWN DGP I ] I a I D N Y'[ u D JEx � F I \ M Y'[ ½ÃD N e D N I P � F � a M J �WM [�J a M J a o P R b P I \na I D N I
e N I DQP.\ ; D Y'i<J M w \ IKx$eOIKx f

² w MOS \ x DQ\�a M \ R iWI P M P [ D J�i P [EI�Y M \�\ I D e S I a-DGP�d
X�j u � v*v�¤ MWN _ MON DQP I ] I a I D N Y'[
D JEx h J R � I N a R P ;kM bhX M i ;WM b MWN DW\�\ b N�S�R P�b S \ x R a Y S a.a R�M J a�² [ D x f

C R J DW\�\ ;Wu ²�P [ D J�i ct; _ D N IKJ P'a�D JEx ct;U:�N�M P [�I N b MWN P [�I RnN I`JEY MWS�N D eOI c I`J P u D JEx cm;
w R b I u ¤ [ R [ D N�S^u b MON [�I N \ M � I D J�x�I F<P I`J a R � I a S _�_ MON PZf



ö é�÷ � éMØ �2��	 � � �
ø ´¬ù�úüû�ã�ýQâ`ì�Ý½ú�ß�ú ß^ç�þ4éQåGÙ�ë ÿ0Ý^á&ß�þ ß Â ´ªµ�Ô�ÓX·`Ä ��� ¸eÆ Ï È ¹
�#�(�� Q¦[©>¥'»Mº�¹
���£§¨½ª¥�¤6�(��½Å��»�§ � º��>¼û ¡�

½ª¥�¤¨½�º�¤e¥P�(§¨»��
§¨»�½� ¡¹
���£��¢(¢£§¨¾�¤¨����º�§¨¦��� Ã®�¢ ·H« Ï!Ì���Å Ô�Ó Â «  ¡¢!Ï!¤e¥�¹
 ¡¢ « ¥�¾ ·¨·ø Î ù
	�éQÙ'éQÛXÑQéQì�ýWâ`å$ÝGÒqßQç��+é�
Wâ��EÝ��kß�æ�ß Â ´ªµUÄ¡µX·ËÆ �#�£�X Q¦�¢6¼û ¡�6�#¿¡¥�¤¨º�¥P�£§¨»�����º�§¨¦*¿���¤¨ M½ª§ �(§¨��¢�§¨»�¢£�
��½��(�Å¥�¤
¢(§¨¹Fº�¤e¥P�(§¨ ¡»�¢� �¼.�£ºX�£¾�º�¤¨��»�½�� ·$ðZñ��������Qô�� ñ�� ú��� �ñ"!"# Â µ¡Í Ì ´ªÎ¡¶X·ø Å ù
	�éWãäã�âKêqÝ�ú ß$	(ß Â ´ ÄUÄUÄX·
%�&°ø('���õ) äø*��+-,.��ö�&/�.ö���+"'�� õ�ù0 .1  ¡¤ ·.Î Â È ��¥�� ·`Î¡Î Â]��� ·]ÎUÄ¡¶ Ì Î¡µ�Ô Â$28��§3�¡���£ ¡»
Ë ��¤¨¤ Â «  ¡»�¦� ¡» ·ø � ù
	^ëQâQÑ)û âWÝ�4�ß}Ýq×hå�Ø"5�5OÝ)þ ßqçýÒ�ÛXÑQìQé"6�â`Ù�Ý"7¾ß Â ´ªµ¡Í¡µX· Ã » ÷8��ó ø�ù.ôKó '�&.�9&/�.ù�ø: ( äø: ;��+=<>��ó õnö?<Wô�&A@B'�ù�ø0 Â
Ç ¦�¢ · 2!�Å¥�»���§¨¢��#�!¥�¤ · Â Æ ½0C8�Å¥Ð®�Ì ¯ §¨¤¨¤ ·ø ¶ ù
	^ëG³OØWã�Ù'éjÿ�ã�ÜWÚ Ý$D ß$çFE ë"5KÚÅâ`Ù�Ý$G7ß�H ß Â ´ªµ�Ô�µX· Ç]¤¨ Ã®î¢(�(�£º�½#�(º��£�= �¼��(���=¼û�£���0�£ ¡º�»�¦��(º��£¾Xº�¤¨��»M�9Ig�#�{§¨»
�(���|§¨»�§ �(§e¥�¤/�£�J�¡§¨ ¡» ·Oð�ñqòBó ôZõ�ö0÷-ø�ù�úLK"K Â ¶ Å ´¡·ø Í ù
	^ëQÙ'Ú}ëEÝZè4ßZÞWßKç Ò�ÚÅìWÛZÙ�éWÚÅå$ÝZÞWßMD ß Â ´ªµ¡µ¡¶X· C{¥�¢]�(º��£¾�ºX¤¨�ª»X½ª��¹
 M¦�º�¤e¥P�(§¨ ¡»=§¨»|�(������»���º�¹�¥P�(§¨½�½� ¡»M¿��#ÀQ§¨»��
¹�¥�¢(¢£§ ¿��{��¥��g�£§¨½�¤¨��¢�§¨»�¿����(�(§¨½ª¥�¤/�(º�¾
�ª¢ ·ON(+���ñEðZñ<÷
ôZó �nõ ��ú�'� äø�òBó ��Pkû ±
Â µUÄ¡¶ Ì ´ªÓ¡ÓX´¡·ø ÔÃù
	^ëQÙ'Ú}ëEÝQè/ßGÞWß}Ý�QBéWã�ØQìWé�ÝQÞQßËú�ßGçBÒZÚÅìWÛZÙ'éQÚÅå$Ý�ÞWß�D ß Â ´ªµ¡µ¡¶X· 28§¨¤¨ºX�(���£º��(¾�º�¤¨��»��R��¥�¢(Ì ¢£ ¡¤¨§¨¦;��  ®@§¨»=�£§¨¢(�ª�(¢®�§ �(�>��¥��g�£§¨½�¤¨�#Ì ��¥��g�£§¨½�¤¨��§¨»��£���Å¥�½#�(§¨ ¡»�¢ ·"S�NT�$ú�U#ð�V ±
Â ´ Å Ô�¶ Ì ´ Å ÄUÄX·ø Ä ù
	^ëQØOãäã�ÚÅìQâKãBWEÝ�ÞWß Â ´ªµ¡Ó Å ·X%qú�øY�M&äõ�ø�S�+"'�ó ����õAZ.ôZø/ö�ø&ó '[�$ú�'�ó ø�ô�&>1  ¡¤ ·PÎ Â¡� ·PÎ¡Î ��Â «]\ Ç ½ª ¡¤¨� Â  ¡¤ ÀQ�(��½Å��»�§ � º��¡ÂÂ ¥��£§¨¢ ·ø µ ù
	�åGâ`ìWìQâ`å$Ý�þ ß Â ´ªµ¡ÍX´¡·]Ä ���<¢(¤¨ Ã®�¹
 ��(§¨ ¡»� �¼8¥'¢£���X�ª�(�
�£���( ¡º��¡�t¥<¿Q§¨¢£½� ¡º�¢���º�§¨¦��( Ã®�¥��(¦�¢
¥>�X¤e¥�»��
¢(º��(¼I¥�½�� ·]�$úZø:� õ�ù('�óOU�+�^�õA+Qø�ø:&äõA+�^_<Où.õ�ø0+Qù�ø ±�`jÂ Î � Î Ì Î¡¶X´¡·ø ´ªÓ ù�	�åGâ`ê�ÑQâKå�êGëQì�Ý4á^ß9E4ß Â ´ªµ¡Í¡ÎX·mÄ ���>¹
 ��(§¨ ¡»s �¼{�(§3�¡§¨¦s��¥��(�(§¨½�¤¨�ª¢F§¨»a¥�¢(���ª¥��_�� Ã®ú¥P�
¤¨ Ã®ýÆ��#ÀQ»� ¡¤¨¦�¢
»Mº�¹F¾
��� ·Oð�ñqòBó ôZõ�ö�÷tø�ù�ú�ñ ± V Â ÎUÄ ��Ì Å Ó � ·ø ´¡´¬ù�	�ØQâ�aWÚ}ÛXÑ�Ý"Q�ß#ú ß Â ´ªµ¡Í¡ÍX·OòBó ôKõnö_b
��+"'���ñ ±
Â ´¡´ªµX·ø ´ªÎ ù;G éQìWØQêGë�Ý�c�ßd��ß�çeG�ÑQâ`ì[³EÝfQ�ß Â ´ªµ¡µ�ÔQ· 28�#�(���£¹
§¨»�¥P�(§¨ ¡»� �¼��(��� ¸ ¹�¥T�¡ ¡�(§¨»�¢±°�ÀMÌ « §¨¤¨¤ À�½� ¡»�¢(�£¥�»M�;g9h ·
�Bú��� äñ<òBó ôKõnö� �K Â ´ Å ÍUÄ Ì ´ Å ÔjÄX·ø ´ Å ù;G éQëEÝ$ÞWß$ç¿ú8Ñ)û é�ýWÚ Ý�4�ß Â ´ªµ¡µ¡¶X· C{¥�¢(Ì ��¥��(�(§¨½ª¤¨�|�x®� �Ì �X��¥�¢£�0�£º��(¾�º�¤¨��»��i�� Ã®î§¨»�¥*¿����(�(§¨½ª¥�¤`¦Xº�½#� ·XN(+���ñ
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$�$�L�]4_����þi�(~d��ÒX�d�?� Â ´ªµ�Ô¡ÔQ·.Ä ���*¤e¥P�(���Å¥�¤6¹
§3�¡�£¥P�£§¨ ¡»% �¼�¢( ¡¤¨§¨¦2��¥��g�£§¨½�¤¨��¢|§¨»�¥�¤e¥�¹
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 Y�x&/�M+Oq { �� BqXÏ Ò · À ¥�¼(¢�£B² À Ä�¦ø À ¤ ù�Û���
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��¡��3¢"£:¤M¥ À ¦M§�¨�©9ª�¬Y©J¾�¯3°B­®¯3´�¶?´T¿O±�« ½ ¯3¶�«T¬Y¯3à:«Ç­®¯3´�¶ ® ¯ ­®¨?«�­ ® ´T²�© � µ�«Ç­®¯3´�¶
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® «JåM©:³�µ�³®¯3¶ � ­®¨�©ÆÎ´:å�¯3¶ � Â «T¬/­Y¯3°J±3© ¸ © ½ ¯ ²�¯ ½ ª�±3¯3°:¯ ­ ½ ©B­Y¨�´�¾X¦"NB+��rq�s�q�ó.u��_z:&:q�t8z:�Ay�q { v u�w��� �� ` ¢�¥ Ñ £B²/¥ Ö ¤�¦ø �MÑ ù��.}��"�����"�"�O�l���DþL��¢>£:¤M¥TÂ�¦ 2 ¯ ÍOµ�³Y¯3´�¶ Ë Ê*«L¬(«T¶�¾�´ ½ åM©J±3´�°J¯ ­�Ê[È�©J±3¾X¦O�]y��� Bq { v u�w��_Ï�#f¢ À�À ² Å £�¦
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�]y��� Bq { v u�w��� �S V Ö ÅUÅ ² Ö Å�Ñ ¦ø ÑUÅ ù�Df�3~d�R	.��Q_�bþ;�R��ú�×>�"} ÿ9�"�l�"���[�3¢9£:¤M¥ � ¦d»���ª"©J¬Y¯ ½ ©J¶M­(«T±R´ Ë ³Y©J¬®åT«Ç­Y¯3´�¶-´T¿�«T©J¬®´�³Y´�±R¾�©Jª"´�³Y¯ ­®¯3´�¶-¯3¶
­®µ�¬ Ë µ�±3©J¶�­ � ´ ® ¦OS�z0&/�� B��vX<>�0w�q m ¢>£ �MÑ ²(£ Ñ�Ñ ¦ø ÑT� ùL�Î�"|eý��d���-���Ëþ����(�"� ý��d���[���äÛd~"}�~"���O�"�����
��¢�£:¤UÄ�Â�¦Mî�ª�­®¯3°:«T± ½ ©:«T³Yµ�¬®© ½ ©:¶M­®³�´T¿"±3´�°:«T± � «T³�«T¶�¾Lª�«T¬®­®¯ ²
°J±3©�åM©J±3´�°J¯ ­�Ê?¯3¶[«T¶?µ�ª ® «T¬Y¾ � ´ ® ¯3¶ � ¾�¯3±3µ�­Y© � «T³®²�³®´�±3¯3¾�³]³®µ�³Yª"©J¶�³®¯3´�¶X¦�����v �B��y�'M (z { v ��PÙ'�+"�8%�&/'�+� x���M&B�
%"z(�By�+"��v �(^��Lº9©J¶M­Yµ�¬®Ê À ²�»]§�º�¢�ª�ªX¦ À £�£B² À £ Ö ¦ø Ñ�Ñ ùL�Î��
O|����
�-���L�.� ���3�Ç|������O���O�3¢�£:¤UÄ Å ¢.» � µ�«Ç­®¯3´�¶�´T¿ ½ ´T­Y¯3´�¶Ù¿�´�¬�«-³ ½ «T±3±�¬Y¯ � ¯3¾�³®ª�¨�©J¬Y©l¯3¶�«
¶�´�¶�µ�¶�¯ ¿A´�¬ ½ � ´ ® ¦��Ry��� Jq { v u�wA�M �� ` ¢ ÄUÄ Å ² ÄUÄ�¤�¦ø Ñ Ö ùL�=��Df��~O×>�"�T�3�d�O�"�"	
�3¢O£:¤�¤�£�¢ ¹ ¶�©J¬®­®¯�«T± ½ ¯ � ¬Y«Ç­Y¯3´�¶[´T¿d«�³ ½ «T±3±"³Yª�¨�©J¬Y©i¯3¶[±3¯3¶�©:«T¬�³Y¨�©:«T¬ � ´ ® ³0¦Xs�q { v u�wA�
t8zY�Jy�qO�O��V�¢ À�Ö £B² À ¥ � ¦ø Ñ ¥ÃùL�=��Df��~O×>�"�T�3�d�f�O�f	.�3¢d£:¤�¤ Å ¢X§�¨�©�±3¯ ¿)­�´�¶l«?³Yª�¨�©J¬Y©�¯3¶ ® «T±3± ² Ë ´�µ�¶�¾�©:¾l±3¯3¶�©:«T¬�³Y¨�©:«T¬ � ´ ® ³0¦�s�q { v u�wA�
t8zY�Jy�qO��V ` ¢ À � ¤Ç² À�Ö Ñ ¦ø Ñ Ä ùL�Î|����d�L�3¢$£:¤�¤ À ¦>Ã�¶8«Tª�ª�¬Y´���¯ ½ «Ç­®©L©���ª�¬Y©J³Y³®¯3´�¶=¿�´�¬�­®¨�©L³Y¨�©:«T¬.±3¯ ¿)­�¿A´�¬Y°J©;´�¶8«?³Yª�¨�©J¬Y¯3°:«T±$ª�«T¬®­®¯3°:±3©L«Ç­
È�¶�¯ ­Y©�É�©JÊ�¶�´�±3¾�³�¶�µ ½;Ë ©J¬0¢�NB+���q�s�q�tlu�v �xw ��y�'� Bz { v ��PÚÏ�!f¢X£ �MÑ ²(£ � ¥�¦ø Ñ ¤ ùL�Î���(�"� ûR�d�"�[�O���/�(�"�)���>�-�3¢>£:¤UÄ � ¦ Ç ±3´ ® ¬®© � ¯ ½ ©�­®¬(«T¶�³®¯ ­Y¯3´�¶Å°J¬Y¯ ­®©:¬®¯�«
¿A´�¬9µ�ª ® «T¬Y¾[­ ® ´T²�ª�¨�«T³Y© � ´ ® ¯3¶
åM©J¬®­®¯3°:«T±X­®µ Ë ©:³:¦>NB+���qds�q�,.z('��$t8'� ( Å%�&®'�+� )@Bz0&9� Ò ¢�¥ À Å ¦ø Ö Â ùL�Î� ���O�O|O��Q_�3¢�£:¤�¤ À ¢ ¹ ¶Å<Ou�u��Jy�w>j���u�u���'�w>j�w3á�w ^�'Çá�u�»]¾�³:¦ � «T³Yµ�¨�«T¬Y«iè 2 «T¯ � µ I ¯x¢�ªX¦ À�À Â�¢�é�¶�¯ åO¦�§�´ ° ÊM´Â ¬Y©J³Y³:¦ø Ö £¬ùL�=��ýO|�}�}�|��B�T�9 _���R���"���bþ;�$� ¡]��×O�>�"6��O�(�"���9�X�3¢R£:¤UÄ � ¦�§ ® ´T²x°:´ ½ ª"´�¶�©J¶M­<« 2 Ã ½ ©:«T³Yµ�¬®© ½ ©:¶M­.¯3¶
­ ® ´T²xª�¨�«T³Y©.­®µ�¬ Ë µ�±3©J¶�­ I ©B­:¦"S�N®S�Sês�qO�"�X¢ Ö�À � ² Ö Å Â�¦)ÆÎ´�¶�´T²�°J´ ½ ª"´�¶�©J¶�­ � «T³Y©J³:¦ø Ö�À ù�Ð��
	�O�d�9Q_�9� 4.�"}����3���9�ã�bþ;�3¢�£:¤�¤ Ö ¦$»���ª"©J¬Y¯ ½ ©J¶M­Y³L´�¶ãª�«T¬®­®¯3°J±3©B²x­Yµ�¬ Ë µ�±3©J¶�°J©�¯3¶�­®©J¬(«T°B­Y¯3´�¶�³_¯3¶�­®¨�©
¶�©:«T¬/² ® «T±3±�¬Y© � ¯3´�¶?´T¿X«T¶_´�ª"©J¶Å°Y¨�«T¶�¶�©J± � ´ ® Ìd¯ ½ ª�±3¯3°:«Ç­®¯3´�¶�³d¿�´�¬$³Y©J¾�¯ ½ ©J¶�­�­®¬(«T¶�³®ªO´�¬/­0¦"s�q { v u�w��Lt8zY�Jy�q
#O� ` ¦ À Ä Ñ ² Å £:¤�¦ø Ö Å ù;H�6��"~"�>�O��a��búL�]�-�3¢]£:¤ � £�¦dî�¶8­®¨�©?¾�¯3³/­Y¬®¯ Ë µ�­®¯3´�¶Æ´T¿�©J¶�©J¬ � Ê8¯3¶l­Y¨�©_³Yª"©J°B­Y¬®µ ½ ´T¿9­®µ�¬ Ë µ�±3©J¶�­ � ´ ® ¦
b��ÇáTv3qfS�á�'���qf<>�0w�qfó.'MuMá_<�<�<�jä#O���Î¢ À�À ² À � ¦ø Ö � ù;H�
 Ð�|��3�T���.�-��¡��3¢i£:¤ Ö � ¦]Ã ³Y±3´ ® ½ ´T­®¯3´�¶Ù´T¿�å�¯3³®°:´�µ�³Å±3¯ � µ�¯3¾â°:«Tµ�³Y©J¾ Ë ÊÙ«l³Y±3´ ® ± Ê ½ ´0å�¯3¶ � ³Y´�±3¯3¾X¦
t8'��Ay�z:�_'��xw3áM'?Ï"ÏO¢ Ö ¥�¦ø Ö Ñ ù;Hi�(|�|��d�RG.�d7í�3¢R£:¤ À ¥�¦�ó
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1$©J¬Y±�« � ¢H«f©J¯3ª�àJ¯ � ¦ø Ö�Ö ù;H�~"�"���T��þ;����ú��)ûR�)ý"���O4_�"���=��Df��~O×O�O�Ç�3�����O��	
�3¢O£:¤�¤�£�¦ 2 ¯3³Yª"©J¬Y³Y¯3´�¶[«T¶�¾Å¾�©:ª"´�³®¯ ­Y¯3´�¶[´T¿�ÝR¬®´ ® ¶�¯�«T¶
ª�«T¬/­Y¯3°J±3©J³�¿A¬Y´ ½ ªO´�¯3¶M­i³®´�µ�¬Y°J©J³i¯3¶=«_³®¯ ½ µ�±�«Ç­®©J¾*­®µ�¬ Ë µ�±3©:¶M­i°Y¨�«T¶�¶�©J± � ´ ® ¦ds�q����Mv)v ��wA�[N(+���z0&A@B'M�(z;<>�0w�q
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¯3¶�­®©J¬(«T°B­®¯3´�¶�³ ® ¯ ­Y¨ ® «T±3±X­®µ�¬®²
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©:¾�¾�ÊÎ³®¯ ½ µ�±�«Ç­®¯3´�¶*«T¶�¾Î³Y©J°J´�¶�¾�² ½ ´ ½ ©J¶M­
°J±3´�³Yµ�¬Y© ½ ´�¾�©J±R´T¿�ª�«T¬/­Y¯3°J±3© � µ�°B­Yµ�«Ç­Y¯3¶ � ½ ´T­®¯3´�¶-¯3¶�­ ® ´T²�ª�¨�«T³Y©Å­Yµ�¬ Ë µ�±3©J¶M­_³Y¨�©0«T¬ � ´ ® ³:¦R�9&/�0�Çq��M�)y
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