
� � � �� �� � � � �	 
 � � ��� � �� � � �

� ����� ������
� ��� � � ! "�# � "$% ! �&# �' (� � )���*+,-*. (�"�� /$01�*+0�2

345467 ' )���*#� ' 8 -++0"
9:; "0< = 10&��*>1� 33?6 3�+�, ��%-

@ ABCDEFC
G#0+ �"��* &<"++0H�+ -$%�* " <�&"< +�", <� *"$I &�$%0�0�$  �* *0$.+ J 0�#

 �*; �"*"; ���* ' +-,.*�-�+ � �#� .�$�*"< <0$�"* .*�-� KLMN J #0&# &�$�"0$
�#� �<�; �$�"*2 -$0�"*2 +-,.*�-� 9/ MN �

O PQR ST U V WR XT Q

YZ [\] ^_]`]Z[ ^a^ ]_ b] c]`d_ef ] gh]_i_gj^` gk [\] ]l]m ]Z[a_n \n^ ]_fgled jZ eo
[a_n i_gj^ gh]_ a kg_m _eZi `jfp ]d[ [g a d]_[aeZ `[afele[n dgZce[egZ b \ed\ \glc`
eZ ^a_[edjla_ kg_ alm g`[ dgm m j[a[eh] aZc `]m elg dal _eZi` q r\e` ^a^ ]_ e` a dgZo
[eZja[egZ gk ^_]hegj` p g eZ[ ^a^ ]_` b e[\ s q tahelgh uvw x vyz x b \]_] a `em ela_
c]`d_e^[egZ ba` gf[aeZ]c kg_ [\] g_[\gigZal aZc `nm ^l]d[ed da`]` q

{] j`] [\] `][[eZi gk i]Z]_ale|]c jZe[a_n i_gj^` eZ[_g cjd]c fn } q ~ a� u� x w x
�z b \ed\ b] _]dall eZ �]d[egZ � eZ `lei\[ln ce�]_]Z[ []_m ` q �][ �� � � � f] a kg_m
_eZi x � � �� �� � � � f ] [\] ]l]m ]Z[a_n \n^]_f gled jZe[a_n i_gj^ gk c]i_]] �� gh]_
�� � � � q �gZ`ec]_ `jfi_gj^` gk [\] i]Z]_al leZ]a_ i_gj^ � ��� �� � b \ed\ dgZ[aeZ
�� �� �� � � � q {] ^_gh] [\a[ kg_ aZn `jd\ `jfi_gj^ � [\]_] ]� e`[` a jZe�j]
ec]al kg_m ^a_am ][]_ �� � � � `jd\ [\a[ � Zg_m ale|]` [\] ]l]m ]Z[a_n `jfi_gj^
�� ��� �� � � � � � gk l]h]l �� � � � �`]] �]d[egZ v� kg_ c]�Ze[egZ`� q

YZ [\] da`] gk a `�]bo�]lc � gj_ _]`j l[` fgel cgb Z [g a `^ ]deal da`] gk _]`jl[`
fn � q � eZi u�z aZc �e �\aZi|\e u�z ^]_[aeZeZi [g \n^]_f gled kg_m ` q �Z [\] g[\]_
\aZc kg_ [\] da`] gk a dgm mj[a[eh] � b e[\ [_eh eal eZhglj[egZ aZc [\] m a�em al
kg_m ^a_am ][]_ gj_ _]`jl[` `^edeale|] [g [\g`] gk uvw x vyz q

} ` eZ uvyz b] j`] a h]_`egZ gk lg daloilgfal []d\Ze�j]` eZ[_g cjd]c fn � q �jell]Z x
} q �j`leZ x � q ta`]_`[]eZ aZc } q ~ a� x `]] x kg_ ]�am ^l] x uv� x v� x � x yz aZc _]k]_]Zd]`
[\]_] q {] m a�] `jf`[aZ[eal j`] gk daldjla[egZ` k_gm [\] [\]`]` gk � q   a|_a[ uyz q
�Zle�] [\] da`] gk `^le[ dla``edal i_gj^` x eZ gj_ `][[eZi `]h]_al Z]b ec]a` a_]
_]�je_]c [g `][[l] [\] lg dal da`] q   ]_] b] ^_gh] a h]_`egZ gk { e[[ ¡` [\]g_]m eZ
[]_m ` gk a Z]b `[af ele[n dgZce[egZ � ¢£ eZ[_gcjd]c fn } q ~ a� u�z q r\e` [\]g_]m
e` aZ ]�[]Z`egZ gk a _]`j l[ fn { q haZ c]_ � all]Z x ~ q ¤ aij_Z aZc � q ta`]_`[]eZ
uv�z aZc eZ ^a_[edjla_ em m ]cea[]ln em ^le]` `j_p ]d[eh] `[af ele[n kg_ � � ¥ q

r\] ^a^ ]_ e` g_iaZ e|]c a` kgllgb ` q YZ �]d[egZ` �¦w b] _]dall fa`ed c]�Ze[egZ`
_]la[]c [g jZe[a_n i_gj^` aZc [\]e_ ]l]m ]Z[a_n `jfi_gj^` x eZ �]d[egZ y aZc

v



� b] ^_gh] `]h]_al aj� elea_n _]`j l[` b] Z]]c kg_ lg dale|a[egZ ^_g d]cj_]` q YZ
�]d[egZ` �¦ vv b] eZ[_g cjd] � ¢£ aZc ^_gh] { e[[ ¡` [\]g_]m q YZ �]d[egZ v� b]
^ ]_kg_m daldjla[egZ` b e[\ ]l]m ]Z[a_n m a[_ed]` `em ela_ [g [\] ngia gk dgZp jia[egZ
j`]c fn � q   a|_a[ uyz q �]d[egZ v� e` a d_jdeal `[]^ eZ [\] ^_ggk gk [\] m aeZ
[\]g_]m q YZ �]d[egZ v� b] eZ[_gcjd] [\] i_gj^ � ���� �� � � � �� aZc daldjla[] e[`
Zg_m ale|]_ q §eZalln [\] m aeZ [\]g_]m e` ]`[af le`\]c eZ �]d[egZ v� q

Y b e`\ [g ]�^_]`` [\aZ�` [g mn ache`g_ s e�glae tahelgh aZc [g }Z[\gZn ~ a�
kg_ \e` haljaf l] dgm m ]Z[` q } l`g Y b e`\ [g ad�Zgb l]ci] [\] ^a_[eal `j^^ g_[ gk
�} } � x Ys r} � ¨¨o�ww aZc [\] ^a_[Z]_`\e^ ^_gi_am ~e]l]k]lc � Zeh]_`e[n ¦ �[ q
©][]_`fj_i �[a[] � Zeh]_`e[nq
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�][ ° fn aZ a_fe[_a_n i_gj^ q Yk ± � ² ³ ° x b] b _e[] ´ ² kg_ ±²± µ¥ aZc u± � ²z kg_
±²± µ¥²µ¥ q YZ [\] `]�j]l b] j`] [\] kgllgb eZi dgm mj[a[g_ kg_mjla]

u± � ²¶z · u± � ²z ¸ ¹ u± � ¶z �
u±² � ¶z · ´ u² � ¶z u± � ¶z �
u±² � ¶ºz · ´ u² � ¶z ¸ ´» u² � ºz ¸ u± � ¶z ¸ » u± � ºz �
u»± � u² � ¶zz ¸ u¹ ¶ � u± � ²zz ¸ u´ ² � u¶ � ±zz · v �[\]   all ec]Z[e[n � q

§g_ a `jf`][ ¼ ½ ° aZc a `jfi_gj^ � ¾ ° b] c]Zg[] fn ¿¼ À [\] `jfi_gj^
i]Z]_a[]c fn ¼ x aZc fn ¿¼ ÀÁ [\] `m all]`[ `jfi_gj^ dgZ[aeZeZi ¼ aZc Zg_o
m ale|]c fn � q §g_ [bg `jfi_gj^` Â � � ¾ ° b] c]Zg[] fn uÂ � � z [\]e_ _]la[eh]
dgm mj[a[g_ `jfi_gj^ x i]Z]_a[]c fn uÃ � Äz x Ã ³ Â x Ä ³ � q } i_gj^ e` dall]c
Å ÆÇÈ ÆÉÊ ek e[ dgeZdec]` b e[\ e[` dgm mj[a[g_ `jfi_gj^ q

§j_[\]_ x l][ � f ] aZ a_fe[_a_n a``gdea[eh] _eZi b e[\ ec]Z[e[nq � ]Zg[] fn
� Ë [\] i_gj^ gk all eZh]_[efl] ]l]m ]Z[` gk � q �][ Ì f ] a ^ g`e[eh] eZ[]i]_ q §g_
a m a[_e� ± ³ � �Í �� � b] c]Zg[] fn ±ÎÏ e[` dg]Ð de]Z[ eZ [\] ^g`e[egZ �Ñ � Ò � x
aZc b] b _e[] ± ÓÎÏ kg_ �± µ¥ �ÎÏ q §g_ ±Î ³ � �ÍÔ �� � x Ñ · v� Õ Õ Õ � Ö b] c]Zg[] fn
ceai �± ¥ � Õ Õ Õ � ±× � [\] flg d�oceaigZal m a[_e� b e[\ flg d�` ±¥ � Õ Õ Õ � ±× q

} dgljm Z Ø · �Ø ¥ � Õ Õ Õ � ØÍ �Ù e` dall]c ÚÛÜÝ ÞßÚàáÇ ek [\] l]k[ ec]al i]Z]_a[]c fn
Ø ¥ � Õ Õ Õ � ØÍ dgeZdec]` b e[\ � q §g_ ]�am ^l] x a dgljm Z gk ]h]_n eZh]_[efl] m a[_e�
e` jZem g cjla_ q

�][ â f ] [\] ec]Z[e[n m a[_e� aZc âÎÏ f ] [\] m a[_e� b \ed\ \a` v eZ [\] ^ g`e[egZ
�Ñ � Ò � aZc |]_g]` ]l`]b \]_] q ~n ãÎÏ �ä � �ä ³ � x Ñ å· Ò � b] c]Zg[] [\] àÜÛÆáÇ
ÆàÆÝ ÆÛÊáÇæ ÊÇáÛçèÆÉÊÜÞÛ é ãÎÏ �ä � · â ê ä âÎÏ q YZ [\] `]�j]l b] j`] [\] kg llgb eZi
_]la[egZ` am gZi [\] ]l]m ]Z[a_n [_aZ`h]d[egZ` é

ãÎÏ �ä �ãÎÏ �ë � · ãÎÏ �ä ê ë �
uãÎÏ �ä � � ãÏ ì �ë �z · ãÎì �ä ë � � Ä å· Ñ Õ

�][ � f] aZ ec]al gk � q �]Zg[] fn �Í �� � [\] kgllgb eZi `jfi_gj^ gk � �Í �� � é
�Í �� � · ¿ãÎÏ �ä � � ä ³ � � Ñ å· Ò À Õ

�



{ \]Z � · � [\] `jfi_gj^ � Í �� � e` dall]c [\] àÜÛÆáÇ ÆàÆÝ ÆÛÊáÇæ í ÇÞÚÅ q ~n
�Í �� � � � b] c]Zg[] [\] Zg_m al dlg`j_] gk �Í �� � eZ �Í �� � é

�Í �� � � � · �Í �� �îï ðñò Õ
óôõ õ ö ÷ø ùÆÊ Ì ú � û üý ÆÛ � Í �� � � � Üç í ÆÛÆÇáÊÆß þæ áà à ÆàÆÝ ÆÛÊç ÞÈ Êý Æ È ÞÇÝ
ÿÎÏ �ä � ë � · ãÏ Î �ë �ãÎÏ �ä �ãÏ Î ��ë � � ä ³ � � ë ³ � � Ò å· Ñ û� ÇÞÞÈ û �]] x kg_ ]�am ^l] x uv� x �]m m a �z q

�]Zg[] fn �� [\] _]cjd[egZ \gm gm g_^\e`m m g cjlg � é�� é � ��� �� � � � ��� �� �� �Õ
r\] �]_Z]l gk �� e` c]Zg[]c fn � ��� �� � � � aZc dall]c [\] í ÆÛÆÇáà ÉÞÛíÇÚÆÛÉÆ
çÚþíÇÞÚÅ ÞÈ àÆèÆà � q

� � Q XR  S	 
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�][ � f ] aZ a``g dea[eh] _eZi b e[\ ec]Z[e[nq } Z acce[eh] m a^ � é � � � x
ä � �ä e` dall]c a Å çÆÚßÞÜÛèÞàÚÊÜÞÛ ek ��ä · ä aZc ä ë · �ë �vµ¥ �ä q �][ � · ��v aZc
ä � · �ä �vµ¥ q r\]Z b] \ah] v� · vx �ä ë �� · ë �ä � aZc ä �� · �ä� � q �gZh]_`]lnx
ieh]Z aZ acce[eh] m a^ � é � � � x ä � ä � aZc aZ ]l]m ]Z[ � ³ � `a[n`kneZi [\]
dgZce[egZ` af gh] x c]�Z] [\] ^`]jcgeZhglj[egZ � é � � � a` kgllgb ` é �ä · �ä �� q
�g gj_ Zg[egZ gk ^ `]jcgeZhglj[egZ dgeZdec]` ]``]Z[ealln b e[\ gZ] gk ¤ aij_Z x haZ
c]_ � all]Z aZc ta`]_`[]eZ �`]] uv�z� x fj[ b] j`] gZ ln gZ] ^a_am ][]_ � eZ`[]ac
gk � aZc � q

�][ m eZ� �� � · �ä ê �ä �ä ³ � � x m a�� �� � · �ä ³ � � �ä · ä � q
}Z acce[eh] `jfi_gj^ � gk � e` dall]c a � �È ÞÇÝ Å áÇáÝ ÆÊÆÇ ek [\] kg llgb eZi

dgZce[egZ` \glc é
m eZ� �� � ½ � ½ m a�� �� � ��ä �vµ¥�ä ½ � kg_ all ä ³ � Õ

r\e` e` ~ a� ¡` Zg[egZ gk kg_m ^a_am ][]_ u� x �v~ aZc �v�z x kg_mjla[]c eZ [\]
laZijai] gk ^`]jcgeZhglj[egZ` q

�][ � f] a _ei\[ � om g cjl] q } feacce[eh] kg_m � é � � � � � e` � �
çÆç�ÚÜàÜÛÆáÇ ek� �Øä � � ë � · �ä �vµ¥� �Ø � � �ë kg_ all Ø � � ³ � � ä � ë ³ � Õ

} � o`]`�jeleZ]a_ kg_m � e` dall]c � �áÛÊÜý ÆÇÝ ÜÊÜáÛ ek
� �Ø � � � · �� �� � Ø � kg_ all Ø � � ³ � Õ

} �� � � � ��ÚáßÇáÊÜÉ È ÞÇÝ e` a ^ae_ � · �� � � � dgZ`e`[eZi gk a � oaZ[e\]_m e[eaZ
kg_m � aZc a m a^ � é � � � �� `a[e`kneZi [\] kg llgb eZi dgZce[egZ` kg_ all

�



Ø � � ³ � x ä ³ � é� �� ä � · �ä �vµ¥� �� �ä �� �Ø ê � � · � �Ø � ê � �� � ê � �Ø � � � ê � �
� �� � � � · � � �� kg_ aZn � ³ � `jd\ [\a[ � �� � · � ê � Õ

{] c]Zg[] � fn �¸� ¸� aZc � fn � ¸ � q �¸� ¸� e` dall]c [\] áççÞÉÜáÊÆß áÛÊÜý ÆÇÝ ÜÊÜáÛ
È ÞÇÝ gk � aZc � ¸ � [\] áççÞÉÜáÊÆß �ÚáßÇáÊÜÉ È ÞÇÝ q r\] �� � � �o�jac_a[ed kg_m �
e` dall]c ÛÞÛçÜÛí ÚàáÇx ek [\] m a^ � �   gm ñ �� � � � x � � �� � ¸� e` fep ]d[eh] q

} ^ae_ �� � � � e` dall]c a �� � � � ��ÚáßÇáÊÜÉ çÅ áÉÆq
}Zn � o`]`�jeleZ]a_ kg_m � c][]_m eZ]` a �� � � �o�jac_a[ed kg_m fn `][[eZi

�Ø � � � · � �Ø � � � � � �� � Ø � x �� � · � �� � � � ê � q
�][ � c]Zg[] a � o`]`�jeleZ]a_ kg_m gZ � q Yk ! ³ �]Z[ �� � [\]Z [\] � o

`]`�j eleZ]a_ kg_m !� �fn c]�Ze[egZ �!� � �Ø � � � · !� �Ø � � �� e` dall]c çÜÝ ÜàáÇ [g� q ¤ g_]gh]_ x ek �� �Ø � � � �Ø � � ³ � � dgZ[aeZ` a ZgZ|]_g cehe`g_ aZc ! e` aZ
a_fe[_a_n ]l]m ]Z[ gk � [\]Z !� e` a � o`]`�jeleZ]a_ ek aZc gZln ek ! ³ �]Z[ �� � "
kj_[\]_m g_] !� · ! Ó� kg_ `gm ] ! Ó ³ � ek aZc gZln ek ! · ! Ó q Yk eZ acce[egZ �
aZc !� a_] � oaZ[e\]_m e[eaZ [\]Z �! · !�vq YZc]]c x d\gg`] Ø � � ³ � `jd\ [\a[� �Ø � � � e` a ZgZ|]_g cehe`g_ eZ � q r\]Z� �Ø � � �! · !� �Ø � � � · �!� �� � � � · �� �� � Ø ��vµ¥ �! · � �Ø � � ��vµ¥ �! �
\]Zd] �! · !�vq

�][ �# · �ä ³ �]Z[ �� � � �ä · ä �v� ä � ½ � � q �fhegj`ln �# e` a `jf_eZi g_
�]Z[ �� � q Yk � · �� � � � e` a �� � � �o�jac_a[ed kg_m gZ � aZc ! ³ �# [\]Z [\]
�� � � �o�jac_a[ed kg_m !� · �!� � !� � e` dall]c çÜÝ ÜàáÇ [g � q Yk �� �Ø � � � �Ø � � ³ � �
dgZ[aeZ` a ZgZ|]_g cehe`g_ [\]Z !� · ! Ó� ek aZc gZln ek ! · ! Ó x fn [\] ^a_ai_a^\
af gh] q

�][ �� � � � aZc �� Ó � � Ó � f ] [bg �� � � �o�jac_a[ed `^ad]` q } Z � om g cjl] \go
m gm g_^\e`m Ã é � � � Ó e` aZ ÜçÞÝ ÆÊÇæ ek �Ã Ø � Ã � � $ · �Ø � � � x �Ã � � $ · �� � 
kg_ all Ø � � ³ � x aZc a çÜÝ ÜàÜÊÚßÆ ek � �Ø � � � �Ø � � ³ � � dgZ[aeZ` a ZgZ|]_g ceo
he`g_ aZc [\]_] ]� e`[` �a jZe�j]� ! ³ �# �dall]c [\] Ý ÚàÊÜÅ àÜÉáÊÞÇ gk Ã � `jd\
[\a[ �Ã Ø � Ã � � $ · ! �Ø � � � x �Ã � � $ · ! �� � kg_ all Ø � � ³ � q �g aZ e`gm ][_n e` a
`em ele[jc] b e[\ m jl[e^leda[g_ vq

Yk �âÎ �Î ³ % e` a kam eln gk i]Z]_a[g_` � [\]Z e[ ¡` `jÐ de]Z[ [g d\]d� ec]Z[e[e]`
k_gm [\] c]�Ze[egZ gk a `em ele[jc] �g_ aZ e`gm ][_n� gZln kg_ [\] da`] b \]Z Ø aZc� f ]lgZi [g [\e` kam elnq YZc]]c x ek Ø · & Î âÎäÎ x � · & Ï âÏ ëÏ [\]Z

�Ã Ø � Ã � � $ · '
Î (Ï �äÎ �vµ¥ �Ã âÎ � Ã âÏ � $ ëÏ · ! '

Î (Ï �äÎ �vµ¥ �âÎ � âÏ � ëÏ · ! �Ø � � � �

�Ã Ø � $ · '
Î

�äÎ �vµ¥ �Ã âÎ � $ äÎ ê '
Î)Ï

�äÎ �vµ¥ �Ã âÎ � Ã âÏ � $ äÏ

· ! �'
Î

�äÎ �vµ¥ �âÎ � äÎ ê '
Î)Ï

�ä Î �vµ¥ �âÎ � âÏ � äÏ � · ! �Ø � Õ

�



} dgm ^ g`e[egZ gk [bg `em ele[jc]` e` dl]a_ln a `em ele[jc] q �g b] \ah] [bg
da[]ig_e]` gk �� � � �o�jac_a[ed `^ad]` é eZ [\] �_`[ gZ] x m g_^\e`m ` a_] e`gm ][_e]` x
aZc eZ [\] `]dgZc gZ] m g_^\e`m ` a_] `em ele[jc]` q

�j^^ g`] � �Ø � � � �Ø � � ³ � � dgZ[aeZ ` a ZgZ|]_g cehe`g_ q �][ � �� � � � c]Zg[]
[\] i_gj^ gk all f ep ]d[eh] e`gm ][_e]` gk �� � � � b e[\ e[`]lk aZc � � �� � � � [\] i_gj^
gk all f ep ]d[eh] `em ele[jc]` gk �� � � � b e[\ e[`]lk q � �� � � � e` dall]c ÚÛÜÊáÇæ í ÇÞÚÅ
aZc � � �� � � � e` dall]c í ÇÞÚÅ ÞÈ çÜÝ ÜàÜÊÚßÆç gk �� � � � q

�Zc]_ [\] a``jm ^[egZ af gh] x [\] mjl[e^leda[g_ gk a `em ele[jc] c][]_m eZ]` a
i_gj^ \gm gm g_^\e`m k_gm � � �� � � � [g [\] i_gj^ � Ë# x b \g`] �]_Z]l e` dl]a_ln
� �� � � � q r\j` � �� � � � e` a Zg_m al `jfi_gj^ gk � � �� � � � q
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�][ Ø � � f] ]l]m ]Z[` gk � x ä � � f] ]l]m ]Z[` gk � `jd\ [\a[ �Ø � · ¨ x �Ø � � � · ¨ x�� � · � ê � q �]�Z] 234 �ä � � � [g f ] a [_aZ`kg_m a[egZ gk � m a^^eZi 5 ³� [g 5 ê Øä ��� � 5 � ê � �vµ¥ �ä �vµ¥ �Ø � 5 � � ê � �vµ¥ �ä �vµ¥ �Ø � 5 � q r_aZ`kg_m a[egZ`
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�



k l 0-m ¯¬ S¯R ¬ XQ ®¬Q Q 

�][ ¿¢À f ] a mjl[e^leda[eh] `n`[]m i]Z]_a[]c fn aZ ]l]m ]Z[ ¢ ³ � T q {] b _e[]
`em ^ln � ^ x � ^ x Â ^ eZ`[]ac gk � n^o x � n^o x Â n^o q

§g_ ä ³ � ^ b] c]Zg[] fn p£º ^ �ä � [\] m eZ em al ZgZoZ]ia[eh] eZ[]i]_ q `jd\
[\a[ ¢r ä ³ O� O^ q �fhegj`lnx p£º ^ � �ä � · p£º ^ �ä � q

Yk ¢ ³ [ x b] c]Zg[] fn �� �� �O¢r � O\ � O¢r �O\ � b \]_] q e` ZgZoZ]ia[eh]
eZ[]i]_ [\] `jfi_gj^ gk ���� �� \ � � \ � i]Z]_a[]c fn all ]l]m ]Z[` gk [\] kg_m2 ÎÏ � ^s :¥ � x ä ³ � kg_ Ò å· J Ñ aZc ä ³ �� Î kg_ Ò · �Ñ q
óôõ õ ö t ø ùÆÊ â¥ � Õ Õ Õ � â� � â µ� � Õ Õ Õ � â µ¥ þÆ á ý æÅ ÆÇþÞàÜÉ þáçÜç È ÞÇ � û ùÆÊ � þÆ á
èÆÉÊÞÇ ÜÛ �^ ÞÇÊý Þí ÞÛáà ÊÞ âÎ áÛß âµÎ � �� � · � ê � ^ û üý ÆÛ È ÞÇ ÆáÉý q Êý ÆÇÆ
ÆM ÜçÊç ÛÞÛ �ÛÆí áÊÜèÆ ÜÛÊÆí ÆÇ u vçáæ� u · q ê w � w · m a� �p£º^ �äÏ � � p£º^ �� ���xý ÆÇÆ äÏ áÇÆ Êý Æ ÉÞÆy ÉÜÆÛÊç ÞÈ � ÜÛ Êý Æ ýæÅ ÆÇþÞàÜÉ þáçÜç áþÞèÆz çÚÉý Êý áÊ È ÞÇ áà à
ä ³ � � 2 RÔ 4 �¢{ ä � � � ³ �� �O¢r � O^ � O¢r �O^ � û� ÇÞÞÈ û �][ � · & Ï |H} Î âÏ äÏ q r\]Z b] \ah]

~
Ï

2 RÔ RS �¢{ ä �äÏ �vµ¥ � ¨� · 2RÔ (4 ;¥<= ;: ^� �v� ¢�{ ä �
�'

ÏH ¥
�äÏ ä µÏ ��vµ¥ �ä � ·

· 2 RÔ (4 ;¥<= ;: ^� �v� ¢�{ ä� �vµ¥ �ä �2RÔT �v� ¢�{ ä �
�'

ÏH ¥
�äÏ ä µÏ � � ��vµ¥ �ä �

· 2RÔ4 �¢{ ä � � �2RÔ T �v� ¢�{ ä �
�'

ÏH ¥
�äÏ ä µÏ ��vµ¥ �ä � Õ

�g 2 RÔ4 �¢{ ä � � � ³ �� �O¢r � O^ � O¢r �O^ � x a` dlaem ]c q
óôõ õ ö � ø ùÆÊ B ³ � � ��µ� �� ^ � � ^ � û üý ÆÛ È ÞÇ ÆáÉý Û ÞÛ�Û Æí áÊÜèÆ ÜÛÊÆí ÆÇ q
Êý ÆÇÆ ÆM ÜçÊç Û ÞÛ �Û Æí áÊÜèÆ ÜÛÊÆí ÆÇ u vçáæ� u · � �q ê w � � w · p£º^ �! � êp£º^ �!µ¥ � ê m a� �p£º^ �B ÎÏ � � p£º ^ �B ÓÎÏ ��� xý ÆÇÆ ! Üç Ý ÚàÊÜÅ àÜÉáÊÞÇ ÞÈ B z çÚÉý Êý áÊB � ��� �O¢{ � O^ � O¢{ �O^ �B µ¥ ¾ �� �� �O¢r � O^ � O¢r �O^ � Õ� ÇÞÞÈ û Y[ ¡` `jÐ de]Z[ [g ^_gh] [\a[ kg_ all Ñ � Ò x ä ³ �B2 ÎÏ �¢{ ä �B µ¥ ³ �� �� �O¢r � O^ � O¢r �O^ � Õ

§ e_`[ x `j^^ g`] Ñ · J v g_ Ò · J vq {] `\all `\gb [\a[B2 ÎÏ �¢{ �� ä �B µ¥ ³ � ��� �O¢r � O^ � O¢r �O^ � Õ
~n _]la[egZ �� v� b] daZ a``jm ] [\a[ Ñ · J vq s g[] [\a[ B âÎ · âÎi x b \]_] i · v
kg_ Ñ · v aZc i · ! kg_ Ñ · � vq

v¨



�][ Ò · �Ñ q {] \ah]

B2 ÎÏ �¢{ �� ä �B µ¥ · B2 RÔT �v� ¢{ �� ä� µ¥Î �B µ¥ · 2RÔ T �i!µ¥ � ¢{ �� !ä� µ¥Î �
· 2 ÎÏ �¢{ ��i �!µ¥ä � ³ � � �� �O¢r � O^ � O¢r �O^ � Õ

�][ Ò å· J Ñ q s g[] [\a[ B âÏ e` g_[\gigZal [g âÎ q {] \ah]

B2 ÎÏ �¢{ �� ä �B µ¥ · B2 RÔ R<S ��¢{ �� ä�Ï � ¨�B µ¥ · 2RÔ (C R<S ��¢{ ��i!µ¥ä�Ï � ¨�
le]` eZ �� �� �O¢r � O^ � O¢r �O^ � fn �]m m a w q

sgb `j^^g`] Ñ � Ò å· J vq �][ Ò å· �Ñ q r\]Z b] \ah] fn �� ��B2 ÎÏ �¢{ ä �B µ¥ · uB2 Î¥ �¢{ �� �B µ¥ � B2 ¥Ï �¢{ ��ä �B µ¥z �
`g B2 ÎÏ �¢{ ä �B µ¥ le]` eZ �� �� �O¢r � O^ � O¢r �O^ � q

§ eZallnx l][ Ò · �Ñ q {] \ah] fn �� w�

B2 Î (µÎ �¢{ ä �B µ¥
· B2 Î (µ¥ ��¢�{ �� ä� µ¥Î �B µ¥ uB2 Î¥ �¢{ �� �B µ¥ � B2 ¥ (µ¥ �¢{ �� ä�µ¥Î �B µ¥z �

`g B2 Î (µÎ �¢{ ä �B µ¥ le]` eZ ���� �O¢r � O^ � O¢r �O^ � aiaeZ q

� �-¯R  G ®¬ S Q 0
{] `an [\a[ çÊáþàÆ ÇáÛ9 gk � cg]` Zg[ ]�d]]c Ì aZc c]Zg[] [\e` kad[ fn ¢£ �� � ¾
Ì x ek kg_ ]h]_n jZem g cjla_ dgljm Z Ø · �Ø ¥ � Õ Õ Õ � ØÍA ¥ �Ù gk l]Zi[\ Ì ê v [\]_] ]� e`[
]l]m ]Z[` ä¥ � Õ Õ Õ � äÍ ³ � `jd\ [\a[ [\] dgljm Z �Ø ¥ ê ä¥ØÍA ¥ � Õ Õ Õ � ØÍ ê äÍ ØÍA ¥�Ù
e` al`g jZem g cjla_ q

{] `an [\a[ àÞÉáà çÊáþàÆ ÇáÛ9 gk � cg]` Zg[ ]�d]]c Ì aZc c]Zg[] [\e` kad[ fn
�¢£ �� � ¾ Ì x ek [\]_] ]� e`[` `jf_eZi � T gk � dgZ[aeZ]c eZ �]Z[ �� � `jd\ [\a[ kg_
]h]_n e ³ ¤ a� �� T � [\]_] ]� e`[` a mjl[e^leda[eh] `n`[]m [f ½ � T g e `jd\ [\a[
¢£ �� \h � ¾ Ì q���� ������� ÷ø ùÆÊ Ì ú �¢£ �� � ê v� � áÛ ß àÆÊ � þÆ áÛ ÜßÆáà ÞÈ � û üý ÆÛ

u� �Í �� � � � � �Í �� �z · � Í �� � � � Õ�Û Å áÇÊÜÉÚàáÇ� �Í �� � Üç Û ÞÇÝ áà ÜÛ � �Í �� � û� ÇÞÞÈ û r\e` _]`jl[ ba` ^_gh]c fn ta`]_`[]eZ x `]] uv� x �g_glla_n v�z q � ] `j^^ g`]`
[\a[ � T dgeZdec]` b e[\ �]Z[ �� � fj[ \] j`]` gZln [\] eZdlj`egZ � T ½ �]Z[ �� � q�

{] `an [\a[ � �çÊáþàÆ ÇáÛ9 gk � cg]` Zg[ ]�d]]c Ì aZc c]Zg[] [\e` kad[ fn
� ¢£ �� � ¾ Ì x ek ¢£ �� � ¾ Ì aZc kg_ ]h]_n jZem g cjla_ dgljm Z

Ø · �Ø ¥ � Õ Õ Õ � ØÍA ¥ � Ø µÍ µ¥ � Õ Õ Õ � Ø µ¥�Ù

vv



gk l]Zi[\ � �Ì ê v� [\]_] ]� e`[` aZ �Ì ê v� � �Ì ê v�om a[_e� ± `jd\ [\a[ kg_ all Ñ � Ò�±ÎÏ · ±ÍA �µÏ (ÍA �µÎ �
±Î (ÍA �µÎ ³ � �

aZc [\] dgljm Z �Ø ¥ � Õ Õ Õ � ØÍA ¥ �Ù ê ± �Ø µÍ µ¥ � Õ Õ Õ � Ø µ¥ �Ù e` al`g jZem g cjla_ q
r\] dgZce[egZ` em ^ln [\a[ [\] m a[_e��â ±

¨ â�
f ]lgZi` [g �� �ðÍA ¥ò �� � � � " eZc]]c x e[ ¡` ]�jal [g~

¥� Î�Ï �ÍA ¥
2 Î (µÏ �±Î (ÍA �µÏ � Õ

Y[ ¡` ^_gh]c eZ u�z [\a[ � ¢£ �� � ¾ ±¢£ �� � b \]_] ±¢£ e` af`glj[] `[afl] _aZ� "
kg_ ]�am ^l] x � ¢£ �� � ¾ v kg_ a `]m elg dal _eZi � q r\] c]�Ze[egZ aZc ^_g^ ]_[e]`
gk ±¢£ daZ f ] kgjZc eZ uv�z aZc uv¨z q

{] `an [\a[ àÞÉáà � �çÊáþàÆ ÇáÛ9 gk � cg]` Zg[ ]�d]]c Ì aZc c]Zg[] [\ e`
kad[ fn ��¢£ �� � ¾ Ì x ek [\]_] ]�e`[` a `jf_eZi � T gk � `jd\ [\a[ � T ½ ��
kg_ ]h]_n kg_m ^a_am ][]_ � dgZ[aeZeZi � x aZc kg_ ]h]_n e ³ ¤ a� �� T � [\]_]
]� e`[` a m jl[e^leda[eh] `n`[]m [f ½ � T g e `jd\ [\a[ �\h ¢£ �� \h � ¾ Ì q �fheo
gj`lnx �¢£ �� � ¾ � �¢£ �� � ¾ � ¢£ �� � x aZc ek � ¾ � [\]Z � ¢£ �� � ¾ � ¢£ �� � aZc
��¢£ �� � ¾ � �¢£ �� � q

� eZi � e` dall]c x Æá9 àæ a ÛÜÊÆ ek ]h]_n `�ja_] m a[_e� [\a[ \a` a gZ]o`ec]
eZh]_`] mj`[ f ] eZh]_[efl] q §g_ eZ`[aZd] x dgm m j[a[eh] _eZi` a_] b]a�ln �Ze[] q���� ������� D ø �È ¢£ �� � ¾ v Êý ÆÛ � Üç x Æá9 àæ a ÛÜÊÆû� ÇÞÞÈ û ~n uv� x r\]g_]m �z x ¢£ �¤ Í �� �� ¾ v kg_ all Ì x b \]_] ¤ Í �� � e` [\] _eZi gk
all Ì �Ìom a[_ed]` q r\]Z fn � a^laZ`�no�]Z`[_a [\]g_]m �`]] uvvz� ]h]_n ]l]m ]Z[
gk ¤ Í �� � [\a[ \a` a gZ]o`ec] eZh]_`] e` eZh]_[efl] q

{] `an [\a[ [\] àÞÉáà àæ a ÛÜÊÆ � �çÊáþàÆ ÇáÛ9 gk � cg]` Zg[ ]�d]]c Ì aZc
c]Zg[] [\e` kad[ fn � �Ã ¢£ �� � ¾ Ì x ek eZ [\] c]�Ze[egZ gk lg dal �o`[afl] _aZ� x b]
eZ`e`[ [\a[ [\] _eZi` � \h a_] b]a�ln �Ze[] q �fhegj`lnx � �¢£ �� � ¾ � �Ã ¢£ �� � x
aZc � �Ã ¢£ �� � ¾ � �Ã ¢£ �� � ek � ¾ � q���� ������� V ø �È � �¢£ �� � ¾ v Êý ÆÛ � �Ã ¢£ �� � ¾ vû� ÇÞÞÈ û YZc]]c x ¢£ �� \h � ¾ vx `g [\]`] _eZi` a_] b]a�ln �Ze[] fn ©_g^ g`e[egZ � q

���� ������� W ø �È � Üç Ý ÞßÚàÆ�a ÛÜÊÆ ÞèÆÇ ÜÊç ÉÆÛÊÆÇ Êý ÆÛ � �¢£ �� � ¾ vû� ÇÞÞÈ û �][ � T f] a `jf_eZi i]Z]_a[]c fn all ]l]m ]Z[` gk [\] kg_m �ä �vµ¥ä b \]_]
ä ³ �]Z[ �� � q �][ [f · � T g e q r\]Z � \h e` `]m elg dal �`]] uv� x �]m m a vq�z� x
\]Zd] � \h ¢£ �� \h � ¾ vq r\j` � �¢£ �� � ¾ vx `g � �Ã ¢£ �� � ¾ vq���� ������� ` ø �È ±¢£ �� � ¾ v Êý ÆÛ � �Ã ¢£ �� � ¾ v û� ÇÞÞÈ û YZc]]c x � �¢£ �� � ¾ � ¢£ �� � ¾ ±¢£ �� � ¾ vx \]Zd] � �Ã ¢£ �� � ¾ vq

v�



O� � XRR �¯ R, ¬ T S¬Q
���� ������� t ø ùÆÊ �� Î �ÎH ¥ (III(× þÆ á È áÝ Üàæ ÞÈ èÆÉÊÞÇç çÚÉý Êý áÊ Êý ÆÇÆ ÆM ÜçÊ èÆÉ�
ÊÞÇç �� ÓÎ �ÎH ¥ (III(× çáÊÜçÈ æÜÛí Êý Æ ÉÞÛ ßÜÊÜÞÛ �� ÓÏ � � Î � · K ÎÏ û ùÆÊ �âÎ �ÎH ¥ (III(Í (µÍ (III(µ¥
þÆ á ýæÅ ÆÇþÞàÜÉ È áÝ Üàæ� xý ÆÇÆ Ì ú Ö ê � ¢£ �� � û üý ÆÛ Êý ÆÇÆ ÆM ÜçÊç áÛ ÆàÆÝ ÆÛÊ
± ³ � �� � � � çÚÉý Êý áÊ ±� Î · âÎ ê Ø Î xý ÆÇÆ Ø Î ³ ¿âµÎ � Õ Õ Õ � â µ¥ À È ÞÇ áà à Ñ û � ÞÇÆÞèÆÇ�ÜÈ �� � � � Üç ýæÅ ÆÇþÞàÜÉ x ÜÊý á ýæÅ ÆÇþÞàÜÉ þáçÜç �âÎ �ÎH ¥ (III(� (µ� (III(µ¥ � � ú Ì � x Æ ÉáÛa Û ß çÚÉý áÛ ÆàÆÝ ÆÛÊ ÜÛ � � �� �� � � � û� ÇÞÞÈ û r\e` ^_g^ g`e[egZ ba` ^_gh]c fn ~ a� �`]] uvz� b e[\ � [ �� � ê v _]^ladeZi
� ¢£ �� � aZc d]Z[_al �vx b \]_] � [ �� � ·~ a``o�]__] cem ]Z`egZ �� � x aZc kg_ [\]
da`] Ö · v b e[\ ±¢£ �� � ê v _]^ ladeZi � ¢£ �� � fn haZ c]_ � all]Z x ¤ aij_Z aZc
ta`]_`[]eZ �`]] uv� x r\]g_]m � qvz� q

{] ^_gh] gj_ ^_g^ g`e[egZ j`eZi eZcjd[egZ gZ Ö q ~ a`] Ö · ¨ e` [_eh eal q
{] `\all j`] gZln ]l]m ]Z[` gk [\] kg_m 2RÔ� �ä � � � b \]_] 5 e` g_[\gigZal [g

âÎ aZc â µÎ q Yk �� � � � e` \n^ ]_f gled [\]Z [\]`] ]l]m ]Z[` f]lgZi [g ���� �� � � � fn
�]m m a w �b e[\ ¢ · v� q

�]Zg[] � · �× q ~n [\] eZcjd[egZ a``jm ^[egZ x [\]_] ]� e`[` ± Ó ³ � �� � � �
`jd\ [\a[ ±Ó� Î · âÎ ê Ø Î b \]_] Ø Î ³ ¿â µÎ � Õ Õ Õ � â µ¥À kg_ all Ñ ¾ Ö � vq {] \ah]
�± Ó�Ï � ± Ó� Î � · K ÎÏ q r\]_]kg_] b] m an a``jm ] k_gm [\] h]_n `[a_[ [\a[ � Î · âÎ ê Ø Î
b \]_] Ø Î ³ ¿â µÎ � Õ Õ Õ � âµ¥À x aZc [\]_] ]� e`[` � Ó `jd\ [\a[ �� Ó � � Î � · ¨ x Ñ ¾ Ö � v
aZc �� Ó � � � · vq {] a_] lgg�eZi kg_ ± ³ � �� � � � `jd\ [\a[ ±� Î · � Î x Ñ ¾ Ö � vx
±� · âÎ ê Ø x Ø ³ ¿â µ× � Õ Õ Õ � âµ¥À q

�][ äÎ · �� Î �â µÎ � � � q r\]Z � · & �Î ��Í âÎäÎ ê 5 b \]_] �âÎ � 5 � · ¨ kg_ all
Ñ · v� Õ Õ Õ � Ì � �Ì � Õ Õ Õ � � vq s ]�[ x �� Ó � � � · vx \]Zd]

� � '�Î ��× µ¥
�� Ó � â Î � äÎ ê �� Ó � 5 � � ê '

× � �Ï ��Í
� äÏ · � Õ

�eZd] ¢£ �� � ¾ � ¢£ �� � ¾ Ì � Ö x [\]_] ]�e`[ �Ï ³ � `jd\ [\a[

'
µÍ� Î�µ×

� äÎ ê '
× �Ï �Í

� �äÏ ê �Ï � '�Î ��× µ¥
�� Ó � â Î � ä Î ê �� Ó � 5 � �� · � Õ

�][ � ÓÓ · � Ó ê & × � �Ï ��Í âÏ �Ï �â µÏ � � Ó � x �� ÓÓ � · � ê � q sg[] [\a[ �� ÓÓ � 5 � ·
�� Ó � 5 � x �� ÓÓ � â Î � · �� Ó � âÎ � aZc �� ÓÓ � � Î � · �� Ó � � Î � · ¨ kg_ all Ñ ¾ Ö � vq �][

² · ~
× �Ï �Í

2RS (4 $$ ��Ï � � � Õ

r\]Z ²� daZ f ] ]�^_]``]c eZ [\] kg_m & �Î ��Í âÎä ÓÎ ê 5 Ó x b \]_] �âÎ � 5 Ó � · ¨ kg_
all Ñ x aZc

ä ÓÏ · äÏ � �Ì ¾ Ò ¾ �Ö �
ä ÓÏ · äÏ ê �Ï � '�Î ��× µ¥

�� Ó � â Î � ä Î ê �� Ó � 5 � � ê ëÏ ä µÏ � Ö ¾ Ò ¾ Ì

v�



kg_ `gm ] ëÏ ³ � q r\j` & × � �Ï ��Í � ä ÓÏ · � q
~j[ ²�ì · �ì kg_ all Ä ¾ Ö � vx `eZd] âÏ aZc � ÓÓ a_] g_[\gigZal [g �ì kg_ all�Ö � ¾ Ò ¾ �Ì �q r\]_]kg_] x fn mjl[e^lneZi fn ² x b] daZ a``jm ] k_gm [\] h]_n `[a_[

[\a[ � · & �Î ��Í âÎäÎ ê 5 x b \]_] 5 e` g_[\gigZal [g all âÎ aZc & × � �Ï ��Í � äÏ · � q
�][ � ¥ · ¿â× � Õ Õ Õ � âÍ � â µÍ � Õ Õ Õ � â µ× À aZc �� e` [\] g_[\gigZal dgm ^l]m ]Z[ [g� ¥ eZ � q �eZd] � ¢£ �� � ¾ Ì �Ö x [\]_] ]� e`[` aZ ]l]m ]Z[a_n m a[_e� ¶ ³ � �� ¥ � � ��= �

`jd\ [\a[ ¶ �& × � �Ï ��Í �Ï äÏ � \a` a kg_m & × � �Ï ��Í �Ï ä ÓÏ b \]_] & × �Ï �Í � ä ÓÏ · � q
�]^lad] � fn �¶ � Ñº�? �� " `g b] daZ a``jm ] [\a[ al_]acn & × �Ï �Í � äÏ · � q

sgb fn _]^ladeZi � b e[\ 2RÔ (R<S ��ë � ¨�� x Ö ¾ Ñ � Ò ¾ Ì x b] d\aZi] äÎ [g äÎ ê ë äÏ
b e[\gj[ a�]d[eZi [\] g[\]_ dg]Ð de]Z[ am gZi ä× � Õ Õ Õ � äÍ q �eZd] ¢£ �� � ¾ Ì � Ö x
b] daZ ^]_kg_m a `]�j]Zd] gk `jd\ [_aZ`h]d[egZ` jZ[el ä× · vq

�][
º · 2R<� � ��vµ¥ � � � ¸ ~

×A ¥� �Î ��Í
2RÔ (R<� �äÎ � ¨ �

b e[\ aZn � `jd\ [\a[ �5 � · � ê � q r\]Z º� \a` a kg_m & �Î ��× µ¥ âÎäÎ ê â× ê â µ× ä
aZc º ad[` [_eh ealln gZ � Î x Ñ ¾ Ö � vq �g b] daZ a``jm ] [\a[ � · & �Î ��× µ¥ âÎäÎ ê
â× ê âµ× ä q
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· u2 µN Î �� µN ¢{ �ë � µÎ � � 2 Î (µÎ �ä �zµ¥2 µÎN �¢{ ë �

· �2 µN (µÎ �� µN �ë � µÎ¢{ ä �2 µN (N ���µN �ë� µÎ ¢�{ ä ë ��µ¥2 µÎN �¢{ ë �

le]` eZ �� �� �O¢r � O^ � O¢r �O^ � q³´µ ¶ö�ô ²² øD U · Ñ q ©ed� £ å· J Ñ q {] \ah]2 µÎÎ �¢{ ë � · 2 µÎ (µ· ��¢�{ �� ë � Î� µ¥
µ· � u2 µÎ· �¢{ �� � � 2·(µ· �¢{ �� ë � Î� µ¥
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]� e`[` ZgZoZ]ia[eh] eZ[]i]_ uT `jd\ [\a[ kg_ all Ñ å· Ò x Ä å· U aZc all u úuT x ±ÂÃ ð> ò ãÎÏ �¢{ ä � ³ � q r\]Z eZcjd[egZ gZ [\] l]Zi[\ gk B �j`eZi �]m m a ��
dgm ^l][]` ^_ggk q

�][ uT · v�q ê �p£º ^ �ä � ê �p£º^ �ë � q
§ e_`[ x ek Ä å· Ò � �Ñ x U å· Ñ � �Ò x b] daZ a^^ln ���� x aZc [\]_] e` Zg[\eZi [g

^_gh] q �g b] daZ a``jm ] U · Ñ �g[\]_ da`]` _]cjd] [g [\ e` j`eZi �� v� x �� v� x aZc
�]m m a �� q§ö�ô ² ø Ò å· �Ñ q³´µ ¶ö�ô ² ø÷ Ä å· Ò q {] daZ a^^ln ���� aZc �]m m a v¨ q³´µ ¶ö�ô ² øD Ä · Ò q ©ed� £ å· J Ñ � JÒ q {] \ah]

ãÎÏ �¢{ ä � · u2 Î· �¢{ �� � � ã·Ï �¢{ �� ä �z Õ
sgb ±S Ô ð> ò2 Î· �¢{ �� � · 2Ï · �¢{ �� ë �2 Î· �¢{ �� � ³ � x aZc±S Ô ð> ò ã·Ï �¢{ ��ä � · ã· Î ��¢{ �� ä ë �ã·Ï �¢{ �� ä �
f ]lgZi` [g � fn �]m m a v¨ q§ö�ô ²² ø Ò · �Ñ q³´µ ¶ö�ô ²² ø÷ Ä å· �Ñ q {] daZ a^^ln ���� aZc �]m m a v¨ q³´µ ¶ö�ô ²² øD Ä · �Ñ q © ed� £ å· J Ñ q {] \ah]

ãÎ (µÎ �¢{ �� ä � · u2 Î· �¢{ �� � � ã· (µÎ �¢{ �� ä �z Õ
sgb±<ÔÔ ð> ò2 Î· �¢{ �� � · �2 µ· Î ��� µ¥· � Î ¢{ �� ë �2 µ·· �� µ¥· � Î ¢{ ë ��µ¥2 Î· �¢{ �� � ³ � �
aZc ±<ÔÔ ð> ò ã· (µÎ �¢{ �� ä � · ã· Î ��¢{ ��ä ë � ³ � fn �]m m a v¨ q
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óôõ õ ö ÷D ø ùÆÊ � ú � � � þÆ áÛ ÜßÆáà ÞÈ � û üý ÆÛ
îÄ?Å ðñ (Æ ÇÈÉ ðñ òò ��� �� � · ��� �� � � � Õ� ÇÞÞÈ û � ]Zg[] [\] l]k[o\aZc `ec] fn � q �l]a_lnx � ¾ ��� �� � � � q ~n �]m m a v

e[ ¡` `jÐ de]Z[ [g ^_gh] [\a[ ÿÎÏ �ä � ë � · ÙS Ô ð> ò ãÎÏ �ä � ³ � kg_ all Ò å· Ñ x ë ³ � x ä ³ � q
Yk Ò å· �Ñ gZ] \a` ÿÎÏ �ä � ë � · ±S Ô ð> ò ãÎÏ �ä � f ]lgZi` [g � q Y[ _]m aeZ` [g h]_ekn [\a[
ÿÎ (µÎ �ä � ë � ³ � q

©ed� Ò å· J Ñ q r\]Z ãÎ (µÎ �ä � · uãÎÏ �ä � � ãÏ (µÎ �v�z q {] \ah]

ÿÎ (µÎ �ä � ë � · Ù<ÔÔ ð> ò uãÎÏ �ä � � ãÏ (µÎ �v�z · uãÎÏ �ä �ãµÎÏ �ë ä � � ãÏ Î ��ë �ãÏ (µÎ �v�z Õ
�][ ± · ãÎÏ �ä � x ² · ãµÎÏ �ë ä � x ¶ · ãÏ Î ��ë � x º · ãÏ (µÎ �v� q {] \ah] [g ^_gh] [\a[

u±² � ¶ºz · ´ u² � ¶z ¸ ´» u² � ºz ¸ u± � ¶z ¸ » u± � ºz ³ � q {] `\gb [\a[ all kad[g_` f]lgZi [g
� q

u± � ¶z · uãÎÏ �ä � � ãÏ Î ��ë �z · uãÎÏ �ä � � 2Ï Î ��ë �z ³ � Õ
u² � ¶z · uãµÎÏ �ë ä � � ãÏ Î ��ë �z · ãµÎÎ ��ë ä ë � ³ ��� �� � �

`g ´ u² � ¶z ³ � x `eZd] ± ³ ��� �� � q
» u± � ºz · ÙS Ô ðµ> ò uãÎÏ �ä � � ãÏ (µÎ �v�z · ÙS Ô ðµ> ò ãÎ (µÎ �ä � · ãÏ (µÎ ��ë ä �ãÎ (µÎ �ä � ³ ��� �� � Õ

» u² � ºz · ÙS Ô ðµ> ò uãµÎÏ �ë ä � � ãÏ (µÎ �v�z · ±S Ô ðµ> òÙ<Ô ¸<S ðµ¹<Ô ;> ¹S ò uãµÎÏ �ë ä � � ãÏ (µÎ �v�z
· ±S Ô ðµ> ò �uãµÎÏ �ë ä � � ãÏ (µÎ �v�ãÏ (µÏ ��� µÎ �ë �Ï �z�

· ±S Ô ðµ> ò �uãµÎÏ �ë ä � � ãÏ (µÎ �v�zãÏ (µÏ ��ë ä� µÎ �ë �Ï �ãµÎ (µÏ ��ë ä�µÎ �ë �Ï ��
· ±S Ô ðµ> ò �uãµÎÏ �ë ä � � 2Ï (µÎ �v�zãÏ (µÏ ��ë ä�µÎ �ë �Ï �ãµÎ (µÏ ��ë ä� µÎ �ë�Ï �� ³ � �

\]Zd] ´» u² � ºz ³ � q
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r\_gji\gj[ [\e` `]d[egZ � e` a `jfi_gj^ gk � ��� �� � dgZ[aeZeZi � � �� �� � � � x
� ú � q

{] `an [\a[ aZ ]l]m ]Z[a_n leZ]a_ [_aZ`h]d[egZ ãÎÏ �ä � eZ � ��� �� � e` ÛÞÛ�
ÊÇÜèÜáàx ek Ò å· �Ñ aZc ä å· ¨ x g_ Ò · �Ñ aZc ä �³ �� Î q
óôõ õ ö ÷V ø b ççÚÝ Æ Êý áÊ Êý ÆÇÆ ÆM ÜçÊ ÆàÆÝ ÆÛÊç B ³ � � ¢ ³ � T � ä ³ � çÚÉý
Êý áÊ Â ^ �B � · ãÎÏ �ä � Üç á Û ÞÛ �ÊÇÜèÜáà ÊÇáÛçèÆÉÊÜÞÛ û üý ÆÛ � ÉÞÛÊáÜÛç á ÛÞÛ �ÊÇÜèÜáà
ÊÇáÛçèÆÉÊÜÞÛ û� ÇÞÞÈ û {] \ah] Â ^ �ãÎÏ ��ä �B � · â x `g B · ãÎÏ �ä �± b \]_] ± ³ � ��� �� � }ZZ �¢½ ��
kg_ `gm ]  q �g [\] ]l]m ]Z[ ± dgm m j[]` b e[\ ]h]_n ]l]m ]Z[ gk [\] kg_m 2 ìN �¢½ � q

§ e_`[ x l][ Ò å· J Ñ q © ed� U å· J Ñ � JÒ q {] \ah]
uB � 2Ï N �¢½ �z · uãÎÏ �ä �± � 2Ï N �¢½ �z · uãÎÏ �ä � � 2Ï N �¢½ �z · ãÎN �¢½ ä � Õ
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Y[ ¡` a ZgZo[_eh eal [_aZ`h]d[egZ x `eZd] ä å· ¨ eZ � ^ q
�][ Zgb Ò · �Ñ q © ed� U å· J Ñ x Ä å· J Ñ � JU q {] \ah]

uB � 2 µÎN �¢½ �z · uãÎ (µÎ �ä �± � 2 µÎN �¢½ �z · uãÎ (µÎ �ä � � 2 µÎN �¢½ �z
· 2 µN (µÎ �¢½ � µ¥N �µÎä �ãµNN ��¢�½ � µ¥N � µÎä ��ãÎN �¢½ �ä � � Î �ä� Î �� Õ

 ]Zd] � dgZ[aeZ` [\] kad[g_ Ë · ãµNN ��¢�½ �µ¥N � µÎä �ãÎN �¢½ �ä �� Î �ä� Î �� q �gZ`ec]_
u2ìÎ �v� � Ë z · ãìN �¢½ �ä � � Î �ä� Î �� ³ � q Yk e[ ¡` [_eh eal x ¢½ �ä � � Î �ä� Î � · ¨ x `g Ë e[`]lk
e` a ZgZo[_eh eal [_aZ`h]d[egZ q

§ e� a m jl[e^leda[eh] `n`[]m [ q
óôõ õ ö ÷W ø b ççÚÝ Æ Êý áÊ Êý ÆÇÆ ÆM ÜçÊ ÆàÆÝ ÆÛÊç B ³ � � ± ³ � � �� �� \ � � \ � çÚÉý
Êý áÊ ±Â\ �B �± µ¥ · ãÎÏ �ä � Üç á ÛÞÛ �ÊÇÜèÜáà ÊÇáÛçèÆÉÊÜÞÛ û üý ÆÛ � ÉÞÛÊáÜÛç á ÛÞÛ�
ÊÇÜèÜáà ÊÇáÛçèÆÉÊÜÞÛ û� ÇÞÞÈ û �eZd] � \ e` a � l[]_]c ce_]d[ lem e[ gk � ^ x ¢ ³ [ x aZc � � dgm mj[]` b e[\
lem e[` x b] daZ a``jm ] [\a[ [ · ¿¢À q {] �Zgb [\a[ Â ^ �� � dgZ[aeZ` ± µ¥ãÎÏ �ä �± q
�Z [\] g[\]_ \aZc x fn �]m m a � [\]_] ]� e`[` q `jd\ [\a[

± µ¥ � � �� �O¢r � O^ � O¢r �O^ �± ¾ �� �� �O� O^ � O�O^ � ¾ Â ^ �� � Õ
�g Â ^ �� � dgZ[aeZ ` [\] i_gj^

± µ¥ ¿ãÎÏ �ä � � �� �� �O¢r � O^ � O¢r �O^ �À± Õ
~n �]m m a vvx Â ^ �� � dgZ[aeZ ` ãÎÏ �¢{ ä � kg_ a `jÐ de]Z[ la_i] u q s gb b] daZ
a^^ln �]m m a v� q

YZ [\] `]�j]l b] a``jm ] [\a[ � ú � ¢£ �� \ � ê vq
óôõ õ ö ÷` ø b ççÚÝ Æ Êý áÊ Êý ÆÇÆ ÆM ÜçÊ ÆàÆÝ ÆÛÊç B ³ � � ± ³ �� �� �� \ � � \ � �² ³ � � �� �� \ � � \ � çÚÉý Êý áÊ ±Â\ �B �² · ã¥ (µ¥ �� �ã� (µ� �@ �ã¥ (µ� �ä �ã� (µ¥ �ë � ßÞÆç
ÛÞÊ þÆàÞÛí ÊÞ � �� �� \ � � \ � û üý ÆÛ � ÉÞÛÊáÜÛç á Û ÞÛ �ÊÇÜèÜáà ÊÇáÛçèÆÉÊÜÞÛ û� ÇÞÞÈ û ¤ jl[e^lneZi fn 2 � (µ¥ ��ë � gZ [\] _ei\[ x b] daZ a``jm ] [\a[ ë · ¨ q
~n �]m m a` � aZc � [\]_] ]�e`[ ¢ ³ [ aZc u `jd\ [\a[ ²2 µ�� �¢{ �²µ¥ ³
�� �� �O� O\ � O�O\ � aZc

± µ¥ �� �� �O¢{ µÌ·ÍÎ ðÏ ò� O\ � O¢{ µÌ·ÍÎ ðÏ ò�O\ �± ¾ �� �� �O� O\ � O�O\ � Õ
�g Ë · ±Â\ �B �²2 µ�� �¢{ �²µ¥Â\ �B �µ¥± µ¥ e` a ^_g cjd[ ±Â\ �B ¥ �± µ¥ b \]_] B ¥ ³ � q
�Z [\] g[\]_ \aZc x b] \ah]Ë · 2 �� �¢{ @ �ãµ� (µ� ��¢{ �vµ¥ �@ � �@ ��ãµ�� �¢�{ �vµ¥@ �ã¥� �¢{ ä �2 µ�� �¢{ � Õ
 ]Zd] ±Â\ �� �± µ¥ dgZ[aeZ` [\] kad[g_

Ð · ãµ� (µ� ��¢{ �vµ¥ �@ � �@ ��ãµ�� �¢�{ �vµ¥@ �ã¥� �¢{ ä � Õ
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�gZ`ec]_ aZ ]l]m ]Z[ u2 µ�¥ �¢{ � � Ð z · ãµ�� �¢�{ ä � q {] `]] [\a[ ek ä å· ¨ [\]Z
±Â\ �� �± µ¥ dgZ[aeZ` a ZgZo[_eh eal [_aZ`h]d[egZ x aZc b] daZ a^^ln �]m m a v� q
�g b] daZ a``jm ] ä · ¨ q �em ela_lnx fn dgm m j[eZi b e[\ 2 µ�¥ �¢{ � gZ [\] _ei\[ x
b] `]] [\a[ �@ · @ q ~j[ [\]Z Ð · ãµ�� �¢�{ �vµ¥@ � x `g @ ³ � q

�em ela_ln b] daZ ^_gh] [\a[ � ³ � q ~j[ [\e` dgZ[_aced[` gj_ a``jm ^[egZ
[\a[ ±Â\ �B �² �³ � �� �� \ � � \ � q

�][ Ñ f] a `jfi_gj^ gk � ��� �� \ � i]Z]_a[]c fn all [_aZ`h]d[egZ` gk [\]
kgllgb eZi kg_m ` é ã¥Ï �ä � x ã�Ï �ä � x ãÎ (µ¥ �ä � aZc ãÎ (µ� �ä � x Ò å· v� � x Ñ å· �� � � vx ä ³ � \ q
�l]a_lnx Ë ³ Ñ ek aZc gZln ek Ë ÎÏ · K ÎÏ kg_ all Ñ x Ò `jd\ [\a[ Ò · v� � g_ Ñ · �� � � v
g_ Ñ � Ò å· J v� J� q
óôõ õ ö ÷t ø b ççÚÝ Æ Êý áÊ Êý ÆÇÆ ÆM ÜçÊ ÆàÆÝ ÆÛÊç B ³ � � ± ³ �� �� �� \ � �\ � � ² ³
� � �� �� \ � � \ � çÚÉý Êý áÊ ±Â\ �B �² · Ð ³ Ñ g � �� �� \ � � \ � û üý ÆÛ � ÉÞÛÊáÜÛç á
ÛÞÛ �ÊÇÜèÜáà ÊÇáÛçèÆÉÊÜÞÛ û� ÇÞÞÈ û ¤ jl[e^lneZi Ð fn � Î |H} ¥ (}� 2 ¥Î ��Ð ¥Î � � Ï |H} ¥ (}� 2 �Ï ��Ð�Ï � gZ [\] _ei\[ x
b] daZ a``jm ] [\a[ all dgljm Z` gk Ð ]�d]^[ [\] [bg la`[ gZ] dgeZdec] b e[\ [\]
dg__]`^ gZceZi dgljm Z` gk [\] ec]Z[e[n m a[_e� q

§ e� aZ eZc]� Ñ å· J v� J� q ~n �]m m a � [\]_] ]� e`[ ¢ ³ [ aZc u `jd\ [\a[
²2 ¥Ï �¢{ �²µ¥ aZc ±2 ¥Ï �¢r �± µ¥ f ]lgZi [g � � �� �O� O\ � O�O\ � q �gË · uÐ � 2 ¥Ï �¢{ �z · ±Â\ �B �²2 ÎÏ �¢{ �²µ¥Â\ �B �µ¥± µ¥2 ¥Ï ��¢{ �±± µ¥

\a` a kg_m ±Â\ �B ¥ �± µ¥ kg_ `gm ] B ¥ ³ � q �Z [\] g[\]_ \aZc x fn ce_]d[ daldjlao
[egZ b] gf[aeZ [\a[ Ë · ã¥ (µ� �¢{ Ð ÓÎ (µ� �ã¥ (µ¥ �¢{ Ð ÓÎ (µ¥� q r\]_]kg_] x ek � cg]` Zg[
dgZ[aeZ aZn ZgZo[_eheal [_aZ`h]d[egZ [\]Z fn �]m m a v� Ð ÓÎ (µ¥ · ¨ q �em ela_lnx
b] daZ ^_gh] [\a[ Ð ÓÎ (µ� · ¨ q ~j[ [\]Z Ð e[`]lk \a` [\] kg_m _]�je_]c [g a^^ln
�]m m a v� q

YZ [\] `]�j]l b] a``jm ] acce[egZalln [\a[ � \ e` b]a�ln �Ze[] q
óôõ õ ö ÷� ø b ççÚÝ Æ Êý áÊ Êý ÆÇÆ ÆM ÜçÊ ÆàÆÝ ÆÛÊç B ³ � � ± ³ �� �� �� \ � � \ � �² ³ � � �� �� \ � �\ � çÚÉý Êý áÊ Ë · ±Â\ �B �² �³ � � �� �� \ � �\ � çáÊÜça Æç Êý Æ È Þà àÞx ÜÛí
ÉÞÛ ßÜÊÜÞÛç » Êý Æ a ÇçÊ áÛß Êý Æ çÆÉÞÛß ÉÞàÚÝ Ûç ÞÈ Ë ÉÞÜÛÉÜßÆç x ÜÊý Êý Æ ÉÞÇÇÆçÅ ÞÛß�
ÜÛí ÉÞàÚÝ Ûç ÞÈ Êý Æ ÜßÆÛÊÜÊæ Ý áÊÇÜM � áÛ ß� Ý ÞÇÆÞèÆÇ� Ë µ�Ï · Ë µ¥Ï · ¨ È ÞÇ áà à
Ò å· �� � � vû üý ÆÛ � ÉÞÛÊáÜÛç á ÛÞÛ�ÊÇÜèÜáà ÊÇáÛçèÆÉÊÜÞÛ û� ÇÞÞÈ û sg[] [\a[ [\] m a[_e� �Ë µ� (µ� Ë µ� (µ¥Ë µ¥ (µ� Ë µ¥ (µ¥�
e` eZh]_[efl] gZ [\] _ei\[ q ~j[ [\]Z e[ ¡` eZh]_[efl] x `eZd] � \ e` b]a�ln �Ze[] q
r\j` Ë Óµ�Ï · Ë Óµ¥Ï · ¨ kg_ all Ò å· �� � � vq

§ e� aZ eZc]� Ò å· J v� J� q ~n �]m m a � [\]_] ]� e`[ ¢ ³ [ aZc ZgZoZ]ia[eh]
eZ[]i]_ u `jd\ [\a[ ²2 ¥Ï �¢{ �²µ¥ ³ �� �� �O� O\ � O�O\ � q �g ÐÏ · Ë2 ¥Ï �¢{ �Ë µ¥

� v



\a` [\] kg_m ±Â\ �B ¥ �± µ¥ kg_ `gm ] B ¥ ³ � q �Z [\] g[\]_ \aZc x ce_]d[ daldjla[egZ
`\gb ` [\a[ÐÏ · â ê ¢{ �'N Ë ÓÏ N â¥N � 'N ËN (µÏ � µ¥Ï Ë Óµ¥ (µ� âN (µ� � 'N ËN (µÏ � µ¥Ï Ë Óµ¥ (µ¥âN (µ¥� Õ

sg[] [\a[ [\e` m a[_e� f ]lgZi` [g Ñ q  ]Zd] x ek � cg]` Zg[ dgZ[aeZ a ZgZo
[_eheal [_aZ`h]d[egZ x fn �]m m a vw ÐÏ ³ � �� �� \ � �\ � q �g b] \ah] [\] kgllgb eZi
]�ja[egZ` é ËN (µÏ Ë Óµ¥ (µ� · ¨ � U å· J v� J� ��Ë ÓÏ N · �v�NË µN (µÏ � µ¥Ï Ë Óµ¥ (µ¥ � U å· J vÕ �Ò v�

�em ela_lnx fn dgZ`ec]_eZi m a[_e� ÿÏ · Ë2 �Ï �¢{ �Ë µ¥ x b] gf[aeZ [\] kg llgb eZi
]�ja[egZ` é ËN (µÏ Ë Óµ� (µ¥ · ¨ � U å· J v� J� ��Ë ÓÏ N · �v�NË µN (µÏ � µ¥Ï Ë Óµ� (µ� � U å· J� Õ �Ò ��

sgb Zg[] [\a[ gj_ a``jm ^[egZ gZ Ë em ^le]` [\a[ m a[_e� ¼Ë gf[aeZ]c k_gmË fn c]l][eZi [\] vo`[ x [\] �oZc x [\] ��oZc aZc [\] � vo`[ _gb ` aZc dgljm Z`
e` eZh]_[efl] q  ]Zd] [\] l]k[ ec]al i]Z]_a[]c fn [\] ]l]m ]Z[` ËN (µÏ x U å· J v� J�
dgeZdec]` b e[\ � q r\]_]kg_] x Ë Óµ¥ (µ� · Ë Óµ� (µ¥ · ¨ aZc Ë Óµ¥ (µ¥ · Ë Óµ� (µ� q � ]Zg[]Ë Óµ¥ (µ¥ fn ! q

{] `\gb [\a[ ! ³ � \ # Ó q ~n �]m m a � x kg_ ]h]_n ä ³ � \ [\]_] ]� e`[ ¢ ³ [
aZc u `jd\ [\a[ ²2 ¥ (µ� �¢{ ä �²µ¥ ³ � � �� �O� O\ � O�O\ � " `g ¶ · Ë2 ¥ (µ� �¢{ ä �Ë µ¥
\a` [\] kg_m ±Â\ �B � �± µ¥ kg_ `gm ] B � ³ � q ~j[ ¶ · ã¥ (µ� �¢{ ä ! �ã� (µ¥ �¢{ �ä ! � q
 ]Zd] x fn �]m m a v� x ek � cg]` Zg[ dgZ[aeZ aZn ZgZo[_eh eal [_aZ`h]d[egZ x ¶ ³
� �� �� \ � � \ � q �g �ä ! · �!�vµ¥ �ä kg_ all ä ³ � \ x \]Zd] �! · !�v aZc ! ³ �]Z[ �� \ � q

�][ � ³ � \ q ~n �]m m a � [\]_] ]� e`[ ¢ ³ [ aZc u `jd\ [\a[ ²2 ¥ (µ¥ �¢{ � �²µ¥
le]` eZ � � �� �O� O\ � O�O\ � " `g º · Ë2 ¥ (µ¥ �¢{ � �Ë µ¥ \a` [\] kg_m ±Â\ �B� �± µ¥ kg_
`gm ] B� ³ � q ~j[ º · ã¥ (µ¥ �¢{ !� � q   ]Zd] x fn �]m m a v� x ek � cg]` Zg[
dgZ[aeZ aZn ZgZo[_eh eal [_aZ`h]d[egZ x º ³ � �� �� \ � �\ � x `g !� ³ � \ q

sgb e[ kgllgb ` k_gm �Ò v� [\a[ ¼Ë `a[e`�]` �� � v� �b e[\ mjl[e^leda[g_ !µ¥ � q
{] `\gb [\a[ ¼Ë `a[e`�]` al`g �� � � ¡� q ~n �� � � ¡� kg_ ÐÏ b] \ah]

¢{ ��Ë ÓÏ (µ¥ � !Ë ¥ (µÏ � µ¥Ï � ê ¢�{ !��Ï �
�'NH � �ËN (µÏ Ë µN (µÏ �� µ¥Ï ³ �\ Õ

~j[ k_gm �Ò �� kg_ U · � v b] gf[aeZ [\a[ [\] �_`[ `jm m aZc le]` eZ m eZ� �� \ � q
�g ¼Ë f ]lgZi` [g � � ��µ� �� \ � � \ � b e[\ m jl[e^ leda[g_ !µ¥ q

sgb dgZ`ec]_ m a[_e� Ë ¸ ceai �v� v� ¼Ë µ¥ � ! � ! � q Y[ \a` [\] kg_m ±Â\ �B �²¥ b e[\
²¥ ³ � � �� �� \ � � \ � aZc le]` eZ Ñ " `g b] daZ a^^ln �]m m a vw q
óôõ õ ö ÷® ø b ççÚÝ Æ Êý áÊ Êý ÆÇÆ ÆM ÜçÊ ÆàÆÝ ÆÛÊç B ³ � � ± ³ �� �� �� \ � �\ � � ² ³
� � �� �� \ � � \ � çÚÉý Êý áÊ Êý Æ a ÇçÊ áÛ ß Êý Æ çÆÉÞÛß ÉÞàÚÝ Ûç ÞÈ Êý Æ Ý áÊÇÜM Ë ·
±Â\ �B �² �³ � � �� �� \ � � \ � ÉÞÜÛÉÜßÆ x ÜÊý Êý Æ ÉÞÇÇÆçÅ ÞÛ ßÜÛí ÉÞàÚÝ Ûç ÞÈ Êý Æ ÜßÆÛÊÜÊæ
Ý áÊÇÜM û üý ÆÛ � ÉÞÛÊáÜÛç á ÛÞÛ �ÊÇÜèÜáà ÊÇáÛçèÆÉÊÜÞÛ û

��



� ÇÞÞÈ û ~n �]m m a � [\]_] ]�e`[ ¢ ³ [ aZc u `jd\ [\a[ [\] m a[_e� ²2 ¥ (µ� �¢{ �²µ¥
f ]lgZi` [g �� �� �O� O\ � O�O\ � q �g Ð · Ë2 ¥ (µ� �¢{ �Ë µ¥ \a` [\] kg_m ±Â\ �B ¥ �± µ¥
kg_ `gm ] B ¥ ³ � q �Z [\] g[\]_ \aZc x ce_]d[ daldj la[egZ `\gb ` [\a[

Ð · â ê ¢{ �'
Î

Ë Óµ�Î â¥Î ê �vË Óµ¥Îâ�Î � Õ

sg[] [\a[ [\ e` m a[_e� f ]lgZi` [g Ñ q  ]Zd] x ek � cg]` Zg[ dgZ[aeZ a ZgZo[_eheal
[_aZ`h]d[egZ x fn �]m m a vw Ð ³ � �� �� \ � � \ � q ~j[ [\]Z b] \ah] Ë Óµ�Î · Ë Óµ¥Î · ¨
kg_ all Ñ å· J v� J� x aZc b] daZ a^^ln �]m m a vy q
óôõ õ ö ÷º ø b ççÚÝ Æ Êý áÊ Êý ÆÇÆ ÆM ÜçÊ ÆàÆÝ ÆÛÊç B ³ � � ± ³ � � �� �� \ � � \ � � çÚÉý
Êý áÊ Ë · ±Â\ �B � �³ � � �� �� \ � �\ � çáÊÜça Æç Êý Æ È Þà àÞx ÜÛí ÉÞÛ ßÜÊÜÞÛ » Ë Î¥ · Ë Î� · ¨
È ÞÇ áà à Ñ å· J v� J� � áÛ ß � ú � û üý ÆÛ � ÉÞÛÊáÜÛç á Û ÞÛ�ÊÇÜèÜáà ÊÇáÛçèÆÉÊÜÞÛ û� ÇÞÞÈ û § e� eZced]` Ñ � Ò å· J v� J� aZc aZ ]l]m ]Z[ ä ³ � \ q ~n �]m m a � [\]_]
]� e`[ ¢ ³ [ aZc u `jd\ [\a[ ± µ¥2 ÎÏ �¢{ ä �± ³ �� �� �O� O\ � O�O\ � q �g Ð ·Ë µ¥2 ÎÏ �ä �Ë \a` [\] kg_m Â\ �B ¥ � kg_ `gm ] B ¥ ³ � q ~j[ e[ ¡` ]a`n [g `]] [\a[ [\]
�_`[ aZc [\] `]dgZc dgljm Z` gk Ð dgeZdec] b e[\ [\] dg__]`^ gZceZi dgljm Z` gk
[\] ec]Z[e[n m a[_e� q   ]Zd] x fn �]m m a v� x ek � cg]` Zg[ dgZ[aeZ aZn ZgZo[_eheal
[_aZ`h]d[egZ` [\]Z Ð ³ � � �� �� \ � �\ � q � ]Zg[] [\] mjl[e^leda[g_ gk Ð fn ! q

�eZd] Ð ³ � � �� �� \ � � \ � x [\] ��oZc aZc [\] � vo`[ _gb ` gk Ð dgeZdec]` b e[\
[\] dg__]`^gZceZi _gb ` gk [\] m a[_e� !â q �g b] \ah]

¢{ �Ë Óµ¥Î äËÏ N ê Ë Óµ¥ (µÏ � µÏ �ä� ÎË µÎN � · �! � v�Kµ¥N kg_ all U � ek Ò å· �Ñ �
¢{ Ë Óµ¥ÎäË µÎN · �! � v�Kµ¥N kg_ all U � ek Ò · �Ñ Õ

�j^^g`] [\a[ ä · vx Ò å· �Ñ q ¤ jl[e^lneZi fn Ë ÓNì gZ [\] _ei\[ aZc `jm m eZi gh]_U x b] gf[aeZ
¢{ �Ë Óµ¥ÎKÏ ì � Ë Óµ¥ (µÏ �µ¥Ï � ÎKµÎì � · �! � v�Ë Óµ¥ì kg_ all Ä �

[\a[ e` x Ë Óµ¥Î · ¢µ{ �! � v�Ë Óµ¥Ï �Ë Óµ¥ (µÏ · �¢µ{ �! � v�Ë Óµ¥ (µÎ�µ¥Î �Ï �
�! � v�Ë Óµ¥ì · ¨ � Ä å· Ò � �Ñ Õ

 ]Zd] �! � v��Ë Óµ¥ì · ¨ kg_ all Ä x `g �! � v�� · ¨ q
�gZ`ec]_ [\] ec]al % i]Z]_a[]c fn all ]l]m ]Z[` gk [\] kg_m ! � vx b \]_] ! e`

[\] mjl[e^leda[g_ gk Ë µ¥2 ÎÏ �v�Ë x Ò å· �Ñ q �eZd] ! e` d]Z[_al aZc �! � v�� · ¨ x% e` dgZ[aeZ]c eZ Ôadgf`gZ _acedal gk � \ q �][ � f ] [\] l]k[ ec]al i]Z]_a[]c fn
[\] ]l]m ]Z[` Ë Óµ¥Î x Ñ å· J v� J� q §_gm gj_ ]�ja[egZ` b] gf[aeZ [\a[ % � · � q ~n
s a�anam a l]m m a x � · ¨ x `g all Ë Óµ¥Î · ¨ q �em ela_lnx Ë Óµ�Î · ¨ q

sgb b] `]] [\a[ [\] mjl[e^leda[g_ gk Ë µ¥2 ÎÏ �ä �Ë e` ]�jal [g vx [\a[ e`Ë µ¥2 ÎÏ �ä �Ë ³ � �� �� \ � �\ � q
�]Zg[] fn ¼Ë �_]`^]d[eh]lnx ¼Ë Ó � [\] m a[_e� gf[aeZ]c k_gm Ë �_]`^ ]d[eh]lnxË µ¥� fn c]l][eZi [\] vo`[ x [\] �oZc x [\] ��oZc aZc [\] � vo`[ _gb ` aZc dgljm Z` q

��



{] `]] [\a[ ¼Ë ¼Ë Ó · â " `g ¼Ë Ó · ¼Ë µ¥ q §j_[\]_ x ¼Ë µ¥2 ÎÏ �ä � ¼Ë ³ � ��µ� �� \ � �\ � q
r\]_]kg_] x fn �]m m a � x ¼Ë ³ � � ��µ� �� \ � � \ � " c]Zg[] e[` mjl[e^leda[g_ fn i q
sgb dgZ`ec]_ m a[_e� ÿ · Ë µ¥ ceai �v� v� ¼Ë � i � i � q Y[ \a` [\] kg_m Â\ �B �² x ² ³
� � �� �� \ � � \ � x aZc ÿÎÏ · K ÎÏ kg_ all Ñ å· v� � x Ò å· J v� J� q ¤ jl[e^lneZi ÿ fn `gm ]
]l]m ]Z[a_n jZe[a_n [_aZ`h]d[egZ` gZ [\] l]k[ x b] i][ a m a[_e� b \g`] �o_c aZc
�o[\ dgljm Z` dgeZdec] b e[\ [\] dg__]`^gZceZi dgljm Z` gk [\] ec]Z[e[n m a[_e� "
kj_[\]_ x mjl[e^lneZi gZ [\] _ei\[ fn `gm ] ]l]m ]Z[a_n jZe[a_n ^]_m j[a[egZ x b]
gf[aeZ a m a[_e� ÿ¥ `a[e`kn eZi [\] ^_g^]_[e]` gk [\] ]l]m ]Z[ Ë eZ �]m m a v� q r\e`
�Ze`\]` [\] ^_ggk q
óôõ õ ö D¾ ø b ççÚÝ Æ Êý áÊ � ú � ¢£ �� � ê � � � � áÛ ß Êý ÆÇÆ ÆM ÜçÊç áÛ ÆàÆÝ ÆÛÊ B ³ �
çÚÉý Êý áÊ Â\ �B � ßÞÆç ÛÞÊ þÆàÞÛí ÊÞ � � �� �� \ � � \ � û üý ÆÛ � ÉÞÛÊáÜÛç á ÛÞÛ �ÊÇÜèÜáà
ÊÇáÛçèÆÉÊÜÞÛ û� ÇÞÞÈ û Yk Ø e` aZn _gb gk l]Zi[\ �� x c]Zg[] fn ¼Ø [\] dgljm Z

��Ø µ¥ � Õ Õ Õ � �Ø µ� � ��vµ¥ �Ø� � Õ Õ Õ � ��vµ¥ �Ø ¥ �Ù Õ
Y[ ¡` dl]a_ [\a[ �¼Ø � � � · Ø� kg_ ]h]_n dgljm Z � ³ � �� q

�]Zg[] fn � ¥ aZc �� [\] �_`[ aZc [\] `]dgZc dgljm Z` gk Ë · Â\ �B � aZc fn
Ø ¥ aZc Ø� [\] �_`[ aZc [\] `]dgZc _gb ` gk Ë µ¥ q �][ � Ó¥ · ¼Ø ¥ x � Ó� · ¼Ø� q {] \ah]
�� ÓÎ � �Ï � · K ÎÏ x Ñ � Ò · v� � q ~n ©_g^ g`e[egZ w [\]_] ]� e`[` ]l]m ]Z[ ± ³ �� �� �� � � �
`jd\ [\a[ ±� ¥ ³ ¿â¥ � â µ¥À aZc ±�� ³ ¿â� � â µ� � â µ¥ À q ~j[ [\]Z m a[_e� ±Ë `a[e`�]`
[\] dgZce[egZ` gk m a[_e� Ë eZ �]m m a v� q
óôõ õ ö D÷ø ùÆÊ � ú � �Ã ¢£ �� � ê � � � û üý ÆÛ ÆÜÊý ÆÇ � ¾ � � �� �� � � � � ÞÇ �
ÉÞÛÊáÜÛç á Û ÞÛ �ÊÇÜèÜáà ÊÇáÛçèÆÉÊÜÞÛ û� ÇÞÞÈ û § e� kg_ ]h]_n e ³ ¤ a� �� T � a m jl[e^leda[eh] `n`[]m [f `jd\ [\a[ � ú
� \h ¢£ �� \h � ê � aZc � \h e` b]a�ln �Ze[] q �j^^ g`] [\a[ [\]_] ]� e`[` B ³ � g
� � �� �� � � � q ~n �]m m a � x [\]_] ]�e`[` e ³ ¤ a� �� T � `jd\ [\a[ Â\h �B � �³
� � �� �� \h � �\h � q   ]Zd] fn �]m m a �¨ � dgZ[aeZ ` a ZgZo[_eheal [_aZ`h]d[egZ q
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}Z ÜßÆáà È ÞÇÝ Å áÇáÝ ÆÊÆÇ e` a ^ae_ �� � � � dgZ`e`[eZi gk aZ ec]al � gk � aZc aZ
acce[eh] `jfi_gj^ � gk � `jd\ [\a[ [\] kgllgb eZi dgZce[egZ` \glc é�� · � �

m eZ� �� � ê � ¾ � �
��� e` a kg_m ^a_am ][]_ gk � �� Õ

{] `an [\a[ �� � � � ÉÞÛÊáÜÛç �� � Õ � ek � ú � aZc � ú Õ q
r\] ÆàÆÝ ÆÛÊáÇæ í ÇÞÚÅ ÞÈ àÆèÆà �� � �� e` fn c]�Ze[egZ [\] i_gj^ i]Z]_a[]c fn

�� �� �� � m eZ� �� �� x ��� �� � aZc all ]l]m ]Z[` gk [\] kg_m ãÎ (µÎ �� � b \]_] � ³ �� Î q
{] c]Zg[] e[ fn �� ��� �� � � � �� q Y[ ¡` dl]a_ [\a[ ��� �� �� � ¨ � � � · ���� �� � � � q

��



óôõ õ ö DD ø ùÆÊ � ú � û üý ÆÛ �� ��� �� � � � �� Üç Å ÆÇÈ ÆÉÊû� ÇÞÞÈ û � ]Zg[] fn � [\] dgm m j[a[g_ `jfi_gj^ gk �� ��� �� � � � �� q ~n �]m m a � x
�� �� �� � m eZ� �� �� ¾ � q �gZ`ec]_ aZ ]l]m ]Z[ ãÎÏ �ä � x Ò å· J Ñ x ä ³ � q ©ed� aZ
eZc]� U å· J Ñ � JÒ q {] \ah] ãÎÏ �ä � · u2 ÎN �v� � ãNÏ �ä �z ³ � q §eZallnx l][ � ³ �� Î q
© ed� U å· J Ñ q r\]Z

u2 ÎN �v� � ãN (µN ���µ¥Î �N �z · 2 Î (µN ��� µ¥Î �N �ãN (µÎ ���µ¥Î � � Î �� �ãÎ (µÎ �� � Õ
~j[ b] al_]acn ^_gh]c [\a[ � dgZ[aeZ` �� �� �� � m eZ� �� �� aZc � �� �� � q �g
ãÎ (µÎ �� � ³ � q

�][ �� c]Zg[] [\] _]cjd[egZ \gm gm g_^\e`m � ��� �� � � � ��� �� �� �q {]
gfhegj`ln \ah] �� ��� ��� �� � � � ��� · ���� �� �� � � �� �q � ]�Z] [\] ÉÞÛíÇÚÆÛÉÆ
í ÆÛ ÆÇáà ÚÛÜÊáÇæ í ÇÞÚÅ ÞÈ àÆèÆà �� � � � [g f] [\] i_gj^ � µ¥� �� � �� �� �� � ��� �� q {]
c]Zg[] e[ fn �� � �� �� � � � �� q §g_ ]�am ^l] �� � �� �� � ¨ � � � e` `em ^ln � � �� �� � � � q

}Z ]l]m ]Z[ B ³ � ��� �� � � � f]lgZi` [g �� � �� �� � � � �� ek aZc gZln ek [\]_]
]� e`[` ! ³ �� `jd\ [\a[ [\] kgllgb eZi dgZce[egZ` \glc é

�BìÎ · �!� ÎB ÓµÎ (µì� µ¥ì m g c � kg_ all Ñ � Ä � ��� � v�
�'

ÏH ¥ �BÏ ÎB µÏ Î ³ � kg_ all Ñ Õ ��� � � ¡�

r\] dgZce[egZ ��� � � ¡� m an f] _]^ lad]c fn
�'

ÏH ¥
B Î (µÏ �vµ¥ �B ÎÏ ³ � kg_ all Ñ Õ ��� � �O�

� ô��ôõ D ø ùÆÊ � ú �¢£ �� � ê v� ���� ��¢£ �� �� � ê v� � û üý ÆÛ �� � �� �� � � � ��
Üç Êý Æ Û ÞÇÝ áàÜc ÆÇ ÞÈ � �� �� �� � � � �� û� ÇÞÞÈ û � ]Zg[] �� � �� �� � � � �� fn Ö aZc �� ��� �� � � � �� fn × q

~n ©_g^ g`e[egZ � x �� �� �� �� � � �� � e` Zg_m al eZ � � �� �� �� � ��� � q  ]Zd]�� �uÖ � × z� ¾ � � �� �� �� � � �� � x `g
uÖ � × z ¾ × ¸ � ��� �� � � � Õ �� v�

sg[] [\a[
u� ��� �� � � � � ��� �� �z ¾ � �� �� � � � ¾ ×

fn ©_g^ g`e[egZ v aZc �]m m a v� q �g b] \ah]
uuÖ � × z � × z ¾ × Õ ����

~n �]m m a �� x e[ ¡` `jÐ de]Z[ [g ^_gh] [\a[ kg_ all ± ³ Ö x ² � ¶ ³ × u± � u² � ¶zz ³ × q
r\]   all ec]Z[e[n em ^le]` [\a[

u± � u² � ¶zz · uu± � ¶µ¥z � u¶µ¥±¶ � ²z²z uu¶ µ¥±¶ � ²z � ¹¶z Õ

��



r\] `]dgZc kad[g_ le]` eZ × fn ���� q ~n �� v� b] daZ ]�^_]`` u± � ¶µ¥z eZ [\] kg_mËÐ b \]_] Ë ³ × x Ð ³ � ��� �� � � � q � ]Zg[] u¶µ¥±¶ � ²z² fn ÿ q {] \ah] [g ^_gh]
[\a[ uËÐ � ÿ z ³ × q sgb uËÐ � ÿ z · Ø uÐ � ÿ z uË � ÿ z q ~j[

uÐ � ÿ z ¾ u� ��� �� � � � � ��� �� �z ¾ × Õ
�g e[ _]m aeZ` [g ^_gh] [\a[ uË � ÿ z ³ × q ~j[

uË � ÿ z · uË � u¶µ¥±¶ � ²zz uu¶µ¥±¶ � ²z � uË � ²zz uË � ²z �
aZc fn ���� all kad[g_` f ]lgZi [g × q

�gZh]_`]lnx ek B ³ � ��� �� � Zg_m ale|]` ��� �� �� � � � �� x [\]Z �� �B � Zg_o
m ale|]` �� �� �� �� � � �� �x \]Zd] fn �]m m a � �� �B � ³ � � �� �� �� � ��� �x `gB ³ �� � �� �� � � � � � q

OE Ù  XQ R, ¬ T S¬Q
� ô��ôõ V ø 7ÚÅÅ ÞçÆ Êý áÊ � ú � áÛ ß È ÞÇ ÆèÆÇæ ÜßÆáà � ÜÛ � çÚÉý Êý áÊ � · ��
� ú �� ê � �� ��Ã ¢£ �� �� � ê � û üý ÆÛ È ÞÇ ÆèÆÇæ çÚþíÇÞÚÅ � ÜÛ � ��� �� � ÉÞÛÊáÜÛ ÜÛí
�� �� �� � � � Êý ÆÇÆ ÆM ÜçÊç á ÚÛÜ�ÚÆ ÜßÆáà È ÞÇÝ Å áÇáÝ ÆÊÆÇ �� � �� ÉÞÛÊáÜÛÜÛí �¨ � � �
çÚÉý Êý áÊ

� ���� �� � � � � � ¾ � ¾ �� � �� �� � � � � � Õ� ÇÞÞÈ û Y[ kgllgb ` k_gm [\] dgZce[egZ` ��� � v� x ��� � � ¡� [\a[ ek
�� � �� �� � � � Õ � ¾ �� � �� �� � � � ��

[\]Z �� � Õ � ¾ �� � �� q �g [\] jZe�j]Z]`` gk �� � �� e` gfhegj` q
�][ � · �ä �ãÎÏ �ä � ³ � � �Ò å· J Ñ� aZc � · �� �ãÎ (µÎ ��� Î � ³ � � q Y[ kgllgb `

k_gm �]m m a v¨ �b e[\ ¢ · v� [\a[ � aZc � cg Zg[ c]^ ]Zc gZ d\ged] gk Ñ � Ò aZc
�� � � � e` aZ ec]al kg_m ^a_am ][]_ q Y[ ¡` dl]a_ [\a[ � dgZ[aeZ` �� ��� �� � � � �� q

�gZ`ec]_ [\] i_gj^ �� �� � q Y[ dgZ[aeZ` �� �� �� �� � ��� �q {] `\gb [\a[�� �� � cg]` Zg[ dgZ[aeZ aZn ZgZo[_eh eal [_aZ`h]d[egZ q
�][ ãÎÏ �ä ê � � ³ �� �� � x Ò å· Ñ x ä �³ � q r\]Z [\]_] ]� e`[ ± ³ � ��� �� � � � `jd\

[\a[ ãÎÏ �ä �± ³ � q ©ed� U å· J Ñ � JÒ q {] \ah]
u2N Î �v� � ãÎÏ �ä �±z · ãNÏ �ä � ¸ ÙÔS ð: ò u2N Î �v� � ±z ³ � Õ

~j[ fn ©_g^ g`e[egZ v u2N Î �v� � ±z ³ ��� �� � � � aZc x `eZd] ��� �� � � � e` Zg_m al eZ
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�w



©ed� Ä å· J Ñ � JU q ~n dgm mj[eZi b e[\ 2 ìÎ �v� gZ [\] l]k[ x b] `]] [\a[
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u�z x  �Êý ÆÞÇæ ÞÈ È ÞÇÝ çx }ZZ q gk ¤ a[\ q �[jc qx hgl q �� x ©_eZd][gZ � Zeh q
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