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

� � ���������

��� ������ �!� �" #����$ ��%
&��� '( ) *++,

-./01230
45 6785 9 :;<=>?>796=9@ >5A:=7BC7<D <E FD7C5 CGB5 7D89=79DCA <E

E=9@ 5> 9D> HDE=9@ 5> ID<CA 7D 9 A<J7> C<=HA K L;5 =5J9C7<D 7A 5AC9MJ7A;5>
879 9BB=<B=79C5 85=A7<DA <E C;5 HD785=A9J N9AA7J758?O<DCA587:; 7D89=79DC K
L;5 E=9@ 5> :9A5 7A C=59C5> E=<@ C;5 A7D6HJ9=7CG C;5<=G B<7DC <E 875P
C;9C 7D8<J85A ID<CA P 7C; >565D5=9C5 E=9@ 7D6A K

Q RSTUVWXYTZVS

[\] ^ _` ab _c^ ad e\cf g_g ]b cf ea chebaijk] _ h]k]ff_bl m_fcf dab _ g_be ad
e\] e\]abl ad n_ffcoc]p elg ] chp_bc_hef ad b]qjo_b go_h] kjbp]f r

sahfci]b_ecah ad fjk\ chp_bc_hef t_f fe_be]i b]k]heol ml ubhaoi r vh wxy z{
\] i]|h]i e\b]] abi]b x chp_bc_hef t\ck\ _b] ij_o ea e\] e\b]] q]h]bck mcdjb}
k_ecahf ch d_^ coc]f ad b]qjo_b go_h] kjbp]f r ~ \co] fchqjo_bcec]f ad _ q]h]bck
kjbp] _b] ahol eb_hfp]bf] iajmo] g achef y ch x}g_b_^ ]e]b d_^ coc]f e\]b] _gg ]_b
ebcg o] g achef _hi eta elg ]f ad f]od}e_hq]hkc]f � icb]ke �t\]h e\] eta p]oa kcel
p]keabf _e e\] f]od}e_hq]hkl gache \_p] e\] f_^ ] icb]kecah � _hi chp]bf] �t\]h
e\] icb]kecahf _b] agg afce]� r
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sahfci]bchq chp_bc_hef e\_e ia hae k\_hq] ijbchq ebcg o]}g ache _hi chp]bf]
f]od}e_hq]hkl eb_hfdab^ _ecahf ah] c^^]ic_e]ol _bbcp]f ea chp_bc_hef ad db_^ ]i
�haef ch _ faoci eabjf r vhi]]i y _ b]qjo_b go_h] kjbp] t ce\ ha icb]ke f]od}
e_hq]hkc]f ocdef ea _ �]q]hibc_h �hae ch e\] faoci eabjf �� �� � r [\cf �hae
\_f _ h_ejb_o db_^ chq r ugg ]_b_hk] ad icb]ke f]od}e_hq]hkc]f kabb]fg ahif ea
fchqjo_b �haef y t ce\ iajmo] g achef r �a e\] e\]abl ad n_ffcoc]p elg ] chp_bc_hef
ad b]qjo_b go_h] kjbp]f t ce\aje icb]ke f]od}e_hq]hkc]f oa a�f g_b_oo]o ea e\_e ad
db_^ ]i �haef ch _ faoci eabjf r [\jf _ k\abi}ic_qb_^ che]bgb]e_ecah �fc^ co_b
ea w� y xx{� ad e\] o_ee]b cf p]bl i]fcb_mo] r

	mpcajfoly fjk\ che]bgb]e_ecah f\ajoi m ] kahfebjke]i dba^ eta gc]k]f �
e\_e dab db_^ ]i �haef ch �
 _hi e\_e dab jhdb_^ ]i �haef ch _ faoci eabjf r

c� [\] k\abi}ic_qb_^ i]fkbcgecah ad |hce] elg ] chp_bc_hef ad db_^ ]i �haef
ch �}fg_k] \_f _ob]_il m ]]h qcp]h r vh wxx{ � ahef]pck\ ^ ]hecah]i e\_e e\]
fg_k] ad fjk\ b]_o}p_oj]i chp_bc_hef cf ij_o ea e\] b]_o och]_b fg_k] fg_hh]i
ml kcbkjo_b k\abi ic_qb_^ f ^aijoa e\] }e]b^ b]o_ecah r �_e]b e\cf t_f gbap]i
ml � �] _hi �jb_�_^ c wxz y x�{ t\a _i`jfe]i e\] ^ ]e\ai jf]i ml � ahef]pck\
ch e\] jhdb_^ ]i k_f] r

[\] _ggba_k\ ml � �] _hi �jb_�_^ c �e\]cb b]qjo_bcf_ecah ad e\] � ahef]}
pck\ �f che]qb_o� tab�f ahol dab e\] mo_k�m a_bi db_^ chq r �hdabejh_e]oly e\ cf cf
hae fj� kc]he dab e\] fejil ad go_h] kjbp]f r vhi]]i y e\] k_hahck_o db_^ chq ad
e\] �]q]hibc_h ocde ad _ b]qjo_b go_h] kjbp] cf mo_k�m a_bi ahol t ce\ b]fg ]ke
ea e\] gba` ]kecah t\ck\ cf hae p]bl kahp]hc]he ea kahfci]b cd ah] t_hef ea
kahfebjke n_ffcoc]p elg ] e\]abl dab go_h] kjbp]f r

vh e\] gb]f]he g_g ]b t] |oo e\ cf q_g ^aicdlchq e\] i]|hcecah ad e\] jhcp]b}
f_o n_ffcoc]p}�ahef]pck\ chp_bc_he fa e\_e ce f]bp]f �haef t ce\ _hl db_^ chqf r

cc� [\] |bfe _ee]^ge ea kahfebjke _ k\abi}ic_qb_^ che]bgb]e_ecah dab n_f}
fcoc]p elg ] e\]abl dab jhdb_^ ]i �haef ch _ �}^ _hcdaoi t_f iah] ml � _od_qc_hc
wx�{ r �je y fchk] e\] k_f] kahfci]b]i ml \]b t_f b_e\]b q]h]b_o y e\]b] t_f
ha ampcajf t_l ea ka^go]e] e\] e\]abl mly f_ly _ i]|hcecah ad _ kabb]fg ahi}
chq �ahef]pck\ �f che]qb_o r vh ajb fg ]kc_o k_f] ad _ faoci eabjf e\] che]qb_o cf
i]|h]i feb_cq\edabt_biol � _o^ afe e\] ahol ic�]b]hk] t ce\ e\] abcqch_o �ahe}
f]pck\ �f ci]_ wxx{ cf e\_e hat t] jf] e\] i]ka^gafcecah � � � � ad e\] faoci
eabjf chfe]_i ad e\] i]ka^gafcecah � � � � ad �
 r

[\af] _b] eta m_fck kahfebjkecahf ad e\] g_g ]b r [\] e\cbi ah] cf e\] fch}
qjo_bcel e\]abl _ggba_k\ ea chp_bc_hef ad db_^ ]i �haef r [\cf cf p]bl koaf] ea
e\] abcqch_o n_ffcoc]p �f ci]_ ea kahfci]b fchqjo_b �haef chfe]_i ad hah}fchqjo_b

z



ah]f g_ffchq dba^ ]^m]iichqf ad _ kcbko] chea �}fg_k] ea _bmceb_bl f^ aae\
^ _ggchqf r uhl ad hj^ ]bajf ]�jcp_o]he i]|hcecahf ad _ db_^ chq o]_p]f ampc}
ajf baa^ ea ^ _�] _ db_^ chq fchqjo_b r ~] chebaijk] ah] ^ ab] i]|hcecah ad
ajb ath _hi eb_k] e\] db_^ chq i]q]h]b_ecahf r [\] kahfci]b]i mcdjbk_ecahf
f\at y dab ]�_^go] y t\_e \_gg ]hf t ce\ e\] x}e]b^ db_^ chq}chi]g ]hi]hk] b]}
o_ecah ad chp_bc_hef ad jhdb_^ ]i �haef � ce ia]f hae icf_gg ]_b mje q]ef h]t
e]b^ f t\ck\ b]�]ke e\] db_^ chq i]q]h]b_ecahf r

[\] kahe]hef ad e\] g_g ]b cf mbc]�l _f daooat f r
vh �]kecah z y t] chebaijk] �haef t ce\ i]q]h]b_e] db_^ chqf _hi e\] ]� }

e]hfcah ad chp_bc_hef ad hah}fchqjo_b db_^ ]i �haef ea e\af] t ce\ ]o]^ ]he_bl
fchqjo_bcec]f r ~] kahfebjke e\] ic_qb_^ e\]abl dab db_^ ]i �haef ch �}fg_k]
t\ck\ m_fckol kachkci]f t ce\ e\_e ad �ahef]pck\ wxxy xz y x�{ �fa^ ] ic�]b]hk]
_gg ]_bf ahol dab �

�
}p_oj]i chp_bc_hef� r

vh �]kecah � y t] i]|h] e\] jhcp]bf_o n_ffcoc]p}�ahef]pck\ chp_bc_he dab
�haef ch �
 e\_e \_p] _bmceb_bl db_^ chqf _hi b]gbap] e\] b]fjoe ad �]}
�jb_�_^ c ch e\cf q]h]b_o f]eechq r

vh �]kecah  y t] kahfci]b n_ffcoc]p}�ahef]pck\ elg ] e\]abl dab jhdb_^ ]i
�haef ch _ faoci eabjf r ~] f\at e\_e e\] qb_i]i fg_k] ad ka^go]� }p_oj]i |hce]
abi]b chp_bc_hef ch e\cf k_f] cf ij_o ea e\] qb_i]i och]_b fg_k] q]h]b_e]i ml
^ _b�]i k\abi ic_qb_^ f ^ aijoa ^ _b�]i x} _hi }e]b^ b]o_ecahf r [\] ^ _b� chq
cf i]|h]i ml e\] djhi_^ ]he_o qbajg ad e\] faoci eabjf r

vh �]kecah � y t] ame_ch e\] fc^ co_b b]fjoe dab db_^ ]i �haef ch _ faoci
eabjf r ~] _ofa f\at e\_e _oo e\] ka]� kc]hef ad e\] p]bfcah ad e\] �	����
gaolha^ c_o dab db_^ ]i �haef ch _ faoci eabjf _b] ch d_ke n_ffcoc]p chp_bc_hef
ad |hce] abi]b �kd r w�{� r
� �	
�� � �_g ]b w�{ ]fe_mocf\]f e\] cfa^ abg\cf^ m ]et]]h e\] e\]abl ad
n_ffcoc]p chp_bc_hef dab db_^ ]i �haef ch _ faoci eabjf _hi e\_e dab b]qjo_b
go_h] kjbp]f t ce\ ha icb]ke f]od}e_hq]hkc]f r
� �	
�� �� [\] kahfebjkecahf ad e\] gb]f]he g_g ]b _b] p]bl kahp]hc]he ea
mjcoe jg fg ]keb_o f]�j]hk]f �fc^ co_b ea e\] n_ffcoc]p �f ah] wx�{� ea k_okjo_e]
ka\a^aoaql ad fg_k]f ad db_^ ]i �haef ch �
 _hi jhdb_^ ]i _hi db_^ ]i �haef
ch _ faoci eabjf r [\cf t coo m ] e\] eagck ad fa^ ] ae\]b g_g ]b r

������ �����	���� � v _^ p]bl e\_h� djo ea �]bq]c s\^jeap dab ]� }
eb]^ ]ol jf]djo icfkjffcahf r
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��� ������ ����� �� ��������
u f^ aae\ jhdb_^ ]i �hae ch �}fg_k] cf e\] c^ _q] ad _ f^ aae\ ]^m ]iichq
ad _ kcbko] chea �
 r �a y ch fchqjo_bcel e\]ably _h abc]he]i �hae cf eb]_e]i _f
_h ]o]^ ]he ad e\] f]e  ad _oo ! " }^ _ggchqf ad _h abc]he]i kcbko] chea �
 r
�ab^ _ooly # $%$&'($)*+#, *$- ,#. /0 %,(/$1/0 2$%1 ch �}fg_k] cf _ kahh]ke]i
ka^gah]he ad e\] fjmf]e ad  e\_e kahfcfef ad _oo e\] ]^m ]iichqf r

vh e\] e\]abl ad n_ffcoc]p chp_bc_hef ad �haef ch �
 e\] �]l bao] cf g o_l]i
ml fa}k_oo]i fchqjo_b �haef r 3 _^ ]oly kahfci]b e\] fjmf]e ad  ad _oo e\] c^ }
^ ]bfcahf t\af] c^ _q]f \_p] ahol 4 iajmo] g achef t ce\ hah}e_hq]he mb_hk\]f
_hi ha ae\]b fchqjo_bcec]f r 5$ *$- ,#. /0 %,(/$1/0 2$%1 6 (17 4 '($)*+#, 8 %($1'
cf _ kahh]ke]i ka^gah]he ad e\cf fjmf]e r 5 '($)*+#, *$- ,#. /0 2$%1 cf _ �hae
t ce\ _ |hce] hj^m]b ad fchqjo_b g achef r

~] chebaijk] hat fc^ co_b haecahf dab db_^ ]i �haef r
�]e � � 9 �� m ] _h abc]he]i ! " }]^m ]ii]i kcbko] _hi : 9 � � _h ag ]h

�_hhjo_b� h]cq\m ajb\aai ad � � r sahfci]b _ ! " }^ _ggchq ; � : < �
 r ve
i]|h]f e\] ^ _ggchq � ; dba^ e\] b]febckecah � = >� � ad e\] e_hq]he mjhio]
� � � ea e\] e_hq]he mjhio] � � 
 r
? �@� A� A�� �� [ta ^ _ggchqf ;B � :B < �
 y C D x E z y _b] /F*(G#+/$1 cd e\]
^ _ggchqf � ;B � �= >� � < � � 
 y C D x E z y kachkci] r

~] i]hae] ml  H e\] f]e ad _oo ! " }^ _ggchqf ; � : < �
 ^aijoa e\cf
]�jcp_o]hk] r [\] ko_ff ad _ ^ _ggchq ; ch  H tcoo m ] i]hae]i ml ; _f t]oo r
? �@� A� A�� ��� sahfci]b e\] f]e ad _oo e\] ]�jcp_o]hk] ko_ff]f ad ^ _ggchqf
; I  H fjk\ e\_e e\] b]febckecah � ; � �= >� � < � � 
 cf _h ]^m]iichq r 5
$%$&'($)*+#, %,(/$1/0 - ,#. /0 2$%1 ch �
 cf _ kahh]ke]i ka^gah]he ad e\cf
f]e r

[\] � ; � �= >� � < � � 
 m ]chq _h ]^m]iichq qj_b_he]]f e\] ^ _ggchq
; � � � < �
 m ]chq _h ]^m ]iichq eaa r

[\] c^ _q] ; �� �� t coo m ] k_oo]i e\] J%,/ ad e\] ^ _ggchq r





sahfci]b _ fjmf]e ad  H t\ck\ kahfcfef ad _oo e\] ]�jcp_o]hk] ko_ff]f ad
^ _ggchqf ; fjk\ e\_e �

c� e\] ^ _ggchq ; � � � < �
 b]gb]f]hef _h jhdb_^ ]i �hae t ce\ 4 � �

fchqjo_b g achef �
cc� dab _oo � I � � y ]� k]ge � � � gachef hah] ad t\ck\ cf ^ _gg ]i ea _ iajmo]

g ache ad e\] kab] ; �� �� y e\] ^ _ggchq � ; \_f b_h� z ah � �� � �
ccc� dab e\] b]^ _chchq � g achef � I � � y e\] ^ _ggchq � ; \_f b_h� x ah

� �� � r
? �@� A� A�� ��� 5$ %,(/$1/0 - ,#. /0 2$%1 ch �
 6(17 4 � � '($)*+#,(1(/' cf _
kahh]ke]i ka^gah]he ad e\] _m ap] fjmf]e r 5 '($)*+#, %,(/$1/0 - ,#. /0 2$%1
cf _h abc]he]i db_^ ]i �hae t ce\ _ |hce] hj^m]b ad fchqjo_bcec]f r

sahicecah c� c^ goc]f e\_e e\] �]bh]o ad � ; y e\_e _gg ]_bf ch ccc� y cf hae
e_hq]he ea � � r

� �� ��� 	����� �
� ��� ����
[\] f]e  H ad db_^ ]i kjbp]f ch �
 fgocef chea abmcef ad e\] h_ejb_o ]�jcp_o]hk]
qbajg t\ck\ t] i]hae] ml � �dab �db_^ ]i� � r [\cf cf _h _h_oaq ad e\] qbajg
ad o]de}bcq\e ]�jcp_o]hk] ad ^ _ggchqf �kd r w� y  {� r 3_^ ]oly t] kahfci]b _
b]gb]f]he_ecp] ; � : < �
 ad _h ]o]^ ]he ad  H ^aijoa �

c� abc]he_ecah}gb]f]bpchq ic�]a^ abg\cf^ f ad e\] e_bq]e �
 �
cc� ic� ]a^ abg\cf^ f ad e\] fajbk] g_cb �: E � �� gb]f]bpchq e\] abc]he_ecahf

ad e\] kcbko] _hi cef h]cq\m ajb\aai �
ccc� e]b^ f ad abi]b qb]_e]b e\_h x ch e\] icb]kecah ch : e\_e cf eb_hfp]bf_o

ea � � r
[\]b] cf _h ampcajf oa k_o p]bfcah ad e\] � }]�jcp_o]hk] dab q]b^ f ad ^ _g}

gchqf ; � �� � E� � E �� < ��
 E �� r [\cf \_f e\] daooat chq kaabich_e] i]fkbcg}
ecah r

�]e � _hi � m ] kaabich_e]f ah e\] fajbk] go_h] t ce\ e\] � � m ]chq e\]
� }_� cf r ~] jf] e\] hae_ecahf �

�� �� dab e\] fg_k] ad _oo b]_o}p_oj]i ! " }djhkecah}q]b^ f ah ��� E �� �
� 
� �� dab e\] fg_k] ad _oo ! " }^ _g}q]b^ f ad �� � E �� ea �
 �
� 
� dab e\] fg_k] ad ! " }^ _g}q]b^ f dba^ e\] e_bq]e kagl ad ��
 E �� ea �


gjoo]i m_k� ea �� � E �� ml e\] q]b^ ; r

�



[\] e_hq]he fg_k] ea e\] � }abmce ad _ ^ _g}q]b^ ; I � 
� �� cf
� � �� ; � D � 
� � �� �� �� ; ��� E �� ; �� � � � � �� 
� �� E

e\] ^ ciio] fj^^_hi m ]chq _ ^aijo] ah e\] eta q]h]b_eabf r
��
	� �� � �� u hah}fchqjo_b q]b^ �� � E� � E �� < �
 k_h m ] b]ijk]i ea

�� E � � �< �� E � E �� 	
[\] e_hq]he fg_k] ea cef � }abmce cf e\] t\ao] ad � 
� �� �fa y e\] q]b^ cf fe_mo]� r

� �
 � �	�������� ������� � � 	 	����� ���������� �
uf jfj_o y #$ � &. ($(G/,'#+ 0/- %,. #1(%$ %- ; �kd r w� y  {� cf _ ^ chc^ _o eb_hfp]b}
f_o ea cef � }abmce fa oahq _f e\] e_hq]he fg_k] �� �� ; � \_f _ |hce] kaic^ ]hfcah
ch � 
� �� r[\] m_f] ad _h � }^ chcp]bf_o i]dab^ _ecah ad _ ^ _g}q]b^ ; kahe_chf 17 /(- *,J#1(%$ 0(#) ,#. �� �; � r [\_e cf e\] f]e ad e\] p_oj]f ad e\] i]dab^ _}
ecah g_b_^ ]e]bf � dab t\ck\ e\] kabb]fg ahichq g ]bejbm ]i ^ _ggchqf � ;� �
�� >� � < � � 
 _b] hae ]^m]iichqf r [\]b] _b] eta agecahf ea _k\c]p] _
i]q]h]b_ecah �

x� ]ce\]b e\] ^ _ggchq ;� � � � < �
 cf hae _h ]^m ]iichq y
z� ab y dab fa^ ] gache � I � � y e\] ic�]b]hec_o � ;� cf hae ad b_h� z ah � �� � r
[\jf e\] ic_qb_^ �� �; � \_f eta ka^gah]hef t\ck\ t] i]hae] ml ��� �; �

_hi ���� �; � b]fg ]kecp]olr �ae\ _b] \lg ]bfjbd_k]f r �abq]eechq e\] db_^ chq _hi
kahfci]bchq ; _f _ ^ _ggchq ad e\] och] _oah] y t] fe_l t ce\ e\] ka^gah]he��� �; � aholr
��
	� �� � �� u oak_o hab^ _o dab^ dab e\] fc^go]fe fchqjo_b db_^ chq ah _
f^ aae\ kjbp] ch �
 cf �

� � �� E � � �< �� E �� E �� 	
[\] ic�]b]hec_o ad e\cf ^ _ggchq \_f b_h� x _e e\] abcqch r

�ab _ ah]}g_b_^ ]e]b ^ chcp]bf_o i]dab^ _ecah ah] k_h e_�]�
� � �� E � � �< �� E �� E �� � E

t\]b] � cf e\] i]dab^ _ecah g_b_^ ]e]b r vh � cq rxy _m ap] e\] g_b_^ ]e]b och] y
t] f\at e\] kabb]fg ahichq db_^ ]i kjbp]f r [\] maoi och] e\]b] cf e\] kab] y

�



α0

� cqjb] x� �7 / '(.8 +/'1 - ,#. ($) 0/) /$ /,#1(%$ �

e\_e cf e\] c^ _q] ad e\] � }_� cf r [\] e\ch och] cf e\] db_^ chq r ve b]gb]f]hef
e\] �

�
� }c^ _q] ad _ f]kecah ad �� >� � t\ck\ kahe_chf e\] q]h]b_eab �� ad e\]

�]bh]o ad � �
�
� r [\] mcdjbk_ecah ic_qb_^ cf �� �

�
� � D ���� �

�
� � D �� D �� r

[\] mcdjbk_ecah ic_qb_^ ad _ db_^ ]i kjbp]}q]b^ cf kaabc]he_mo] ch e\]
m_f] ad _h � }p]bf_o i]dab^ _ecah _e cef b]qjo_b g achef r 3_^ ]oly ea kaabc]he
e\] ka^gah]he ���� t] f_l e\_e e\] oa k_o mcdjbk_ecah ad � cq rxy dab 0/J,/#'($)� cf iah] ch 17 / 8 %'(1(G / 0(,/J1(%$ r [a kaabc]he ��� t] f_ly _f jfj_o y e\_e
e\] mcdjbk_ecah ad � cq rz cf 8 %'(1(G /r ~] _ffj^ ] \]b] _hi djbe\]b ah e\_e e\]
bcq\e abc]he_ecah ad �
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? �@� A� A�� � � ��� �� E� � � D

D x
�z� C�� �

�� �� 	�>	�
 	 ���	�� 	��� �� ����� �� �� ���� �� �� x��� ��
� � � �
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�
� ��

�� � � �� � � � I �� �� E

t\]b]  bjhf e\bajq\ _oo g affcm o] g_cbchqf ah �� � �� � y  � cf e\] hj^m]b ad
g achef ch e\] � g_cbf _e t\ck\ e\] djhkecah  cf i]kb]_fchq _oahq e\] abc]he]i
och� � � � � y _hi � � � cf e\] ko_ff ad e\] ic_qb_^ 	 � � ch �� �� r
? �@� A� A�� � �� �� �� H � D oc^ �� � ��� �� E� � � 	
������	 � �� �kd r wxx{� (� �7 / +(. (1 17 #1 0/� $/' �� �� H � (' � $(1/�

((� �� �� H � 0%/' $ %1 0/8 /$0 %$ 17 / 0/J%.8 %'(1(%$ �: E � �� D � � � �� E ��
%- 17 / #$$*+*' *' /0 ($ 17 / 0/� $(1(%$ �

(((� �� �� H � (' ($G#,(#$1 *$0/, 17 / 7 %. %1%8 
 ($ 17 / J+#'' %- - ,#. /0 � %,' /
2$ %1' �

(G� �� �� H � (' #$ ($G#,(#$1 %- %,0/, +/'' 17 #$ � � x �
�e_e]^ ]he cp � kahk]bhf e\] ]�e]hfcah �ch e\] f]hf] ad fjmf]kecah z r � ad

e\] chp_bc_he ea fchqjo_b db_^ ]i � abf] �haef hah] ad t\af] fchqjo_b g achef
cf _ oa k_o ]�eb]^j^ ad  r

[\] gbaad ad e\] e\]ab]^ akkjgc]f e\] h]�e eta fjmf]kecahf r


 �� � ��� 	 � 	 ��� �����������
[\] icp]bq]hk] ad e\] oc^ ce kajoi _bcf] dba^ e\] eta 0#$) /,%*' elg ]f ad g_cbf
�k\abif� �

x�



($� $(1/'(. #+ 8 #(,' e\_e kabb]fg ahi ea e\] k_f] �� D � ��� ch e\] i]|hcecah
ad 	 � � �

'7 %,1 8 #(,' t\af] ]o]^ ]hef �� �D � ��� _b] olchq ah eta fjkk]ffcp] che]bp_of
ad ^ ahaeahckcel ad e\] djhkecah  ah � y fa e\_e ha k\abi kahh]kef e\] eta
f]^ ckcbko]f chea t\ck\ �� _hi � ��� kje � r

vh m ae\ k_f]f y e\] ic_qb_^ 	 � � cf ame_ch]i dba^ _ ic_qb_^ tce\ d]t]b
k\abif ml chf]becah ad _h cfao_e]i k\abi r �j] ea e\] }e]b^ b]o_ecah y e\]
kabb]fg ahichq q]h]b_eab � � � ad �� �� ia]f hae i]g ]hi ah e\] oa k_ecah ad
e\] chf]becah r ~] _b] qachq ea ]�goace e\cf chi]g ]hi]hk] _hi qbajg eaq]e\]b
e\] e]b^ f t\ck\ kabb]fg ahi ea ah] _hi e\] f_^ ] q]h]b_eab ad fjk\ elg ] fa
e\_e e\]cb chicpcij_o icp]bq]hk]f � coo ah] _hae\]b r [\] qbajgchq cf ^ _chol
m_f]i ah e\] daooat chq r
��
	� �� � �� sahfci]b e\] d_^ col ad _oo g affcm o] g_cbchqf ah �� � �� � t\ck\
\_p] ahol eta g_cbf chpaop chq g achef dba^ _ h]cq\m ajb\aai ad fa^ ] oak_o ^ _� }
c^j^ ad e\] djhkecah  ah � �� cq rx�� y t ce\ e\] jgg ]b g_cb m ]chq i_hq]bajf
_hi e\] oat]b ah] hae r

�]e � m ] e\] oa k_o ^ _� c^j^ p_oj] ad  ah �� � �� � r �]e 
�
� � m ] e\]

o]p]o ad _ +%$) g_cb ��
�
E � �
�
� e\_e ` achf _ g ache chfci] ajb h]cq\majb\aai t ce\

_ gache ajefci] r
�_cbchqf ch e\] d_^ col \_p] ahol ah] ch|hce]fc^ _o ab f\abe g_cb ch e\] fock]


�
�  � � ad e\] h]cq\majb\aai r vhe]qb_ecah y t ce\ch e\]f] oc^ cef y ad e\]

fj^ ad e\] dajb x}dab^ f kabb]fg ahichq ea e\] dajb i_hq]bajf g_cbf qcp]f e\]
oaq_bce\^ ad e\] kbaff}b_eca �

oh ��
�
� � �

�
� ��
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�
� � �
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�
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[\] jgg ]b m ajhi ]p_oj_ecah qcp]f 
]ba r
[\] icp]bq]hk] ad e\] oat]b m ajhi e]b^ f oh ��B � � �B � y C D z E � y dab � < � y

cf k_hk]oo]i ml e\] che]qb_ecah _oahq e\] g_cbchqf ch t\ck\ e\] g_cb ��B E � �B �
icp]f jhi]b e\] o]p]o  D 

�
r

vh e\] b]^ _chchq oat]b m ajhi e]b^ oh ���
�
� � �



� ��



� � �

�
�� y � �B e]hif ea �B

_f � < � y C D z E � r ue e\] f_^ ] ec^ ] y � e]hif ea e\] oa k_o ^ _� c^j^ p_oj]
� ad e\] djhkecah  ah � �jho]ff � D � dba^ e\] p]bl m ]qchhchq� r 3at e\]
che]qb_o ���

��� �� oh ��
�
�
�
� � �
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� cqjb] x� � �#$ J/+ +#1(%$ %- 0(G /,) /$ J(/' �

vh _ q]h]b_o k_f] t] daooat e\] _m ap] abi]b ad che]qb_ecahf _hi g_ffchq ea
e\] oc^ ce r

~] che]qb_e] |bfe ch e\] gb]oc^ ce f]eechq _oahq e\] }o]p]of ad ch|hce]fc^ _o
_hi f\abe k\abif dab _oo e\] ae\]b o]p]of |�]i r

sahfci]b eta che]bp_of y � 9 �� _hi �� 9 �� � y ad ^ ahaeahckcel ad e\]
djhkecah  e\_e kabb]fg ahi ea ]_k\ ae\]b ml e\] f\cde _oahq e\] db_^ chq |]oi
� r

~] f_l e\_e #$ ($� $(1/'(. #+ 8 #(, ��� E � �� � (' #' /0 %$ � � �� cd e\] g achef
�� _hi � �� _b] ol chq ah e\]f] che]bp_of r

~] f_l e\_e # '7 %,1 8 #(, ��� E � �� � (' #' /0 %$ � � �� cd e\_e ad e\] g achef
�� _hi � �� t\ck\ oc]f ah � � �� k_hhae m ] ^ ap]i kahechjajfol _oahq �� � �� �
ea e\] h]cq\majbchq kajgo] ad che]bp_of ad ^ ahaeahckcel ah t\ck\ e\] ae\]b
^ ]^m ]b ad e\] g_cb ocp]f r [\cf _ggoc]f ch e\] k_f] t\]h e\] fjbq]bl e\_e
_i`jfe]i � � � � ea �� � �� � t_f hah}ebcpc_o ch e\] h]cq\m ajb\aai ad e\]
oa k_o ]�eb]^j^ ad  ah � r vd y ah e\] kaheb_bly e\] oa k_o fjbq]bl t_f ebcp c_o
�e\_e cf e\] db_^ chq p]keab � _e e\] ]�eb]^j^ \_f 
]ba }ka^gah]he� e\]
m_f]}che]bp_o _ffcqh^ ]he cf _bmceb_bl �mje f\ajoi m ] |�]i m ]dab] t] fe_be e\]
che]qb_ecah � r
��
	� �� � �� vh � cq rx� y e\] g_cbf ��

�
E � �


� _hi ��



E � �
�
� _b] m_f]i ah e\] o]de

_hi bcq\e kajgo]f ad e\] che]bp_of ad ^ ahaeahckcel b]fg ]kecp]olr

x�



3at y _ffj^ ] e\_e ch e\] ]�gb]ffcah dab ��� �� E� � � t] _b] kahfci]bchq _h
� }g_cbchq  e\_e \_f ]�_keol � i_hq]bajf g_cbf m_f]i ah _ k]be_ch kajgo]
� � �� ad che]bp_of r sahfci]b e\cf g_beckjo_b g_cbchq _f _ ^ ]^m]b ad e\] ]hecb]
d_^ col ad _oo e\] g_cbchqf e\_e \_p] ]�_keol � i_hq]bajf g_cbf m_f]i ah � � ��
_hi t\af] b]^ _chchq � � � g_cbf � _b] ]�_keol e\] f_^ ] _f ch  r [\] k\abi
ic_qb_^ f ad _oo e\]f] � }g_cbchqf i]|h] e\] f_^ ] ]o]^ ]he ch �� �� r

vh e\cf d_^ coly e\] }o]p]of ad e\] f\abe g_cbf y e\_e _b] m_f]i ah � � �� _hi
` ach e\] g achef ad e\cf kajgo] ad che]bp_of t ce\ e\] g achef ad e\] ae\]b kajgo]
ad che]bp_of e\_e cf _i` _k]he ea � � �� pc_ e\] eta oak_o ^ _� c^ _ ad  ah � � � � y
_b] m ajhi]i dba^ m]oat ml e\] o]p]o  D � ad e\] kabb]fg ahichq oahq g_cb r
[\]b] cf _ofa e\] fc^ co_b m ajhi  � � dab e\] o]p]of ad e\] f\abe g_cbf oa k_e]i
ml e\] eta oak_o ^ chc^ _ ad e\] djhkecah  ah � � � � r

u f^ _oo ]�]bkcf] ch ]o]^ ]he_bl k_okjojf _hi ka^mch_eabckf f\at f e\_e
che]qb_ecah ch ��� �� E� � � _oahq e\] i]fkbcm ]i d_^ col gbapci]f e\] dab^

x
�z� C�� �� x� ��� ����

�� � �
�� �

�
� ��

�� � � �� x
� �

oh � � �� � � � � �� �� �� � � � � �� � � � � E

t\]b] _de]b e\] b]ai]bchq ad e\] g_cbchqf ad e\] d_^ col t] f]e � D � ��
�
E � �
�
� E	 	 	 E ����� E � ���� �� r [\] ]p_oj_ecahf ad e\] ic� ]b]hk]f jhi]b e\] oaq_bce\^ _b]

iah] ah e\] eta f\abe g_cbf m_f]i ah � � �� _hi olchq ah e\] kabb]fg ahichq
}o]p]of r [\] ame_ch]i dab^ cf ea m ] che]qb_e]i _oahq e\] p_bcajf }o]p]of ad
e\] g_cbchqf � r

u de]b fc^ co_b che]qb_ecah dab _oo e\] kajgo]f ad che]bp_of cf iah] y t] ia
hae |hcf\ e\] che]qb_ecah ch ��� �� E� � � mje c^^ ]ic_e]ol g_ff ea e\] oc^ ce dab
� < � ea q]e �� �� H � r [\cf ^ ]_hf e\] fjmfecejecah ad � ��� �_hi � �� � dab � �� �_hi
� � � ]p]blt\]b] ch e\] _m ap] �� � � �}dab^ ab ch e\] oat]b i]qb]] dab^ e\_e
\_f ]^ ]bq]i dba^ ce r

�a ame_ch]i oc^ cechq che]qb_o cf _mfaoje]ol kahp]bq]he fchk] cef ahol fch}
qjo_bcec]f �kd r wxxy �{� _b] ]fec^ _e]i ml kahfe_he ^joecgo]f ad e\] che]qb_of
oc�] � �����

� �� � 	
� 	 	 	 �� � 
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�
�
� 	 	 	

�
��� ���

�� E
e\_e _b] kahp]bq]he _e � r

z�
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 ���������� � 	 ��� �� �� ����� ���������  �����
[\] gb]oc^ ce che]qb_of ��� �� E� � � ia hae h]]i ea m ] chp_bc_he jhi]b \abc
ahe_o
g ]bejbm_ecahf �e\_e cf t\]h ]_k\ gache fe_lf ch cef }o]p]o� ad e\] och� � � � � r
	h e\] kaheb_bly e\] oc^ ce �� �� H � cf chp_bc_he jhi]b \abc
ahe_o cfaeagc]f ad
e\] db_^ ]i och� r �]e jf f\at e\cf _ffj^ chq y _e |bfe y e\_e hah] ad e\] kbceck_o
o]p]of ad e\] djhkecah  ah � ^ap]f r

�ba^ e\] gb]pcajf fjmf]kecah t] f]] e\_e ce cf ]hajq\ ea _ffj^ ] e\_e
e\] db_^ chq cf fjk\ e\_e y aje ad fj� kc]heol f^ _oo h]cq\majb\aaif ad kbceck_o
g achef ad  ah � y e\] db_^ chq |]oi � cf ol chq ch e\] o]p]of  D ��4 � _hi cf ad
o]hqe\ xr �a e\] icfe_hk] m ]et]]h _ gache � �� I �� � _hi cef h]cq\majb � ��� I ��
cf � �

� �� � � ��� D ��B�� E �� I � �z� � 	
sahfci]b _ fock] � �  � � fjk\ e\_e e\] koaf]i che]bp_o w� E �{ kahe_chf

ha kbceck_o p_oj]f ad  ah � r [\] g_be ad � ch e\cf fock] kahfcfef ad y f_ly
� mb_hk\]f qachq jgt_bif _hi � mb_hk\]f qachq iatht_bif r sahfci]b _
\abc
ahe_o cfaeagl ad ajb db_^ ]i �hae t\ck\ cf hah}ebcp c_o ahol ch � �  �
� r umfaoje]ol fc^ co_b ea wxxy �{ y e\] chp_bc_hk] ad e\] ]o]^ ]hef �� �� H � I
�� �� y � � � y jhi]b fjk\ cfaeagl cf c^goc]i y _kkabichq ea �ea�]f � dab^jo_ y
ml �_eh]ff ad e\] daooat chq �hc
\hc�}�_^ aoaik\c�ap elg ] kahh]kecah r

[\cf dab^ _o kahh]kecah y t\ck\ t] i]hae] ml � H� �� y cf i]|h]i ah e\] ic}
b]ke gbaijke ad eta fg_k]f r 	h] ad e\]^ cf e\] f]e ad _oo abi]b]i z� }ejgo]f��
�
E 	 	 	 E �

�� � ad g_cbt cf] icfechke ka^go]� hj^m ]bf r [\] ae\]b cf e\] z� }ic^ ]hfcah_o eabjf t ce\ e\] kaabich_e]f �	 I � �z�� r
~] f]e

� H� �� D ��
	 ��
��
�	 ���	 ��	 � E

t\]b]
�	 cf x dab  � � _hi � x ae\]bt cf] �
�	 � D ��� ������ ��� t\]h  �D � �
�		 D

�
�	 �

�	� _hi �		 _b] e\] x}k\abi ic_qb_^ f m_f]i ah z� abi]b]i g_b_oo]o _bbat f y
|bfe � ad t\ck\ gache jgt_bif _hi e\] ae\]bf iatht_bif �

zx
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[\] x}dab^ � H� �� cf koaf]i r
3at y e\] gbaijke ad eta k\abi ic_qb_^ f m_f]i ah ajb z� abi]b]i _bbat f

cf y _f jfj_o y ib_t chq e\] |bfe ad e\]^ m]oat e\] f]kahi r �ab^ _o och]_b ka^ }
mch_ecahf ad k\abi ic_qb_^ f _b] kahfci]b]i ^ aijoa e\] }e]b^ b]o_ecah r �ab
]�_^go] y e\] fg ]kc_o �ic_qah_o� k_f] ad e\] }e]b^ b]o_ecah f_lf e\_e �		
ka^^je]f t ce\ _hl �	 � �e\cf cf _kej_ool et ck] e\] �a_echq}g ache b]o_ecah � r
~ ce\ch e\cf jhi]bfe_hichq e\] d_ke � H� �� � � H� �� D � cf ampcajf �kd r w�{� r

[\jf kahh]kecah � H� �� cf �_e r
[\] gbaad ad chp_bc_hk] ad �� �� H � jhi]b _oo ae\]b ^ ap]f t\ck\ gb]f]bp]

e\] ko_ff ad � abf] db_^ ]i �haef cf _o^ afe tabi}ea}tabi b]g ]ececah ad fjmf]k}
ecah  r� r� ad w�{ r

�_be cc� ad [\]ab]^ � r� cf _ g_bckjo_b k_f] ad g_be ccc� r
� ch_ooly _f ch wxx{ y g_be cp � ad [\]ab]^ � r� cf ampcajf r


 �� ��� ��������  ���������
�c^ co_b ea e\] jhdb_^ ]i k_f] wxxy �{ y e\] che]qb_of �� �� H � _b] hae chp_bc_he
jhi]b e\] ^ ap] e\_e k_hk]of eta h]cq\m ajbchq oa k_o ]�eb]^ _ ad  ah � r ~]
|� e\] gbamo]^ ]�_keol ch e\] f_^ ] t_l _f ce t_f iah] ch wxxy �{ r

�]e � �� H � D �� �� �� �� H � I �� E

t\]b] �� D �� �� �� �� r
�]e � H m ] e\] kjbp] ad � cq rxx ol chq ch e\] go_h] v^ � D � _hi ]�jcgg ]i

t ce\ e\] ebcp c_o db_^ chq C�� r[\] f]bc]f � �� H � I �� cf chp]becm o] fchk] ce fe_bef t ce\ x I � � �� r
�]e � m ] e\] hj^m]b ad kbceck_o g achef ad e\] djhkecah  ah e\] kab] ad _

db_^ ]i � abf] �hae � H r
? �@� A� A�� � �� [\] ]o]^ ]he

�� �� H � D � �� H � � � �� H ��� �
 I ��
zz
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� cqjb] xx� �7 / J*,G/ � �

cf k_oo]i 17 / *$(G/,'#+ �#''(+(/G&� %$1' /G(J7 ($G#,(#$1 ad e\] db_^ ]i � abf]
�hae � H r
��
	� �� � �� �]e � I �

�
�� m ] e\] x}k\abi ic_qb_^ r sahfci]b _h jh�hae

t ce\ e\] db_^ chq e\_e ^ _�]f ah] g afcecp] bae_ecah _bajhi ce r [\] p_oj] ad ��
ah e\cf jh�hae cf ]�g �� � r
������	 � �� �kd r wxxy �{� �%, #$
 - ,#. /0 � %,' / 2$ %1 � H � �� �� H � 0/8 /$0'
%$+
 %$ 17 / 1%8 %+%) (J#+ 1
8 / %- � H � �7 / 0/),// � J%.8 %$ /$1 ��� �� H � I
�� �� %- �� �� H � (' #$ ($G#,(#$1 %- %,0/, +/'' 17 #$ � � x �

�chk] e\] gbaad ka^go]e]ol b]g ]_ef e\_e ch e\] jhdb_^ ]i k_f] wxxy �{ y t]
a^ ce ce \]b] r

[\] oat]fe abi]b e]b^ ad �� �� H � dab _ fchqjo_b db_^ ]i �hae t ce\ 4 iajmo]
g achef _hi � g achef ad i]q]h]b_ecah ad e\] db_^ chq cf ]_fcol f]]h ea m ] z�� �� � y
t\]b] � �� � I � ��� �� cf e\] k\abi ic_qb_^ ad � H �t] jf] \]b] e\] z}e]b^
b]o_ecah ea eb]_e _h �4 E � �}ic_qb_^ _f e\] �4 � � �}k\abi ic_qb_^ �r uf ch
wxxy �{ y e\ cf d_ke c^ goc]f e\] ko_c^ � H

� �� �� H
� � � �� D � �� �� ad [\]ab]^ z rx� ah

e\] i]fkbcgecah ad e\] fg_k] ad fl^maof ad abi]b � b]_o}p_oj]i chp_bc_hef ad
db_^ ]i �haef ch �
 r
� �	
�� � �� �c^ co_b ea ��]bkcf]  r� ad w�{ y ce cf ]_fl ea f]] e\_e e\] f]bc]f
�� �� H � cf b]_o r

� �S �U���W �SVT� ZS � �V 
ZW TVUX�

� �� � ����� ����� ������� �
�e_bechq t ce\ e\] fg_k]  =� ad ! " }^ _ggchqf ad _h abc]he]i kcbko] ea _ faoci
eabjf ��[�y t] kahfebjke e\] e\]abl ad n_ffcoc]p elg ] chp_bc_hef ad abc]he]i

z�



jhdb_^ ]i �haef ch �[ ch e\] ampcajf t_lr ~] q]e haecahf ad hah}fchqjo_b
_hi fchqjo_b �haef y ]�e]hi]i chp_bc_hef y k\abi ic_qb_^ f y ]ek r [\] ^ _ch h]t
d]_ejb] \]b] cf e\_e e\] k\abi ic_qb_^ ad _ fchqjo_b �hae g aff]ff]f _ h_ejb_o
che]q]b ^ _b� chq �kd r wx�{� r

3_^ ]oly o]e jf |� _ q]h]b_eab ad e\] djhi_^ ]he_o qbajg �
�
��[� D � r

u iajmo] g ache ad _h abc]he]i fchqjo_b �hae ch �[ kjef e\] �hae chea eta
fjmoaagf ]_k\ ad t\ck\ \_f cef ko_ff ch �

�
��[�r ~] tbce] e\] kabb]fg ahichq

djhi_^ ]he_o che]q]b ah e\] fci] ad e\] kabb]fg ahichq k\abi ch e\] ic_qb_^
e\_e d_k]f e\] gb]c^ _q] ad e\] kabb]fg ahichq fjmoaag �� cq rxz� r �ab kahp]}
hc]hk] t] _ofa ^ _b� e\] kcbko] ad e\] ic_qb_^ tce\ e\] djhi_^ ]he_o ko_ff ad
e\] t\ao] �hae r [\] fj^ ad e\] eta ^ _b� chqf ah ]_k\ k\abi cf ]�j_o ea e\]
^ _b� chq ad e\] kcbko] r
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�]e � � 9  =� m ] e\] f]e ad g_b_^ ]ebc
_ecahf ad �haef t ce\ ]�_keol 4
q]h]bck iajmo] g achef r ~] f_l e\_e eta ]o]^ ]hef ad � � _b] ,/+#1/0 �kd r wx�{�
cd e\]l k_h m ] ` ach]i ml _ ! " }\a^ aeagl e\_e fe_lf _o^ afe _oo e\] ec^ ] ch
� � _hi y _e e\] b]^ _chchq |hce]ol ^ _hl chfe_hef y kbaff]f � ��

�
eb_hfp]bf_oolr

~] _ofa f_l e\_e 16 % '($)*+#, 2$ %1' #,/ ,/+#1/0 cd e\]cb b]gb]f]he_ecp]f _b]
b]o_e]i r

~] \_p] ]pci]he
� �����A� A�� � � �6% '($)*+#, 2$ %1' ($ # '%+(0 1%,*' #,/ ,/+#1/0 (- #$0 %$+

(- 17 /(, . #,2 /0 J7 %,0 0(#) ,#.' J%($ J(0/�

� ]k_oo e\_e t] kahfci]b k\abi ic_qb_^ f jg ea ic�]a^ abg\cf^ f ad e\]
kcbko] t\ck\ gb]f]bp] e\] abc]he_ecah r vh e\] ^ _b�]i k_f] ic� ]a^ abg\cf^ f
f\ajoi gb]f]bp] e\] ^ _b� chqf _f t]oo r
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	 d kajbf] y e\] p_oj]f ad chp_bc_hef ah abc]he]i fchqjo_b �haef ch _ faoci
eabjf _b] fjm` ]ke ea e\] }e]b^ b]o_ecah ad �bag afcecah z r� _hi e\] db_^ chq}
chi]g ]hi]hk] x}e]b^ b]o_ecah ad � cq r� r 	h e\] ae\]b \_hi y ij] ea �bag afcecah
 rx y e\] p_oj]f ad _ fl^mao ad abi]b 4 chp_bc_he ah fchqjo_b �haef ch �[ _b]
ch d_ke djhkecahf ah ^ _b�]i 4 }k\abi ic_qb_^ f r [\cf c^goc]f
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� ]b] t] qcp] ahol g_bec_o ^ _b� chqf e\_e _ooat jf ea b]feab] e\] ka^go]e]
ah]f r

� ��� � � vhi]]i y e\] ^ _b�]i x}e]b^ b]o_ecah kabb]fg ahif ea e\] kaheb_kecah
ad _ f^ _oo fjmoaag ad _ fchqjo_b �hae t\ck\ cf jhoch�]i t ce\ e\] b]^ _chchq
g_be ad e\] �hae �f]] � cq r� _hi a^ ce _oo e\] db_^ chqf e\]b]� r [\] djhi_^ ]he_o
ko_ff ad _ kaheb_kecm o] fjmoa ag cf � r

[\] ^ _b�]i }e]b^ b]o_ecah ka^ ]f dba^ e\] mcdjbk_ecah ad _ ebcg o] g ache r
�a e\] g_bec_o ^ _b� chqf _b] ch\]bce]i dba^ e\_e ad e\] ^ _b�]i k\abi ic_qb_^
ad _ ebcg o] g ache �

j i
i+j

w

z�



� �
 � ���� � 	 ������ ����� ������� �
5$ #'1,#J1 . #,2 /0 4 &J7 %,0 0(#) ,#. cf _h 4 }k\abi ic_qb_^ tce\ che]q]b eta}
fci] ^ _b� chq ad cef k\abif _hi che]q]b ^ _b� chq ad e\] kcbko] fjk\ e\_e e\] fj^
ad e\] eta ^ _b� chqf ad ]_k\ k\abi cf e\] ^ _� chq ad e\] kcbko] r

�]e � � m ] e\] och]_b fg_k] ad |hce] och]_b ka^mch_ecahf �t ce\ fa^ ] |� ]i
ka ]� kc]hef� ad _oo _mfeb_ke ^ _b�]i k\abi ic_qb_^ f ^aijoa e\] ^ _b�]i x}
_hi }e]b^ b]o_ecahf �e\_e cf y ahk] _q_ch y e\] b]o_ecahf ad �bag afcecah  rz
dab ic_qb_^ f e\]^ f]op]f b_e\]b e\_h dab djhkecahf ah e\]^ � r ~] i]hae] ml
� �� e\] abi]b 4 g_be ad � � q]h]b_e]i ml 4 }k\abi ic_qb_^ f r �hoc�] e\]
hah}^ _b�]i k_f] y � �� cf ch|hce]}ic^ ]hfcah_o dab _hl 4 � � r

vh e\] hah}^ _b�]i k_f] e\] och]_b fg_k] � � q]h]b_e]i ml _oo k\abi ic_}
qb_^ f ^aijoa e\] x} _hi }e]b^ b]o_ecahf cf _h _oq]mb_ t ce\ b]fg ]ke ea e\]
kahh]ke]i fj^ ag ]b_ecah wxxy �{ �� � cf e\] �jaec]he}_oq]mb_ ad e\] _oq]mb_
� D �� ���� kahfci]b]i _map]� r ve cf gb]eel ampcajf e\_e � � ia]f hae \_p]
fc^ co_b _oq]mb_ febjkejb] � ch q]h]b_o y e\] ^ _b� chqf ad k\abif ad e\] kahh]ke]i
fj^ ad eta ^ _b�]i k\abi ic_qb_^ f i]g ]hi ah e\] _bkf ah t\ck\ e\] kah}
h]kechq fjbq]bl cf iah] r [\] ^ _b� chq ah e\] fci] ad _ k\abi e\_e d_k]f e\]
fjbq]bl chkb]_f]f ml e\] ^ _b� chq ad e\] kcbko] ad e\] _ii]i ic_qb_^ �� cq rx��
_f e\cf f\ajoi m ] dab e\] kahh]ke]i fj^ ad fchqjo_b �haef ch _ faoci eabjf r
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3 ]p]be\]o]ff e\] kahh]ke]i fj^ cf _ t]oo}i]|h]i ag ]b_ecah ah � � ch e\]
daooat chq fg ]kc_o k_f] r

sahfci]b e\] ]^m]iichq � � � � < � � e\_e _ffchqf ci]heck_ool 
]ba ^ _b�}
chq ea _ hah}^ _b�]i ic_qb_^ r
������	 � �� �7 / J%$$ /J1/0 '*..#1(%$ 0/� $/' %$ � � 17 / '1,* J1*,/ %- #
. %0*+/ %G/, � �� � � �
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[\] gbaad y m_f]i ah e\] ^ _b�]i }e]b^ b]o_ecah y b]g ]_ef e\] gbaad ad e\]
d_ke e\_e � � cf _h _oq]mb_ t ce\ b]fg ]ke ea e\] f_^ ] ag ]b_ecah ��]^^_ z rx ad
wxx{� r 	h] h]]if ahol ea m ] focq\eol _ee]hecp] ea e\] ^ _b� chqf r

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

~] kahfci]b _ faoci eabjf ��[� _f _ icb]ke gbaijke � � � � tce\ e\] ka^ }
go]� kaabich_e] � _hi kcbkjo_b kaabich_e] � ^ai z� r ~] e_�] _ q]h]b_eab
ad �

�
��[� m ]chq _ oaag e\_e bjhf ahk] _bajhi e\] eabjf ch e\] icb]kecah ad

chkb]_f] ad � r
u �hae ch �[ cf # � %,' / 2$ %1 cd � cf _ � abf] djhkecah ah ce r
�]e � m ] _h abc]he]i hah}fchqjo_b � abf] �hae ch �[ r
[_�] 4 ic� ]b]he hah}kbceck_o o]p]of � � �

�
� �

�
� 	 	 	 � �� � z� r vh ]_k\

f]kecah � D �� ad � y k\aaf] _h *$%,0/,/0 g_cb ad g achef ��� E � �� � D ��� E � �� � ��� � r
[\] f]e  ad 4 fjk\ g_cbf y ah] g_cb g ]b o]p]o y i]|h]f e\] 4}k\abi ic_qb_^
ch e\] ampcajf t_lr [\] ic_qb_^ cf ^ _b�]i r vef kcbko] cf ^ _b�]i ml e\]
ko_ff ad � ch �

�
��[�r [\] ^ _b� chq ah _ k\abi cf qcp]h ml e\] djhi_^ ]he_o

ko_ff]f ad e\] eta oaagf ame_ch]i ml _ \a^aeagl ad � ch �[ e\_e qoj]f
eaq]e\]b e\] g achef ad e\] kabb]fg ahichq g_cb _hi cf e\] ci]hecel ajefci] _
f^ _oo h]cq\majb\aai ad e\] �}o]p]o ad e\] g_cb r

~] i]hae] ml � � � I � �� �� e\] ko_ff ad e\] ame_ch]i ^ _b�]i ic_qb_^ r
� fchq e\] ampcajf hae_ecahf t] chebaijk]
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umfaoje]ol fc^ co_b ea wxxy �{ y _iichq ahol e\] oa k_ocel ad e\] ^ _b�]i }

_hi x}e]b^ b]o_ecahf ea eb_k] e\] ^ _b� chqf ch \a^ aeagc]f y ah] q]ef
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~] f]e � =� �� � D � �
�� � =�� �� � I � �� y t\]b] � �� D � �

��� �� �� r
sahfci]b e\] kjbp] � ad fjmf]kecah � r y e\ cf ec^ ] *$- ,#. /0 _hi olchq ch

_ f]keab ad ajb faoci eabjf �e\] kaabich_e]  cf b]go_k]i ml � � r [\] f]bc]f� =� �� � m ]oahqf ea e\] fjmfg_k] � �� �� � 9 � �� fg_hh]i ml k\abi ic_qb_^ f
t ce\ ci]heck_ool 
]ba ^ _b� chqf r u f t] \_p] _ob]_il ^ ]hecah]i y � �� cf _
^ aijo] ap]b e\] _oq]mb_ � �� � � r [\] ]o]^ ]he � =� �� � cf chp]becm o] ch � �� � � r
? �@� A� A�� � �� �]e � m ] e\] hj^m]b ad kbceck_o g achef ad e\] djhkecah � ah
_h abc]he]i hah}fchqjo_b � abf] �hae � ch e\] faoci eabjf r [\] ]o]^ ]he

�� =� �� � D � =� �� � � �� =� �� ���� �
 I � ��
cf k_oo]i 17 / *$(G/,'#+ �#''(+(/G&� %$1' /G(J7 ($G#,(#$1 %- � �
������	 � �� �7 / /+/. /$1 �� =� �� � 0/8 /$0' %$+
 %$ 17 / 1%8 %+%) (J#+ 1
8 / %-
17 / � %,' / 2$ %1 � ($ 17 / ' %+(0 1%,*' � �7 / 0/),// 4 J%.8 %$ /$1 �� =�� �� � I
� �� �� %- �� =� �� � (' #$ ($G#,(#$1 %- %,0/, +/'' 17 #$ 4 � x �

[\] gbaad ad e\] fe_e]^ ]he ka^go]e]ol b]g ]_ef e\_e dab �haef ch �
 qcp]h
ch wxxy �{ r

�ab _hl _mfeb_ke ^ _b�]i k\abi ic_qb_^ 	 ah] k_h |hi _ fchqjo_b �hae ch
�[ t\af] ^ _b�]i ic_qb_^ cf ]�_keol 	 r s_okjo_ecah m_f]i ah e\] i]|hcecah
ad e\] n_ffcoc]p elg ] ]�e]hfcah ad _h chp_bc_he ad hah}fchqjo_b �haef f\at f
e\_e e\] oat]fe i]qb]] e]b^ ad e\] f]bc]f �� =� dab fjk\ _ �hae cf ]�_keol 	
�kd r fjmf]kecah  r rz ad w�{� r [\cf gbapci]f
������	 � �� �7 / '8 #J/ %- '
. %+' %- J%.8 +/� &G#+* /0 %,0/, 4 �#''(+(/G
($G#,(#$1' %- %,(/$1/0 *$- ,#. /0 2$%1' ($ # '%+(0 1%,*' J%($ J(0/' 6 (17 17 / '8 #J/
%- #+ + J%.8 +/� &G#+* /0 - *$ J1(%$' %$ 17 / ' /1 %- #+ + . #,2 /0 4 &J7 %,0 0(#) ,#.'
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[\cf k_f] cf e\] ampcajf fl^mcafcf ad e\] eta _map] k_f]f ad db_^ ]i �haef ch
�
 _hi jhdb_^ ]i �haef ch _ faoci eabjf r ~] ia ce p]bl f�]ek\lr
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~] ]� e]hi chp_bc_hef ad hah}fchqjo_b abc]he]i db_^ ]i �haef ch �[ ea e\af]
fchqjo_b daooat chq e\] eta b]kjbfcp] f]eechqf ad fjmf]kecah z r r

� _� chq e\] ^ c�ejb] ad � ]|hcecahf � rx _hi  r y dab _ hah}fchqjo_b abc]he]i
� abf] db_^ ]i �hae � H ch �[ t] ame_ch e\] ]o]^ ]hef �� =�� �� E� � � I � � �� r
[\] � � �� _b] e\] i]qb]] � ka^gah]hef ad e\] � }och]_b fg_k] � � q]h]b_e]i
ml _oo ^ _b�]i k\abi ic_qb_^ f ^aijoa e\] ^ _b�]i }e]b^ b]o_ecah r �_ffchq
ea e\] oc^ ce dab � < � y t] i]|h] e\] ]o]^ ]hef � =�� �� H � r �c^ co_b ea [\]ab]^ f
� r� _hi  r� y t] \_p]
������	 � � (� �7 / +(. (1 /+/. /$1 � =�� �� H � (' # � $(1/ /+/. /$1 %- � � �� �

((� � =�� �� H � (' ($G#,(#$1 *$0/, 7 %. %1%8 (/' ($ 17 / J+#'' %- - ,#. /0 � %,' /
2$ %1' ($ 17 / ' %+(0 1%,*' �

(((� � =�� �� H � (' #$ ($G#,(#$1 %- - ,#. /0 � %,' / 2$ %1' %- %,0/, +/'' 17 #$
� � x �

� _� chq e\] ^ c�ejb] ad � ]|hcecahf � r� _hi  r� y t] i]|h] e\] ]o]^ ]he
�� =� �� H � I � � r [\cf ec^ ] t] e_�] e\] kjbp] � H ad � cq rxx ol chq ch _ f]keab
ad e\] _hhjojf v^ � D � ch e\] faoci eabjf _hi ]�jcgg ]i t ce\ e\] db_^ chq C� � r~] _ofa jf] e\] d_ke e\_e � � cf _ ^ aijo] ap]b cef fjmfg_k] q]h]b_e]i ml
k\abi ic_qb_^ f t ce\ _oo e\] ^ _b� chqf 
]ba r

~] \_p] �kd r [\]ab]^ f � r� _hi  r��
������	 � �� �7 / /+/. /$1 �� =� �� H � I � � 0/8 /$0' %$+
 %$ 17 / 1%8 %+%) (J#+
1
8 / %- 17 / � %,' / - ,#. /0 2$%1 � H ($ 17 / ' %+(0 1%,*' �

[\] |h_o ko_ffc|k_ecah b]fjoe hat cf
������	 � �� �7 / '8 #J/ %- '
. %+' %- J%.8 +/� &G#+* /0 %,0/, � �#''(+(/G
($G#,(#$1' %- %,(/$1/0 - ,#. /0 2$%1' ($ # '%+(0 1%,*' J%($ J(0/' 6 (17 17 / '8 #J/
%- #+ + J%.8 +/� &G#+* /0 - *$ J1(%$' %$ 17 / ' /1 %- #+ + . #,2 /0 � &J7 %,0 0(#) ,#.'
'*� /J1 1% 17 / . #,2 /0 � &1/,. ,/+#1(%$ �

� �	
�� � �� [\] fg_k] ad fl^maof ad _bmceb_bcol}p_oj]i abi]b � n_ffcoc]p
chp_bc_hef ad abc]he]i db_^ ]i �haef ch �[ ]^m]if chea e\] fg_k] ad djhkecahf
�t ce\ e\] f_^ ] p_oj]f _f chp_bc_hef� ah e\] f]e ad _oo ^ _b�]i �4 E � �}ic_qb_^ f r
�l^maof f_ecfdl e\] ^ _b�]i }e]b^ b]o_ecah ad �bag afcecah  rz _f t]oo _f e\]
^ _b�]i z}e]b^ _hi �a_echq}g ache b]o_ecahf ad � cq rx r
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uf ch e\] k_f] ad �haef ch �}fg_k] w�{ y ka ]� kc]hef ad e\] g aolha^ c_o chp_bc_hef
ad �haef ch _ faoci eabjf y t\]h gbag ]bol jhi]bfeaai y ejbh aje ea m ] chp_bc_hef
ad |hce] abi]b r [a coojfeb_e] e\cf t] kahfci]b ch i]e_co e\] db_^ ]i p]bfcah ad
e\] �	���� g aolha^ c_o r

vh e\] i]|hcecah ad e\] �	���� g aolha^ c_o ad db_^ ]i �haef _hi och� f
ch �[ y t] daooat e\] i]|hceah ad wx{ qcp]h dab e\] jhdb_^ ]i f]eechq r

[\cf ec^ ] t] kahfci]b e\] faoci eabjf � � � � � � y t\]b] � cf e\] che]bp_o
w� E x{ r [\] g aolha^ c_o cf i]|h]i ah b]gb]f]he_ecp]f ad db_^ ]i �haef _hi och� f
t\af] db_^ chq cf mo_k�m a_bi t ce\ b]fg ]ke ea e\] gba` ]kecah ad e\] faoci eabjf
e\_e dabq]ef e\] |bfe d_keab � r
? �@� A� A�� � �� �ab _ hah}fchqjo_b och� � 9 � � � � � e\] g aolha^ c_o � �� � I
� w� E �� � E � E � � � E �

�
E �� � E �� E ��� E 	 	 	{ cf i]|h]i ml e\] b]kjbfcp] _hi chcec_o i_e_

ad � cq rx� r
vh e\] o_fe b]o_ecah ad � cq rx� e\] och�f � � _hi � �� _b] ol chq ch e\] faoci eabc

w� E x�z� � � � � � _hi �x�z E x{ � � � � � b]fg ]kecp]olr [\] kjbp]f ��


f\at e\]

g_ee]bh dab e\] t\ao] ad e\] m_fck f]bc]f ��� ���� � �� � ���� r[\] b]fjoef ad wx { c^gol
������	 � �� �*$ J1(%$ � (' # 6 /+ +&0/� $/0 - *$ J1(%$ %$ 17 / (' %1%8 
 J+#'' /'
%- - ,#. /0 +($2' ($ � ��

��
	� �� � �� [\] p_oj] ad � ah _h jh�hae t ce\ e\] mo_k�ma_bi db_^ chq cf
�� � �� ���� r �_beckcg_ecah ch e\cf db_kecah cf e\] ahol t_l dab � � � ea ]he]b
e\] g aolha^ c_o ad _hl och� r

��



L" L"L"

H H H

H H

y

L" H

x-1 H

L -3

3L1H

iL z iH

xHH

H

� cqjb] x� � � /� $(1(%$ %- 17 / - ,#. /0 G/,'(%$ %- 17 / � ���� � 8 %+
$%. (#+ - %,
+($2' 6 (17 17 / +#J2%#,0 - ,#. ($) ($ # '%+(0 1%,*' �

� c� _h che]q]b 4 �D � x _hi f]e
� D � ��� ����� E � D ���� � �����

ch � �� � r �chk] � � � ]he]bf � �� � ahol ch e\] ka^mch_ecah �� � �� ��� � � y e\]
b]fjoe � � �� � ad e\] fjmfecejecah cf _h ]o]^ ]he ad � w��

�
E ��

�
E 	 	 	{�� r sahfci]b

e\] ]�g_hfcah ch g at]bf ad  �

� � �� � D "

���� � � �� �� �� E

t\]b] e\]
�
� �� �� � _b] g aolha^ c_of ch e\] p_bc_mo]f �B r

������	 � �� �%, # 2$%1 � /#J7 8 %+
$%. (#+
�
� �� �� � (' # - ,#. /0 2$%1 ($&

G#,(#$1 %- %,0/, $ %1 ) ,/#1/, 17#$ � �

� ��� � �kd r w� y xx{� � �� e]hi e\] djhkecah � ea e\] f]e ad fchqjo_b db_^ ]i
�haef ch �[ pc_ e\] eta b]kjbfcp] b]o_ecahf ad fjmf]kecah z r r sahfci]b e\]
p_oj] ad � ah _ db_^ ]i �hae � � tce\ � iajmo] g achef _hi � gachef ad db_^ chq
i]q]h]b_ecah r ~] k_h _ffj^ ] e\_e ah] ad e\] z�� � hah}fchqjo_b b]faojecahf ad
� � jf]i dab e\] k_okjo_ecah ad � �� �� cf _ �hae t ce\ e\] mo_k�ma_bi db_^ chq
_hi _oo e\] ae\]bf _b] ame_ch]i dba^ e\_e ah] ml e\] oa k_o ^ ap]f ad � cq rx� r

[\] ic� ]b]hk]f ad e\] p_oj]f ad � ah e\] b]faojecahf e\_e i]|h] e\] p_oj]
� �� �� _b] qcp]h ml e\] |bfe och] ad � cq rx� _hi ml � cq rx� r

�x



� cqjb] x� � � /' %+*1(%$' %- +%J#+ '($)*+#,(1(/' %- # '($)*+#, - ,#. /0 2$%1 ($ 17 /+#J2%#,0 ' /11($) �

H H (x-1) H

H H (x-1) H

� cqjb] x� � �#+J*+#1(%$ %- 17 / 8 %+
$%. (#+ %- # 2$ %1 6 (17 # 0/) /$ /,#1/ - ,#. ($) �

[\jf e\] p_oj] � �� �� cf � � �� � x�� ec^ ]f _ g aolha^ c_o ch � E �� � E � E �� �
�� ���� E ��

�
E ��

�
E 	 	 	r �chk] m ae\ � _hi � � x p_hcf\ _e  D � y e\] f]bc]f � � �� � �

cf icpcfcmo] ml �� � r �

��
	� �� � �� uffj^ ] e\_e e\] ko_ff ad e\] �hae � ch �
�
��[� kachkci]f t ce\

e\_e ad e\] m_fck oa ag � B r [\]h e\] }db]] e]b^
�
� �� �� � cf �B D � �� B � r �ab _

kaheb_kecm o] � e\] }db]] e]b^ cf 4 � xr
[\] fe_e]^ ]hef _h_oaqajf ea [\]ab]^ � r� \aoi dab e\] � _j�^_h gaol}

ha^ c_o _hi e\] jhdb_^ ]i p]bfcah ad e\] �	���� g aolha^ c_o wx { r

�z




 ���U�SY��

wx{ n rv ru bhaoi y � +#$ / J*,G/'� 17 /(, ($G#,(#$1'� 8 /,/'1,%(2#' #$0 J+#''(� J#&
1(%$' y vh � � ($)*+#,(1(/' #$0 J*,G/' y uip r�ap r� _e\ r � �x�� � y u�� y
�bapci]hk] y � v y ���� x

wz{ n rv ru bhaoi y �%8 %+%) (J#+ ($G#,(#$1' %- 8 +#$ / J*,G/' #$0 J#*'1(F* /' y �hc}
p]bfcel �]kejb] 3ae]f � �x�� � y u�� y � bapci]hk] y � v r

w�{ n rv ru bhaoi y �#''(+(/G �' 17 /%,
 %- 0(' J,(. ($#$1' #$0 2$%1' y vh � � (,'1 � *&
,%8 /#$ �%$),/'' %- � #17 /. #1(J'� � #,('� �*+
 ���� y pao rxy � baqb]ff ch
� _e\ r � �x���� y � cb�\ �_jf]b y �� z� r

w { n rv ru bhaoi y n rn r�abljhap y 	 rn r�l_f\�a _hi n ru rn_ffcoc]p � ($)*+#,(&
1(/' �� y �hklkoag_]ic_ ad � _e\]^ _eck_o �kc]hk]f y p r �� �x���� y �gbchq]b
n]bo_q y � ]boch r

w�{ n rv ru bhaoi y � r� r�jf]ch}�_i] _hi u rn rn_bk\]h�a � ($)* +#,(1(/' %- 0(- &
- /,/$1(#+/ . #88 ($)' y p rv y � cb�\ �_jf]b y �afeah y x��� r

w�{ � r�_b}3_e_h y �$ 17 / �#''(+(/G 2$ %1 ($G#,(#$1' y [ag aoaql �� �x���� y
z���z r

w�{ � r� cb^ _h _hi � r}� r� ch y � $%1 8 %+
$%. (#+' #$0 �#''(+(/G 1
8 / ($G#,(#$1' y
vhp r� _e\ r  �x���� y zz�� z�� r

w�{ � rn rs\^jeap _hi � rn r�j
\ch y 5$ *88 /, %*$0 - %, 17 / $*. /, %- �#'&
'(+(/G 2$ %1 ($G#,(#$1' y � r ad �hae [\]abl _hi cef �_^ c|k_ecahf � �x��� y
x x� x�xr

w�{ n rn r�abljhap y �#''(+(/G 1
8 / ($G#,(#$1' ($ 5 ,$%+0 �' 	 � &17 /%,
 %- 8 +#$ /
J*,G/' 6 (17 %*1 0(,/J1 ' /+- &1#$) /$ J(/' y �b]gbche z}�� y [\] �hcp]bfcel ad
� cp]bg aao y �jh] x��� r

wx�{ � r� _od_qc_hc y � ($ (1/ 1
8 / ($G#,(#$1' - %, 2$ %1' ($ 17,//&. #$(- %+0' y gb]}
gbche y saoj^mc_ �hcp]bfcely 3 ]t �ab� y x��� r

wxx{ � r�ahef]pck\ y �#''(+(/G �' 2$ %1 ($G#,(#$1' y uip r�ap r� _e\ r � �x���� y
g_be z y u�� y �bapci]hk] y � v y x��� x�� r

��



wxz{ [ r� r[ r� �] _hi � r�jb_�_^ c y � /8 ,/' /$1#1(%$ %- 17 / J#1/) %,
 %- 1#$) +/' 

� %$1' /G(J7 �' (1/,#1/0 ($1/) ,#+y gb]gbche y � _� }� o_hk�}vhfeceje d �jb � _e\}
]^ _ec� y �ahh y x��� r

wx�{ [ r� r[ r� �] _hi � r�jb_�_^ c y �7 / *$(G/,'#+ �#''(+(/G&� %$1' /G(J7 ($G#,(&
#$1 - %, - ,#. /0 %,(/$1/0 +($2' y gb]gbche y � _� }� o_hk� }vhfeceje d �jb � _e\]}
^ _ec� y �ahh y x�� r

wx { n r� r[jb_]p y �7 / �%$6#
 #$0 � #*� .#$ . %0*+/' %- 17 / ' %+(0 1%,*' 6 (17
#$ #88 /$0(� %$ 17 / %8 /,#1%, ($G#,(#$1' %- # 1#$) +/ y �	� v gb]gbche � }�}
�� y �]hchqb_i y x��� r

wx�{ n ru rn_ffcoc]p y �%7 %. %+%)
 %- 2$ %1 '8 #J/' y vh � �7 /%,
 %- � ($)* +#,(1(/'
#$0 (1' 588 +(J#1(%$' �n rv rubhaoi ]i r� y uip r�ap r� _e\ r  �x���� y u�� y
�bapci]hk] y � v y z���� r

� ]g_be^ ]he ad �jb] � _e\]^ _eckf y
[\] �hcp]bfcel ad � cp]bg aao y
� cp]bg aao ��� ��� y �� /&. #(+� qabljhap� ocp r_k rj�

�


