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WX YZ [\]^ _\`` abc_b dZ\\ e fc] \ghij`\ e klmn XohX hb^ Xcj c`cpYqh` abcX
X^j \ Yb h qcbXhqX rsi hbYfc`t ohZ h u\p\bt]Yhb ]\j]\Z\bXhXY[\ v Wf Xo\ qcbXhqX
ZX]wqXw]\ YZ qcc]Y\bXhx`\ h u\p\bt]Yhb abcX p\XZ h bhXw]h` f]hi Ybp v yo\
zw\ZXYcb cf u\p\bt]Yhb ]\j]\Z\bXhxY`YX^ cf hb h]xYX]h]^ f]hi \t abcX X^j \ ohZ
Yb p\b\]h` h b\phXY[\ hbZ_\] { hqqc]tYbp Xc Xo\ q`hZZYqh` ]\Zw`X x^ |\bb\zwYb
k}m e Xo\ Z\`fs`YbaYbp bwix\]Z dqh``\t Yb XoYZ qhZ\ h`Zc ~ ��� ����� ��� ���� n cf
h`` qhbcbYqh``^ f]hi \t u\p\bt]Yhb ]\j]\Z\bXhXY[\Z cf h �g\t wbf]hi \t abcX
X^j \ Yb � K h]\ x cwbt\t f]ci cb\ ZYt\ v

�hj \] k}m pY[\Z hb \ZXYi hX\ fc] Xo\ |\bb\zwYb bwix \] Yb Xo\ ZXhbth]t
qcbXhqX rsZjhq\ Yb X\]i Z cf Xo\ p\bwZ cf h abcX v yoYZ ohZ h tYZht[hbXhp\ cf
x \Ybp YbZ\bZYXY[\ Xc jhZZYbp f]ci h abcX Xc YXZ i Y]]c] Yi hp\ v �b\ f\\`Z XoYZ
Yi i \tYhX\`^e qcbZYt\]Ybp Xo\ X_c X]\fcY`Z { Xo\ |\bb\zwYb \ZXYi hX\ YZ \ghqX
fc] cb\ cf Xo\i hbt YZ fh] f]ci x\Ybp Zwqo fc] Xo\ cXo\] v

Wb ]\q\bX jhj \]Z k� e � e � e rm Xo\]\ _hZ cxXhYb\t h Z\]Y\Z cf \ZXYi hX\Z fc]
Xo\ |\bb\zwYb bwix\] cf h u\p\bt]Yhb abcX Yb Xo\ ZXhbth]t rsZjhq\ dhbt

}



YXZ hbh`cp fc] Xo\ Zc`Yt Xc]wZ YbX]ctwq\t x^ yhxhqobYac[ Yb k}rmn _oYqo tc
]\Zj \qX Xo\ qohbp\ cf Xo\ c]Y\bXhXYcb cf Xo\ hixY\bX Zjhq\ hbt h]\ i c]\
\� qY\bX Xohb XohX c]YpYbh` x^ |\bb\zwYb v � qqc]tYbp Xc Xo\i e Xo\ Z\`fs`YbaYbp
bwix \] cf h u\p\bt]Yhb abcX � YZ hX `\hZX Xo\ b\phXY[\ cf Xo\ `c_\ZX j c_\]
cf Xo\ f]hi Ybp [h]Yhx`\ Yb dXo\ wbf]hi \t [\]ZYcbZ cf n Xo\ ����u� hbt
� hw�i hb jc`^bci Yh`Z cf � dh`` Xo\ ZYpbZ o\]\ fc``c_ cw] fw]Xo\] qocYq\ cf Xo\
c]Y\bXhXYcbZn v yo\ \ZXYi hX\ qci Ybp f]ci Xo\ � hw�i hb jc`^bci Yh` YZ wZwh``^
x \XX\] { fc] \ghij`\ e YX qcj \Z _ YXo Xo\ u\p\bt]Yhb X]\fcY`Z Yii \tYhX\`^e _oY`\
Xo\ ����u� Yb fc]i hXYcb fh``Z h `YXX`\ Zoc]X cf x \Ybp Zw� qY\bX v

�bcXo\] X^j \ cf abcXZ _oYqo h]\ bhXw]h` Xc qcbZYt\] Yb h qcbXhqX rs
i hbYfc`t h]\ 	�
������ � ��	� e XohX YZ XocZ\ \[\]^_o\]\ X]hbZ[\]Z\ Xc Xo\
qcbXhqX tYZX]YxwXYcb v yo\Y] Xo\c]^ YZ jh]h``\` Xc Xo\ u\p\bt]Yhb cb\ { hb^
abcX X^j \ ohZ h X]hbZ[\]Z\ ]\j]\Z\bXhXY[\ e Xo\^ j cZZ\ZZ Xo\ qhbcbYqh` f]hi Ybp
Yf Xo\ qcbXhqX ZX]wqXw]\ YZ jh]h``\`YZhx`\ e Xo\ Z\`fs`YbaYbp d|\bb\zwYb n bwix \]
cf h qhbcbYqh``^ f]hi \t X]hbZ[\]Z\ abcX Yb Xo\ ZXhbth]t qcbXhqX rsZjhq\ YZ hX
`\hZX Xo\ �w`\] qoh]hqX\]YZXYq cf hb^ �\Yf\]X Zw]fhq\ cf Xo\ abcX k}m v �Yi Y`h]
Xc Xo\ u\p\bt]Yhb qhZ\ e Xo\ |\bb\zwYb bwix\] cf h X]hbZ[\]Z\ abcX Yb � K
qhbbcX x \ `\ZZ Xohb Xo\ `c_\ZX t\p]\\ cf Xo\ f]hi Ybp [h]Yhx`\ Yb YXZ ����u�
jc`^bci Yh` k�m dYX YZ bcX [\]^ ]\hZcbhx`\ Xc qcbZYt\] Xo\ � hw�i hb j c`^bcs
i Yh` Yb Xo\ X]hbZ[\]Z\ Z\XXYbp e ZYbq\ Xo\ Z\X cf X]hbZ[\]Z\ abcXZ YZ bcX q`cZ\t
wbt\] Xo\ i hYb Za\Yb ]\`hXYcb cf XohX j c`^bci Yh`n v Wb fhqX e YX tYt bcX Xha\
Xcc iwqo \�c]X Xc cxXhYb Xo\ `hXX\] \ZXYi hX\ Yb k�m { YX qhi \ Yi i \tYhX\`^
f]ci Xo\ qcijh]YZcb cf Zci \ YbX\]i \tYhX\ ]\Zw`XZ cf k}m _ YXo Xo\ ]\Zw`XZ cf
k� e }}m v � Z Yb Xo\ u\p\bt]Yhb qhZ\ e Xo YZ \hZY\] \ZXYi hX\ ohZ j]c[\t Xc x \ i c]\
\� \qXY[\ Xohb XohX x^ |\bb\zwYb dcbq\ hphYb e Xo\ \ghi j`\ cf Xo\ X]\fcY`Z YZ
Xo\ ZYi j`\ZX Xc t\i cbZX]hX\ XoYZn v

yo\ i hYb pch` cf Xo\ j]\Z\bX bcX\ YZ Xc cxXhYb hb \ZXYi hX\ cb Xo\ |\bs
b\zwYb bwix \] cf h X]hbZ[\]Z\ abcX Yb Xo\ ZXhbth]t Zc`Yt Xc]wZ �� �� � hbh`s
cpcwZ Xc XohX cf k�m fc] Xo\ rsZjhq\ v �\ tc XoYZ x^ tY]\qX i \XoctZ e ]hXo\]
tY�\]\bX f]ci XocZ\ cf k�m v �hi \`^e _\ fc``c_ Xo\ hjj]chqo cf k� e � e rm Xc
Xo\ ZXwt^ cf u\p\bt]Yhb abcX Yb[h]YhbXZ Yb Xo\ rsZjhq\ hbt Zc`Yt Xc]wZ [Yh
Yb[h]YhbXZ cf Xo\Y] j`hbh] f]cbXZ e hbt ZXwt^ X]hbZ[\]Z\ abcXZ Yb �� �� � [Yh
Xo\Y] j]c� \qXYcbZ Xc Xo\ j`hb\ v yo\ `hXX\] h]\ ]\pw`h] qw][\Z \zwYjj \t _ YXo h
bhXw]h` X]hbZ[\]Z\ f]hi Ybp v �\ `c_\] Xo\ f]hi \t [\]ZYcb cf yw]h\[ �Z ��� s
�u� j c`^bci Yh` fc] Xo\ Zc`Yt Xc]wZ k}�m Xc cw] j`hbh] qw][\Z v � fX\] XoYZ e
h ZX]hYpoXfc]_h]t hjj`YqhXYcb cf Xo\ ]\Zw`XZ cf k�m Yii \tYhX\`^ Yi j`Y\Z Xo\

�



t\ZY]\t \ZXYi hX\ v �hZZYbp Xc Xo\ wbY[\]Zh` qc[\] cf cw] Zc`Yt Xc]wZ e _\ p\X
hbcXo\] j]ccf cf Xo\ �wqoZsyhxhqobYac[ \ZXYi hX\ v

�\ h`Zc pY[\ \gj \]Yi \bXh` ]\Zw`XZ _oYqo t\i cbZX]hX\ ]hXo\] Zw]j]YZYbp
\ghqXb\ZZ cf Xo\ �wqoZsyhxhqobYac[ \ZXYi hX\ fc] X]hbZ[\]Z\ ]\j]\Z\bXhXYcbZ
cf h`` Xo\ abcXZ Yb � K _ YXo hX i cZX l tcwx`\ j cYbXZ Yb Xo\Y] tYhp]hi v

������ ���	�
����  yo\ hwXoc]Z h]\ p]hX\fw` Xc � v � c]Xcb hbt � v yhs
xhqobYac[ fc] wZ\fw ` tYZqwZZYcbZ v
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4	 �6�� �� 	 hX h j cYbX cf � � YZ h `Yb\ Yb Xo\ Xhbp\bX Zjhq\
hX XoYZ j cYbX h`cbp _ YXo h qocYq\ cf cb\ cf Xo\ X_c oh`fsj `hb\Z YbXc _oYqo
YX tY[Yt\Z Xo\ Xhbp\bX j`hb\ v �b^ Zwqo \`\i \bX qhb x \ ]\j]\Z\bX\t x^ Xo\
wbYX bc]i h` 7 Xc Xo\ `Yb\ j cYbXYbp YbXc Xo\ qocZ\b oh`fsj `hb\ d� Yp v}n v yowZ
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	9 � �6�5 	��� �� �� � ;
Xo\ [h]Y\X^ cf h`` qcc]Y\bX\t qcbXhqX \`\i \bXZ cf Xo\ j`hb\ YZ Xo\ Zjo\]YZhs
XYcb �� �� � cf YXZ qcXhbp\bX xwbt`\ v yoYZ Zc`Yt Xc]wZ j cZZ\ZZ\Z Xo\ ZXhbth]t
qcbXhqX ZX]wqXw]\ e XohX YZ i hgYi h``^ bcbsYbX\p]hx`\ �\`t cf Xhbp\bX j`hb\Z {
hX \hqo jcYbX cf �� �� � cb\ Xha\Z Xo\ Xhbp\bX j`hb\ _oYqo YZ i hjj \t x^
Xo\ qhbcbYqh` j]c� \qXYcb < { �� �� � = � � cbXc Xo\ qcbXhqX \`\i \bX ]\j]\s
Z\bX\t x^ XohX j cYbX v Wb Xo\ qcc]tYbhX\Z cf � Yp v} XoYZ YZ Xo\ �\`t cf a\]b\`Z

r



cf }sfc]i � � dqcZ � n�� � dZYb � n�� v yo\ ZXhbth]t qcbXhqX ZX]wqXw]\ YZ bhXws
]h``^ qcc]Y\bX\t { Xo\ qcc]Y\bXhXYcb cf h qcbXhqX \`\i \bX `YfXZ hphYbZX < Xc Xo\
qcc]Y\bXhXYcb cf Xo\ Xhbp\bX j`hb\ v

Wb _ohX fc``c_ Z _\ _ Y`` b\\t c]Y\bXhXYcb cb �� �� � v �\ �g YX Xc x \ Xo\
c]Y\bXhXYcb cf � � fc``c_\t x^ Xo\ tY]\qXYcb cf j cZYXY[\ dqcwbX\]sq`c qa_ YZ\n
]cXhXYcb Yb Xo\ j`hb\ v yoYZ YZ cjj cZYX\ Xc Xo\ c]Y\bXhXYcb � � �� X]htYXYcbh``^
Xha\b Yb qcbXhqX p\ci \X]^v

� `cbp _ YXo �� �� � _\ _ Y`` x \ qcbZYt\]Ybp YXZ wbY[\]Zh` qc[\] � K _ YXo
YXZ ZXhbth]t qcbXhqX ZX]wqXw]\ dYbtwq\t [Yh Xo\ qc[\]Ybp i hjjYbpn v yo\
c]Y\bXhXYcb cf Xo\ rsZjhq\ _ Y`` x \ XohX Ybo\]YX\t f]ci Xo\ Zc`Yt Xc]wZ v

%&� 	
/�- .- �1. )0 3 �./.1 2�1�)-
�b^ `Yba � e XohX YZ hb \ix\tt\t qc``\qXYcb cf qY]q`\Z e Yb �� �� � qhb x \ jwX
x^ hb h]xYX]h]^ Zi h`` j \]Xw]xhXYcb Yb h p\b\]Yq j cZYXYcb _ YXo ]\Zj \qX Xc Xo\
j]c� \qXYcb < v yo\b YXZ < sYi hp\ �� Yb Xo\ j`hb\ YZ hb Yii \]Z\t qc``\qXYcb
cf qY]q`\Z _ocZ\ cb`^ ZYbpw`h]YXY\Z h]\ X]hbZ[\]Z\ tcwx`\ j cYbXZ v �X \[\]^
j cYbX < d� n � �� qcbZYt\] Xo\ bc]i h` 7� qcc]Y\bXYbp Xo\ qcbXhqX \`\i \bX
� � � v �\ \zwYj �� _YXo Xo\ wbYX f]hi Ybp � e � d< d� nn � � e Zwqo XohX Xo\
jhY] �� d< d� nn � 7� n� c]Y\bXZ Xo\ j`hb\ j cZYXY[\`^ dZ\\ � Yp v�n v �c] cw] fw]Xo\]
qcbZYt\]hXYcbZ e f]hi Ybp � YZ i c]\ [YZwh` Xohb 7� YXZ\`f v
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�c] h u\p\bt]Yhb `Yba e fc] \ghi j`\ e XowZ t\�b\t f]hi Ybp YZ \[\]^_o\]\
Xhbp\bX Xc Xo\ j`hbh] qw][\ v |wX XoYZ YZ hb Yb�bYX\`^st\p\b\]hX\ qhZ\ v Wb
p\b\]h` j cZYXYcb e � YZ X]hbZ[\]Z\ Xc �� \gq\jX fc] h �bYX\ bwix\] cf YZc`hX\t
j cYbXZ cf Xo\Y] Xhbp\bq^v yo\ `hXX\] h]\ j]c� \qXYcbZ cf Xo\ j cYbXZ cf Xhbp\bq^
cf Xo\ `Yba � Xc Xo\ qcbXhqX ZX]wqXw]\ v

�



�c] h p\b\]Yq `Yba � e Xo\ X_c f]hi Ybp [\qXc]Z hX hb^ tcwx`\ j cYbX cf
�� h]\ tYZXYbqX v �b Xo\ cXo\] ohbt e i haYbp hb \`\i \bXh]^ qohbp\ cf Xo\
`Yba Xcj c`cp^ [Yh h p\b\]Yq oci cXcj^ Yb � � �� � Yb[c`[Ybp h tcwx`\ j cYbX e
_\ YbZXhbXhb\cwZ`^ cxZ\][\ h ]\pw`h] j`hbh] qw][\ _ YXo h tcwx`\ j cYbX hX
_oYqo Xo\ X_c [\qXc]Z qcYbqYt\ d� Yp vrn v �wqo h tcwx`\ j cYbX _ Y`` x \ qh``\t 
�
�6�� �� 	
�� � �
���� 5�� �� ��
4� : �� 	v

� Ypw]\ r { 8� �6�� �� 	
�� � �
���� 5�� �� ��
4� 
	 
 5��6� : �� 	 � 
 � �
� �5
: 6
�
� 4����;

� \[\]ZYbp cw] qcbZX]wqXYcb _\ qhb ZXh]X _ YXo h p\b\]Yq f]hi \t j`hbh]
qw][\ � v yo\b Xo\ tY]\qXYcb cf Xo\ f]hi Ybp `YfXZ � Xc h `Yba �� Yb �� �� � v

yc ]\j]\Z\bX h `Yba Yb � K Yb Xo\ ZYi Y`h] _h^e _\ b\\t \hqo cf Xo\ qci jcs
b\bXZ cf h f]hi \t Yii \]Z\t j`hbh] qc``\qXYcb � cf qY]q`\Z Xc oh[\ Xo\ ]cXhXYcb
dc] � oYXb\^ _ YbtYbpn bwix\] �\]c v Wf � ohZ i c]\ Xohb cb\ qcijcb\bX e Xc
i ha\ YXZ `YfXYbp Xc Xo\ wbY[\]Zh` qc[\] cf �� �� � _\``st\�b\t _\ iwZX qoccZ\ h
j cYbX cb \hqo cf Xo\ qcijcb\bXZ hbt Zj \qYf^ cb\ cf qcwbXhx`^ i hb^ jcZZYxY`Ys
XY\Z Xc hZZYpb h johZ\ � Xc Xo\ f]hi Ybp hX XohX j cYbX v yo\ \`\i \bXh]^ f]hi Ybp
t\p\b\]hq^ hX h tcwx`\ j cYbX bc_ ]\zwY]\Z qcYbqYt\bq\ cf Xo\ qc]]\Zj cbtYbp
]\h` johZ\Z dbcX ]\twq\t i ctw`c �� n v

%&� '1./-�)1-) �
/�- ./0 *1./-�)1-) 
/�.1 
./*-
� ��� �� ��� 	 	 � `Yba Yb h qcbXhqX Zjhq\ YZ qh``\t 	�
������ � Yf YX YZ \[\]^s
_o\]\ X]hbZ[\]Z\ Xc Xo\ qcbXhqX ZX]wqXw]\ v
� ��� �� ��� 	 
 � X]hbZ[\]Z\ `Yba � Yb �� �� � YZ : ��	��� Yf YX YZ c]Y\bX\t hbt
Xo\ f]hi Ybp � e fc``c_\t x^ Xo\ c]Y\bXhXYcb cf �� e c]Y\bXZ Xo\ j`hb\ j cZYXY[\`^v

�c] h p\b\]Yq X]hbZ[\]Z\ `Yba � � �� �� � e Xo\ f]hi Ybp � YZ \[\]^_o\]\
X]hbZ[\]Z\ Xc �� v �\ qhb qcbZYt\] � wj Xc oci cXcj^ _oYqo tc\Z bcX qohbp\

�



Xo\ Xcj c`cp^ cf � v yoYZ i \hbZ XohX _\ i h^ hZZwi \ � Xc x \ bc]i h` Xc ��
\gq\jX fc] Zi h`` b\Ypox cw]occtZ cf Zci \ tcwx`\ j cYbXZ v �wqo tcwx`\ j cYbXZ
_ Y`` x \ qh``\t 
���� 
 6 hbt i h]a\t x^ h tcX hZYt\ Yb Xo\ �pw]\Z dZ\\ � Yp v�n v
�wqo Zj \qY�qhXYcb cf Xo\ tcwx`\ j cYbXZ e h`cbp _ YXo Xo\ qcc]Y\bXhXYcb cf ��
x^ � e YZ cx[YcwZ`^ Zw� qY\bX Xc ]\ZXc]\ Xo\ `Yba X^j \ cf � � � � �� � v � `` Xo\
cXo\] Ybfc]i hXYcb hxcwX Xo\ f]hi Ybp i h^ x \ Zwjj]\ZZ\t v

�c] h cb\sqci jcb\bX c] j cZYXY[\ X]hbZ[\]Z\ `Yba � e \[\b Xo\ qcc]Y\bXhXYcb
cf �� qhb x \ ci YXX\t v yowZ hb^ Zwqo `Yba Yb Xo\ Zc`Yt Xc]wZ qhb x \ Yt\bXY�\t
_ YXo hb c]Y\bX\t j`hbh] qw][\ _ YXo Zci \ tcwx`\ j cYbXZ i h]a\t v yo\ � Ks
[\]ZYcb cf XoYZ hjj]chqo YZ cx[YcwZ v
���
� �� 	 � yo\ i c[\ cf � Yp vr YZ h oci cXcj^ f]ci h bc]i h` Xc hxbc]i h`
tcwx`\ j cYbX v

:= :=

� Ypw]\ � { �9 � 4���� 	�� 	 5�: �4	 ��� 
 6 
�5 
���� 
 6 5��6� : �� 	� �
	�
������
 6 6� � �
� �5 : 6
�
� 4����� ;

�\ _ Y`` x \ Z\h]qoYbp fc] Yb[h]YhbXZ cf X]hbZ[\]Z\ `YbaZ Yb X\]i Z cf X]hbZ[\]s
Zh``^ f]hi \t ]\pw`h] j`hbh] qw][\Z v yoYZ i \hbZ XohX _\ _ Y`` x \ YbX\]\ZX\t
cb`^ Yb Zwqo Yb[h]YhbXZ cf XocZ\ qw][\Z _oYqo qohbp\ cb`^ Yb p\b\]Yq }s
jh]hi \X\] fhi Y`Y\Z XohX Yb[c`[\ qw][\Z _ YXo \`\i \bXh]^ f]hi Ybp t\p\b\]hq^
tcwx`\ j cYbXZ v �wqo Yb[h]YhbXZ _ Y`` x \ qh``\t 	�
������ � Yb[h]YhbXZ v yowZ
_\ h]\ Ypbc]Ybp p\b\]Yq t\p\b\]hXYcbZ cf X]hbZ[\]Zh``^ f]hi \t ]\pw`h] j`hbh]
qw][\Z _oYqo oh[\ bc ]\`hXYcb Xc Xo\ f]hi Ybp e XohX YZ Z\`fsXhbp\bqY\Z hbt X]Yj `\
j cYbXZ v �b`^ fhi Y`Y\Z cf Yii \]Z\t j`hbh] qw][\Z _ Y`` x \ qcbZYt\]\t v yo\Y]
f]hi Ybp YZ bcX h``c_\t Xc x \ Xhbp\bX hX hb^ XYi \ v �X h tcwx`\ j cYbX e hb^
YbX\]hqXYcb x \X_\\b h f]hi Ybp [\qXc] hbt Xo\ Xhbp\bX Xc Xo\ cXo\] x]hbqo YZ
Ypbc]\t v
� �
 ��� 	 � yo\ hx c[\ Zoc_ Z XohX e Yb fhqX e _\ _ Y`` x \ _c]aYbp _ YXoYb Xo\
Zjhq\ cf Yi i \]ZYcbZ cf h qc``\qXYcb cf �bYX\ bwix \] cf qY]q`\Z YbXc � � �� �

�



_oYqo h]\ X]hbZ[\]Zh` Xc Xo\ qcbXhqX ZX]wqXw]\ v u\X wZ qh`` Zwqo Yi i \]ZYcbZ
	�
������ � 4�����v

yo\ t\Zq]YjXYcb cf Xo\ Z\X cf qcbb\qX\t qci jcb\bXZ cf Xo\ Zjhq\ cf }s
qcijcb\bX X]hbZ[\]Z\ qw][\Z YZ hZ fc``c_ Z v

� p\b\]Yq c]Y\bX\t X]hbZ[\]Z\ abcX � Yb �� �� � ohZ X_c cx[YcwZ Yb[h]YhbXZ
]\ht f]ci YXZ j]c� \qXYcb �� Xc Xo\ j`hb\ { Xo\ ]cXhXYcb bwix \] � d�� n � � e
hbt Xo\ c]Y\bXhXYcb � � �� cf Xo\ f]hi \ i ht\ wj x^ Xo\ f]hi Ybp � hbt Xo\
[\`c qYX^ cf �� v

yo\ � oYXb\^s� ]hwZX\Yb Xo\c]\i k}�m Yij`Y\Z
� ������� ��� 	 � ����4	�5 4�: ��� 	� � 	9 � �:
4� � ��4�: ��� 	 ���
�� 	�5 	�
������ � 4����� �� 	9 � � 	
�5
�5 �6�5 	��� 
�� ���� ��
	�5 �� 	9 �
��� ���� d� � � n � � 	 �� ;

% &
 �) ��� �
/�
/ , � *1./-�)1-) �
/�-
�cbZYt\] hb^ c]Y\bX\t f]hi \t `Yba � Yb �� �� � v �c``c_ Ybp yhxhqobYac[ k}rm e
_\ t\�b\ YXZ Z\`fs`YbaYbp bwix\] hZ Xo\ Ybt\g cf YbX\]Z\qXYcb cf h Zi h`` Zo YfX
cf � h`cbp Xo\ f]hi Ybp _ YXo h �`i XohX ]\h`YZ\Z oci c`cp^ x \X_\\b � hbt Xo\
iw`XYj `\ cf Xo\ �x]\ cf < { �� �� � = � � c[\] h Zw� qY\bX`^ tYZXhbX j cYbX cf
Xo\ j`hb\ v

yoYZ YZ h bhXw]h` p\b\]h`YZhXYcb cf Xo\ X]htYXYcbh` t\�bYXYcb fc] � K v
�c] h p\b\]Yq X]hbZ[\]Zh``^ f]hi \t c]Y\bX\t j`hbh] qw][\ e qcbZYt\] h qcwbs

X\]sq`c qa_ YZ\ ]cXhXYcb cf YXZ f]hi Ybp x^ h Zi h`` hbp`\ v uYfXYbp XoYZ Xc � � �� �
c] e Yf j cZZYx `\ e Xc YXZ wbY[\]Zh` qc[\] _\ cxXhYb h qhbcbYqh` f]hi Ybp cf Xo\
qc]]\Zj cbtYbp X]hbZ[\]Z\ `Yba v
� ��� �� ��� 	 � yo\ Z\`fs`YbaYbp bwix \] � cf h qhbcbYqh``^ f]hi \t X]hbZ[\]Z\
c]Y\bX\t `Yba Yb Xo\ Zc`Yt Xc]wZ c] rsZjhq\ YZ qh``\t Xo\ ~ ��� ����� ��� ��� cf
Xo\ `Yba v

Wb Xo\ Zc`Yt Xc]wZ e Xo\ |\bb\zwYb bwix\] cf h `Yba � YZ ]\ht f]ci Xo\ `Yba
tYhp]hi hZ wZwh` e XohX YZ hZ oh`f Xo\ Zwi cf Xo\ ZYpbZ cf q]cZZYbpZ cf � hbt
YXZ ZoYfX h`cbp Xo\ f]hi Ybp dZ\\ � Yp v�n v

yc qh`qw`hX\ � fc] h X]hbZ[\]Z\ `Yba � Yb � K e pY[\b hZ hb c]Y\bX\t hbt
qcc]Y\bX\t ]\pw`h] qw][\ �� � � � _YXo i h]a\t tcwx`\ j cYbXZ dZ\\ Z\qXYcb
}vrn e cb\ i h^ ]\Zc`[\ h`` Xo\ tcwx`\ j cYbXZ cf �� hqqc]tYbp Xc Xo\ johZ\Z

�



y

ϕ
F

L e

2R

x

*

x

ST

y

L

� Ypw]\ � { � �� 	��� � 
 : 6
�
� 4���� 	 
 : ��	��� 	�
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 6 � �
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 6 5��6� : �� 	�� � �� 	9 �
5���4	�� � 	9 � ��64�	� ; �9 � ~ ��� ����� ��� ��� �� � ;

� � � hbt XowZ cxXhYb h `Yba tYhp]hi cf � v yo\b Xo\ qhbcbYqh` f]hi Ybp YZ
x`hqax ch]t _ YXo ]\Zj \qX Xc Xo\ j]c� \qXYcb xhqa Xc � � v yowZ e � d� n YZ Xo\ Zwi
cf Xo\ ZYpbZ cf h`` Xo\ tcwx`\ j cYbXZ v

%&� '1./-�)1-) 1)31)-)/*.* 
,/ , � *,3 , �, 
2. � �/,* *�3 )-
� ������� ��� 	 � 8�� ���� 	�5 	: 6� �4
 6 6��� 	�: � �� � K 
�5 �� �� � 9
� 

: ��	��� 	�
������ � ��: ��� �� 	
	���;

yoYZ fc``c_ Z e fc] \ghi j`\ e f]ci Xo\ [h`YtYX^ cf Xo\ Zhi \ ZXhX\i \bX fc]
u\p\bt]Yhb ]\j]\Z\bXhXY[\Z _ocZ\ f]cbXZ h]\ ]\pw`h] qw][\Z dXo\ qcbZX]wqXY[\
j]ccf cf XoYZ fhqX fc] abcXZ pY[\b Yb k�m qhb x \ \hZY`^ p\b\]h`YZ\t fc] `YbaZn v
Wbt\\t e h ZoYfX cf Zwqo h u\p\bt]Yhb ]\j]\Z\bXhXY[\ x^ h Zi h`` bcbs�\]c qcbs
ZXhbX h`cbp Xo\ �x]\Z cf Xo\ �x]hXYcb < { �� �� � = � � j]c[Yt\Z h X]hbZ[\]Z\
`Yba v

� qqc]tYbp Xc k}m e Xo\ |\bb\zwYb bwix\]Z cf qhbcbYqh``^ f]hi \t X]hbZ[\]Z\
abcXZ cf h �g\t Xcj c`cpYqh` X^j \ h]\ x cwbt\t f]ci x\`c_ dfc] cw] _h^ Xc
c]Y\bX Xo\ Zc`Yt Xc]wZn v yoYZ _hZ j]c[\t x^ |\bb\zwYb fc] abcXZ Yb � K e xwX
Yi j`Y\Z Xo\ ]\Zw`X fc] Xo\ Zc`Yt Xc]wZ hZ _\`` [Yh h qcbXhqX \ix\ttYbp cf Xo\
Zc`Yt Xc]wZ YbXc Xo\ rsZjhq\ v yowZ e Xo\ hbh`cp cf �]cj cZYXYcb }v� fc] f]hi \t
abcXZ hbt `YbaZ YZ bcX X]w\ v

l



Wb Xo\ b\gX Z\qXYcb _\ t\]Y[\ h b\_ ]\ZX]YqXYcb cb Xo\ |\bb\zwYb bwix \]
cf h X]hbZ[\]Z\ abcX Yb Xo\ ZXhbth]t Zc`Yt Xc]wZ v yoYZ YZ Xo\ i hYb ]\Zw`X cf
cw] jhj \] v

� ��� ������ ������# ����

�]ci bc_ cb _\ h]\ qcbZYt\]Ybp cb`^ j cZYXY[\ X]hbZ[\]Z\ `YbaZ hbt qc]]\s
Zj cbtYbp X]hbZ[\]Zh``^ f]hi \t j`hbh] qw][\Z v

� &% '() -, �
0 *,1�-
�c``c_ Ybp yw]h\[ k}�m e _\ YbX]ctwq\ Xo\ f]hi \t [\]ZYcb cf Xo\ ����u�
jc`^bci Yh` cf hb c]Y\bX\t `Yba Yb h Zc`Yt Xc]wZ k�m v
�	����
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�c_ _\ hZZwi \ h `Yba � � �� �� � Xc x \ X]hbZ[\]Z\ v �\ Z\X � d�� n � � d� n
hbt _cw`t `Ya\ Xc qh`qw`hX\ � d� n \bXY]\`^ Yb X\]i Z cf Xo\ j`hbh] qw][\Z v yc tc
XoYZ _\ wZ\ Xo\ fc``c_ Ybp cx[YcwZ cxZ\][hXYcb qcbq\]bYbp Xo\ ]\j]\Z\bXhXYcb
cf Z\qXYcb }vr dZ\\ � Yp vrn v
��
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 � 8 � �� ���4 9 � 	: � � : ��	��� 	�
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 6 	 
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� �6�� �� 	
�� � �
���� 5�� �� ��
4� ;

�c_ e fc] j cZYXY[\ X]hbZ[\]Z\ `YbaZ Yb Xo\Y] ]\j]\Z\bXYcb hZ c]Y\bX\t ]\pw`h]
j`hbh] qw][\Z _ YXo Zci \ cf Xo\ tcwx`\ j cYbXZ i h]a\t dhZ Yb Z\qXYcb }vrn e Xo\
]w`\Z cf � Yp v� Yij`^ Xo\ Z\X cf ]w`\Z Zoc_b Yb � Yp v� v yo\ qc``\qXYcbZ � � hbt
� �� cf YXZ `hZX `Yb\ h]\ `^Ybp Yb tYZ�cYbX oh`fsj `hb\Z v � qqc]tYbp Xc Xo\ Z\qcbt
]w`\ cf � Yp v� e Xo\ ]\`hXYcb x \X_\\b Xo\ X]hbZ[\]Z\ p\b\]hXc]Z �� _\ h]\ wZYbp
bc_ hbt Xo\ x`hqax ch]t p\b\]hXc]Z � � YZ �� � � �� �� � { YX YZ \hZ^ Xc Zoc_ XohX
Xo\ `YfX cf �� ohZ Xo\ wbf]hi \t abcX X^j \ cf �� e hbt YXZ qhbcbYqh` f]hi Ybp
tY�\]Z f]ci Xo\ x`hqax ch]t cb\ cf �� x^ � �� � jcZYXY[\ oh`fsX_ YZXZ dZ\\ � Yp v� e
_o\]\ � � rn v
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 � �9 � �� 6�� � 
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 	�
������ � ���
��
� 	
� d� n � � k� � � � � � � � � � � � � �m � � 
�� � �� ���4 	�
������
 6 6� � �
� �5 : 6
�
�
4���� � ;

yo\ i h�c] cxZ\][hXYcb o\]\ YZ Xo\ hxZ\bq\ cf b\phXY[\ j c_\]Z cf Xo\ f]hi s
Ybp [h]Yhx`\ � v yohX YZ _ohX cw] fc]Xoqci Ybp \ZXYi hX\ _ Y`` x \ xhZ\t cb v

}	
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 � �9 � : 6����
 6 � d� n � 
�� : ��	��� 	�
������ � 6��� � ��
�� �� � �� 
 � ����� � : 6����
 6 �� � � �	 
 �
���� 	 ��;
� �
 ��� 
 � � ``c_ Ybp qcijcb\bXZ _ YXo x cXo j cZYXY[\ hbt b\phXY[\ c]Y\bs
XhXYcbZ _\ _cw`t bcX x \ hx`\ Xc ZXh^ _ YXoYb Xo\ Z\X cf X]hbZ[\]Z\ `YbaZ hfX\]
hjj`YqhXYcb cf Xo\ i hYb Za\Yb ]\`hXYcb v

yc j]c[\ yo\c]\i � v� _\ b\\t Xo\ fc``c_ Ybp
��

 � 
 �

=P PyP

� �� v

== PyPyPP P �

� �� � �9 ���� � ;� v Wf h X]hbZ[\]Zh``^ f]hi \t j`hbh] qw][\ ohZ bc
hxbc]i h` tcwx`\ j cYbXZ e _\ qh`qw`hX\ YXZ j c`^bci Yh` � wZYbp Xo\ ]\`hXYcb cf
Xo\ hx c[\ `\ii h YbZX\ht cf Xo\ i hYb Za\Yb ]\`hXYcb cf � Yp v� v yo\ ]\b\_\t
Z\X cf ]w`\Z YZ \ghqX`^ XohX _oYqo wbYzw\`^ t\�b\t Xo\ f]hi \t [\]ZYcb cf Xo\
����u� jc`^bci Yh` cf h ]\pw`h] j`hb\ qw][\ Yb k�m v � qqc]tYbp Xc k�m e Xo\
\`\i \bX Zc t\�b\t YZ wbYzw\ hbt `Y\Z Yb � k� � � � � � � � � � � � � �m vWf h j`hbh] qw][\ ohZ Zci \ hxbc]i h` tcwx`\ j cYbXZ e _\ ZXh]X _ YXo hjj`^Ybp
Xo\ i hYb Za\Yb ]\`hXYcb cf � Yp v� Xc ]\twq\ Xo\Y] bwix\] v �c_ Xo\ hZZ\]XYcb
cf Xo\ Xo\c]\i fc``c_ Z x^ YbtwqXYcb v �

� &� '() -*./0.10 2,/*.2* ��-3.2)
yo\ Z\X cf ]w`\Z _oYqo wbYzw\`^ t\�b\Z Xo\ f]hi \t [\]ZYcb cf Xo\ ����u�
jc`^bci Yh` � � d� n � � k� � � � �m fc] h `Yba � _YXo Xo\ x`hqax ch]t f]hi Ybp Yb
� K YZ XohX cf � Yp v� _YXo h`` Xo\ Ybfc]i hXYcb hxcwX Xo\ [h]Yhx`\Z � � ci YXX\t v
� qqc]tYbp Xc _ohX _hZ ZhYt hx cwX Xo\ ]\j]\Z\bXhXYcb cf X]hbZ[\]Z\ `YbaZ Yb
Xo\ wbY[\]Zh` qc[\] cf �� �� � Yb Z\qXYcb }v� e Xo\ ]\ZX]YqXYcb cf � � Xc j cZYXY[\
X]hbZ[\]Z\ `YbaZ Yb Xo\ ZXhbth]t � K e Yb X\]i Z cf X]hbZ[\]Zh``^ f]hi \t j`hbh]
qw][\Z e YZ XohX t\�b\t x^ � Yp v� _ YXocwX i \bXYcbYbp Xo\ �� v yo\ i hYb Za\Yb
]\`hXYcb YZ bc_ hjj`Yqhx`\ cb`^ _o\b Xo\ oci cXcj^ x \X_\\b Xo\ bc]i h` hbt
hxbc]i h` f]hi YbpZ Yb YXZ `\fXsohbt ZYt\ jhZZ\Z Xo]cwpo h tcwx`\ j cYbX hX

}}



_oYqo Xo\ johZ\Z � � � cf Xo\ j`hbh] f]hi Ybp qcYbqYt\ v Wb h`` Xo\ cXo\] qhZ\Z
Xo\ qohbp\ bc]i h`shxbc]i h` tc \Z bcX h�\qX Xo\ j c`^bci Yh` dh`cbp _ YXo Xo\
`Yba X^j \ Yb Xo\ rsZjhq\n v �\ ]\f\] Xc XowZ cxXhYb\t ]w`\Z hZ � 5�� �5v

� Z Yb Xo\ j]\[YcwZ ZwxZ\qXYcb e _\ oh[\
�	����
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�� 	�
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 �� ;� ����� �6� 5�� �� 
� �6�� �� 	 � � d� � n � � k� � � �m ;

� &� '() )-* 
 .*)
u\X � x \ Xo\ Z\`fs`YbaYbp bwix\] cf hb c]Y\bX\t f]hi \t abcX � c] � � Yb \YXo\]
Xo\ Zc`Yt Xc]wZ c] rsZjhq\ ]\Zj \qXY[\`^v yo\b Xo\ j c`^bci Yh`Z

� � d� n � � � �� �� d� n hbt � �� d� � n � � � ��� �� d� � n
h]\ Yb[h]YhbXZ cf wbf]hi \t abcX X^j \Z k}� e �m v

�c]c``h]^ � v� hbt yo\c]\i � vl Yij`^
�	����
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 	� yo\ |\bb\zwYb bwix \] � cf h X]hbZ[\]Z\ abcX YZ ctt v Wbt\\t e
hqqc]tYbp Xc �]cj cZYXYcb }v� e cb\ qhb jhZZ f]ci hb^ X]hbZ[\]Z\ abcX Xc Xo\
`YfX cf \YXo\] h xhZYq qw][\ cf � Yp v� c] cf Xo\ qw][\  x^ h Z\]Y\Z cf c]tYbh]^
qohbp\sq]cZZYbpZ _oYqo qohbp\ � x^ � � v �c_ Xo\ `YfX cf hb^ xhZYq qw][\ e hZ
_\`` hZ XohX cf Xo\ qw][\  e ohZ ctt � v
���
� �� 
 		 �w\ Xc �ghij`\ � v� e fc] hb wbabcX � � } k}m v yo\ `YfX cf Xo\
qw][\  YZ i YbYi h` e _ YXo � � }v
���
� �� 
 	
 yo\ X]hbZ[\]Z\ abcXZ ]\j]\Z\bX\t x^ Xo\ qw][\Z �� cf � Yp v�
oh[\ i YbYi h` j cZZYx `\ |\bb\zwYb bwix\]Z � �� �� } h``c_\t fc] Xo\Y] Xcj c`cpYqh`
X^j \ v �b Xo\ cXo\] ohbt e Xo\ c]YpYbh` |\bb\zwYb �Z \ZXYi hX\ j]c[Yt\Z e [Yh h
qcbXhqX \ix \ttYbp cf Xo\ Zc`Yt Xc]wZ YbXc Xo\ rsZjhq\ _oYqo wbabcXZ h`` Zwqo
abcXZ e h _\ha\] `c_\] x cwbt } Ybt\j \bt\bX cf � v

}�
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� �� 
 	� �c] d� � � nsXc]wZ abcXZ Yb � K e cw] `c_\] x cwbtZ h]\ � � � hbt
�� � fc] Xo\ `\fXs hbt ]YpoXsohbt\t qhZ\Z ]\Zj \qXY[\`^v yocZ\ x cwbtZ h]\ \ghqX
hZ � Yp vl Zoc_ Z v �c] x \XX\] Y``w ZX]hXYcb Xo\ tcwx`\ j cYbXZ Xo\]\ h]\ ]\Zc`[\t
hqqc]tYbp Xc Xo\ johZ\ � v
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β1 β15 = 7 5 = -3 β β= -152 = 7 52

β1 β6 = 5 61 = 3 β β62 = 5 62 = 1

31 β = -131 β = 5 β14 = 3

β63 = 3 β71 = 9 β17 = -5

β73 = -3β73 = 9β72 = 9 β = -172

β74 = 9 β = -174 β75 = 9 β75 = -3
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β β810 = 5 810 = 1β89 = 3

β87 = 5 β87 = 1 β88 = 5 β88 = 3

β86 = 7 β86 = 1β8 = 75 β = -185

β83 = 5 β84 = 5 β84 = 3

β β= -182 = 7 82β18 = 7 β18 = 3

7 = 7 β76 = 1β6 β β77 77= 5 = 3
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β815 = 11 β815 = -3 β816 = 5 β816 = 1

β817 = 3 β818 = 3

β811 = 7 β811 = 1 β812 = 5

β814 = 7 β814 =1 β813 = 3β813 = 5

β8 = 721

β8 = -519β819 = 11 β820 = 1β820 = 5
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