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filLjLq8~�lnq8jih/r!� lLjnmxpSfLv&o?jilLeup8��c8h�p8fLh �wq8egc8fBlno�lnh�pPq8o?q8f jLh��?euo?p.�I)F�8eu{gh ln�8hFfihk~koxp8cwmxjy�M-��/.�eup8fyl�mxrSeu{uetl0�

" �
ege



euf �iq8fil�m fLh�hkc }�o?j/lL�8h lLq8jLr8qS{uhkpS~kh � � q8{g{TvwmxjilLeu~�{uh fieus qS{zm\lLeuo?pKeuf�mx{ufio�~koxp8c8q8~�lnhkc mxpSc jLhkvSjLoIc8q8~kh�f
ln�Sh fieus�eu{umxj4jihkfLqS{gl ox}&ln�8h euc8hkmx{ � . � � f h " ~�hkvSl ln�wm�l lL�8hFfLh�~ko?p8c8mxji� ��� $ eup8fyl�mxr8eg{uetl0� �?jio>)Ff(c8qSjLeupS�
ln�ShN�wjLfyl^lnqSjLp8egp8� o>�?h�j^sao\lneuoxp ox}�lL�8h�p8o?jis m\{=-N�/.*eupSfil�m\r8eu{gegl0� � �IlLjLo?p8� h�{uh�~�lnjio?filnm\lneg~u�8hk{uc7~kmxq8fihkc
r!� lL�8h�fLh�~ko?p8c8mxji� � � $ egp8filnmxr8eg{uegl0��fi~ m\lilnh�jLfYeuoxp8fYmxp8c7cSh�}�o?jisaf^h�{uh�~�lnjio?p7c8h�p8fLetl0��eup!lLhkji}�m\~kh�mxpSc�m\f
m=jihkfiq8{gl>ln�Sh/s�e " eupS�=m\jLh m�eup8~�jLhkmxfLh�f }�mxfyl^m\p8c h " lLhkp8cSf^fLvwm�lnezm\{u{g� mxf ~ko?s�vwmxjihkc�lno=lL�8h jLhkfiq8{gl egpaln�Sh
q8p8et}�o?jLs c8hkpSfLegl0��~ mxfih �
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$ �8hK}�q8{u{ vwmxjilLeu~�{uh7fLegs q8{um\lnego?p8f ox} ln�Sh -N�J.3egp8filnmxr8eg{uegl0� eup@lL�8h�fylnjLm\lne��whkc fL�Sh mxj�{zm �?h�j�fL�8o>) ln�Sh
mxfy�
s�s�h�lnjy�@eup lL�8h p8o?p+�V{ueupSh mxj=c8h,�xhk{uoxv8sah�p!l r&h�l/)(hkh�pQln�Sh v&o?fieglne��?hKmxpSc`lL�8hKp8hk�!m�lne%�xh&�?hk{go
~�egl0�
fL�Sh mxj(~ mxfihkf � l p lL�8h vHo?fieglLe%�?h fL�Sh mxj(~ mxfih/ln�Sh�o?p8fih�l ox}|ln�Sh�fLh�~ko?pScwmxji�aeupSfil�m\r8eu{gegl0���m)F�8eu~���{gh mxcSf(ln�Sh
fi�Ifylnhks lno�lL�8h lnqSjLr8q8{ghkp8~�h��PmxvSvHhkmxjLfBegp ln�Sh^h mxji{g�=p8o?p+�V{uegp8h mxj�filnmx�?h^o\}wln�8h -N�/.QeupSfil�m\r8eu{gegl0� � � p ln�Sh
oxlL�8hkj �wmxp8c.�
ln�Sh�mxvSvwmxjLh�p!l lnjLmxp8fieglnego?p }�jLo?s lL�8h�{umxs�eupwmxj9lno=lL�8h/lLq8jLrSq8{uh�pPl �wo>)Ff cSo
h�f p8oxl mxv8v&h m\j
eup�ln�Sh pShk�!m\lLe%�xh/fi�8h mxj ~ m\fLh ��$ �Seuf mxfi�Is�sah�lnjy� euf>eup!lLhkjLvSjLh�lLhkc mxf m�jLh�fLq8{tl ox}�mxpamxfy�
s�s�h�lnjy� eup�ln�Sh
�wp8etlnh n mxjLs�o?jFjnm\c8euq8f ~ �qn � � h,�Hhk~�l�o\}4ln�Sh=ego?p m�l lL�8h�o?qSlnh�j/h�c8�?h=ox}4lL�8h!�xo?jilLh "=� $ �8h�c8e%�Hhkjihkp8~�h
eup ln�8h �qn �dh,�Hhk~�l�mxv8v&h mxjif�m\l ln�Sh p8hp)F{g��eup8c8qS~khkc �?hk{go
~�egl0�Kfi�8h mxj/{zm �?h�j�egp�ln�Sh p8o?p4�0{uegp8h m\j fyl�mx�xh
ox}�ln�8h!-N�J. egp8filnmxr8eg{uegl0� � l pKln�8h�v&o?fLetlne��?h�fL�Sh mxjF~ m\fLh ~ 	
�����
��� �I� lL�8h�o?qSlLhkjYhkcS�?h=o\}9lL�8h��?o?jylnh "
eup ln�8h p8hk�!m�lne%�xh � jLh��?euo?p.�G)F�8h�jLh egf ��� $ q8p8fyl�mxrS{uh��HrHh�~ko?s�hkf�m v&o?fLetlne%�xh fi�8h mxj ��$ �8h � n ��h,�Hhk~�l
)(h m �P{g��filnmxr8eg{ue K�h�lL�8h oxp8fLh�l�ox}�ln�Sh fLh�~ko?pScwmxji� eup8fyl�mxrSeu{uetl0��� vwmxjylneg~kq8{umxjL{t��ln�8h � � $ eup8fyl�mxrSeu{uetl0� � � p
ln�Sh�oxlL�8hkj �wmxp8c.�Seup�ln�8h/p8hk�?m\lne��?h fL�8hkmxj ~kmxfLh�~ 	
�����
��� �e� �Pln�Sh ��� $ q8pSfil�m\r8{uh/jLhk�xeuo?p�rHh�~ko?s�hkf m
p8h��!m\lne��?h�fi�8h mxjY{um �?hkj(ln�wm\lFegp8~kjih mxfihkfYhp��h�~�lne��?h�{g� lL�8h�euoxp7�x�IjLo jnm\c8euq8f ��$ �8h�hkpS�wmxp8~�hkc �qn �*h,�Hhk~�l
filLjLo?pS�?{g� fil�m\r8eu{ge Kkh�f^ln�8h�o?pSfLh�l ox}�ln�Sh�fihk~�o?p8cwmxjy��� � $ egp8filnmxr8eg{uegl0� �

$ �8h�v8jLh�fLhkp!l/o?p8fih�l/sah�~��wmxp8egfLs mxpSc lL�8h�}�o?jLsam\lnego?p�ox}�ln�Sh�rSjLo!mxc s�e " eup8� {zm �?h�j �xe%�?h�lL�8h�p8h,)
q8p8cShkjLfyl�mxpSc8eup8� o\}Yln�8h�samxfif=lnjLmxp8fivHo?jyl s�hk~��wmxpSeufLs }�jLoxs lL�8h�fio?{zmxj�)FeupScz�
eum lL�8h�{uo>) {um\lnetlnq8c8h
r&o?q8p8cwm\ji� �

" �Ieuege
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b�p eup!lLhkji}�m\~kh�rHh�l/) h�hkp l/)(oas�hkcSezm �wo>)Feup8��jLh�{zm\lLe%�xh�lno�h mx~���oxln�8h�jFeufFq8p8fyl�mxr8{gh�mxp8cKln�8h�jLh�fLq8{tlneupS�
�?jio8)Fegp8��)^m*�xh/egfq) h�{u{��Pp8o>)Fp�m\f -�h�{%�Ieup4�J./h�{us��8o?{tlLKN~Y-N�J. � eup8fyl�mxr8eg{uetl0� ~F./h�{us��8o?{glWK�� �*rIOIr �i-�hk{��Ieup��
�>re�4�8�p� �
eup8~�h lL�8hFp8o?p+�V{uegp8h mxj�hp�?o?{gqSlnego?p�ox}�lL�8h�-��/.�eup8fyl�mxr8eg{uetl0� egf ~��8mxjnmx~�lnh�jLe K�hkcarP��m�s�o?sah�p!lnq8s
h " ~��wm\p8�?h mxp8c s�e " eup8��ox}Fl/) oXs�hkc8eum
��egl �wmxf r&hkh�pQfylnq8c8eghkc }�o?j mX{go?p8� lLeus�h�mxpScQm\v8v8{ueghkcDlLoXm
�\mxjLegh�l0��ox}��wh�{uc8f�egp h " lLhkp8fie%�?h fi~ mx{ghkf�o\}(vS�8hkp8oxsah�pwm � b )Fegp8c+�Veup8c8qS~khkc ) m\lLhkjN) m*�?h�euf�m��?hkp8h�jnmx{
jLh�v8jLh�fLh�pPlnm\lne��?h�v8�8h�p8o?s�hkp8oxpKlL�wm\lY~kmxpKrHh�fLhkh�p m\pP�i)F�8h�jLh � � �8h�p&)Feup8c �wo>)FfFo>�?h�jFm fLh m fiq8ji}�mx~�h
)FeglL�XfLv&hkhkc mxr&o>�?h Oe|x� ~�s �\f �5-�hk{%�Iegp � �*re�+��� �wmxf�fL�So8)FpXln�8m\l�ln�8h fih mKfLq8jy}�mx~kh�egf�q8p8fyl�mxr8{gh � b/p8c
ln�Shkp��wln�Sh�fih m�fLq8jy}�mx~kh�h,�xhkp!lnqwm\{u{g��c8h,�xhk{uoxv8f/lLoam�{zm\jL�?h�mxs�v8{geglnqSc8hN) m>�xh mxf fL�So8)Fp�eup � eg�?q8jLh �D�%�I�
$ �8h�-N�J. eup8fyl�mxrSeu{uetl0��euf m s mxegp ~�o?p!lnjLegr8qSlLo?j }�o?j ln�8h�m�lns�o?fLv8�ShkjLeg~�mxp8c7oI~khkmxp8eg~�s�e " eup8�=v8jLoI~kh�fLfihkf

� eu�?qSjLh �I��� � � �Iet�?oIh � b�cSo?vSlnh�c }�jio?s . o �Pq8fnmxe5-�m\lLfLq8fi�8e ��m
� � q8�?m �Pq �
mxp��iq8jio � �xhke � �>rI'�� �

�



~ � jieglLlLf=h�l�mx{ � � �*�I�IOe�U� b�~�lnqwm\{u{g���Bo?p8has m � �wp8c m -N�/. �?oxjilnh " �?jio>)Feup8� )F�Shkp@o?p8h {uoIo �Pf q8v@egp
ln�Sh f �!�Xmxf�fi�8o>)Fp egp � eu�?qSjLh �I� � � )F�Seu~�� eup8c8eg~ m\lLhkf�lL�8h c8hp�?hk{go?v8s�hkp!l�ox}>ln�8h�-N�/. �?o?jylnh " m\l�ln�Sh
~k{go?q8c fLq8jy}�mx~kh=fL�8hkmxjLh�c )FeglL��lL�8h�}�m\filu)Feup8c��wo>)Ff � � �8eu{gh�ln�8h�-N�J.deup8fyl�mxrSeu{uetl0���wm\f/r&hkh�p filLq8c8euh�c

� eg�?q8jLh �I� � � b v8eu~�lnq8jih ox}Y~�{uo?qSc8f )F�8h�jLh lL�8h -N�/. fLh�hks�f=lLo c8h,�xhk{go?v � $ �Sh v8eg~�lnqSjLh egf mxcSo?vSlnh�c
}�jLoxs ln�Sh�)(hkr�fLetlnh!./o?q�Kkh�� f � {uo?qSc�b^lL{zmxf!~��Plilnv������R) ) ) � m\lLsao?f � ) mxfi�8eup8�\lno?p � hkcSq��\�?~����\b^ln{umxf�� �p�

h " lLhkp8fie%�?h�{g�a}�o?j(lL�8h�mxvSv8{ueg~ m\lLeuo?p8f�lLo ln�8h��?hko?vS�P�Ifieu~ m\{�v8�8h�p8o?s�hkpwm �
ln�Sh�v8{zm\fLsam=v8�!�IfLeg~kf^�wm*�xh�mx{ufio
c8hp�?hk{go?v&hkc lL�8h q8pSc8hkjifil�m\p8c8eupS��ox}BlL�8h jio?{uh�ox}BlL�8h -N�/. egp8filnmxr8eu{gegl0�a}�o?j lL�8h m\v8v8{ueg~ m\lLeuo?pSf^lno fio?s�h
h " v&hkjieus�hkp!l�mx{ �9fivwmx~�h7mxp8cDmxfilLjLo?v8�!�IfLeg~ mx{(v8�8h�p8o?s�hkpwm � �
�Sh mxjihkc�� � 	 cSjLeg} l ~Y-N�/. � eup8fyl�mxrSeu{uetl0�
eupS�8eur8etlnf�ln�8halnq8jir8q8{uh�p!l lnjLmxp8fLv&o?jyl eupDlLo ��mxsam �Pf ox} {zm\rHo?jLm\lnoxji�Xv8{umxfLsamxf&~ $ m/�ieusam�h�l mx{ � � �>�I�+�8�p�
��{zmxpSh�l�m\ji��v8�8hkpSo?sah�pwm�fLqS~�� m\f�ln�8h=}�o?jLsam\lnego?p ox}>ln�8h {go>)�{zm\lLeglnqSc8h r&o?q8p8c8mxji��{zm �?h�j�~ n5n ��nB� m�l
ln�Sh h mxjyln�Xsamx�?p8h�lno?fiv8�8hkjihk~�b " }�o?jLcXmxpSc`. eup8h�f�� �*�IO�� �T�I~ �xo?v��\h�h�l�mx{ � � �>�Ir��8� mxp8c lL�8h samx�?p8h�lneu~
�wq " jio?v&hkf o?r8fLh�j{�xhkc�egp�lL�8h �>h�pPq8f ego?p8o?fiv8�8hkjih ~ �Fq8fLfihk{u{&mxpSc���{uv8�Seu~�� �*�e�D� � $ �8o?samxf mxp8c � eup8f �xh �
�>�I�+�8� mxjih ~ko?p8fieuc8h�jLh�c lLoKm\lLlLjLeurSqSlnh lLo7ln�8h�-N�J. egp8filnmxr8eg{uegl0�Kh " ~keglLhkc r!� ln�8h fi�8oI~ �xhkc fLo?{umxjN)Fegp8c
v8{umxfLsamxf � �Fhk~�hkp!ln{t���\lL�8h>�?{uoxrwmx{xfieus qS{zm\lLeuo?p�s�oIc8hk{geup8� lL�8h>eup!lnh�jnmx~�lnego?p�rHh�l/) h�hkp lL�8h>fLo?{umxj )Fegp8c m\p8c
ln�Sh �>h�pIqSf�euo?pSo?fLv8�ShkjLh�jLh�v8jLoIc8q8~�hkc lL�8h�h " ~ketl�m\lLeuo?p ox}BlL�8h�-N�/. egp8filnmxr8eu{gegl0� ~ $ hkjLmxcwmah�l�mx{ � � �\�?�!� �
� eg� �&�I�('e�p�M$ �8h�jLhk~�hkp!l=o?r8fLh�j{�\m\lLeuo?pwm\{>mxp8cXln�8h�~koxsav8q
l�m\lLeuo?pwm\{4filLq8c8eghkf�jLh,�xh mx{�lL�8hacSh�}�o?jis m\lLeuo?p
mxp8c2�\o?j�ln�8h�c8egfLjiq8vSlnego?pXox} lL�8h��!mx{um " � ~k{gq8filLhkj�~ � q��ietl�m�h�l=mx{ � � �x�x�!�I� mxp8cXln�Sh mxfylnjio?v8�!�IfLeu~kmx{ �ih�lLf
~ o o?jLsamxp�h�l m\{ � � �>�Ir!� �i./mxjLcShkhFh�l(mx{ � � �>�D�e� � n o?rwmxpSo8� h�l(mx{ � � �x�x���8� r!� ln�Sh�-N�/.�eup8fyl�mxr8eg{uetl0�!)F�Seu~��
eufYh " ~keglLhkc r!�7ln�8h�eup!lLhkjnm\~�lnego?p )FeglL� lL�8h�eup!lnh�jL�!m\{zmx~�lneu~/sah�c8euqSs ~ � eu� ���D� �i�U�

�



� eg�?q8jLh �I�(' � $ �8hYfLegs q8{zm�lneuoxp=jihkfLqS{gl )F�Seu~�� s�o
c8h�{uf�ln�8h^�x{uo?rwm\{Iegp!lnhkjLmx~�lLeuo?p rHh�l/) h�hkp ln�8h fLo?{umxjX)Fegp8c
mxp8c lL�8h��>hkpPq8f�euoxp8o?fLvS�8hkjih � $ �8h�~�o?{uo?j�eup!lnh�p8fLetl0� fL�So8)Ff�lL�8h pPq8s r&hkj�c8hkpSfLegl0� ox}(v8{zmxfis m\f �!$ �8h
v8eg~�lnqSjLh�eufY~�eglnh�c7}�jLo?s � eu�?qSjLh � eup $ hkjnm\cwm�h�l/mx{ � � �\�?�!���Y�
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b�s�o?p8�Fln�Sh(pPq8s�hkjio?q8fBm\v8v8{ueg~ m\lLeuo?pSf|ox}8lL�8h -N�/. egp8filnmxr8eg{uegl0��� ln�8h v8jihkfLh�p!l�c8eufifLh�jil�m�lneuoxp=egf�h�fLv&hk~�ezmx{g{g�
}�oI~kq8fieup8� o?pXln�8h�eup!lnh�jnmx~�lnego?p r&h�l/)(hkh�pDln�Shafi�8o
~ �\hkc@fio?{zmxj�)Fegp8cDm\p8c lL�8hahkmxjilL� samx�?pSh�lnoxfLv8�8h�jLh �
./eg�?�@hkpShkjL�\�@v8{zm\fLsamxf h �ih�~�lnh�c`}�jio?s lL�8h7fLqSp���)F�8eg~��Qegf ~ m\{u{uh�c�� Sh?G9\7j6 	�EY3B@ �,��lnjnm*�xhk{uf lL�8h7eup+�
lnh�jLv8{umxp8h�l�mxjy� fivwmx~�h7mxp8c@m\jLjLe��?h�f m\l lL�8h hkmxjilL��)FeglL�D}�o?jisaegp8� m�fL�8oI~ �Dm�l ln�Sh cwm � fLeucSha}�jLoxpPl ox}
ln�ShahkmxjilL��~�� ��? 	 S*_5?�C � � � mxf=m7fLq8v&hkjifLo?p8eg~ �8o8) eup!lnh�jnmx~�lnf�)Fegln� mxp o?r8fyl�mx~�{uh � �
egp8~kh ln�Shafio?{zmxj
)FeupSc vS{zmxfis m egfYm �8eu�?�7~�o?p8c8qS~�lne��?h�sah�c8euqSs �Pln�8h�hkmxjilL��� fFsamx�?p8h�lneg~N�whk{gc7eufY~�o?p��wp8h�c�egp!lno�m ~ m*�e�
egl0� �?hkpShkjnm�lnhkc eup lL�8h fLox{zmxjN)Fegp8c�� )F�8eg~�� egf�~ m\{u{uh�c�� a�7jbG352e<>?GSh� _52i682 �`~ � eu� ���I�s|I�p� ./hkpS~kh��Tln�Sh
h m\jiln�`c8egvHo?{gh7s m\�?p8h�lLeu~ �wh�{uc fL�Seuhk{gc8f ln�8h hkpShkjL�xh�lneg~KvwmxjilLeu~�{uhkf o\}�ln�Sh�fio?{zmxj )Fegp8c }�jLo?s cSeujLh�~�lL{g�
v&hkp8h�lnjnm�lneupS� eup!lno�ln�8h�hkmxjilL� mxp8c@etl=lL�8hkjih�}�o?jih7�?qwmxjLmxp!lnhkh�f o?q8j fnm\}�h7m\p8c@�8h m\{gln�!� cwm �e�0{uet}�h � $ �8h
vwmxfyl �?jih m\l h,�Ho?jilLf ox}^lL�8h��?jLmxp8c+�VrwmxfLh�c mxp8c lL�8h egp+�0fieglnq o?r8fihkj{�\m\lLeuo?pSf����8o>)(h,�?h�j��>�wm*�?h7jih,�xh mx{ghkc
ln�8m\l�lL�8h c8euv&o?{gh=samx�?p8h�lneg~!�wh�{uc c8oIhkf�p8oxl�v&hkjy}�hk~�ln{g��v8jioxlnh�~�l�mx�?mxeup8fyl�lL�8h fLox{zmxju)Feup8c vS{zmxfis m �Nl l
samxpwmx�?h�f�lLoD�?h�l egp8fLegc8h7ln�8h�s m\�?p8h�lLo?fLvS�8hkjih � ./o>) c8oIhkfaegl��?h�l egp	� � �8h�jLh m\p8c�)F�wm�l�euf�ln�Sh
{uoIo?v8�So?{uh
� o q8s�hkjio?q8f�jLh�fLhkmxjL~��8h�jLf oxp fivwmx~kh�v8{umxfLsam7v8�!�
fieu~�f=�wm*�xh ~��wmx{g{uh�p8�?hkc lLo mxpSf{)(hkj=lL�8hkfih
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Open magnetosphere model Close magnetosphere model

Axford and Hines [1961]Dungey [1961]
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�
�>�I�D�e�p� � qSjLeupS� ln�8h�~�o!mx{ghkfL~�hkp8~�h=o\}�lL�8h��?oxjilneg~kh�f^ln�8h �Fh��Ip8o?{gc8fYfilLjLh�fLfFeup8~�jLhkmxfLh�f/m\p8c7ln�8h�s�o?s�hkp+�
lnqSs euf>saoxjLhFh,�Hhk~�lne%�xhk{t��lLjnmxpSfLv&o?jilLhkc�m\~kjLoxfLf>ln�8h rHoxq8p8cwmxjy��{zm �?h�j(egp m�{zm\jL�?h�j fieus qS{zm\lLeuo?p c8oxs mxegp �
$ �8o?fih � . � fLegs q8{um\lnego?pKmxv8v8jio!mx~��8h�f��wm*�xh jLhp�?h m\{uhkc ln�wm�l/lL�8h s�o?s�hkp!lnq8s lnjnm\p8fLv&o?jil�mx~�jLo?fif/ln�Sh
fL�Sh mxj({zm �?h�j(r!� ln�Sh�-N�J.�eupSfil�m\r8eu{gegl0�=~ mxp�fLm\lnegfi} � lL�8h/jihk�Pq8egjLhks�hkp!lLf ox}Hln�8h��IeufL~�o?q8f({ue �\hFeup!lnh�jnmx~�lneuoxp
mxfFfLqS�?�?hkfylnh�c r!�7b " }�o?jic m\p8c . eup8h�f/� �>�IO�� ���

$ �8h^jihk~kh�p!l>v8jLo?�xjLhkfifBeup=ln�8h(~ko?s�v8qSlnm\lnego?pwmx{Imxr8eg{uetl0��hkpwm\r8{uh�f4ln�8h �Peup8h�lneu~(vwmxjylneu~�{uh fLegs q8{zm�lneuoxp�lLo
}�o?{g{uo>)*lL�8h�p8o?p+�V{ueupSh mxj^cSh,�?h�{uo?vSsah�pPl�mxp8c�fLh�h �Pf�o?q
l�m�q8p8eg�IqSh�}�hkm\lnq8jih�eup�m�~�o?{u{geufLego?p+�V{uhkfif v8{umxfLsam �
. �Ir8jieuc�fLegs q8{zm�lneuoxp8f=)F�8eg~��=lLjLh m�l�ln�8h euo?p�m\f4mYvwmxjylneg~k{uhq)Fetln��ln�Sh ~��8mxjL�?h p8h�qSlnjLmx{ue%KkeupS�Yhk{uh�~�lLjLo?p �wq8egc
mxp8c�}�q8{g{?vwmxjylneu~�{uh�fieus q8{um\lnego?p8fH�wm*�?h r&hkh�p=~�o?p8c8qS~�lnh�c lnoF~�{zmxjieg} ��s�e " egp8�Ymxp8c�lnjLmxp8fivHo?jyl�sah�~��wmxp8egfLs�f
ox} ~�o?{u{geufLego?p+�V{uhkfif|v8{umxfLsamxf4r!��ln�8h -N�J. eup8fyl�mxr8eg{uetl0�M~.��jLetln~��8h�lLlBmxp8c � o?jio?p8eglLe-� �>�Ir\� � $ hkjnm\fnm*)^m�h�l�mx{ � �
�>�I�?� � $ �8oxs mxf�mxp8c � eupSf �xh � �>�I�D' � �^mxe9h�l�m\{ � � �>�D�I' � � q��iegsaoxlLo m\p8c $ hkjnm\fnm*)^m � �>�I�x� � � q �ieus�oxlno
mxp8c $ h�jnmxfLm>) m
� �*�I�e| � � eu{grHh�j mxpSc � eup8�x{uhkh � �*�I�e|I�U� . �Ir8jieuc�fieus q8{um\lnego?p8fu~ $ h�jnmxfLm>) m h�l^mx{ � � �*�I�!� �
� q��ieus�oxlLo^mxp8c $ hkjLmxfnm*) m
� �>�D�x�i� fi�8o>) h�c=lL�wm\l�ln�Shq�wp8eglLh n mxjLs�o?j�jLmxc8egq8f|h,�Hhk~�l�ox}
lL�8h�euoxp8f|hkpS�wmxp8~�hkf
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ln�Sh sae " eup8� ox}�v8{zm\fLsam mxp8o?samx{go?q8fL{t� mxp8c�fiq8�?�?h�filLhkc*mxp�h,�Hhk~�lne��?h s�e " lnq8jih r!��m�-��/. �?oxjilnh "=�
$ �8o?samxf�mxp8c � egp8f �\h � �*�I�I' � mx{ufio jihkv&o?jilLhkc lL�8h �!�Ir8jLegc fLegs q8{zm�lneuoxp fylnq8c
� ox}>maeup+�V�8o?s�o?�?hkpShko?q8f
~ m\fLh=mxp8c fL�8o>)(hkc�lL�wm\lFln�Sh�egfLo?{um\lnh�c7filLjLq8~�lnq8jihkf�oxp lL�8h�o?jLc8h�jFox}9lL�8h�euo?pK�x�IjioajLmxc8euqSfFmxjLh�}�o?jisah�c
)F�8eg~��a~kmxp�mx~kjio?fLf�ln�Sh r&o?q8pScwmxji� eup�hketln�8h�j�c8eujihk~�lneuoxp � $ �8h�� �wjifiln{t� fLqS�?�?hkfylnh�c�lL�8hFs mxfifBlnjLmxp8fLv&o?jyl
ox}Fln�Sh�fLo?{umxj�)Fegp8c@v8{zm\fLsam�r!�DlL�8hk-N�J. egp8filnmxr8eu{gegl0���Bmx{tln�8o?qS�?�Dln�Sh�v8�!�IfLeu~kmx{^s�hk~��wm\p8eufis ox}Fln�Sh
�?h�p8hkjLm\lnego?pXox} lL�8havS{zmxfis m�r8{go?r8f�euf�fylneu{g{BjLh�s m\eup8h�c qSp8fLo?{��?h�cZ~�fihkhamx{ufio,�B./q8r8m
� �*�I�IO r �U� � eu{ur&hkj
mxp8c � eup8�x{uhkh�� �*�I�e|�� c8h�saoxp8filLjnm\lLhkc lL�8h }�qS{u{ vwmxjylneu~�{uhFfLegs q8{um\lnego?p ox}|lL�8h�-N�J. eupSfil�m\r8eu{gegl0� s�oIc8hk{geup8�
ln�Sh=cwm*)Fp mxp8c�lL�8h�c8q8f � n5n ��n��:$ �8h�� v&o?eup!lLhkc o?qSl/macwm*)Fp+�Vc8q8f ��m\fi�Isas�h�lLji�7egp lL�8h�p8o?p+�V{ueupSh mxj
c8hp�?hk{go?v8s�hkp!lFox}Tln�Sh�-��/.*egp8filnmxr8eu{gegl0� )F�8eg~��KfL�8o>)(hkcKln�8h��xo?jilLh " }�o?jis m�lneuoxp eupaln�8h�c8qSf � fieuc8h�m\p8c
ln�Sh�lno?pS�?q8hkf ox}Ts m\�?p8h�lLo?fL�Sh m\lL��v8{zm\fLsam=v&hkp8h�lnjnm�lneupS� eup!lno�ln�8h�s mx�xp8h�lLo?fLv8�ShkjLh�eup lL�8h�cwm*)Fp7fLegc8h �
$ �8h mxfi�Is�sah�lnji� egp8~kjih mxfihkf )Fetln� cShk~kjih mxfieup8��ln�8h�eup8etlneumx{ �?h�{uoI~ketl0� fi�8h m\j )Feuc
ln� �k$ �8egf=}�h m�lnq8jihaegf
mx{gfLo�jLh�vHoxjilnh�car!� ./q8rwm,� �>�D�IO r � r8mxfLh�cao?p lL�8h � . � fLegs q8{zm�lneuoxp eupS~k{uqSc8eup8��m��8p8eglLh n m\jLs�o?j4jLmxc8euqSf
~ � n � � hp��h�~�lYo\}�ln�8h�ego?p � . hkp8~�h�ln�Sh�mxfi�Is�sah�lnjy� fi�8o?q8{gc�rHh�m\lLlLjLeurSqSlnh�c lno lL�8h � n � h,�Hhk~�lFox}�ln�Sh
euoxp��8r8qSlFlL�8h�c8h�lnmxeu{ghkc7v8�!�IfLeg~ mx{Ts�hk~��wmxpSeufLs �wmxfFr&hkhkp�jLh�s mxegp8hkcKm\s r8eu�xq8o?q8f �

l l euf7�Pq8eglLhXjLhk~�hkp!ln{t��ln�8m\lKln�8hX~koxs r8eup8m\lnego?p�ox}�ln�8hXsamx�?p8h�lneg~ jLhk~�o?p8p8h�~�lLeuo?p*mxp8c�ln�Sh�-N�J.
eupSfil�m\r8eu{gegl0�X�wmxf�r&hkh�p`egp8~koxjLv&o?jnm\lLhkc@egp l/) om� ~ o � �!�IjLeFmxp8c � lLlLo,� �x�?���>� mxp8c@lL�8jLh�hp� ~Y-�p8ox{u{^m\p8c
� jLmx~ �Pr8eu{g{-� �x�?�!�I� c8egsah�p8fLego?pwmx{Pegc8h mx{ � . � fLegs q8{um\lnego?p8f �Bo � �!�IjLeSmxp8c � lilno�� �x�?��� � fL�8o>)(hkc ln�wm�l4ln�Sh
samx�?p8h�lneu~�jLhk~�o?p8p8h�~�lLeuo?p euf^lLjLeu�x�?hkjihkc7eup7lL�8h�p8o?p+�V{uegp8h mxj fil�m\�?h�eup8fieuc8h�lL�8h!-N�J.#�xo?jilLh "=��$ �Sh��8p8eglLh
~koxsav&o?p8h�pPl=ox}(ln�8has mx�xp8h�lLeu~ �whk{gc v8mxjnmx{g{uh�{BlnoKln�8h �wo>) �?hkpShkjnm�lnhkf�ln�8has q8{tlneuvS{uh ~�q8jLjihkp!l fi�8hkh�lnf
eupSfLeucSh�ln�8h��xo?jilLh " m\p8c7ln�8h�samx�?p8h�lneg~�jLh�~ko?pSp8hk~�lneuoxpKlnm �xh�fFv8{zmx~�h � b/fFm�jihkfiq8{gl��
ln�Sh�cSh�l�m\~��8hkc �8eu�x�
c8h�p8fLetl0�Nv8{umxfLsamXeuf�lnjnm\p8fLv&o?jilLhkcN}�jio?s ln�Sh samx�?p8h�lno?fi�8h m\lL� � $ �8h��QfLq8�x�?hkfylnhkc�lL�8eufasah�~��wmxp8egfLs
mxf mDp8h,) lLjnmxpSfLv&o?jil v8jLoI~kh�fLf�r!�`ln�8h�~ko?s rSeupwm\lLeuo?p`ox}�lL�8h -N�/.,eupSfil�m\r8eu{gegl0�@m\p8cNln�Sh samx�?p8h�lneu~
jLh�~ko?pSp8hk~�lneuoxp���)F�8eu{gh ln�8h�c8e���qSfLe%�xh v8jLoxvHh�jil0����)F�8eg~��Xeuf�ox} lLhkpXo?r8fihkj{�xhkc eup ln�8h n5n ��n �|~�o?q8{ucXp8o\l
r&h�jihkv8jio
cSq8~kh�c �

l p�fiv8eglLh�ox}9lL�8h��?jLhkm\l h,�Ho?jilLfFo?p7ln�8h�samxfLfYlnjLmxp8fivHo?jyl/mx~kjio?fLfYln�Sh��xhk{go
~�egl0�7fi�8h mxjF{umG�xhkj �wo?p8{g��m
}�h,)�lL�8eup8�xf��wm*�?h r&hkh�p q8p8c8h�jLfilLo
oIcXmxp8c lL�8h }�o?jis m\lLeuo?p s�hk~��wmxpSeufLs ox}�lL�8h n5n ��n egf�p8o\l�~k{gh mxji{g�
q8p8cShkjLfylnoIo
c � l p lL�8euf�~ko?p!lLh " lBln�Sh(v8jihkfihkp!l�c8egfLfLh�jilnm\lnego?p mx�?mxeup�fL�8h�c8f4lL�8h p8hp) {ueg�?�!lnfTo?p lL�8h -�h�{%�Ieup+�
./h�{us��8o?{tlLK�eup8fyl�mxr8eg{uetl0�7r!� fL�So8)Fegp8��ln�8m\l�etl�s q8fyl�v8{umG��m�~�jLq8~�ezmx{�jLo?{gh p8o\l�o?p8{t� m\f�m s�o?sah�p!lnq8s
s�hkfLfihkp8�xhkj r8qSl�mx{ufio`mxf m`samxfLf7~kmxjLjieuh�j egp�ln�8h�o?jLh�lneu~kmx{�mxpSc*~�o?savSqSl�m\lLeuo?p8mx{�samxp8p8h�jLf � � �wm�l
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euf7pSh,)F{g�N}�o?q8p8c eup�ln�Seuf7c8egfLfLh�jilnm\lnego?p euf�ln�8m\lKln�8hXfilLjLo?pS�`pSo?p+�0{geup8hkmxj�~�o?q8v8{geup8�@ox}=ln�8h��\mxjieuo?q8f
eupSfil�m\r8eu{geglneghkf�)FeglL�8eup m -N�J. �xo?jilLh " lnjLeg�?�?h�jLf(lL�8h�o?p8fih�lYo\}�lLq8jLrSq8{uh�p8~kh�m\p8c�ln�8h/lnjnm\p8fLv&o?jil^ox}Tc8hkpSfLh
s�hkc8egq8s lno ln�8h>lnh�pPq8o?q8f9jLhk�xeuo?p�eup�ln�8h(fLvwm�lnezm\{u{g�/h " lLhkp8c8h�c�mxjLhkm � l p mxc8c8etlnego?p��Gln�8h hk{ghk~�lnjLoxp s�e " eup8�
v8jio
~�hkfLf�euf�egpi�xhkfylneu�?m\lnh�c }�o?j�lL�8h �wjLfyl=lLeus�h mxf�)(hk{u{ mxf�lL�8h�euo?p�� f�eupXln�Sh�~�o?q8jifLh�ox}(lL�8h�lnq8jir8q8{uh�p!l
s�e " eup8� � �q�?h�p lL�8o?q8�?� lL�8h s�o
cShk{4egf��Pq8etlnh fieus�v8{uh=mxf�~�o?sav8mxjLh�c lno�ln�Sh mx~�lLqwmx{9fLeglLqwm\lLeuo?p�eup ln�Sh
samx�?p8h�lno?fiv8�8hkjih��?lL�8h^}�mxfil�mxp8c fLv8m\lneumx{u{t��h " lnh�p8c8hkc�s�e " eup8�/v8jLoI~kh�fLf�ox}&~�o?{u{geufLego?p+�V{uhkfifTv8{zmxfis m/fL�8o>)Fp
�8h�jLh�eufY�Pq8etlnh�p8oxlLh,)(o?jilL�P� �
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$ o q8pSc8hkjifil�m\p8cQlL�8h�r8mxfLeg~7{ueupSh mxj�mxpScQp8oxp+�0{geup8hkmxj r&hk�wm*�Ieuo?j o\}�ln�Sh -N�/.3eup8fyl�mxr8eg{uetl0����pPq8s�hkjLeg~ mx{
mxp8c�~ko?s�v8qSlnm\lnego?pwmx{Tm\v8v8jLo?mx~�� mxjih=q8fihkc lLo h " mxs�eupSh�}�oxj�m��8o?s�o?�?hkpShko?q8f/rwmx~ �P�?jio?q8p8c �8hk{uc�~ mxfih
ln�SjLo?q8�x�8o?qSlYlL�8eufF~��wmxv
lnhkj �
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�>mxjL{t�DlL�8hko?jih�lLeu~ m\{^h,�Ho?jilLf �wm*�?h rHh�hkp c8hp�?oxlLhkcQlLoXc8h,�wpShKlL�8hK{uegp8h mxj=v8jLoxvHh�jilneghkf ox} ln�Sh -N�/. eup+�
filnmxr8eg{uegl0�DfLegp8~khKln�8hk�?h�{uoI~ketl0� fL�8hkmxjar&o?q8pScwmxji� ) mxf�}�o?q8p8c`lno rHh q8p8fyl�mxr8{gh�r!� . hk{us��8o?{tlLK�� �>rDOIr �
mxp8c -�hk{%�Iegp � �*re�+���Y��n eupSh mxjYln�Shko?jieuhkf eucShkp!lne��whkc ln�8h�p8hk~�hkfifnmxjy� ~koxp8c8eglLeuo?pSfF}�oxjFlL�8h egp8filnmxr8eg{uegl0���Sln�Sh
s�o
c8h filnjiq8~�lLq8jLh ��lL�8h��?jLo>)YlL� jLm\lnh�f�mxp8c ln�8h ) m*�?h�pIqSs rHh�j�c8hkv&hkp8cShkp8~�haox} ln�Sh�-N�/. eup8fyl�mxrSeu{uetl0�
}�o?ju�xm\jLeuoxq8f�s�h mxp �wo>)Ff�ox}>�!�Ic8jLoIcS�Ipwmxs�eu~=v8�8hkpSo?sah�pwm�~Y. hk{gsa�8ox{glLK � �>rIOIr � -�hk{%�Iegp �>re�+� � � �wmxp4�
c8jLmxfLh �I�8mxj �*�IO��8�U� � o?j�ln�Sh�fLm �xhaox}^fieus�v8{ueg~ketl0���|{gh�l�p8o>) lL�8hM�xhk{go
~�egl0� �\mxjy�Xc8eufi~ko?p!lnegpPq8o?q8fi{g���Tln�Sh
�wq8egcXeuf�eup8~�o?s�v8jLh�fLfLegr8{uh=}�o?j�m �So?saox�?hkp8h�o?q8f �wq8egc � l pXln�8egf�~�euji~kq8s�filnmxp8~kh�etl�euf�mx{�)^m �If�q8p8filnmxr8{gh
)FeglL��jLh�fLv&hk~�l^lno�ln�8h�-N�/. egp8filnmxr8eu{gegl0��m\f {uoxp8� mxf ln�8hu�?h�{uoI~kegl0��c8e���h�jLh�p8~kh/h " eufylnf � $ �8h��?jLo>)Yln� jnm\lLh
eufYcShkjLe��?h�c mxf

� y � � ~ � � � �"!p� � ~ �+�%�>�

)F�8h�jLh�� � � mxp8c �"! c8h�p8oxlnh�ln�Sh��xhk{go
~�egl0�7ox}�ln�Sh�l/)(oas�hkcSezm sao>�IeupS��jihk{um\lne��?hk{t� hkmx~�� o\ln�8h�j � � o?s��
v8jihkfLfieur8eg{uetl0��� mM�8p8eglLh=r&o?q8p8c8mxji�&)FegcSln� mxp8c m�fLq8jy}�mx~kh�lnh�p8fLego?p�}�o?ji~kh�s q8fyl�mx~�l�m\�!mxeupSfil ln�8h�eup8fyl�mR�
r8eg{uegl0� �
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� o?j=lL�8h�h " v&hkjieus�hkp!l�mx{ v8{umxfLsam
�4fivwmx~�hKmxp8c@mxfylnjio?v8�!�IfLeu~kmx{^m\v8v8{ueg~ m\lLeuo?pSf�lL�8h&-N�J. eup8fyl�mxrSeu{uetl0�
s q8fyl�jih�}�hkjFlnoas m\�?p8h�lLom�0�!�Ic8jio cS�Ipwmxs�eu~�f ~ � . � � eupk)F�8eu~�� s mx�xp8h�lLeu~��whk{gc ~koxsah�f/egpPlLo v8{um � ��l p
ln�Sh/hkmxjL{t� hkjLm
�Isao?fyl>ox}�lL�8h eupe�?h�filneg�!m\lLeuo?p8f>m\fLfLqSsah�c�m�Kkhkjio�lL�8eu~ �Pp8h�fLf]�?hk{go
~�egl0� fi�8h m\j(r&o?q8p8c8mxji��egp
mxp�eup8~�o?savSjLhkfifLegr8{uh�v8{umxfLsam � � o?j h " mxs�v8{gh��wln�8h�{uegp8h m\j fyl�mxrSeu{uetl0��jihkfLqS{glnf/mxjih �?e��?hkp mx{ufioar!� � �wmxp4�
c8jLmxfLh �I�8mxj/� �>�IO�� � �!egp )F�8eu~�� ln�ShkjLhYegf4l/)(o�v&o?egpPlLf4lno�r&h^p8oxlLhkc � l }HlL�8h^v8{umxfLsam �wo>)NegfBv&hkjLv&hkpSc8eu~�q8{zmxj
lno�lL�8hFs mx�xp8h�lLeu~��wh�{uc ~�lLjnmxp8f��?h�jLfLh/~ mxfih � �IlL�8hFs mx�xp8h�lLeu~ �wh�{uc��wmxf>p8o�h,�Hhk~�l oxp�lL�8h eup8fyl�mxr8eg{uetl0� m\p8c
egl egf(m\{%) mG�If(q8p8filnmxr8{gh }�o?j mx{g{j�?h�{uoI~kegl0�
�iqSsav8f��iq8fyl^mxf fLh�hkp7egpa�!�Ic8jLoIcS�Ipwmxs�eu~�f ��l }Hln�8h/v8{zmxfis m �wo>)
euf�vwmxjLmx{u{ghk{4lLo�lL�8hasamx�?pSh�lneg~ �whk{gcZ~�v8mxjnmx{g{uh�{B~ mxfih � �B�8o>) hp�?h�j���egl=mx~�lnf�}�o?j�ln�8h�filnmxr8eu{ge Kkm\lnego?p �M$ �8h
-N�J. s�o
c8h�egf=~�o?savS{uh�lLhk{t� filnmxr8eg{ue K�hkcXeg}(ln�8h�lno\l�mx{��?h�{uoI~ketl0� �iq8s�v egf={ghkfLf�ln�8mxp l/)Feg~kh�ln�8h�b�{t}����h�p
�?h�{uoI~ketl0� � ���!�
fieu~kmx{u{t���HlL�8h lLhkp8fieuo?p }�o?ji~kh o\}>s mx�xp8h�lLeu~ �8hk{uc {ueupShkf�egp8�8egr8egl ln�8h �?jLo>)Yln� o\}�ln�8h�-N�J.
s�o
c8h mxf�lL�8h fLqSji}�mx~�h lnh�p8fLego?p }�o?jL~�h mx~�lnf�egp ln�8h �P�Ic8jio
c
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p8mxsaeg~ ~ m\fLh � . hkp8~�h ln�8h o?jLeghkp!l�m\lLeuo?p�ox}
ln�Sh�samx�?pSh�lneg~N�wh�{uc&)FeglL� jihkfivHh�~�l lno ln�8h �wo>) eufFmxp eus�vHoxjil�m\pPl(}�mx~�lLo?j^}�o?j^lL�8h � . � mxv8v8{geu~km\lnego?p �
l p�ln�Sh h mxjyln��samx�?p8h�lno?fiv8�8h�jLh�� )F�8oxfLh eup!lLhkjnm\~�lnego?p�)Fetln��lL�8h fLox{zmxj�)Feup8c�egfalL�8h samxeup`lno?v8eg~ egp
ln�Seuf�c8egfLfLh�jilnm\lnego?p���ln�8h�fio?{zmxj�)Fegp8c v8{zmxfis m�egf�fL�8hkmxjLh�c m\l�lL�8h�s mx�xp8h�lLo?fLv8�ShkjLeg~ rHoxq8p8cwmxjy��~�samx�m�
p8h�lno?vwm\q8fLh �p� b^l^ln�Sh��8eu�?� {zm\lLeglnqSc8h�r&o?q8p8c8mxji��ln�8h�fio?{zm\j�)FeupSc7c8eujihk~�lLeuo?p euf^m\{us�o?fil(vwmxjLmx{u{ghk{ lno ln�Sh
samx�?p8h�lneu~!�whk{gc )F�8eu~��Xegf�~ m\{u{uh�c l�m\eu{�{uo?r&h jLh��?euoxp ��$ �8h filLjLo?pS�7vwmxjnm\{u{uh�{9samx�?pSh�lneg~ �wh�{uc��=)F�8eu~�� egf
o?pKln�8h�o?jic8hkjFox}9lnhkp pwmxpSo�lLhkfL{umxf�� {geus�eglnf ln�8h�~�o?p8c8etlneuoxp o\}4ln�Sh�h " ~keglnm\lnego?pKox}4lL�8h -��/. eup8fyl�mxrSeu{uetl0�
mxp8c egl�euf�q8pS{ue �\hk{t�Xmxpz-N�/. qSp8filnmxr8{uh�jLh��?euoxp � � p lL�8h o\ln�8h�j=�wm\p8c��9lL�8h�{uo>) {um\lnetlnq8c8h�r&o?q8p8c8mxji�
euf m }�m*�?o?jLmxr8{gh�~�o?p8c8etlnego?p7}�o?j^ln�8h�h " ~�egl�m�lneuoxp o\}9lL�8h�-N�/. eup8fyl�mxr8eg{uetl0� fieup8~�h�lL�8h�filnjio?p8��p8o?jyln�e)^m\jLc
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samx�?p8h�lno?vwm\q8fLh ��$ �8h ln�Seu~ �Pp8hkfif�ox}�ln�Sh s m\�?p8h�lLo?vwmxqSfLh r&o?q8p8c8mxji���wmxf�r&hkh�p h " v8{go?jLh�c rP� ln�Sh eup+�
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�Ilnm\lnegfilneg~ mx{8mxpwmx{t�
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m ln�8egpKrHo?qSp8cwmxjy�7eufY�Pq8h�filnego?pwmxrS{uh �

l pQlL�8euf ~�o?p!lnh " l��Ym �Pegp8h�lLeu~Kmxv8vSjLo!mx~��`lnoXln�8h -N�J.3egp8filnmxr8eg{uegl0� euf�p8h�hkc8h�c�mxpScNmXpPq8s r&hkj�ox}
~��wmx{g{uh�p8�?hkf��wm*�xh r&hkhkp c8hp�?oxlLhkcD}�o?j�}�q8jyln�8h�j�q8p8c8h�jLfilnmxp8c8egp8� o\}(lL�8h -N�/. eup8fyl�mxr8eg{uetl0� egpDm �Peup8h�lneg~
jLh��?eus�h � � q��iegsao\lnoamxp8c $ hkjnm\fnm*)^m,� �>�D����� fi�8o>) h�c lL�8h euo?p eup8h�jilneumahp��h�~�l�o?p lL�8h {uegp8h mxj �?jio8)YlL� ox}
ln�Sh -N�J. egp8filnmxr8eu{gegl0�7r!� eup8~�{uq8c8egp8� lL�8h �wmx{g{4m\p8c ln�8h h�{uh�~�lnjio?p v8jihkfLfiq8jLh lLhkjis eup�ln�8h �?h�p8hkjLmx{ue%Kkh�c
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euoxp@eup8h�jilneum h,�Hhk~�l ln�8h7fylnjiq8~�lLq8jLh�faox}FlL�8h7hkeg�?hkp@s�o
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� . � ~kmxfLh � � mxpS�?q8{ue h�l mx{ � � �*�IrIr � c8hp�?hk{go?v&hkc`m p8o?p8{go
~kmx{ �Iegp8h�lLeu~�ln�8h�o?ji�Deup@m p8oxp+�0q8pSeg}�o?jis c8~
hk{ghk~�lnjLeg~��wh�{uc ��l pKm=fLsamx{u{:) m>�xh�pIqSs rHh�j^jnm\p8�?h�lL�8h �Peup8h�lneg~�c8egfLv&hkjLfieuo?p jLhk{um\lnego?p jihk~�o8�xhkjif^ln�8h�-N�J.
eupSfil�m\r8eu{gegl0� �Bl p�m�{zmxji�?h )^m*�xh�pPq8s r&hkj jLhk�xeus�h��Po?palL�8h�o\ln�8h�j(�wm\p8c��Pln�8h���}�oxq8p8c�m\p8oxln�Shkj r8jnmxpS~���ox}
ln�Sh�q8p8filnmxr8{gh�saoIc8h�ln�Sh��7pwm\sah�c7euo?p+�V~��I~k{goxlnjio?p ~ l � � {ge �\h�eup8fyl�mxrSeu{uetl0���i)F�8o?fih�qSp8filnmxr8{uh�cSo?s m\eup�egf
~k{gh mxji{g� c8egfilnegp8~�lLe%�xh=}�jLoxs6lL�8h -N�J. saoIc8h �N$ �8euf�fylnq8c
� ) mxf�h " lLhkp8c8h�c r!� o eufi�8e ��m*) m h�l�m\{ � � �>�DrIr �
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vwmxjylneg~k{uh fieus qS{zm\lLeuo?p ��l p ln�8hXhkmxjL{t� �?� � f lL�8hXv8jLox�?jLh�fLf eup ~ko?s�v8qSlnm\lnego?pwmx{�m\r8eu{gegl0�QhkpwmxrS{uhkfKln�Sh
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lneuoxp ox}(ln�8h�-N�J. eupSfil�m\r8eu{gegl0� )Fegln� m �Iegp8h�lLeu~�vwmxjylneg~k{uh
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~koxsav8q
l�m\lLeuo?pwm\{�jLh�fLo?qSjL~kh�f �

��{zmxfis m�vwmxjnm\sah�lnhkjif(qSfLhkc7egpalL�8h/}�o?{g{uo>)FeupS��fieus qS{zm\lLeuo?p8f mxjih/r8mxfLeg~k{g��fieus�eu{umxjBlno�ln�wm\l fL�8o>)Fp7egp
fLh�~�lLeuo?p �4� � h " ~khkv
l�ln�wm\l/ln�8h eup8etlnezm\{|fL�8hkmxjN)FegcSln���&ln�8h=o?jLeghkp!l�m�lneuoxp ox}�lL�8h �wo>) ~�fieu�?p ox} 0�1 � �|m\p8c
ln�Sh�pPq8s rHh�j�o\} vwm\jilneg~k{ghkf�v&hkj�~kh�{u{>mxjih ~��wmxp8�?h�cDegpXlL�8h }�o?{u{go>)Feup8��fiq8r8fihk~�lLeuo?pSf �M$ �8hav8mxjnmxs�h�lLhkjif
mxjih�fiq8s�s mxjie K�hkc7eup $ mxr8{gh �+�%�D�

�>�



� eg�?q8jLh �+� � � $ �8h h,�Hhk~�l ox} lL�8h pIqSs rHh�j�o\} vwmxjylneg~k{uh�fKvHh�j�~�hk{u{�oxp*ln�Sh hp�?o?{gqSlnego?p ox} lL�8hz-N�J.
eupSfil�m\r8eu{gegl0� � $ �8h&�w�?qSjLh7fL�So8)Ff�lnegsahac8h,�xhk{go?v8s�hkp!l�ox}/lL�8h��@~�o?sav&o?p8h�p!l�ox}/lL�8h7v&hkjilLq8jLr&hkc`euoxp
�?h�{uoI~ketl0��� )F�8o?fih�saoIc8h pPq8s r&hkj�~�o?jLjihkfivHo?pSc8f�lno7ln�8h ��� � � $ �8h�jihkfLqS{glnf�m\jLh fL�So8)FpX}�o?j � y '!�
~�oxvHh�p�c8eumxs�o?p8c � � � y �
�mr ~�mxfilLhkjieuf � � � mxp8c � y �I|DO ~�fio?{uegc7{ueupSh �p�

P��%� �%P � E��5EF3Bb`687�<>2

$ o=�Pqwmxp!lLegl�m�lne%�xhk{t� c8hkmx{j)FeglL��lL�8h sae " egp8��v8jio
~�hkfif��
m��Pqwmxp!lLegl0���Ps�e " eupS��jnm\lLh��Peuf�c8hp�wp8h�c�mxf�}�o?{g{uo>)Ff �
�4m\jilneg~k{ghkf )F�8eg~�� m\jLh egp8eglLezmx{g{g�@{go
~km\lnh�c�eup�ln�Sh jLhk�xeuo?p�� � � mxjLh pPq8s rHh�jLhkc �I� $ �8hkp*mxf�ln�Sh
fLegs q8{um\lnego?p v8jio
~�hkh�c8f�ln�8h^oxjLr8etlnfBox} lL�8hYvwmxjylneu~�{uh�f � mxjLh^}�ox{u{uo>)(hkc �B$ �8hFoI~k~kqSvwm\lnego?p ox} ln�ShYvwmxjilLeu~�{uhkf
� mxjLh�~kmx{u~�q8{zm\lLhkc m\lYlL�8h��?jLegc7vHo?egp!lnfFmxp8ck)(h=~kmxp�oxrSl�mxegp�ln�8h�oI~k~�q8vwm\lLeuo?pKjnm�lnh�r!�K~ mx{g~kq8{um\lnegp8�

� ~k~kqSvwm\lnego?p�jnm�lnh�y ��� ������ �
� ��� � � ~ �+�s'I�

)F�8h�jLh � ��� �(c8hkp8o\lnhkf>pPq8s r&hkj>ox}&ln�Sh v8mxjilLeu~k{gh^m\l�lL�8hF�?jLegc vHoxeup!l�~�e � � � �!mxp8c � � ������ � c8h�p8oxlnh�f lL�wm\l>ox}&ln�Sh
vwmxjylneg~k{uh �I��$ �8h s�e " egp8� jLm\lnh egf�o?r
l�mxegp8hkc r!��lnjnm\p8fi}�o?jisaegp8�alL�8h oI~k~�q8vwm\lLeuo?p jLm\lnh eup mx~�~ko?jicwmxp8~�h
)FeglL�

� e " eup8� jnm�lnhuy � � H �	� � ~k~�q8vwm\lLeuo?p�jnm�lnh � � H |
� � � H � ~ �+� �e�

�x�



$ m\r8{uh �+��� �>��{zmxfis m v8mxjnmxs�h�lLhkjif qSfLhkc eup7lL�8h�fLeus q8{zm\lLeuo?pSf eup7lL�8eufY~��wm\vSlnh�j �
t=v������ 021Uv�0�� o � ��� � � � � �������	� � � �\s � � �{v ��
 � fiq8r8fLh�~�lLeuo?p
�j� � � �D� � '!� �����8| ���%�>| �>O ���('e| �+�('��s|
�j� � � �D� � �G�Dr �����8| ���%�>| �>O ���('e| �+�('��(' � �+�('��s|
�j� � � �D� � �D|DO �����8| ���%�>| �>O ���('e| �+�('��s|
�j� � � �D� � |4�
� �����8| ���%�>| �>O ���('e| �+�('��s|
�+� � � �D� � �G�Dr �����8| ���%�>| �>O ���('e| �+�('�� �
�I� � � �D� � �G�Dr �����8| ���%�>| �>O ���('e| �+�('�� � � �+�('��(O
�I� � � �I� � �G�Dr �����8| ���%�>| �>O ���('e| �+�('��(O

$ �8h�~ko?pe�xhkjLfieuo?pDox} lL�8haoI~k~�q8vwm\lLeuo?p jnm�lnh lnoKln�8h�s�e " eup8�7jLm\lnh�euf�fiq8sasamxjie Kkh�cXeup � eu� �a�+�s|+��$ �8h
s�e " eup8� jLm\lnh�egf cSh,�wp8h�c fioaln�8m\l eglYl�m �xhkfFln�Sh=sam " eus qSs �\mx{uqSh�)F�8hkp lL�8h�vwmxjylneu~�{uh � o
~�~kq8vSeuhkfFln�Sh
�?jieucKvHoxeup!lYhk�Pqwm\{u{g��)FeglL�KlL�8h�oxln�ShkjFvwmxjylneu~�{uh �

P��%� �%� � ?G3�TL9FEY352i7j6 @52ed=249\?c� a�243=<M? � <8_52
�kT�� EY3BS,<>7�� EF9YE�<Uf � ?c6 tGv\j�w/xjy � H �

� eg�?q8jLh �+�(O fi�8o>)Ff�ln�Sh fLp8mxv8fL�Soxlnf�o\}Bln�8h�fLegs q8{um\lnego?pKjLhkfiq8{gl }�o?jNt=v�j{w/xGy � H ��� $ �8h ~�o?{uoxj/egpPlLhkp8fiegl0�
fL�So8)Ff ln�8hFoI~k~�q8vwm\lLeuo?p�jnm\lLhFox}HlL�8h euo?p � mxp8c�ln�8h ~ko?p!lLo?q8j>{uegp8hkf�fi�8o>)�ln�8hFhk{ghk~�lnjLoxfil�m�lneu~Fv&oxlnh�p!lnezm\{ �
� eg�?q8jLh �+�s� fL�8o>)Ff�ln�8h fLeus�eu{umxjFfLpwm\v8fL�8o\lnf�mxf�fi�8o>)Fp egp � eu�xq8jLh �+�sO r8qSl�}�o?j ln�8h h�{uhk~�lnjio?p � � oxlL�
�w�?qSjLhkf=fL�8o>) ln�Sh��?oxjilnh " s�oxlLeuo?pXox}^lL�8h -N�/. egp8filnmxr8eu{gegl0� mxf h " v&hk~�lnh�c }�jLo?s lL�8h � . � jLh�fLq8{tlnf �
l p�lL�8h�{ueupSh mxji{g���xjLo>)Feup8��filnmx�?h�ln�Sh ��� � c8hp�?hk{go?v8fu)Fegln�Kln�Sh=�?jio>)Yln� jLm\lnh=mxf h " v&hk~�lLhkc }�jio?s3ln�Sh
{uegp8h m\j�mxpwmx{t�
fieuf � � eg�?q8jLh �4�sr fL�8o>)Ff�ln�8h�lnegsah c8hp�?h�{uo?v8s�hkp!l ox} lL�8h ��� � m\{uo?p8�&)Fetln�Xln�8h�jLh�fLq8{tl
o?rSlnmxeupShkcNegpQlL�8h�{geup8hkmxj�mxpwmx{t�IfLeuf � $ �8h cwm\fL�8h�c�{ueupSh fi�8o>)Ff ln�Sh jLh�fLq8{tl oxrSl�mxegp8hkcQeup`ln�8h�{ueupSh mxj
mxpwm\{g�IfLegf�)F�8eu~����iq8filLe%�wh�fYln�wm\lYlL�8h�fLegs q8{zm�lneuoxp�jLh�fLq8{tl�m\�?jLh�hkf ) h�{u{ )Fetln�7ln�8h�{geup8hkmxj ln�Shko?jy� �

$ �8hYs�e " eup8�/jnm\lLh^eup!lLhk�?jLm\lnh�c eup lL�8h^fLegs q8{um\lnego?p=cSo?s m\eup egfBh " mxs�eupShkc lLo�fL�8o>)Q�8o>)QlL�8h^s�e " eup8�
mxjih m�euf�r8jio!mxc8h�paegp�lL�8h fLeus q8{zm\lLeuo?p c8o?samxeup � � eg�?q8jLh �4�s� fL�So8)Ff>ln�Sh lLeus�h^v8jLom�w{uhFox}&ln�8hFegpPlLhk�?jLm\lnh�c
s�e " eup8�XjLm\lnh p8o?jis mx{ge K�hkc r!�`lL�8h egp8eglLezmx{(fL�8hkmxj�m\jLh m n � t �Zl laeuf�lnoDr&h p8oxlnh�cQ}�jio?s � eu�xq8jLh �+�(�
ln�8m\l r&oxln�DlL�8h�ego?p@mxp8c lL�8h�h�{uhk~�lnjio?p@sae " eup8� mxjLhkm eup8~�jLh m\fLh )Fetln�DlLeus�h�mxf lL�8h&-N�J. eup8fyl�mxrSeu{uetl0�
c8hp�?hk{go?v8f �]$ o hk{gq8~kegcwm\lLh��8o>) ln�8h�h�{uh�~�lnjio?p7s�e " eup8� mxjLhkm mxf )(hk{g{|mxf lL�8h�euoxp�� f(eup8~�jLhkmxfLh�fYeup�fiv8eglLh�ox}
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Mixing rate

N  / N1
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0

� eu�xq8jLh �+�s| � $ �8h�jLh�{zm\lLeuo?p rHh�l/) h�hkp lL�8h�o
~�~kq8vwm�lneuoxp jLm\lnh�m\p8c lL�8h�sae " eup8� jLm\lnh �

ln�Sh fLsamx{g{��\�
jio�jnm\c8euq8f �&lL�8h oxjLr8etlnf ox}�ln�8h=euo?pSf�mxp8c hk{uh�~�lLjLo?p8f�mxjLh�lnjLmx~kh�c c8q8jieup8��ln�8h fieus qS{zm\lLeuo?p
jLqSp � �
�8o>)Fp�eup � eu�?qSjLh �4�%�G� mxp8c � eg�?q8jLh �+���I� mxjih ln�8h^l0�Iv8eg~ mx{ ~�b � o?jir8egl4eup lL�8h^fLegs q8{um\lnego?p c8oxs mxegp��
lnegsah�c8hp�?hk{go?v8s�hkp!l�o\}�~ � � ln�8h���~�o
oxjLc8egpwm\lnh=mxp8c ~ � � lL�8h " ~koIo?jic8eupwm�lnh��Hmxp8c ~ � � lL�8h oxjLr8etl/egp ln�Sh
v8�wm\fLh�fLvwm\~kh � b�f�fL�So8)Fp eup � eu� � �+���G� ~�b � m\p8c �+�%�D� ~�b � rHo\ln� ln�Sh euo?pXmxpSc h�{uh�~�lnjio?p fL�So8)Ff�ln�Sh
�!�Ic8jLoIcS�Ipwmxs�eu~kmx{HoxjLr8etlnf�)F�Seu~��Kmxjih�~��wmxjLmx~�lLhkjie Kkh�c7r!�7m � � 	 c8jieg} l � � eu�xq8jLh �+���
� mxp8c �+�%�*' fL�8o>)
ln�Sh fipwmxv8fi�8oxlLf�o\}
lL�8h�sae " eup8�^jLm\lnhq)F�Seu~���~ko?jijLhkfivHoxp8c�lLo^ln�8h � eg�?q8jih �+�(O m\p8c �+�}�4� b/f�lneus�hBv8jio
~�hkh�c8f
}�jLoxs lL�8halLo?v {gh�} l=vwmxp8h�{�~ l�y O!� H �>O tGv���1 � lLo ln�8harHo\lLlnoxs jieu�?�!l=vwmxp8h�{�~ l y �x�e� H �>� t=v��
1 � rHoxlL�
�w�?qSjLhkf eupSc8eu~km\lnh�lL�wm\lYlL�8h=s�o?fylFsae " h�cKjLhk�xeuo?pKmxvSvHhkmxjLf mx{go?p8� ln�Sh=r&o?q8p8c8mxji� )F�Seu~�� eufYfilLjLh�ln~��8h�c��
}�o?{gc8hkc�m\p8c�c8h�}�o?jLs�hkc�egpQln�Sh ~ko?qSjLfLh o\}�ln�8h pSo?p+�0{geup8hkmxj�c8h,�xhk{go?v8s�hkp!lKox}�ln�Sh -N�J. eup8fyl�mxr8eg{uetl0� �
� eg�?q8jih �+��� � fL�8o>)Ff lL�8halLeus�h�v8jLoD�8{uh�ox}^ln�Sh�m*�?h�jnmx�?h sae " egp8�Kjnm\lLha}�o?j ~�b � lL�8haego?p m\p8c ~ ��� ln�Sh

hk{ghk~�lnjLoxp mxf�m/}�qSp8~�lLeuo?p o\}wln�8h " ~�o
o?jic8eup8m\lnh �X$ �8hFm*�xhkjnm\�?h^s�e " eup8� jnm�lnh^egf4o?rSlnmxeupShkc r!� eup!lnh��?jnm\lLeup8�
egl�egp ln�Sha� c8eujihk~�lneuoxp p8oxjLsamx{ue%Kkhkc r!�Xln�8hM�xm\{uq8h�eup!lnh��?jnm�lnhkc eup ln�8hafLeus q8{zm\lLeuo?p cSo?s m\eup m\l hkmx~��
lnegsah�filLhkv8f �`$ �Pq8f lL�8h7m*�?h�jnmx�xh7sae " egp8� jLm\lnh mxf m }�q8pS~�lnego?p ox}YlL�8h " ~koIo?jLc8egpwm\lLhaegp8c8eu~km\lnh�f ln�Sh
~koxpPlLjLegr8qSlnego?pNo\}�ln�8h sae " egp8�Xjnm\lLh egpQln�Sh " c8eujihk~�lLeuo?p`lno ln�8h lLoxl�m\{��\mx{gq8h m�l hkmx~���lnegsahKfilLhkv8f �
l pQlL�8h {geup8hkmxjL{t�D�xjLo>)Feup8� filnmx�?hK}�jLo?s l y � lno l�y �G�?� t=v��
1as�o?fyl ox}/ln�8h ~koxpPlLjLegr8qSlnego?p`ox}�ln�Sh
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� eg�?q8jLh �+�(O � �
pwmxvSfL�8oxlLf�ox}9ln�8h�fLegs q8{um\lnego?p7jLh�fLq8{tl }�oxj�tGv\j{w/x:y � H ��� $ �8h=~ko?{go?jFeup!lnh�p8fLetl0�Keup8cSeu~ m�lnhkf
ln�Sh o
~�~kq8vwm�lneuoxp�jnm\lLh ~ mx{g~kq8{um\lnh�c�eup�mx~k~�o?jLcwm\p8~kh�)FeglL��hk� � ~ �+�('e�p� $ �8h ~�o?p!lno?q8j7{geup8h�f fi�8o>) ln�Sh
hk{ghk~�lnjLoxfil�m�lneu~�v&oxlLhkp!lneumx{D)F�8o?fih h��IqSeuv&oxlnh�pPlLezmx{x{ueupShkfTmxv8vSjLo " eusam\lnh�{g�/eup8c8eg~ m\lLhBln�8h �wq8egc�filnjih mxsd{geup8h�f �

�D'



� eg�?q8jLh �+�s� � �
pwmxvSfL�8oxlLfYox}Tln�8h�h�{uh�~�lnjio?pKo
~�~kq8v8m\lnego?p�jnm�lnh�mxjih�fL�8o>)Fp eup lL�8h�fnm\sah�}�o?jis m�l ox}�ego?p�� f
eup � eg� �>�+�(O��

�\�



� eg�?q8jLh �+�(r � $ eus�h c8hp�?h�{uo?v8s�hkp!l�o\}�ln�8h ��� � ~�fio?{uegc {geup8h�)FeglL� mxfilLhkjieuf �Pf � euf/fL�8o>)FpXeup ln�8h fLmxs�h
}�o?jis m\l^ox} � eu�?q8jih �+� �j��$ �8h�cwmxfi�8hkc�{ueupSh�fL�8o>)FfFln�8h�jihkfLqS{gl o?rSlnmxeup8h�cKeup7ln�8h�{geup8hkmxjYmxpwm\{g�IfLegf �

s�e " eup8� jLm\lnh�lLo�lL�8h�lnoxlnmx{ �\mx{uqSh�lnm �xh�f/vS{zmx~�h�)Fetln�8egp7ln�8h�jLh��?euoxp " y � � r t�eup rHo\ln�7ln�8h�euoxp�m\p8c
ln�Sh hk{ghk~�lnjLoxpDjLh�fLq8{tlnf � )F�8eu~��Dsahkmxp8f�ln�wm\l=egl�l�m �xhkf=v8{zm\~kh�)Fetln�8egp lL�8h -N�/. �xo?jilLh "=� l p ln�8h�h mxji{g�
p8o?p4�0{uegp8h m\j�filnmx�?h }�jLo?s l y �G�?� lLo l�y �*r?� ��mx{tln�8o?qS�?� ln�8h�s�o?fil�s�e " hkcXjihk�?ego?p�)Fegln�Seup ln�Sh -N�J.
�?oxjilnh " egf p8o\l ~k{gh mxj=mxf=~ mxp@r&h fihkhkp@egpDln�Sh {uegp8h m\j�fyl�mx�xh��Bln�Sh ~koxpPlLjLegr8qSlnego?pDo\}Yln�8hasae " egp8� jnm\lLh
)FeglL�8eupaln�8hN�xo?jilLh " euf^m samxegp vwmxjyl �ql p�lL�8h�{zm�lnh�pSo?p+�0{geup8hkmxj>filnmx�?h�}�jio?s l y �>r?� lLo ln�8h�h�p8c7ox}Tln�Sh
fLegs q8{um\lnego?p=jiq8p ln�8hY~�o?p!lnjieur8qSlLeuo?p ox} ln�8hYs�e " eupS��jnm�lnh^egfBq8p8et}�o?jLs�{g��c8egfilLjLeurSqSlnh�c eup lL�8h " c8egjLh�~�lnego?p �
$ �8egf^v8�wmxfih�~koxjLjLh�fLv&o?p8c8f^lLo ln�Sh�c8e%�Hq8fie%�?h�v8�wmxfih�mxf egp8c8eu~km\lnh�c�r!� � q��iegsaoxlLo�mxp8c $ hkjnm\fnm*)^m,� �>�D�x���Y�
� eg�?f ���+�(� � �+�%�k� eup8cSeu~ m�lnh=lL�wm\l/ln�8h egp8~kjih mxfih eup lL�8h s�e " eup8� mxjLhkm�fL�8o>)Fp eup � eu�?q8jih �+�(� euf�m�jLh�fLq8{tl
ox}�lL�8h�filLjLh�lL~��8hkcKvwm�ln�7{uh�p8�xlL�7ox}�ln�8h�rHo?qSp8cwmxjy��{zm �xhkj^egp ln�8h�~ko?q8jifLh�ox}�lL�8h�{uegp8h m\j mxpSc7p8o?p+�V{ueupSh mxj
c8hp�?hk{go?v8s�hkp!l ox}�ln�8h!-N�J. egp8filnmxr8eu{gegl0� �

� jLo?s ln�8h�fLhFjLh�fLq8{tlnf�ln�8hFegp8~kjih mxfihYeup ln�8hYs�e " egp8��mxjih m�~ mxp�r&hFsaoIc8hk{ghkc r!� lL�8hY}�o?{u{go8)Fegp8��s�hk~��4�
mxp8egfLs�f � l p8etlneumx{u{t���HlL�8h�~k{umxfLfieu~ m\{Bc8e%�Hq8fieuo?pXv&hkjLv&hkpSc8eu~�q8{zmxj�lLo7ln�8h�c8h�s mxji~ m\lLeuo?pX{geup8h egf�c8o?s�eupwm\pPl
fLegp8~khKln�ShkjLh�euf�p8o h,�Ieuc8h�p!l egp8~kjih mxfih eup ln�Sh�{ghkp8�xlL�Qo\}�ln�8h c8h�s mxji~ m\lLeuo?p {geup8h �^$ �8h�p8h " l�fyl�mx�xh
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� eg�?q8jLh �4�s� � $ eus�h v8jioD�w{uh�ox} ln�ShaegpPlLhk�?jLm\lnh�c s�e " egp8�7jnm\lLh }�o?j�ln�8h�euo?p�~�~kjLoxfLf � mxp8cXln�Shah�{uhk~�lnjio?p
~�oxvHh�p�fL�Pqwmxjih �U��$ �8h�mxr8fi~kegfLfnm=fL�8o>)Ff lL�8h/lLeus�h/p8oxjLsamx{ue%Kkhkc�r!��ln�8h }�mx~�lLo?j�tGv��
1Ymxp8c lL�8h�oxjLc8egpwm\lnh
fL�So8)FfFln�Sh�egp!lnhk�xjnm\lLhkc sae " egp8� jLm\lnh�p8o?jis m\{ue K�hkc�r!�7lL�8h�eup8etlnezm\{&fi�8h m\j�mxjih m n � t �

euf�~�o?p!lnjLegr8qSlLhkcNsamxegp8{g� r!�@ln�8h eup8~�jLhkmxfLh eup ln�8hK{ghkp8�xlL�Qo\}�ln�Sh�c8h�s m\jL~ m�lneuoxp`{geup8h ��$ �Sh�{um\lnh�jnmx{
c8e���q8fieuo?pXegf�mx{ufio oxvHh�jnm\lLe%�?h�egpXlL�8euf�fyl�mx�?h�egpXlL�8h�o?{ucXr&o?q8p8cwm\ji�Xmxf�)(hk{g{(m\f�egp ln�8h�p8hp)F{g�X�?h�p8hkjJ�
m\lLhkcDr&o?q8pScwmxji� �kl p8~ko?jivHoxjnm\lLeup8�Kln�8h�fLhasah�~��wmxp8egfLs�f�lL�8h�lLoxl�m\{ s�e " egp8� mxjLhkm m\l m lLeus�h l ~kmxp r&h
h " v8jihkfifLhkc mxfY}�o?{u{go8)Ff �

��� � �4~ � � y�� � � ��� � �	� �
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 �� � � � 
 ���

�

1 ��� ��� ~ � 
 �� � � � 
 �	� � ��� � ~ �+�}|D�

)F�8h�jLh ��� euf�ln�8h�~kjio?fLfJ� �wh�{uc cSe%�Hq8fLego?pX~koIh���~keghkp!l ��� � euf�ln�8h�) m>�xh�{uh�p8�xlL� ox}(ln�8h ��� � � � ~ � � egf
ln�Sh eupS~kjLh�sah�p!l�ox}4ln�8h=vwm\ln��{uh�p8�xln��ox}BlL�8h=cShksamxjL~km\lnego?p�{geup8h�)F�8eg~�� euf/m�}�qSp8~�lLeuo?p�ox}Bl �Hmxp8c ����egf
ln�Sh/ln�ShkjLsamx{ �x�IjLo=jnmxcSeuq8f ox}|lL�8h/v8mxjilLeu~k{gh �q$ �Sh��wjifil lLhkjis eupalL�8h�jieu�?�!l��0�wmxpScafieuc8h/ox}�lL�8h�h��Iq8m\lnego?p
jLh�v8jLh�fLh�pPlLfalL�8h �yo?{uc � r&o?q8pScwmxji� eup )F�8eu~��Qvwmxjylneu~�{uh�f�mxjLhKc8e���q8fihkcg)FeglL� lLeus�h � $ �8h�fLh�vwmxjilLeu~�{uhkf
~koxp8fLegfil^samxegp8{g� eup8fieuc8hFln�8hN-N�J.Z�?o?jylnh "=� $ �8h/fLhk~�o?p8c�lLhkjLs jihkv8jihkfLh�p!lnf^ln�Sh��?h�p8hkjLm\lnego?p ox}�ln�8h/p8h,)
c8h�s mxji~ m\lLeuo?pD{ueupSh mx{go?p8� )Fetln� lL�8h�{zm�lnhkjLmx{ c8e%�Hq8fLego?p ��l p lL�8h�p8hp) r&o?q8p8c8mxji�DvwmxjilLeu~�{uhkf mxjLh�mx{ufio
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� eg�?q8jLh �+���G� �Z~�b �J$ �8hXo?jLr8etl�egp�ln�8h fieus qS{zm\lLeuo?pQc8o?samxeup��!~ � � lL�8h lnegsah�c8h,�xhk{go?v8s�hkp!l ox}�ln�8h �
~koIo?jic8eupwm�lnh mxp8c ~ � � lL�8h " ~�o
o?jic8eup8m\lnh �^mxp8c ~ � � ln�8h o?jLrSegl�eupQm v8�8mxfLh�fLvwmx~�h mxjih fi�8o>)Fp � $ �8h
~koIo?jic8eupwm�lnh " m\p8c � mxjLh p8oxjLsamx{ue%Kkhkc rP� lL�8h eupSeglneumx{�fL�8hkmxj�)FeucSlL��t ��ln�8h lLeus�h euf�p8oxjLsamx{ue%Kkhkc rP�
ln�Sh�v8mxjnmxs�h�lLhkjutGv�021 � mxp8c7ln�Sh��xhk{go
~�egl0�7egfYeup7ln�8h�q8pSeglFox}�ln�8h�fivHh�hkc ox}B{geu�?�!l �

� eg�?q8jih �+���I� � �Smxs�h�v8jioD�w{uh�f mxfFfL�8o>)Fp egp � eu� �>�+���G� r8qSlF}�o?j^ln�Sh�h�{uh�~�lnjio?p �
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� eg�?q8jih �+���
� � �
pwm\v8fL�8o\lnf ox}9lL�8h�euo?pKs�e " eupS� jnm\lLh�mxjLh�fi�8o>)Fp eup7lL�8h�fnmxs�h�}�o?jLsam\lYo\} � eg� �>�+�(O��

�Dr



� eg�?q8jLh �+�%�*' � �
pwmxvSfL�8oxlLfFox}9lL�8h�hk{ghk~�lnjLoxp�s�e " eupS� jnm\lLh�mxjLh�fi�8o>)Fp egp�ln�8h�fnm\sah�}�o?jis m�l^ox}9euo?p.� fYegp
� eg� �>�+�(O��

�D�



B

A

� eg�?q8jLh �4�%� � � $ �Sh�lLeus�h�v8jLoD�8{uh�ox}�ln�8h=m*�?hkjLmx�?h�sae " eup8� jLm\lnh�}�o?j ~�b � lL�8h�euo?p mxp8c�~ ��� ln�Sh=h�{uhk~�lnjio?p
mxf�ma}�q8p8~�lneuoxp ox}�lL�8h " c8egjLhk~�lnego?p egf/fi�8o>)Fp r!�Kln�Sh ~ko?{go?jFeup!lnh�p8fLetl0� ��$ �8h m*�?h�jnmx�?h sae " egp8��jnm\lLh=egf
o?rSlnmxeupShkc r!� eup!lLhk�?jLm\lnegp8��ln�ShYsae " egp8��jLm\lnhYegp ln�8h^� c8eujihk~�lLeuo?p pSo?jLsamx{ue%Kkh�c r!� ln�8h��\mx{gq8h^egpPlLhk�?jLm\lnh�c
eup�ln�8h/fLegs q8{zm�lneuoxp c8o?samxeupam\l(h mx~���lLeus�h � $ �Sh�mxr8fi~keufifnm fi�8o>)Ff ln�Sh�p8o?jis m\{ue K�hkc " ~koIo?jLcSeupwm\lLh�m\p8c
ln�Sh�oxjLc8egpwm\lnh�fi�8o>)Ff lL�8h�p8o?jis mx{ge K�hkc�lnegsah �

'?�



c8e���q8fihkc@egpDln�8h7v&hkjivHh�p8c8eg~kq8{umxj c8egjLh�~�lnego?p@mxpSc@~ko?p!lnjieur8q
lnh lLo ln�8h eup8~�jLh m\fLh7eup ln�8h�s�e " egp8� mxjih m �
$ �8h={zmxfyl l/)(oalLhkjisaf jLh�v8jLh�fLhkp!lLf�ln�8h�oD�HfLh�l�ox}4sae " eup8��mxjih m )Fegln�Kln�Sh fL~kmx{uh�ox}4�x�IjLoajnmxc8egq8f � � jLo?s
hk� � ~ �+�s|I� ln�Sh�pSo?jLsamx{ue%Kkh�c7sae " egp8� mxjih m eufYoxrSl�mxegp8hkc�mxf

� 
� � � ~�� � y ��� � �� �mt y
� ���
t 021

��� � � ���1 � � ��� 
 � ��~�� 
 �� � � � 
 � �
���
t
� �	�1 � �u~�� 
 �� � � � 
 � � � ~ �+�sOI�

)F�8h�jLh $ jihkv8jihkfLh�p!lnf/lLeus�h�p8oxjLsamx{ue%Kkhkc rP�7lL�8h�}�mx~�lno?jutGv�021/m\p8c ��~�� � euf^ln�Sh�{ghkp8�\ln�7ox}�ln�8h�pSh,)F{g�
�?h�p8hkjLm\lnh�c�c8hksamxji~ m\lLeuo?p`{uegp8h7p8o?jis mx{ge K�hkc r!�`lL�8h ) m*�?h {ghkp8�\ln�`ox}�ln�Sh ��� � � ��
 �*O t �^$ �8h
fLh�~ko?pSc�lnh�jLs o?pKln�Sh�jieu�?�!l��0�wmxpSc�fieuc8h�ox}�ln�8h�hk�Pqwm�lneuoxp��wm\fFlL�8h��8eu�?�Shkfil o?jic8hkjFox} $ mxpSc lL�IqSf/ln�Sh
p8o?jis m\{ue K�hkc s�e " egp8��mxjih m�eufq)(h m �I{t� c8h�vHh�p8c8h�pPl(o?p ln�ShYc8eus�hkp8fieuo?pS{uhkfifBvwmxjLmxs�h�lnh�j ��� vj~�t)021 �p�X$ �8h
eupS~kjLhkmxfLh�egp7ln�8h�s�e " eupS� mxjLhkm euf^samxeupS{g��~ko?p!lLjLeurSqSlnh�cK}�jio?s lL�8h��?h�p8hkjLm\lnego?pKox}Tln�8h�p8hp) r&o?q8p8cwm\ji� �
$ �8egf�egf�h " v8jihkfLfihkc r!� lL�8h lnh�jLs � �]v � � )F�8oxfLh�h " mx~�l�}�q8pS~�lnego?pwmx{9}�o?jLs,euf�p8oxl�o?r
l�mxegp8hkc � l pXln�Sh
h m\jL{g��fil�m\�?h&~��#y ��� �I|D� � � ��v � � ~ mxp�rHh�jLh�{zm\lLhkc�lLo�lL�8h {geup8hkmxjY�?jio8)YlL� ox}4ln�8h -N�J.deup8fyl�mxrSeu{uetl0�
mxp8c�r&h h " v8jLh�fLfLh�c eup�lL�8h�}�q8p8~�lLeuo?p8mx{x}�o?jis ox} � �]v � ��
 h " v ~ � � � � � ��� � � � �I� l p�ln�SeufTmxv8vSjLo " eusam\lnego?p��
eupSfLhkjylnegp8��egl^lLo�h�� � ~ �+�sOI� �wo?p8h��wpSc8f
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t)0�1�
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� �
� � ��� !� � � � ��� h " v ~ � � � � � ��� � ��� ����� � � � � � � ��� ������
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�����
t

� �
� � � � � ��� h " v�~ � � � � � ��� � � �

�
� � � � � ��� ��� � � � � ~ �+�}�D�

)F�8h�jLh � ���q~ � � egf^ln�8h�hkjijLo?j^}�qSp8~�lLeuo?p mxp8c eufYcSh,�wp8h�c mxf
� ���q~ � � y �� � � �

1 h " v ~ � �
! � � � H ~ �+�srI�

$ �8h�pas�e " eupS��jnm�lnhYeufX�8lLlLhkc�r!� q8fieup8��h�� � ~ �4�}�I� )Fetln� l/)(o�}�jihkhYvwm\jnmxs�h�lLhkjLf � ��� mxp8c � � � � � ��� � � eg�?q8jLh
�+���8| fL�8o>)Ff lL�8h�jihkfLqS{gl(ox} �8lilnh�c�~kq8j��?h/{ueupSh�~�fLo?{geuc��?jLh�hkp � mxp8caln�8h fLegs q8{zm�lneuoxp cwm\l�m�}�o?j�ln�8h ~�b � euoxp
mxp8c ~ � � hk{ghk~�lLjLo?p �q$ �8h/l/)(o }�jihkh�v8mxjnmxs�h�lLhkjif mxjih/cSh�lnh�jLs�eup8h�c r!��q8fLegp8�=lL�8h fLeus q8{zm\lLeuo?p c8m\l�m�}�jLo?s� y � � �I| m\p8c ln�8h ~kq8j��?h euf�h " lnh�p8c8hkc lLo�� y �>Ox��� b�f�jihkfiq8{glLf�ln�8h=}�q8p8~�lLeuo?p ox} hk� � ~ �+�s�I� )(hk{u{
�8lLf�)Fegln� lL�8h cwm�l�m7mxp8c lL�8h }�jLh�h vwmxjLmxsah�lnh�jLf�mxjih o?rSlnmxeupShkc }�o?j�lL�8h euoxp�� ��� vIt)021�y � H ' � �G� � ! �
� � � � � ��� y � H ' � �G� �#" mxp8cK}�o?j lL�8h�hk{ghk~�lLjLo?p.� ��� vIt)0�1�y ' H � � � � �#" � � � � � � ��� y � H � � �G� � �*� � �Seu{uh
ln�Sh � � � � � ��� c8oIhkfYpSoxlF~��wmxp8�xh�eup7o?jic8hkj^egp7s m\�?p8eglLq8c8h/rHh�l/) h�hkp�lL�8h�euoxp7mxp8c7ln�Sh�hk{ghk~�lLjLo?pKv8jioD�w{ghkf��
ln�Sh h�{uh�~�lnjio?p�c8e%�Hq8fLego?p�~koIh���~keghkp!l ��� egf>mxrHoxqSl>lnhkp�lnegsah�f�{zmxji�?hkj9ln�wmxp�ln�8m\l ox}HlL�8hFeuo?p.�!eup8c8eg~ m\lLeup8�
ln�8m\l=lL�8h h�{uh�~�lnjio?p hp��h�~�lne��?h�{g� �!mxegp8f�lL�8h s�e " egp8� mxjLhkm � $ o ~�o?s�vwmxjLh�)FeglL�Dln�Sh jLh�fLq8{tlnf�o?rSlnmxeup8h�c
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mxr&o>�?h��S�8hkjih�) h�egpPlLjLoIc8q8~�h/ln�Sh�c8e%�Hq8fLego?p ~�o
h ��~keuh�p!lFox}�ln�8h�{go>) h�j��0�!�Ir8jieuc7s�o
c8h�mxf�~ $ jihkq8samxp8p7h�l
mx{ � � �*�I���8� ��� � y�� � r����	�
 �
 � � � �
� !
 �� !� � ������� � �� ��� � � � � � � !� � � ~ �+�s�I�

)F�8h�jLh � � � egfB{uo>)(hkj��!�Ir8jLegc }�jLhk�Pq8h�p8~����
� � �9euf4lL�8hYhk{ghk~�lnjLoxp��\�
jio�jnmxc8egq8f��	� ��� � � egf4ln�8hYego?p lL�8hkjis mx{
hkpShkjL�\� c8hkpSfLegl0���Tmxp8c ��� euf�lL�8h �wh�{ucXhkp8h�jL�x� ox} vHh�jilLq8jLr&hkc hk{ghk~�lLjLeg~��whk{gc ox}>ln�8h �I�Zln�XsaoIc8h m\p8cc8hp�wp8hkc mxf

��� y
�
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� !
 �� !� � � �
� �

� !�� !��� �
� !� � ��� � !�r � � ~ �+���G�e�

)F�8h�jLh � ��� ��euf^lL�8h�euo?p�lL�8hkjis mx{�fivHh�hkc � � fLeupS��lL�8h�fLeus q8{zm\lLeuo?pavwmxjLmxsah�lnh�jLf mxp8cKcwm\lnm
�j)(h�oxrSl�mxegp
��� � vIt)0�1 � �G� � � ~ �+���I�8�

)F�8eg~���egf>mxr&o?qSl �G� lLeus�hkfB{umxjL�?h�j9lL�wmxp ln�8hFh�{uhk~�lnjio?p c8e%�Hq8fieuo?p ~�o
h �a~�euh�pPl o?r
l�mxegp8hkc }�jio?s lL�8hFmxr&o8�xh
�8lilneupS��jihkfiq8{gl �

A B

� eg�?q8jLh �+���8| � $ eus�hFv8jLoD�8{uhFox} ~�b � euo?pamxp8c ~ � � hk{uh�~�lLjLo?p�sae " eup8��jnm�lnh�)Fegln���8lilnhkca~kq8j��?h�{geup8h�fu~�fio?{uegc
�?jihkhkp � m\jLh�fL�8o>)Fp�eup�ln�Sh�fLmxs�h�}�oxjLsam\lYox} � eu� � �+�(���

l p lL�8h�{zm\lLh�filnmx�?hM~�� y �I|��!� ln�8h�s�o
c8h�mxsavS{ueglLq8c8h�egfYfnm\lLq8jnm�lnhkc mxf ) mxfFfLh�hkp egp � eu�xq8jLh �4�sr �
mxp8c � �]v � � ~ mxpKr&h�h " v8jihkfifLhkc mxfYm ~�o?p8filnmxp!l � l p�ln�SeufYmxvSv8jLo " eusam\lnego?p oxp8hN�wp8cSf^ln�8h�lLeus�h/v8jioD�w{gh
ox}�ln�8h�s�e " eupS��mxjLhkm�m\f
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t)0�1
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)F�8h�jLh � � � � � ! � jLhkvSjLhkfihkp!lnf�lL�8h filLjLh�ln~��8egp8�7fLv&hkh�c o\}�ln�8h cShksamxjL~km\lnego?p {uegp8h=mxp8c �8h�jLh�)(h�mxfLfiq8s�hkc
� �]v � � y � � � � � ! �J��l p�ln�8egf/fyl�mx�?h �HlL�8h s�e " eupS�am\jLh maeup8~�jLh m\fLhkfu)FeglL��lnegsah�)FeglL� m�}�q8p8~�lLeuo?p8mx{�}�o?jLs
ox} � � ��� ! �
P��%� � � ��EFa�AX9\7�<8E\?G3 6824S*AB9\<8S � ?c6 d�7j6REF?GABS t=v\j�w/x

� jLo?s,hk� � ~ �+�(Oe� �|lL�8h�sae " eup8�7m\jLh m�fi�8o?q8{gcXrHh�fL~kmx{uh�c lno7ln�8h v8mxjnmxs�h�lLhkj � � � vIt 021�eg}�lL�8h�c8hksamxj��
~ m�lneuoxp {ueupSh fLh�{g} �VfLeus�eu{umxjL{t��c8hp�?h�{uo?v8f �Te � h � ��ln�8h v8m\ln�X{uh�p8�xlL� ox}>ln�8h c8h�s m\jL~ m�lneuoxp {uegp8h egf�ln�8h fLmxs�h
eg} o?p8hafLhkh�f eup ln�8h�p8o?jis m\{ue K�hkc q8p8etl � � eg�?q8jLh �+���>O fL�8o>)Ff lL�8h fipwmxv8fi�8oxlnf ox}^ln�Sh s�e " eup8�KjLm\lnh�ox}
ln�Shaego?p egpDhkmx~��Dfieus q8{um\lnego?pXjLq8pSf�}�o?j�tGv������ y ~�b � �I� � � ~ � ���+� � �4m\p8cZ~ � ���j� � )Fetln�Dmk� " h�c 0�1 �
b�faeuf�h,�IeucShkp!l }�jio?s � eu�xq8jLh �+���>O �(lL�8h fylnjiq8~�lLq8jLh o\}�ln�8h -N�J.
�?o?jylnh " egfafieus�eu{zm\j eupQh mx~���o\ln�8h�j
eg} o?p8h�fLh�hkf lL�8hks eup ln�8h�p8o?jis m\{ue K�hkcXq8p8etl o\}YfLvwm\~kh&t@mxpSc lnegsah�tGv�021 � � eu�xq8jLh �+���8� fi�8o>)Ff ln�Sh

λ / rgi = 1.0 λ / rgi = 2.0 λ / rgi = 4.0

A B C

� eg�?q8jLh �+���>O � $ �8h fipwmxv8fi�8oxlnf�o\}�ln�8h s�e " egp8�ajLm\lnh ox}�ln�8h euo?p egp�lL�8h fLegs q8{um\lnego?p�jiq8p8f�o\}�tGv������Xy
~�b �p�I� � �q~ � �i�+� � mxp8cg~ � �y�j� � mxjLh=fL�8o>)Fp � � eu�?q8jihkf/fL�8o>) ln�8h=fnmxs�h filnmx�?h�f�ox}�ln�Sh -N�J.�eup8fyl�mxr8eg{uetl0���
h m\~���ox}X)F�8eu~���mxjih�l�m �\hkp m�l � y �I| H '+�	� re� H �!�
�Lr!� H re� ~�tGv�021 � �wjLh�fLv&hk~�lne%�xhk{t� �

eup!lLhk�?jLm\lnh�c s�e " eup8��jLm\lnh }�o?j lL�8h��xm\jLeuoxq8f(egp8eglLezmx{SfL�8hkmxj�)FegcSln��}�o?j�~�b � ln�8h euo?p mxp8c ~ � � ln�8h/hk{uh�~�lLjLo?p �
$ �8h�s�e " egp8��mxjLhkm fnm\lLq8jnm�lnhkf(h mxji{ueghkj eupalL�8h/lL�8eupSp8hkj(eup8etlnezm\{8fL�8hkmxj�)FegcSln� ~ mxfih�r8qSl(ln�8h�sae " egp8��mxjLhkm
euf )(h m �I{t� c8hkv&hkpSc8hkp!l�oxp lL�8h eup8etlnezm\{(fi�8h mxj )FegcSln�^t�mxf )^m\f�egp8c8eg~ m\lLhkc r!� hk� � ~ �+�(Oe�p� $ �8euf�~kmxp
r&hah " vS{zmxegp8hkc mx{glLhkjipwm\lne��?h�{g� r!�Xln�8h�}�o?{g{uo>)Feup8�7egc8h m � l p lL�8hapSo?jLsamx{ue%Kkh�c qSp8egl�ox}(lneus�h���lL�8h -N�J.
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eupSfil�m\r8eu{gegl0� cSh,�?h�{uo?vSf fLegsaeg{zmxji{g�=mxp8c�ln�8h/fnmxs�hFfLpwm\v8fL�8o\lnf^ox}Hln�8hu�?o?jylnh " hp�?o?{gqSlnego?pamxjLh o?rSlnmxeup8h�c egp
m��P�Ic8jio
c
�
p8mxsaeg~ mx{Tjihk�?egsah � l }Boxp8h=egp8~koxjLv&o?jnm\lLhkfFln�8h�c8e���q8fieuo?p mx~�jLo?fif/lL�8h=samx�?pSh�lneg~��whk{gc m\l ln�Sh
fnm\sah�lneus�h��wlL�8h jLh�fLq8{tl�mxp!l�v8eu~�lnq8jih euf/p8oxl�o?rSl�m\eup8h�c fLegsaeg{zmxji{g� � ./h�jLh��=) h ~�o?s�vwmxjLh�ln�8h=~ mxfih�)FeglL�
ln�Sh/egp8eglLezmx{IfL�8hkmxj )FeucSlL� t � mxpSc t ! )Fetln�am�� " h�c��?h�{uoI~ketl0� �iq8s�v 021 m\fLfLqSsaegp8� m�~koxp8filnmxp!l c8e���qSfLeuoxp
~koIh���~�euhkp!l ��� � � o?j m�p8o?jLsamx{ge Kkh�c lLeus�h $ ��ln�8halneus�h�eup�)F�Seu~��@vwmxjylneg~k{uh�f=h " vHh�jLeuh�p8~khaln�8h��\�
jio
s�oxlnego?p7eup7hkmx~�� ~kmxfLh�f�mxjih�h " v8jihkfLfihkcXmxf

� � y t �0�1 � ~ �+���>'e�

� ! y t !0�1 � ~ �+��� �i�

./h�p8~kh �wln�8h�c8e���q8fieuo?p7o\}4ln�Sh�v8mxjilLeu~k{gh�m\lYlL�8h�c8hksamxjL~km\lnego?p7{uegp8h�m\l $ eufYh " v8jihkfifLhkc mxf

��� � ! � � y ��� � � y ��� t �0�1 � ~ �+���8|I�

��� � !! � y ��� � ! y ��� t !0�1 � ~ �+���>Oe�

� jLo?s ln�8h�fLh�hk�Pqwm\lLeuo?pSf��j)(h��8m>�xh

� ��!
� ��� y

���� ��� �
!! �

��� � ! � � y
� t !
t � H ~ �+���8�I�

$ �Pq8f��5)(ha~kmxp8p8oxl�o?r
l�mxegp ln�8h�fnm\sah v8eg~�lLq8jLh�ox} ln�8hM-N�J. egp8filnmxr8eg{uegl0��m\l�m7p8oxjLsamx{ue%Kkhkc lLeus�h $ et}
)(h�eupS~ko?jivHo?jLm\lnhYlL�8h/v8mxjilLeu~k{ghFcS�Ipwmxs�eu~kf � � eg�?q8jLh �+���>r fL�8o>)Ff(lL�8h�)FegcSln�aox}�lL�8h�ego?p�sae " egp8��mxjih m m�l
ln�Sh=c8h�s m\jL~ m�lneuoxp�{geup8h�fi{ueu~�hkck�?h�jilneg~ mx{g{g�Km�l ~�b �
� y �G� H | t mxp8c ~ � ��� y O H �I| t eup h mx~�� fieus qS{zm\lLeuo?p
jLqSp8f�mxf�eup8c8eg~ m\lLhkc r!� ln�Shk)F�Seglnh&�xhkjilLeu~kmx{Y{uegp8hkf egp � eu�?qSjLh �+���>O�� $ �8h7�@~�o
oxjLc8egpwm\lnh7egf eup8fylnhkmxc
p8o?jis m\{ue K�hkcarP� euo?paln�8h�jLsamx{H�\�
jio jnmxcSeuq8f � b^l � y �G� H | t7lL�8h�sae " eup8�=mxjLhkmxfFmx{gsao?fyl ~�o?eupS~keucSh�)FeglL�
h m\~�� oxln�Shkj�)Fegln� mafi~ mx{gh=ox}4euo?pKln�ShkjLsamx{T�x�IjLoajnmxcSeuq8f � � p�ln�Sh oxlL�8hkj �wmxp8c.��m\l � y O H �I| t eup8fieuc8h
ln�Sh �xo?jilLh " � ln�Sh�� p8o {uo?pS�?hkj�~koxeup8~�euc8h )Fetln�`h mx~��Qoxln�8h�j m\p8c`lL�8hk)FeucSlL�Qox}/ln�8hKs�e " eupS�XmxjLhkm egf
)FeucShkj�egp {zm\jL�?h�j�tXmxp8c lL�8h�)FegcSln� egf�fi~ mx{ghkc lLo � t jnm\lL�8hkj/ln�wmxp�t ��$ �8euf�cSe%�HhkjLh�p8~kh ~ko?s�hkf }�jLo?s
ln�Sh �Lmx�?h�� o\} lL�8h7c8h�s mxji~ m\lLeuo?p@{geup8h �`$ �Sh s�e " egp8� euf �iq8fil�filnmxjilLhkc`m\l lL�8h7�!�
v&hkjirHox{ueu~ vHo?egp!l ox}
ln�Sh �wo>) mxp8cDlL�8h�{uoxp8�?hkj=c8e%�Hq8fieuo?p v8jLoI~kh�fLf egf o?v&hkjLm\lne��?h egpDln�Sh�o?{ucShkj cShksamxjL~km\lnego?pD{geup8h�eup8fieuc8h
ln�Sh��?o?jylnh " � � eg�?q8jLh �+���>� mx�?mxeup�fL�8o>)Ff�ln�Sh lnegsah�v8jLom�w{uh=ox}>eup!lnh��?jnm�lnhkc sae " egp8� jLm\lnh=ox}�ln�Sh ~ mxfih
tGv������=y � H � � � H � }�oxj�~�b � lL�8h�ego?p�mxpSc ~ � � ln�8h/hk{uh�~�lLjLo?p � b/c8c8etlneuoxpwmx{u{t���xlL�8h�jihkcKmxp8c �?jLh�hkp7{uegp8hkf(mxjih
fL�So8)Fp �N$ �8h�fLh l/)(o�~ko?{go?jF{uegp8hkf fL�8o>)�ln�Sh jLh�fLq8{tl�ox}4ln�8h=~ mxfih�t=v������By � H � s q8{glLeuv8{geuh�c7rP� m�}�m\~�lnoxj
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(A) (B)

� eg�?q8jLh �4�%�8� � ��e " eupS� jLm\lnhB}�oxjTlL�8h��\mxjLego?q8f�eupSeglneumx{�fL�8hkmxjB)FegcSln��}�o?j�~�b � lL�8h>euo?p�mxpSc ~ � � lL�8h>hk{uh�~�lLjLo?p �

� t21UvIt �+)F�ShkjLh�t�1 y � � � � ��l l^egf ~k{gh mxji{g��fi�8o>)Fp�ln�wm\l(ln�8h/eup!lnh��?jnm�lnhkc sae " egp8��jnm\lLh/}�o?j(rHoxlL�alL�8h�euoxp
mxp8cKln�Sh�h�{uh�~�lnjio?pKeufYegpi�xhkjifLhk{t�KfL~kmx{uh�c lLo�fi�PqwmxjLh�jLoIoxlYo\}9lL�8h�eup8etlnezm\{Hfi�8h mxj )FegcSln� t �

P��%� � � � 9F24CD<>68?G3^a�E\�5EF35b`�B68?�CI24S*S

�Fh�lnqSjLp8egp8��lLo � eg�?q8jLh �+�(� �4oxp8ha~kmxp ~�o?p��wjis lL�wm\l=ln�8hahk{uh�~�lLjLo?p sae " egp8��mxjLhkm�h,�Hhk~�lne��?hk{t�X}�o?{u{go8)Ff
ln�Sh=ego?p�� f/egp�fiv8eglLh�o\}�eglLf fis m\{u{|�x�Ijio jnm\c8euq8f ��$ o h " v8{go?jLh��8o>) lL�8h=h�{uh�~�lnjio?p8f/~ mxp�h,�Hhk~�lLe%�xhk{g�Ks�e " �
ln�Sh�pIqSs rHh�jFox}�vwmxjilLeu~�{uhkf vHh�jY~khk{g{|euf ~��wmxp8�?h�c }�jio?s o y '!� lno o y |+�G� lno jLh�c8q8~�h�lL�8h�hk{ghk~�lLjLeg~N�whk{gc
�wq8~�lnqwm�lneuoxp rP��ln�ShYfil�m�lneufylneg~ mx{Ip8o?egfLh cSq8h^lno�lL�8h �wp8etlnh^v8mxjilLeu~k{gh(pPq8s rHh�jBeup ~kmx{u~�q8{zm\lLeup8�Fln�ShYhk{uh�~�lLjLeu~
~kqSjLjLh�p!l c8hkpSfLegl0�Dmxf�)(hk{g{ m\f eup ln�8h�h�{uh�~�lnjieu~�~��wmxji�?h�c8h�p8fLetl0� � � eg�?q8jih �+� �x� fi�8o>)Ff ln�8hafLpwm\v8fL�8o\lnf
ox} ln�8h7h�{uh�~�lnjio?p sae " eup8� jLm\lnh�lnm �xh�pNm�l �My r!� H 'e� ~Yt=v�021 � }�oxj h mx~��`pPq8s r&hkjLf�ox}/vwmxjylneg~k{uh�f �`$ �8h
jLh�fLq8{tl }�o?j o y '!� egf fio?sahp)F�wm\l^lLo
o=p8o?egfi�amxp8c7egf p8oxl(lnjih m\lLhkcKmx~�~kq8jLm\lnh�{g��hkp8oxq8�?�Kmxf ) mxf^jih,�xh mx{ghkc
eup � eu� � �4� �j� ./o>)(h,�xhkj���lL�8h jihkfLqS{gl oxrSl�mxegp8hkcDeup lL�8h fieus qS{zm\lLeuo?p�)FeglL� s�o?jLh�ln�wm\p o y �
�Dr fL�8o>)
ln�Sh�fLeus�eu{umxj>v8jLom�w{uh�f � b�fYjihkfiq8{glLf��8ln�Sh�lneus�h�vSjLoD�w{gh�ox}Tln�Sh�hk{uh�~�lLjLo?p7egpPlLhk�?jLm\lnh�c7sae " eup8� jLm\lnh�fL�8o>)Ff
mx{gsao?fyl�ln�ShafLmxsah�m\f�fi�8o>)Fp eup � eg�?q8jih �+� �4�I� ~ $ �8h�jLh�fLq8{tl�}�o?j o y |+�
� euf�pSoxl�~ko?s�v8{uh�lnh�c c8qSh�lLo
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A B

� eg�?q8jLh �4�%�>r � $ �Sh fL{geu~�hkcK~kqSlLf�ox}�ln�Sh=s�e " eupS� jnm\lLh=m\jLh�fL�8o>)Fp�}�oxjNtGv������ y �I� � ~�r8{umx~ � � � �+� � ~��xjLhkh�p � �
�j� � ~�jihkc � lnoa~ko?s�vwmxjih�lL�8h�)Feuc
ln� o\}Bln�8h=euo?p�sae " eup8�amxjLhkm �u$ �8h ~�qSlnf�m\jLh=lnm �xh�p m\l ~�b �
� y �
� H | t
mxp8c�~ ����� y O H �I| t mxfFegp8c8eu~km\lnh�cKrP� ln�8h�)F�8etlnh��?h�jilneg~ mx{�{ueupShkfYeup � eg� � �+�%�*O��

eglLf({umxjL�xhY~ko?s�v8qSlnm\lnego?pwmx{wjihkfLoxq8jL~�hkfYmxpScaln�Sh/{geus�eglnh�c �^� � lnegsah �}��l l^euf>p8o\l�mxr8{gh lL�wm\l>ln�Sh�c8e���q8fie%�xh
s�e " eup8� eup8fieuc8h lL�8h �?o?jylnh " euf�h�p8�wmxp8~�hkc eup mx{u{9fLegs q8{zm�lneuoxp jLqSp8f � $ ok�wp8cXo?q
l�)F�wm\l�~ mxqSfLhkf�ln�Sh
{zm�lnhkjLmx{Yc8e���q8fieuo?p`eupSfLeucSh lL�8h �xo?jilLh " �^ln�8h�hkp8h�jL�x�`fivHh�~�lnjLmDox}�lL�8h " ~�o?sav&o?p8h�p!l ox}�ln�8h�hk{uh�~�lLjLeu~
�wh�{uc m\jLh�l�m �\hkp egp lL�8h " c8egjLh�~�lnego?p�mxp8c m*�xhkjnm\�?hkc egp�lL�8h�� c8egjLh�~�lnego?pK}�jLo?s � ' H '!� ~Yt � lno ' H '?� ~�t �p�
� eg�?q8jLh �+� �?� fL�8o>)Ff lL�8h fivHh�~�lnjLm l�m �xhkp m�l �&y r!� H re� ~Yt=v�0�1 �p� � " ~�hkvSl ln�8h�~ mxfih ox} o y '?� � ln�Sh
fLegs q8{um\lnego?p8f�) h�{u{^h " vSjLhkfif�lL�8hKfL~kmx{uh ���RtZy � � | �>r&h��?oxp8c )F�Seu~�� euf�mm�Hhk~�lnh�c`r!� lL�8h7vwmxjylneg~k{uh
pPq8s r&hkj=mxp8cD}�qSp8cwmxs�hkp!l�m\{u{g� mxjilLe%�w~�ezmx{ � $ �8hasaoIc8h�f!)Fetln�8egpDmKfL~kmx{uh � �>tgy � � | egf����8o>) hp�?h�j��
fL{geu�?�!lL{g��hkp8�8mxp8~kh�c�eup�mx{g{
fieus q8{um\lnego?p�jLq8p8f � n o
o �Pegp8��s�o?jLh ~ mxjih�}�q8{g{g��eup � eg� �4�+� �\� ln�8hYcSh�}�o?jis m\lLeuo?p
ox}&ln�8hYcShksamxjL~km\lnego?p {uegp8h etlnfLh�{g}&euf4o?r8fLh�j{�xhkc egp�mx{u{
fLeus q8{zm\lLeuo?p=jLq8pSf(m\f�KkoIo?sah�c eup lL�8h )F�8eglLh^}�jnmxs�h �
$ �8h�~��wmxjLmx~�lLhkjieufilLeu~ fi~ mx{gh ox} ln�8egf�filLjLq8~�lnq8jih�egf�mxr&o?qSl�o?pShMt )F�8eu~��X~kmxpXrHh jihk{zm�lnhkc lLo�ln�8h�s�o
c8h
���Rt�y O H �mr�� $ �Sh filnjiq8~�lLq8jLh � f�fL~kmx{uh egf�fL{geu�?�!lL{g� fLsamx{u{ghkj ln�wmxp lL�8h hkpS�wmxp8~�hkcDs�oIc8h fLqS�?�?hkfylnh�c egp
ln�Sh�h�p8hkji�x�KfLv&hk~�lnjiq8s � �
egp8~kh�lL�8h�jLhkcSq8~kh�c mxjylne%�8~kezm\{�p8o?egfLh�c8oIhkfFp8o\l/fylnjio?p8�?{t�7mx{tlnhkjif^ln�8h�h�{uhk~�lnjio?p
s�e " eup8��v8jLoD�8{uh }�o?j9ln�8h o y |4�
� ~ mxfih��!ln�ShkfLhFs�o
cShkf�samG�=c8h�}�o?jLs lL�8hYfilLjLq8~�lnq8jihFox} ln�8hYc8h�s m\jL~ m�lneuoxp
{uegp8h �M$ �8ha�?hkp8h�jnm\lLeuo?p s�hk~��wmxpSeufLs�f�ox} lL�8h fylnjiq8~�lLq8jLh �4�8o>)(h,�?h�j���~�o?q8{uc p8oxl�r&haegc8hkp!lLe%�wh�cDeupXln�Sh
v8jihkfLh�p!l�fieus q8{um\lnego?p8f �
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Ion Electron

A B

� eg�?q8jLh �4�%�>� � $ eus�h�v8jLoD�8{uh�ox}�ln�8h�eup!lLhk�?jLm\lnh�c�s�e " eupS� jnm\lLh�}�o?jYln�8h�~ m\fLh�t=v�� � � y � H � ~�~�jLo?fif � �Hm\p8c
tGv������]y � H � ~.m\filnh�jLegf � � }�o?j�~�b � ln�8h�ego?p mxp8c^~ � � ln�8h�hk{ghk~�lnjLoxp � b�c8c8etlnego?pwmx{g{g���&ln�8h�jihkc mxp8c �?jLh�hkp
{uegp8hkf mxjih�fL�8o>)Fp � $ �8h�fLh�l/) oa~ko?{go?jY{uegp8hkfFfL�So8) ln�8h�jLh�fLq8{tl�ox}9ln�8h�~kmxfLh t=v�� � � y � H � s q8{glLeuv8{geuhkc rP�
m }�mx~�lLo?j � t21pvIt��j)F�8h�jLh�t�1 y � � � � �

P��%� ��� ��_BEY3�Sh_B2i7j6kCI7:S,2+S � tGv\j{w/x�y � H � �

l p m/lL�8eup=rHoxq8p8cwmxjy� {um �?hkj�ln�8h(c8e%�Hhkjihkp8~�h^eup�ln�8h saoxlLeuo?p�r&h�l/)(hkhkp lL�8h ego?p mxpSc ln�8h hk{uh�~�lLjLo?p ~kmxp8p8o\l
r&h p8hk�?{geu�?egr8{uh�mxp8c�lL�8hkegj7sae " egp8�@mxjih m c8hp�?h�{uo?v c8e%�Hhkjihkp!ln{t� � l p�lL�8euf7jihk�?egsah � pSh,) v8mxjnmxs�h�lLhkjif
r&hk~koxsah�egsav&o?jilnmxp!lFmxp8c mxjih�eup!lnjio
c8qS~khkc7}�o?j^lL�8h�eup8etlneumx{ fLh�lilnegp8��mx{uo?pS� )Fegln�7lL�8h��P�Ic8jio
c
�
p8mxsaeg~ mx{
vwmxjLmxs�h�lnh�jLf ��$ �8h=oxp8h�c8h,�wpShkfFln�8h�fL�Sh mxjFc8egjLhk~�lnego?p mxp8c eufYh " v8jihkfifLhkc mxf

	 � ~ � � � � ~ �+���>re�

mxp8cKln�Sh�o\ln�8h�jYvwmxjnm\sah�lnhkjYcSh,�wp8h�f/lL�8h�fL�8hkmxjFfilnjihkp8�\ln�

� �� ��� � 0 �� � � H ~ �+���>�e�

$ �8h�fLegs q8{zm�lneuoxp jLh�fLq8{tlnfFfL�So8)Fp�v8jLhp�Ieuo?q8fi{g�7�8m>�xh�lL�8h�vwmxjLmxsah�lnh�jYjnmxp8�xh

	 � ~ � � � � � � ~ �+� �x�e�

mxp8caln�8h�jLh�}�oxjLh��xhkp8h�jnmx{g{g��o?p8h/~ mx{g{uf>ln�8egf ~kmxfLh �ivHoxfLeglLe%�xh/fi�8h mxj � ��$ �8h �yp8hk�!m�lne%�xh�fi�8h mxj � euf ln�8h/~ mxfih
eup7lL�8h�jnmxp8�xh

	 � ~ � � � � � � H ~ �+� �+�8�
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N=32 N=128

N=256 N=512

� eg�?q8jLh �+� �x� �9�
pwm\v8fL�8o\lnfBox}Sln�8h(hk{uh�~�lLjLo?p s�e " egp8�/jLm\lnh l�m �\hkp m�l � y r!� H 'e� ~Yt=v�021 � }�o?j�h mx~�� pPq8s r&hkjif
ox}�v8mxjilLeu~k{ghkf mxjih fL�So8)Fp � ��hkmxp8c8h�jLegp8� fylnjLqS~�lnqSjLh ox}9ln�8h=hk{ghk~�lLjLo?p�c8hksamxji~ m\lLeuo?p {uegp8h�eufuKkoIo?sah�c egp
ln�Sh�jihkfiq8{gl�)FeglL� o y |+�
�+�

'Ir



� eg�?q8jLh �4� �+� � $ egsahYv8jioD�w{ghYox}HlL�8hFhk{ghk~�lLjLo?p�eup!lLhk�?jLm\lnh�c�s�e " egp8��jnm\lLhY}�o?jq�\mxjLego?q8f�vwmxjylneg~k{uh pIqSs rHh�jLf �
$ �8h jLh�fLq8{tl�}�oxj o y |+�
� euf�p8oxl�~�o?s�v8{uh�lnhkc`c8q8hKlno eglLf {zmxji�?h7~koxsav8q
l�m\lLeuo?pwm\{ jLh�fLo?qSjL~kh�f�mxpScQln�Sh
{uegsaetlnh�c �^� � lLeus�h �

l p�m � . � jLh��?eus�h �iv&o?fLetlne��?h ��o?j �ip8h��!m\lLe%�?h��=cSo
h�f(p8o\l(�8m>�xh�mxp!��fieu�?p8e��w~ m\p8~kh mxp8c�ln�Sh/jihkfLqS{glnf(mxjih
s�eujLjio?jLh�c�egs m\�?hkf � . o>) hp�?hkj ��eup mafilLjLo?pS��fL�8hkmxj�jihk�?egsah � � �

�����
���	�
� � � � � � �yvHo?fieglLe%�?h�� o?j �ip8h��!m\lLe%�?h��

euf�m\p egsav&o?jilnmxp!l�}�mx~�lno?j�)F�8eg~�� )Feg{u{9rHh �?h�jLe��whkc eup ln�8h }�o?{g{uo>)FeupS��fLegs q8{zm�lneuoxp8f � $ �8hajihkfiq8{glLf�)Feg{u{
r&h fL�So8)FpXm\p8c c8egfL~kqSfLfLh�c �wjLfyln{t� }�oxj lL�8h v&o?fLetlne��?h�fL�8hkmxj�~kmxfLh m\p8c m\} lLhkjFln�wm\l ln�Sh p8h��!m\lne��?h=fL�8hkmxj
~ m\fLh�)Feu{g{|rHh�v8jihkfihkp!lnh�c ��l p r&oxln�KfLegs q8{um\lnego?p8f )(h�mxc8o?vSlLhkc

� �� ��� � 0 �� � � y � H �D� H ~ �+� �?�I�

~ l pK~��wm\vSlnh�j � ln�8h�c8e���h�jLh�p8~kh�egp�ln�8h�p8oxp+�0{geup8hkmxj(cSh,�?h�{uo?vSsah�pPlFo\}�lL�8h�-N�J. egp8filnmxr8eg{uegl0��r&h�l/)(hkh�p egp
ln�Sh v&o?fLetlne%�xh�mxp8c�lL�8h pShk�!m\lLe%�xh=fi�8h mxjif�egf/c8egfL~�q8fLfihkcXmxp8c�egl euf fL�So8)Fp�ln�wm\l ln�Sh fL�Sh mxj c8eujihk~�lneuoxp�egf
eus�v&o?jilnmxp!lYh,�xhkp egp7ln�8h � . � jihk�?egsah�egpKm�fylnjnm�lne%�8hkcKfL�8hkmxjF{zm �?h�j �s�

'I�



� eg�?q8jLh �+� �?� � $ �8h hkp8h�jL�x��fLv&hk~�lnjnm�o\}Bln�8h " ~�o?s�vHo?pShkp!l�ox}�lL�8h h�{uh�~�lnjieu~!�whk{gc p8o?jis mx{ge K�hkc rP� ln�Sh
v8{umxfLsam7hkp8h�jL�x�Xc8h�p8fLetl0� mxjLh�fL�So8)Fp }�o?j�h mx~�� vwmxjylneu~�{uh pPq8s r&hkjif ��$ �8h�mxrSfL~kegfLfLm�fL�So8)Ff�ln�ShM) m*�?h
pPq8s r&hkjFeup7lL�8h " c8eujihk~�lneuoxp7p8o?jLsamx{ge Kkh�c7r!��ln�8h�egp8eglLezmx{&fL�8hkmxj )FeucSlL� t �

P��%� �����F0 ��?GS*E�<8E\dG2 S*_5247�6

� eg�?q8jLh �4� �D' fi�8o>)Ff�lL�8h�fLpwmxvSfL�8oxlLf=o\}(lL�8h�o
~�~kq8vwm�lneuoxp jLm\lnh�ox} ln�Sh�ego?p � ~�{uh�} l�~kox{uq8s�p � mxp8cXln�Sh
hk{ghk~�lnjLoxp � ~�~�hkp!lnh�j�~kox{uq8s�p � )FeglL� lL�8h!K�~�o?s�vHo?pShkp!l ox}4lL�8h=samx�?pSh�lneg~��whk{gcz~�jLeg�?�!l/~�o?{uqSsap �U� $ �8h
�?h�~�lLo?j�v8{goxlnfFox}4ln�8h�r8{zm\~ ��m\jLjLo>)Ff eupKln�8h ��� v8jioD�w{ghkf fL�8o>)dln�Sh hk{ghk~�lnjLeg~�~kq8jijLhkp!l�c8hkp8fiegl0� � b/f�~kmxp
r&h�fLh�hkpKeup lL�8hN�w�xq8jLh �
ln�Sh�hk{ghk~�lLjLo?p �xo?jilLh " jLoxlnm\lnh�f(}�mxfylnhkj(ln�wmxp�lL�wm\l ox}Tln�8h�ego?p�m\p8cKmx~k~�o?jLcSeup8�?{t���
ln�Sh/h�{uhk~�lnjieu~F~kq8jijLh�pPl c8hkpSfLegl0���wo>)Ff(eup8fieuc8hYln�Sh/�8ox{uhFox}�lL�8h s mx�xp8h�lLeu~ �whk{gc �q$ �8egf>c8e%�Hhkjihkp8~�h�~ m\p r&h
~koxp��wjLs�hkc=eup�ln�8h {uegp8h mxjTfyl�mx�?h fLegp8~kh ln�8h v&hkjilLq8jLr&hkc s mx�xp8h�lLeu~��whk{gc fihkvwmxjLm\lnh�f9lL�8h s�oxlnego?p�rHh�l/) h�hkp
ln�Sh euo?p mxp8c lL�8h hk{ghk~�lnjLoxp � � eg�?q8jLh �+� �\� fi�8o>)Ff�ln�8h h�eu�?h�p s�o
c8h=filLjLq8~�lnq8jih ox}�ln�8h vHh�jilnqSjLr&hkc euoxp
ln�ShkjLsamx{>v8jihkfLfiq8jLh )Fetln� ln�8hM�?hk~�lno?j v8{uoxl=ox}^lL�8h v&hkjylnq8jirHh�c@hk{ghk~�lLjLeg~a~�q8jLjihkp!l c8h�p8fLetl0� � �Ieup8~�haln�Sh
lnh�sav&hkjLm\lnqSjLh jLm\lnegoao\}�ln�8h=euo?p lnoalL�8h h�{uhk~�lnjio?p egf�o?p8h=eup ln�8h=v8jLh�fLhkp!l�{geup8hkmxj mxpwmx{t�
fieuf/mxp8c egp ln�Sh
fLegs q8{um\lnego?p��?vwm\jilneg~k{ghkf c8jLet} l])Fetln� lL�8h hk�Pqwmx{HfLv&hkhkc7fio=lL�wm\l lL�8h jLhkfiq8{glnmxp!l^~�q8jLjihkp!lYc8h�p8fLetl0�afLm\lnegf{�wh�f
ln�Sh�jihk{um\lnego?p � � 	 y �	� v\~����5)F�8eg~�� ~kmxpDr&h�~ko?p��8jLs�hkc eup ln�8h � eg�?q8jLh �+� ���j��l pXln�Seuf�fLetlnqwm\lLeuo?p
ln�Sh euo?p c8jieg} lLf�~k{go
~ �e)Feufih�mxp8c lL�8h hk{ghk~�lLjLo?pXc8jieg} lLf�~ko?qSpPlLhkji~k{uoI~ �e)Feufih � . hkp8~�h���ln�8h h�{uh�~�lnjio?p �wo>)Ff
}�mxfylnhkj�ln�wm\pNln�8h�euo?p � � eu�?q8jih �4� �I| fL�8o>)Ff lL�8h��`~�o?sav&o?p8h�p!l�ox}�lL�8h v&hkjylnq8jirHh�c�euo?p ~.mxfylnh�jLeuf � �

�!�



� eg�?q8jLh �+� �m' � $ �8hFfipwmxv8fi�8oxlnf ox}&ln�8hFoI~k~�q8vwm\lLeuo?p�jnm�lnhFox}&ln�8hFeuoxp � ~�{uh�} l>~ko?{gq8sap � mxp8c�ln�8hFh�{uhk~�lnjio?p
� ~�~kh�p!lnhkj�~kox{uq8s�p � )FeglL� lL�8h�K�~ko?s�vHoxp8hkp!l�ox} lL�8h�s m\�?p8h�lLeu~ �wh�{uc^~�jieu�?�!l�~kox{uq8s�p �p��$ �8h��?h�~�lLo?j
v8{goxlnf=ox}Yln�8h r8{zmx~ � mxjijLo>)Ff eup ln�8h ��� v8jLoD�8{uhkf fL�8o>) ln�8h hk{uh�~�lLjLo?pz�xhk{uoI~ketl0� c8e%�Hhkjihkp8~�h }�jLo?s ln�Sh
euoxp�� f ~��&x � �
	 �p� � jLo?s6ln�Sh lno?v lLo�ln�8h r&oxlilno?s vwmxp8h�{BfLp8mxv8fL�Soxlnf�mxjih l�m �\hkp m\l�l y O!� H �>O tGv���1 �
l y r!� H re� t=v��
1 �Sl y � �I' H |D� tGv���1 �

�j�



� eg�?q8jLh �4� �\� � $ �Sh�-N�J. h�eu�?h�p�s�oIc8h�filLjLq8~�lnq8jih=ox}9ln�8h�v&hkjylnq8jirHh�c euoxpKlL�8hkjis m\{|v8jLh�fLfiq8jLh!)Fegln�Kln�Sh
�?h�~�lLo?j/vS{uoxlYo\}9lL�8h�vHh�jilnqSjLr&hkc h�{uh�~�lnjieu~�~�q8jLjihkp!l c8hkp8fiegl0� �

mxp8cDhk{uh�~�lLjLo?p ~�o?vHh�p fL�Pqwm\jLh � �xhk{go
~�egl0� mx{uoxp8� )Fetln�DlL�8h {geup8hkmxj m\pwmx{g�Ifieuf jihkfiq8{gl&~�cwmxfi�8hkc {geup8h � }�oxj
tGv\j{w/x�y � H ��� � �Seu{uh^lL�8h hkeu�xhkp�saoIc8hYox}�rHoxlL��lL�8h euo?p�mxp8cahk{ghk~�lLjLo?p��?h�{uoI~ketl0� �?jLo>)Ff )FeglL��lL�8h/fLmxs�h
jnm�lnhFmxf�h " v&hk~�lnh�ca}�jLoxs ln�ShY{ueupSh mxj�m\pwmx{g�Ifieuf��\ln�8hFmxs�v8{geglnqSc8h ox}&ln�ShYhk{uh�~�lLjLo?p �?h�{uoI~ketl0� euf>m\rHo?q
l �>O��
{zm\jL�?h�j�ln�wm\pXlL�wm\l�ox} ln�Sh euo?p��/ln�8h h�{uhk~�lnjio?pX�?h�lLf�s�o?jih fLv&hkh�cDr!� ln�Sh vHh�jilnqSjLr&hkc s mx�xp8h�lLeu~��wh�{uc �
$ �8h�vwm\lilnh�jLp ox}9lL�8h�samx�?p8h�lneu~��whk{gc��j)F�8eu~��Kfi�8o>)Ff lL�8h��8o?{uh�fylnjiq8~�lLq8jLh�eupSfLeucSh�ln�8h��?oxjilnh " mxp8cKln�Sh
r8q8eg{glYqSv�jihk�?ego?p m\lYln�8h��!�IvHh�jLr&o?{ueg~�vHoxeup!l �8egf^}�o?jLs�hkc mxfY}�o?{g{uo>)Ff � b^lu�8jLfilFlL�8h �wo>) euf mx~�~kh�{uhkjLm\lnh�c
r!� lL�8h v&hkjilLq8jLr&hkcXv8jihkfifLq8jih ox}>ln�8h -N�/. s�o
c8h eup lL�8h ��c8eujihk~�lLeuo?p mxp8c ln�Sh �wq8egc hk{uh�sah�p!l�filnmxjilLf
jLo\l�m\lLeup8� �g$ �Pq8f�ln�8h �wq8egcQh�{uhks�hkp!l�}�hkh�{uf�~kh�p!lnjLet}�q8�!mx{^}�oxjL~kh c8q8jieup8� lL�8h�jioxl�m�lneuoxpg)F�Seu~��Njihkfiq8{glLf
ln�Sh jnmxjih�}�mx~�lneuoxp mxp8cXsam �xh�f�m��8o?{uh ox} s mx�xp8h�lLeu~��wh�{ucXmxpScXlL�8hkjis m\{4v8jihkfLfiq8jLh � $ �8h�filLjLq8~�lnq8jih ox}
ln�Sh��?oxjilnh " euf�ln�8h�jLh�}�oxjLh samxegpPlnmxeupShkc rP�XlL�8ha}�o?ji~kh�rwmx{umxp8~kh�r&h�l/)(hkhkp@lL�8h jioxl�m\lLeuo?p8mx{B~kh�p!lnjLet}�q8�!mx{
}�o?ji~kh/mxp8calL�8h�~�hkp!lnjieuv&h�lnmx{w}�o?jL~�h/ox}�ln�8h fLq8s ox}�ln�8h�jLsamx{ mxp8cas mx�xp8h�lLeu~Fv8jLh�fLfiq8jLh � � q8eu{tl(qSv jLh��?euoxp
m\l�ln�8h��!�IvHh�jLr&o?{ueg~av&o?eup!l�euf�c8q8h�lno ln�8hahkp8~�o?q8p!lnh�j ox} ln�8h�l/) o eup8~�o?saegp8� �wo>)Ff )F�8eg~�� jLh�fLq8{tlnf=m
~koxsav8jihkfifLeuoxp ox}wvS{zmxfis m �5$ �8egf9~�o?s�v8jLh�fLfLegr8eu{gegl0��eup vS{zmxfis mFmxp8c=ln�8h c8h,�xhk{go?v8s�hkp!lBox}Sln�8h eup8fyl�mxrSeu{uetl0�
jLh�v8jLoIc8q8~�hkfFln�8h�egp+�0�8oxsao?�xhkp8h�egl0�M)F�8eu~�� fLh�vwmxjnm�lnhkfFln�Sh�s�oxlLeuo?p�o\}9lL�8h�euo?p mxp8cKln�Sh�h�{uh�~�lnjio?p �
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� eg�?q8jLh �+� �I| � $ �8ha� ~�o?sav&o?p8h�p!l ox} ln�8havHh�jilnqSjLr&hkcDego?pZ~�mxfilLhkjieuf � � mxp8c hk{uh�~�lLjLo?p ~�o?v&hkpDfi�PqwmxjLh �
�?h�{uoI~ketl0�7mx{go?p8� )FeglL�KlL�8h�{uegp8h mxj^mxpwmx{t�
fieufYjihkfLqS{gl ~�c8mxfL�8h�c {geup8h � }�o?jutGv\j{w/x�y � H ���
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l p m filLjLo?p8� p8h��!m\lLe%�?h fi�8h m\j {um �?hkj egl7�wm\f7rHh�hkp jLhkv&o?jylnhkc�lL�wm\l�lL�8h�-N�J. eupSfil�m\r8eu{gegl0� c8oIhkf7p8o\l
c8hp�?hk{go?v�hkmxfLeg{g��c8q8h lno�ln�8h lnhk~��Sp8eu~kmx{HcSe ��~kq8{tl0��eup��8p8c8eupS� m=h " mx~�l eup8etlnezm\{8~ko?pSc8eglLeuo?p�}�o?j(m=vwmxjylneg~k{uh
fLegs q8{um\lnego?p ~ �^mxe�h�l mx{ � � �>�I�?� ���^mxe�h�lFmx{ � � �>�I�I' m �8��jLetln~��8h�lLl�� �>�I�I'I�p� �^mxeHh�lFm\{ � � �>�D�?� � fL�8o>)(hkcKln�wm�l
ln�Sh �Peup8h�lneu~ hk�Pq8eu{geur8jieuq8s egf c8e���h�jLh�pPl�egp@m v&o?fLetlne%�xh�mxpSc m p8hk�!m�lne%�xh�fL�Sh mxj {umG�xhkj et}Yln�8h��?hk{go
~�egl0�
fL�Sh mxj�egf�filnjio?p8�KhkpSo?q8�?��~ �

�����
�����
� � � � �8�p� $ �8h�� h " v8{zm\eup8h�cXlL�wm\l�lL�8euf�cSe%�HhkjLh�p8~kh ~�o?s�hkf�}�jLoxs,ln�Sh

c8e���h�jLhkpS~kh�eupaln�8h�v&oxlLhkp!lneumx{q~�p8o?p+�Vq8p8et}�o?jLs hk{ghk~�lnjLeg~��wh�{uc � filnjiq8~�lLq8jLh � l o?p8fYeupaln�8h�m v&o?fieglne��?h/fL�8hkmxj
mxjio?q8p8c�ln�Sh oxjLeu�xeup�mxjih eup�fyl�mxr8{gh hk�Pq8eg{ueurSjLeuqSs )F�8eg{uh ego?p8f7egp�p8hk�!m�lne%�xh fL�8hkmxj mxjLh egp q8p8filnmxr8{gh
hk�Pq8eg{uegr8jLegq8s )F�8o?fih�o?jLr8etlnf(c8e%�xhkjL�xh�m*)^m � }�jio?s ln�8h�fi�8h m\jY{zm �?h�j � � q8h�lLo eglLf q8pSfil�m\r8{uh�oxjLr8etl^ox}Tln�Sh
euoxp��HlL�8h �?h�{uoI~kegl0��fL�Sh mxj�euf/jLh�{zm " hkc�)Fetln�8egp m }�h,) �x�IjLoKs�oxlnego?p8f�m\p8cXmxf�m�jLh�fLq8{tl�ln�Sh�-��/. s�o
c8h
euf�fyl�mxr8eg{ue%Kkhkc � �>jieglL~��8h�lil � �>�I�I'�� ~ mxjijLeghkc`o?qSl�hk{ghk~�lLjLo?fyl�m\lLeu~Kvwmxjylneg~k{uh fLeus q8{zm\lLeuo?pSf }�o?j�m pShk�!m\lLe%�xh
fL�Sh mxj ~ mxfih � . h/q8fihkc�ln�8h eup8etlneumx{Svwm\jilneg~k{ghY{uo!mxcSeup8��s�h�lL�8o
c�c8hp�?hk{go?v&hkc r!� �^mxe h�l m\{ � � �>�D�?� � mxpScaln�Sh
s�o
c8e��whkc lLhks�vHh�jnm\lLq8jLhFegp ln�8hFsam " ) h�{u{8c8egfilLjLeurSqSlnego?p }�q8p8~�lneuoxp�vSjLo?v&o?fLh�car!� � mxp8�xq8{ue
h�l(mx{ � � �*�IrIr �

�e'



mxp8c ~ko?s�vwmxjihkc ln�8ha{ueupSh mxj��?jio8)YlL�Dox} ln�8h -��/. eup8fyl�mxr8eg{uetl0� )FeglL� lL�8h fyl�mxp8c8mxjLc vwmxjilLeu~�{uh�{uo!m\c8eup8�
)FeglL��lL�8hFs m " )(hk{g{wc8eufylnjieur8qSlLeuo?p � . hF}�oxq8p8c�eupam�pShk�!m\lLe%�xh fi�8h m\j(~kmxfLh p8o�c8h,�xhk{uoxv8sah�p!l ox}&ln�ShN-N�J.
s�o
c8h�)Fegln��lL�8h�filnmxp8cwm\jLcK{uo!m\c8eup8�=r8qSlY}�o?qSp8cKmxpKeus�v8jLo>�xhks�hkp!lYeup�lL�8h��?jio8)YlL�Kox}Tln�8h�s�o
cSh�)FeglL�
q8fieup8�Ks�h�ln�So
c8f�o\} �^m\e�h�l�mx{ � �>�I�D' � mxpSc � mxp8�?qS{ue�h�l=mx{ � � �*�IrIr � mx{glL�8o?q8�?� lL�8h jLh�fLq8{tl�mxp!l��?jio8)YlL�
jnm�lnh7euf jihkc8qS~khkc`}�jLo?s ln�wm�l�h " vHh�~�lLhkcQ}�jio?s lL�8h7{uegp8h m\j mxpwmx{t�IfLeuf �zl p@ln�8h7}�o?{g{uo>)FeupS� fLegs q8{zm�lneuoxp��
� mxq8p8�?qS{ue-� f^s�o
cSe%�wh�c�lnhks�v&hkjnm�lnq8jih�egfFmxc8o?v
lnhkcK}�o?j^lL�8h�eup8etlnezm\{H{go!mxc8egp8� ox}�ln�8h�ego?p8f �

� eu�xq8jLh �+� �DO fL�8o>)Ff ln�8hFlnegsahYc8hp�?h�{uo?v8s�hkp!l(ox}�lL�8h ��� �6mx{uoxp8��)Fegln��ln�Sh/jihkfLqS{gl ox}�lL�8h vHo?fieglLe%�?h
fL�Sh mxj ~kmxfLh � $ �Sh7cwmxfL�Shkc {uegp8h fi�8o>)Ff ln�8h7{geup8hkmxj=�xjLo>)Yln�@o?r
l�mxegp8hkc@r!�DlL�8h�{geup8hkmxj m\pwmx{g�Ifieuf � b/f
jLh�vHoxjilnh�cKrP� ln�8h�vwmxfylFjLh�fLh m\jL~��8h�f�� ln�8h ��� � )(h m �P{t��c8hp�?hk{go?v8f/mxfY~koxsavwm\jLhkc7lLo�lL�8h�jLh�fLq8{tlFeup7ln�Sh
v&o?fLetlne%�xh�fi�8h mxjY~kmxfLh � � eu�?qSjLh �4� �I� fL�8o>)FfYln�8h�fLpwmxvSfL�8oxlLfFox}�ln�8h�oI~k~�q8vwm\lLeuo?p jnm\lLh�ox}Tln�8h�euo?p � m\p8c

� eg�?q8jLh �4� �DO � $ eus�h c8h,�xhk{uoxv8sah�p!l=o\} ln�Sh ��� � egf�fL�8o>)Fp }�o?j�vHoxfLeglLe%�xh ~.mxfylnhkjieuf �If � m\p8c pShk�!m\lLe%�xh
fL�Sh mxjN~�o?v&hkp�c8eumxsaoxp8c � ~ m\fLh ��$ �Sh/cwm\fL�8h�c {uegp8hYfL�So8)Ff ln�8h jLh�fLq8{tl o?rSl�m\eup8h�caegp�lL�8h {ueupSh mxj>mxp8mx{g�IfLegf �

ln�Sh�hk{ghk~�lnjLoxp �I� b/f fi�8o>)Fp�eup�ln�8hu�w�?q8jih��Ieuo?p8f(mxjih/�Pq8eg~ �I{t��c8e%�Hq8fLh�c o>�?h�j ln�Sh/fi~ mx{gh�ox}Hln�8hu�?hk{go
~�egl0�
fL�Sh mxj({zm �?h�j(c8qSh/lno�ln�8h�euj>q8p8fyl�mxrS{uh o?jLr8etlnf � � paln�Sh�oxlL�8hkj �wmxp8cahk{ghk~�lLjLo?pac8oIhkf pSoxl fiq��Hhkj(}�jio?s ln�Sh
v&oxlnh�pPlLezmx{TfylnjLqS~�lnqSjLh r&hk~kmxq8fih ox}�etlnf fLsamx{u{��x�Ijio�jnmxcSeuq8f � ./o>) hp�?h�j��|ln�Sh c8e��?hkji�?hkc o?jLr8etl ox}Bln�Sh euoxp
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eupS�8eur8etlFln�8h cSh,�?h�{uo?vSsah�pPl�ox}�ln�8h�-N�J. egp8filnmxr8eg{uegl0�7mxp8c lL�8hkjih�}�o?jih hk{ghk~�lLjLo?p sae " egp8�amxjLhkm c8oIhkf�p8o\l
filLjLo?pS�?{g� eup8~�jLh m\fLh �]$ �8egf p8m\lnq8jih�eufY~k{gh mxji{g� fL�8o>)Fp egp � eu�?qSjLh �+� �Dr�� � eg�?q8jLh �4� �Dr fi�8o>)Ff/fi�8o>)Ff/ln�Sh
lnegsah v8jioD�w{uh ox}�lL�8h�egpPlLhk�?jLm\lnh�c�s�e " eup8��jLm\lnh }�o?j(lL�8h ~�b � ego?p�m\p8c�~ ��� hk{ghk~�lnjLoxp ��$ �8h�jihkfiq8{glLf^fL�8o>)
ln�Sh ~kmxfLh�f }�oxjBln�8hFv&o?fLetlne%�xhYfL�8hkmxj�~.mxfylnh�jLeuf �Pf � mxp8c }�o?j�ln�8hFp8h��!m\lLe%�?hYfi�8h m\j�~�o?vHh�p�c8ezmxs�o?p8c �p� l p�ln�Sh
euoxp v8jioD�w{uh ~�b � ox}�lL�8h p8h��!m\lne��?h=fL�8hkmxj�~ m\fLh���euo?p8f�mxjLh=�Pq8eu~ �P{g��c8e���q8fihkc egp�ln�Sh fL~kmx{uh=~ko?s�vwmxjLmxr8{uh
lno7lL�8h -N�/. �?o?jylnh " fie K�h�egp ln�8h�v&o?fLetlne%�xh fL�8hkmxj�~ mxfih �M$ �8euf�egf�c8q8h�lno7ln�8h�c8e��?h�jL�?h�cDo?jir8egl�o\} ln�Sh
euoxp � � p7ln�8h�oxlL�8hkjY�8mxp8c��SlL�8h�hk{ghk~�lnjLoxp7sae " egp8� mxjih m ox}�ln�Sh�p8hk�!m�lne%�xh�fL�Sh mxjF~ m\fLh�euf eup8�8egr8eglLhkc�cSq8h
lno�ln�Sh=egp8�8eurSeglnh�c -��/. �?o?jylnh " fie Kkh � $ �8h�fLh=jLhkfiq8{glLf�m\jLh�~ko?p8fieufylnhkp!lu)FeglL� lL�8h=v8mxfil/jLh�fLh m\jL~��8h�f�ln�wm�l
�wm*�?haeup8cSeu~ m�lnhkcXln�8m\l�ln�8h�-N�J. saoIc8h�c8oIhkf=p8oxl�filLjLo?p8�x{g� c8hp�?h�{uo?v egp lL�8h�filnjio?p8� p8hk�?m\lne��?h�fL�8hkmxj
c8q8h/lno ln�Sh�euo?pSf��Iq8p8filnmxr8{gh�o?jLrSeglnf � � q8jilL�8hkjisaoxjLh��Iln�8h�hk{uh�~�lLjLo?p7s�e " eupS� mxjih m egf filLjLo?pS�?{g�aeup8�Seur8etlnhkc
r!��ln�Sh�)(h m �7c8h,�xhk{uoxv8sah�p!l�ox}�ln�Sh -N�/. saoIc8h �
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� q8{u{9vwmxjylneu~�{uh fieus qS{zm\lLeuo?p8f/ox} ln�8hM-�hk{��
egp+�J. hk{gsa�8ox{glLK�eupSfil�m\r8eu{gegl0� eupXm7q8p8et}�o?jLs,rwmx~ �P�?jio?q8p8c��whk{gc
mxjihY~ko?p8cSq8~�lLhkc�eup ln�8egfB~��wmxv
lnhkj � b�{tln�8o?qS�?� ln�8h��8p8eglLh n m\jLs�o?j4jLmxc8euqSf�h,�Hhk~�l ox} lL�8hFeuo?p egfBh " v&hk~�lLhkc
lno hkp8�wm\p8~kh�lL�8h�s�e " eup8��jnm\lLh��4lL�8h7hkpS�wmxp8~�hks�hkp!l�ox}Yln�Sh�sae " eup8� jnm\lLh�eupDrHoxlL�Dln�Sh�euo?p mxp8c ln�Sh
hk{ghk~�lnjLoxpNfLqS�?�?hkfylnf�ln�wm\las�o?fil�ox}/ln�8h ) h�{u{Fsae " hkc`jLhk�xeuo?p`euf�c8o?s�eup8m\lnh�cNmx{go?p8� ln�Sh eup!lLhkji}�m\~khKox}
ln�Sh�l/)(o v8{umxfLsamxf�)F�8eg~��Degf�filnjih�lL~��8hkc��9}�o?{uc8h�c���mxp8c mxf=m jihkfLqS{gl �Tc8h�}�o?jLs�hkc eupXln�Sha~�o?q8jLfihao\} ln�Sh
c8hp�?hk{go?v8s�hkp!l ox}�ln�8h!-N�J. egp8filnmxr8eu{gegl0� �

$ �8h vS{zmxfis mKsae " eup8�Kv8jio
~�hkfLf=v8jLoxvHo?fihkc egp lL�8euf�~��wm\vSlnh�j ~koxp8fLegfilnf=ox}^l/)(o s�hk~��wm\p8eufisaf �&$ �8h
o?p8h=eufFln�8h �?hkp8h�jnm\lLeuo?p�ox}BlL�8h p8hp) rHo?qSp8cwmxjy��r!� ln�8h=c8h,�xhk{go?v8s�hkp!l�ox}BlL�8h -N�/. egp8filnmxr8eu{gegl0� � $ �8h
lno\l�mx{�mxsaoxq8p!lYox}Tln�8h�s�e " eupS� mxjih m euf^samxegp8{g��~�o?p!lnjLegr8qSlLhkc7}�jLo?s ln�8egf^v8jio
~�hkfLf � b^lYlL�8h�fnm\sah�lLeus�h��
ln�Sh ~kjio?fLfJ� �wh�{uc c8e%�Hq8fLego?p vHh�jLv&hkp8c8eg~kq8{umxj�lno ln�8h�rHoxq8p8cwmxjy� euf�mx{ufio o?v&hkjLm\lne��?h � � jLo?s lL�8hafieus�v8{uh
s�o
c8h�{uegp8�Fox}wln�8h(sae " eup8�/mxjLhkm
�D)(h }�o?q8pSc ln�wm�lBegl9euf�fL~kmx{uh�c lno � ��� vIt)0�1Bmxp8c lL�8h lnegsah c8h�vHh�p8c8hkpS~kh
mxf � � ��� ! oxjY�8eu�?�Shkj �
$ �8h�h�{uhk~�lnjio?p s�e " eup8�Kegf mx{gfLo�eupe�?h�filneg�!m\lLhkc � b�f m jLh�fLq8{tl �9lL�8h�h�{uhk~�lnjio?pDs�e " eupS� mxjih mK}�o?{u{go8)Ff

ln�Sh�euo?p.� f �+)F�8eg~��7sahkmxp8f(lL�wm\l(ln�8h�h�{uh�~�lnjio?p8f^~kmxp7s�e " s�o?jLh/h,�Hhk~�lLe%�xhk{g� � � " mxs�eupSeup8��eup�cSh�l�m\eu{-�Pln�Sh
hkpShkjL�\� fivHh�~�lLjnm ox}(ln�8hahk{ghk~�lLjLeg~��8hk{uc fLq8�x�?hkfyl ln�8m\l=lL�8h s�oIc8hkf ���Rt � | mxjihafi{ueu�x�PlL{g� hkp8�wm\p8~kh�c �
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Ion Electron

� eg�?q8jLh �+� �I� �/�
pwm\v8fL�8o\lnf�ox}�lL�8h oI~k~kqSvwm\lnego?p jLm\lnh�}�o?j/lL�8h euoxpg~�{gh�} l/~ko?{gq8sap � mxp8c hk{uh�~�lLjLo?p ~�jLeu�x�Pl
~kox{uq8s�p � }�o?j^lL�8h�filLjLo?p8��p8h��!m\lne��?h�fL�Sh mxjF{zm �xhkj �
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A B

� eg�?q8jLh �+� �Dr � $ eus�h=v8jioD�w{gh=ox}4ln�8h=eup!lnh��?jnm\lLhkc�sae " egp8��jnm\lLh=}�o?j�~�b � lL�8h ego?p m\p8c ~ � � lL�8h h�{uhk~�lnjio?p
}�o?j ln�8h�pShk�!m\lLe%�xh�fL�Sh mxjY~kmxfLh�~�o?v&hkp7c8eumxsaoxp8c �p� � o?j lL�8h�~�o?sav8mxjLegfLo?p��Pln�Sh�jLh�fLq8{tlnf^o?r
l�mxegp8hkc�egp ln�Sh
v&o?fLetlne%�xh fL�8hkmxj�~ m\fLhamxjLh�mx{gfLo7fi�8o>)FpDeup hkmx~�� vwmxp8h�{uf�~.mxfylnh�jLeuf �Pf �p� $ �Sham\r8fL~�eufLfLm fi�8o>)Ff�lL�8h lnegsah
p8o?jis m\{ue K�hkc r!� lL�8h^}�mx~�lno?j tGv��
1(m\p8c ln�8hYo?jic8eup8m\lnh^fi�8o>)Ff lL�8hYeup!lLhk�?jLm\lnh�c sae " egp8��jLm\lnhYp8oxjLsamx{ue%Kkhkc
r!��ln�Sh�egp8eglLezmx{&fL�Sh mxj/mxjLhkm n�� t �

$ �8h��wp8h�fylnjiq8~�lLq8jLh�f/ox}TlL�8h�c8hksamxji~ m\lLeuo?p�{geup8h�mxv8v&h mxjihkcKeup8fieuc8h/ln�8h��xo?jilLh " �j)F�8o?fih�~��8mxjnmx~�lnh�jLeufylneg~
fL~kmx{uh {ge �\hk{g��~koxjLjLh�fLv&o?p8c8f�lLoKlL�8h�saoIc8h�f�o?r8fihkj{�xhkc eup ln�8h h�p8hkji�x� fivHh�~�lnjLm � $ �8egf�c8h�}�o?jis m�lneuoxp ox}
ln�Sh cShksamxjL~km\lnego?p {uegp8h^�!mxegp8fBln�Sh pSh,)�s�e " eupS��mxjLhkm�ln�wm\l sam � ~koxpPlLjLegr8qSlnhYlLo�}�ox{u{uo>) ln�Sh ego?p s�e " eup8�
mxjih m � ./o>) hp�?h�j��Pln�8hY�?h�p8hkjLm\lnego?p s�hk~��wmxpSeufLs�fBox} lL�8h^fLsamx{g{
fi~ mx{ghYfilnjiq8~�lLq8jLh�)F�Seu~���mxv8v&h mxjif�o?p8{t� egp
ln�Sh hk{ghk~�lnjLoxp sae " eup8�amxjLhkm ~koxq8{uc�p8oxl�~�{uhkmxjL{t�Kq8p8c8h�jLfilLo
oIc � � oxj lL�8euf/h " v8{zm\pwm\lnego?p��wln�Sh pPq8s�hkjLeg~ mx{
�8hkm\lnegp8� c8q8h�lnoDlL�8h �wp8etlnh�fLvwmx~�ezmx{ �?jieucNfie K�h ~ mxp�r&h oxvHh�jnm\lLe%�?h�}�o?jalL�8h s�e " eupS�Z~ � eujLcSfnmx{g{/m\p8c
n mxp8�?cSo?p�� �*�I��� ��./oI~ �IpSh���� �>�I�+�8�p� � h�h�filLeusam\lnh�c�ln�8h��8hkm\lnegp8� lLeus�h ~4m\l )F�8eu~��7ln�Sh�lnhks�v&hkjnm�lnq8jih
r&hk~koxsah�f�l/)Feg~kh � }�o?j�ln�Sh(~kmxfLh o y |+�
� mxp8c=o?rSlnmxeup8h�c � � ��� � 
 'x�?�?� tGv�021��8)F�8eu~��=euf�s q8~�� {umxjL�xhkj|ln�8mxp
ln�Shalnegsah�fi~ mx{ghaox} ln�8h�v8jLh�fLh�pPl fLeus q8{zm\lLeuo?pSfM~�� � � �6�x�x� t=v�0�1 �p� ./h�p8~kh�ln�8hapIqSsah�jLeu~kmx{>�8h m�lneupS�
euf�q8p8{ge �\hk{g� hp��h�~�lne��?h }�oxj�lL�8h s�e " eupS��v8jio
~�hkfif � b/{glnh�jLpwm�lne%�xhah " v8{zmxp8m\lnego?pD~kmxp r&h jLh�{zm\lLhkcDlLo ln�Sh
}�q8p8c8mxsah�p!l�mx{�~�jLo?fif����whk{gc cSe%�Hq8fLego?p�v8jLoI~kh�fLfKox}�v8{umxfLsamxf � � �Pq8cwm mxp8c � m*)FfLo?p � �>�e�D' � filLq8c8euh�c
ln�Sh�v8{zm\fLsam�~kjio?fLfJ� �wh�{uc cSe%�Hq8fLego?p }�o?j m )FeucSh jnm\p8�?h�vwm\jnmxs�h�lLhkj�ox} � � �Wv ��
 � � )F�8hkjih ��
 ��mxpSc � � �
mxjih ln�8h�hk{ghk~�lnjLoxp vS{zmxfis m7mxpSc �x�IjioK}�jihk�Pq8h�p8~�� �Ml p m ) hkm � samx�?p8h�lneu~ jLhk�xeus�h�� ~ � w 	{v � � 	 � ! � � � �
)F�8eg~��*egf ln�8h ~kmxfLhXox}�ln�Sh v8jLh�fLhkp!l�fLegs q8{zm�lneuoxp8f��^lL�8hXc8e%�Hq8fLego?p�~koIh���~�euhkp!lKo?r&h��If7ln�Sh ~k{zm\fLfLeg~ mx{

�i�



~kox{u{uegfLego?pwmx{SlL�8hkoxji� � l p�lL�8euf(jLhk�xeus�h lL�8h�s�o?fil ox}�ln�8h �wq8~�lLqwm\lLhkc&�whk{gc�hkpShkjL�\� egf^eup�ln�8h�qSv8vHh�j�� m\p8c
{uo>)(hkjJ�0�!�Ir8jLegc )^m*�?h�f mxp8cKeup � hkjLpSfilnh�eup&) m>�xhkf � � q8jyln�8h�jLs�o?jLh �
ln�Sh��7m\{ufLo jLhkv&o?jylnhkc�lL�8h�mxp8oxs mx{go?q8f
hk{ghk~�lnjLoxp lLjnmxp8fivHoxjil � $ �Seuf�v8jLoI~kh�fLf�euf�{gh mxcXr!� ln�8h�~�o?pe�?hk~�lne��?h s�oIc8h )F�8eu~���) mxf�c8hkjie%�?h�cDr!� ln�Sh
l/)(o �wq8egc hk�Pqwm�lneuoxp8f�egp m�lL�8hkjis m\{�h��Pq8eu{geur8jieuq8s � $ �8h ~ko?pe�?h�~�lLe%�?h saoxlLeuo?p hkpS�wmxp8~�hkf�lL�8h h�{uhk~�lnjio?p
c8e���q8fieuo?p )F�8o?fLh cSe%�Hq8fLego?p ~koIh���~�euhkp!l�egf�fLegsaeg{zmxj^lLo�ln�wm\l�o?rSl�m\eup8h�c eup lL�8h � o?�8s c8e���q8fieuo?p ��$ �8h
eucShkp!lne��w~ m\lLeuo?p=ox} ln�8egfBmxpSo?s m\{uo?q8f9hk{ghk~�lLjLo?p cSe%�Hq8fLego?p mxfBm��?hkp8h�jnm\lLeuo?p sah�~��wmxp8egfLs )F�Seu~�� hkpS�wmxp8~�hkf
ln�Sh hk{uh�~�lLjLo?p s�e " eupS��mxjih m
�|�So8)(h,�xhkj �B) mxf�p8oxl�fiq8~k~�hkfifi}�q8{>eup�ln�8h v8jihkfihkp!l�filnqScS� mxpScXlL�8h }�q8jyln�8h�j
q8p8cShkjLfyl�mxpSc8eup8��ox}�ln�8egf �Peup8c ox}9v8jLo?rS{uhks )Feu{g{|rHh�h " v8{uo?jihkc ~ko?p!lLeupPq8o?q8fi{g�Km\f/m }�qSlLq8jLh�h " h�jL~�eufLh�f �
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� �8h�jLh lL�8hkjih�euf m �?h�{uoI~kegl0� fi�8h mxj �Bln�8h�jLh�egf q8fiqwmx{g{g� m c8h�p8fLetl0� egpPlLhkjy}�mx~kh � b jihkv8jihkfihkp!l�m\lLe%�xh h " �
mxs�v8{uh �So?pk)F�8eg~�� lL�8h�v8jLh�fLhkp!l/c8eufifLh�jil�m�lneuoxp egf^}�o
~�q8fLegp8�,�8egf^ln�8h�egpPlLhkjLmx~�lLeuo?p7r&h�l/)(hkh�p ln�8h�fi�8o
~ �\hkc
fLox{zmxj )FeupSc�v8{umxfLsam�mxp8c�lL�8h�lnhkpPq8oxq8f�samx�?p8h�lno?fiv8�8h�jLeu~�v8{umxfLsam�m\lFln�8h=�>mxjilL� ��$ �8h=h mxjyln��� f�samx�m�
p8h�lno?fiv8�8hkjih fi�8euh�{uc8f�lL�8h�fL�8oI~ �xh�c fLo?{umxj�)FeupSc v8{umxfLsam )F�8eg~��Deuf�fihkvwm\jnm\lLhkc m\~kjLoxfLf�ln�8h�r&o?q8p8cwm\ji���
�?samx�?p8h�lno?v8mxq8fLh�� � l p+�0fieglnqDo?r8fLh�j{�\m\lLeuo?p8f �B�8o>)(h,�?h�j��>�wm*�?h jLh,�xh mx{ghkc lL�wm\l lL�8h vS{zmxfis mk)F�8eu~����8{u{uf
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�wmxf�r&hkhkpDm sam �io?j�egfLfiq8haegp lL�8h�s m\�?p8h�lLo?fLvS�8hkjieu~�v8�!�IfLeu~�f �&$ o�h " v8{zmxegp ln�8h�s m\�?p8h�lLo?fLvS�8hkjieu~�eup+�
lnh�jnmx~�lnego?p�)Fegln�Xln�Shafi�8o
~ �\hkc fio?{zm\j�)Feup8c��Tl/)(o�s�o
cShk{uf��8m>�xh r&hkh�pDv8jio?vHoxfLhkc � � p8h�euf�lL�8h �xo?vHh�p
samx�?p8h�lno?fiv8�8hkjih/s�oIc8hk{ ��rP� � qSp8�?h�� � �>�DO���� �i)F�Seu~���eup8~�o?jLv&o?jnm�lnhkf�lL�8h/jihk~�o?p8p8h�~�lnego?p�ox}�lL�8hFh mxjyln��� f
c8egvHo?{gh�s m\�?p8h�lLeu~��wh�{uc�{ueupShkf )FeglL� lL�8h=egp!lnhkjiv8{zm\p8h�lnmxji�7samx�?pSh�lneg~��whk{gc ~ l � ��� {uegp8hkf ~ � eu� �u�I�(O � {uh�} l
vwmxpShk{ �U��$ �Sh oxlL�8hkjFs�o
c8h�{�eufYln�Sh �?~�{uo?fihkc s m\�?p8h�lLo?fLvS�8hkjih=s�o
cShk{ ��r!�Kb " }�o?jic mxpSc . eup8h�f�� �>�IO�� � �
)F�8eg~�� fLqS�?�?hkfylnh�c ln�wm�l m��Ieufi~ko?q8f eup!lLhkjnm\~�lnego?pamx{uo?pS��lL�8h � mxp��Pf ox}�lL�8h/samx�?pSh�lnoxfLv8�8h�jLh ~ mxp�v&hkjLs�egl
ln�Sh/fio?{zmxj�)Fegp8c s�o?s�hkp!lnq8s lno cSe%�Hq8fLh o?p!lno�~k{go?fLh�c samx�?p8h�lno?fiv8�8hkjieu~��whk{gc {geup8h�f(m\p8calL�8h/jihkfiq8{glnmxp!l
l�m\eu{ ) mxjLc �8o8)Ff�euf ~k{uoxfLhkc�r!��lL�8h=jih�lLq8jLp8egp8� hkmxjilL�e)^mxjic �wo>)�eup ln�8h�~kh�pPlLhkj�o\}Bln�8h�l�mxeg{/~ � eu� �u�I�(Oe�p�
l p+�VfLeglLq�oxr8fLh�j{�\m\lnego?p8fF�wm*�?h�fL�So8)(hkc�ln�8h�h,�IeucShkp8~�hkf�o\}9lL�8h=jihk~�o?p8p8h�~�lnegp8���whk{gc�{geup8h�f�~�h � � � � �>�8mxp h�l
mx{ � � �\�?�?�e� mxpSc lL�8h=jihkfiq8{glnmxp!l/~�o?pe�?h�~�lnegp8� vS{zmxfis m �wo>)Ff eup8fieuc8h�lL�8h=samx�?pSh�lnoxfLv8�8h�jLhI~�h � � � � o eufi�8euc8m
h�l mx{ � � �>�I�IOe�U� o o>)^m\cwm �
f lL�8ha}�oxjLs�hkj��wmxf r&hkh�p�)FeucShk{g� mx~�~kh�vSlnh�c mxf m fil�m\p8cwmxjic saoIc8h�{(egp ln�Sh
~ m\fLh�ox}Bfio?qSlL�i) mxjic l � � )F�8eg{uh�ln�Sh�fieglLqwm\lnego?p7eufY{ghkfif ~�{uhkmxj�)F�8hkp ln�8h l � � eufYpSo?jilL�i) mxjic �
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ln�8o?jif�~ � mxeuj��whk{gc�h�l^m\{ � � �*�I�IO � � mxqSs �io?�8mxp8p�h�l mx{ � � �>�DrI� � n h�p8pwmxjylnfifLo?p�� �>�I�!�D� �8m>�xh
p8oxlLhkc lL�wm\l>ln�Sh�mxfivHh�~�lnf(ox}|lL�8h�v8{umxfLsam�fL�8h�h�lFm\jLh ~ko?p!lnjio?{u{ghkc�r!��lL�8h �?hko?samx�?pSh�lneg~ mx~�lLe%�Iegl0���i)F�Seu~��
{ue �xh�{g� ~�o?jLjihkfLv&o?p8cSf lno�ln�8h o?jLeghkp!l�m�lneuoxpaox}�ln�8h l � � � �4mxjylneg~kq8{umxjL{t���?ln�Sh�v8{umxfLsam�fL�8h�h�lYox} lLhkpajLh,�xh mx{gf
egl�� f }�h m\lLq8jLhu)F�8eu~��7~kmxp8p8o\l^r&h�h " v8{umxeup8h�c r!� lL�8h � qSp8�?h��)� f^s�o
c8h�{HegpalL�8h�~ m\fLh�ox}TpSo?jilL�i) mxjic l � �
~ $ hkjLmxfnm*) mah�l�m\{ � � �>�I�e� � � o?jLo>�If �!�Kh�l�m\{ � � �>�I�Ir � � eup8��mxp8c o hp) h�{u{ � �x�?�!� � o eufi�8eupSo�h�l/mx{ � � �x�?�?�I�p�
$ hkjnm\fnm*)^m�h�l/mx{ � � �*�I�e��� fylnq8cSeuhkc filnm\lnegfilLeu~ m\{u{g��o?p7lL�8h�v8jLo?v&hkjylneghkfFox}�ln�8h�v8{umxfLsam fL�8h�h�l/c8q8jieup8� ln�Sh
v&hkjLego
cSf�)F�Shkp lL�8h p8oxjiln�e) mxjLc l � � cSo?saegpwm\lLhkf � $ �8h�� jLh�vHoxjilnh�c�l/)(o�eus�v&o?jilnmxp!lFjLhkfiq8{glLf � ~ �8� ln�Sh
v8{umxfLsam�fL�8h�h�l rHh�~ko?s�hkf�fLeg�?p8e��w~ mxp!lL{g� ~�o?{uc mxpSc c8h�p8fLh �X)F�8oxfLhamxfLv&hk~�lnf jihkfihks r8{gh ln�8h�fLox{zmxj�)Fegp8c
v8{umxfLsamxf ~ � eu� ��'����8�p� ~ �I� lL�8hKv8{zmxfis m egf�~�o?{ucShkj�mxp8cQc8hkp8fihkj�p8h m\j�lL�8h�c8m>)FpNmxp8c`c8q8f � �wmxp��Pf
ox} ln�8h7vS{zmxfis m fi�8hkh�lajLm\ln�Shkj ln�wm\p`egp ln�8hK~�hkp!lnjLmx{YjLh��?euo?p ��$ �8h�euj jLh�fLq8{tl ~ �8� fiq8�?�?h�filLf�lL�wm\l ln�Sh

� eg�?q8jLh '+�%� � l � � c8hkv&hkp8cShkp8~�h ox}�vS{zmxfis m fL�Shkh�lalnh�sav&hkjLm\lnq8jih`~�{uh�} l � mxp8c`c8h�p8fLetl0� ~�jLeg�?�!l � mxf�m
}�q8p8~�lnego?pKox}9lL�8h�fLo?{umxj�)FeupSc �Pegp8h�lLeu~�hkpShkjL�\�KeufYfL�So8)Fp � b/c8o?vSlLhkcK}�jLo?s $ h�jnmxfLm>) mah�l/mx{ � � �>�I�e� ���

fLox{zmxj�)Feup8c v8{zm\fLsam�euf�lnjLmxp8fivHo?jylnh�c�)FeglL�8o?qSl=�8h m�lneupS� r!� lL�8h jihk~�o?p8p8h�~�lnego?p@mxf � q8p8�?h��)� f s�oIc8hk{
v8jio?vHoxfLhkc.�/m\p8c�ln�8h jLhkfiq8{gl�~ �I� fLq8�x�?hkfylnf�ln�8m\l lL�8h fLox{zmxj�)Feup8c�vS{zmxfis m ~ mxp�cSeujLh�~�lL{g�`vHh�p8h�lLjnm\lLh
eup!lLo ln�8h samx�?p8h�lno?fiv8�8h�jLh ln�SjLo?q8�x� lL�8h � mxp �NjLh��?euoxp�ox}�ln�8h lnmxeu{ � $ �8hXeuc8hkm ox}�ln�8h lnmxeu{ � mxp��
jLh��?euoxpKmxfFm v8jLegs mxjy�alLjnmxpSfLv&o?jilFjihk�?ego?p7�wmxfYr&hkh�p�v8jio?v&o?fLh�c�r!�7fih,�?h�jnmx{�mxq
ln�8o?jif!~.�>mxfylnsamxpKh�l mx{ � �
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�>�IrI| � n h�p8pwmxjylnfifLo?p�� �>�I�!� � � q��iegsao\lno h�l�mx{ � � �>�I�Dre�p� � q��iegsao\lno h�l�mx{ � � �*�I�Ir � jLh�vHoxjilnh�c�lL�8h=egp+�0fieglLq
o?r8fihkj��xm�lneuoxp ox}>ln�8h {go>)��0{zm�lneglLq8c8h�rHoxq8p8cwmxjy� {umG�xhkjM~ nBn ��nB� egp ln�Sh p8h mxjJ�0hkmxjilL� l�mxeg{ � m\p��Pf���)F�8hkjih
l/)(o v&o?v8q8{um\lnego?p8f�ox}^�Seu�?� mxp8c {uo>) h�p8hkji�x� euo?p8f�mxjihaoxr8fLh�j{�?h�c@fLegs q8{glnmxp8h�o?q8fL{t�g~ � eu� ��'�� �I�p� $ �8h
fLegs q8{tl�mxp8h�o?q8f|oxr8fLh�j{�\m\lnego?p�ox}
�8eu�?��mxpSc�{go>)Dh�p8hkji�x��v8{umxfLsamxf|egp8c8eu~km\lnh�f|ln�8h>s�e " lnqSjLhBox}Iln�Sh vS{zmxfis mxf
o?jieu�?egpwm\lnh�c�}�jio?s ln�Sh samx�?p8h�lno?fiv8�8hkjihYmxp8c=ln�8h(fLo?{umxj�)Feup8c m\p8c ln�Sh h,�Hhk~�lne��?h lLjnmxp8fivHoxjil�m�lneuoxp mx~�jLo?fif
ln�Sh�{go>)��0{zm�lneglLq8c8h � mxp���samx�?pSh�lnoxvwmxq8fih �
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� eg�?q8jLh '�� � � $ �8h � �Vl>cSezmx�?jLmxs�}�o?j�o?s�p8e��Vc8eujihk~�lLeuo?p8mx{!euo?pSfu~�r&oxlLlLo?s � mxp8c�hk{ghk~�lLjLo?pSfu~�lnoxv � o?r8fihkj{�xhkc
r!� � hkoxlnmxeu{|fivwmx~�hk~kjLm\} l � b/c8o?vSlLhkcK}�jLo?s � q��iegsao\lno h�l mx{ � � �*�I�Ir �Y�

l pa~�o?p!lnjLmxfil>lno�lL�8hYjLeg~�� �Pp8o>)F{ghkc8�?h o?p ln�ShYo?r8fLh�j{�\m\lLeuo?p�ox}&ln�8hF�8eg�?�+�V{zm\lLeglnqSc8h(h�p!lnji��vSjLoI~khkfif>rP�
ln�Sh�jLh�~ko?p8pShk~�lLeuo?p.�S{uh�fLf(euf �Pp8o>)FpKmxr&o?qSl(ln�8h/filLjLq8~�lnq8jih�ox} n5n � n m\f�)(hk{u{Hmxf ln�8h�h�p!lnji�av8jio
~�hkfLf��Ieum
ln�Sh {go>)��0{zm�lneglLq8c8h(rHo?qSp8cwmxjy� jLh��?euo?p � ��jLhp�
ego?q8f>~kjio?fLfieup8�xf o\}�ln�Sh {go>)��0{zm�lneglLq8c8h � mxp�� samx�?pSh�lnoxvwmxq8fih
�wm*�?h�eupSc8eu~km\lnh�c lL�8h�v8jLh�fLhkpS~kh o\}�m�rHo?qSp8cwmxjy�7{zm �?h�j>~ �
~ �xoxv��xh=h�l�mx{ � � �>�Ir+� � ��etln~��8h�{u{�h�l�mx{ � � �*�Ire� �
���wmxpXh�l�m\{ � � �>�I�e�D�p� � egln~��Shk{u{9h�l�mx{ � � �>�IrI��� v&o?eup!lLhkcXo?qSl�m7c8h�vHh�p8c8h�p8~kh�ox} ln�8h lLo?vHox{uo?�x� ox} ln�Sh
n5n ��n o?p�lL�8h oxjLeuh�p!l�m\lLeuo?pKox}BlL�8h l � � �c$ �8h�� }�o?q8p8c ln�wm�l/lL�8h n5n ��n euf o?p�~k{uoxfLhkc �whk{gc {geup8h�fF}�oxj
p8o?jyln�e) mxjLc l � � r8qSl�egf�o?p m�~ko?s r8eupwm�lneuoxp ox}(~k{uoxfLhkc mxpSc oxvHh�p �whk{gc {geup8h�f�}�o?j�fio?qSlL�i) mxjic l � � �
�
~ �\o?v��xh h�l�mx{ � � �>�Dr���� }�o?q8p8c�ln�wm\l ln�Sh n5n � n euf/mx{%) m �
f�m\lLlnmx~��8hkc�lno lL�8h samx�?p8h�lno?v8mxq8fLh�r8qSl�eglLf
ln�Seu~ �Pp8hkfifYh " lnh�p8c8f^lLo m fivwm\lneumx{u{t� {zm\jL�?hFfL~kmx{uh ��$ �8h��afLqS�?�?hkfylnh�cKlL�wm\l ln�8h�rHo?qSp8cwmxjy�a{um �?hkj(s m ��r&h
m jLh�fLq8{tl/o\}9lL�8h!-�h�{%�Ieup4�J./h�{us��8o?{tlLK�~Y-N�J. � eup8fyl�mxr8eg{uetl0� m�l lL�8h�eup8pShkjYhkcS�?h�ox}9lL�8h�rHoxq8p8cwmxjy�7{zm �xhkj �

$ �8h�fi�8oI~ �xhkc7fio?{zm\j )Fegp8c vS{zmxfis m �wo>)FeupS� vwmxfyl(lL�8h�samx�?pSh�lnoxfLv8�8h�jLh v8jLo>�IeucShkf^m��?h�{uoI~kegl0� fL�8hkmxj
)F�8o?fih�fLetlnqwm�lneuoxpDeuf�}�m*�?o?jLmxr8{uh�}�o?j�ln�8h�h " ~keglnm\lnego?pDo\}Yln�8h -��/. egp8filnmxr8eu{gegl0� � . hkp8~�h��BlL�8h&-N�J. eup+�
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filnmxr8eg{uegl0�K�8mxf�rHh�hkpX~koxp8fLegc8hkjihkc lno7r&h m�sam �io?j�~�o?p!lnjieur8qSlLo?j�lLo ln�8h }�oxjLsam\lnego?p ox}�lL�8h n5n ��n m\p8c
ln�Sh�sah�~��wmxp8egfLs ox}Tln�8h�cSeujLh�~�l^lLjnmxpSfLv&o?jilnm\lnego?p�ox}�lL�8h�fLo?{umxj�)Fegp8c7v8{umxfLsam mx~�jLo?fif^ln�8h�{go>)��0{zm�lneglLq8c8h
r&o?q8p8cwm\ji� � $ �Sh h,�Iegc8hkp8~�hkf�o\}Bln�8h -N�J.�eup8fyl�mxrSeu{uetl0���?jio>)Feup8�am\l ln�8h�{uo>)��0{um\lnetlnq8cSh�rHo?qSp8cwmxjy���8m>�xh
r&hkhkp jLhkv&o?jylnhkc rP��fih,�?h�jnmx{|mxqSln�So?jLfN~Y. o?p8hkf h�l mx{ � � �>�Ir�� � � �?eu{��IeuhFmxp8c � eglWKkhkpSjLhketlnh�j�� �>�IrI� �8�
h�o?p�h�l
mx{ � � �>�D�e| � � mxeuj��whk{gcKh�l�mx{ � � �x�?�x�e�p� ./o?p8h�f/h�l�m\{ � � �>�Dr���� fL�So8)(hkc lL�8h�cwm\l�m�eupSc8eu~km\lnegp8� ln�8h��?oxjilneg~ mx{
�wo>)Ff )F�Seu~�� m\jLh�~k{uoI~ �e)Feufihaegp lL�8h s�o?jLpSeup8�KfLegc8hamxp8c ~ko?q8p!lLhkjL~�{uoI~ �e)FeufLh eupXln�8h�h,�xhkp8egp8� fLegc8h�ox}
ln�Sh v8{zm\fLsam fL�8h�h�l �!$ �Sh�� r&hk{geuhp�?hkc lL�wm\l/ln�8h �xo?jilLeu~ m\{9s�oxlnego?p8f/mxjLh m\lLlLjLeurSqSlnh�c lno�lL�8h h " ~�egl�m�lneuoxp
ox}Fln�Sh&-N�J. egp8filnmxr8eu{gegl0� � � h�~kh�pPlL{g��� � mxegj{�wh�{uc h�l�mx{ � � �x�x�?� � jLhkv&o?jylnhkc@lL�8h7c8h�lnmxeu{ghkc hp�?h�pPl�fylnq8cS�
ox} ln�8h�o?rSfLhkj��\m\lnego?pXox}(lL�8h�-N�J. egp8filnmxr8eu{gegl0� r!�X~ko?s�vwmxjieup8��)Fegln� lL�8hkegj�~ko?s�vwmxp8ego?p vwmxv&hkj�ox} ln�Sh
� mx�xp8h�lLom�J.F�
cSjLo�cS�Ipwm\saeg~ ~ � . � � fLeus q8{zm\lLeuo?p`~ � lilno mxp8c � mxegj{�wh�{uc�� �x�?�x�e�p��$ �8h�� mxji�?q8h�c ln�wm�l
ln�Sh^s q8{tlneuvS{uh>~kjio?fLfieup8�?f4ox}wln�8h(rHoxq8p8cwmxjy� m\jLh^c8qSh lno�mN-��/. ) m*�?hFm\l9ln�8h^r&o?q8pScwmxji� mxp8c ~ko?p8~�{uq8cShkc
ln�8m\l^ln�Sh�{uo>)��0{um\lnetlnq8cSh r&o?q8pScwmxji�aox}�lL�8h � mxp��PfYm\jLh�-N�J. q8p8fyl�mxr8{gh�mxp8c�lL�8h�-N�J. eup8fyl�mxrSeu{uetl0��s q8fyl
r&h/m\p�egsav&o?jyl�mxp!lBvSjLoI~khkfif }�oxjBlnjnm\p8fi}�h�jLjLegp8��hkp8h�jL�x���Psao?s�hkp!lLq8s mxpScavwm\jilneg~k{ghkf4lLo�lL�8hFs m\�?p8h�lLoxl�m\eu{
c8q8jieup8� lLeus�hkfYox}B�?h�ji�Kp8o?jyln�e) mxjLc l � � �

$ �8h -N�J.`eup8fyl�mxrSeu{uetl0��m\l�ln�8h s mx�xp8h�lLo?fLv8�ShkjLeg~ r&o?q8p8c8mxji���wmxf4rHh�hkp filLq8c8eghkc r!�=p8o?p8{geup8hkmxj � . �
fLegs q8{um\lnego?p8f&~ ��euqSjnm
� �>�Irx� � �*�I�!�z�>�I�e| � � q.� �>�DrIO � � lLlLo mxp8c � m\euj{�8hk{uc.� �x�?�?�e�U� ��euqSjnm � �*�I�!���
�wm*�?h�c8h�saoxp8filLjnm\lLhkc7ln�8h�s�o?s�hkp!lnqSs lLjnmxp8fivHoxjil mx~�jLo?fif^ln�8h�r&o?q8p8c8mxji� rP� ln�8h�mxpSo?s m\{uo?q8f�~�h�c8cS� �
�Ieufi~ko?fiegl0��)F�8eu~��=euf9mxjLegfLh�p r!��ln�8h p8o?p+�V{uegp8h mxj�hp�?o?{gqSlnego?p o\}Sln�Sh�-N�J.@eupSfil�m\r8eu{gegl0��m\p8c ~�o?p8~k{gq8c8h�c ln�wm�l
ln�Sh -N�/. eup8fyl�mxr8eg{uetl0�a~kmxp rHh�m s m/�io?jY~ko?p!lLjLeurSqSlno?j^}�oxj^ln�8h��Ieufi~ko?fiegl0�KmxfFb " }�oxjLc�mxp8c ./eupShkf � �*�IO����
fLqS�?�?hkfylnh�c � l l(egf>o?p8{g� jLhk~�hkp!ln{t��ln�wm\l>lL�8h � . � mxpSc �Peup8h�lneg~ v8mxjilLeu~k{ghYfLegs q8{zm�lneuoxp8fB�wm*�?h�m\lLlLhks�vSlnh�c
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ln�Sh hk{ghk~�lnjLoxp��9fiq8c8c8h�p@eup8~�jLhkmxfLh�f eup ln�8h�s�e " eup8�KjLm\lnhamxjLhao?r8fihkj{�xhkc }�jio?s �!y |x� tGv�021 m\p8c lL�8hkegj
fL{go?v&hkf mxjLh�s q8~���fylnh�hkv&hkjFln�wmxpKln�8m\lFeup7ln�Sh��So?saox�?hkp8h�o?q8fF~ m\fLh�~ ��y � H �e�U�
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o?v8s�hkp!lLf�mxjih=fi�8o>)Fp eup � eu�xq8jLh '�� �+�I��$ �Sh=�K~koxsav&o?p8h�pPl/ox}BlL�8h � oxq8jLeghkjYlnjLmxp8fi}�oxjLs�hkc vHh�jilnqSjLr&hkc
euoxp �xhk{uoI~ketl0�Keuf eup!lnh��?jnm�lnhkc�eup ln�8h�� c8eujihk~�lLeuo?pKlnoao?rSlnmxeupKln�8h=vHo>)(hkj/ox}Bln�Sh ) m>�xh v8jio?vwmx�!m�lneupS�aegp
ln�Sh " c8egjLh�~�lnego?p � b/f�~ mxpXr&h fLh�hkp }�jLoxs � eg�?q8jih '�� �+� � ) m*�?h�f�o\}(fis m\{u{TsaoIc8h pPq8s rHh�jLf�}�jLoxs � lLo
O filnmxjilY�xjLo>)Feup8��m\lYmxrHoxqSl^l y '?� tGv��
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� eg�?q8jih '����>� � �Smxs�h�v8jioD�w{uh�f mxfFfL�8o>)Fp egp � eu� ��'����>r r8qSlF}�o?j^ln�Sh�h�{uh�~�lnjio?p �

s�e " eup8�KjLm\lnh � . hkp8~�halL�8h p8hp) rHoxjLpDo\}^ln�8hafLsamx{u{�fi~ mx{ghM) m*�?h�f�mxjLh�h " v&hk~�lLhkc lLo r&h�mxp h���~keghkp!l
s�e " eup8� sah�~��wmxp8egfLs �

l p�m�~kox{u{uegfLego?p+�0{ghkfif�v8{zmxfis mFlnjLmxp8f{�xhkjifLhYsamx�?p8h�lneu~ �wh�{uc ~�o?p��wp8h�fBln�8h(v8{zm\fLsam�mxp8c sae " egp8�/mxjLhkm�ox}
l/)(o v8{zm\fLsamxf>fL�8o?qS{uc r&h�)Fegln�Seupam=fL~kmx{uh/ox}|v8mxjilLeu~k{gh�� f(�\�
jio jLmxc8euqSf �q$ �8h/sae " eup8��jnm�lnhkf ox}�ego?p�� f m\p8c
hk{ghk~�lnjLoxp�� f�eup!lLhk�?jLm\lnh�cDeupXln�Shafieus q8{um\lnego?p c8o?samxegp����8o>) hp�?h�j���jLhp�?hkmx{ m\{us�o?fil�lL�8hafLmxs�hav8jioD�w{gham\f
fL�So8)Fp eup � eg�?q8jih '�� �x��� � eg�?q8jih '�� �?� fL�8o>)FfFln�8h�s�e " eupS� jnm\lLh�ox}9euo?pKmxpSc h�{uh�~�lnjio?pKfLpwm\v8fL�8o\lLlnh�c m�l
l y OIO H ' tGv��
1 �D)F�8eg~���egf)�iq8fyl>m\} lnh�j4ln�ShYo?p8fLh�l�ox} ln�ShYfLhk~�o?p8cwm\ji� ��� $ egp8filnmxr8eu{gegl0� � ��mx~kjio?fL~�o?v8eu~kmx{u{t���
)(hk{u{�s�e " h�c jihk�?ego?p8f�mxjih ~ko?pS~khkp!lLjnm\lLhkcDegp ln�8h�~koxpPlnmx~�l�egpPlLhkjy}�mx~kh�ox} ln�8h�c8h�p8fLetl0�Xmxp8cXln�Sh�fiv8jLhkmxc
ox}(ln�8h�s�e " eup8�Km\jLh mKeuf�o?pXln�Sh�fi~ mx{ghkf�ox} ln�8h�vwmxjylneu~�{uh � f��x�Ijio�jLmxc8euqSf � ��eu~�jLo?fi~ko?v8eg~ mx{g{g���|�8o>) hp�?h�j��
ln�Sh hk{ghk~�lnjLoxp c8hkpSfLegl0��eup!lLhkji}�m\~kh m\jLh fylnjio?p8�?{t�Kc8h�}�o?jisah�c )FeglL� �wp8h=fL~kmx{uh=filnjiq8~�lLq8jLh�f�mxf�et}Bln�Sh�� �w{u{
eup7lL�8h�~k{uoxq8cKox}9lL�8h�euo?pSf��8s�e " eupS��mxjLhkm �

� h�}�o?jis m�lneuoxp ox}�lL�8h/h�{uh�~�lnjio?p�c8hkp8fiegl0��eup!lLhkji}�m\~khFeuf>~ m\q8fLh�c�r!� ln�8h filLjLo?p8��hk{ghk~�lnjLeg~ �whk{gcah " ~�eglLhkc
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jLh�fLq8{tlF}�o?j ��y � H � ��� H �
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��� $ egp8filnmxr8eg{uegl0� egf�fiq8s�s mxjie K�hkcXeupXb�vSvHh�p8c8e " � ��eup�)F�8eu~��Xln�Sha{geup8hkmxj�mxpwm\{g�IfLegf�fL�8o>)Ff=lL�wm\l�ln�Sh
c8e���h�jLhkpS~khFeup lL�8hF�?jLo>)Yln��jnm�lnhYr&h�l/)(hkhkp�ln�8hFegc8h mx{8mxp8c ln�8hYl/)(o �8q8euc � . � jihk�?egsah^egfBp8h��?{ueg�?eur8{gh egp
ln�Seuf fLeglLqwm\lLeuo?p �s� � eu�xq8jLh '�� �D' fi�8o>)Ff�ln�8h mxr8fio?{uqSlLh!�\mx{gq8h�ox}Bln�Sh hk{ghk~�lnjLeg~!�8hk{uc�p8o?jis mx{ge K�hkc rP� ln�Sh
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lnqSjLr&hkc ego?p��xhk{go
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Initial density profile Snapshot of the simulation

λ / rgi

=1.0

λ / rgi

=4.0

λ / rgi

=2.0

� eg�?q8jLh '�� �\� � $ �8h eup8etlnezm\{u~�{uh�} l ~�o?{uqSsap � mxp8c ln�8h�fipwmxv8fi�8oxl ~�jLeg�?�!l ~�o?{uq8s�p � ox}Yln�Sh�euo?p c8hkpSfLegl0�
v8jioD�w{uh�fBmxjih fi�8o>)Fp }�o?j9cSe%�HhkjLh�p!lBeupSeglneumx{?fi�8h mxjB)FeucSlL�8f�tGv\j�w/x � $ �8h^mxr8fL~�eufifnm�fi�8o>)Ff4ln�8h(�=~�o
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lnoxvXlLo7ln�8h�r&oxlLlLo?s,lL�8h�jLhkfiq8{glLf�}�o?j!t=v�j{w/xBy � H � � � H � �n� H � mxjih fL�8o>)Fp`)F�Seu~�� mxjLh�o?rSlnmxeupShkcXm\l�ln�Sh
lnegsah/l�y |D� H Oe�
�U|D� H �e|
�n�e� H �?� tGv��
1 �8jihkfivHh�~�lne��?h�{g� �
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� eg�?q8jLh '�� �I| � $ �Sh fLpwm\v8fL�8o\l�ox}�lL�8h c8h�p8fLetl0� v8jLoD�8{uh )F�Seu~�� egf/fieus�eu{zm\j^lnoalL�8h r&oxlilno?s jieu�?�!l/vwmxp8h�{
ox} � eu� � '�� �\� euf�fL�So8)Fp eup ln�Sh�fLmxs�h }�o?jLsam\l�ox} � eg� � '�� �\�j� $ �8h�)Feuc
ln�Xox} ln�8h�c8h�p8fLetl0�Xeup!lnh�ji}�mx~�h
r&h�l/)(hkhkp�ln�8h�l/)(oa�8oxjLe K�o?p!l�mx{|mxjLjio8)FfFegfYhkfilLeusam\lnh�c �

jnm\c8euq8f�o>�?h�j )F�8eg~�� ln�Sh hk{go?p8�!m�lneuoxp o\} ln�Sh fLv&hk~�lnjiq8s euf�eup8�8egr8eglLhkc � b/} lLhkj�ln�8h�lnegsah l y O?� t=v��
1
}�jLoxs ln�8h�{go?p8�?h�fil�-N�J. s�o
c8h�lLo�lL�8h�fL�8o?jylnh�fil/euo?pKfL~kmx{uh�s�o
cSh�mx{u{ ) m*�?h�f�ox}9ln�8h�fL~kmx{uh�f/~�o
h " eufil egp
ln�Sh�{zm\lLhkj v8mxjilYo\}�lL�8h�fLegs q8{um\lnego?p � b^l^ln�8h�lLeus�h�)F�8h�p7ln�8h�h�p8hkji�x� lLjnmxp8fivHoxjilYlno lL�8h�fi�8o?jilLhkj�) m*�?h
s�o
c8h�f(fyl�mxjylnf^~�o?jLjihkfivHo?pSc8f lno�ln�8h/o?p8fih�lYox}�ln�8h/fLhk~�o?p8cwm\ji� � � $ eup8fyl�mxr8eg{uetl0� mxp8c �iq8filLe%�wh�f(ln�Sh ��� $
eupSfil�m\r8eu{gegl0�amxf m fLhkh�c�}�o?j^lL�8h�lnq8jir8q8{ghkp8~�h �

$ �8h vHo>)(hkj fLv&hk~�lLjLq8s egf>m*�?hkjLmx�?h�c eup lL�8hFeup!lnh�j{�\mx{8l�y |x��� �>�D� t=v ��1(mxp8c�euf�fL�So8)Fpaeup � eg�?q8jLh
'�� �Dr��`$ �8h7fLo?{geuc@{geup8hafL�8o>)Ff�ln�8h7jihkfLqS{gl }�o?j � y � H � mxp8c@lL�8h7fLo?{geuc@jihkc {uegp8h fi�8o>)Ff�lL�8h7jLh�fLq8{tl
}�o?j ��y � H �+� b/pXhkp8h�jL�x� ~ mxfi~ mxc8h lLo7fL�8o?jylnh�j�)^m*�?h�f=egf�h,�Iegc8hkp!l�eup lL�8h jLh�fLq8{tl�}�o?j ��y � H � )F�Seu{uh
ln�Sh={go?p8�?h�fil�-N�J.dsaoIc8h�c8o?s�eup8m\lnh�f egp lL�8h�jLhkfiq8{gl }�o?j �`y � H ����$ �8h h�{uo?pS�!m\lnego?p7ox}9ln�8h=fLv&hk~�lLjLq8s
jLhkmx~��8h�f/ln�Sh=fi~ mx{gh=ox}4euo?p7lL�8hkjis mx{��\�
jioajLmxc8egq8fFrHh��?o?p8c )F�8eu~�� ln�8h�vHo>)(hkj ox}4lL�8h�)^m*�?h eufFfL{geu�?�!ln{t�
cwmxs�v&hkc mxfF~ko?s�vwmxjihkc7lno�ln�Sh�jihkfiq8{glY}�o?j � y � H �+�
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K−H mode

� eg�?q8jLh '�� �DO � $ �8hFlneus�hFv8jLom�w{uhFox}Hln�8h �Peup8h�lneu~FfivHh�~�lnjiq8s o?rSl�m\eup8h�car!��hk� � ~ '�� �e� egp�lL�8h/fieus qS{zm\lLeuo?p
}�o?j ��y � H � egf�fi�8o>)Fp ��$ �8h mxr8fL~�eufifnm�fi�8o>)Ff4ln�8h ) m>�xhYpPq8s r&hkj�eup=lL�8h " cSeujLh�~�lLeuo?p mxp8c=lL�8h oxjLc8egpwm\lnh
fL�So8)FfFln�Sh�lLeus�h � $ �8h�filLjLh�p8�xln��eupK~kox{uo?j^egp8c8eg~ m\lLh�ln�8h�v&o8)(hkjFox}�ln�Sh�) m*�?h �

ion inertia length

ion thermal gyro radius

� eg�?q8jLh '�� �D� � $ �8h�lnegsah/v8jLom�w{uh�o\}9lL�8h �Peup8h�lneu~�fLv&hk~�lLjLq8s eup�ln�Sh�fLeus q8{zm\lLeuo?p�}�o?j � y � H � egfYfL�8o>)Fp
eup7lL�8h�fnmxs�h�}�o?jLsam\lYo\} � eg� ��'�� �DO��
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Ion thermal gyro radius

� eg�?q8jLh '+� �Dr �B�9o>)(hkj(fLv&hk~�lLjLq8s ox}&ln�Sh " ~�o?sav&o?p8h�p!l(o\}�ln�Sh/h�{uhk~�lnjieu~��wh�{uc�m*�xhkjnm\�?hkcaeup�ln�8hFeup!lLhkj{�\mx{
l y |x��� �>�I� t=v��
1 ��$ �8h fLox{ueuc {uegp8h�fL�8o>)Ff�ln�Sh jLh�fLq8{tl�}�o?j �gy � H � mxp8c lL�8h fLox{ueuc jLh�c {uegp8h�fL�8o>)Ff
ln�Sh�jihkfiq8{glF}�o?j ��y � H �4�

� ��� � �<( (  #�52D A��� � �=
�",��
E
5�=�H�

$ )(om�0c8egsah�p8fLego?pwmx{ � . � mxp8c }�qS{u{ vwmxjylneu~�{uhFfLegs q8{um\lnego?pao\}|ln�8hN-�hk{%�Iegp+�J. hk{us��8o?{tlLKYegp8filnmxr8eu{gegl0� �8m>�xh
fL�So8)Fp lL�wm\l4lL�8h^egp8�8o?s�o?�?h�p8hketl0��eup �wqSeuc egp8c8q8~�hkf4lLq8jLr8qS{uhkpS~khYmxpSc hkp8�wm\p8~kh�f�sae " egp8� ox}wl/) o�s�hkcSezm �

l p lL�8h�euc8hkmx{ � . � fLeus q8{zm\lLeuo?pSf/ln�Sh�lLjLeg�?�?hkjif�ox} ln�8h�o?pSfLh�l=mxjih ln�8h�fihk~koxp8cwmxjy� -��/. mxp8cXln�Sh
� mG�I{ghkeu�x�+� $ m �
{go?j�eup8fyl�mxr8eg{uetlneuh�f�)F�8eu~��@�xjLo>) eup8fieuc8h�ln�8h�pSo?jLsamx{�-��/. �xo?jilLh "=� � qSjiln�ShkjLs�o?jih��Bln�Sh
��� $ eup8fyl�mxr8eg{uetl0�Dm\{ufLoXv8{um �
f�mxp egsav&o?jilnmxp!l jLox{uh�egp lL�8hKs m\fLf lnjLmxp8fLv&o?jyl lno ln�8h7lLhkpPq8o?q8f�jLh��?euoxp
)F�8eg{uh ln�8h�fLh�~ko?pScwmxji�`-N�J. egp8filnmxr8eu{gegl0��euf��iq8fyl mKfLh�hkcD}�o?j�lL�8h�lLq8jLrSq8{uh�p8~kh � b�{tln�8o?qS�?� ln�8h�fLhal/)(o
fLh�~ko?pScwmxji� egp8filnmxr8eu{geglLeuhkfFln�Shks�fLhk{��?h�f mxjih�~�{zmxfifLeg~ mx{ �|ln�8h�h " ~�egl�m�lneuoxp o\}^fLh�~ko?pScwmxji�Xegp8filnmxr8eg{ueglLeuh�f��|egp
vwmxjylneg~kq8{umxj��4lL�8h�� � $ eup8fyl�mxr8eg{uetl0�XrP�@mXpSo?jLsamx{�-��/.3eup8fyl�mxrSeu{uetl0�Xeup m l/)(om�0c8egsah�p8fLego?pwmx{ v8{umxp8h�egf
m p8h,) ~ko?pS~khkv
l � � p8~�hKlL�8hKo?p8fih�l�euf lLjLeg�?�?hkjihkc lLq8jLr8qS{uhkpS~khKeuf �xhkp8h�jnm\lLhkc`fLeupS~kh�ln�Sh fiq8r8fihk�Pq8hkp!l
�8eg�?�8hkj�oxjLc8h�j�eup8fyl�mxr8eg{uetlneuh�f�m\jLh eupSc8q8~kh�c r!� lL�8h�v8jLhU�0h " ~�eglLhkc`-��/. mxp8c ��� $ ~ � o?q8pS�?f�� �>�Ir\� � � q8p
h�l�mx{ � � �>�I�e|D� egp8filnmxr8eu{geglLeuhkf ��$ �8egf�~��wmxegp+�0jih mx~�lnego?p ~�o?p!lneupPq8h�f�q8p!lneg{�ln�8h=c8eufifLeuv8m\lnego?p�o>�xhkjL~�o?s�hkf�ln�Sh
eupSfil�m\r8eu{geglneghkf ~ � eg� � '�� �D�e�U�M$ �Sh�s�hk~��8mxp8eufis euf�lL�8hkjih�}�o?jihamKfilLjLo?pS� pSo?p+�0{geup8hkmxj�~�o?q8v8{geup8� mxp8cXln�Sh
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� eg�?q8jLh '�� �D� ���I~��8hksam\lneg~]�Iegh,)@ox}
ln�8h fLh�{g} �VfLeus�eu{umxj�fy�Ifilnh�s oxrSl�mxegp8hkc�r!��ln�8h euc8hkmx{ � . � fLegs q8{zm�lneuoxp �

fi�Ifylnhks �8mxf�m�fLh�{g} �0fieus�eu{umxjLetl0� )F�8eu~��X~kmxpXrHh jihk{zm�lnhkc lLo7ln�8h v&o>) h�j�{um*) fivHh�~�lLjLq8s o\} lL�8h �Peup8h�lneg~
hkpShkjL�\� �

l pNm }�q8{g{^vwmxjylneu~�{uh�fieus qS{zm\lLeuo?pDlL�8h fLeus�eu{umxj�o?p8fLh�l o\}/lL�8hKfLhk~�o?p8cwm\ji� eupSfil�m\r8eu{gegl0� eup8c8qS~khkf�ln�Sh
lnqSjLr8q8{ghkp8~�h�mxp8c�mxfFm�jihkfiq8{glYlL�8h�vwmxjilLeu~�{uhkf eup8etlnezm\{u{g��{go
~km\lnh�c7eup7ln�Sh�cShkp8fih=jihk�?ego?pKmxjLh�lLjnmxp8fivHoxjilnh�c
mx~�jLo?fif9ln�Sh r&o?q8p8cwm\ji�=mxp8c jih mx~�� m\l9lL�8h oxv8vHoxfLeglLh(r&o?q8pScwmxji���?h " ~�hkvSlBlL�wm\l�ln�8h(o?p8{t� � � $ eup8fyl�mxrSeu{uetl0�
o>) h�fBmxf9m/fihkh�c }�o?j�ln�8h>lnqSjLr8q8{ghkp8~�h fieup8~�h lL�8h(fihk~�o?p8cwmxjy� ��� $ eup8fyl�mxrSeu{uetl0���?jio>)Ff9egp�lL�8h]�8jLfil9lnq8jip8eupS�
o>�?h�j�s�oxlnego?p m\lFln�8h=o?qSlnh�jFhkc8�?h=ox}4lL�8h �xo?jilLh "=� $ �8h=c8e%�Hhkjihkp8~�h�}�jio?s3ln�8h�jLh�fLq8{tl�egp�egc8h m\{ � . � � f
euf(ln�wm\l ln�8h�jLh�mx{�)^m �IfYh " eufylnf^lL�8hkjis mx{ �wq8~�lnqwm\lLeuo?pSf^ox}��8oxlYvS{zmxfis m m�l^ln�8h�c8hkp8fiegl0�7egp!lnhkjy}�mx~kh�eup�ln�Sh
}�q8{g{|vwmxjylneu~�{uh�fieus q8{um\lnego?p ��$ �8h��wp8h�fil�fL~ m\{uhkf )F�8eg~�� egf cSh�lnh�jLs�eup8h�c�r!� m�pPq8sah�jLeg~ mx{�c8egfLfieuvwm\lLeuo?pKegp
m7euc8hkmx{ � . � egf�~��wmxjnm\~�lnh�jLe%Kkhkc r!� euoxp c
�
p8mxsaeg~kf � $ �8h�filnh�hkv&hkp8egp8� ox}(lL�8h�c8hkpSfLegl0�Xegp!lnhkjy}�mx~kh�m�l
ln�Sh�oxqSlnh�jYhkc8�?h�ox}�ln�Sh��xo?jilLh " egfYeup8�8egr8eglLhkc�r!�7lL�8h�euo?pK�x�Ijio�s�oxlLeuo?p��Smxp8c7ln�Sh�h�p8hkji�x�7~kmxfL~kmxc8h�rP�
ln�Sh�lLq8jLr8qS{uhkpS~kh�euf�hk{go?p8�!m�lnhkcXlno7lL�8hafi~ mx{gh�ox}^ego?pX�x�IjLo jnmxc8egq8f�r&h��?oxp8c�)F�8eg~�� lL�8hav&o>) h�j=o\} ln�Sh
) m>�xhkf�mxjLh�fL{geu�?�!lL{g��cwmxs�vHh�c �

$ �8hKv8jLh�fLh�pPlafilLq8cS�@egsavS{ueuh�f m fieu�?p8e��w~ m\pPl fLq8�?�xhkfilLeuo?p@lL�wm\l�~ m\p`r&hKmxv8vS{ueuh�c lnoXm �\mxjLegh�l0� ox}
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�wh�{uc8f mxf�)(hk{g{�mxf�lnoDlL�8h egp!lnhkjLmx~�lLeuo?pQrHh�l/) h�hkp�lL�8h fLox{zmxj�)Feup8cNmxp8cNlL�8h hkmxjilL��samx�?p8h�lno?fiv8�8hkjih
fLegp8~kh ln�8h�c8hkp8fiegl0��eup!lLhkji}�m\~kh�)Fetln�7m��?h�{uoI~kegl0��fi�8h mxj ~ mxp�r&h�fihkh�pKmxp!�4)F�ShkjLh�m\p8c ln�Sh�s�hk~��wmxpSeufLs egf
}�q8p8c8mxsah�p!l�mx{g{g�a�P�Ic8jio
c
�
p8mxsaeg~ �

�?�
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$ �8hFcwm*)Fp+�Vc8q8f ��m\fi�Isas�h�lLji� eup ln�8hFv8jio?v&hkjil0� ox}HlL�8hYeuoxp�~�o?s�vHo?pShkp!lnf�egp�lL�8hF{uo>)`{zm\lLeglLq8c8h^r&o?q8p8c4�
mxjy� {zm �?h�j ~ nBn ��nB� ) mxf jihkv&o?jilLhkcNr!� � q��ieus�oxlLo h�l mx{ � � �*�I�Ir �Y��l p`ln�8h�c8q8f �`fieuc8hKox}�ln�8h n5n � n �
l/)(oa~�o?sav&o?p8h�p!lnf ox}9lL�8h�s m\�?p8h�lLo?fLvS�8hkjieu~�mxp8c samx�?p8h�lno?fi�8h m\lL��oxjLeu�xeup7mxjih�o?r8fLh�j{�xhkc )Fetln�K~k{gh mxji{g�
fLh�vwmxjLm\lnh�c l/) o v&h m �Pf egpDhkpShkjL�\�@mxf=fL�8o>)Fp eup � eu�?q8jih '+� �+� � p ln�8h�o\ln�8h�j �wmxpSc��Bln�8h {uhkfif ~�{uh m\j
c8egfilnegp8~�lLeuo?p eupKhkp8h�jL�x�7mxjLh�o?rSfLhkj��?h�c eup7lL�8h�cwm*)Fp�fieuc8h ��$ �8h��Kh " vS{zmxegp8hkc�lL�wm\lYln�SeufFmxfy�
s�s�h�lnjy��egf
o?jieu�?egpwm\lnh�c�}�jio?sdln�8h(~kjio?fLf4lnmxeu{Psamx�?p8h�lneg~(c8jieg} l�ox}wlL�8h v8{umxfLsam/fi�8hkh�l�euoxp8f��\r8jLegp8�?eupS�/s�o?jLh(hkp8h�jL�?h�lneg~
euoxp8f^lno ln�Sh�cSq8f �7fieuc8h�~Z�
mxjnm\}�oxvHo?qS{uo?f^h�l/mx{ � � �x�x���8�p�

$ �8euf �Pegp8c ox}(mxfi�Is�sah�lnjy� �wmxf�mx{ufio7rHh�hkpXjLh�~ko?�?pSe Kkh�c mxf�m7v8jLoxr8{uh�s,ox}>lL�8h eup8etlneumx{�{uo!m\c8eup8�aox}
ln�Sh�vwmxjilLeu~�{uhkf(eup7m pSo?p+�0qSp8eg}�o?jis hk{uh�~�lLjLeu~��whk{gc�}�o?j^m vwm\jilneg~k{gh�fLegs q8{um\lnego?p ~ �^mxe|h�lFmx{ � � �*�I�?� � �^mxe|h�l
mx{ � � �*�I�I' m � ��jiegln~��Sh�lLl�� �>�I�I'I�p� �^mxe�h�l/mx{ � � �>�I�?��� fL�8o>)(hkc lL�wm\lFln�Sh �Pegp8h�lLeu~�hk�Pq8eg{ueurSjLeuqSs egf cSe%�HhkjLh�p!l
eup`m v&o?fLetlne%�xh ~�c8qSf � � mxp8cQmXpShk�!m\lLe%�xh�~�cwm*)Fp � fL�8hkmxj�{zm �?h�j�� rHo\ln�`ox}�)F�Seu~��`mxjLhKs�o
cSe%�wh�c }�jLo?s
ln�8m\l^egp � . � et}|ln�Sh��?h�{uoI~ketl0�afi�8h m\j^euf(filnjio?p8� h�p8o?q8�x� ~ �

� ���
� ���
� � � � �>�p��$ �8h�� h " vS{zmxegp8hkc lL�wm\l(ln�8egf

c8e���h�jLhkpS~kh�~�o?s�hkf(}�jio?s ln�Sh�c8e���h�jLhkpS~kh�egp�lL�8h�v&oxlnh�p!lnezm\{ ~�p8o?p+�Vq8p8et}�o?jLs h�{uhk~�lnjieu~��whk{gc � fylnjiq8~�lLq8jLh�m\f
eupSc8eu~km\lnh�c�egp � eg�?q8jih ���%�I� l o?p8f eup�mav&o?fLetlne%�xh�fL�8hkmxj�mxjio?q8p8cKln�Sh o?jieu�?egpKmxjLh�eup filnmxr8{uh�hk�Pq8eg{uegr8jLegq8s
~�{gh�} l eup � eg� �4���%�8� )F�8eg{uhFeuoxp8f>eupam�p8h��!m\lLe%�?h fL�Sh mxj(mxjLhFegpaq8pSfil�m\r8{uh hk�Pq8eg{ueurSjLeuqSs
~�jLeu�x�Pl egp � eg� ���j�%�>�
)F�8o?fih�o?jLrSeglnf c8e%�xhkjL�xh�m*)^m ��}�jio?s lL�8h�fi�8h mxjY{um �?hkj � ./h�p8~kh �8ln�8h�ego?p8f^egp7m p8h��!m\lne��?hN�xhk{go
~�egl0�afL�8hkmxj
{zm �xhkj^�wm*�xh�h,�Hhk~�lne%�xhk{t� {umxjL�?h�j �x�Ijio jnmxcSeue-�e)F�8eg~��7~ mxp rHh�m=fil�m\r8eu{ge Kkegp8��h,�Hhk~�lFo?p ln�Sh�{uegp8h mxj �?jio8)YlL�
ox}�ln�8h!-N�J. egp8filnmxr8eg{uegl0� �

l l �wmxf�r&hkhkpamx{gfLo�jLh�vHo?jylnh�c�lL�wm\l�lL�8hFp8o?p+�V{ueupSh mxj9c8h,�xhk{uoxv8sah�p!l(o\}HlL�8hu-��/.NeupSfil�m\r8eu{gegl0��jLhp�?h m\{uf m
cwm*)Fp+�Vc8q8f ��mxfi�Is�sah�lnji� � � eu{grHh�j^mxp8c � egp8�?{uh�h � �>�I�e| � cShks�o?p8filLjnm\lLhkc7ln�Sh�}�q8{u{HvwmxjilLeu~�{uh�fieus qS{zm\lLeuo?p
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Ion
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fL�Sh mxj7{umG�xhkj�fiv8jLhkmxc�)FeglL�8eup�m fL~ m\{uh )F�8eg~���euf�fi{ueg�?�!ln{g� fis m\{u{uh�j�lL�wmxp�lL�8h ln�ShkjLsamx{/�x�IjLo jLmxc8euqSf
c8hp�wp8hkc egp ln�Sh jLh��?euoxp � y � �G� t � � p ln�8h�o\ln�8h�j �wmxpSc��Bln�8haeuo?pSf eup ln�8h p8hk�!m�lne%�xh fi�8h mxj {zm �?h�j
�Pq8eu~ �P{t� c8e%�Hq8fih�egp mKfi~ mx{gh )F�8eu~�� euf�m\rHo?q
l�l/)Feg~kh�{zm\jL�?h�j�ln�wm\p lL�8h ln�8h�jLsamx{B�x�IjLoKjLmxc8euqSf � $ �8h�fLh
jLh�fLq8{tlnf�eup8cSeu~ m�lnh ln�8m\l�ln�8h�euo?pSf�eupXln�8h �?h�{uoI~ketl0� fL�8hkmxj�p8h,)F{t�Xeup8c8qS~khkcDm\l�ln�8h�o?qSlLhkj�hkcS�?hao\} ln�Sh
�?oxjilnh " mxjLh�)(h m �I{t�Ko?jYfilLjLo?pS�?{g� fL~ m�lLlnh�jLh�c �

� h�lnq8jip8eupS��lno�ln�ShYjLhkfiq8{gl>fi�8o>)Fpaegp � eg� �9���}| �!oxp8h^jLh�~ mx{g{uf4lL�wm\lBlL�8h�-N�J.Negp8filnmxr8eg{uegl0��egp8c8q8~�hkf�ln�Sh
filLjLo?pS�!�xhk{uoI~ketl0� fL�Sh mxjif m\l>lL�8hFo?qSlnh�j(h�c8�?hFox}Hln�8h �?oxjilnh " eup ln�8hFp8oxp+�0{geup8hkmxj�filnmx�?h � l p�lL�8h/pShk�!m\lLe%�xh
��jLh��?euo?p�ln�8h/fL�8hkmxj {um �?hkj(~ko?jijLh�fLv&o?p8c8f lLo=lL�8h�p8h��!m\lLe%�?h/fL�8hkmxj^m\p8c ln�Sh�o?v8v&o?fieglnh fLegc8h�~�o?jLjihkfivHo?pSc8f
lno�ln�Sh�v&o?fieglne��?h�o?p8h � ~ � o?j^ln�8h�fLm �xh=ox}4fieus�v8{ueg~ketl0���
lL�8h�o?qSlLhkjFhkc8�xh=ox}�ln�Sh!�xo?jilLh " eup7lL�8h=pShk�!m\lLe%�xh
��jLh��?euoxpaegf(samxeupS{g��}�o
~�q8fLh�c�fLegp8~khFln�wm�l jihk�?ego?paegf>eus�vHo?jyl�mxp!l�}�o?j�lL�8h lLjLeg�?�?hkjieup8��s�hk~��wm\p8eufis ox}|ln�Sh
filLjLo?pS��lLq8jLr8qS{uhkpS~kh � . hkjihkeup8m\} lnh�j��e) h ~ m\{u{8ln�Seuf>jLh��?euo?p � ln�8h jLh��?euoxp o � �s� b�~k~�o?jLcSeup8��lno�ln�8hFv8jih,�Ieuoxq8f
jLh�fLq8{tlnf �&lL�8h ego?p8f �wm*�?h hp��h�~�lne��?h�{g� {zmxji�?hkjF�x�Ijio�jnmxcSeue�eup ln�8h=p8hk�?m\lne��?h�fL�8hkmxj�{umG�xhkju)F�8eu{gh�lL�8h���mxjih
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~koxp��wp8h�c eup�lL�8h ~�hkp!lnh�j�ox}�ln�Sh v&o?fLetlne%�xh=fi�8h m\j�{zm �?h�j ��$ �8euf/~��wmxjnm\~�lnh�jLegfilneg~ egf�~k{gh mxji{g�Kegp8c8eu~km\lnh�c egp
� eg�?q8jLh �j�(� eupk)F�8eu~�� m�fLqSs o\}4ln�Sh=ego?p m\p8c�lL�8h=h�{uh�~�lnjio?p s�e " egp8��jnm\lLh ~�hk�Pp � ~ �4� �i�{� eufFfL�8o>)Fp }�oxj
~�b � lL�8h�v&o?fLetlne��?h�~ 	
�����
� � �e� mxp8c�~ � � lL�8h�p8h��!m\lLe%�?h�~ 	
� ���
� � �e� fL�8hkmxj ~kmxfLh�f � ~ � o?j(m*�?o?egc8eupS�
mxp!��~koxpS}�q8fLego?p8f � � vHoxfLeglLe%�xh�~�p8hk�?m\lne��?h � fL�Sh mxj ~ mxfih��Ip8oxlLhkf>ln�8h eup8etlneumx{+�xhk{uoI~ketl0� fL�Sh mxj ~ko?pSc8eglLeuo?p��!e � h � �
m�fLeu�xp�o\} 	
� � �
� �Imxp8c � vHo?fieglLe%�?h ~�p8hk�!m�lne%�xh � fL�Sh mxj {zm �?h�j��!p8o\lnhkf>ln�Sh pSh,)F{g��egp8c8q8~�hkc��?h�{uoI~kegl0� fL�8hkmxj
m\l�lL�8h�o?qSlLhkj�hkcS�?h ox}>ln�8h �xo?jilLh " egp ln�8h�p8oxp+�0{geup8hkmxj/fyl�mx�xh�o\} lL�8h�-N�J. egp8filnmxr8eg{uegl0� �}��$ �8h v8jioD�w{gh
eufFfipwmxv8fi�8oxlLlLhkc �iq8fyl�vSjLeuoxjFlLo�lL�8h oxp8fLh�l�ox}4ln�8h�fLh�~ko?p8c8mxji� eupSfil�m\r8eu{gegl0��egp lL�8h�vHo?fieglLe%�?h�fi�8h mxj/~ mxfih
~�b � � mxp8c ln�Sh�~�o?jLjihkfLv&o?p8cSeup8� v8jLoD�8{uhKeuf l�m �xhkpQ}�o?j ln�8h p8hk�?m\lne��?h fL�8hkmxja~kmxfLh�~ ���p� $ �8h pPq8s rHh�j
c8h�p8fLetl0� v8jioD�w{uh�f�mxjih mx{gfLo�fi�8o>)FpX}�oxj�~ko?s�vwmxjieufio?p egpg~ � � mxpScg~ � � }�oxj�h m\~�� fieus qS{zm\lLeuo?p jLq8pSf ��l p
ln�Sh v&o?fieglne��?h7fi�8h mxj�~ m\fLh�~�b � �Bln�8hKfiq8s ox} ln�8hKs�e " eup8� jLm\lnh7lnm �xh�f m��\mx{uq8h � egp`lL�8hKjLhk�xeuo?p o �
eupSc8eu~km\lnegp8��ln�8m\l>ln�8hFs�e " eup8��jLhk�xeuo?p�ox}&ln�8hFego?p�euf�{ue �xh�{g� lLo�~ko?egp8~kegc8h�)FeglL��lL�8hYln�wm�l(o\}HlL�8hFhk{uh�~�lLjLo?p �
l p7ln�8egf^~ m\fLh��8lL�8h�jLh��?euoxp o ~ko?jijLhkfivHoxp8c8fYlno ln�Sh�vHo?fieglLe%�?h�fL�8hkmxjY{zm �?h�j�)F�8eu~��Khp��h�~�lne��?h�{g�7c8h�~kjih mxfihkf
ln�Shaego?pX�x�IjLo jnmxc8egq8f ��$ �8h �qn � h,�Hhk~�l=ox}(ln�8h�euoxp8f�ln�8h�jLh�}�oxjLh�) hkm �P{g�Xo?v&hkjLm\lnh�f�lLo�fyl�mxr8eg{ue%Kkh ln�Sh
fLh�~ko?pScwmxji�`egp8filnmxr8eu{gegl0���(fLmG��� ln�Sh ��� $ egp8filnmxr8eg{uegl0� mxp8c`ln�Pq8falL�8h jLhk�xeuo?p o egf�c8hkfyl�mxr8eg{ue%Kkhkc`h,�xhkp
ln�So?q8�?�DlL�8h fi~ mx{ghao\}^ln�8h c8hkp8fiegl0� eup!lLhkji}�m\~kh egf=o\}^ln�8hao?jLcShkj o\}^ln�8haeuo?p ln�8h�jLsamx{>�x�IjLo jLmxc8egq8f m\f
fL�So8)Fp�eup � eu� �X'�� �I|+� � p ln�ShYoxln�8h�j��wmxp8c.�!eup ln�ShYp8hk�!m�lne%�xhYfL�8hkmxj>~ mxfih!~ � � �xln�ShYfLq8s o\}&lL�8hYs�e " eup8�
jnm�lnh egp ln�8h jLhk�xeuo?p o jLh,�xh mx{gf�saoxjLh cSe%�Hq8fLe��?h v8jioD�w{gh���egp8c8eg~ m\lLeup8��ln�wm�l�ln�8h euo?p8f�mxjLh fi~ m\lilnh�jLhkcXegp
ln�Sh r8jLo?mxc8hkj�mxjLhkm ��$ �8egf�jihk�?ego?p ~�o?jLjihkfLv&o?p8cSf�lno lL�8h p8h��!m\lne��?h=fL�8hkmxjN)F�8eg~�� h,�Hhk~�lLe%�xhk{g��eupS~kjLhkmxfLh�f
ln�Sh euoxp��x�Ijio�jnmxcSeuq8f � . hkp8~�h��&ln�8h=eup8~�jLh m\fLhkc �qn ��hp��h�~�l�o\}Bln�8h�euoxp )FeglL� jihkfLv&hk~�l�lno�ln�8h=c8hkpSfLegl0�
eup!lLhkji}�m\~kh fylnjio?p8�?{t�Ko?vHh�jnm\lLhkf lno fyl�mxrSeu{ue%Kkh�lL�8h fihk~koxp8cwmxjy� egp8filnmxr8eu{gegl0��� mxp8c m\~k~koxjLc8egp8�?{g���wln�8h=o?p8fLh�l
ox}�ln�8h�fylnjLoxp8��lLq8jLrSq8{uh�p8~kh �

� ��� � �<( (  #�52D A��� � �=
�",��
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$ �8h }�qS{u{Tvwmxjylneu~�{uh�fLegs q8{zm�lneuoxp8fFox}Bln�Sh -N�J. egp8filnmxr8eg{uegl0� eup lL�8h fylnjLm\lne��whkc fi�8h m\j�{zm �?h�j��wm*�xh fL�8o>)Fp
ln�Sh/m\fi�Isas�h�lLji� egp ln�8hFp8o?p4�0{uegp8h m\jBc8h,�xhk{go?v8s�hkp!l r&h�l/)(hkh�p ln�Sh v&o?fieglne��?hFmxpSc�lL�8hFp8hk�!m�lne%�xh �?hk{go
~�egl0�
fL�Sh mxj ~kmxfLh�f �zl p lL�8h7vHoxfLeglLe%�xh�fL�8hkmxj ~ m\fLh�ln�Sh7o?p8fLh�l�ox}Fln�8h7fihk~�o?p8cwmxjy�@eupSfil�m\r8eu{gegl0��)F�8eg~��`{gh mxcSf
ln�Sh7fi�IfilLhks lLo ln�8h�lLq8jLr8qS{uhkpS~khKmxv8v&h m\jLf eup ln�8h7hkmxjL{t�Dp8oxp+�0{geup8hkmxj=fyl�mx�xh7ox}Fln�8hk-N�J. eup8fyl�mxrSeu{uetl0�
~ � �8mxvSlnh�j 'I�p� � p lL�8h�oxln�8h�jF�wmxp8c��wlL�8h�mxv8vwmxjihkp!lFlnjLmxp8fLetlnego?p7}�jLo?s ln�8h�{zmxs�eup8mxj(lLo�lL�8h�lnq8jir8q8{uh�p!l
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� eg�?q8jLh �j�(� �Tb`fLq8s�ox}
ln�8h(euo?p=mxp8c�ln�8h hk{ghk~�lLjLo?p=sae " eup8�Fjnm�lnh eufTfLpwm\v8fL�8o\lLlnh�c�m\l ~�b � l y |D' H re� tGv��
1
}�o?j|lL�8h>vHo?fieglLe%�?h�fi�8h m\j�~kmxfLh mxpSc ~ � � l�y |D� H Oe� tGv��
1T}�oxj|ln�8h>p8h��!m\lne��?h�fi�8h mxjT~kmxfLh � � o?j�~koxsavwm\jLeufio?p��
pPq8s r&hkjFc8h�p8fLetl0�Kv8jLoD�8{uhkfFm\jLh�fL�8o>)Fp�eup ~ � � mxpScz~ � � }�o?jYh mx~�� fLegs q8{um\lnego?p�jLqSp8f �
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�wo>)Ff>c8oIhkf>p8oxl>m\v8vHhkmxj�eup lL�8hYp8hk�?m\lne��?hYfL�Sh mxj>~ m\fLh � $ �8euf mxfy�
s�s�h�lnjy� ) mxf>eup!lLhkjLvSjLh�lLhkcamxf>m�jLh�fLq8{tl
ox}�mxp�mxfi�Is�sah�lnji��egpaln�Sh��wp8etlnh n m\jLs�o?j(jLmxc8egq8f�~ �qn � � h,�Hhk~�lFm\l lL�8h�oxqSlnh�j hkcS�?h�ox}|lL�8hN�xo?jilLh "=� b
filLjLo?pS� �?h�{uoI~ketl0� fL�8hkmxj {zm �?h�j(s�o
cSe%�wh�f>lL�8h euo?p�o?jLrSegl �Xl p�m�vHoxfLeglLe%�xhk{g� fL�8hkmxjLh�c�{zm �?h�j�~ 	 � � � �I� �Im
fLqSs ox}Tfi~ mx{umxj�~�h�{uh�~�lnjieu~u�whk{gc � mxp8c �xhk~�lno?j!~�s mx�xp8h�lLeu~��8hk{uc � vHo\lnhkp!lLezmx{Hmx~�lLf^lno ~�o?p��wpSh�ln�8h�ego?p8f^m�l
ln�Sh=~�hkp!lnh�j�ox}9ln�8h=fL�8hkmxj/{um �?hkj �:)F�8eu~�� hp��h�~�lLe%�?h�{g�Kc8h�~kjih mxfihkf�lL�8h=ego?p �x�IjLo�jnmxc8egq8f � l p ~koxpPlLjnmxfyl/lLo
ln�Sh�v&o?fLetlne%�xh/fi�8h m\j^{zm �?h�j��Iln�8h/fL~ m\{zmxj vHo\lnhkp!lLezmx{&mx~�lnf lLo jLh�{zm " lL�8h�fi{uo?v&h/o\}��?hk~�lno?j(vHo\lnhkp!lLezmx{&eup8fieuc8h
ln�Sh pShk�!m\lLe%�xhk{g� fL�8hkmxjLh�c {umG�xhkju~ 	 � � � �e� �I)F�8eu~���s m �xhkf�lL�8hFeuo?p8fB}�jihkh�{g� s�o>�?hYo>�?h�j m�fL~kmx{uhFox}&ln�Sh
�?h�{uoI~ketl0� fL�8hkmxj>{zm �?h�j �q$ �Seuf>~ mxpS~khk{g{zm\lLeuo?p r&h�l/)(hkh�palL�8hFfL~ m\{zmxj mxp8c lL�8h �?hk~�lno?j v&oxlnh�pPlLezmx{Sh,�Hhk~�lLe%�xhk{g�
eupS~kjLhkmxfLh�f lL�8h�euo?p7�\�
jioajLmxc8egq8f �

$ �8h�c8e���h�jLh�p8~kh/eupalL�8h �qn ��h,�Hhk~�lYmxvSvHhkmxjLf m\l lL�8h�p8hp)F{g��eupSc8q8~kh�c �?h�{uoI~kegl0��fi�8h m\j^{zm �?h�j egpaln�Sh
p8o?p4�0{uegp8h m\j�filnmx�?h�ox} ln�8h�-N�/. eup8fyl�mxr8eg{uetl0� �!l pXlL�8h�vHoxfLeglLe%�xh fL�8hkmxj�~ mxfih ~ 	
� � �
� � �e� ln�Sh�oxqSlnh�j
hkcS�?h�ox}Hln�8h��?oxjilnh " eup�ln�8h/p8hk�!m�lne%�xh ��jihk�?ego?p��e)F�8h�jLh�egf � � $ q8p8fyl�mxr8{gh��IrHh�~ko?s�hkf(m=v&o?fieglne��?hFfL�Sh mxj �
$ �8h �qn � h,�Hhk~�l�)(h m �I{t�Kfilnmxr8eu{ge K�h�ln�8h�o?pSfLh�l/ox}�ln�8h�fihk~koxp8cwmxjy��egp8filnmxr8eg{uegl0���
v8mxjilLeu~kqS{zmxji{g��ln�8h ��� $
eupSfil�m\r8eu{gegl0� � � p lL�8h oxlL�8hkj/�wmxp8c��Heup lL�8h pShk�!m\lLe%�xh fL�8hkmxj�~kmxfLhk~ 	
� � �
� � �e� � ln�8h � � $ q8p8filnmxr8{gh
jLh��?euoxp@rHh�~ko?s�hkf�m p8h��!m\lne��?h7fi�8h mxj {um �?hkj lL�wm\l�egp8~kjih mxfihkf�h,�Hhk~�lne%�xhk{t�Dln�Sh7euo?p@�x�Ijio jLmxc8egq8f �`$ �8h
hkpS�wmxp8~�hkc � n �*h,�Hhk~�l fylnjLoxp8�?{g��fil�m\r8eu{ge Kkh�f ln�Sh�oxp8fLh�l/o\}9lL�8h�fLhk~�o?p8cwm\ji����� $ egp8filnmxr8eg{uegl0� �

$ �8h �qn �Qhp��h�~�l>o?p ln�ShY�?jLo>)Yln� o\}&lL�8h ��� $ eup8fyl�mxr8eg{uetl0��)^mxf�cSeufL~�q8fLfihkcarP� � oxrHh�jilnf>m\p8c $ m �I{uoxj
� �>�IO!��� mxp8c h " lnh�p8c8hkc�r!� . q8rwm � �>�I�DO m � rP�=q8fieup8� � n � � . � ln�8h�o?ji� ~ �Fo?r&hkjilLf�mxp8c $ m �I{uo?j � �>�IO?�I�p�
./qSrwm � �*�I�IO m � fi�8o>) h�c�lL�8h^c8egfLv&hkjifLeuoxp jLh�{zm\lLeuo?p=eup8~�{uq8cSeup8�Fln�8h �qn �`hp��h�~�l�egp=ln�Sh^fL�8oxjilq) m*�?hk{ghkp8�\ln�
{uegsaetl�~ � n � � � �8� mxf

� ! �
�
�
� ��� � j�w/xn � � � �

�
n � y �
� ~ �j���>Oe�

)F�8h�jLh�j{w/x � � ��� �9mxp8c � �,�Sc8h�p8oxlLhkfFeuo?p�lL�8hkjis m\{|�x�IjLo�jnm\c8euq8f �Sego?p�ln�8h�jLsamx{|fivHh�hkc�� mxpSc �xjnm*�Iegl�m�lneuoxpwmx{
mx~�~khk{ghkjLm\lnego?p��>jLh�fLv&hk~�lLe%�xhk{g� �^n � euf lL�8hKc8hkpSfLegl0� �xjnmxc8eghkp!l�fL~kmx{uhK{ghkp8�xlL� � l p ln�8egf {ueus�egl�ln�Sh �qn �
filnmxr8eg{ue K�h�ln�Sh�egp8filnmxr8eg{uegl0��)F�8h�p

� n � � �
� � n �� ��� � n �j{w/x H ~ �j���8�I�

l pKln�8h�{uoxp8� )^m*�xhk{uh�p8�xlL� {uegsaetl�~ � n � � � ��� �8ln�8h�c8egfLv&hkjifLeuoxp jihk{um\lnego?p�r&hk~koxsah�f

� ! �
�
�
� ��� �zj{w/x � � ! � � �

�
� y � � ~ �j���>re�
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)F�8h�jLhFb�eufBlL�8hYb^l/) oIoIcapPq8s r&hkj�cSh,�wp8h�c�mxf�b#y ~
� � � � !p� v�~
� � � � ! �p�q$ �8h �qn �`h,�Hhk~�l fyl�mxr8eg{ue%Kkhkf
ln�Sh�egp8filnmxr8eg{uegl0��)F�8h�p

~ � n � � � � �>O
�
�
n �� !��� � � n �j�w/x � ! ~ �j���>�e�

l p r&oxln�D{ueus�eglLf��|lL�8h �qn � h,�Hhk~�l�)FeglL� jLh�fLv&hk~�l lno ln�8hac8hkp8fiegl0� �?jnm\c8euh�pPl=fL~kmx{uha�wmxf m filnmxr8eu{ge K�eup8�
h,�Hhk~�l^m\p8c {geus�eglnf�ln�8h q8p8fyl�mxrS{uh )^m*�xh�pPq8s r&hkj>jLh��?euo?p � $ �8egf(hp��h�~�l(s q8fil(r&h oxvHh�jnm\lLeup8��filLjLo?pS�?{g��m�l
ln�Sh cShkp8fiegl0��eup!lLhkji}�m\~kh )F�8hkjih lL�8h fLhk~�o?p8cwm\ji� ��� $ egp8filnmxr8eg{uegl0��egf h " vHh�~�lnh�c lno��?jio>)�eup lL�8h/pShk�!m\lLe%�xh
�?h�{uoI~ketl0��fL�Sh mxj ~ mxfih �

$ �8h�v8jLh�fLh�pPl s�hk~��wm\p8eufis fi�8o>)Fp�egp ln�8egf^~��wmxv
lnhkjYegf^~ m\q8fLh�c�r!� lL�8h�euoxp�cS�Ipwmxs�eu~�f^eup�lL�8h�p8o?p4�
{uegp8h m\j�filnmx�?h ox} ln�8hM-N�J. egp8filnmxr8eg{uegl0�k)F�8eg~�� ~kmxp8p8o\l�rHh�o?rSlnmxeupShkcXeup m � . � jLh��?eus�h � b�{glL�8o?q8�x�
ln�Sh p8h,)F{t��eup8cSq8~kh�c �xhk{go
~�egl0��fi�8h m\jLf m\l7ln�Sh oxqSlnh�j7hkc8�?h o\}=lL�8h �?o?jylnh " mxjLh oxrSl�mxegp8hkc egp�rHoxlL�
� . � mxp8c �PeupSh�lneg~ fieus q8{um\lnego?p8fYox}�lL�8h fylnjLm\lne��whkc�-N�/. egp8filnmxr8eu{gegl0��� lL�8h �Pegp8h�lLeu~ hp��h�~�l�ox}�ln�8h=euo?pSf
mx{tlnhkjif ln�8h7pSo?p+�0{geup8hkmxj cSh,�?h�{uo?vSsah�pPlamxpSc`vSjLoIc8q8~kh�f ln�8h mxfy�
s�s�h�lnjy� r&h�l/)(hkh�pQln�Sh7vHo?fieglLe%�?hKm\p8c
ln�Sh�p8h��!m\lLe%�?hk�?h�{uoI~ketl0�@fL�8hkmxj ~kmxfLh�f �Z$ �8egf�sah�~��wmxp8egfLs ~ m\pNr&h mxvSv8{ueghkc lnoD�
q8p�m\p8cQlL�8h�hkmxjilL�
eup!lLhkjnm\~�lnego?p�m�l ln�Sh cwm*)Fp mxp8cNlL�8h c8qSf � �wmxp��`ox}�ln�8h�h mxjyln��samx�?p8h�lno?fiv8�8h�jLh � b�fLfiq8s�eup8�@m\p8c
fLegsavS{ueg} �Iegp8��ln�wm�l ln�Sh samx�?p8h�lneu~��wh�{ucDcSeujLh�~�lLf=lno p8o?jilL�e)^mxjic��4lL�8h�cwm*)Fp ~�c8q8f � � fieuc8harHh�~ko?s�hkf m
p8h��!m\lne��?h�{g��~�v&o?fieglne��?h�{g� � fL�8hkmxjLh�c {zm �?h�j9egp!lnhkjLmx~�lLeup8��)FeglL�=lL�8h }�m\fil4lnmxeu{m)^mxjic fLox{zmxj�)FeupSc � $ �8h�jLh�}�o?jLh �
ln�Sh�lnjLmxp8fLv&o?jyl s�hk~��wm\p8eufis ox}�lL�8h�fio?{zm\j])Fegp8c�v8{umxfLsam=egpPlLo=lL�8h�h m\jiln� s mx�xp8h�lLo?fLv8�ShkjLh�s m ��jLhp�?h m\{
mxfy�
s�s�h�lnjy�7r&h�l/)(hkhkp�eup7ln�Sh�c8m>)Fp�mxp8cKln�Sh�cSq8f �7fieuc8h � mxp � �

�G�e�



�G�Ir



���������
	�� �

� � �"# � !"�"% � � � � � � � � �

�>��� � �<( (  #�52D A��� ������",����
5�=�H��


$ �8hN-�h�{%�Ieup4�J./h�{us��8o?{tlLK^egp8filnmxr8eu{gegl0� �wmxf rHh�hkp�fylnq8c8eghkcah " lnh�p8fLe��?hk{t� egp�lL�8h�egp!lnhkjic8eufi~kegv8{uegpwmxji� �whk{gc8f �
l pXln�8h v8jihkfihkp!l cSeufLfihkjyl�m\lLeuo?p ln�Sh eup!lnh�jnmx~�lneuoxp r&h�l/)(hkh�p lL�8h�fLo?{umxjN)FeupSc m\p8c ln�8h�h m\jiln�Xsamx�?p8h�lnom�
fLvS�8hkjih egf9lL�8hYo?r �ih�~�lne��?h^lLo�hk{uqS~keuc8m\lnh(�8o>)QlL�8h -N�J.Negp8filnmxr8eg{uegl0��vS{zm �If�m�jLo?{gh egp ln�8hYsamxfif4lnjLmxp8fLv&o?jyl
eup!lLo ln�8h�h m\jiln�Ksamx�?p8h�lno?fiv8�8h�jLh � � o?j lL�wm\lFv8qSjLv&o?fLh �8ln�8h�p8oxp+�0{geup8hkmxj c8hp�?h�{uo?v8s�hkp!l ox}Tln�Sh -N�/. eup+�
filnmxr8eg{uegl0�7}�oxj/ln�Sh lnjLmxp8f{�xhkjifLh�s m\�?p8h�lLeu~��whk{gc ~ mxfih�) mxf�filLq8c8euh�c eup lL�8h��Ieuhp) vHo?egp!l�ox}�lL�8h s�e " eup8�
mxp8cKlnjLmxp8fivHo?jylFox}�ln�8h�~kox{u{uegfLego?p+�0{ghkfif v8{umxfLsamxf^r!�Ks�h mxp8fYo\}9lL�8h�~ko?s�v8qSlnm\lnego?pwmx{Hh " vHh�jLegsah�pPlLf �

l pX~��wmxvSlLhkj � ln�8h c8hp�?h�{uo?v8s�hkp!l�ox}>ln�Sh�-��/. eupSfil�m\r8eu{gegl0� eupXm�q8pSeg}�o?jis,rwm\~ �I�xjLo?q8pSc �wh�{uc�) mxf
filLq8c8eghkc � -�egp8h�lLeu~�h,�Hhk~�lnf/ox}Bh�{uhk~�lnjio?p8f/mxfu)(hk{g{�mxfFox}Bego?p8fFo?p�lL�8h�sae " egp8� v8jio
~�hkfLf/ox}B~�o?{u{geufieuo?p+�V{uh�fLf
v8{umxfLsamxfYmx~�jLo?fifYln�8h�lLjnmxp8f��?h�jLfLh�samx�?p8h�lneu~u�whk{gc&) h�jLh�h " v8{go?jLh�c�r!��s�h m\p8fYox}�}�q8{u{HvwmxjilLeu~�{uh�fieus qS{zmR�
lnego?p � $ �Sh�jihkfiq8{glLf�egp8c8eg~ m\lLhkc ln�8m\l�ln�8h�s�o?fil�s�e " h�c jLhk�xeuo?p�) mxf�jLhkfylnjieu~�lLhkc�)FeglL�8eup lL�8h�eup!lnh�ji}�mx~�h
ox} l/) o v8{umxfLsamxf � $ �8h�eup!lnh�jLv8jih�lnm\lnego?p ox} ln�8h lnegsah=v8jLom�w{uh ox} ln�Sh sae " egp8�7mxjih m ) mxf�lL�wm\l�lL�8h eup+�
lnh�ji}�mx~�h m\lu)F�8eu~�� l/)(o7v8{umxfLsamxfF}�mx~kh!)^mxf�filnjih�lL~��8hkc��|}�ox{uc8h�c���m\p8c c8h�}�o?jLs�hkc egp�lL�8h ~koxq8jLfih ox}�ln�Sh
c8hp�?hk{go?v8s�hkp!l(ox}�lL�8hu-��/.�eup8fyl�mxr8eg{uetl0� mxpSc mxf m�jLh�fLq8{tl �!ln�8h eupS~kjLhkmxfLh eup lL�8h/{ghkp8�\ln��ox}HlL�8h eup!lnh�ji}�mx~�h
samxeup8{t��~ko?p!lLjLeurSqSlnh�c�lno ln�Sh�eup8~�jLh m\fLh�egp ln�8h�s�e " egp8� mxjih m ��$ �Sh�~kjLoxfLf����whk{gc7c8e%�Hq8fieuo?p�egp ln�Sh�c8eujihk~p�
lnego?p v&hkjivHh�p8c8eg~kq8{umxj lLo ln�Sh�eup!lLhkji}�m\~khN) mxfYmx{gfLo=o?vHh�jnm\lLe%�xh�m\l ln�8h�fnmxs�h/lLeus�h � l pS~ko?jivHo?jLm\lnegp8�=lL�8hkfih
l/)(o s�hk~��8mxp8eufisaf �Bln�8h7s�e " egp8� mxjih m ) mxf }�o?q8p8c lLo rHh7fi~ mx{ghkc lLo ln�8h7c8egsah�p8fLego?p8{ghkfLf=vwmxjLmxsah�lnh�j
� ��� vDt 021 � $ �8h�o\ln�8h�j�v&o?egpPl lLo r&hKp8oxlLhkc`euf ln�8hKhp��h�~�lne��?h hk{ghk~�lLjLo?p`s�e " eup8� � �>{ghk~�lnjLoxp8fM)(hkjih
}�o?q8pSc lno }�ox{u{uo>) lL�8h ego?p s�e " eupS� mxjih m egp fLvSeglnh=ox}�ln�Sh fLsamx{u{��\�
jio7jnmxcSeuq8f �N$ �8egf�s�hk~��wmxpSeufLs ) mxf
~ m\q8fLh�c r!��ln�8h�hk{uh�~�lLjLeu~u�whk{gc �wq8~�lnqwm\lLeuo?pSf ��$ �8h �8q8~�lLqwm\lnh�cKhk{uh�~�lLjLeu~u�whk{gc�c8h�}�o?jLs�hkc�lL�8h�filLjLq8~�lnq8jih
ox}(ln�8h�c8hksamxji~ m\lLeuo?pX{uegp8h ox}(ln�8h�hk{ghk~�lnjLoxp egpPlLo �8p8hafylnjiq8~�lLq8jLh�f mxp8c mxf=m jihkfiq8{gl��9fylnjLh�ln~��8h�c vwm\lL�
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{uh�p8�xlL� o\}9lL�8h�c8hksamxjL~km\lnego?p7{uegp8h�samxeup8{t��~ko?p!lnjieur8q
lnhkcKlno }�o?{g{uo>) ln�8h�ego?pKsae " egp8� mxjih m �

l p ~��wmxv
lnhkj ' ln�Sh c8hp�?hk{go?v8s�hkp!l�o\}Bln�8h�-N�J.�eup8fyl�mxr8eg{uetl0��eup�mafylnjLm\lne��whkc fi�8h m\j�{zm �xhkj�s�oIc8hk{geup8�
ln�Sh {uo>)�{zm�lneglLq8c8h=rHo?qSp8cwmxjy� m\l/ln�8h h mxjyln� samx�?p8h�lno?fiv8�8hkjih�) mxf�filLq8c8euh�c r!� s�h mxpSf�ox} � . � m\p8c
}�q8{g{ vwmxjylneg~k{uh fLeus q8{zm\lLeuo?p � � �8m\l�euf p8hp)F{g� }�oxq8p8c eup lL�8euf ~��wm\vSlnh�j�egf ln�wm�l ln�8h7fylnjnm�lne%�8~ m\lLeuo?p@egp
c8h�p8fLetl0�Kh,�Hhk~�lLe%�xhk{g��hkp8�wm\p8~kh�f lL�8h�sae " egp8��mxjih m rHo\ln�Keup7lnegsah�mxp8c fLvwm\lLezmx{�h " lnh�pPl �

l c8h m\{ � . � fieus qS{zm\lLeuo?p fi�8o>) h�c ln�8m\l�l/) o �Peup8c8f>ox}�fLh�~ko?p8c8mxji��egp8filnmxr8eu{geglLeuhkfB)F�8eu~���filnmxjil �?jio>)��
eupS� eup�lL�8h�p8o?p+�V{uegp8h mxj filnmx�?h�ox}TlL�8h�-N�J.*egp8filnmxr8eg{uegl0� lLjLeg�?�?hkjihkc�lL�8h�o?p8fih�lFox}Tln�Sh�lnq8jir8q8{uh�p8~kh � � pSh
ox}^lL�8hks ) mxf eucShkp!lne��whkc@m\f m�fihk~�o?p8cwmxjy� -N�J. eupSfil�m\r8eu{gegl0�XmxpScDln�8haoxln�Shkj��X)F�8eu~���) mxf lL�8h�s�o?jLh
eus�v&o?jilnmxp!l��wp8c8egp8�,�:) mxf/egc8hkp!lLe%�wh�c mxf/m�fLhk~�o?p8cwm\ji���/m �I{uh�eu�?�4� $ mG�I{go?j^eupSfil�m\r8eu{gegl0� � � �Seu{uh�lL�8h�fLhk~U�
o?p8c8mxji�g-N�/.6egp8filnmxr8eg{uegl0� ) mxf �iqSfilam fihkh�cN}�o?j ln�Sh lLq8jLr8qS{uhkpS~kh�� ln�8h fLh�~ko?pScwmxji� ��� $ eup8fyl�mxrSeu{uetl0�
v8{umG�xhkc p8oxl�o?p8{t�Xmxf�mKfLhkh�cDr8q
l m\{ufLo mxf�mKs m\fLf�lnjLmxp8fLv&o?jylnhkj�lLoKlL�8h�lnhkpPq8oxq8f=jihk�?ego?p � � p8~kh�ln�Sh
lnqSjLr8q8{ghkp8~�h )^m\f�eup8etlnezm�lnhkc�r!� ln�ShkfLh fihk~�o?p8cwmxjy� eupSfil�m\r8eu{geglneghkf � lL�8h p8o?jis m\{ -N�J. �?o?jylnh " p8o7{uoxp8�?hkj
samxeup!l�m\eup8h�caetlnf fylnjiq8~�lLq8jLh�m\p8c�ln�8h/fi�IfilLhks v8jLoI~kh�hkc8h�cKlLo lnqSjLr8q8{ghkp!l^fylnjiq8~�lLq8jLh �]l p�lL�8h��8pwmx{�fyl�mx�xh
ox}Tln�Sh�fLeus q8{zm\lLeuo?pajLq8p�lL�8h�s�e " eup8�={zm �?h�jYh " lnh�p8c8h�c c8h�hkv8{t��eupaln�8h�lLhkpPq8o?q8fFjihk�?ego?pKmxp8c�lL�8h�)FeucSlL�
ox}�ln�8h�s�e " eupS� {zm �?h�j�)^mxf s q8~��Kln�Seu~ �xh�jYln�wmxpKln�Sh�fie K�h�o\}9lL�8h�p8o?jLsamx{�-N�/. �?o?jylnh "=�

� q8{u{>vwmxjylneg~k{uh�fLegs q8{um\lnego?pXeupDlL�8h fLmxsaha~ko?p+�w�?q8jLm\lnego?p fL�So8)Fp@egpDln�Sh eucSh mx{ � . � fieus qS{zm\lLeuo?p
) mxf^mx{gfLo=~ mxjijLeuh�c o?q
l(}�o?j>ln�Sh��wjifil lLeus�h �X$ �8h�jLh�fLq8{tl oxrSl�mxegp8hkcaeup�ln�8h/euc8hkmx{ � . � fieus qS{zm\lLeuo?p ) mxf
jLh�v8jLoIc8q8~�hkc�h " ~kh�vSl/lL�wm\lFln�Sh�fihk~�o?p8cwmxjy��� � $ egp8filnmxr8eu{gegl0���?jih,)degpKlL�8h�h mxji{g� fil�m\�?h�ox}4lL�8h�p8o?jLsamx{
-N�J. eup8fyl�mxr8eg{uetl0� �B$ �8h��wjLfyl^lnqSjLp8egp8� o>�?h�jYsaoxlLeuo?paox}�ln�Sh�-N�J.*egp8filnmxr8eg{uegl0� s mxcSh�ln�8h �wq8euc hk{uh�sah�p!l
}�hkh�{S~�hkp!lnjieg}�q8�!m\{I}�o?ji~kh ln�wm\l4eup8cSq8~kh�c ln�8h(fLhk~�o?p8cwm\ji� ��� $ egp8filnmxr8eg{uegl0��fLegp8~kh lL�8h lL�8hkjis mx{ �wqS~�lnq8m\lnego?p
)F�8eg~�� ) mxf/mxr8fLh�p!l/egp7ln�8h�eucSh mx{ � . � fieus qS{zm\lLeuo?pah " eufylnhkc mxp!�i)F�8hkjih m\lFlL�8h�c8hkp8fiegl0�7egp!lnhkjy}�mx~kh �

$ o�h " v8{go?jLh�lL�8h�h,�Hhk~�l/o\}9egp+�0�So?saox�?hkp8h�egl0�aeup7samx�?p8h�lneg~N�whk{gcKo?p7ln�8h�o?p8fih�l ox}TlnqSjLr8q8{ghkp8~�h��wln�Sh
eucSh mx{ � . � fLeus q8{zm\lLeuo?p�) mxf ~�o?p8c8qS~�lnh�cz)FeglL�@m�egp+�0�8oxsao?�xhkp8h�o?q8f�lnhks�v&hkjnm�lnq8jihav8jioD�w{ghM)Fetln�8o?q
l
ln�Sh c8h�p8fLetl0� fylnjLm\lne��w~ m\lLeuo?p � b�f m jLh�fLq8{tl p8o�c8h,�xhk{uoxv8sah�p!l ox}^lL�8halLq8jLrSq8{uh�p8~kh ) mxf=~ko?p��8jLs�hkc egp
ln�Sh=egc8h mx{ � . � jLh��?eus�h�� m\p8c )(h ~�o?p8~k{gq8c8h�ln�wm�l/lL�8h=cShkp8fiegl0� filLjnm\lLe%�w~km\lnego?p�egfFeus�vHo?jyl�mxp!lY}�o?jFln�Sh
h,�Hhk~�lne��?h�s mxfif^lnjLmxp8fLv&o?jyl�m\~kjLoxfLfYln�8h��xhk{uoI~ketl0��fi�8h mxj {zm �xhkj �

l pQ~��8mxvSlnh�j � � ln�8h7}�q8{g{ vwm\jilneg~k{gh�fLegs q8{zm�lneuoxp8f ox} ln�8hk-N�/.3eup8fyl�mxr8eg{uetl0� egp@ln�8hKfilLjnm\lLe%�wh�c fL�8hkmxj
{zm �xhkj fL�So8)(hkcQln�8hKmxfy�Isas�h�lLji� egp@ln�8h7p8oxp+�0{geup8hkmxj c8hp�?hk{go?v8s�hkp!l�rHh�l/) h�hkp`ln�8hKv&o?fLetlne%�xh7mxp8c ln�Sh
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p8h��!m\lne��?h]�?hk{go
~�egl0��fL�Sh mxjB~kmxfLh�f ��l p lL�8h^v&o?fLetlne��?h fL�8hkmxjB~ m\fLh lL�8h^o?p8fih�l4ox}wln�8h fLhk~�o?p8cwm\ji�=eup8fyl�mxr8eg{uetl0���
)F�8eg~�� {uhkmxcKln�8h�fi�IfilLhks lno�ln�Sh�lLq8jLr8qS{uhkpS~kh��&mxvSvHhkmxjLh�c eupKln�Sh=hkmxjL{t�7p8o?p+�V{uegp8h mxj fil�m\�?h=o\}4ln�Sh�-N�J.
eupSfil�m\r8eu{gegl0� ~ � �wmxvSlLhkj 'e�U� � p�ln�8h�o\ln�8h�j^�wmxp8c.�
ln�Sh�mxv8vwm\jLhkp!lYlLjnmxp8fieglLeuo?p�}�jLo?s ln�Sh�{zmxs�eup8mxj�lno ln�Sh
lnqSjLr8q8{ghkp!l �wo>)Ff/c8egc�pSoxl�m\v8vHhkmxjFeupKln�8h�p8h��!m\lne��?h�fL�Sh mxj/~ mxfih ��$ �8egf mxfi�Is�sah�lnji�&) mxf eup!lnh�jLv8jih�lLhkc
mxf(m�jihkfiq8{gl(ox}�m\p�mxfy�
s�s�h�lnjy��eup�ln�8h��wp8etlnh n mxjLs�o?j>jnm\c8euq8f�~ �qn � � h,�Hhk~�l^m�l(lL�8h/oxqSlnh�j(h�c8�?h ox}|ln�Sh
�?oxjilnh "=�]$ �Sh�cSe%�HhkjLh�p8~kh�egp�ln�8h � n � h,�Hhk~�l�m\v8vHhkmxjLh�c m\l^ln�Sh�pSh,)F{g� eup8cSq8~kh�ck�xhk{go
~�egl0�afL�8hkmxjF{zm �?h�j
eup�ln�8h pSo?p+�0{geup8hkmxj fil�m\�?h ox}�lL�8h -N�J. eup8fyl�mxr8eg{uetl0� �Nl p lL�8h v&o?fLetlne��?h fi�8h m\j�~ mxfih ~ 	
� � �
� � �e� ln�Sh
o?qSlLhkjFhkcS�?h=o\}4ln�Sh��xo?jilLh " egp lL�8h�p8hk�!m�lne%�xh���jLhk�xeuo?p��+)F�8hkjih euf ��� $ q8p8fyl�mxr8{gh�� r&hk~ m\sah�m�vHo?fieglLe%�?h
fL�Sh mxj �N$ �8h � n �dhp��h�~�lN)(h m �I{t� fyl�mxrSeu{ue%Kkh�c�ln�Sh o?p8fih�l�ox}�ln�8h=fLh�~ko?p8c8mxji��eup8fyl�mxrSeu{uetl0���wvwm\jilneg~kq8{umxjL{t�
ln�Sh � � $ eup8fyl�mxr8eg{uetl0� � � p lL�8h oxlL�8hkj��wmxp8c���eup lL�8h p8hk�?m\lne��?h fi�8h mxj�~ mxfih ~ 	
� � �
� � �e� �HlL�8h ��� $
q8p8fyl�mxrS{uh�jihk�?ego?p7rHh�~ mxs�h�m p8h��!m\lLe%�?h�fL�8hkmxjY{zm �?h�j ln�8m\lYeupS~kjLhkmxfLh�cKh,�Hhk~�lLe%�xhk{g�aln�8h�ego?p��x�Ijio jnmxc8egq8f �
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q8p8cShkjLfyl�mxpSc8eup8��ox}�ln�8h�samxfLfYlLjnmxp8fivHoxjilFr!�7ln�8h!-N�J. egp8filnmxr8eg{uegl0� �

$ �8h�o?p8fLh�l s�hk~��8mxp8eufis ox}(lnq8jir8q8{uh�p8~kh�v8jihkfihkp!lnh�c eupXln�8egf�c8eufifLh�jil�m�lneuoxp egf�}�q8p8cwmxs�hkp!lnmx{u{t� �!�e�
c8jio
cS�Ipwm\saeg~ � � o?j lL�8h�~ mxfih�ox}9m�egp8�8o?s�o?�?h�p8hkoxq8f^samx�?p8h�lneu~��whk{gc7�?hko?s�h�lLji���8�8o>) hp�?h�j��Hm ~ko?q8vS{ueupS�
r&h�l/)(hkhkpXln�Sh�-��/. mxpScXlL�8h v8{umxfLsam s�eu~�jLo egp8filnmxr8eg{ueglLeuh�f egf�h " v&hk~�lnhkcXlnoKm\{glnh�j/lL�8h p8o?p+�V{uegp8h mxj c8hU�
�?h�{uo?vSsah�pPl � �
vHh�~ke��w~ mx{g{g���9ln�Sh7{uo>) h�j��V�P�Ir8jieuc@c8jieg} l eup8fyl�mxr8eg{uetl0� eupDlL�8h�~�q8jLjihkp!l�fL�8h�h�l�euf=h " v&hk~�lLhkc
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cSe%�wh�c@c8hkp8fiegl0�@egp!lnhkjy}�mx~kh )Feg{u{ mm��h�~�l�ln�Sh
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� hK�wm*�xh jih,�xh mx{ghkc ln�8h7h�p8�wmxp8~�hkc`hk{ghk~�lLjLeg~ �whk{gc@h " ~ketlnhkc`r!� ln�Sh7fLhk~�o?p8cwm\ji� ��� $ eup8fyl�mxrSeu{uetl0�
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