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�HqSn�y)r0p¦n+o_o_k"v'n�r�q2k(w.��p}y�k�~'ztk�p}w.kY�0�6��ztmVm�k"y�zts�q	y-q2|}r�q��(s+kWn+pL�
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q2|xkWp�y�zxo_o�r�m�n���k(��ztmSpx��q	r�q�n+��p��
2.1 The Singular Value Decomposition¢-|xkÛ"Ù�è�����Ú;ØxÕ��LØ}ÚF��à�ßNàtÝ0Ö²Þ¤Ó4ÖlÛ"Ù;Ü"Ù�Ö²èÊ� § � ¿ �8����r0p�ç �'�
uÄo�r�q2m�n�i�Å�n�yVr�o�r0ptpxk�mS���4m�kW�Vm�n�q�n+px{eq2|xk$o�r�q2m�n�i�r�y
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!@n;yr¥v'n;r�{��0p}r�s8o�r�q2m�n�i �V|x��y�k�v'n�r0{��0p}r�sSk�p9q2m�n+k"yW��n ± ���8k�w�r�s�s
q2|xk8y n+px{�zLs�r0m4u0r�s+zxk"yW��¢-|xk"y�k-y n�pt{�zLs;r�m4u�r�s+zxk"y�r�m�k-px�0pt�n+p}wWm�k�r�y n+px{
r0pxvÄpt��pL�Hptk�{#r�q�n+u#k��¢-|tkey n+px{0zts�r0mYu0r�s+zxk�vtk"w.��o_jl�#y n�q�n+��p n�y(vtk.�
�}ptk"v����0mYr�s�s�ÅÎr0pxv¥n�y$ztptn�~9zxk&zxj¥q2�/wWk�m�q	r�n�p�vtkW{�k�ptk�m2r�w.n+k"y$n+pL�
u#��s�u9n+px{�k"~9z}r�sNy n+px{0zts�r0m)u0r�s+zxk"yW��Í$�xy�k�m�u#k$q2|xr�qS�;��m�) ± r�wW��s+zxo_p
�0��# r0pxv+* ± r�wW�0s+zto_p¤�0�"��n�qn�yYq2|tk�w�r�y�k_q2|xr�qTÅ�) ± p n ± * ±
r0pxvTÅ $ * ± p�n ± ) ± �4®}�0m�q2|tn�y�m�k"r0y���pN���-k-w�r�s�sN�,* ± Ç�) ± ��r�Û"Ù%è�����Ú�Ø}Õ
�làLÝ�Ü�ÖlÕÓ�ØxÙ�Õ#� § n+px{0zts�r0m�u#k"w	q2��m�j}r�n+m2y6|}r"u#kVr�p_r�y�y��'w.n�r�q�n��0p/�Sn�q2|
kWn+{�kWpLu�k"w.q2��m2y_n+p�q2|xr�q-* ± r0p}v.) ± r0m�k¥q2|tk�kWn+{�k�p'u#k�w.q2��m2y�wW�0m�m�kW�
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u7' k o�r�q2m�n+i¥wW��pxy n;y q�n+pt{��0�
q2|xkS�xm2y q k wW��s+zxo_p}y��0�8#e�6��u#k�m���z}y�kW�;ztsljtm���jlk�m�qH�e�0�²q2|tk § � ¿
n�yeq2|}r�q_Å6o n�y�q2|tk��lk"y q�m2r0pt� k r�jxjxm��"i'n+o�r�q�n+��p�q2��ÅÑ¥�0�Yr�s�s
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��r�w.q"��n�q(n�y$q2|xkTw�r�y�kTq2|}r�q � Å ��Å o � p n o�� l �V|tn�w	| s+k"r�vty(z}y�q2�
q2|tkewW�0p}w.s+zxy n��0pÄq2|xr�q~n ± ��n ± � l m�k�jxm�k"y�kWp'q	y)q2|xkn�o_jl�0m�q	r0pxwWk����
n+pxwW��m�jl�0m2r�q�n+px{/q2|xkÆ /,1 y n+px{0zts�r0m(u�k"w.q2��m�j}r�n�m)n+p'q2���0zxm(r�jxjtm���i'n��
o�r�q�n+��pN�§ k�k ¨ º"¬}���0m-r(o_��m�k)wW�0o_jts+kWq2kVv'n;y�w.z}y�y n+��p��0�²q2|tk § � ¿ r�p}vTn�q	y
jtm���jlk�m�q�n+k"yW�
2.2 Symmetric versus non-symmetric matri-

ces�Hp���ztm�jtm��9�0��yW�l�-kY�Sn�s+s��lkn+p9q2k�m�k"y q2k�v¦n�p r�jxjLs+�'n+px{Tq2|xk��0m�k�o�y
r��l��zLq¦y �Lo_o_kWq2m�n�w/o�r�q2m�n�wWk"y�q2��pt��pL� y �Lo_o_kWq2m�n�w�o�r�q2m�n�wWk"yW�Ê�5q
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m�k.s;r�q�n+��pÌ¨ º"¬S�lkWqH�-k�k�p¡q2|tk�y n+pt{�zts�r�m�u0r�s+zxk/vtk�wW��o_jl��y n+q�n+�0pË����r
pt��pL� y �Lo_o_kWq2m�n�wSo�r�q2m�n�ieÅ�r�p}v_q2|xk�y �Lo_o_kWq2m�n�w�%k.n�{0k�pl��vtk"wW�0oe�
jl��y n�q�n��0p¥�0��q2|tky �Lo_o_kWq2m�n�w�o�r�q2m�n�i
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n�yYn+o_jl��m�q	r0p9qYq2�¥pt�0q2keq2|}r�qq2|xkeq2��j k kWn+{�kWpLu�k"w.q2��m2y�0��� �Sn�s+s
w.��m�m�k"y�jl�0p}veq2�$q2|xkSq2�0j k y n+px{0zts�r0m�u#k"w.q2�0m�jxr�n+m2y����NÅÌ�'r0pxvTq2|}r�q
q2|tkWn+mVkWn+{�k�p'u0r�s+zxk"yVr�p}v�y n+px{0zts�r0mVu0r�s+zxk�y)w.��m�m�k"y�jl�0p}v¦kWitr0w.q�s��9�
2.3 Summary of Notation��y4r0�l��u#k��0s+kWq�Å��lkSy��0o_kS��m�n+{0n+p}r�s}o�r�q2m�n+i²� �Êr$jlk�m�q2zxm��xr�q�n+��p
o�r�q2m�n�i��tr�p}v�Å pµÅ � �e�

Â¤k(z}y�k(q2|tkYo�r�q2m�n�i�jxm��'vLz}w.q �"!�# $ q2�evLk�px��q2k(q2|xk § � ¿ ���
Å�tr0p}veq2|tk$o�r�q2m�n�i_jtm��'vtzxw.q���!�# $ q2�Tvtk�pt�0q2k�q2|tk § � ¿ �0��Å&�
¢-|tk-v'n;r�{��0p}r�stkWs+k�o_k�p9q	y��0� !��%m�k"y�jN��!��Nr0m�k�q2|tk-y n+px{0zts�r0m4u0r�s+ztk"y
����Å �%m�k"y�j���Å$�Vr�p}v�r�m�kvtk�pt�0q2k"v²�xn+p�pt��pt�n+p}w.m�k"r�y n+px{_�0m2vtk�m��(n ±
�%m�k�y�jN� n ± �.� § n+oen�s�r0m�s��9�V�-k �Sn�s+s(z}y�k�Å o p � o ! o # $o �%m�k"y�jN�Å o p�� o ! o # $o ��q2�vtk�pt�0q2kSq2|xkV�lk"y q8m2r0pt� k r�jxjxm��"i'n+o�r�q�n+��peq2�
Å��%m�k"y�jN� Å$�.�

¢-|tm���zt{�|x�0ztq�q2|xkVj}r�jlk�m��8k)�Sn�s�sl�lk)z}y n+px{(q2|tk�«��5px�0m�o����No�r��
q2m�n�wWk�y_r0p}v¡u#k�w.q2��m2yW��¢-|tk¥«"�Hpt��m�oZ�0�$rÄu#k�w.q2��m )¤n�y��0�$wW��ztm2y�k
vLkW�}ptk"v¦r0y � ) � � p�� � ± ) �± ��¢-|tk&«��5px�0m�o��0��r�o�r�q2m�n�i/n�y� â � � p�o�r�i� ��� ��� l � â�* � �
Â¤k(�Sn�s+s�vtm��0j�q2|xk(y�zx�}y�w.m�n�jLq$«&��m��0o r�s�s�pt��m�o�y8���0m)w.s�r0m�n�q �9�

®�n+pxr�s�s��9�L�;��mVr�p'�eo�r�q2m�n�i/â �L�8k��Sn�s�s�zxy�kYâ�� ± � q2�&m�kW��kWm-q2�&n�q	y
Æ%�q2|ew.�0s+zxo_p���Â�k8vtk�pt�0q2k-�9�%� ± q2|xk8jtm��0£Hk"w.q�n+��p_���}q2|xk-Å!� ± � �0p'q2�
q2|tkS�}m2y q k wW�0s+zto_p}y6�0� �Î���V|tk�m�kSq2|xk)vLn+o_k�pxy n��0p k n�y�n+o_jts�n�w.n�q.�.�
n� k����5� ± p � $o Å!� ± � �
3. THE STABILITY OF SINGULAR SUB-

SPACES¢-|tk$jtm�n�pxw.n+j}r�sl�-��m����0��q2|xk)j}r0jlkWmSwW��pxwWk�m�pxy�q2|xk)jl�0q2k�p9q�n�r�slq2�
m�k.q2m�n�kWu#k&y q2m���px{ey n�pt{�zLs;r�m(y�zt�}y�j}r0wWk"yS�0��reo�r�q2m�n�i¦ÅÏr��;q2kWm$y��0o_k
jlkWm�q2zxm��}r�q�n+��p �Ðn�y)r0jtjts�n+k"v��)�)p}r�s��ty�k"ySn+p r/y n+oen�s�r0m�y�jtn+m�n�q"�²�xzLq
s+k"y�yV{�kWpxk�m2r�s5�x|}r"u#k(�lkWk�p¥wW�0p}vtzxw.q2k"v_n+p ¨DªW©t�Nª"»�¬�

À8kWp'q2m2r�s4q2����zxm�m�k"y�zts�q	y�n�y�q2|tk&�;�0s�s+�"�Sn�pt{¦m�k"y�zLs�qY�0� § q2kW�-r0m�q"ä y
¨ º"¬�vLk"y�wWm�n+�tn+pt{&q2|tk(y q	r0�Ln�s+n�qH���0��k.n�{0k�p'u#k"w.q2�0m2y8�0��y �Lo_o_kWq2m�n�wVo�r��
q2m�n�wWk�y�r��;q2k�m)rey �Lo_o_kWq2m�n�w�kWm�m���mSn�y�r�jxjts�n+k"v²�

,i-1.4/102.!3#" $&%('2.*),+�0-'/.103254�687}��=O>9�{@ T W:� ��; HO=_;\JCK�x
K�=O>FN�Dg�vu6'Au)KM@<>FN�Dg��=O;~UmDI>�? =OD X = T B<=^�&>V:<N�;

< p>= < l < �@? @ T W < p�= < l < �A?
U}?(=ON\=hH\:<>�? < l @ T WB< l @<N\=�u�' k K�@<>FN�Dg��=O;*d���=O>DC ±FE N\=O;g81d  C ±HG
H�=i>�?(=h=OD X = T BC@<E 7�=6@C;�;O:��&Dg@C>t=\W�UmDI>�?�>�?(=-Æ�xg>�?j�\:eE 7YK T :a` < E N^=O;V8�d< G d�f�` � ; � DI;�|L�  C o �BC oI� l �OZ'>�?!= T< l p < lAJ �K;ML
U}?(=ON\= J D�;�@ T :<N�>�?!: X : T @eE�KM@C>FNODQP�@ T W � ; L � DI;DNBO � PD�� Q RTSVU/RTSAW(XY�[Z d

Â�k�z}y�k § q2k.�Sr0m�q"ä yYq2|xk��0m�k�o q2���0�tq	r�n+p¤q2|tk�����s�s��"�Sn+px{�wW�0m��0s��
s�r0m��9�\ /�0!/^]_]_+10V` � �v��=O>4Å @ T W3Å)p�Å � � H�=)ç 'Au)N^=^@eE1K�@ex
>FN�Dg��=O;~U�?!=ON\=

Å p2�"!�# $ @ T W3Å�pa��!�# $
@<N^=i>�?(=i5cbed~;v:a`�Å @ T WfÅ ��=O>/g o p n o �Mn oI� l d f�` � � � DI;m|L�Hg o �
U_=
�\@ T UmNOD�>t=h>�?(=ih'N�;�> k ��:<E 74K T ;h:z`�� @ T Wj# @<;

�'o p �'o J � �lk# o p # o J � �Fm
U}?(=ON\=�� o @ T W # o @<N\=6>�?(=Dh'N�;\> k �\:eE 7YK T ;�:a`3� @ T W # N^=O;g8!=\�*x
>FDIB<=&E JCZ J DI;�@ T :<N�>�?!: T :<NOK�@eE(K�@<>FNODGP
@ T W~>�?!= T :<N�K$;�:a`���k�@ T W
�nm @<N\=FNe� � � � o g o ��d

p�0!/�/rqe0)Â¤k$�Sn�s�s4r0jtjts��¦¢-|xk��0m�k�o «'�Ls+kWq�q�n+px{

� p � » Å $Å » � r�p}v ; p � » � $
� » �

®}m��0o § k"w.q�n+�0p «'� «'�t�-kY|xr�u�k$q2|}r�q
� ) ±* ± � r0pxv �  ) ±* ± �

r0m�kkWn+{0k�p'u#k"w.q2�0m2y)���i� r0pxv�� �K; �Sn+q2|�wW��m�m�k"y�jl�0p}v'n�pt{_kWn+{�k�pL�
u0r�s+zxk"y�n ± r0pxv n ± � § n+p}wWk(q2|tk(px�0m�o �0� ; n�y)k�~'zxr�s�q2��q2|xkYpt��m�o
�0�4�e��r0p}v  C o �sC oI� l p n o ��n oI� l �N¢-|xk��0m�k�o@«�r�s�s+�"�)yzxy)q2�
wW�0p}w.s+z}vLk(q2|}r�q

� # o�'o � p � # o� o � J � � � m
� k �

�V|tn�w2|T�8kSvtk"w.��o_jl�#y�k�n�p9q2�)q2|xk-w.��p}w	s�zxy n+��pe���}q2|xk8wW��m���s+s�r�m��9�
Â�k-r0m�kVpx�"��r0�Ls�k-q2�$jxm�k"y�k�p9q4q2|tkSo�r�n+p�m�k"y�zLs�q����lq2|tn�y4y�k"w.q�n+�0pN�

�V|tn�w2|¥{0n+u#k"ySq2|xkYjtm�k"w.n�y�k&r�y�y�zto_jtq�n+��pxy)ptk�k"vtk�v�q2�_jxm�k"y�kWm�u#k(q2|xk
r0pt{0s+k"y(�lkWqH�-k�kWpÄm��"�)y$�0mYwW��s�zto_p}yV�0�8r/o�r�q2m�n�i�jxm���£ k�w.q2k"vÄn+p9q2�
n�q	y(q2��j k y n+px{0zts�r0m&u#k"w.q2�0m2yYr���q2k�m&n�qYn�yYjlk�m�q2zxm��lk�vÄ�9��r0p¤r�vxv'n��
q�n+u#kek�m�m��0mo�r�q2m�n�i²��Â�k&�Sn�s+s-y�|x�"�Îs�r�q2k�mYq2|}r�qYq2|xk�m�k�r0m�k_o�r�p'�
r0jtjts�n�w�r�q�n+�0p}yS�V|xk�m�kr�s+s��0��q2|tk"y�kr�y�y�zto_jtq�n+��pxyVr0m�kYo_kWq"�

,i-1.4/102.!3 ©t�i��=O>xÅ @ T W Å�pÊÅ � � H�=�ç '_u[N^=\@<EYK�@<>FN�Dg��=O;*dt ;�;\7YK�=~>�?!@<> � � �vu |t� n o ��n oI� l ��d�w�=�W]=[h T =

� ± p2�"$o Å � ± �  � ± pa�"$o Å � ± � @ T W x ± p��"$o � � ± �



f�`6DI>'DI;6>�?!=
�\@<;&=�>�?!@<>

� � ± �vu�� � � Å � ± � � � @ T W � x ± �*u |L� � � ± � �
>�?!= T DI>'DI;6>�?!=
�\@<;&=�>�?!@<>

� � ± � J  � ± ��u |L� � � ± � � @ T W � Å � ± �o �aÅ � ± �o �vu |t� � Å � ± �o � �
p�0(/1/^qe0VÂ�k4�Sn�s�sLr0jxjLs��YÀ8�0m��0s�s�r0m�� � r0pxv(wW��pxw.s+z}vLk�q2|xr�q8� $k p� $o � J $ � $o |xr�yepx�0m�o |L��ª��.� ´ k"w�r�s�s)q2|xr�q_�8k¥r�y�y�zto_k�q2|}r�q� � ± ��u�� � � Å � ± � � �Sr0pxv � x ± �*u |L� � � ± � �.�

� � ± � J  � ± � p � � ± � J � $o Å � ± � �
p � � ± � J � $o Å � ± � � J � $o � � ± � �
p � � ± ���
� $o � J � $k ��Å � ± � � J x ± �
p � � J � $k Å � ± � � J x ± �
� � � $k Å � ± � � � � x ± �u |L� � � ± � �

¢-|tk8y�k�wW��pxv(m�k"y�zts�q�n�y��0�xrSy n�oen�s�r0m�p}r�q2ztm�k����xzLq�|}r�y���ptk�jxr0m�q�n�w.�
zLs�r0m�r�vtu0r0p9q	r�{�kS��u#k�m4q2|xk8m�kWs�r�q�n+��p_�lkWqH�-k�kWp � ± r�p}v  � ± �4¶(r�o_kWs��9�
�8kr0m�kr0w.q2z}r�s+s���r0�Ls+k(q2�ewW�0o_jxztq2kfÅ � ± �o �;m���o Å�L�V|tk�m�k"r0y�wW�0oe�
jtztq	r�q�n��0p¥�0� J  � ± m�k�~'zLn+m�k"y)�'pt���Ss+k"vL{�k&�0�6q2|xkYo�r�q2m�n�i J �x�V|tn�w	|
n�y/zxpt�;��m�q2ztp}r�q2k.s+��zxpxr"u�r�n+s�r��ts+kÄ�;��m�q2|xk jxztm�jl�#y�k"y��0�&�0zxm�vxr�q	r
oen+pLn�pt{er�jxjts�n�w�r�q�n��0p}yW�

� Å � ± �o �aÅ � ± �o � p � � o � ± � � o  � ± �
p � � o � ± ���
� o J � � k �  � ± �
p � � o � ± � � o J  � ± �+��k  � ± �
� � � o �,� ± � J  � ± � � � � � k  � ± �
� � � ± � J  � ± � � � �lk � �  � ± �u |L� � � ± � �u |L� � Å � ± �o � �

¢-|tk���m�kWoÔ©e{�k�ptk�m2r�s�n���k"y)m�k"y�zts�q	y-��m��0o ¨DªW©t�Nª"»�¬���m��0oÔq2|xkYw�r0y�k
�V|tk�m�keÅ o n�y(r��ts+�'w2� vLn�r0{0��pxr�s�o�r�q2m�n�i wW�0p}y n�y q�n+px{��0� k �Ls��'w2�Ly
q2�Tq2|xkYw�r0y�kY�V|xk�m�kÅ o n�y�r�p�r�m��tn�q2m2r0m���m2r0pt� k o�r�q2m�n�i²�

�Vs�q2|x��zt{�|�q2|tk-q2|xk��0m�k�o·n�y�jtm�k"y�k�p9q2k"vTn+p�q2k�m�o�y4����w.�0s+zxo_pxyW��n�q
r�jxjLs+n+k"yVk"~9z}r�s�s+���8kWs�s�n+p¦q2|xk�q2|xkYwW�0p9q2kWi'qV�0�6m��"�)yS�0��ÅÏr�p}v�Å&�

Â¤k&�Sn�s�s6�lk&j}r0m�q�n�wWzLs�r0m�s���n+p9q2k�m�k"y q2k"v�n+pÄr0px{�s+k"y$�lkWqH�-k�k�p u#k�w.�
q2�0m2yW�'��kWq��$����Ç	�x��vtk�pt�0q2k$q2|tkYr0pt{0s+kY�lkWq �8k�k�p�u#k"w.q2�0m2y
��r0pxv��l�
�Ëy n+o_jts+k8k.iLq2kWp}y n+��p&�0�²y�jxr�q�n�r�sLjtm���i'n+oen�q �(q2��r0pt{�zLs;r�m4jxm��"i'n+oen+qH�
wWr0p��lkYzxy�k"v/q2�e�0�tq	r�n�p�q2|xk$�;�0s�s+���Sn+pt{�w.��m��0s�s�r0m��9�

\ /10(/r]V]_+10V` 9�i��=O> � ± @ T W"� æ H�= 8�Na:� =^�&>t=^WM�\:eE 7YK T ;v:z`8Å�d �
f�`
H\:<>�?�� ± @ T W&� æ ;&@C>FDI; `OJj>�?(=��\: T W<DI>FDg: T ;�D T �1?(=^:<N^=OK��!Z�>�?!= T
D�>_DI;i>�?(=$�\@<;&=h>�?!@C>

4]d � �$�,� ± Ç�� æ �����$�  � ± Ç  � æ � �*u |L��ª��
w4d � �$�Å � ± �o Ç2Å � æ��o �����$�vÅ � ± �o ÇrÅ � æA�o � ��u |L��ª��

� � p���r�w.q"�t��ptkY��mV�l�0q2|�wW��zLs;v/�lkYjxm���£ k"w	q2k"v¦m��"�)y)�����&�

4. STABILITY UNDER RANDOM PERTUR-
BATION®}�0m(q2|xkevtr�q	r/oen�pLn+px{�r0jxjLs�n;wWr�q�n+��pxyY�8k�y�|}r�s+s�y q2zxvL�9�²�-k��Sn�s�s

pxkWk"v/q2�_y�jlk�w.n�r�s�n���k�¢-|tk���m�kWoÔ©�q2��q2|xk(w�r�y�k(�V|tk�m�k(q2|xkYk�m�m��0m��
n+p9q2m��'vtz}w.k"v�n�yTr�m2r�p}vL��o o�r�q2m�n�i �V|x��y�k�k�p9q2m�n+k"y&r0m�k_n+p}vLk�jlk�pt�
vtkWp'qTm2r0pxvt�0o u0r0m�n�r��ts+k"y&�Sn�q2|�o_k"r�p ��k�m��Är0pxv¡wW��pxy q	r0p9qevLk�u9n��
r�q�n+�0pN� ¿ ��n�pt{Äy����Ln+kWs�vty&q2|xke�;�0s�s+�"�Sn�pt{�wW�0m��0s�s�r0m��¡q2� ¢-|tk���m�k�o
©t� \ /�0!/^]_]_+10V` Á �v��=O>6Å H�=
@�KM@C>FNODQPMUmDI>�?

n o ��n oI� l u q�� s ç � uN� 	
��=O>sÅ p Å � ��ZMU}?(=ON\= � D�; @�K�@<>FN�DQP�U}?!:<;&=�= T >FN�DV=O;�@<N^=
D T W]=t8!= T W]= T >�N^@ T W9:<K BC@CNODg@eH*EQ=O;�UmDI>�?[K�=^@ T�� =ON^:[@ T Wj�\: T ;�>V@ T >
W]=OB�Dg@C>FDg: T d���=O> � ± p2� $o Å�� ± � H�=h>�?!=�8�Na:� =^�&>FDg: T :a`~>�?(=)Æ\xg>�?��\:eE x
7YK T :z`-Å : T >V:YÅ�� ;�>V:O8 k ;\D TYX 74EG@<NiB<=\�&>V:CNO;&d���=O> x ± p�� $o � � ± � dw[=
;&@CJj>�?!@<>�>�?YD�;��\:eE 7YK T DI;){��9�'v�D ` � � ± � DI; � � � Å�� ± � � ��@ T W � x ± �
DI;�|L� � � ± � ��d[�1?(= T Z_U'D�>�?[?YD X ?�8(N^:9H\@9H&DFE D�>FJ<Z�`&:<N�@<EIE X :�:�W[�\:eE 7YK T ;
Æ^Z 4]d � � ± � J  � ± �*u |L� � � ± � �

w4d � Å � ± �o � Å � ± �o �vu |t� � Å � ± �o � � 	
� d � Å � ± �o ¨ �.¬(��Å � ± �o ¨ �.¬ ��u |L��ª�� `&:<Nh@eEIE�H&7Y>}|L�%ç¥�6BC@eE 7(=O;�:a`
�]d

��:<N^=^:<B<=ONOZ]`*:<Nv@ T J�84@<DINv:a`��\:eE 7YK T ;4Æ^Z9È!Z�;�7!��?$>�?!@<>mH\:<>�?�;O@<>FDI; `OJ
>�?(=v8(N\=OB�Dg:<7Y;h�\: T W<DI>FDg: T ;~DI>(`*:eEIEG:CU';i>�?!@<>��4]d � �$�,� ± Ç�� æ �}���$�  � ± Ç  � æ � �vu |t��ª"�

w4d � �$�Å � ± �o Ç	Å � æ��o �}���$� Å � ± �o Ç Å � æ��o � ��u |t��ª"��d
�1?(=[;O@<K�=�N\=O;\74E >F;#?!:eEGW<Z
K$7Y>V@<>FDI;#K$7Y>V@ T W<DI;\Z�`*:<NjN^:<Um;�:z`�>�?!=
KM@C>FNODg��=O;)Å @ T W3Å
d
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