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UWVYX@Z6[]\_^_`aX@bc^Cd]eCf�ghXLiI^_\kjli@[/g�[/b6monpdq`aZ�r�^kX@\sftb�uqjhb�X@X;\_jhb�u
v jliIXxwyb�jhzqX@\k{_jh^O|

}�~���~c� d����L���q�����=dqr�{_^_d�b
�c�=���q���q���I�����q�����qwY�c�
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f"iId�ghX«ªydq\k`¬[/ghXJ�cr�Z=­X@\kjhX@r�\_X'mcX § |qd�b
¥c®�[]ghgL­X;X«m°¯ ±O^I[/ghjhXq�c®q�q£�®/¥ § |�dqb¬npX�mcXI�³²q����¡�\I[/b6iIX
f��O`¬[/jhgO�H´�[/b1mc\_jhb6�YZ��c|c{_jl©�r�X ~ X@b�{µ��gh|�dqb ~ e¶\d�`·jlik��X@gl�YZ��c|c{_jl©�r�X ~ X@b�{µ��gh|qd�b ~ e¶\
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^_��X=^kj¸`aXI�Çe¶\_XL©�r�X;b6iI|'Z�gl[/b�Xq�]X@bc^_\_d�Zc|�`aXL[/{kr�\_X@{¼�6d�\_\_d/ØpXLmÙe¶\kdq`�Z�\_d��6[/��jhghjh^O|3^_��X@dq\k|�{k��d/Ø�^_��X=u�\_XL[]^_X@{k^
Z�\_d�`·jh{_X ~ Ï���X@b8[/Z�Z�g¸jhXLmÚ^kdN[S^kj¸`aXI�Çe¶\_XL©�r�X;b6iI|N\kX@Z�\kX@{_X@bc^I[/^_jhd�b8e¶\kdq`�npdq��X;b
¯ {·iIgl[/{_{adq\�^k��X³[�Û·b�X
iIgl[/{_{��q^k��X u�X@b�X@\I[/ghjhÜ@XLm v ­X@bc|�j1X@bc^_\kdqZ�jhX@{piIdqbceÇdq\_`*iIghd�{_X@gh|'^_d3^k��X=zcj¸{kr6[/ghgh|3�6[]{_XLm¹b�dq^kjhdqb'd/e
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�/^k��X@{kXx`aXL[/{kr�\_X;{CZ1dq{k{_X@{k{={_X@z�X@\¨[]g
j¸bc^kX@\_X@{k^_jhb�uo[/b6mor�{_XIe¶r�g"Z�\_d�Z6X;\_^_jhX@{��D{_r1i_�Þ[/{3[�i@iIdqr�b�^kjhb�u¬[]b6mSiI\kdq{_{µ�µiÎdq`·Z1dqb�X@bc^x[/b1mo^_\I[/b�{µe¶dq\k`¬[/^kjhdqb
j¸bczq[]\_jl[/b6iÎX@{L�;^_�6[]^
`¬[]ßqX�^_��X@`!b1[/^_r�\¨[/g]e¶dq\D^kjh`·XI�Çe¶\_X�©qr�X@b6iI|J[/b6[]g¸|c{kj¸{ ~ �=��jh{
Z1[/Z1X@\WiId�`·Z�\kjh{_X@{
[=mcX;^¨[/jhghXLm
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^k��XJZ�\_d�Z6X@\k^_jhX@{ []b6m�{kX@zqX@\I[/gDZ1dq^kX@bc^_jl[/gD[/Z�Z�g¸jli@[]^_jhdqb�{"d/e
^k��X v ­X@bc|cj6X;b�^k\_d�Z�jhX@{L��Ø=j¸^k��X@`·Z��6[/{kj¸{
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G$H4I�J�I�K�LNM�OQPSR8OQT0U�T1VXWZY$[4\]WZ^Q[]W_J�`a[1Y9W_bcJ�H4I(YdW_eQb1fhg2i4K�`4j�I�Y�YdW_b4e5gkW_J�I�K�f-J�[4K�IQl
mnb]J�[]W_J�W_oQI�g_pQq&frj�`aLsi1`Qb4I�b]J$WZY$fj�`Qb1j�I�b]J�K�f-JtWu`abv`-w�I�b4I�K�eQpBWubxYt`QLsIzy]`QLvfhW_b2q]\4[4J�J�H]WZY9b4`QJ�W_`Qb{WZY�yaWk|}j�[]g_J�J�`5J�K�f-b1YdgZf-J�ISW_b�J�`sf5^a[1f-b�JtWuJ�f-J�W_oQIj�`Qb1j�I�i4J5~ :����-� l�mdbcwnfQj�J�q]J�H4I(j�`Qb1j�I�i4J�`-w�fsYdW_eQb1fhg�j�`aLsi1`Qb4I�b]J�Lvfhpsb4I�oaI�K�\0Irj�g_I�f-K�g_pxy]I��1b4I�y&lG$H4I�[1Y�I�f-b1ysf�\4[1Y�I$`-wEJ�H]WZY�J�I�K�L�WZY
i1f-K�J�WZj�[]g�f�K�g_p�YtI�oQI�K�I9W_bvJ�H4I9gkW_J�I�K�f-J�[4K�I�`Qb5J�W_LsI���w6K�I�^a[4I�b1j�pvf-b1fhg_p4YdWZY�lG9W_LsI���w6K�I�^a[4I�b1j�pxK�I�i4K�I�YtI�b�J�f�J�W_`Qb1Y���G��
��Y���eQI�b4I�K�fhgkW_��I(J�H4I5j�`Qb1j�I�i4J�`-w
J�H4IzJ�W_LsI(f�b1y{w6K�I�^Q[4I�b1j�pxy]`aLvfhW_b1YJ�`�f���`�Wub]J{J�W_LsI���w/K�I�^Q[4I�b1j�p�w6[4b1j�J�W_`Qb������d�������5J�H1f-JBW_b1yaW�j�f�J�I�YcH4`-��J�H4I�w/K�I�^a[4I�b1j�p�j�`Qb]J�I�b�J{`-wrYdW_eQb1f�g�Yj�H1f-b4eQIs`-oQI�KzJ�W_LsI�~ �1q�¡ � ls¢9`QLsLs`Qb£J�H4I�LBI�Y�W_b¤J�H4I(gkW_J�I�K�f�J�[4K�IBWub1j�g_[1y]IcJ�H4I{Y�[4i4i4K�I�Y�YdW_`Qb¥`-w�G��
�¦j�K�`]Y�Y��j�`QLsi0`Qb4I�b]J�Y�qQJ�H4I�j�`Qb1j�I�b]J�K�f-J�W_`Qb{f-b1ysK�I�Y�`-g_[4J�W_`Qbs`-w)f-[4J�`Q�nj�`QLsi0`Qb4I�b�J�Y�q�f-b1y�J�H4I�i4K�`Qi0I�K�J�p5J�H1f-J
J�H4I�JtWuLBI��o�f�K�pQW_b4exY�i0I�j�J�K�fhg
f-b1fhg_p8Y�W�Y�`�w§G��
��YSY�I�i1f-K�f-J�IrYdW_eQb1fhg�j�`QLsi0`Qb4I�b]J�Y�Yt[1j�H£fQY�i1f�K�fhgkg_I�g§j�H]W_K�i1Y�J�H1f�J�`-oQI�K�gZf-iW_b£\1`QJ�H£J�W_LsIsf-b1y¨w6K�I�^a[4I�b1j�pQl(©�`QK�I�`-oQI�K�q4J�H4I�^a[1fhgkW_J�px`-w�i1f-K�J�WZj�[]g�f�K(G��
��YªWZY�oQI�K�pc`-w6J�I�b{��[1y]eQI�y�\1fQY�I�y`QbxY�[4\X��I�j�J�W_oQI5j�K�W_J�I�K�WZfBK�I�gZf-J�I�y{J�`sJ�H4I(j�`QLsi1`ab4I�b�J�Yª`-w�J�H4I(YdW_eQb1fhg)\0I�Wub4exf�b1fhg_p���I�y&lmnbxJ�H]W�Yªi1f-i1I�K�q0K�f-J�H4I�K§J�H1f-bxfQy4y]K�I�Y�YSJ�H4I(^a[4I�Y�J�W_`Qb�«���H1f-J9WZY�fBj�`QLsi1`ab4I�b�J�¬�­+yaW_K�I�j�J�g_pQq&�$Iz�$Wkgkg2W_b�oQI�Yt�J�W_e�f-J�I(fsj�gZfQY�YS`-w�^a[1f-b]J�W_J�f-J�W_oQI3LsI�fQY�[4K�I�Y$`-w�y]I�J�I�K�L5W_b]WZY�J�WZj5YdW_eQb1fhg�M�OaP�R&®¯U�°�±�V6²zf-b1y+±�T�³�OQ´�PrµaV6±ZOQT£M�OQT1V6UhT1V6l¶·H]WkguIcJ�H4I�p¸y]`�b4`QJ(paW_I�gZy�yaWuK�I�j�Jrf-b1Y��$I�K�YFK�I�e�f-K�yaWub4e�J�H4I5g_`4j�f-J�W_`Qb1Y5f-b1y¥Y�H1f-i1I�YF`-w�j�`QLsi0`Qb4I�b�J�Y�q�J�H4I�Y�ILsI�fQYt[4K�I�Y5f-K�IBWub]J�W_Lvf-J�I�gup¥K�I�gZf-J�I�y¹J�`£J�H4Icj�`Qb1j�I�i4J5`-wºf£YdW_eQb1fhg�j�`QLBi1`Qb4I�b]J�q�J�H4Icj�`Qb4b4I�j�J�W_`Qb"\0I�W_b4e+J�H4IW_b�J�[]WuJtWuoaI�gup£K�I�faY�`Qb1f-\]g_IsY�[4i4i1`]YdW_J�W_`Qb£J�H1f-JzYdW_eQb1fhgZY�`�w�H]WueaH¸j�`aLsi]g_I�»�W_J�p+��f�b1ycJ�H4I�K�I�w6`QK�I3H]W_eQH�Wub]w6`QK�L{f-J�W_`Qbj�`Qb]J�I�b]J��(L5[1Y�Js\0I¸j�`ab1Y�J�K�[1j�J�I�y¼w/K�`QL½gZf-K�eQI�b�[4L5\0I�K�Ys`�w(I�guI�LBI�b�J�f�K�p"j�`QLsi0`Qb4I�b�J�Y�l·¾�WZf-\]g_I£LsI�fQYt[4K�I�YW_b1j�g_[1y]IsLs`QLsI�b]J�Y�f�b1ycI�b]J�K�`Qi]W_I�Y$`-w�J�H4I(YdW_eQb1fhg
K�I�i4K�I�Y�I�b]J�I�y{W_b�J�H4I(J�W_LsIQq8w/K�I�^a[4I�b1j�pQq&`QK�JtWuLBI���w/K�I�^a[4I�b1j�py]`QLvf�Wub1Y�l©x`aLsI�b�J��6\1fQY�I�y5LsI�faY�[4K�I�Y�q]Y�[1j�H{fQY
J�H4ISJ�W_LsI��6\1f-b1y]�$WZy]J�Hci4K�`4y][1j�J§f�b1y3W_J�Y9eQI�b4I�K�fhgkW_��f-J�W_`Qb1Y9J�`(Y�I�j�`ab1y]�`QK�y]I�K�J�W_LsI���w/K�I�^Q[4I�b1j�p3Ls`QLsI�b]J�Y
~ � �8¿h� H1fhoQI�w6`Q[4b1yF�$WZy]Iªf�i4i]g¯WZj�f-JtWu`ab2q-\4[4J)[4b]w6`QK�J�[4b1f�J�I�g_pzLsI�fQY�[4K�I
b4I�W_J�H4I�KYdW_eQb1fhg�j�`QLsi]g_I�»]WuJ�p+b4`aKzW_b]w/`aK�Lvf-J�W_`Qb¥j�`Qb�J�I�b�J{~ : q�À � lvG�`Áy]I�LB`Qb1Y�J�K�f�J�IQq)j�`Qb1Y�W�y]I�KsfcYdW_eQb1f�gªj�`QLsi4KtW�YtI�y+`-wJ��$`xj�`QLsi1`ab4I�b�J�YF`-w�j�`QLsi1fQj�J5Y�[4i4i1`aK�J�q
f-b1y¹b4`QJ�IsJ�H1f�Jz��H]WkguIcJ�H4IsJ�W_LsI��6\1f-b1y]�$WZy]J�H�i4K�`8y][1j�J3W_b1j�K�I�fQY�I�Y�$W_J�H4`Q[4J�\1`a[4b1y5�$W_J�HsY�I�i1f-K�f�J�W_`Qb2q�Y�Wueab1fhgEj�`QLsi]g_I�»]WuJ�p5j�guI�f�K�g_p�y]`]I�Y�b4`QJ)KtW�YtI§`ab1j�I§J�H4Iªj�`aLsi1`Qb4I�b]J�Y�\1I�j�`QLBIyaWZY���`-W_b�J�lÂ LB`QK�Isi4K�`aL5WZYdW_b4eÁf-i4i4K�`]fQj�H¹J�`xj�`QLsi]g_I�»]WuJ�p+\1faY�I�y£`Qb+I�b]J�K�`ai�p�w6[4b1j�J�W_`Qb1fhgZY3I�»8i]g_`-W_J�Y3J�H4Isi0`-�§I�Ktw/[]gf-b1fhg_`Qeapx\1I�J��$I�I�b�YdW_eQb1fhg�I�b4I�K�eQp+y]I�b1YdW_J�W_I�Y5f-b1y£i4K�`Q\1f-\]WkgkWuJ�p¤y]I�b1Y�WuJtWuI�Y¨~ :�� l#Ã�Ä-[1Y�J5fQY�J�H4I5W_b1Y�J�f�b�J�f�b4I�`Q[1Yf-b1y�Y�i1I�j�J�K�fhg�f�Lsi]gkWuJ�[1y]I�YvÅ Æ��n���ÇÅÉÈzf-b1y�ÅËÊ������ÇÅÉÈ�\0I�H1f�oaI�faY$[4b]WZyaWuLBI�b1YdW_`Qb1fhg�y]I�b1YdW_J�W_I�Yz`-w§Y�Wueab1fhg�I�b4I�K�eQp{W_bJ�W_LsIzf-b1y3w6K�I�^a[4I�b1j�pQq8GS�
��Y�J�K�proaI�K�p(H1f-K�ysJ�`(faj�J§fQY�\]W�yaW_LsI�b1Y�Wu`ab1fhg)I�b4I�K�eQpsy]I�b1YdW_J�W_I�Y9W_b{J�W_LsI���w6K�I�^Q[4I�b1j�pQlmnb�i1f-K�J�WZj�[]gZf-K�qXJ�H4I�K�I(I�»]WZY�J�G��
��Y9��H4`�Y�IzL{f-K�e-W_b1fhg)i4K�`Qi1I�K�JtWuI�YSi1f-K�f�g¯g_I�g)J�H4`�Y�Iz`-w
i4K�`Q\1f-\]WkgkW_J�pÁy]I�b1YdW_J�W_I�Y�ÌÍ �����n�������8Îd�NÏ Å Æ-�n���ÇÅ È � Í ���Ç�n�����2�4ÎQ�¥Ï Å¯Ê������ÇÅ È � � : �Í&Í �S���n�������8Îa�8Îd��Ï Í Å Æ-�n���ÇÅ È Îa�"Ð Å ÅÉÆ�Å Å ÈÈhÑ ��À]�G$H4I(^a[1fQy]K�f-JtW�j3G��
��Y�`�w�J�H4I�gZf-K�eQI(f-b1yc[1YtI�w/[]g�¢9`QH4I�b2Ò#Y�j�gZfQY�YSj�f-bx\0I(`Q\4J�f�Wub4I�ycfaY$J�H4Irj�`ab�oQ`�gu[4JtWu`ab+~ � �
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Ú 7 äæîOã�îOã�ï=ï��/÷IïIíqîÇäæè�ô�è�
Wö/ïI÷IîÇäæèLôz�h, �]ùqç�ï=ç�ä�õ�õDðqï@ëIõDè�ô/õæò'ç�äæîOã�ð�ïIîOï¨é6�Yäæô]äæåOîÇäæ÷xåÇäæú�ô�ëÎõæåpäæô�îOã/äæå¼í�ë;í�ïIé�,2Û"èJô�èLî"÷Iè�ô�
lìqåOïYîOãqï�SÜïIô/ò�äDï¨ô/îOéOè�í/ò'è�

îOã�ï�Ý_Þkß�à�á â�ãZàdä�å�à�æ-ç�è°ð/äæåOîOéÇäæñqì�îÇäæè/ôoè�
WëyåÇäæúLôcëIõ�ç�äæîOã�îOã�ï��SÜïIô/ò�ä�ïIô/îOéOè�í/ò�è�
DäæîOå�é�ãZê�ëdì�ë�ÞËí#Þ¯Ý�èDð/äæåOîOéÇäæñ�ìqîÇäæè/ôQ,
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: l Â Y�Îl��%·q4J�H4I(J�H]WuK�yxJ�I�K�L y]I�j�fhp8YSJ�`s��I�K�`1qEf�b1yc�$I(H1fhoQIzJ�H4I5fQY�p]Lsi4J�`QJtW�j-q�«�j�`Q[4b]J�W_b4e�­sK�I�Y�[]g_J�`-wúQI�j�J�W_`Qb � l : l9¢
g_I�f-K�g_pQq4J�H4I�b2q0J�H4I�W_b�J�I�K�I�Y�J�W_b4ecfQj�J�W_`QbcJ�f-îaI�Y$i]gZfQj�Izw6`QK�Y�Lvfhgkg�Î0l
ÀXl��4`QKzY�Lvfhgkg�Î1q&J�H4I5i4H1fQYtIs`-ü)Y�I�J�´�q&J�H4K�`Q[4eQHÒÈ
q0W_Lsi1`�YtI�Y(f-b+`]Y�j�Wkg¯gZf-J�`QK�p+Y�J�K�[1j�J�[4K�I5`Qb£J�H4IsI�b]J�K�`Qi]po�fhg_[4IQl$G$H]WZY�\0I�H1f�oaW_`QK$WZYSI�oQWZy]I�b]J�W_bÁ��W_eQ[4K�IrÀ4l

: �



0 1 2 3 4 5 6 7
0.6

0.8

1

1.2

1.4

1.6

1.8

2

Component separation (units of RMS duration)

R
en

yi
 3

rd
-o

rd
er

 in
fo

rm
at

io
n 

(b
its

)

��W_eQ[4K�I��1Ì ½�Ë�Äh¾3-Í4�Å]¾3-�ÌI¾�7:9ÌIÀ�Í�ÄxÌIÀDÃl¾IÅ/;cÍ�<?>]¢§Ó�BI¤�Å/Æ'ÃlË6ÌoÈH¿�ÃµÂ�Ë1Ì/-=V�ÄhÀ#-�ÅWV ÁJ;
Ì�ÂLÃl¾IÅ/Fc¾@¿LÈ�ÆÇÅ/¾oÃlË6ÌoÁ;¿LÈoÌ�Á_ÄGFcÀD¿1+hÁ
.�ÃÉÄ +hÄa`LÌ/-JÄhÀÔ­�ÄGF .]¾¨Ì ¶ ep½�Ë6Ìp¾IÌ/-R.cÂ¨Ì÷-�Á¨ÌÎÀ�Á_ÄOÃlÄJ0�ÄOÃ Í¹Å]ÆWÃÉË6ÌpÁJ;
Ì�ÂLÃÉ¾¨Å÷F�¾@¿�È�Ã¶ÅJ¾IÌh+Ç¿�ÃlÄJ0�Ì�;6Ë°¿LÁ¨Ìp¾IÌIÁ1.]+�ÃÉÁCÄhÀ'Á1V�ÄhÆ_ÃÇÌI¾"Á@¿cÃ�./¾;¿�ÃÉÄÊÅ]À
V�ÄOÃlËo¾¨Ì÷-R.cÂ¨Ì/-oÅW0LÌI¾kÁ_Ë6ÅcÅ�ÃAe

� l�G$H4Ivj�`]I�|}j�W_I�b�J«Çcj�`Qb]J�K�`-gkgkW_b4e£J�H4I}f�Lsi]gkWuJ�[1y]Ic`-w�J�H4IsJ�H]W_K�y¹J�I�K�L½y]I�j�f�p4Y3Ls`QK�I{Ydg_`��ªgup�w6`QKzgZf-K�eQI�Ko�fhg_[4I�Y�`-w\�9l Â Y�f�j�`ab1Y�I�^Q[4I�b1j�IQq�gZf-K�eQI�K
o-fhg_[4I�Y�`-w\�{g_I�fQy3J�`SgZf-K�eQI�K
y]I�i1f-K�J�[4K�I�Y&w6K�`QL�J�H4I§faY�p�LBi4J�`QJ�WZjo�fhg_[4I�Y9`-w*ûl�&l�GªH]W�Y�i4K�`Qi0I�K�J�p�YtH4`Q[]gZys\0I�I�»4i1I�j�J�I�y Á gZf-K�eaI�o�fhg_[4I�Y9`-wu��I�Lsi4H1fQYdW_��I�J�H4I$gZf-K�eaI�K�o�f�gu[4I�Y`-w)J�H4I5G��
�(q.Õ$��H]WZj�H¨w/`aK�J�H4Iz¶�W_eQb4I�KºyaWZY�J�K�W_\4[4J�W_`Qbx`4j�j�[4K�`abcJ�H4I(j�K�`�Y�Yt�nj�`QLsi1`ab4I�b�J�Y�l
G$H]WZY$f-b1fhg_p4YdWZY$K�I�LvfhW_b1Y9K�I�g_I�o�f�b�J$w6`QK$f-b�psYdW_eQb1f�g�YªJ�H1f-J§j�f�bv\0I�I�»4i1`Qb4I�b]J�WZfhgkg_pc\1`Q[4b1y]I�yBW_bxY�`aLsIºyaW_K�I�j�JtWu`abW_bxJ�H4IzJtWuLBI���w/K�I�^a[4I�b1j�pxi]gZf-b4IQlO�twO ÖØ× zX»§�µ�E�����[¶ �����A¥d~�{KQG��
��Y9\1fQY�I�yc`ab{gu`-��i1faY�Y$îQI�K�b4I�gZYªg_I�fQycJ�`5Ls`aK�IzK�`Q\4[1Y�J����I�b�paW1W_b]w6`QK�Lvf-JtWu`abxI�Y�J�W_Lvf�J�I�Y�q1YdW_b1j�I5Y�Ls`]`QJ�H]W_b4eY�[4i4i4K�I�Y�Y�I�Y5J�H4Ic¶�W_eQb4I�Kvj�K�`]Y�Y��nj�`QLsi0`Qb4I�b]J�Y3J�H1f-Jsj�f-K�K�p¹J�H4IsW_b]J�I�K��nj�`QLBi1`Qb4I�b]Jsi4H1fQY�I{W_b]w6`QK�Lvf�J�W_`Qb2l¤G�`Wkgkgu[1YtJ�K�f-J�IQq0�$I(K�I�i0I�f-J$W_b+��W_eQ[4K�I(�BJ�H4I(I�»4i1I�K�W_LsI�b]J�`-w§��W_eQ[4K�IrÀ�[1YdW_b4e}f5L{f-J�j�H4I�yc�$W_b1y]`-�òYti1I�j�J�K�`aeQK�f-LG��
�ØK�f-J�H4I�K3J�H1f-b+J�H4IB¶"W_eQb4I�KsyaWZY�J�KtWu\4[4JtWu`ab2lc¶·H]W¯g_IcJ�H4I{Y�i1I�j�J�K�`QeQK�f-L�W_b]w6`QK�Lvf�J�W_`Qb¤I�YtJ�W_Lvf-J�IsK�I�LvfhW_b1YY�`QLBI���H1f-J&i4H1fQY�I$Y�I�b1YdW_J�W_oQIQqhW_J)j�gkW_Lr\1Y�LB`QK�I
Y��$Wkw/JtgupzJ�`�J�H4I�Y�f-J�[4K�f-J�W_`Qb�g_I�oQI�g8f�b1y��$W_J�Hrf$K�I�y][1j�I�yz`-oQI�K�Y�H4`]`QJj�`QLsi1f�K�I�y5J�`zJ�H4I$¶�W_eQb4I�K§yaWZY�J�K�W_\4[4J�W_`QbcI�Y�J�W_Lvf-J�IQl)mdbseQI�b4I�K�f�g qaJ�H4I�fQY�j�I�b�J
J�`(Y�f-J�[4K�f-JtWu`ab�faj�j�I�guI�K�f-J�I�Y9�$W_J�HW_b1j�K�I�fQYdW_b4e+`aK�y]I�K_�·`ab1j�IvJ�H4Icj�K�`�Y�Y��nj�`QLsi0`Qb4I�b�J�Y(f-K�I{Y�Ls`]`QJ�H4I�y¹J�`xJ�H4I{Y�f-LsI{i1I�f-î¸guI�oaI�gSfaYzJ�H4Ivf�[4J�`Q�j�`QLsi0`Qb4I�b]J�Y�l{��G$H4I5`Qi4i0`�YdW_J�IsH4`�g�y4Yºw/`aKzJ�H4I5¶"W_eQb4I�K5yaWZY�J�K�W_\4[4J�W_`Qb2q�\1I�j�f�[1Y�Is¶�W_eQb4I�Krj�K�`]Y�Y��nj�`QLsi0`Qb4I�b]J�Yj�f-bcJ�`-�$I�K$`-oQI�K�¶�W_eQb4I�K�f-[4J�`a�nj�`QLsi1`ab4I�b�J�Yª\�p{[4ixJ�`sf3wnfQj�J�`aK§`�w�J��$`4��lG$H4Ici4K�WZj�Ixi1fhWZy¼w/`QK5J�H4IcLB`QK�I{K�`Q\4[1Y�J5W_b]w6`QK�Lvf�J�W_`Qb�I�Y�J�W_Lvf-J�I�Yry]I�KtWuoaI�y¥w6K�`QL Y�Ls`]`QJ�H4I�y�G��
��YFWZYsfYdW_eQb1fhg_�ny]I�i0I�b1y]I�b�J{\]WZfQYz`-w�I�b]J�K�`Qi]p�g_I�oQI�gZYrj�`aLsi1f-K�I�y¹J�`cJ�H4`�YtIvy]I�K�W_oQI�y¸w/K�`aL J�H4Is¶�W_eQb4I�KsyaWZY�J�K�W_\4[4J�W_`Qb2q�$W_J�H{J�H4I�f-LB`Q[4b�J9`-w2\]WZfQY�Wub1j�K�I�fQYdW_b4es�$W_J�H{J�H4I�f-LB`Q[4b�J9`-w)Y�Ls`]`QJ�H]W_b4e1l
G$H]WZY9\]WZfQY9H1fQY9i4K�`-oQI�ysyaWk|}j�[]g_J�J�`^a[1f-b�JtW¯w6pQqQYdW_b1j�I�J�H4I$j�`Qb]oQ`-g_[4J�W_`Qb3W_bc� � �Ef�b1y(J�H4I�i1`-�$I�K
f-b1yFWub]J�I�eQK�fhg�W_b{�
	]�2y]`�b4`QJ)i0I�K�L5[4J�I9W_b�f�b�p(YdW_Lsi]g_IwnfQY�H]W_`Qb2l�mnbsJ�H4IªYti1I�j�WZfhgEj�fQY�I$`-w&J�H4I$Lvf-J�j�H4I�y3�$W_b1y]`-�"Y�i1I�j�J�K�`QeQK�f-L f-i4i]gkW_I�ysJ�`ºfzY�[4L `�wg�ºf-[1Y�Y�W�f�b�Y�Wueab1fhgj�`QLsi0`Qb4I�b]J�Y�q4f(yaW_K�I�j�J�j�`aLsi4[4J�f-J�W_`Qb��1b1y4Y�fz`Qb4I��6\]W_J�\]WZfQY�W_bxfQY�p]Lsi4J�`aJ�WZj9W_b]w/`QK�Lvf-J�W_`Qbcj�`QLsi1f-K�I�ysJ�`3J�H1f-JÙ ü¶ôS
¶ë@÷IîIùcçWïpã�ët�LïYîOã�ë;î�õ�ä#� ��ÚyÛ | � ÿ�Ü � �0�{�3ë��ÞÝ�ßáà â�ã�Ü � ÿ�ä]å§æC�d,
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I�Y�J�W_Lvf�J�I�yz[1YdW_b4ezJ�H4I9¶�Wueab4I�K�yaWZY�J�KtWu\4[4JtWu`abc��j�`QLsi1f�K�I§��W_eQ[4K�I : �ªWuJ�Hr��W_eQ[4K�I9�4��l�#�I�Yti]WuJ�I§J�H4I
W_b�J�K�`8y][1j�JtWu`ab`-w§Y�p4Y�J�I�L{f-J�WZjz\]WZfQY�q2Yt`QLsIsf-Ls`Q[4b]J�`-w§YtLs`�`aJ�H]W_b4exf-i4i1I�f-K�Y�j�K�[1j�WZfhg
w6`QK�`Q\4J�fhW_b]W_b4eÁfaj�j�[4K�f-J�IFWub]w6`QK�L{f-J�W_`QbI�Y�J�W_Lvf�J�I�Y9w6`QK�j�`QLsi]gkWZj�f-J�I�y¨L5[]guJtW�j�`aLsi1`Qb4I�b]JzYdW_eQb1fhgZY��ªWuJ�Hx`-oQI�K�gZf-i4i]W_b4ecf-[4J�`Q�
f-b1yxj�K�`�Y�Y��nj�`QLBi1`Qb4I�b]J�Y�lO�twç è �g¹�{d���m�g{��W~5Q^{d���O~A{��3�g�"¶ �|�"~A�g{­»#�g{^�"z|{^�ú-W_Lsi]g_I5J�`vy]I�K�W_oQIQqXg_`��$I�Kzf-b1y{[4i4i1I�Kz\0`Q[4b1y4YS`QbxJ�H4I5���I�b�paWEI�b]J�K�`ai�pcj�`QK�K�I�Yti1`Qb1y¨J�`sJ�H4Ic«�i1I�f-îaW_I�Y�J�­{f-b1y«�éEf-J�J�I�Y�J�­B¢�`QH4I�b2ÒËY�j�gZfQY�Y�G��
��Y�l
È�É�Ê§Ë\ÌÍÊ|Îëê�Ð�ì Ë�í�Ê Ì«îºËH�u×)ï�Ëg×�Ô�×\ÚAË\ÌiÎ=ã#Ö5ÔMËg×ÝØWËg×|Ö,ÊX×|Ö�Ú�Ë�Ì�àbËgÉ�Ê|×�ájÕ�Ø"âMã|Õ5Õµä ì2OQ´ µQT0² ç�OWè�UhT|é êM�®kµWê/êEëgì�í �S���n��������v�µaT1²��&ú : v�µaT|û{µQT1²(Æbòmó È �1ô õ&�

û��4�������
ú g_`Qe È ��£× : × : × �
��× : g_`Qe È Å Å¯ÖºÅ Å Ã Ñ � : �]�ð�T�R8µQ´�V6±ZM�u�®kµQ´�v1³�OQ´3V)è�UÒñc± ðaT1U�´8ûa±jê�V6´�±Jæ u]V6±�OQT�v

ûl�4� Ó ���­ú g_`Qe È ��x× : × : � � : n]�ò ±�V)èxU�ó�u�µQ®k±�V6²s± ³(µQT|û{OQT1®k²s± ³�Æc±Mê(µZô�µCu"ê/êÇ±�µQT�ö
¢�`QLBi1f-K�I$J�H4I$g_`-�$I�K§Y�f-J�[4K�f-J�W_`Qb3g_I�oQI�g&W_bv��W_eQ[4K�I : �$W_J�HvJ�H4I�J�H4I�`QK�I�JtW�j�f�g1\1`Q[4b1y{û��0� Ó  ��Ï ÃÈ gu`ae È � × : Ä×!� Ñ Ài�"�Fw/`QKSJ�H4I��ºf-[1Y�YdWZf-b2lG$H4I�`QK�I�L ¡¤j�f�b"\1I¨W_b�J�I�K�i4K�I�J�I�y·fQY{f£Ls`QK�I�i1`-�$I�K�w6[]g�oQI�K�YdW_`Qb�`-w(J�H4I��§I�gkg_�6î]b4`��Sb JtWuLBI���w/K�I�^a[4I�b1j�p[4b1j�I�K�J�f�Wub]J�p"i4K�W_b1j�W_i]g_I ~ : ¡ ��Á Ls`QK�Ixi1`-�$I�K�w6[]gº\0I�j�f-[1Y�I�W_JcJ�f-îQI�YBJ�H4I£I�b]J�W_K�I£J�W_LsI���w/K�I�^Q[4I�b1j�p·i]gZf-b4I£W_b]J�`fQj�j�`Q[4b]J$K�f-J�H4I�K$J�H1f�b(��[1Y�J$J�H4IzLvf-K�e-W_b1fhg*yaWZY�J�KtWu\4[4JtWu`ab1YrÅ Æ��n����Å È f-b1y+ÅËÊ9�����ÇÅ È l
G$H]WZY$K�I�Y�[]g_J�fhgZY�`5eQI�b4I�K�fhgkW_��I�YJ�H4I�W_b4I�^Q[1f�g¯W_J�p�`-w��$W_K�Y�j�H4Lvf�b J�H1f-JcK�I�gZf-J�I�Y{J�H4I+j�gZfQY�Y�W�j�f�gri4K�W_b1j�W_i]g_I�J�`�J�H4I¥úQH1f-b4b4`Qb�I�b]J�K�`ai�p�`-w5J�H4ILvf-K�e-W_b1fhgZY�q1fQYz~ : 	 � û Ã �ÇÅÉÆ�Å È �5ð û Ã �ÇÅ¯ÊªÅ È ��ú : ×þg_`Qe È ô�$W_J�H¥I�^Q[1f�g¯W_J�p¹W¯w(f-b1y¹`Qb]g_p+Wkw(ÆBWZYE�ºf-[1Y�YdWZf-b2l=ÅS`QJ�I{J�H1f-J5G$H4I�`QK�I�L ¡�Lvf-K�î8Y3J�H4I{J�H]W_K�y¥\4K�I�f-î4y]`-��b+`-wJ�H4Izf-b1fhg_`QeQp5\0I�J��$I�I�b{i4K�`Q\1f-\]WkgkW_J�p}y]I�b1YdW_J�p5w6[4b1j�J�W_`Qb1Y$f-b1y{G��
��Y9�dJ�H4I��1K�Y�J�J��$`z\1I�W_b4esb4`Qb4i0`�YdW_J�W_oaWuJ�pcf-b1yb4`Qb][4b]WZ^Q[4I�b4I�Y�YÇ��q�YdW_b1j�I{J�H4Ivy]I�g_J�f¨w/[4b1j�JtWu`ab¤i4K�`a\1f-\]Wkg¯W_J�p¤y]I�b1YdW_J�p£L5W_b]W_L5W_��I�YsJ�H4I{���I�b�paW�I�b]J�K�`ai]WuI�YF`-w�fhgkg`QK�y]I�K�Y�l¶ H]Wkg_IrfF�1b]W_J�Iz[4i4i0I�K�\1`Q[4b1y{`abxYdW_eQb1fhg)j�`QLsi]g_I�»]WuJ�pcj�f-b4b4`QJ$I�»]W�YtJ�W_b�eQI�b4I�K�fhg���YdW_b1j�Izb4I���j�`QLsi0`Qb4I�b]J�Yj�f-b£fhg_�ªfhp4Y�\0Irf-i4i0I�b1y]I�y£J�`cfvY�Wueab1fhg)J�`BW_b1j�K�I�fQY�I3W_J�Y�j�`QLsi]g_I�»�W_J�p0��q2f-bÁf�i4i4K�`h»�W_Lvf-J�I([4i4i1I�Kz\0`Q[4b1y£j�f-b\1Izy]I�K�W_oQI�yBw6`QK§Y�Wueab1fhgZY�j�`Qb1Y�J�K�fhW_b4I�ysJ�`FgkWuI�W_bxfFK�I�e-W_`Qb®õ W_bvJ�H4I�J�W_LsI���w6K�I�^a[4I�b1j�pvi]gZf-b4IQl9mnb{J�H]WZY$j�fQY�IQq]J�H4ILvfh»]W_L5W_��W_b4exYdW_eQb1fhg)�$Wkgkg
\1Iv«���H]W_J�I�­{Y�[1j�HcJ�H1f-J$W_J�YSG��
��WZY�[4b]Wkw6`QK�L5g_pxyaWZY�J�KtWu\4[4J�I�yx`-oQI�K�õ£lr ÌÍË�ßºË\Õ5ÔMÖ5ÔMËg×cö&Ð�÷�ßºßºÊ#Ì®îºË)�º×øï�Ëg×�Ô�×\ÚAË\ÌiÎ�ã#Ö5ÔjË^×
ØWËg×XÖ,Ê|×|ÖWä�å UhV2�����n������� æ�U(µ:ç�OWè�UhT|é êºMh®kµWê1êEëgì�íµQTXûv®kU�Vº�&ú : ölëgè�UhTz³�OQ´8ê�±aðQT1µa®�ê�M�OQT0M�UhT1V6´�µQV6U/ûs±�TÁV)è]UrV6±�P5U iË³Ç´�U+óÞu]U�T1Mh²s´�U
ða±ZOaT«õ

û��0���S���tù :: ×�� g_`Qe È Í&Í�ú f-K�I�fQ�]õx� õ � Îa�8Îd� Ï gu`ae È f-K�I�fa�5õ�� Ñ
: À



O�t�û ü {��3�g�"¶­�X�"~��^{­~�{HRg�\�i~���{g�m�W~]Qg{d���?�"�"��{d�Í�3�g�"¶­�X�"~��^{d�E�\{��î�A¥dz��Bý­{dz&»#�����W�Â b¼±�T�³�OQ´�P5µQV6±ZOaT¤±�T|ïhµQ´�±�µQT0V)YdW_eQb1fhg�J�K�f-b1Ydw6`QK�Lvf�J�W_`Qb®þ g_I�fhoQI�Y�J�H4Is���I�b]pQW)I�b]J�K�`ai�pcLsI�faY�[4K�I5[4b1j�H1f�b4eQI�y&q�$W_J�Hsû��0����ÿ¸�Ç�
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R3 − b*R2   for   0<b<1 (increasing to bottom)
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