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f�H�ghX[ijglknmok.gpJqgjrqWMs[ihX�tGuwv�JMs[k�xGsyWMx�WqvYk.N�z{WMs s[k�WMs[NGkns[ihL�r|v}x�JMs[v�k�v > u:uwkyXYs[ijU uwJMX�s[ilU.k�v<X[W
s[k�NVH�U�k�X�t�k�~�J�mokyz�s[WML�X5JML�NQxGs[WM�Ogjk�A�R�rMs[JMxdtQs[knxGs[k�v�knL�X[JMXyijWML�WMz<X�t�k�uwJMX�s[ih�wijvEH�v�k�N
JML�N4X�~EW�rMs[JMxGtBU.WqJMsyv�kyLOi�L�rEu�knX�t�W?NGvJMs[k�ihL�mok�v�X[ilrqJMX[k�N�A�R�u�H�ghX[ijglknmok.gqJqglrqWMs[ihX�tGu-X�tOJMX
H�v�k�v�J�uwJM�pi�uwJqgi�LONGkyx�knL�NGknL�X mokns�X[kn��vYkyX�z�WMs�U�WqJMs[v�knL�i�LOr)JML�NQX�t�k4TVglWqJML�JqglrqWMs[ihX�tGu
WML)X�t�k U�WqJMs[v�k�v�X�rMs[JMxGt:ilv�v�t�W�~�L�X[W�xGs[W?NVH�U�k WMs[NGkns[i�LOrqv�X�t�JMX�JMsyk�WMzJ&v�ihu�ilglJMs���HOJqgjihX >
X[W:X�t�Wqv�kBW = X[JqihL�k.N�H�vYi�L�r)X�tOk = k.v�X&kn�pijv�Xyi�L�rwU�WMu = ihL�JMX[WMs[ilJqg�JqglrqWMs[ihX�tGu���X�t�k|t >?= s[ilN
TVglWqJML�JqglrqWMs[ihX�tGu��nA	R�NVm�JML�X[Jqrqk�v�WMzEX�t�k�xGs[WMx�Wqv�k�N�JqgjrqWMs[ihX�tGu�W�mokysSX�t�k)X�t�k�t >?= s[ilN
TVglWqJML�JqgjrqWMsyi�X�tdu�JMsyk	X�tOJMX)i�X:NdW�k�vKL�WMX�syk.�oH�ihs[k�JML > v}x�k�UnX�s[Jqg i�LGz�WMs�uwJMX[ijWML�JML�N�ilv
v�ilrML�ih��U.JML?X[g > z{Jqv�X[kns���s[k���H�ihs[ihL�r�WML�J�mokysyJqrqk|t�Jqghz<X�t�k4�����0X[ihuwkqA

���o���B��`M�<^q �¡ J�mokyz�s[WML�X¢JML�N£xGs[WM��glk¤s[k�NVH�UnX[ilWML��8u�H�ghX[ilgjknmok�g-JqgjrqWMsyi�X�tdu��¥s[W�~
WMs[NGkns[i�LOrp�oz�s[WML�XyJqgduwknX�t�W?N�A

IM�EWMu	xdHGX[JMX[ilWML�Jqg�TVU.ilknL�U.kSJML�N§¦�L�rqi�LOk.kns[ihL�r:¨5knx�JMs�XYu�knL?X��d¨&JMs[k�v = HGs >�© J = WMs[JMX[WMs > �
¡ JMs�s[ihL�rMX[WML ¡ R�ª:ªqR�¨B�d¦�L�rqglJML�N�A

Z��EWMu	xdHGX[JMX[ilWML�JqgqTVU�ilkyL�U�k<JML�N4¦�L�rqihL�k.kns[ihL�r�¨&knx�JMs�X�uwknL�XM�.R«X[glJqv<��knL?X�s[k���¬�HdX�t�kns�z{WMs[N
R�xGx�glknX[WML © J = WMsyJMX[WMs > �d��VWML®�¯S°q°B±o²�¯B�d¦�L�rqglJML�N�A
R�H�rMH�v}X�³?°o�d´M±q±q±pA
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´?A�° ¨&ky�dL�i�XyijWML�v A4A|A4A4A|A4AKA4A|A4A4A|A4AKA4A|A4A4A|A4AKA4A|A4A4A|A4AKA4A|A ´
´?A ´ ��t�kSTVglWqJML�JqglrqWMs[i�XYtGu AKA4A|A4A4A|A4AKA4A|A4A4A|A4AKA4A|A4A4A|A4AKA4A|A ³
´?AD³ ��t�k4F >?= s[ilNQJqglrqWMs[i�XYtGu A4A|A4A4A|A4AKA4A|A4A4A|A4AKA4A|A4A4A|A4AKA4A|A ª

� ��� ��� ��! _"�#! �%$��&!(')`M�<�?`)� � �§\*!+����`)� _ ��, -
³pA�° ��t�k4f�H�ghX[ijglknmok.g�R�xGxds[WqJqU�t A|A4A4A|A4AKA4A|A4A4A|A4AKA4A|A4A4A|A4AKA4A|A .

³pAh°oA�° ��tOk|U�WqJMs[v�knL�ihL�r�xGt�Jqv�k A|A4AKA4A|A4A4A|A4AKA4A|A4A4A|A4AKA4A|A /
³pAh°oA ´ ��tOk|U�WqJMs[v�k�v�X�rMs[JMxdt�WMs[NGkns[ihL�r§A4A|A4A4A|A4AKA4A|A4A4A|A4AKA4A|A 0
³pAh°oAD³ ��tOk5xGsyWqgjWML�rqJMXyijWML�JMLON�s[kn�GL�knuwkyL?X�xGtOJqv�k A4A|A4A4A|A4AKA4A|A 0
³pAh°oADª ��tOk5u�HOg�X[ilglkymok�gJqgjrqWMs[ihX�tGu A4AKA4A|A4A4A|A4AKA4A|A4A4A|A4AKA4A|A 1

2 3 � , �?`)� cob4!�`M�?^���! _�^ 52
ªpA�° f�H�ghX[ijglknmok.gJqglrqWMs[i�XYtGu ~�ihX�t U�WqJMs[v�knL�ihL�r =�> k�NGrqk|U�WqglgjJMx�vYi�L�r A4AKA4A|A °�.
ªpA ´ f�H�ghX[ijglknmok.gwJqgjrqWMsyi�X�tdu ~�ihX�t U�WqJMs[v�knL�ihL�r = Jqv�k�N WML X�t�k uwJM�pi�uwJqg

ihL�NGknx�knL�NGknL?X«mokns�X[kn�wv�kyX A4A|A4A4A|A4AKA4A|A4A4A|A4AKA4A|A4A4A|A4AKA4A|A °�6
ªpAD³ TVglWqJML mokns[v�H�v�F >?= s[ilN WML�U�WqJMs[v�k�v�X rMs[JMxGt A4A4A|A4AKA4A|A4A4A|A4AKA4A|A ´M±
ªpADª TVknL�v�ihX[ihmVihX > WMz<XYt�k�u�H�ghX[ijglknmok.gJqglrqWMs[i�XYtGu A4A4A|A4AKA4A|A4A4A|A4AKA4A|A ´Mª
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¡ k	U�WML�v�ilNGknsKu�HOg�X[ilglkymok�g<JqglrqWMs[i�XYtGuwv|z{WMsSWMs[NGkns[ihL�r v�x�JMsyv�k)v > u	uwknX�s[ilU�uwJMX�s[ilU.k�v�z{WMs
v�uwJqglg�~�J�mokyz�s[WML�XSJML�N�xGs[WM�Ogjk�A ��t�k�s[k�v�H�ghX[ihL�r:WMs[NGkns[ihL�r	uwJ > = kKH�v�k�N�X[WQU�WML�v�X�sYH�UyX
J�s[W.~ WMs[NGkns�z{WMs�H�vYk	~�ihX�t X�t�k:s[W.~�
 =?> 
{s[W.~ z syWML�X[Jqg�uwkyXYt�W�N JMxGx�glijk�N®XyW�J uwJMX�syi��
~�ihX�t J)v > u:uwkyXYs[ijU v�x�JMs[v�ihX > xOJMX�X[kns�L®��v�k.k� ´q´�� �nA�TVihL�U.k�~Ek&JMs[k5xds[i�uwJMs[ilg > U.WML�U�kns�L�k�N
~�ihX�t�uwJMX�s[ilU.k�v�X�t�JMX4JMs[kSx�WqvYi�X[ihmokKNdky�GLOi�X[k��p~Ek�~EWMs���WML�g > ~�ihX�t�X�t�kSx�JMX�X[kns�L§WMz�X�t�k
uwJMX�s[ih��JML�N:NGW&L�WMX�X[J��ok�ihL�XyW|JqU�U.WMHdL�X�x�kysYu�HGX[JMX[ilWML�v�LOk.k�NGk�N�z{WMs v�X[J = ilgjihX > A�� L�U�Jqv�k�v
~�t�kns[kKXYt�kKuwJMX�s[ih��ilv5L�WML�
 NGky�dL�i�Xykq�OWMsSilv|v > u:uwkyX�syijUSWML�g > ihL�i�Xyv5v}x�JMs[v�ihX > xOJMX�X[kns�L��
X�t�k&JqUnX�H�Jqgz{JqUnX[WMs[i��.JMX[ilWMLQuwJ >Q= k�u�WMsyk|kn��x�knL�v�ihmok&JML�NQs[k���HOi�s[k�uwWMs[k&v�X[WMsyJqrqkqA

f§ihL�i�uwi��.ihL�r&X�t�k�xGs[WM�Ogjk�WMz J�u�JMXYs[i��:ilv��?L�W�~�LQX[W = k�JML�����
 U�WMu:x�glkyX[k�xGsyW = gjknu
��° 0�� A R L?HGu = kns�WMz)t�knHGs[ilv�X[ilU§JqgjrqWMs[ihX�tGuwvQtOJ.mok = k�kyL-xds[WMx�Wqv�k.N��|i�L�U�ghH�NGihL�r�X�t�k
�«HGXYt�ijglg�
 f U��4k.k��Dª�� ��¬�knmokns[v�k�� HGX�t�ilgjg�
 f§U��4k�k�� /p�V° 1����! |i =G= v"
#�|ihL�r$� 0�� �! 4i =d= v%
 �<W?Wqgjk&

T�X[W?U��?u�k > kns'� 6(���2JML�N TVgjWqJML)� ´�/���JqglrqWMs[ihX�tGuwv�A f§WMs[kws[k�U.knL�Xyg > � v�x�k�UyXYs[Jqg�WMs[NGkns[i�LOrqv
= Jqv�k�N�WML�XYt�k�C�ijk�NGglkys�mok.UnX[WMs<WMzdX�t�k © JMx�glJqU.ilJMLKuwJMX�syi��SJqv�v�W?U.ilJMX[k�N|~�ihX�t+*�t�J.mok = k�knL
NGknmok.glWMx�k.N,��°o��´M±G�<´o°���A-�5Hdu	z�kys�X&JMLON �<WMX�tOkyL.� °�6���xGsyWMx�WqvYk)U.WMu = i�L�ihL�rwX�t�k:TVglWqJML
JqglrqWMs[i�XYtGu�~�ihX�t X�tOk v�x�k.UnX�s[Jqg WMs[NGkns[i�LOrpA ��t�k s[k�v�H�ghX[ihL�r�t >?= s[ilN�TVglWqJML JqglrqWMs[ihX�tGu
� t�kns[k�JMz X[kns|sykyz{kns�s[k�N§X[W�JqvKX�t�k0/2143�5&687:9<; =?>�5&6A@CB?DK��t�Jqv = k�kyL�v�t�W.~ L X[W�rqihmok�u�HOU�t
= kyXYX[kys�WMs[NGkns[ihL�rqvQz{WMs gjJMs[rqk§xGs[W = gjknuwv�X�t�JML k.ihX�t�knsQXYt�k®v}x�k�UnX�s[Jqg�uwkyX�tOW�N WMs�X�t�k
TVglWqJML�u�knX�t�W?N JqglWML�kqA �Et�ijv)t�Jqv = k�kyL�U�WMLG�Gs�uwk�N =�> ¬�k.ilN�JML�N TVU.WMXYXE� ´q´(���«~�t�W
ihu	xOgjknuwkyL?X[k�NQX�t�k)TpgjWqJML JML�N§F >�= s[ijN§JqglrqWMs[ihX�tGuwv�~�i�XYt�i�L�XYt�k�F�JMs�~Ek.glg�T�H = s[WMHGX[ihL�k
© i = s[JMs > ��°q°(��U�W?NGkGFIHIJ!KdA

�L�k�s[k�Jqv�WML z{WMswX�t�k§v�HOU.U�k.vYv�WMzSX�t�k�F >?= s[ilN JqglrqWMs[ihX�tGu ilv�X�tOJMX�X�tOk�v�x�k.UnX�s[Jqg
JqglrqWMs[i�XYtGu¤X[J��ok�v4JQrqglW = Jqg<mVilkn~"WMz�X�t�kBrMs[JMxGt WMz«X�tOkKuwJMX�s[ih�A ��t�ilv&rqgjW = Jqg<mVilky~ ilv
z{k�N�ihL?X[WKX�t�k4TVglWqJML JqglrqWMs[ihX�tGu Jqv JKxGs[ilWMs[ihX > mok�UyXyWMs��VJML�N�X�tOk|TpgjWqJML JqgjrqWMs[ihX�tGu X�t�knL
x�kysYz{WMs�uwv«glW?U.Jqg�WMxGX[ihuwiL��JMX[ilWML�v�A
��tOk�v�x�k.UnX�s[Jqg�JqglrqWMs[ihX�tGu t�JqvEJqgjvYW = k.knL�HOv�k.NwihLQX�t�k�JMsyk.J�WMz rMs[JMxGt�x�JMs�X[ihX[ilWML�i�LOr

� 1p�e´).���A�f§WMs[k�s[k�U.knL�Xyg > ��syk.v�k�JMs[U�t�kns[v�t�J.mok z{WMHGL�N4X�t�JMX��Mz{WMs�glJMs[rqk«rMsyJMxGt�v��qJ�u�H�ghX[ijglknmok.g
JMxGxGsyWqJqU�tM� ´?�<°a±d��°a³d��´)6N�2U.JML�xGs[W�mVilNGk)JML k.�oH�Jqglg > rqW?W?N®rqglW = Jqg�mVilkn~S�O~�t�ilgjk = k�ihL�r
u�H�U�t§z{Jqv}X[kys = k�U.JMHOv�k|X�tOk�U.JqglUnH�gjJMXyijWML§WMz�X�t�kBv�x�k.UnX�s[Jqg�mok.UnX[WMs4WMz JQglJMs[rqkKuwJMX�s[ih� ilv
J.moWqilNGk�N�A R7L�HGu = kns WMz�k&OwU.ilknL�X JML�N:t�ilrMtP
 ��HOJqgjihX > rMsyJMxGt�xOJMs�X[ihX[ijWMLOi�L�r4U�W�NGk�v = Jqv�k�N
WMLwX�t�k�u�HOg�X[ilglkymok�gVJMxGxds[WqJqU�t�tOJ.mok = k.knLwNGknmok.glWMx�k.NE��°a±p�G°a³G�?´)6N��A �Et�k�v�H�U�U�k.v�v�WMz�X�t�k
u�H�ghX[ilgjknmok�g�JMxGxds[WqJqU�t�i�L§rMs[JMxdt�x�JMs�X[ihX[ilWML�i�LOr�u�WMXyi�mqJMXyk.NQXYt�k|~EWMs�� s[knx�WMs�X[k�N ihL�X�t�ilv
x�JMx�kns�A

¡ k�xGs[WMx�Wqv�k§J u�H�ghX[ilgjknmok�g�JqgjrqWMs[ihX�tGu z{WMsQX�tOk�WMs[NGkns[i�LOr�WMzKv}x�JMs[v�k§v > u:u�knX�s[ilU
uwJMX�s[ilU.k�v�AQ��HGuwkns[ilU.JqgMX[k�v�X[v�WML�JE~�ijNdk<s[JML�rqk�WMzVxGsyW = gjknuwv�z s[WMu0NGi�Rkns[kyL?X�JMxGx�glijU�JMX[ilWML
JMs[k�Jqv§U.WMLG�ds�u XYt�JMX§WMHGs§u�H�ghX[ilgjknmok.gSJqgjrqWMsyi�X�tdu > ijk�glNGv�WMs[NGkns[ihL�rqv�WMzwU.WMu:x�JMs[J = gjk
�oH�JqgjihX > X[W|X�tOk�F >�= syijNwJqgjrqWMsyi�X�tdu�A<f§WMs[k�W.mokns��VWMHGs�JqglrqWMs[ihX�tGu NGW�k�v�L�WMX«syk.�oH�ihs[k�JML >
v�x�k�UyX�syJqg�ihLGz{WMs�uwJMX[ilWML�JML�N§ilv|v�ilrML�ih��U�JML�X[g > z�Jqv�X[kns�X�t�JML§X�t�kSF >�= syijN§JqglrqWMs[i�XYtGu A|TVW
z{JMs Jqv«X�t�k�JMHdX�t�WMs[vS��LOW.~S��X�t�k�WMLOg > WMX�t�knsEJMX�X[knu	xdX«JMXEH�v�ihL�rKJ�uBH�g�Xyijglkymok�gGJMxGxds[WqJqU�t
ihL X�t�ilvQU�WML?X[ky�?XQtOJqv = k.knL =?>UT Wqghu�JML JML�N F�knL�NVsyijU��pv�WMLV�D³���A ��tOk.ihs JqglrqWMs[ihX�tGu
U�WMu = ihL�k.N J-u�H�ghX[ilgjknmok.g:JMxGxds[WqJqU�t"~�ihX�t J"°�
 v}HGu gjW?U�Jqg	s[kn�GL�knuwkyL?X�xGs[W?U.k�NVHGs[k�A
F�W.~Eknmokys��|X�tOk > ~�kns[k§L�WMX�J = glk§X[W U.WMLOv�ijv}X[kyL?X[g > i�u:xGs[W�mok®WML0XYt�k®�oH�Jqgli�X > WMz�X�t�k
WMs[ilrqi�LOJqg�TVglWqJML�JqglrqWMs[ihX�tGu A
��tOijv<x�JMx�kns�ijv�WMs[rqJMLOijv�k�N:Jqv�z{WqgjglW.~5v�A�� LwTVk�UyX[ilWMLw´?��NGkn�GL�ihX[ilWML�v<JML�N)X[kns�uwi�LOWqgjWqr >

JMs[k�ihL?X�s[W?NVH�U�k.N��qJML�N�X�t�k5TVgjWqJMLwJML�N)F >?= s[ilN:JqgjrqWMsyi�X�tdu�v�JMsyk�s[k�U.Jqglgjk�N�AW��L�TVk�UnX[ijWML:³p�
WMHGsEu�H�ghX[ijglknmok.gGJMxdxGs[WqJqU�t ilv�xGs[k�v�kyL?X[k�N�AW��HGuwkys[ilU�JqgGs[k.v}H�g�Xyv2U�WMu:x�JMs[ihL�rKWMHds�uwkyXYt�W�N
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~�ihX�t�X�tOkQTVglWqJML�JML�N XYt�k�F >?= s[ilN JqglrqWMs[i�XYtGuwvKJMs[k�rqi�moknL�i�L Tpk.UnX[ilWML ªpA�TVk.UnX[ilWML .
v�HGu:uwJMs[i��.k�v WMHGs��GL�Ndi�L�rqvEJML�N U�WML�v�ilNGkns[v«z HdX�HGs[k&NGihs[k�UyX[ilWML�v�z{WMs�s[k�v�k�JMs[U�t�A
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¡ k|�Gs[v}X�L�k�k.NwX[W)ihL�X�syW�NVHOU.k&v�WMuwk&L�WMuwkyL�U�glJMX�HGs[k&JML�NQLOWMX[JMX[ilWML�A © kyX�*��! #"�$&%(' = k
JML*),+-)�v > u:uwknX�s[ilU�uwJMX�s[ih�A�R«X�XYt�k/.8
{XYt v�X[knx�WMz<X�t�k�z{JqUnX[WMs[i���JMX[ijWML WMzW*S�Vs[W.~10�ilv
v�JqilN�X[W = k 9�2�@A64365�ihz7098:.�JML�N�X�tOkys[k kn�Vilv�X[v<J&U�Wqg�Hdu	L	i�L�Ndky�<;�=:.�v}H�U�t�X�t�JMX�"?>A@�B� ±pA
��t�kC.#
{X�t:D�96365FE 5 >6G�@IH $ WMzS*�ilv�NGkn�GL�k�NQX[W = k|X�tOk5L?HGu = kns�WMz�s[W�~�v�X�t�JMX�JMsykKJqUnX[i�mok
NVHGsyi�L�r4X�t�k�.#
{X�t�v�X[knxQWMz�X�t�k�z{JqUnX[WMs[i���JMX[ijWML<A ��tOk D-9#J<6 DLK D-JML�N 5 >N><@NM DO5 96GPMRQTSUK�9<5V5 7
�{¬�f�TG��~�J�mokyz�s[WML�Xyv�JMs[k��?s[k�v�x�k�UyX[ihmok�g > �W:� *&�X� uwJM�YAZ $ Z\[  ]H $ '
JML�N ^6_a` H�� *&���cbXd [$�e Y Hgf$) hjik�l
��t�knm 5 >po ;q5�WMz * ijv�X�tOkKX[WMX[Jqg�L?HGu = kns&WMz�knL?X�s[ilk.v�ihL®XYt�kKglW.~Ekys4X�s[ilJML�rqglkK~�t�knL�JML >
��kys[W)JMtOk.JqN WMz X�t�k&�Gs[v�X kyL?X�s > ihL�i�Xyv«s[W�~�ijv�kn�pU.ghH�NGk�N���X�t�JMX5ijv��r	�8*&��� [s$te Y uwJM�IVuwvyxe7z  T.7{ °/|~}\' l ��°M�

� X�ijv v�X�s[JqilrMt�XYz{WMs�~EJMs[N	XyW)v�t�W.~0XYt�JMXr	� *&�X� [s$te Y H $ l
C�WMs�J�z syWML�X[Jqg�v�Wqghmokys X�t�k�v�k&v�X[JMX[ilv�X[ilU.vEJMs[k4i�u:x�WMs�X[JML?X = k�U.JMHOv�k� X�t�k�uwkyuwWMs > L�k�k.Ndk.NwX[W)v�X[WMs[k&X�t�k�z syWML�X[JqguwJMX�s[ih�wijv�W f� r¥ilv�X�t�k�X[WMXyJqg�v�XyWMs[Jqrqk5LOk.k�NGk�N�z{WMs�XYt�k5z�JqUyX[WMsyijv�k�N:u�JMXYs[i��� X�t�kQL?HGu = kns:WMz���WqJMXyi�L�r�
{x�WqihL�X:WMx�kns[JMX[ilWML�v)~�t�knL k.gli�uwihL�JMX[ihL�r§J®mqJMsyijJ = glk ilv

xGs[WMx�WMs�X[ilWML�JqgGX[W�X�tOk|v��oH�JMs[k4WMz<X�tOk5UnHGs�sykyL?X�~EJ.moknz s[WML?X�v�i��.k�A
�HGs4rqWqJqg�X�t�kns[knz{WMs[kKilv�X[WwU.WML�v}X�s�H�UnX�JML�k OwU�ijknL?X&WMs[NGkns[i�LOr	JqglrqWMs[ihX�tGu X�t�JMX�s[k�NVH�U�k�v
X�t�k&J = W.mokS��HOJML�X[ihX[ilk.vaA

� X�ilv WMz X[knL0U�WML�moknL�ilkyL?X ~�t�knL-Ndkymok�gjWMxOi�L�r WMsyNGkysyi�L�r JqglrqWMs[ihX�tGuwv�XyW�X�s[k�JMX X�t�k
uwJMX�s[ih� *0i�L�X[kysYu�vEWMz<ihX[v�JqN]�YJqU.knL�U > rMsyJMxGt�A R�L HGL�NGihs[k�UyX[k�N:rMs[JMxGt�� ijv�Ndky�GLOk.N:X[W
= k|J)x�Jqihs)�����p�B�n�p~�tOkys[k��"ilv�J)�GL�ihX[k|vYkyX�WMz�3(5&5�@A6F2V5TQ �{WMs�G >N7�5TQ���JML�N~� ijv�J)�GL�ihX[k
v�knX WMz�5 7�=?5TQ NGkn�GL�k�N)Jqv«HdL�WMs[NGkns[k�N�x�Jqi�syv«WMz�NGilv�X[ihL�UyX�mokns�X[ilU�k.v�AW� LQJOD�5&6L=<B?@�5 7ErMs[JMxGt��
k�JqU�t�mokysYX[ky�4JML�NBk.NGrqk�t�Jqv<J�~Ek�ijrMt?X<Jqv�vYW�U�ijJMXyk.NK~5i�X�tSihX�A �Et�k�JqN]��JqU�kyL�U > rMs[JMxGt����8*&�
WMz�X�t�kSv��oH�JMs[kKv > u:uwkyXYs[ijU�uwJMX�s[ih�'* U�WMu	xds[ijvYk.v�XYt�k|mokns�X[ilU.k�v/���8*&���� q°��Y´�� l�lTl ��)�'
JML�NQXYt�k&k.NGrqk�v ���8*&���! V��.y�F}?����"�$&%�B� ±\��.��,}�' l
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��~EW�mokns�X[ilU.k�vC.�JML�Nj} JMsyk)v�JqijN§X[W = k*Gg5&6L=<BP3 >]KI5UQ&��WMs|X[W = k'9 7���9�2V5TG�@l��i�z X�t�k > JMs[k
U�WMLGL�k�UyX[k�N =�> JML k�NGrqkqA ��t�kSL�WMX[JMX[ilWML .�� }�~�ilglg = k�H�v�k�N XyWQv�t�W�~¥XYt�JMXC.�JML�N }
JMs[k&L�k�ijrMt = WMHGs[v�A���t�k 9 7���9�2V5TGg2&1&v�kyX z{WMs�. ilv�X�t�k4v�knX�WMz�ihX[v�L�k�ilrMt = WMHGs[va�oXYt�JMX�ilv��"���}���.}�X�! V} ��}�� .y��.V��}�� ��' l
��t�kE7�5#=45 5V5�WMz�.	� � ilv
������.}�/� � "���}d��.}�#���OX�t�kKL?HGu = kns4WMz«L�k�ilrMt = WMHGs[vaA � z�� ijv4J
v�H = v�kyX WMzX�:�Gi�Xyv�JqN]��JqU�knL�U > v�knX�ilv�NGkn�GL�k�N�X[W = k"���}���������� %���� "���}d��}������ l

 = v�kns�mok�XYt�JMX�� rqihmoknL X�t�kQrMsyJMxGt�s[knxGs[k�v�knL�X[JMXyijWML�WMz&J®v > u:uwkyX�syijU)uwJMX�s[ih��<X�t�k.#
{X�t:~�J�mokyz�s[WML�XEU�JML = k�NGkn�GL�k�N)Jqv2XYt�k�mokysYX[ky��.<x�ghH�v�X�t�k�v�knXEWMz�mokns�X[ilU.k�v�JqN]��JqU�kyL?X�X[W
X�t�k�mokns�X[kn�QvYkyX< q°��[´�� lTl�l � . 'o�?XYt�JMX�ilv��H#$� "���} �� q°��[´�� lTl�l � . 'M���  �. ' l

R m�9 @CB WMz gjknL�rMX�t 0 ihL � ijv+JML WMs[Ndkys[k�N v�knX�WMz NGilv�X[ihL�UnX mokysYX[ijU�k�v �� Y ��� f � lTl�l ����>�����>�� Y 'o��~�i�XYt�� $ ��� $ � Y � °9=�.�= 0G�.A �E~�Wwmokys�XyijU�k.v&JMs[ka2 >6G G75V2�@�5 7
ihz�X�t�kns[k:ky�pilv�X[v�J�x�JMX�t = knX ~�k�kyL X�t�knu A R rMs[JMxGt �-ilv�U�WMLGL�k�UyX[k�N ihz�k�JqU�t x�Jqihs)WMz
NGilv�X[ihL�UnX�mokysYX[ijU�k�v�ijv&U�WMLGL�k�UyXyk.N�A ��tOk�7<6�Q @#96Gg2V5n� ��. `�! ��"����p�n� = knX�~Ek�kyL�X ~�W:mokns�X[ilU.k�v#"
JML�N��wi�L � ilv2X�tOk�gjknL�rMX�t�WMz�X�tOk�v�t�WMs�X[k�v�X�x�JMX�t�U�WMLGL�k�UyX[ihL�r4X�t�knu�A���t�kL5V2V2V5TG�@A5&6F2&6 @A1
WMz�J)mokns�X[kn�$"§ilv�NGkn�GL�k�N�XyW = k

����"���� uwJM�P %��. `�! �&"����p�n�'�(���X' l
��t�k 7<689<DO5�@�5�52WMzX��ilv�X�t�knL

) �R��� � uwJM�  %�?��"��n�'"*� �X' l
R¥mokns�X[kn��" ijv4J�m 5&5&6wm B 5&5 9<;�mokns�X[kn��i�zEihX[v&k.U�U.knL?X�s[ilU.ihX > ijv4k���H�Jqg�X[W�X�tOk�NGilJMu�knX[kns&WMz
X�t�kSrMs[JMxGt���X�t�JMX�ilv��+�?��"���� ) �����.A R1mgQT5TK�7 > mP5�5 6&m�B 5�5 9<;�mokysYX[ky�,"�ijv&NGkn�GL�k�N =?> X�t�k
U�WML�NGihX[ijWML X�t�JMX��Vihz-� ilv�JML > mokns�X[kn��z{WMs�~ t�ijU�t*��. `�! ��"����p��������"��n�VX�t�knL��?���p�����?��"��nA
��t�k&x�Jqihs#"����QWMz x�v�knH�NGWMx�kysyi�xGtOkys[Jqgpmokys�XyijU�k.vENGkn�GL�k4J�mgQT5TK�7 >(7<689<DO5�@�5&5nA
��tds[WMH�rMt�WMHGXSWMHGsBNGijvYUyH�vYv�ijWML<��ihXSijvSJqv�v�HGuwk�N®X�t�JMX4X�t�k�uwJMX�syi�� * WMz�ihL?X[kysyk.v�X4ilv

ihs�s[k�NVH�U�i = glk v�W|X�tOJMX�i�X[v�JqN]�YJqU.knL�U > rMs[JMxGtj��� *&��ilv�U.WMLGLOk.UnX[k�N�A�¨5ilv�U�WMLGL�k�UyXyk.N)rMs[JMxdt�v
U�JML = k5X�syk.JMX[k�N =?> U.WML�vYijNGkns[ihL�r�k�JqU�t�U�WMu	x�WML�knL?X�v�knx�JMs[JMX[k�g > A
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��t�k�TVglWqJML0JqglrqWMs[ihX�tGu � ´�/<���5JqvQxds[k.vYkyL?X[k�N ihL ��°�6?� ´q´(���5WMs[NGkns[vQXYt�k�mokys�XyijU�k.v�WMz)J
~Ek.ilrMt�Xyk.NwJqN]��JqU�kyLOU > rMs[JMxdt�A ��tOk�~�k�ijrMt?X[k�N:rMs[JMxGt ilv NGkysyi�mok�N	z�s[WMu"X�tOk�HGL�~Ek�ijrMt?X[k�N
rMs[JMxGt =�>49 U�WML�NGknL�v�ihL�r;: mokns�X[ilU�k.v:X[W®z�WMs�u v�HGx�kns�mokns�X[ilU.k�v�A=<�kns�X[ilU�k.v�.)JML�N }�JMs[k
U�WML�NGknL�v�k�NQihL�X[W)J)v}HGx�kys�m�JMs[ijJ = gjk�ihz.>�*"���}d��.}��� }?�*"���}d� }?� l ��´q�
��t�k�~Ek�ijrMt?X�WMz J�v�HGx�kns�mokns�X[kn�)ijv�X�t�k�L?HGu = kns WMz�HGL?~Ek.ilrMt�Xyk.N:mokysYX[ijU�k�v«ihX«sykyxGsyk.v�knL?X[v�A
��t�kEH�v�k�WMz�U.WMLONGkyLOv�i�LOr5U�JML�v�WMuwkyX[ihuwk.v<syk.NVHOU.k�XYt�k�v�i���k�WMzOXYt�k�rMs[JMxGtwU�WML�v�ilNGkns[J = g > �
X�t?H�v«syk.NVHOU.ihL�rKX�tOk Xyi�uwk�s[k���HOi�s[k�N�z�WMs�s[k�WMs[NGkns[ihL�r�� .?�d´q´���A ��t�ilv�ilv�x�JMsYX[ijUnH�glJMs[g > X�s�H�k
z{WMswuwJMX�s[ilU.k�v�JMsyijv�ihL�r�z s[WMu��dL�i�Xyk 
 k�gjknuwkyL?XwU.JqglUnH�gjJMXyijWML�v)~�tOkys[k�ihX�ijv�U.WMu:uwWML�z{WMs
X�t�kns[k�X[W = k4v�kymokns[Jqg�NGk�rMs[k.k�v�WMz z s[k�k.NGWMu JMX5k.JqU�t�L�W?NGk&ihL X�t�k��GL�ihX[k&
 k.glknu�knL?X�rMs[ilN�A
��tOkKTVglWqJML�JqglrqWMs[ihX�tGu z{WMs�syk.WMs[Ndkys[ihL�r�J)rMsyJMxGt t�Jqv�X ~EW	Ndijv�Xyi�L�UnX[ihmok�xGt�Jqv�k�v�@
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°oA�v�k.glk�UyX[ilWML WMz2J)v�X[JMs�XEmokys�Xyky� ` JML�N JML kyL�NwmokysYX[ky�,�

´?A�mokys�Xyky�:s[k�WMs[NGkns[ihL�rpA

T�X[knx�°5glW?W��Vv�z{WMs J&x�v�knH�NGW?NGijJMuwknX[kns�WMzX�t�k«~Ek�ijrMt?X[k�N	rMsyJMxGtwJML�N:U�t�W�WqvYk.v ` JML�N���X[W
= k5XYt�k|knL�NVx�WqihL�Xyv�WMz�X�t�k&x�v�knH�NGW?NGilJMuwkyX[kns�A�R xOv�kyHONGW�NdijJMuwknX[kysEuwJ >Q= k4U.WMu:xGHdX[k.N
H�v�ihL�r§J�uwW�NGih��U�JMX[ilWML WMz�X�t�k� |i =G= v%
 �<W?Wqglk 
 T�XyW�U��?uwk > kns�JqglrqWMs[ihX�tGu �{v�k�k � ´q´�� �nA � L
T�X[knx ´?�?X�tOk xOv�kyHONGW�NdijJMuwknX[kys ilv�H�v�k�N:X[W)rMH�ilNGk�X�t�k�s[k�WMs[NGkns[i�LOrpA�¦�JqU�t mokns�X[kn�wWMz<X�t�k
~Ek.ilrMt�Xyk.N rMsyJMxGt ilv�rqihmokyL§J�xGsyijWMs[ihX > r:��.}�«~�tOkys[kr:��.}��� |�� Y .�)��q��.}�I{�� f ��. `�! �4.V� �M� ��³o�

JML�N-��� Y ��� f ��JMs[k�x�Wqv�ihX[ihmok	~Ek�ijrMt?X[v�A ��t�k:�Gs[v�XBX[kysYu�� .�)��q��.}�n��ijv�X�tOkQJMuwWMHGL?X =�>~�t�ilU�tQXYt�k5~EJ.moknz s[WML?X�~�ilglgOihL�Uns[k�Jqv�k|ihz�mokns�X[kn�9.«ilv�WMs[Ndkys[k�N�LOky�?X�A �Et�k|vYk.U�WML�N�Xykys�u �
��. `�! �4.V� �M�.��ilv|XYt�k:NGijv}X[JML�U�k = knX ~�k�kyL�.&JML�N�X�t�k)knL�N®mokns�X[kn� �oA<��t�k)v�XyJMs�XKmokns�X[kn� `
ilv)WMs[NGkns[k.N �Gs[v�XSX�t�knL��2JMX)k�JqU�t�v�X[Jqrqk��2X�t�k:L�kn��X�mokns�X[kn� ijv)U�t�WqvYkyL�JMuwWML�r§k�gjilrqi = gjk
mokns�X[ilU.k�v�~�i�XYt XYt�kKt�ilrMt�k�v�X&xGs[ilWMs[i�X > A ��t?H�v��J = JqglJML�U.k)ilv�uwJqi�L?X[JqihL�k.N = knX�~Ek.knL§X�t�k
Jqihu WMz��ok�kyx�ihL�rKXYt�k�~�J�mokyz�s[WML�X5v�uwJqgjg�JML�N = s[ihL�rqihL�r�ihL�mokns�X[ilU.k�v«XYt�JMX«tOJ.mok = k�knLQglkyz�X
= kytOi�L�N � z{JMs4J.~EJ > z syWMu �e�nA ��t�kSgjilv�X4WMz k.glijrqi = glk|mokns�X[ilU.k�v�U�WMu	xds[ijvYk|X�t�WqvYkKX�t�JMX&JMs[k
ihL�X�t�k|z�s[WML�XB� L�k�ijrMt = WMHGs[v�WMz�WML�kBWMs�u�WMsyk|s[knL�Hdu = kys[k�N�mokns�X[ilU�k.v[��WMs�LOk.ilrMt = WMHGsyv�WMz
WML�k�WMs)u�WMsyk�mokns�X[ilU.k�v�ihL�X�t�kwz s[WML?X�A ��t�k = k�v�XBU�t�WqijU�k�z�WMs)X�t�k:~�k�ijrMt?X[v ��� Y ��� f �ilv�xGs[W = glkyu NGknx�kyLONGkyL?X�A T Jqv�k�N�WML®kn�?x�kns[ihuwkyL?X[JMX[ilWML���¬�k�ijN�JML�N§TpU.WMX�X+� ´q´(� v�H�rqrqk�v�X
X�t�JMX&X�tOkKX�~EW�xOJqi�s[v&WMz ~�k�ilrMt�X[v)� ´��n°M�&JML�N � ° /\�y°M�&v�t�WMHOgjN = kKX�s[ilk�N�JML�N XYt�k = kyXYX[kys
WMs[NGkns[ihL�rKU�tOWqv�kyL<A T«> Ndkyz{JMHOg�X��q~�t�knL�ihu:x�glkyuwknL�X[ihL�r�X�t�k&TpgjWqJML�JqgjrqWMsyi�X�tdu���XYt�k�U�W�NGk
FIH J?K X�s[ilk.v = WMX�t®XYt�k.vYk�x�Jqi�syvKWMz�~Ek�ijrMt?X[v = HGX|XYt�k)H�v�kns|uwJ > Jqglv�W U�t�W?Wqv�k:X[W v�k�gjk�UnX
WMX�t�kns�~Ek�ijrMt?X[v�A

�L�U�k|JML�WMsyNGkysyi�L�rSz{WMs�X�tOk mokns�X[ilU�k.vEWMz<X�t�k�~Ek.ilrMt�Xyk.N�rMs[JMxGt t�Jqv = k.knL W = XyJqi�L�k�N��
JML�WMs[Ndkys[ihL�r�z{WMs�*�U.JML = k4U.WMLOv�X�s�H�UnX[k�N�A
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��t�k �Gs[v�X X[kysYu¥ihL �{³o�<J�Rk�UnX[v<X�t�k�xGs[ilWMs[ihX > z HGL�UnX[ilWML�ihL:J5glW?U.Jqg?~�J > � =?> rqihmVihL�r�t�ilrMt�kns
xGs[ilWMs[ihX > XyW�mokysYX[ijU�k�vOX�tOJMX�~�ilglgesyk.v�HOg�X�ihL�J�v�uwJqglg��{WMs�LOk.rqJMX[ihmok���ihL�Uysyk.Jqv�k<XyW�X�t�k�UnHGs�s[knL?X
~EJ.moknz s[WML?X�AC��t�ilv�ilv�NdWML�k|ihL J)rMsyk.k�N > z{Jqv�t�ilWML���~�ihX�t�WMHGX U.WMLOv�ijNdkys[JMXyijWML�WMz<X�t�k&glWML�r�

X[kns�u¢k Rk�UyXMA ��t�k�v�k�U�WML�N�X[kysYu¤JqUnX[v4i�L�J:u�WMsyk�rqgjW = Jqg<u�JMLdL�kysM�OkyLOv�HGs[ihL�r)mokysYX[ijU�k�v
g > ihL�r z{JMs:J�~�J > z s[WMu�X�t�kwknL�N mokns�X[kn� JMs[kwL�WMX)glkyz�X = kytOi�L�N�A®T�X[knx�´�WMz�X�t�k�TVglWqJML
JqglrqWMs[i�XYtGu�U�JML X�t�kns[kyz�WMs[k = kQmpilky~Ek.N�Jqv:JML JqgjrqWMsyi�X�tdu�X�t�JMX)syky�GLOk.v�X�tOk WMs[NGkns[ihL�r
ihu	xOgjilk.N =?> X�t�k&NGilv�X[JMLOU.k�z HGLOUyX[ilWML,��. `�! ��.y� �M�nA
��tOk�NGilv�X[JML�U�k�z HGL�UnX[ilWML)i�L �{³o�<U.JML = k�s[kyxOgjJqU�k.N =?> WMXYt�kys�WMsyNGkysyi�L�rqv�X�t�JMX�xGs[W�mVilNGk

JQrqglW = Jqg�mpilky~SA � L§x�JMs�X[ilUnH�gjJMsM�dX�t�kSv�x�k.UnX�s[Jqg�WMs[NGkns[i�LOr	uwJ > = kSH�v�k�N�A ��t�kSv�x�k.UnX�s[Jqg
JqglrqWMs[i�XYtGu¤JqvYv�W�U�ilJMX[k.v&J © JMx�glJqU.ilJML�uwJMX�s[ih��� �  T; $&% 'B~�ihX�t�X�t�kSv > u	uwknX�s[ilU5uwJMX�syi��
*�Jqv�z{WqglgjW�~�v�@

; $&% � ��� ��
|&°�� ihz . B� }�JML�N . �c}��

������.}�U� ihz .�� }��
±\� WMX�tOkys�~5ijv�k l ��ªo�

R�L k.ilrqknL�mok�UyXyWMs¥U�WMs�s[k�v�x�WML�NGihL�r X[W X�t�k v�uwJqgjglk.v}X0x�WqvYi�X[ihmok"k�ilrqkyL?mqJqghH�k WMz�X�t�k
© JMxOgjJqU�ijJML�uwJMX�syi�� ijv�U�Jqgjglk�N J�� 6F5 7?;q5�5n3(5V2�@#><5nA���tOkKv�x�k�UyX�syJqg�JqglrqWMs[ihX�tGu¢WMs[NGkns[v�X�t�k
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mokns�X[ilU.k�v�WMzI��� *&� =?> v�WMs�Xyi�L�r�X�tOk�U�WMu	x�WML�knL?X[v<WMz�X�t�k C�ilk.NGglkns<mok.UnX[WMs ihL�X[W�uwWML�WMX[WMLOijU
WMs[NGkns�A ��tOijv�JMxdxGs[WqJqU�t t�Jqv = k�kyL�z{WMHGL�N�X[W)xGs[W?NVH�U�k5v}u�JqglgxGs[WM��glk.v JML�NQ~EJ.moknz s[WML?X[v
��°�� A
��tOk�v�x�k.UnX�s[JqgMJqglrqWMs[ihX�tGu-tOJqv = k.knL&H�v�k�N|ihL4X�t�k�U�WML�X[kn�?X�WMzdrMs[JMxGt4x�JMs�X[ihX[ilWML�i�LOrG� 1�� �

~�t�kns[k4i�X t�Jqv = k.knLQz{WMHdL�NQX�t�JMX s[k.v}H�g�Xyv�U�JML = k4ihu	xds[W.mok�N =?> ihL�U.WMsYx�WMsyJMX[i�LOr�J:gjW?U.Jqg
s[kn�GL�knuwkyL?X�v�X[knx�A:��t�ilvOs[kn�GL�knuwkyL?Xx�kys�z�WMs�uwvOglW?U.JqgoWMxGX[ihuwiL��JMX[ilWML�v�JML�NKv�uwW?WMX�t�k�vWMHGX
glW�U�JqgoWqv�U.ilglgjJMX[ilWML�v�X�t�JMX�u�J >|= k�xGs[k�v�knL�XMAQ��LSX�t�k�U.WML?X[kn��X�WMzG~EJ.moknz s[WML?X�s[k�NVH�UnX[ilWML��.X�t�k
F >?= s[ilNQJqglrqWMs[i�XYtGu WMzW�&HGu:z{kns�X�JMLON �<WMX�t�knL ��°�6(��U.WMu = i�L�k�v«XYt�k&v�x�k.UnX�s[Jqg�JqglrqWMs[ihX�tGu
~�ihX�twT�X[knx�´|WMzX�t�k5TVgjWqJMLwJqglrqWMs[ihX�tGu A � LwWMHGs mVilky~���i�X ilv�X�t�ilv2U�WMu = ihL�JMX[ilWML:WMz�rqgjW = Jqg
JML�N�glW?U.Jqg WMs[NGkns[ihL�r JqglrqWMs[i�XYtGuwv|X�t�JMX	JqU.U�WMHGL?X[v|z{WMsBX�t�kwrqW�W?N x�kysYz{WMs�uwJML�U�k)WMz�X�t�k
F >?= s[ilN JqgjrqWMsyi�X�tdu���x�JMsYX[ijUnH�glJMs[g > z{WMs�mokns > glJMs[rqk4xGs[W = glkyuwv�A
��tOk�F >?= s[ilN	JqglrqWMs[ihX�tGu �eJqv�xGsyk.v�knL?X[k.NBi�L � ´q´(� ��U�tOW�Wqv�k�v�Jqv�X�t�k�v}X[JMs�X�mokns�X[kn� ` X�t�k

�Gs[v}X�mokns�X[kn�QihLQX�tOk|v�x�k�UyXYs[JqgWMs[NGkns[i�LOr�JML�NQs[knx�glJqU.k�v|��³o�«~�ihX�tQX�tOk xds[ijWMsyi�X > z�HGL�UnX[ijWMLr	��.}��� |�� Y .�) �q��.}� |�� f��� �4.�� l � .q�
F�kns[k � ijv J|L�WMsYu�Jqglilv�i�LOr5z{JqUnX[WMs JML�N  ��.}��ijv�X�t�kEx�WqvYi�X[ilWMLwWMzmokys�Xyky�L. i�L:X�t�k v�x�k.UnX�s[JqgWMs[NGkns[ihL�rp�|Jqglv�W sykyz{kns�s[k�N X[W�Jqv§ihX[v�rqgjW = JqgKxGs[ilWMs[ihX > mqJqghH�kqA � ijv�U�tOWqv�kyL�vYW X�tOJMX
X�t�k z�JqUyX[WMswz{WMs � f m�JMs[ijk�v)HGx X[W ��. `�! � ` � �M�n��JqvQihL �{³o� ��v�k.k � ´q´(���nA8�L X�tOk = Jqv�ilv
WMz�X�t�k�ihsKL?HGuwkys[ilU�Jqg«kn��x�kns[ihu�knL?X[JMX[ilWML���¬�k.ilN�JML�N TpU.WMX�X�� ´q´(�ExGs[WMx�Wqv�k:X�t�k:x�Jqi�syv�WMz
~Ek.ilrMt�Xyv�� °��Y´q� JMLON � ° /\�y°M�.A ��WMXyk X�t�JMX���°��Y´q� ilv s[k�U.WMu:uwkyLONGk.N7i�LOv�X[k�JqN-WMz)X�t�k
x�Jqihs:� ´��y°M��H�vYk.N =?> X�t�kBTVgjWqJML�JqglrqWMs[ihX�tGu A5¬�k�ijN�JML�N�TVU�WMX�X4JMs[rMH�kSX�t�JMX�X�t�kBrqgjW = Jqg
xGs[ilWMs[ihX >�= Jqv�k�N§WML XYt�kKv�x�k�UyXYs[Jqg�WMs[Ndkys[ihL�r:t�Jqv = k.knL�z{WMHGL�N XyW = k = knX�X[kns�X�t�JML§X�tOJMX
W = X[JqihL�k�N z s[WMu J	x�vYkyH�NdW�NGilJMuwkyXykys��]��H�v}X[i�z > ihL�r:J�glJMs[rqkns&mqJqg�HOkKz{WMs � f i�L§X�t�ilv�U�Jqv�kqA��HGuwkns[ijU�Jqgoky�?x�kysyi�uwknL�X[vt�J�mok«v�tOW.~�L�XYt�JMX��az{WMs�glJMs[rqk2xds[W = glkyuwv��.X�t�k�F >?= s[ilNKuwkyXYt�W�N
U�JML§v�ijrMLOi���U�JML?X[g > WMHGX�x�kns�z{WMs�u X�tOkKWMs[ilrqi�LOJqg<TVglWqJML�JqgjrqWMs[ihX�tGu �GJqg�XYt�WMH�rMt§ihX�s[k.�oH�ihs[k�v
v�ilrML�ih��U.JML?X[g > u�WMsykK�����-X[ihuwkqA���t�ilv�ilv�ilgjghH�v�X�syJMX[k.NwihL§TVk�UyX[ilWML ªpA

� � 'K� � �������������� ���0%�9��«%��[3K#�! ��#�$&%��}��')(

��t�k&uwJMX�s[ih�wWMs[NGkns[i�LOr)JqgjrqWMs[ihX�tGu xGsyWMx�WqvYk.N�i�L XYt�ijv x�JMx�kys5ijv = Jqv�k.N WML§J�u�H�ghX[ijglknmok.g
JMxGxGsyWqJqU�t�A  4i�moknL®XYt�k)JqN]��JqU�kyLOU > rMsyJMxGt ��� *&�.��J v�kns[ijk�v&WMz�rMs[JMxdt�v|JMsyk)rqkyL�kns[JMX[k�N��
k�JqU�t�U.WqJMsyv�kys X�t�JMLQXYt�k�xGs[k�U.k�NGihL�r�WML�k�AC��t�k&U�WqJMs[v�k�v�X�rMs[JMxdt ilv�X�t�knL WMs[Ndkys[k�N�A���t�ilv
WMs[NGkns[ihL�r§ijv)s[k�UnHGs[v�ihmok.g > xGs[WqglWML�rqk.N�XyW X�tOk�L�kn��X)�dL�kys:rMsyJMxGt��«glW�U�Jqg�s[kn�GL�knuwkyL?X�ilv
x�kysYz{WMs�uwk.N�JMX�k�JqU�t7gjknmok.g��«JML�N X�t�k��GL�Jqg�WMsyNGkysyi�L�r�WML�X�t�kQ�dL�k.v}X:rMs[JMxGt�rqihmok.vwJML
WMs[NGkns[ihL�rKz{WMsG*SA

��� � �(.������81���� 1����I� 1K����� 6��32���.
� L|X�tOk�U.WML?X[kn��X�WMzVrMsyJMxGt|xOJMs�X[ihX[ijWMLOi�L�rp�yXYt�k<u�H�ghX[ilgjknmok.geJMxGxGs[WqJqU�tBrqkyL�kns[JMX[k�v�J�v�kns[ilk.v�WMz
U�WqJMs[v�kns<JML�NSU.WqJMs[vYkys rMs[JMxGt�v � ´?�q°a±d�q°aªG�M´)6(��A �Et�k�Jqi�u0ilv�z�WMs<k�JqU�t)v�H�U�U.k�v�v�ihmok�rMs[JMxGtSX[W
knL�U.JMxOv�H�glJMX[k5XYt�k|ihLGz{WMsYu�JMXyijWML�L�k.k�NGk�NQX[W�x�JMsYX[i�XyijWML�ihX[v 9 xOJMs[kyL?X :p�G~�t�ilgjk4U.WML?X[JqihL�ihL�r
z{kn~�kns:mokysYX[ijU�k�v)JML�N k�NGrqk�v�A ��t�k U.WqJMs[vYkyL�ihL�r�U.WML?X[ihL�HOk.v�HGL?X[ilg�J rMsyJMxGt�~�i�XYt�WML�g >
J�v�uwJqglg L?HGu = knsKWMzEmokysYX[ijU�k�vKilv|s[k�JqU�t�k�N�A �Et�ijv4U�JML = kBxOJMs�X[ihX[ijWMLOk.N§U�t�k�JMx�g > A*��t�k
x�JMs�Xyi�X[ilWML�v�WMLQXYt�k&U.WqJMs[vYk5rMsyJMxGt�v JMs[k�s[k.UnHGs[vYi�mok�g > xds[WqgjWMLOrqk.N§� H�v�HOJqgjg >)=�> ihL(��k�UyXyijWML�
X[W�X�tOk �dL�kys5rMs[JMxGt�v���~�ihX�t�z HGs�X�tOkys s[kn�GL�knu�knL?X�JMX�k�JqU�t�glkymok�g{A

�L�k WMz�XYt�k �Gsyv�X�H�v�k�v WMz§J0u�H�ghX[ilgjknmok.gwJMxGxGsyWqJqU�t z{WMs X�t�k x�JMs�X[ihX[ilWML�i�LOr-WMz
HGL�Ndi�s[k�UnX[k.N:rMs[JMxdt�v�~EJqv�s[knx�WMsYX[k.N =?>-T JMs�L�JMs[N��?� WMX�t�knL�JML�N Tpi�uwWML � ´(��A2f§WMX[i�m�JMX[k.N
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=?> X�t�k�L�k�k�NBXyW|s[k�NVH�U�k«X�tOk�X[ihu�kEz{WMs�U�WMu:xGHGX[ihL�r�X�t�k C�ijk�NGglkys�mok�UyXyWMs�� T JMs�LOJMs[N�5�@S9<;��
U�WMu = ihL�k.NSJ�u�H�ghX[ijglknmok.gqJMxGxds[WqJqU�t)~�ihX�t�J�v�x�k�UyXYs[Jqg = ijvYk.UnX[ilWML�JqglrqWMs[i�XYtGu A � X<~EJqv<v�W?WML
s[k�Jqgji���k.N ��°a±d��°�.?�´)6N��X�t�JMX�XYt�k5uBH�g�Xyijglkymok�g�JMxGxGs[WqJqU�t�xGsyW.mpijNGk�v�JwrqgjW = Jqg�mpijkn~�WMz�X�t�k
xGs[W = gjknu �pJML�N�X�tOkys[knz{WMs[k4U�JML = k4H�v�k�N X[W:JqNVmqJML?X[JqrqkK~�ihX�t�JwrqW?W�N�glW�U�Jqg<WMxGXyi�uwi��.kns�A
� L rMs[JMxGt x�JMs�X[ihX[ilWML�i�LOrp��X�t�k2�|kns�L�ilrMt�JMLP
 © i�L JqgjrqWMsyi�X�tdu � ° /���ijvEH�v�k�NQJML�N��VU�WMu = ihL�k�N
~�ihX�t X�tOk5u�HOg�X[ilglkymok�gJMxGxGs[WqJqU�t��Gt�Jqv�xGs[W�mok.N mokns > v�H�U�U.k�v�v�z HOgOJMX�syJMx�ijNdg > U.WMu:xGHdX[i�LOr
t�ilrMt��oH�JqgjihX > xOJMs�X[ihX[ijWMLOv�A

 4i�moknL X�t�k�v�H�U�U.k�v�v�WMz&X�t�k:u�H�ghX[ilgjknmok�g«JMxGxds[WqJqU�t�z{WMs:rMs[JMxGt x�JMsYX[i�XyijWML�ihL�rp��i�X:ilv
x�kysYt�JMx�v&v�HGs�xds[ijvYi�L�rwX�t�JMX���Jqv4z{JMs�Jqv4X�t�k)JMHGXYt�WMs[v4JMs[k:J.~EJMs[kq��X�t�kns[k�t�Jqv4WML�g >§= k�knL
WML�kws[kyx�WMs�Xyk.N JMX�X[knu	xdX�JMX)JMxGxOg > i�LOr�i�X)X[W XYt�k	xds[W = glkyu WMz�xGs[WM�Ogjk:JML�N�~EJ.moknz s[WML?X
s[k�NVH�UnX[ilWML�A T Wqg�uwJML�JMLON F�kyLONVs[ilU��Vv�WML � ³���ihL�X�syW�NVHOU.k&J D�5&6L=<B @�5 7��(MRQVK D7uwknX�s[ilU

� Y � *&�X� [s$�e Y s%���$��T%
	 $�� $&% ��.|a}��T�
~�t�kns[k

�
$w% JMs[k«k�NGrqk�~Ek.ilrMt�Xyv���JMLONKJqihu-X[W�uwi�LOi�uwilv�k � Y � *&�nA:��t�k�k�NGrqk�~�k�ilrMt�X[v�JMs[k�Jqgjg

WML�k�WML4X�t�k<�GL�k�v�X�rMs[JMxGt�eWML4X�t�k�U�WqJMs[v�kns<rMs[JMxGtOv��ak.NGrqk<~Ek�ijrMt?X[v�JMsyk�Jqv�v�ilrML�k.N4Jqv�k�NGrqk�v
JMs[k�U�WqglgjJMx�vYk.N��{vYk.k)Tpk.UnX[ilWML§³pA�°oAh° = k�gjW�~&�nA5R�ghX�t�WMHOrMt T W.~ u�JML�JML�N§F�knL�NVs[ilU��pv�WML�� v
W = ��k.UnX[ihmok|ilv�X[W�uwihL�ihu�ilv�k�X�tOk uwJMX�syi��wknL�mok�gjWMx�k�<)+�� *&�X� [s$te Y uwJM�%
��$�� %�	 $  T.�|a}�'��
� ~�tOijU�t�ilv5k��oH�Jqg<X[W*r:� *&�X|,)2��~�t�kns[k�r:� *&��ijv&X�t�kKxds[WM��glkQ� °M��WMz *&�.�OX�t�k > s[knx�WMsYX
X�t�JMX�XYt�k > z{WMHGL�NBi�X�uwWMs[k�k&OwU.ilknL�X�JMLON)k Rk�UyXyi�mok�XyW5~EWMs���~�ihX�t�XYt�k�°�
 v�Hdu�A T W�~�uwJML
JML�N�F�knL�NVsyijU��pv�WML xds[WMx�Wqv�k�U�WMu = ihL�ihL�r J�u�H�ghX[ilgjknmok�g�JMxGxGs[WqJqU�t ~�ihX�t�J s[ky�dL�kyuwknL�X
JqglrqWMs[i�XYtGu0X�t�JMX�ijv�v�ihu�ilglJMs�X[W��4kns�L�ilrMt�JMLP
 © ihLSJML�NKilv = Jqv�k�NKWMLBv�~EJMxGx�ihL�r�U�WML�v�k�UyHGXyi�mok
mokns�X[ilU.k�v�A:��t�k�rqJqihL)i�LBv�~EJMxGx�ihL�r�k�JqU�t)v�H�U�tSx�Jqi�s WMzVmokns�X[ilU.k�v 04JML�NL07{)°�ilv�U�JqgjUnH�glJMX[k�N
ihL�i�XyijJqglg > JML�N�X�t�knL HGx�NGJMX[k�N NVHGs[ihL�r�X�t�kQsyky�GLOkyuwknL�X�A ��t�k rqJqihL z�s[WMu J v�~�JMx ilv
uwk.Jqv}HGs[k�N	H�vYi�L�rSX�t�k�~�k�ilrMt�X[k�N�°�
 v}HGu A���HGuwkns[ijU�JqgGs[k�v�H�ghX[v«xds[k.vYkyL?X[k�N	ihL �D³ ��JMs[k�L�WMX
mokns > knL�U.WMHds[Jqrqi�LOr = k�U.JMH�vYkq�qJqv2~Ek.glgVJqv = k.ihL�r&v�glW.~Ekys�X�tOJML)X�t�k�TpgjWqJMLwJqglrqWMs[i�XYtGu �eX�t�k
�oH�JqgjihX > WMzEX�t�k)WMs[Ndkys[ihL�rwxGs[W?NVH�U�k.N =�> X�tOk T W.~ u�JML�JML�N F�knL�NVsyijU��pv�WML�u�H�ghX[ijglknmok.g
JqglrqWMs[i�XYtGu ijv WMz X[knLQx�W�WMsykys�A

�HGs�mpijkn~ ijv X�tOJMX�� = k�U�JMH�v�k®XYt�k®s[k�WMs[NGkns[ihL�r�xGt�JqvYk�WMz)X�t�k�TVgjWqJML JqglrqWMs[ihX�tGu
xGs[W�mVilNGk�v�J�rqW�W?N glW�U�Jqg�s[kn�GL�knuwkyL?XwJqgjrqWMs[ihX�tGu ��ihXQv�tOWMH�gjN = k H�v�k�N Ndi�s[k�UnX[g > ~�i�XYt
X�t�kSu�H�ghX[ijglknmok.g<JMxdxGs[WqJqU�t���JML�N§X�t�ilv&ijv&X�t�k = Jqv�ilv5WMzEWMHGs4L�kn~8uBH�g�Xyijglkymok�g�~EJ.moknz s[WML?X
s[k�NVH�UnX[ilWML JqglrqWMs[ihX�tGu A  Hds xGsyWMx�WqvYk.N JqglrqWMs[i�XYtGu t�Jqv X�tGs[k�k-NGilv�X[ihL�UnX xGt�Jqv�k�v�@
U�WqJMs[v�knL�i�LOrp�dU�WqJMs[v�k�v�X&rMs[JMxGt�WMs[NGkns[ihL�rp�dJMLON��p�GLOJqgjg > �GxGs[WqglWML�rqJMX[ilWML§JML�N s[kn�GL�knuwkyL?X�A
¡ k|NGilv�UnH�v�vEk.JqU�t§WMz<XYt�k.vYk xdt�Jqv�k�v = kyz{WMsyk5WMHdX[gjihL�ihL�rKWMHds�xGs[WMx�Wqv�k�NQJqglrqWMs[ihX�tGu A

���#��# � � � co��bG`M^�� � � � � A � bG^a�
��t�kns[k4JMs[k�J)L?HGu = kys5WMz�~�J > v�X[W:U�WqJMs[v�knL§JML HdL�NGihs[k.UnX[k�NQrMs[JMxdt��pX ~�W:WMz�~�t�ilU�t�JMs[k
= s[ilkU� > NGilv�UyHOv�v�k�N tOkys[k�A �Et�k�uwWqv�X|x�WMxGHOgjJMs4uwkyX�tOW�N§ilv = JqvYk.N�WML�k�NGrqk)U�WqgjglJMx�v�ihL�r
��°a±p��°�.(����ihLK~ t�ijU�t4x�Jqihs[v�WMzdJqN]��JqU�kyL?X�mokns�X[ilU�k.v�JMs[k�v�k�gjk�UyXyk.N4JML�NKk�JqU�tKxOJqi�s ijv�U.WqJqglk.vYU.k�N
ihL�X[W�WMLOk«L�kn~ mokns�X[kn�A<¦�JqU�t)mokysYX[ky�SWMzGX�tOk2s[k�v�H�ghX[ihL�r�U�WqJMs[v�kErMs[JMxGt�t�Jqv JML:Jqv�v�W?U.ilJMX[k�N
~Ek.ilrMt�XM�?k��oH�JqgOXyWKX�t�k�L?HGu = kysEWMz�WMs[ilrqihL�Jqg�mokys�XyijU�k.vEi�XEs[knxGs[k�v�kyL?X[v�A<¦�JqU�t�k�NGrqk&WMz<X�t�k
U�WqJMs[v�k&rMs[JMxGt�JqgjvYW�t�Jqv«JS~�k�ijrMt?X�JqvYv�W�U�ilJMX[k.N:~�ihX�t�i�X�AW� L�i�XyijJqglg > ��JqglgOk�NGrqk�~Ek.ilrMt�Xyv«JMs[k
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v�knX«XyW�WML�k�A2¨�HGs[ihL�rKU�WqJMs[v�knL�ihL�rp�Vk.NGrqk�~Ek�ijrMt?X[v�JMsyk HdL�U�t�JML�rqk�N	HdL�gjk�v�v = WMX�t�uwkns[rqk�N
mokns�X[ilU.k�v�JMs[k&JqN]��JqU�kyL?X�X[W|X�tOk�v�JMuwk�L�k.ilrMt = WMHds�A � LwX�t�ilv2U�Jqv�k���X�t�k�L�kn~7k.NGrqk�ilv rqi�moknL
J�~Ek.ilrMt�X k.�oH�JqgX[WKX�tOk5v}HGu WMz<X�t�k�~Ek�ijrMt?X[v�WMz�X�t�k&k.Ndrqk.v�ihX�sykyx�glJqU�k.v�A���t�k&k�NGrqk.v X[W
= k�U.WqglglJMx�v�k�NQJMs[k�H�v�HOJqgjg > v�k.glk�UyX[k�N)H�v�ihL�r�J D-9 J<6 D-9<; D-9<@�2 B?6�G!=qA���t�ilv«ilv�J�uwJM�pi�uwJqg
v�knX�WMz�k�NGrqk�v���L�W)X�~EW)WMz<~�t�ilU�t�JMs[k4ihL�U.ilNGknL�X X[W�X�tOk|v�JMuwk&mokysYX[ky��A

C�WMs HGL�NGihs[k�UyXyk.N�rMsyJMxGt�xOJMs�X[ihX[ijWMLOi�L�rp�?B 5 9]3N16Mp5 7�=�5�D-9 @�2 B!64G!= � °�.��GtOJqv = k�kyL:z{WMHGLON
X[W:~�WMs ��~�k�gjg�A|F�kns[kq�OXYt�k�ilNGk.Jwilv5X[W:xGs[knz{kns[knL�X[ilJqglg > U.WqglglJMx�v�k�t�k�J.mpijkns4k.Ndrqk.v�A ¡ t�knL
glW�W��pi�LOr XYtGs[WMH�rMt J�L�k�ilrMt = WMHGs)glilv�X�z{WMs)JML HdLGuwJMX[U�t�k�N mokysYX[ky��� JML�k�NGrqkw~�i�XYt�X�t�k
glJMs[rqk.v}X)~�k�ijrMt?Xwijv:v�k�glk.UnX[k�N�A F�k�J.m > 
 k.NGrqk uwJMX[U�tOi�L�r�t�Jqv)X�tOkQJqNVmqJML?X[JqrqkQXYt�JMX)X�t�k
X[WMX[JqgS~�k�ijrMt?X WMz	XYt�k�k�NGrqk.v�WMz:X�t�k syk.v�HOg�X[ihL�r�U�WqJMs[v�k rMs[JMxGt ilv syk.glJMX[ihmok.g > v�uwJqglg{�
JML�N U.WML�vYk.�oH�knL�X[g > i�Xyv|x�JMs�Xyi�X[ilWML�ihL�rQilvKuwWMs[k:gli �ok�g > X[W�rqihmokwJ�v�uwJqgjg�k�NGrqk 
 UnHGX�� X�t�k
v�HGu WMz)X�tOk®~Ek.ilrMt�Xyv WMz)X�t�k k.NGrqk�v�UnHGX =?> X�t�k§x�JMs�Xyi�X[ilWML�ihL�ro�nA R�NGNdi�X[ilWML�Jqglg > �|ihz
X�t�k�xOJMs�X[ihX[ijWMLOi�L�r�WML X�tOk)U.WqJMs[vYk.v�XSrMs[JMxGt�ijvSi�L���k.UnX[k�N�X[WQX�t�k��dL�kysSrMs[JMxGtOv|~�ihX�t�WMHGX
z HGsYX�t�kns�s[ky�dL�kyuwknL�XM�eX�t�k�k�NGrqk&
 UyHdX�WMLwX�t�k�U�WqJMs[v�k�v�XErMs[JMxGt�k.�oH�Jqglv2X�tOJMX«WML�X�t�k��dL�k.v}X
�{WMs[ilrqihL�Jqg �4rMs[JMxGt�A �Et�ijvSz{JqUyXM��t�kns[k�JMz X[knsKs[knz{kns�s[k�N®X[W�Jqv�XYt�kE64G B 5&5&6A@#96Gg2V5Cm 5 >Am 5&5�@A1M�
s[k�v�H�ghX[v<ihL)X�t�kEWMs[ijrqihL�Jqg?xGs[W = glkyu = k�i�L�r&knL�U�JMx�v�H�glJMX[k�NK~�k�glg =?> X�t�k U.WqJMsyv�kys�xGsyW = gjknuwv�A
C�ilrMHGs[k ° ilgjghH�v�X�syJMX[k.v�J rMsyJMxGt � ~5i�X�t 6�0)0�mokns�X[ilU.k�v��|X[WqrqknX�t�kns ~�ihX�t ´ glknmok.glv�WMz
U�WqJMs[v�knL�i�LOr HOv�i�LOr�k.NGrqk�U.WqglglJMx�v�ihL�rp�2rqihmVihL�r�rMs[JMxGt�vL� Y JML�N � f ~�ihX�t ªq±q³�JML�N�´o°a±mokns�X[ilU.k�v���s[k�v�x�k.UnX[ihmok.g > A

�X�t�kns U.WqJMs[vYkyL�ihL�r uwkyX�tOW�NGv-tOJ.mok = k.knL+xGs[WMx�Wqv�k�N�A ��L � ´(� � J D-9#J<6 D-9<;
6�G 7�5RmP5UG 7�5TG�@93(5&5�@�5VJ QT5�@�WMz J7rMs[JMxGt ijv�U�t�Wqv�knL Jqv®X�t�k mokys�XyijU�k.v§z{WMs§X�t�k U�WqJMs[v�k
rMs[JMxGt<A R�L7i�L�Ndkyx�knL�NGknL�X:v�knXwWMz|mokns�X[ilU�k.vwijvwJ v}H = v�knXwWMz|X�tOk mokys�XyijU�k.v:v�HOU�t X�tOJMX
L�W�X ~�W mokns�X[ilU.k�vQihL-X�tOk v}H = v�knX JMs[k U.WMLdL�k.UnX[k�N =?> JML8k.NGrqk�ihL-X�t�k§rMs[JMxGt<A R�L
ihL�NGknx�knL�NGknL?X�v�knX|ilv&u�JM�pihu�Jqg i�z�X�t�kBJqNGNGihX[ijWML§WMzEJML ky�?X�s[J:mokysYX[ky� Jqg�~EJ > vKNGk�v�X�syW > v
X�t�k)ihL�NGknx�kyLONGkyLOU.k�A	R�L�JqglrqWMs[ihX�tGu+z{WMsSU�WML�v�X�s�HOUyX[ihL�r�JQuwJM�VihuwJqg2ihL�NGknx�kyLONGkyL?X4v�knX
ilv�NGilv�UyHOv�v�k�N�i�L TVk.UnX[ilWML ªpA ´?A®¦2Ndrqk.v)WMz�X�tOk�U�WqJMs[v�kwrMs[JMxGt�JMs[kwz{WMs�uwk�N®X�tGsyWMH�rMt J
xGs[W?U�k.v�v = Jqv�k.N�WML�X�t�k  |Jqglkys��pihL xGs[W?NVH�UnX �{v�k�k�TVk�UyXyijWML�³pAh°oADª�z{WMs:NGknX[Jqilgjv[�.�2~�t�ilU�t
k&Rk.UnX[ihmok.g > gjihLP�pv2X ~�W�mokns�X[ilU�k.vEi�LwX�t�k�uwJM�VihuwJqg�i�LONGkyx�knL�NGknL�X�mokns�X[kn�wv�kyX =�> JML k.NGrqk
ihz«X�tOk.ihsKNdijv�XyJML�U.kBJMx�JMs�XSijv4L�W rMs[k�JMX[kns|X�tOJML®X�tds[k.k�ABC�ilrMHGs[k:´�ijglg�HOv�X�s[JMX[k�v�X�t�k)vYJMu�k
WMs[ilrqi�LOJqg2rMsyJMxGt � ~5i�X�t 6�0)0 mokns�X[ilU.k�v���X[WqrqkyXYt�kys4~�ihX�t�´ gjknmok.glvKWMz U.WqJMsyv�kyLOi�L�r�H�v�ihL�r
X�t�ilv«uwknX�t�W?N��Vrqi�mpihL�r)rMs[JMxGt�v ~�ihX�t�³q³o´)JML�N<1qª)mokns�X[ilU.k�v���s[k�v�x�k.UnX[ihmok.g > A

� L-Tpk.UnX[ilWML ªp��X�t�k�s[k.v}H�g�Xyv)WMz|H�vYi�L�r = WMX�t�k.Ndrqk�U.WqglgjJMxOv�i�LOr JML�N�X�t�kQuwJM�pi�uwJqg
ihL�NGknx�knL�NGknL?X�mokns�X[kn�)v�knX�z{WMs�U.WqJMsyv�kyLOi�L�r&~�ihX�t�ihL)WMHGs�~EJ.moknz s[WML?X2syk.NVHOUyX[ilWML)JqglrqWMs[ihX�tGu
JMs[k&xGs[k�v�knL�X[k�N�A
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��tOk-U�t�Wqv�knL¤U�WqJMs[v�knL�ihL�r�xGs[W?U.k�v�v�ijv JMxGx�glilk.N s[k�UyHds[v�ihmok.g > HGL?X[ilgQWML�k0WMz�X�t�k
z{WqglgjW�~�ihL�r)ijv JqU�t�ijknmok�N3@� X�t�k�L�Hdu = kys WMz�gjknmok�gjv�kn�pU.k�k.Ndv�J)xGs[k�v�knX�gli�uwihX� X�t�k�L?HGu = kys WMz�mokns�X[ilU.k�v�ihLQXYt�k&U.WqJMs[vYk.v�X5rMs[JMxGt ilv�glk.vYv«X�t�JML J�xGs[k�v�knX«L?HGu = kns

�{U�t�Wqv�knLQX[W = kB°a±q±:i�L�X�t�ilv�v�X�H�N > �� X�t�k�syJMX[ijW�WMz4X�t�k�L?HGu = kns:WMz|mokns�X[ilU�k.v)ihL�X�~EW v�HOU.U�k.vYv�i�mok rMs[JMxGt�v:kn�VU�k.k�NGv:J
xGs[k�v�kyXEU�WML�v�X[JML?X��{±pA 0)i�L X�t�ilv�v�X�HON > �.A

��t�k)glJqv�XSU.WMLONGi�XyijWML�ilv5L�k�U�k.v�vYJMs > �OxOJMs�X[ilUyH�glJMs[g > ihz�k�NGrqk)U�WqgjglJMx�v�ihL�r�ijv&H�v�k�N��Oz{WMs4X�t�k
z{WqglgjW�~�ihL�r�s[k�Jqv�WML�v�A�R�z X[kns�J�L?HGu = kys WMz<glkymok�glv�WMz�U�WqJMs[v�knL�i�LOr�i�X5ijv x�WqvYv�i = gjk�X�t�JMXEX�t�k
U�WqJMs[v�k�v�X:rMs[JMxGt t�Jqv)WMLOk v�HGx�kns�mokysYX[ky�§~�ihX�t�J�mokns > t�ilrMt mokysYX[ky� ~�k�ilrMt�X���x�WqvYv�i = g >
kn�VU�k.k�NGihL�r�.M±�� WMz<XYt�k�X[WMX[Jqg�A�� LQX�tOijvEU.Jqv�k��Vv�H = vYk.�oH�knL�XEU.WqJMsyv�kyLOi�L�rS~�ijglg�L�WMX�syk.NVHOU.k
X�t�kwv�i��.kwWMz�X�t�kwrMs[JMxGt�vYijrML�ih��U�JML�Xyg > A CGHGs�XYt�kysYu�WMsykq�<J�u�H�ghX[ijglknmok.g�JqglrqWMs[i�XYtGu�~�i�XYt
WML�g > J�v�uwJqgjg�syk.NVHOUyX[ilWML = knX�~Ek.knL �GL�k JML�N U.WqJMsyv�k�rMs[JMxGt�v�i���k.v)~�ilgjg t�J.mok�J�t�ilrMt
JqglrqWMs[i�XYtGuwijUEU.WMu:x�glky�pihX > A ¡ k�X�tOkys[knz{WMs[k v�X[WMx:U�WqJMs[v�knL�ihL�r4i�z�X�tOk�s[JMX[ilW&WMzOXYt�k«L?HGu = kns
WMz<mokns�X[ilU.k�v�ihL�v�HOU.U�k.vYv�i�mok4rMs[JMxGtOv�ilv�rMs[k�JMX[kys X�t�JML ±pA 0pA

���#�� � � � � co��bG`M^���^�_���`Mb A � ��`M� ��`)� � �
T k�U�JMH�v�k:X�t�k:U.WqJMsyv�k.v}X)rMs[JMxGt�tOJqv)J�v�uwJqgjg�L�Hdu = kysBWMz�mokysYX[ijU�k�vKJML�N�k�NGrqk�v�� ihX)U�JML
= k|s[k�WMs[NGkns[k�N �oH�ijU��pg > H�v�ihL�r)JML > v�X[JMLONGJMs[NQxGsyWM��gjk4s[k�NVH�UnX[ijWML JqgjrqWMs[ihX�tGu A ¡ k|t�J�mok
H�v�k�N = WMX�t X�t�k�TVgjWqJML JML�N X�t�kwF >?= s[ilN�JqgjrqWMsyi�X�tdu�vSJML�N�xGs[k�v�knL�XSs[k�v�H�ghX[v|z{WMs = WMXYt
JMxGxGsyWqJqU�t�k.v i�L§Tpk.UnX[ilWML ªpA

���#�� � � � �*A<`M��! � � ��bV_�� � � b � ��`M�
	 � � , � � _�A � bG^a�
¨�HGs[ihL�r:X�t�kKxGsyWqgjWML�rqJMXyijWML§xGt�JqvYkq�OX�tOkKmokysYX[ijU�k�v5WMz�X�tOkK�GL�k�rMsyJMxGt�JMs[k)rqi�moknL rqgjW = Jqg
xGs[ilWMs[ihX > mqJqg�HOk.v =�> uwJMxGx�ihL�r&X�t�k�U�WqJMs[v�k�rMs[JMxdtQWMs[Ndkys[ihL�rSWML�X[WSX�t�k��GLOk�rMs[JMxGt�A���t�ilv
uwJMxGx�ihL�r4U.JML = k�sykyxGsyk.v�knL?X[k.N =?> J|xGsyWqgjWML�rqJMXyijWMLwuwJMX�s[ih��r)A ��z�X�t�k�U�WqJMs[v�k&JML�N:�GL�k
rMs[JMxGtOv<t�J.mok�)���JML�NL)�&mokys�XyijU�k.va��s[k�v�x�k.UnX[ihmok.g > ��X�t�k�xGs[WqglWML�rqJMX[ilWML)uwJMX�s[ih��ilv�WMz�WMs[NGkns)��+*)��nA

¡ t�knL U�WqJMs[v�knL�ihL�r§ijv =?> k�NGrqk U�WqgjglJMx�v�ihL�rp�2X�t�kwx�Wqv�i�XyijWML�WMz4J§mokys�Xyky��} ihL�X�t�k
U�WqJMs[v�k4rMs[JMxGt WMsyNGkysyi�L�rBijvEi�L(�Yk.UnX[k�N	X[W)rqihmok&X�t�k&rqgjW = JqgOxGsyijWMs[ihX > mqJqg�HOk.vEWMz�i�Xyv«x�JMs[knL?X
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�{WMs<xOJMs[kyL?X[v[�.A�R�x�JMs[knL?X�WMz�}Kilv<NGkn�GL�k�NKX[W = k«J&mokns�X[kn�KWML)X�tOk2�GLOk«rMs[JMxdt�X�t�JMX�k�ihX�t�kns
U�WqJqgjk�v�U�k.v�ihL?X[WC}G��WMs�s[knuwJqi�L�v Jqv�}	ihX[v�k�ghz}A �Et�k�xGs[WqglWML�rqJMX[ilWML uwJMX�s[ih�	tOJqv�knL�X�syijk�v  $&%rqihmokyL =?>

 $&% � � °�� ihz��GLOk|rMs[JMxdt mokysYX[ky��.EijvEJ)x�JMs[knL�X WMz�U.WqJMsyv�k|rMsyJMxGt mokns�X[kn�L}��
±\� WMX�tOkys�~5ijv�k l � /o�

¡ t�knL U�WqJMs[v�knL�i�LOr)ijv = Jqv�k�N WML J�uwJM�pi�uwJqg�i�L�Ndkyx�knL�NGknL�X�mokns�X[kn��vYkyX���X�tOk5U�WqJMs[v�k
rMs[JMxGt mokysYX[ijU�k�vKU�WMu	xds[ijvYkBXYt�k)u�JM�pihu�Jqg�ihL�NGknx�kyLONGkyL?X4v�knX�WMz�X�tOkB�dL�k:rMs[JMxGt�A*��t�k
rqglW = Jqg�xGsyijWMs[ihX > mqJqghH�k4WMz�J)mokysYX[ky��ihL X�t�k&�GL�k4rMs[JMxGt�X�tOJMX = k.glWML�rqv�XyWBXYt�k5uwJM�pi�uwJqg
ihL�NGknx�knL�NGknL?X�v�knX:ijv)Ndky�GLOk.N�Jqv)X�tOk�x�Wqv�ihX[ijWML WMz�X�t�ilv�mokys�Xyky��i�L X�tOkQU�WqJMs[v�kQrMsyJMxGt
WMs[NGkns[ihL�rpA ��t�k�rqglW = Jqg<xGsyijWMs[ihX > mqJqghH�k�WMz J��GLOk�rMs[JMxGt�mokysYX[ky� L�WMX4i�L�X�t�kKuwJM�pi�uwJqg
ihL�NGknx�knL�NGknL?X v�knX§ijv�U�JqglUyH�glJMX[k�N =?> J.mokns[JqrqihL�r XYt�k rqglW = Jqg|xds[ijWMsyi�X > mqJqghH�k�v WMzwi�Xyv
L�k�ijrMt = WMHGs[v�X�tOJMX = k�gjWMLOr XyW®X�t�kwuwJM�VihuwJqg�i�LONGkyx�knL�NGknL�X	v�kyX§� =?> NGkn�GL�ihX[ilWML�X�t�kns[k
ilv)JMX:gjk�Jqv�X:WML�k�v�H�U�t L�k�ijrMt = WMHGsn�nA®C�WMs:k�JqU�t�U�WqJMs[v�k rMs[JMxdt�mokysYX[ky� }G�«glkyX9H .�)3��� }?�
NGknL�WMX[k�XYt�k�U�WMs�s[k�v�x�WML�NGihL�r��GL�k�rMsyJMxGt:mokys�Xyky��A�C�WMs k�JqU�t��dL�k�rMs[JMxdt�mokns�X[kn�n.y��NGkn�GL�k_ ������.}��X[W = k)X�t�k�L?HGu = knsKWMzEL�k.ilrMt = WMHds[i�LOr��GL�k:rMs[JMxdt mokns�X[ilU.k�v5XYt�JMX = k�gjWMLOrQX[W
X�t�k�uwJM�pi�uwJqg�i�L�Ndkyx�knL�NGknL�X v�knX�A �Et�k5xds[WqgjWMLOrqJMX[ijWML u�JMXYs[i��:t�Jqv kyL?X�s[ilk.v

 $w% � ��� ��
°�� ihz�.�� HP.�)3����}��U�Y�������	� $�
 � ihz�. � H .F)3�?� }��U��. B� HP.�)3����}��U�
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��tOk)rqgjW = Jqg�xGsyijWMs[ihX > mqJqg�HOk.v4JMs[k�s[kn�GL�k�N HOv�i�LOr T�X[knx ´QWMz�XYt�k)TVglWqJML�JqglrqWMs[ihX�tGu
� X�tOJMX�ijv�� =�> HOv�i�LOr5X�tOk«xGs[ilWMs[ihX > z HGL�UnX[ilWML � .q����XyW|rqihmok�X�t�k �GL�JqgGWMs[Ndkys[ihL�r�z{WMs�X�tOk��GL�k
rMs[JMxGt<A

���#�� 2 � � � , ��! _"�#! �5$�� !�b4!+����`)� _ ��,
¡ kQL�W.~ z{WMsYu�H�glJMX[k�WMHds)u�H�ghX[ijglknmok.g ~�J�mokyz syWML�X)s[k�NVH�UnX[ilWML JqglrqWMs[i�XYtGu A�C�WMs)X�t�ilv)ihX
ilv|U�WML�moknL�ilkyL?X4X[WQihL�XYs[W�NpH�U.kBv�WMuwk�z HGs�X�tOkys�L�WMXyJMX[ijWML<A ��tOk)v�H = v�Uns[ihxGX[vCH�JML�N �)JMs[k
H�v�k�N�X[W�sykyxGsyk.v�knL?X��GL�k�JML�N§U�WqJMs[v�k)rMs[JMxdt®�oH�JML?X[ihX[ijk�v��dsyk.v�x�k�UyXyi�mok�g > A|C�WMs4ky�pJMu:x�glkq�� )NGknL�WMX[k�v2X�tOk �dL�k�rMs[JMxGt�~�i�XYt*)��mokysYX[ijU�k�v«JML�N � ��ilv«X�t�k&rMs[JMxdtQ~�ihX�t9) � mokysYX[ijU�k�v
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��t�ilv�ilv�v�tOW.~�L�WML X�t�k&s[ijrMt?X�
{t�JMLONQv�ilNGk&WMz�C�ilrMHGs[k .?A

� � �)( � %��Y;<1�� %�«*���}�*

� L	XYt�ijv�v�k�UnX[ijWML<��WMHGs�u�H�ghX[ijglknmok.gGJMxdxGs[WqJqU�twijv U�WMu	xOJMs[k.N)~�ihX�t)X�tOk&TVgjWqJMLwJML�NwF >?= s[ilN
JqglrqWMs[i�XYtGuwv2WMLwJSgjJMs[rqk�vYkyX WMz�X[k.v}X2xds[W = glkyuwv�A�R�glg�U.W?NGk�v2JMsyk�~�s[ihX�X[knL:i�LwC�WMs�X�syJML:JML�N
~Ekys[k)Ndkymok�gjWMx�k�N ~�ihX�t�J�mpijkn~¥XyW�k&OwU.ilkyL?X4i�u:x�glknu�knL?X[JMX[ilWML�A ��t�kBky�?x�kys[ihuwkyL?X[v�JMs[k
x�kysYz{WMs�uwk.NwWML�Jw��&f§�OR ²8U�WMu:xGHGX[kns�~5i�X�t J)³q±q±�f§F��4R�g�xdt�J)¦ < .Sxds[W�U�k�v�v�WMs�A
��tOk�FIHIJ!K�U�W�NGk�WMz�¬�k�ilNKJML�NBTVU.WMXYX � ´q´(��ilv�H�vYk.NSi�LSX�t�k�ky�?x�kysyi�uwknL�X[v�z{WMs�X�t�k TVglWqJML

JqglrqWMs[i�XYtGu �?z{WMs5WMs[NGkns[i�LOr�X�t�k&U.WqJMsyv�k.v}X�rMs[JMxGt���JML�NQz{WMs5v�H = v�k��oH�kyL?X�syky�GLOkyuwknL�X�A ¡ k
kn��x�kns[i�uwknL�Xyk.NK~5i�X�t)HOv�i�LOr5mokns�X[kn��~Ek.ilrMt�Xyv ~ t�kyLwU�JqgjglihL�rGFIHIJ!KKJMXEk�JqU�t�WMz�X�t�kEgjknmok�gjv��
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= HGX:z{WMHdL�N�X�t�JMXwihXQglk.N X[W J NGknX[kns[ilWMs[JMX[ilWML�i�L X�t�k �oH�Jqgli�X > WMz4X�t�k WMsyNGkysyi�L�rqv��{vYk.k
TVk�UyXyijWML ªpA ª�z{WMs�z Hds�X�t�kns�NGknX[Jqilgjvy�nA ��tOkys[knz{WMs[k���HdL�gjk�v�vSv�x�k.U�i��Ok.N WMX�t�kns�~�ilv�kq�<~�k�v�knX
X�t�k&mokns�X[kn�Q~Ek.ilrMt�Xyv�k.�oH�Jqg�XyW	WMLOk|~�t�knL�U�JqgjglihL�rF HIJ!KdA�¦�NGrqk|~Ek.ilrMt?X[v�JMs[k|LOWMX�H�v�k�N
ihL X�t�ilv«x�JMx�kns�A
��tOk�v�x�k.UnX�s[Jqg�WMs[Ndkys[ihL�r&L�k�k.NGk�N:z{WMs«XYt�k�F >�= s[ijNwJqglrqWMs[i�XYtGu ilv�U�WMu	xdHGX[k�NBHOv�i�LOrKJ

u�H�ghX[ilgjknmok�g�C�ilk�NGgjkns�mok�UnX[WMs�U�W�NGk�~�s[ihX�X[knL =?> X�t�k��Gs[v�X JMHGX�t�WMs�A���t�ilv�U�W?NGk«ihu:x�glkyuwknL�X[v
X�t�k&JqglrqWMs[ihX�tGu Jqv�NGk�v�Uns[i = k�N�ihL � ´(� A

¡ k�X[J��ok�X�t�k�U.WqJMsyv�k�rMs[JMxGt�WMsyNGkysyi�L�rEJqgjrqWMsyi�X�tdu ���6" ^�` � `�! �<^ ��� ^ X[W = k�k�i�X�tOkys�X�t�k
TVglWqJMLwWMs«X�tOk�F >�= s[ijN:JqglrqWMs[ihX�tGu A ¡ k�NGknL�WMX[k =�> � ; �]"�)�� � ���§�|�{JML�N������ ^ . �� � ���§�Y�
X�t�k TVglWqJML � s[k�v�x�k.UnX[ihmok.g > ��F >�= s[ijNO�QJqgjrqWMsyi�X�tdu WML0X�tOk®U�WqJMs[v�k�v�X§rMs[JMxGt�JMLON-~�i�XYt
U�WqJMs[v�knL�i�LOr|v�U�tOkyuwk � WMLwHGx:X[W	� gjknmok�gjv�A���t?H�v � ;��]"�)2� � �n°M�«ilv�X�t�k�v�X[JMLONGJMs[N:TVglWqJML
JqglrqWMs[i�XYtGu JML�N
����� ^ .��O� � �n°M�EXYt�k�F >?= s[ilN®JqglrqWMs[ihX�tGu AK��WqJMs[v�knL�ihL�rQvYU�t�kyuwk�v = Jqv�k�N
WML:k�NGrqk�U�WqgjglJMx�v�ihL�r&JML�N�uwJM�VihuwJqgVihL�NGknx�kyL�NdkyL?X�mokns�X[kn��v�knX�JMs[k NGkyLOWMX[k.N =�> � � ���
JML�N � � 
����	� s[k�v�x�k.UnX[ihmok.g > A ��t�HOv � ;��]"�)2�F� �<��³o�	ilv�X�t�k:u�H�ghX[ilgjknmok�g«JqglrqWMs[ihX�tGu
~�ihX�t�k.NGrqk4U�WqgjglJMx�v�ihL�r�JML�N JKuwJM�Vihu�HGu WMz ³)gjknmok.glv��GJML�N�XYt�k4TVgjWqJML JqgjrqWMsyi�X�tdu H�v�k�N
WML X�tOk|U�WqJMs[v�k�v�X�rMsyJMxGt�A

�HGs v�H�ihX[k-WMz�°a±?°8X[k�v�X xGsyW = gjknuwv�ijv�glijv�Xyk.N ihL Jqg�xGtOJ = knX[ilU.Jqg WMs[NGkns ihL X�t�k
R�xGx�knL�NGih�A ��t�k xGs[W = glknu�v§JMs[k�Jqglg:v > u:uwknX�s[ilUq��JML�N�s[JML�rqk�i�L WMs[NGkns�z s[WMu /)/
�{NV~ X /)/o�KX[W ´q´Mªp� /?°�6 ��F�Jqg�z = �nA ��tOkQxGs[W = glknu�v)U�WMuwkQz s[WMu J§mqJMs[ilkyX > WMz&xGs[JqUnX[ilU.Jqg
JMxGx�glilU.JMX[ilWML�v�JML�N"t�J�mok = k�kyL X[J��oknL z s[WMu XYt�k F�JMs�~Ek.glg 
 T W�k�ihL�r�T�x�JMs[vYk f§JMX�syi��
��Wqglgjk�UnX[ijWML ������������������������������ �"!�#$�%��&'�(�*)�+���,-�.�0/.10/.�32���4���&"#3���<F�&5�3#-/����3���y�
f§JMX�s[ih�Vf§JMs��oknX�����������6���57�&�����98:/"�;���=<'>?1'��F�&5�3#@/BA F�&"#�+'�?�d�n��JML�N-X�t�k§X[k�v�X�v�knX§WMz
�&HGu:z{kysYX�JML�N§�<WMX�tOkyL ��°�6(� ��~�i�XYt�JqNGNGihX[ilWML�JqgO�dL�i�Xyk|k�gjknuwkyL?X�xGsyW = gjknuwv�v�HGxdx�gjilk�N =�>
�«tGsyijv�XyijJML)¨&JMu:t�JMH�r&WMz¨&knXS��WMs[v%�ok#<�kns[ihX[Jqv��4��WMs�~EJ > A R�glv�W4rqi�moknL:ihL)X�t�k R�xGx�kyL�Ndi��
JMs[k�X�t�k i�LOi�X[ilJqgo¬�f�T5~EJ.moknz s[WML?X[v�� ^]_ ` H���z{WMs�k�JqU�t�uwJMX�s[ih�4JML�NKX�tOk2s[JMXyijWp��CG� = kyX ~�k�knL
X�t�k�¬�f�T�~EJ.moknz s[WML?X[v = knz{WMs[k�JML�NwJMz X[kns«syk.WMs[Ndkys[ihL�r4~�i�XYt	XYt�k�F >�= s[ijNwJqglrqWMs[i�XYtGu A � L
rqknL�kysyJqg{�2X�tOkQF >?= s[ilN JqglrqWMs[ihX�tGu v�H = v}X[JML�XyijJqglg > ihu	xds[W.mok�v)X�t�kQWMsyNGkysyi�L�r �{JqghX�t�WMHOrMt
X�t�kns[kSJMs[k)JQv�uwJqglg�L?HGu = kys&WMz kn�VU�knxGX[ilWML�v��dL�WMXyJ = g > xGs[W = glkyuwv = vYU.UnX��O°a³p� = U�v�v�X �V³?°o�
JML�N vYv�X�uwW�Ndk.g �nA

D � � ��� 1��?� 1���� �+1
231�5 �36����'.87 E����'. ���32>6��6� ���N��5 � 	1�  5I���\� 1 1�2����(�N� 5
T k�U�JMH�v�k4WMz�i�Xyv�v�H�U�U�k.v�v i�L�rMsyJMxGtQx�JMsYX[i�XyijWML�ihL�rp�VU�WqJMs[v�knL�i�LOr =�> k.Ndrqk|U�WqgjglJMx�v�ihL�r�~EJqv
X�t�k �Gs[v�X2v�X�s[JMX[k�r > ~Ek�X�syijk�N�A�C�ijrMHds[k /4U.WMu:x�JMsyk.v<X�tOk�¬�f�TK~�J�mokyz�s[WML�X�z�WMs2XYt�k�TpgjWqJML��
F >?= s[ilN�� JML�N u�H�ghX[ilgjknmok.g�JqglrqWMs[ihX�tGuwv�A¥C�WMs�X�t�k u�H�ghX[ilgjknmok�g�JqgjrqWMs[ihX�tGu ��X�t�k§TVglWqJML
JqglrqWMs[i�XYtGu ilv�H�v�k�N	XyW)WMs[NGkns«X�tOk5U�WqJMs[v�k�v�X rMs[JMxGt ��s[k.v}H�g�Xyv2z{WMsEX�t�k�F >?= s[ilNQJqglrqWMs[ihX�tGu
WML X�t�k�U�WqJMs[v�k�v�XQrMsyJMxGt-JMs[k�ihL�U�g�HONGk.N�ihL-Tpk.UnX[ilWML ªpA ³o�nA � L X�t�ilv�JML�N v�H = v�k.�oH�knL�X
��rMHGsyk.v��«U�WMu:x�JMs[ilv�WML�v)JMs[k rqi�moknL�~�i�XYt�s[k�v�x�k.UnX)X[W�X�t�k�F >�= syijN�JqglrqWMs[i�XYtGu�vYW X�tOJMX
X�t�k:¬�f�T ~EJ.moknz s[WML?X�z{WMs	k.JqU�t JqglrqWMs[ihX�tGu�ilv�NGihmVilNGk�N =?> XYt�k:U.WMs�syk.v�x�WML�Ndi�L�r�¬�f�T
~EJ.moknz s[WML?X�z{WMs�X�t�k4F >?= s[ilN JqgjrqWMsyi�X�tdu��VJML�N�J�mokysyJqrqk.N�W�mokys�X�tOk5X[k�v�X�U�Jqv�k�v�X[W:rqihmokKJ
s[k�gjJMXyi�mok v�U�WMs[k2z�WMs<X�t�k JqgjrqWMsyi�X�tdu�A:��tOk«v�uwJqglgjkns�XYt�k«vYU.WMs[k���XYt�k = knX�X[kns�XYt�k�JqgjrqWMs[ihX�tGu A
¡ i�X�twX�t�ilv�u�knX�s[ilU��eX�t�k�F >?= s[ilNQJqglrqWMs[ihX�tGu Jqgh~EJ > v�t�Jqv�JBv�U.WMsyk�WMz<WML�k�A �<WBv�t�W.~7X�t�k
k&Rk.UnX�WMzGuwJMX�s[ih�KWMsyNGkysM��X�t�k v�U�WMs[k�v�z{WMs�k�JqU�t:JqgjrqWMs[ihX�tGu�z{WMs u�JMXYs[ijU�k�v<WMz�WMs[NGkns�rMs[k�JMX[kns
X�t�JML§³ 6-+ ³ > � °L= 0~= 0o��JMs[k4x�glWMX�X[k�N v�knx�JMs[JMX[k�g > i�L�XYt�k5�OrMHGs[k��p~�ihX�t X�tOk5L?HGu = kns
WMz�uwJMX�syijU�k.v W.mokns�X�tOk�X�tGs[k�v�t�WqglN)xGs[ihL�X[k�Nwi�L = s[JqU��oknX[v�A R gjWqr)v�U�Jqglk5ilv«HOv�k.N:z{WMsEX�t�kGF
JM�pijvK��u�JMXYs[i��wWMs[Ndkysn�.A

R L�HGu = kns:WMz4i�L?X[kns[k�v�X[ihL�r�z{k.JMXYHGs[k�v)U.JML = kQW = vYkys�mok�N�A ��tOkQ�Gs[v�X:W = v�kysYmqJMX[ilWML
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matrix order (number of matrices)

Hybrid
Sloan

Sloan(EC,2)
Sloan(EC,3)
Sloan(EC,4)
Sloan(EC,5)

Sloan(EC,infinity)

C�ilrMHGs[k / @«R�U.WMu:x�JMs[ilv�WML�X�t�k4¬�f®T:~�J�mokyz�s[WML�Xyv�WMz<X�t�k4TVglWqJML��VX�t�k4F >�= syijN JMLONQX�t�k� ;��]"�)��N� �n���§��JqglrqWMs[i�XYtGuwv�A
ilv�X�t�JMXM�Es[k�gjJMXyi�mok�X[W�X�tOk�F >�= syijN7JqgjrqWMs[ihX�tGu ��X�t�k§¬�f�T�~EJ.moknz s[WML?X�rqihmokyL =�> X�t�k
TVglWqJML0JqglrqWMs[i�XYtGu NGknX[kns[ijWMsyJMX[k.vwJqvQX�tOk WMsyNGkys WMz�X�t�k�uwJMX�s[ih� i�LOUys[k�Jqv�k�v�A  mokns[Jqglg{�
X�t�kS¬�f�T�~�J�mokyz�s[WML�X&z{WMs�XYt�kKTpgjWqJML�JqglrqWMs[i�XYtGu ijv&J = WMHGX4°M´ � rMs[k.JMXykys�X�tOJML�z{WMs�X�t�k
F >?= s[ilN�JqgjrqWMsyi�X�tdu��M~�t�ilgjv}X<z{WMs<X�tOk«glJMs[rqk�v�XE°a±�u�JMXYs[ijU�k�v��eihX�ilv�J = WMHdX�ª?° � uwWMs[k�A���t�ilv
NGknX[kns[ijWMsyJMX[ijWML z HGs�X�tOkys U.WMLG�ds�uwv«X�t�kSgjJqU�� WMz�J�rqglW = Jqg�mVilky~�WMz�XYt�kKTpgjWqJML§JqglrqWMs[ihX�tGu
JML�N v}HGxGx�WMs�X[v�X�t�k4k.JMsygjilkysE�GL�NGihL�rqv s[kyx�WMs�Xyk.Nwi�L � °�6p��´q´(� A
��tOk v�k�U.WML�N�W = vYkys�m�JMX[ijWML�ilv0X�t�JMX�� Jqv0X�tOk"L�Hdu = kys�WMz glkymok�gjv � ihL�X�t�k

u�H�ghX[ilgjknmok�g � ;��]"�)��N� �<���§� JqglrqWMs[i�XYtGu ihL�Uns[k.JqvYk.v���X�t�k�¬�f�T�~EJ.moknz s[WML?X NGk�Uysyk.Jqv�k�v�A
��t�k u�H�ghX[ijglknmok.gSJqgjrqWMs[ihX�tGu ~�ihX�t�WMHGX§J�xGs[k�v�knX§gjihuwi�X�z�WMs XYt�k uwJM�Vihu�HGu£L?HGu = kns
WMz§glkymok�gjva� � ; �]"�)��N���<�

�
�.��ilv v�ilrML�i��OU.JML?X[g >¥= knX�X[kns X�t�JML X�t�k7TVgjWqJML JqgjrqWMs[ihX�tGu A

F�W.~Eknmokys���i�XENGW?k.vEL�WMX�x�kns�z{WMs�u ��H�ihX[k&Jqv«~Ek�gjg�Jqv«X�tOk5F >?= s[ilNQJqglrqWMs[ihX�tGu ��xGs[W?NVH�U�i�LOr
¬�f�T ~�J�mokyz syWML�X[v&X�t�JMX4JMs[k)WML�J.mokns[Jqrqk?. �¤glJMs[rqkysw� °a±��¤glJMs[rqkns|z�WMs5XYt�kw°a±QglJMs[rqk�v�X
xGs[W = gjknuwv[�nA
��tOijv�x�kns�z{WMs�uwJML�U�k:WMz�X�t�k�uBH�g�Xyijglkymok�g JqgjrqWMs[ihX�tGu = JqvYk.N WML�k�NGrqkQU�WqglgjJMx�vYi�L�r§ilv

x�kysYt�JMx�v«LOWMX�kyL?X[ihs[k�g > HGL�kn�?x�k�UnX[k.N�A R�v�Jqghs[k.JqN > NGilv�UnH�v�v�k�N���z{WMs�rMsyJMxGt x�JMs�Xyi�X[ilWML�ihL�rp�
X�t�k4k�NGrqkKU�WqgjglJMx�v�ihL�r:v�X�syJMX[k.r > t�Jqv�X�tOk|ihLGt�kns[ihX[JML�U�k xds[WMx�kys�X > A ��t�ilv�ijv�LOWMX�X�t�k4U.Jqv�k
z{WMsE~�J�mokyz syWML�X�WMsyNGkysyi�L�rpA���t�k�~EJ.moknz s[WML?X�z{WMs J)rqi�moknL WMs[Ndkys[ihL�r�WMz2J�U.WqJMsyv�k|rMsyJMxGt ilv
HGL�gli��ok.g > X[W = kEX�t�k�v�JMuwk�Jqv�X�t�JMX�z{WMs�X�t�k U.WMs�syk.v�x�WML�Ndi�L�r&�GL�k rMs[JMxGt�A�R�g�X�tOWMH�rMt:X�t�ilv
NGW?k.v�LOWMX:ky�pU.ghH�NGk:X�t�k:H�v�knz H�ghL�k�v�vKWMz�XYt�k�u�HOg�X[ilglkymok�g«JMxdxGs[WqJqU�t z{WMs)X�tOk	~EJ.moknz s[WML?X
s[k�NVH�UnX[ilWML xGs[W = glkyu �2ihXwNGW?k.v)s[knuwW.mokQX�tOk v�x�k.U�ilJqg«xGs[knz{kns[knL�U.k:z{WMswk�NGrqk U�WqgjglJMx�v�ihL�r
= Jqv�k�N U�WqJMs[v�knL�ihL�r�W.mokns&WMX�t�kns�U�WqJMs[v�knL�ihL�r�uwkyX�tOW�NGvaA

¡ k)JqgjvYWQL�WMX[kKXYt�JMX��Oz{WMsSU.WqJMsyv�kyLOi�L�r =?> k.NGrqk)U�WqglgjJMx�vYi�L�rp��J�x�v�knH�NGW?NGijJMuwknX[kns�WMz
X�t�k4U�WqJMs[v�kKrMsyJMxGt L�k�k.N�L�WMX&U.WMsYs[k.v}x�WMLON�~Ek.glg�X[W)J)x�vYkyH�NdW�NGilJMuwkyXykys WMz<X�t�k4WMs[ilrqi�L�Jqg
rMs[JMxGt<A ��t�ilv�~�ilgjg = k�X�t�kBU.Jqv�k)ihz X�t�k)rMs[JMxGt ilv|U�WqJMs[v�knL�k�N JqglWML�r WMLOk)NGi�syk.UnX[ilWML���Jqv
ilgjghH�v�X�syJMX[k.N:ihL C�ilrMHGs[k 6?A2F�kns[k&X�t�k�U�WqJMs[v�k4rMs[JMxGt v�X[JMs�XEJML�NQknL�Nwmokys�XyijU�k.v � �n� � �«JMs[k
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z{JMs&z s[WMu X�t�kS�GL�k�rMs[JMxdt®v}X[JMs�X&JML�N§knL�N�mokys�XyijU�k.v � �A�:AKR�g�XYt�WMH�rMt�i�X4ilv&NGi OwUnH�ghX�X[W
X[k�gjg�~�t�knX�t�knsKXYt�ijvBNGi�syk.UnX[ilWML�Jqg«U�WqJMs[v�knL�ihL�r�W?U.UnHGs[v�ihL WMHGs)Xyk.v�XBxGs[W = glkyuwv��<X�t�k:z{JqUnX
X�t�JMX i�X5U.JML tOJMxGx�kyL ijv�WMz2U.WML�U�kns�L�A

� L)X[kns�uwv�WMz�������X[i�uwk&�{C�ilrMHGs[k(0o�n��X�tOk � ;��6"�)��N���<���§� JqgjrqWMsyi�X�tdu¥ilv�J = WMHGX�ªq±��
z{Jqv�Xykys X�t�JMLwX�t�k�t >�= syijN:JqglrqWMs[i�XYtGu A ��t�k&TpgjWqJML JqgjrqWMs[ihX�tGu ijv u�WMsyk XYt�JML�z�WMHGs«Xyi�uwk�v
z{Jqv�Xykys�XYt�JML X�t�k&F >?= s[ilN JqglrqWMs[i�XYtGu A ��t�ilv�ijv i�L�glihL�k5~5i�X�t JML�W = v�kns�mqJMX[ilWML uwJqNGk =�>
�&HGu:z{kysYX�JML�N �<WMX�t�knL ��°�6(� �V~�t�kns[k4J�z{JqUyXyWMs�WMz<�Gmok4ijvEs[kyx�WMs�Xyk.N�A

D ��
 ��� 1��?� 1���� �+1 231�5I��6����'.87 E�����. �\��2>6��]� ���N��5 �827�]�  ���,��.�� 7 2��X� 70231�N� ������ � �� ��� � � 66����� �]���
R�ghX�t�WMH�rMt U.WqJMs[vYkyL�ihL�r =?> k.NGrqk§U�WqgjglJMx�v�ihL�r�t�Jqv = k.knL x�WMxGH�glJMs�JML�N-v�H�U�U�k.v�v}z H�g�ihL
u�H�ghX[ilgjknmok�g2JqglrqWMs[ihX�tGuwv|z�WMs)rMs[JMxGt�xOJMs�X[ihX[ijWMLOi�L�rp��s[k�v�H�ghX[vKihL�TVk�UnX[ijWML�ªpA�° v�tOW.~ X�tOJMX
z{WMs:~EJ.moknz s[WML?X	syk.NVHOUyX[ilWML�� XYt�ijv)JMxdxGs[WqJqU�t�ihu	xds[W.mok�v:WML XYt�k TVglWqJML JqgjrqWMsyi�X�tdu = HdX
ilvKL�WMX:Jqv�rqW?W�N Jqv�XYt�k�F >?= s[ilN�JqglrqWMs[ihX�tGu A ¨&i�syk.UnX[ilWML�Jqg«U�WqJMs[v�knL�ihL�r�ilv�J�x�WqvYv�i = gjk
s[k�Jqv�WML�A

¡ t�knL H�v�k�N z{WMs�X�tOk�u�H�ghX[ilgjknmok�g2v}x�k�UnX�s[Jqg JqgjrqWMs[ihX�tGu ��J uwJM�pi�uwJqgEi�L�Ndkyx�knL�NGknL�X
v�knX ilvQU�t�WqvYkyL i�L7J rMs[k�k.N > z{Jqv}t�ijWML =?> xOijU��pi�LOr HGLGuwJMX[U�t�k�N mokysYX[ijU�k�vQJMXQsyJML�NGWMu
JML�N��«~�tOkyL�J�mokys�Xyky� ilv:x�ijU��ok�N��«uwJqv%�pi�L�r�ihX[v�L�k�ijrMt = WMHGs[ihL�r mokns�X[ilU�k.v)Jqv:uwJMX[U�t�k�N
��°o�«´�� A ¡ k���tOW.~Ekymokns���JqNGWMxGX:J®uwWMs[k v�WMxGt�ilv�X[ilU.JMXyk.N�JqglrqWMs[ihX�tGu X�t�JMX = WMX�t > ijk�gjNdv
v�glijrMt?X[g > i�u:xGsyW.mok�N WMsyNGkysyi�L�rqvwJML�N�s[k���H�ihs[k�v:gjk�v�v������ X[ihuwk��{v�k�k�TVk�UyX[ilWML7ªpADª�z{WMs
J uwWMs[k NGknX[Jqilgjk�N Ndijv�UnH�v�vYijWML�.A  Hds§JqgjrqWMs[ihX�tGu£ilv = Jqv�k�N-WML0X�tOJMX�WMz:¬�H�rqk�JML�N
T�X�H = knL'� ´M³�� ��~ t�ijU�t)tOJqv = k�kyLBH�v�k�N	v}H�U.U�k�v�v�z H�glg > ihL)X�t�k ��k.glN)WMz�Jqgjrqk = s[JqilU�u�HOg�X[ilrMs[ilN�A
��t�ilv�JqgjrqWMsyi�X�tdu ~�Jqv NGk�v�ilrML�k.N)z{WMs HGL�v > u:uwkyXYs[ijU�uwJMX�s[ilU.k�v
�~Ek�t�J.mok�uwW?NGih��k.N:ihX�z{WMs



� � ��� � � � � � � � � 
 ���:��
 ° 0

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

>37 (101) >111 (97) >333 (88) >1K (72) >3K (44) >9K (32) >27K (19) >71K (10)

C
P

U
 ti

m
e 

(r
el

at
iv

e 
to

 H
yb

rid
)

matrix order (number of matrices)

Hybrid
Sloan
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Sloan(EC,3)
Sloan(EC,4)
Sloan(EC,5)

Sloan(EC,infinity)

C�ilrMHGs[k�0 @|R U�WMu	xOJMs[ijvYWML®WMzEX�t�k)�E�2� Xyi�uwk�v z�WMs|X�tOk:TVgjWqJML<�XYt�k)F >�= s[ijN�JML�N§X�t�k� ;��]"�)��N� �n���§��JqglrqWMs[i�XYtGuwv�A
v > u:u�knX�s[ilUKuwJMX�s[ilU�k.v�A:R«X)k�JqU�t�v�Xykyx���k�JqU�t mokns�X[kn��i�L � glijk�v|ihL�WMLOk	WMzEX�tGs[k�k)v�knX[v�@
ihXKilv|k�ihX�t�kns5HdL�U.WqglWMHGs[k�N��������n��WMsSijv4i�L�X�t�k�uwJM�pi�uwJqg�ihL�NGknx�kyL�NdkyL?X&v�knX������2�n��WMsKilv
L�WMX J)U.JML�NdijNGJMXyk z�WMs�X�t�k�uwJM�pi�uwJqgi�LONGkyx�knL�NGknL�X v�knXK�R���<�nA ¦�JqU�t mokns�X[kn�:t�Jqv�J)rqJqihL
mqJqghH�k�Jqv�vYW�U�ijJMXyk.N�~�ihX�t§ihX��OihL�NGilU.JMX[ihL�r)X�t�kSxGs[knz{kysykyL�U�k&z{WMs|XYt�ijv�mokns�X[kn� X[W = k.glWML�r:X[W� � A:� L�i�XyijJqglg > � k�JqU�t mokns�X[kn� .Sijv�HdL�U.WqglWMHGs[k�N ��gjilk.vBi�L � � �SJML�N ijvBJqv�v�ilrML�k.N J§rqJqihL
mqJqghH�k��"�.�)���.}�|k��oH�Jqg<X[W ihX[v4NGk.rMsyk.k�A ��t�k)rqJqihL�vKJMsykBtOk.glN®ihL J xGs[ilWMs[i�X > �oH�kyHOkqA	R X
k�JqU�tQv�Xykyx��oJ|HGL�U�WqglWMHGs[k�NBmokns�X[kn��~�ihX�t:X�t�k t�ilrMt�k.v}X«rqJqihL�ijv�s[knu�W�mok.N)z syWMu"X�t�k ��H�knH�k
JML�N§ilv5uwW.mok�N§i�L?X[W � � A ��X[v�L�k�ilrMt = WMHGs[v&JMs[kSX�t�knL uwW�mok.N§ihL�X[W � � A ��t�k > JMs[k)Jqglv�W
s[knuwW.mok�N	z syWMu"X�t�k��oH�knH�k�A�C�WMsEk.JqU�t�v�H�U�twL�kn~ mokns�X[kn�:ihL*� � ��XYt�k�rqJqi�LwmqJqghH�k�v«WMz�i�Xyv
HGL�U�WqglWMHGs[k�N LOk.ilrMt = WMHGsyv|JMs[k:ihL�Uns[k.JqvYk.N =?> WMLOkqA �Et�k�xGs[W?U.k�NVHGsyk�ijv4s[knx�k�JMX[k�N�HGL�Xyijg
X�t�k&�oH�knH�k|ilv�knu:xGX > � XYt�JMX�ilv��VHGL�XyijgJqglgOX�tOk mokns�X[ilU�k.v = k�gjWMLOrKX[W)k�i�X�tOkys � � WMsC� � �nA

� L®XYt�ijv4JqglrqWMs[i�XYtGu �OX�t�k�rqJqihL�WMzEJML HGLOU.WqglWMHGs[k�N�mokys�Xyky�§ilv|Jqgh~EJ > vKk���H�Jqg<XyWQX�t�k
L?HGu = kysSWMz�LOk.ilrMt = WMHGsyv|ihL � � x�ghH�v&X�~5ijU�k)X�t�k)L�Hdu = kys4WMz�L�k�ilrMt = WMHGs[v4ihL � � A R�L
HGL�U�WqglWMHGs[k�N mokns�X[kn��~�ihX�t J gjJMsyrqk�L�HGu = kns4WMz�L�k�ilrMt = WMHGs[v&ihL � � ijv4X�t�kns[knz{WMs[kKuwWMs[k
gli �ok�g > XyW = k�uwW.mok�N:i�L?X[W�� � A���t�ilv�kyL�v}HGs[k�v XYt�JMX�� � mokns�X[ilU.k�v�JMs[k�~Ek.glg 9 U�W.mokns[k.N : =�>� � mokns�X[ilU.k�v�� > ijk�gjNdi�L�r JQuwWMs[k)HGL�ihz{WMs�u Ndijv�XYs[i = HGX[ilWML®WMz � � mokns�X[ilU.k�v|JMLON J = kyXYX[kys
xGs[WqglWML�rqJMX[ilWML�WMx�kysyJMX[WMs)X�t�JML�XYt�kQrMs[k�k�N > JMxGxds[WqJqU�t�A  HGs)uwJM�pi�uwJqgEi�L�Ndkyx�knL�NGknL�X
mokns�X[kn�Qv�knX�JqglrqWMs[ihX�tGu ilv�WMHGX[glihL�k.N = k.glW.~SA
�0b�� � , b4!(� � �<�%A�� � � � � _ $��?`a_���� ^���_:b !+����`)� _ � ,� 6�GP6A@A689<; 6�Q�9 @A68>6G �

� � � �	�
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� . ��I�� @ �"�.F)���. �EI�� �X� uwJM� %������ ���"�.�)2��}����� � � � � � �� T. ��I�� '� � � � � � �a T. �EI�� '� E�><5�5 9�2 B*3(5&5�@�5VJ�} � "���}d�4. �EI�� ���*���� � � � � �� V}�'E�><5�5 9�2 B*3(5&5�@�5VJ�0 � "���}d��}����j� �
�"�.�)���0G��� �"�.�)2�R0G�7{ °

�L�U�k XYt�k u�JM�pihu�Jqg�ihL�NGknx�kyL�NdkyL?X�mokys�Xyky� v�knX"t�Jqv = k�knL�U�WMu:xGHGX[k�N�� X�t�k
xGs[WqglWML�rqJMX[ilWML�WMx�kysyJMX[WMs�r¤ilv:NGky�dL�k.N =�> � 6q�nA ��t�kQU�WqJMs[v�k�rMs[JMxGt mokns�X[kn� ~Ek.ilrMt?X[v

�
� JMs[k U.JqglUyHOgjJMX[k�N:Jqv«ihL§�#0o�<JML�N:X�t�kErqgjW = JqgGxds[ijWMsyi�X > mok�UyXyWMs 

z z{WMs�X�t�k«�dL�k�rMs[JMxGtwilv
U�WMu	xdHGX[k�N)Jqv�ihL®�#1o�.A�C�WMs F HIJ?KG��X�tOk�kyL?X�s[ilk�v2WMz 

z JMs[k�k�JqU�tQsyWMHGL�NGk�N�X[WKX�tOk�L�k�JMs[k.v}X
ihL�X[k�rqkns�A
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Sloan(MIV,infinity)

C�ilrMHGs[k 1 @ R U�WMu	xOJMs[ijvYWML�WMz�X�t�kS¬�f®Tw~�J�mokyz syWML�X[v�z�WMs�X�t�kSTVgjWqJML<�pX�t�kSF >�= s[ijN JML�N
X�t�k � ;��6"�)�� 
��\�����§� JqglrqWMs[ihX�tGuwv�A

C�ilrMHGs[k 1�U.WMu:x�JMs[k�v�X�t�k ¬�f�T¥~EJ.moknz s[WML?X z{WMs�X�t�k7TVglWqJML JML�N X�t�k F >?= s[ilN
JqglrqWMs[i�XYtGuwv ~�ihX�t X�t�k � ;��]"�)�� 
��������§�-JqglrqWMs[ihX�tGu H�v�ihL�r"XYt�k�J = W�mok8uwJM�pi�uwJqg
ihL�NGknx�knL�NGknL?X	mokns�X[kn�7v�kyX JqgjrqWMs[ihX�tGu A ��X ijv vYk.knL X�tOJMX��5JqvQX�tOk L?HGu = knsQWMz)glknmok.glv
ihL�Uysyk.Jqv�k�v��dXYt�kKu�H�ghX[ilgjknmok�g<WMs[NGkns[ihL�rqv�i�u:xGsyW.mok�A �Et�k�u�H�ghX[ilgjknmok.g�JqgjrqWMsyi�X�tdu¤~�ihX�t�WMHGX
J®xds[k.vYkyX)uwJM�pi�u�Hdu�L?HGu = kns)WMz4gjknmok.glv�� � ;��]"�)�� 
������

�
�n�«xGsyW�NVHOU.k�v)WMs[NGkns[ihL�rqv)WMz

U�WMu	xOJMs[J = glk �oH�Jqgli�X > X[W0X�tOk F >?= s[ilN JqgjrqWMsyi�X�tdu JML�N���ihL X[kns�uwv�WMz������£X[i�uwk
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Sloan(MIV,4)
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Sloan(MIV,infinity)

C�ilrMHGs[k)°a± @�R U.WMu:x�JMs[ilv�WML§WMz�X�tOk�������X[i�uwk�v�z{WMs�X�tOk�TVglWqJML��dX�tOkKF >?= s[ilN�JML�N X�t�k� ;��]"�)�� 
��������§��JqglrqWMs[ihX�tGuwv�A
�{C�ilrMHGs[k4°a±o�n�Vilv�v�H = v�X[JML?X[ilJqgjg > z{Jqv�X[kns���s[k��oH�i�syi�L�rSJ = WMHGX�t�Jqghz�X�t�k�X[ihu�k�WMz�X�t�k&F >?= s[ilN
JqglrqWMs[i�XYtGu A TVihL�U�k � ;��]"�)2� 
 �\���

�
�Kilv�rqkyLOkys[Jqglg > L�W uwWMs[k:kn��x�knL�v�ihmok:i�L�Xykys�uwv4WMz

����� X[ihuwk�X�t�JML � ;��6"�)�� 
��\�����§�2~�ihX�t � � ´4JML�Nwi�X�xGs[W?NVH�U�k�v XYt�k�v�uwJqglgjk�v�X ¬�f�T
~EJ.moknz s[WML?X[v��O~Ek�s[k.U�WMu:uwkyL�N�L�WMX4ihu:x�WqvYi�L�rwJ�uwJM�pi�uBHGu¤L?HGu = kns&WMz�glkymok�glv|WML�X�t�k
u�H�ghX[ilgjknmok�gOJqglrqWMs[ihX�tGu A

D � � /�1���2I� �I� 6�� �X� � 	 � 6������� ���32>6��6� �#� 536 2�� .

��t�k)U�WqJMs[v�k�v�XSrMs[JMxGt�t�Jqv4WML�g > J�v�uwJqgjg<L?HGu = kns4WMz«mokns�X[ilU.k�v4JML�N®vYWQihXKU�JML®syJMx�ijNdg >
= k WMs[NGkns[k�N�H�v�ihL�r�JML > JMxGxds[WMxGs[ilJMX[kQJqglrqWMs[ihX�tGu AM� L Jqglg�X�t�k�s[k.v}H�g�Xyv�xGs[k�v�kyL?X[k�N v�W
z{JMs���X�t�k�TVglWqJML JqglrqWMs[ihX�tGu t�Jqv = k�kyL�H�v�k�N = HGX�X�t�k�F >?= s[ilN¥JqglrqWMs[ihX�tGu U�JML = k
H�v�k�N ihL�v�X[k�JqN�A ��t�ilv)rqi�mok�v)X�t�k:u�H�ghX[ilgjknmok.g F >?= s[ilN JqgjrqWMs[ihX�tGu ������� ^ .��O� 
 �\�����§�nA
C�ilrMHGs[k °q° U�WMu:x�JMs[k�v�X�t�kw¬�f®T�~�J�mokyz syWML�X:z{WMs)X�tOijv�JqglrqWMs[ihX�tGu�~�ihX�t X�t�JMXBz{WMs)X�t�k
TVglWqJML)JML�NKXYt�k�F >�= syijNSJqgjrqWMs[ihX�tGuwv�A ¡ k�v�k�k�X�t�JMX��az{WMs<JML > xds[k.vYkyX�u�JM�pihu�HGu-L?HGu = kns
WMz�gjknmok�gjv � ��s[k.v}H�g�Xyv<z{WMs�X�t�k ����� ^ .��O� 
��\�����§��JqgjrqWMs[ihX�tGu JMs[k�U�WMu:x�JMs[J = glk�X[W4X�t�Wqv�k
z{WMswX�t�k�F >?= s[ilN JqglrqWMs[ihX�tGu A8¦�moknL-ihz|X�tOkys[k JMs[k§WML�g > X ~�W�gjknmok.glv���X�t�k��oH�Jqgli�X > WMz
X�t�k:WMs[Ndkys[ihL�r WML�X�t�k:U.WqJMsyv�k.v}XQ�{glkymok�g ´q�KrMs[JMxGt ijvSv�H�U�t XYt�JMXKX�tOk	JMxdx�gjilU�JMX[ijWML�WMz�J
xGs[WqglWML�rqJMX[ilWML JMLONQs[kn�GL�knu�knL?X�v�Xykyx ijvEJ = gjk&X[W�xGsyW�NVHOU.k�J�t�ilrMt��oH�Jqgli�X > WMs[NGkns[i�LOr�WML
X�t�k:�GL�kwrMs[JMxGt<A ��t�ilv�ijvBi�L�U�WML�XYs[Jqv�X�X[W � ; �]"�)�� 
��\���[´q��~�t�kns[kq��WML�X�t�kwU�WqJMs[v�k�v�X
rMs[JMxGt<�SX�t�k TVgjWqJML JqglrqWMs[i�XYtGu NGW?k�v LOWMX > ijk�glN8v}H�U�t"J7rqW�W?N WMs[NGkns[i�LOrpA R�v�X�t�k
L?HGu = kys	WMz�gjknmok�gjv)ihL�Uns[k.JqvYkq� XYt�k	x�kns�z{WMs�uwJML�U�k:WMz � ;��]"�)�� 
��������§�)ilv)U.WMu:x�JMs[J = gjk
X[W ����� ^ .��O� 
 �\�����§�n��i�LONGijU�JMX[ihL�r®XYt�JMX�� = k�U�JMH�v�k X�t�k§TpgjWqJML JqgjrqWMs[ihX�tGu x�kns�z{WMsYu�v
~Ek.glg<WML�v�uwJqgjg�xGs[W = glkyuwv���i�L§X[kns�uwv�WMz ��HOJqgjihX > �dX�tOk�U�t�WqilU.k = knX�~Ek�kyL�X�tOk�TVglWqJML�JML�N
X�t�k�F >?= s[ilNwJqgjrqWMs[ihX�tGuwv WMLQX�tOk�U.WqJMs[vYk.v�XErMs[JMxGt ijv�L�WMX i�u:x�WMs�X[JML?X�~�t�knL	XYt�JMX�rMsyJMxGt
ilv�v�uwJqgjg�A�F�W�~�knmokns���H�v�ihL�r�X�t�k TVgjWqJML:JqglrqWMs[ihX�tGu t�Jqv<X�t�kEJqNVmqJML?X[Jqrqk�WMz�LOWMX�s[k.�oH�ihs[ihL�r
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matrix order (number of matrices)

Hybrid
Sloan

Hybrid(MIV,2)
Hybrid(MIV,3)
Hybrid(MIV,4)
Hybrid(MIV,5)

Hybrid(MIV,infinity)

C�ilrMHGs[k4°q°'@2R-U�WMu:x�JMs[ilv�WML�WMz�X�t�k�¬�f�T)~�J�mokyz�s[WML�Xyv«z{WMs X�t�k&TVglWqJML���X�t�k�F >?= s[ilNwJML�N
X�t�k ����� ^ .��O� 
��\�����§��JqglrqWMs[i�XYtGuwv�A
JML > v�x�k�UyXYs[Jqgi�LGz�WMs�uwJMX[ijWML�X[W = k&U.WMu:xGHGXyk.N�A
��tOk z�JqUyXwX�t�JMX�X�t�k��oH�JqgjihX > WMzSX�t�k ����� ^ .��O� 
��\�����§��WMs[Ndkys[ihL�rqv:mqJMs[ilk.vwgli�X�Xygjk

~�ihX�tQXYt�k�L�HGu = knsEWMz�gjknmok�gjv�� ihL�NGilU�JMX[k.v�X�t�JMXEX�t�k�u�H�ghX[ilgjknmok�gdxds[W�U�k�v�v = JqvYk.N�WML X�t�k
uwJM�VihuwJqgGihL�NGknx�knL�NGknL?X�v�kyX U�WMu = ihL�k�NB~5i�X�t�TVglWqJMLws[ky�dL�kyuwknL�X ilv�WMz�rqW?W�N���HOJqgjihX > ��ihL
X�t�k v�kyLOv�k�X�t�JMX ihX�xGs[k�v�kysYmok.v��oi�z�L�WMX kyLdt�JML�U�k.v��qX�t�k��oH�Jqgli�X > WMz�X�t�k�WMs[Ndkys[ihL�r4JqU�t�ilkymok�N
WML�X�tOk	U�WqJMs[v�k�v�XBrMs[JMxGt HOv�i�LOr X�t�k:F >�= s[ijN JqgjrqWMsyi�X�tdu�A�� L�z{JqUnX���~�k:U�WMH�gjN H�v�k)X�t�k
�oH�JqgjihX > WMz X�t�k ���'� ^ .��� � ���§� JqgjrqWMs[ihX�tGu XyW�u�k�Jqv�HGsyk XYt�k&��H�JqglihX > WMz�XYt�k�u�H�ghX[ijglknmok.g
v�U�t�knuwk = Jqv�k.N WML�X�t�k&U.WqJMsyv�kyLOi�L�r:v�XYs[JMX[k�r > � A«C�WMs&kn�VJMu:x�glk��?C�ilrMHGs[kB°M´)v�t�W�~�v�X�t�k
¬�f�T ~EJ.moknz s[WML?XKz�WMsKX�t�k ����� ^ .��O�F� �<���§�|JqglrqWMs[ihX�tGu A � X�ilv|v�k�knL X�t�JMXSihL rqknL�kns[Jqg{�
X�t�k:uwWMs[kQglknmok.glv�X�t�kns[kwJMs[kq�2XYt�k	x�W?WMs[kns�X�t�k���H�JqglihX > WMz�X�t�kwWMs[NGkns[i�LOrpA �Et�ijv)ilv�ihL
U�WML�X�syJqv�X|XyWQC�ilrMHGs[k:°q°o�<JML�N�i�L�NdijU�JMX[k�v XYt�JMX&X�t�k)k�NGrqk 
 U�WqglgjJMx�vYi�L�r = Jqv�k�N�u�H�ghX[ijglknmok.g
JMxGxGsyWqJqU�t	uwJ > L�WMX = k J = gjkEX[W5xds[k.vYkys�mokEX�t�k«tOijrMtw�oH�JqgjihX > WMs[NGkns[ihL�r|JqU�tOijknmok.N:WMLwX�t�k
U�WqJMs[v�k�v�X�glkymok�g{A
��tOk�������X[i�uwk�vU.WMu:x�JMs[ilv�WML�vz{WMs�X�t�k�TVglWqJML��.X�t�k�F >?= s[ilN|JMLON ����� ^ . �� 
��\�����§�

JqglrqWMs[i�XYtGuwv�JMs[k&rqihmokyL�ihL C�ilrMHGs[kS°a³pAC�Et�k ���'� ^ .��� 
��������§� JqgjrqWMs[ihX�tGu L�k.k�NGvEWML�g >
t�Jqghz«XYt�kw�����"X[ihu�k)WMzEX�t�k)F >?= s[ilN JqglrqWMs[ihX�tGu A	C�WMs�v}u�Jqglg � � ihXSijvSv�gjilrMt?X[g > uwWMs[k
kn��x�knL�v�ihmok�X�t�JML � ;��]"�)�� 
��������§� = k.U�JMH�v�k�WMz�X�t�k ky�?X�s[JSU.Wqv�X Jqv�vYW�U�ijJMXyk.N:~�ihX�t:H�v�ihL�r
X�t�k&F >?= s[ilN JqglrqWMs[i�XYtGu WML X�t�k4U�WqJMs[v�k�v�X�rMs[JMxGt<A
�<J = gjk ° glijv�Xyv X�t�k ¬�f�T ~EJ.moknz s[WML?X[v�z{WMs§X�t�k F >�= s[ijN�� � ; �]"�)�� 
��\���

�
� JML�N

����� ^ . �� 
��\���
�
�:JqglrqWMs[i�XYtGuwv�z{WMs�k�JqU�t�WMz�X�tOk Xyk.v�X xGs[W = glkyuwv�WMz)WMs[NGkns rMs[k�JMX[kns

X�t�JML¥°a±q±q±q±pA ��t�k�v�uwJqglgjk�v�Xw~�J�mokyz syWML�X z�WMs�k.JqU�t xGs[W = glkyu �{JML�N XYt�Wqv�k�~�ihX�t�ihL-³
x�kys4U�kyL?X4WMz«XYt�k�v�uwJqglgjk�v�Xn��JMs[k)rqihmokyL ihL = WqglN�A$��X4U�JML = k�v�k�knL®X�tOJMX��OJqghX�t�WMH�rMt�X�t�k
X�tGsyk.k:JqglrqWMs[i�XYtGuwv|WML J�mokysyJqrqk�xGs[W?NVH�U�k)WMs[NGkns[ihL�rqv|~5i�X�t�v�ihu�ilglJMs�¬�f�T ~EJ.moknz s[WML?X[v��
X�t�k�ihs = knt�J.mpilWMHGsKWML�i�LONGi�mpilNVH�Jqg�uwJMX�s[ilU�k.v&U�JML NGi�Rkns�v�ilrML�ih��U.JML?X[g > A ��t�ilv4ijv4X > x�ilU.Jqg
WMz�t�knHGs[ilv�X[ilU 
 = Jqv�k.N JqgjrqWMsyi�X�tdu�vBJML�N�� z{WMs:J�rqihmokyL xGsyW = gjknu ��~�tOijU�t JqglrqWMs[ihX�tGu ~�ilgjg
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Hybrid(EC,3)
Hybrid(EC,4)
Hybrid(EC,5)

Hybrid(EC,infinity)

C�ilrMHGs[kB°M´�@«R¥U�WMu:x�JMs[ilv�WML WMz�X�tOk|¬�f�T�~EJ.moknz s[WML?X�z{WMs�X�tOkKTVglWqJML��VX�t�k4F >�= s[ijN JML�N
X�t�k ����� ^ .��O�N���<���§��JqgjrqWMs[ihX�tGuwv�A

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

>37 (101) >111 (97) >333 (88) >1K (72) >3K (44) >9K (32) >27K (19) >71K (10)

C
P

U
 ti

m
e 

(r
el

at
iv

e 
to

 H
yb

rid
)

matrix order (number of matrices)
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Hybrid(MIV,3)
Hybrid(MIV,4)
Hybrid(MIV,5)

Hybrid(MIV,infinity)

C�ilrMHGs[k)°a³ @�R U.WMu:x�JMs[ilv�WML§WMz�X�tOk�������X[i�uwk�v�z{WMs�X�tOk�TVglWqJML��dX�tOkKF >?= s[ilN�JML�N X�t�k
����� ^ . �� 
��\�����§�«JqglrqWMs[i�XYtGuwv�A
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�<J = glk °'@ ¬�f®T ~EJ.moknz s[WML?X[v z{WMs X�t�k0F >?= s[ilN�� X�tOk � ;��]"�)2� 
 �\���
�
� JML�N X�t�k

����� ^ . �� 
��\���
�
��JqglrqWMs[i�XYtGuwv�WML uwJMX�s[ilU�k.vEWMz�WMs[NGkns�� °a±q±q±q±pA

� NGknL�Xyi���kns WMsyNGkys F >�= s[ijN � ; �]"�)�� 
��\���
�
� ���'� ^ .��� 
������

�
�

v}t�HGXYX[gjk k�NGN > °a±qªo´�1 /o´?A .). >���� -4- -���� = -
= U�v�v�X��O°�6 °a±)1 6Mª �4�4>�� >4� �4����� >4� ´Mªq±pA 1q³
= U�v�v�X��O° 0 °q° 1qª)0 ´�0)0pA ´Mª ���= � �4- ��4-�� ��=
= U�v�v�X��d´�1 °a³)1)1o´ ³q±?°oA .M± ��4���+=&2 ��4��� =&2
= JMs�X�t�. °�.�/q±)/ @ 2 � ��� 1 6?Ah°q° 1 6?A 6).
x�NGv.°a± ° / .).�0 -4>4>���� 2 /)0q±pAD³)/ /)0q±pA ³)/
U�WMxGX[kns�° °�6q´q´q´ ªq±?°oA ±qª ��=���� �4� ��= @�� �
k�ªq±Ms[±q±q±q± °�6q´�0?° &>4����� 2 &>4��� �4@ &>4��� � 2
� s�x�glJMXn´ ° 0q±?°a± � 242 � >� ´).MªpA�° / ´).).?A 0qª
XyJML�NGknu m?X�� ° 0qª .Mª �4@4@�� >4� �4@�= � ��� �4@4������=
z�WMs[N° ° 0 6q´�0 ����� 2�� °a±)0pA 1 . °a±)1pA .�/
= U�v�v�X��p³q± ´�0)1o´Mª ���4�����4� ���4>������ ³o´o°oA ³q±
�EtGs[k�JqN ´�1 6M³)/ &@4-�= � 242 ° 1qªq±pA ´�0 &@4> 2 � @4-
= U�v�v�X��p³?° ³ .).�0)0 6).M±pA 0?° -4�4>��#�� .).�0pA ±)1
�dL�JML�U�ka´).�/ ³ 6M³ 6�/ °�6�1pAh° 0 °a³q±pADªo´ 4&>����4-
= U�v�v�X��p³o´ ªqª)/q±)1 2�=��� @ 2 .)6�0pA 1q± /?° 0pAh°q°
v"�Vihs�X ª .M³)/?° >4���� =4= 6M³)0pA /o´ 6Mªq³pA .�1
LOJqv�Jqv�s = .Mª)0 6M± �4�4>�� @ 2 ³qªqªpA / 6 �4��= � ���
T?s = ° .Mª)1o´Mª �4��= � =&2 �4�4��� ��� �4�4��� 2�@
U�WMxGX[knsn´ .).Mª 6�/ .�1 6?A 6�1 6q´�/pAD±q± -�= ��� @��
�dL�JML�U�k .o°M´ 6Mª 6).q´ °a³ 6?Ah° / 452 � -4@ °M´)6?A ´o°
WMLOkys[J NVH�Jqg 0 .).�/ 6 -4>4��� 52 /)1 6?A / 6 /q³o´?A 1)1
XyJML�NGknu NVHOJqg 1qªq±)/)1 ª .o°oA 0q³ 2��4>�� ��= 242���� 2�>
f �&° 1 6).)6�0 °a±q³ .?A ±)0 °q° 0 6?A 1)/ ��=�����4�
z�WMs[N�´ °a±q±?° 1)/ ���4-����4- ³o´)6?A .�0 ³qªq³pA ³?°
T?t�i�xOv�k.Ue° °aªq±)0 6Mª °aª .q´?A 6)6 ° /)/)/pAD± . 52�� 2 � =4=
CGHOgjg = ° 1)1?° 0 6 &@4>�= ����� ° 1 .).?A /)/ ° 1)1o´?A ª 6
C�U�WML�NVx�´ ´M±?° 0o´q´ °�6o°a³pA 0o´ &- 2����#&@ &-4-������4�
��s[Wqgjg ´o°a³qª .M³ ³)/ .)6?A ªq³ �4� 2���� >4@ ´�0)0 6?A 6Mª
F�Jqghz = ´q´Mª)/?°�6 &� 2�= ��� 2 °aªq³?°oAD±)1 °aª)0)/pA ´�/
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xGs[W?NVH�U�k�X�t�k = k.v}X�WMs[NGkns[ihL�r)U�JMLGL�WMX = k&xGs[k�NGilUyX[k�N 9Cm 5&68><5 6�A
D � D /�� ��������� ����� 	 �����'.X� 7 �81���� 1����I� 1
231�5I��6����'.87
TVW§z{JMs��2~Ek�t�J�mok�k.v}X[J = glijv�tOk.N XYt�JMX)J®uBH�g�Xyijglkymok�g JqgjrqWMs[ihX�tGu = Jqv�k�N WML J uwJM�pi�uwJqg
ihL�NGknx�knL�NGknL?X)mokys�Xyky��v�knX rqihmok�vQWMs[NGkns[ihL�rqvwWMzKU�WMu:x�JMs[J = glk§��H�JqglihX > X[W X�t�k�F >?= s[ilN
JqglrqWMs[i�XYtGu � = HGX�ilv®vYijrML�ih��U�JML�Xyg > z{Jqv}X[kysMA ��t�ilv§v�k�UyX[ilWML ky�?x�glWMs[k.v§X�t�k u�H�ghX[ijglknmok.g
JqglrqWMs[i�XYtGu z Hds�X�t�kns =?> v�X�H�N > ihL�r�i�Xyv vYkyL�vYi�X[ihmpi�X > X[W�X�t�k�U�t�WqijU�k�WMzwJ L?HGu = kns§WMz
x�JMs[JMuwknX[kns[v�A
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matrix order (number of matrices)

(2,1) and (16,1) on the coarsest graph (Sloan(MIV,infinity))
(64,1) only on the coarsest graph
(16,1) only on the coarsest graph
(4,1) only on the coarsest graph
(2,1) only on the coarsest graph
(1,1) only on the coarsest graph
(1,2) only on the coarsest graph
(1,4) only on the coarsest graph

(1,16) only on the coarsest graph
(1,64) only on the coarsest graph

(1,2) and (16,1) on the coarsest graph

C�ilrMHGs[k)°aª @ ��tOkKk&Rk.UnX&WMz�X�t�k4U.WqJMs[vYk.v�X&rMsyJMxGt�WMs[NGkns[i�LOr)WML XYt�k|¬�f�TQ~EJ.moknz s[WML?X&WMz
X�t�k u�H�ghX[ilgjknmok.gpJqgjrqWMsyi�X�tdu�A���t�k � ;��]"�)�� 
������

�
��JqgjrqWMsyi�X�tdu"ilv�H�v�k�N�� = HdX�~�i�XYt:WML�g >

WML�k4~�k�ijrMt?X&x�Jqihs)�{U�t�Wqv�knL�z s[WMu��#/qª\�n°M�n� lTl�l � � °�� /qªo���n��WMs�X�~EW	~Ek�ijrMt?X�x�Jqihs[v�� °��[´q��JML�N
� ° /\�n°M�nA«R�glg�s[k�v�H�ghX[v«syk.glJMX[ihmok5X[W � ;��6"�)�� 
��\���

�
� ~�i�XYt X�t�k&~�k�ilrMt�X�xOJqi�s[vS� ´��y°M�EJML�N

� ° /\�n°M��WML X�tOk|U�WqJMs[v�k�v�X�rMs[JMxdt�A
¡ k|t�J�mok�v�k�kyL�XYt�JMX��V~�i�XYt�JML§HGL�gli�uwihX[k.N:L?HGu = kys5WMz�gjknmok.glv��GX�t�kKU�WqJMs[v�k�v�X�rMsyJMxGt

WMs[NGkns[ihL�r = JqvYk.N�WML = WMX�tQX�tOk|TpgjWqJML JqgjrqWMs[ihX�tGu+� � ;��]"�)2� 
 �\���
�
���«JMLONQX�t�k&F >?= s[ilN

JqglrqWMs[i�XYtGu � ���'� ^ .��� 
������
�
��� > ilk.glN:WMs[NGkns[ihL�rqv�WMz�v�i�uwilgjJMs��oH�Jqgli�X > A�C�WqglgjW�~�ihL�r|¬�k�ilN

JML�N�TVU.WMXYX�� ´q´N���<i�L X�t�kwTVglWqJML JqgjrqWMsyi�X�tdu���X ~�W�WMs[Ndkys[ihL�rqv4JMs[kwrqkyL�kns[JMX[k�N®z�s[WMu+X�t�k
~Ek.ilrMt�X4x�Jqihs[v)� ´��n°M�5JML�N � ° /\�n°M�n��JML�N�X�t�k = knX�X[kns&WMz X�t�kKX ~�W�ijv4U�t�Wqv�knL�AKC�ilrMHGs[k:°aª
ilgjghH�v�X�syJMX[k.v�XYt�k�k&Rk.UnX4WMz2HOv�i�LOr�J�v�i�LOrqgjk�x�Jqihs4WMz�~�k�ijrMt?X[v�A � z�~�k)rqknL�kns[JMX[k�WML�g > WML�k
WMs[NGkns[ihL�r = JqvYk.NwWML�J)v�ihL�rqglk�x�Jqi�s WMz<~Ek.ilrMt�Xyv|�{U�t�WqvYkyL�JMuwWML�r �#/qª\�n°M�n��� ° /\�y°M�.���ª\�y°M�n�
� ´��n°M�n� � °��n°M�n�2� °��[´q�n� ��°��}ªo�n�2��°��y° /o��JML�N � °�� /qªo���n�OX�tOkK�oH�JqgjihX > WMz�X�t�kK�GLOJqg<WMs[NGkns[ihL�r
W = X[JqihL�k�N�H�vYi�L�rSX�t�k&u�H�ghX[ijglknmok.g�JqglrqWMs[ihX�tGu ilv�L�WMX�Jqv�rqW?W?N��VJqg�X�tOWMH�rMt X�t�k&NGi�Rkns[kyLOU.k
ilv5H�v}H�Jqgjg > glk.vYv5X�tOJML�°a±���A$��zEihL�v�X[k�JqN§WMz2XYt�k�X�~EW�xOJqi�s[v)� ´��n°M�&JML�N ��°��y° /o�n�O~Ek�H�v�k
� °��[´q�«JML�N§� °��n° /o�n��X�t�k�NGi�Rkns[kyLOU.k�ihL�XYt�k���HOJqgjihX > WMz�X�t�k��GL�Jqg�WMsyNGkysyi�L�rSijvEky�?X�s[knuwk.g >
v�uwJqglg{�OihL�NGilU�JMX[i�LOr�X�t�JMX�X�t�k4xGs[k�U.ilv�kSU�t�WqijU�kKz{WMs�XYt�k|~Ek.ilrMt?X[v&ijv�L�WMX4Uns[ihX[ijU�Jqg�A R�v�X�t�k
U�WqJMs[v�k�v�XwrMs[JMxGt U.JML = kQWMsyNGkysyk.N�mokns > �oH�ilU��Vg >�= k.U�JMH�v�k�WMz4i�X[v)v}u�Jqglg�v�i���kq�«ihz4i�X:ilv
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ihu	x�WMs�XyJML�X�X[W W = X[JqihL XYt�k)v�uwJqgjglk�v�X&x�WqvYv�i = gjkK~EJ.moknz s[WML?X���ihX5uwJ > = kK~EWMs�X�t?~�t�ilglkKX[W
X�s > J)L?HGu = kys WMz�NGi�RkysykyL?X�~Ek.ilrMt?X[v�JML�N U�tOW�Wqv�k&X�t�k = k�v�X�WMs[Ndkys[ihL�r)JMuwWML�r�X�tOkyu A

1

1.1

1.2

1.3

1.4

>37 (101) >111 (97) >333 (88) >1K (72) >3K (44) >9K (32) >27K (19) >71K (10)

R
M

S
 w

av
ef

ro
nt

 s
iz

e 
(r

el
at

iv
e 

to
 H

yb
rid

)

matrix order (number of matrices)

Hybrid
Sloan(MIV,infinity) with first weight pair (4,1)
Sloan(MIV,infinity) with first weight pair (2,1)
Sloan(MIV,infinity) with first weight pair (1,1)
Sloan(MIV,infinity) with first weight pair (1,2)
Sloan(MIV,infinity) with first weight pair (1,4)

Sloan(MIV,infinity) with first weight pair (1,16)
Sloan(MIV,infinity) with first weight pair (1,64)

C�ilrMHGs[kB°�.�@ ��t�k4k Rk�UyX5WMz�X�t�k&�Gs[v�XEx�Jqi�s5WMz�~�k�ijrMt?X[v�NpHGs[ihL�r�X�t�k�s[kn�GL�knuwkyL?X�xGsyW�U�k.vYv
WML)X�t�k ¬�f�T|~EJ.moknz s[WML?X«WMz�XYt�k2uBH�g�Xyijglkymok�g?JqgjrqWMs[ihX�tGu � ;��6"�)�� 
��\���

�
�.A ��tOk�v�k�U.WMLON

x�Jqihs�WMzp~�k�ilrMt�X[v�ilv��G�pk.N4JMX���° /\�y°M�nA�R�glgqs[k.v}H�g�XyvOJMsyk syk.glJMX[ihmok<X[W�X�t�k�F >?= s[ilN4JqgjrqWMs[ihX�tGu A
¡ k2tOJ.mok�Jqglv�W�glW�W��ok�N�JMX<XYt�k�v�kyLOv�i�Xyi�mpi�X > WMzGX�tOk2WMsyNGkysyi�L�r�XyW�X�t�k U�t�WqilU.k WMzV~Ek.ilrMt?X[v

z{WMs�X�tOk�xGs[WqglWML�rqJMX[ilWML:JML�N)s[kn�GL�knu�knL?X<v�X[Jqrqk WMzOXYt�k«u�HOg�X[ilglkymok�gVJqglrqWMs[ihX�tGu A���LwJqglgVX�t�k
kn��x�kns[i�uwknL�Xyv�s[kyx�WMs�Xyk.N�v�Wwz{JMs��O~Ek�H�v�k�N XYt�kK~Ek.ilrMt�X4x�Jqihs[v)� °��[´q�5JML�N�� ° /\�n°M�nA ��t�ilv
U�t�WqilU.kBWMz2~Ek�ijrMt?X&x�Jqi�s&~EJqv5syk.U�WMu:u�knL�NGk�N ihL�¬�k.ilN�JML�N�TVU�WMX�X � ´q´(�<z�WMs5XYt�k�F >?= s[ilN
JqglrqWMs[i�XYtGu ��~�t�kns[k�ihX«~EJqv�JMs[rMHOk.N:X�t�JMX J�glJMs[rqkns � f i�L�� .q��ijv�xGs[knz{kns�s[k�N�~�t�knL  �4.���ilvWMzGrqW?W?NK�oH�JqgjihX > A�C�ilrMHGs[kE°�.�ijglghH�v�X�s[JMXyk.v�X�t�k�k&Rk�UyX WMzVmqJMs > ihL�r�X�t�k<�ds[v�X�xOJqi�s�WMzV~Ek.ilrMt?X[v
WML XYt�k:��H�JqglihX > WMz�XYt�k:WMs[NGkns[i�LOr rqi�moknL =?> � ;��]"�)�� 
������

�
�nA'��L X�t�ilv|kn�?x�kns[ihuwkyL?X��

X�t�k v�k.U�WML�N)x�Jqihs ijv��G�pk.N:JMX&� ° /\�n°M�n��~�t�ilglk«X�t�kE�Gs[v�X�x�Jqihs ijv�JqglgjW�~�k�N	XyW5mqJMs >�= kyX ~�k�knL
�{ª\�n°M��X[W�� °��n° /o�nA ¡ k v�k�k2XYt�JMX<J�~Ek.ilrMt�X x�Jqi�sE��� Y � � f ��~5i�X�t � f v�glilrMt�X[g > gjJMs[rqkns<X�tOJMLWMs�k��oH�JqgOXyW � Y ilv = knL�ky�OU.ilJqg{AW� L rqknL�kysyJqg{��X�t�k�~Ek.ilrMt?X�x�Jqihs[v|��°��y°M�n��� °��[´q�«JMLON®� °���ªo�
Jqglg�rqihmok«vYi�uwilgjJMs ¬�f®T&~�J�mokyz�s[WML�Xyv�A ¡ k«tOJ.mok Jqgjv�W�glW?W��ok.N)JMX�X�t�k k Rk�UyX WMzGmqJMs > ihL�r�X�t�k
�Gs[v}X�x�Jqihs|WMz�~Ek�ijrMt?X[v�WML§X�t�k4��HOJqgjihX > WMz�X�t�k4WMs[NGkns[i�LOr	rqihmoknL =?> ����� ^ .��O� 
 �\���

�
�n�

JML�NQz�WMHGL�N�XYt�JMX�X�tOk|v�JMuwk&U�WML�U.ghH�v�ilWML�U�JML = k&NVs[J.~ L�A
¡ k tOJ.mok v}X[JMX[k�N X�t�JMX�X�t�k§H�v�k§WMz�mokns�X[kn� ~Ek�ijrMt?X[vQt�Jqv J�L�k.rqJMXyi�mok�k Rk�UnX�WML

X�t�k��oH�Jqgli�X > WMzSWMHGs�uBH�g�Xyijglkymok�g�JqglrqWMs[i�XYtGu A �<W ijglg�HOv�X�s[JMX[k�X�t�ilv���C�ijrMHGsyk�° /�v�t�W�~�v
X�t�k4¬�f�T	~EJ.moknz s[WML?X�z{WMs � ;��6"�)�� 
��\���

�
�EJML�N � ;��]"�)��N� �<�

�
�n�p~5i�X�t JML�N ~�ihX�t�WMHGX

mokns�X[kn� ~Ek�ijrMt?X[v�A ��glk.JMsyg > ��z{WMs = WMX�t�JqgjrqWMs[ihX�tGuwv&X�t�k�H�vYk	WMz mokys�Xyky��~Ek.ilrMt?X[vKU�JMH�v�k�v
J NGknX[kns[ilWMs[JMX[ilWML§i�L�X�t�k��oH�Jqgli�X > WMz X�t�kK�GLOJqg�WMs[NGkns[i�LOrpA ¡ k:v�t�WMH�glN�x�WqihL?X|WMHdX|X�tOJMX
~EkQx�Jqv�v)X�t�kwmokysYX[ky� ~�k�ilrMt�X[v)X[W§X�t�k�U.W?NGk F HIJ!K i�L X�tOkQJMs�s[J >�� ,���4 �{ihL X�t�k�U.Jqv�k
WMz�X�t�kKuBH�g�Xyijglkymok�g�JqglrqWMs[ihX�tGu = Jqv�k�N§WML®X�tOk|uwJM�VihuwJqg<ihL�NGknx�knL�NGknL?X�v�knX��dX�t�kSmokys�Xyky�
~Ek.ilrMt�Xyv�JMs[k��Gs[v�XEs[WMHGL�Ndk.NwX[W)i�L?X[k�rqkysyv[�nA�F HIJ!K�s[k��oH�i�syk.v � ,��'4����54	�|X[W = k|vYkyXEX[W�X�t�k
L?HGu = kys5WMz�mokys�XyijU�k.v�sykyxGsyk.v�knL?X[k.N =�> X�t�kKv}HGx�kys�mokns�X[kn�
�54d�p~ t�kysykKv�HGx�kns�mokns�X[ilU.k�v�JMs[k
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NGkns[ihmok.N =?> uwkys[rqihL�r�mokns�X[ilU.k�v�X�t�JMX�v�JMX[ilv�z > � ´q�nA�T�HGx�kns�mokysYX[ijU�k�v<JMs[k�X�tOkys[knz{WMs[k L�WMX�X�t�k
v�JMuwk4Jqv�X�t�k�mokysYX[ijU�k�v�i�L�X�t�k4U.WqJMsyv�kKrMs[JMxdt�v�W = XyJqi�L�k�N ihL X�t�k�u�HOg�X[ilglkymok�gJqgjrqWMs[ihX�tGu A
C�WMswky�pJMu:x�glkq�2mokns�X[ilU.k�v:i�L XYt�k U�WqJMs[v�k�rMs[JMxGt�s[k�v�H�ghX[ihL�r z s[WMu X�t�k�k.NGrqk&
 U�WqgjglJMx�v�ihL�r
JMxGxGsyWqJqU�t�JMs[k|z�WMs�uwk.N =�> uwkys[rqihL�rKmokns�X[ilU�k.v�XYt�JMX�v�tOJMs[k|k�NGrqk�vK� = HdX�L�WMX�LOk.U�k.vYv�JMs[ilg >
v�JMX[ilv�z > � ´q���nA���t�ilv2uwJ > ky�?x�glJqi�L:~�t > ~�k�tOJ.mok�L�WMX = k.knLwJ = gjk�XyW|H�v�k�mokns�X[kn��~Ek.ilrMt?X[v
ihL'F HIJ?KSXyW)JqNVmqJML?X[JqrqkqA
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matrix order (number of matrices)

Hybrid
Sloan(MIV,infinity)

Sloan(MIV,infinity), but utilizing vertex weights
Sloan(EC,infinity)

Sloan(EC,infinity),  but utilizing vertex weights

C�ilrMHGs[k�° / @ ��t�k k&Rk.UnXwWMz&H�v�ihL�r mokns�X[kn��~Ek.ilrMt?X[v:WML XYt�k ¬�f�T ~�J�mokyz�s[WML�X�WMz&X�t�k
u�H�ghX[ilgjknmok�g	JqglrqWMs[ihX�tGuwv � ; �]"�)�� 
��\���

�
� JML�N � ;��6"�)��N���<�

�
�nA R�gjg:s[k�v�H�ghX[v JMs[k

s[k�gjJMXyi�mok&X[W�X�t�k&F >?= s[ilN JqglrqWMs[i�XYtGu A

C�ihL�Jqglg > ��JqvQNGilv�UnH�v�v�k�N�i�L TVk�UyX[ilWML7ªpA ´?��X�t�k uwWMs[k�v�WMxdt�ijv}X[ijU�JMX[k�N�JqgjrqWMs[ihX�tGu WMz
¬�H�rqk JML�N)T�XYH = kyL � ´M³��?z{WMs�vYk.glk.UnX[ihL�r�X�tOk uwJM�pi�uwJqg?i�LONGkyx�knL�NGknL�X�v�knX�ilv�z{J�moWMHGs[k�N�W.mokns
X�t�k)rMsyk.k�N > JqglrqWMs[ihX�tGu A ��tOk�z{WMs�uwkys&X[knL�NGv�X[W > ilk�gjN�J�uwWMs[k�HGLOi�z{WMsYu NGilv�X�s[i = HGXyijWML
WMzC� � mokns�X[ilU.k�vKJMLON J = kyX�Xykys4xGs[WqglWML�rqJMX[ilWML�WMx�kns[JMX[WMsKXYt�JML�X�t�k:rMs[k�k�N > JMxGxGs[WqJqU�t�A
CGHGs�XYt�kysYu�WMsykq�Mi�L:X�tOk�¬�H�rqk�JMLON�T?X�H = kyL:JqglrqWMs[ihX�tGu ��U�WqJMs[v�k�mokns�X[ilU�k.v�JMs[k�vYk.glk.UnX[k�N =�>
uwJM�VihuwiL��ihL�r	XYt�k�L�Hdu = kysSWMz«LOk.ilrMt = WMHGsyv|ihL � � JML�N � � A ��L�rqkyLOkys[Jqg���X�t�ilv|rqihmok�vKJ
uwWMs[k4JqrqrMs[k.vYv�i�mok4U�WqJMs[v�knL�i�LOrp�pJML�N�gjk�v�v�NdkyL�vYk uwJMX�syijU�k.vEWML X�t�k&U�WqJMs[v�k4rMs[JMxGt�vaAC��t�k
s[k�v�H�ghX4ijv&X�t�JMX4J�uBH�g�Xyijglkymok�g<JqglrqWMs[ihX�tGu = Jqv�k.N�WML�X�t�k)¬�H�rqk�JMLON T�XYH = kyL§JMxGxds[WqJqU�t
s[k���HOi�s[k�v§gjk�v�v ������X[ihuwk X�t�JML X�t�k rMs[k�k�N > JqgjrqWMsyi�X�tdu�A ��t�ilv�ijv�ijglghH�v�X�s[JMXyk.N0ihL
C�ilrMHGs[k °�6?��~ t�kysyk � ;��6"�)�� 
��\���

�
��ilv)U�WMu	xOJMs[k.N�~5i�X�t � ;��]"�)2� 
 �\� �O�

�
�n�<~�i�XYt

X�t�k gjJMXYX[kys NGkyLOWMX[i�LOr�X�t�k®uBH�g�Xyijglkymok�g4JqgjrqWMs[ihX�tGu H�v�ihL�r�X�tOk rMs[k�k.N > JMxGxGsyWqJqU�t0z{WMs
v�k�gjk�UnX[i�LOr X�tOk�u�JM�pihu�JqgBi�L�Ndkyx�knL�NGknL�X§v�knX�A � ;��]"�)2� 
 �\���

�
� U�glk.JMs[g > X[J��ok�v®glk�v�v

����� X[ihu�k JML�N > ijk�glNGv�WMs[NGkns[ihL�rqv�WMz§v�glilrMt�X[g > t�ijrMtOkys �oH�Jqgli�X > A ¡ k tOJ.mok-Jqglv�W
U�WMu	xOJMs[k.N�X�tOk�X�~EWQJMxGxds[WqJqU�t�k�v5z{WMsSrqknL�kysyJMX[i�LOr	X�tOk�u�JM�pihu�Jqg i�L�Ndkyx�knL�NGknL�X�vYkyXSWML
X�t�k ����� ^ .��O� 
��\���

�
�2JqglrqWMs[ihX�tGu �pJMLON�z{WMHGLON�X�t�JMX X�t�k&v�JMuwk|U�WML�U�g�HOv�ijWML JMxGx�glijk�v�A

TVW)z{JMsM�p~Ek5t�J�mok = k.knL H�vYi�L�r�XYt�k|¬�f�T�~EJ.moknz s[WML?X�X[W:U�WMu	xOJMs[k5XYt�k|JqglrqWMs[ihX�tGuwv�A
¬�k�v�H�ghX[v = Jqv�k�N WML7X�t�kQxGsyWM��gjk�v:t�J.mok�L�WMX = k.knL rqihmoknL NVHOk X[W�v�x�JqU�k�gli�uwihX[JMX[ilWML�v��
JqghX�t�WMH�rMt:X�t�k�vYJMu�k�U�WML�U�g�HOv�ijWMLOv uwJ >)= k NVs[J.~ LQihzX�t�k�xGs[WM�Ogjk�ilv�H�v�k�N	JqvEJ|uwk�Jqv�HGs[k
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matrix order (number of matrices)

rmswf for Sloan(MIVG,infinity)
rmswf for Sloan(MIV,infinity)

profile for Sloan(MIVG,infinity)
profile for Sloan(MIV,infinity)
CPU for Sloan(MIVG,infinity)

CPU for Sloan(MIV,infinity)

C�ilrMHGs[k4°�6�@2R-U�WMu:x�JMs[ilv�WML WMz�X�t�k�u�HOg�X[ilglkymok�gGJqglrqWMs[i�XYtGuwv = JqvYk.N�WMLQX ~�W�JMxdxGs[WqJqU�t�k�v
WMz4v�k�gjk�UyXyi�L�r�J�uwJM�VihuwJqg�ihL�NGknx�knL�NGknL?XKmokns�X[kn��v�knX�A � ; �]"�)�� 
��\���

�
�Bilv = Jqv�k�N WML

X�t�k�¬�HOrqk�JML�NQT?X�H = kyL:JqglrqWMs[ihX�tGu � ´M³ � A � ;��]"�)�� 
���� ���
�
��ilv = JqvYk.NwWMLQX�tOk�rMs[k�k.N >

JqglrqWMs[i�XYtGu A|R�gjg<s[k�v�H�ghX[v�JMs[kSs[k.glJMX[ihmok�X[W:X�t�k�F >?= s[ilN§JqgjrqWMs[ihX�tGu A ��tOk�gjknz XG�§JM�pijv&ilv
H�v�k�N�z�WMs�¬�f�T	~EJ.moknz s[WML?X�� ^]_ ` H���JML�N�xds[WM��glk VX�t�k�s[ilrMt�X �QJM�pijvEz{WMs&�����-X[ihuwkqA

WMz�WMs[NGkns[ihL�r)�oH�JqgjihX > A�C�ilrMHGs[kB°�6	ihL�U�g�H�Ndk.v�XYt�k5xds[WM��glk5z{WMs�XYt�k � ; �]"�)�� 
��\���
�
��JML�N� ;��]"�)�� 
���� ���

�
�EWMs[NGkns[i�LOrqv�s[k�gjJMX[ihmok|XyWBXYt�kKF >?= s[ilN WMs[NGkns[ihL�rqv�A�R�v&U.JML = kSv�k.knL��

X�t�k�X�sykyL�Nwz{WMs�X�tOk xds[WM��glk|ilv�mokns > vYi�uwilgjJMsEX[W�X�t�JMX WMz<X�t�k4¬�f�T	~EJ.moknz s[WML?X�A
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= Jqv�k�NQWML�X�t�k�uwJM�pi�uwJqg�ihL�NGknx�knL�NGknL?X�v�kyXE~�ihX�t�XYt�k&TVglWqJML WMs�F >?= s[ilNwJqgjrqWMs[ihX�tGuwv WML
X�t�kEU.WqJMsyv�k.v}X�rMs[JMxGt��Mt�Jqv = k�knL�z{WMHGL�NSX[W&rqi�mok�WMsyNGkysyi�L�rqv�WMzvYi�uwilgjJMs��oH�Jqgli�X > XyW5X�tOJMX�WMz
X�t�k = k.v�X2ky�pijv}X[i�LOr5JqglrqWMs[ihX�tGu � X�t�k F >?= s[ilN)JqgjrqWMs[ihX�tGu WMz �5Hdu	z�kys�X2JML�N)�<WMX�t�knLE��°�6N���n�
~�t�ilglv�X = k.ihL�r:v�ilrML�ih��U.JML?X[g > z�Jqv�X[kns��ps[k��oH�i�syi�L�r)WML�J�mokys[JqrqkBWML�g > t�Jqg�z�XYt�kK�E�2��X[ihuwkqA
�z�x�JMs�X[ilUnH�gjJMsSL�WMX[kwijvSX�t�k:u�H�ghX[ijglknmok.g TVglWqJML JqglrqWMs[i�XYtGu A ¡ ihX�t�LOW�gjihuwi�XBi�u:x�Wqv�k�N
WML XYt�k�u�JM�pihu�HGu�L?HGu = knsQWMzBgjknmok�gjv���X�t�ilv�JqglrqWMs[ihX�tGu t�Jqv = k.knL v}t�W.~�L7X[W > ijk�glN
WMs[NGkns[ihL�rqv�WMz�vYi�uwilgjJMs��oH�Jqgli�X > X[W�X�t�JMX�WMz X�t�k4F >�= syijN JqglrqWMs[ihX�tGu ��~�ihX�t�WMHGXEs[k.�oH�ihs[ihL�r
JML > v�x�k�UyXYs[Jqgi�LGz�WMs�uwJMX[ijWML<A

¡ k JMs[k�ihL�mok�v�X[ilrqJMX[ihL�r�X�t�k x�Wqv�v�i = ilgjihX > WMz:z HGs�XYt�kys i�u:xGs[W�mVihL�r�X�t�k�u�H�ghX[ijglknmok.g
JqglrqWMs[i�XYtGu�vYW X�tOJMX:i�XwU�WML�v�ilv�X[knL�X[g > WMHGX�x�kysYz{WMs�uwvKX�t�k�F >�= s[ijN JqglrqWMs[ihX�tGu � = WMX�t ihL
X[kns�uwv�WMz<�E�2� X[ihu�k JML�N:WMs[NGkns[i�LOr|�oH�Jqgli�X > A ¡ k = k�glijknmok�X�t�JMX�X[W4JqU�t�ilkymok�XYt�ijv�rqWqJqgihX
~�ilgjg = k2LOk.U�k.vYv�JMs > XyW�HGX[ilgjilv�k�X�t�k�mokys�Xyky�SJML�N)k�NGrqk«~Ek.ilrMt?X[v<WMz�X�t�k U�WqJMs[v�k�rMsyJMxGt�v�A ¡ k



� � ��� � � � �:�S�L���	� �C���C
 ´�0

JMs[k�glW�W��pi�LOr�JMX�XYt�k = k.v�X�uwk.U�tOJML�ijv}u-WMzGihL�U�g�HONGi�LOr2X�tOijv�i�Ldz{WMs�uwJMX[ilWML|ihL4X�t�k<s[k�WMs[NGkns[ihL�r
JML�N syky�GLOkyuwknL�X4WMz�X�tOk	U�WqJMs[v�kwrMs[JMxGtOv�A R�L�WMXYt�kysSx�Wqv�v�i = gjk�~EJ > WMz�ihu	xds[W.mpi�LOrQX�t�k
u�H�ghX[ilgjknmok�g<JqgjrqWMsyi�X�tdu+ijv&X[WwH�v�k)JQuwWMs[k)v�WMxdt�ijv}X[ijU�JMX[k�N�WMs[NGkns[ihL�rQJqglrqWMs[ihX�tGu WML X�t�k
U�WqJMs[v�k�v�X4rMs[JMxGt§JML�N�X�t�knL X[WwglW�W���JMX&X�syJML�v�glJMX[i�LOr	ihu:xGs[W�mokyuwknL�X[v i�L§X�t�kS��HOJqgjihX > WMz
X�t�k WMs[NGkns[i�LOr®WML X�t�k U�WqJMs[v�k�v�X�rMs[JMxGt ihL�X[W U.WMsYs[k.v}x�WMLONGi�LOr ihu:xGs[W�mokyuwknL�X[v:WML X�t�k
WMs[ilrqi�LOJqgO�GLOk|rMs[JMxdt�A

� X|uwJ > Jqglv�W = k�x�Wqv�v�i = glkKX[W kn�?X[kyLON WMHdsKu�H�ghX[ilgjknmok�g<JMxGxGs[WqJqU�t�X[WQXYt�k)WMs[NGkns[ihL�r
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