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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?NGv
JMs[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�uwJqg
i�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�WMz
J&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



µ�¶E·)¸<¹�·)¸�º °

» $435���E3&�
*

¼ ½�¾ _�`M����¿�cq_MÀÁ� ¾ ¼

Â Ã bGcMÄ�Å�`M�
¿ ¾ � Â
´?A�° ¨&ky�dL�i�XyijWML�vÆA4A|A4A4A|A4AKA4A|A4A4A|A4AKA4A|A4A4A|A4AKA4A|A4A4A|A4AKA4A|A ´
´?AÇ´ È�t�kSTVglWqJML�JqglrqWMs[i�XYtGu AKA4A|A4A4A|A4AKA4A|A4A4A|A4AKA4A|A4A4A|A4AKA4A|A ³
´?AD³ È�t�k4F >?= s[ilNQJqglrqWMs[i�XYtGu A4A|A4A4A|A4AKA4A|A4A4A|A4AKA4A|A4A4A|A4AKA4A|A ª

É Ê)Ë ��Ì�¿<ÍÎ_eÀ{ÍÁ�?Ï��VÍ Ð)`M�<�?`qÀ ¾ Å§\ÑÍÁÅ���`qÀÎ_ Ë<Ò Ó
³pA�° È�t�k4f�H�ghX[ijglknmok.g�R�xGxds[WqJqU�tÔA|A4A4A|A4AKA4A|A4A4A|A4AKA4A|A4A4A|A4AKA4A|A Õ

³pAh°oA�° È�tOk|U�WqJMs[v�knL�ihL�r�xGt�Jqv�k A|A4AKA4A|A4A4A|A4AKA4A|A4A4A|A4AKA4A|A Ö
³pAh°oAÇ´ È�tOk|U�WqJMs[v�k�v�X�rMs[JMxdt�WMs[NGkns[ihL�r§A4A|A4A4A|A4AKA4A|A4A4A|A4AKA4A|A ×
³pAh°oAD³ È�tOk5xGsyWqgjWML�rqJMXyijWML�JMLON�s[kn�GL�knuwkyL?X�xGtOJqv�k A4A|A4A4A|A4AKA4A|A ×
³pAh°oADª È�tOk5u�HOg�X[ilglkymok�g
JqgjrqWMs[ihX�tGuØA4AKA4A|A4A4A|A4AKA4A|A4A4A|A4AKA4A|A Ù

Ú Û ¿ Ò �?`qÀÁcob�Í�`M�?^M¿<ÍÎ_�^ ¼�Ú
ªpA�° f�H�ghX[ijglknmok.g
JqglrqWMs[i�XYtGuÜ~�ihX�tÑU�WqJMs[v�knL�ihL�r =�> k�NGrqk|U�WqglgjJMx�vYi�L�r A4AKA4A|AÜ°MÕ
ªpAÇ´ f�H�ghX[ijglknmok.gwJqgjrqWMsyi�X�tdu ~�ihX�tÜU�WqJMs[v�knL�ihL�r = Jqv�k�NÜWMLÜX�t�kÝuwJM�pi�uwJqg

ihL�NGknx�knL�NGknL?X«mokns�X[kn�wv�kyXÞA4A|A4A4A|A4AKA4A|A4A4A|A4AKA4A|A4A4A|A4AKA4A|AÜ°Mß
ªpAD³ TVglWqJMLÑmokns[v�H�v�F >?= s[ilNÑWML�U�WqJMs[v�k�v�XÆrMs[JMxGtàA4A4A|A4AKA4A|A4A4A|A4AKA4A|Aá´M±
ªpADª TVknL�v�ihX[ihmVihX > WMz<XYt�k�u�H�ghX[ijglknmok.g
JqglrqWMs[i�XYtGu A4A4A|A4AKA4A|A4A4A|A4AKA4A|Aá´Mª
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¡ k	U�WML�v�ilNGknsKu�HOg�X[ilglkymok�g<JqglrqWMs[i�XYtGuwv|z{WMsSWMs[NGkns[ihL�rÑv�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|È�t�k�s[k�v�H�ghX[ihL�r:WMs[NGkns[ihL�r	uwJ >Ñ= kKH�v�k�N�X[WQU�WML�v�X�sYH�UyX
J�s[W.~ØWMs[NGkns�z{WMs�H�vYk	~�ihX�tòX�t�k:s[W.~�ó =?> ó{s[W.~ÜzÁsyWML�X[Jqg�uwkyXYt�W�NòJMxGx�glijk�N®XyW�JÔuwJMX�syi��
~�ihX�tÑJ)v > u:uwkyXYs[ijUÆv�x�JMs[v�ihX > xOJMX�X[kns�L®��v�k.k)ôÇ´q´MõÁ�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�ö�WML�g > ~�ihX�t�X�t�kSx�JMX�X[kns�L§WMz�X�t�k
uwJMX�s[ih��JML�N:NGW&L�WMX�X[JMöok�ihL�XyW|JqU�U.WMHdL�X�x�kysYu�HGX[JMX[ilWML�v�LOk.k�NGk�N�z{WMs v�X[J = ilgjihX > A�÷øL�U�Jqv�k�v
~�t�kns[kKXYt�kKuwJMX�s[ih��ilv5L�WMLdóøNGky�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�Jqg
z{JqUnX[WMs[ilù.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�uwilù.ihL�r&X�t�k�xGs[WM�Ogjk�WMzíJ�u�JMXYs[i��:ilv«ö?L�W�~�LQX[W = k�JMLÔú��íóøU�WMu:x�glkyX[k�xGsyW = gjknu
ô�°a×MõøAûRüL?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�ijglghóøfýU�þ4k.k�ôDªMõø��¬�knmokns[v�k�� HGX�t�ilgjghóøf§U.þ4k�kÆôDÖp�V°aÙMõ���ÿ|i =G= v}óøþ|ihL�r�ôD×Mõø��ÿ4i =d= v�óø�<W?Wqgjknó
T�X[W?U�ö?u�k > knsÑô ßaõ��2JML�NÞTVgjWqJML0ôÇ´MÖMõ�JqglrqWMs[ihX�tGuwv�Aýf§WMs[kws[k�U.knL�Xyg > �ív�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�ô�°o��´M±G�<´o°.õ�A�þ5Hdu	z�kys�X&JMLON �<WMX�tOkyL ô °MßMõ�xGsyWMx�WqvYk)U.WMu = i�L�ihL�rwX�t�k:TVglWqJML
JqglrqWMs[i�XYtGu�~�ihX�t X�tOkÑv�x�k.UnX�s[JqgÆWMs[NGkns[i�LOrpAÝÈ�t�kÑs[k�v�H�ghX[ihL�r�t >?= s[ilN�TVglWqJML JqglrqWMs[ihX�tGu
�Át�kns[k�JMzÁX[kns|sykyz{kns�s[k�N§X[W�JqvKX�t�k������	��

����� ������
������K��t�Jqv = k�kyL�v�t�W.~ÆL X[W�rqihmok�u�HOU�t
= kyXYX[kys�WMs[NGkns[ihL�rqvQz{WMsýgjJMs[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�kqAÝÈEt�ijv)t�Jqv = k�kyL�U�WMLG�Gs�uwk�N =�> ¬�k.ilN�JML�N TVU.WMXYX�ô ´q´aõ��«~�t�W
ihu	xOgjknuwkyL?X[k�NQX�t�k)TpgjWqJMLòJML�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 > ô�°q°aõ�U�W?NGk������! dA

­�L�k�s[k�Jqv�WML z{WMswX�t�k§v�HOU.U�k.vYv�WMzSX�t�k�F >?= s[ilNÝJqglrqWMs[ihX�tGu ilv�X�tOJMX�X�tOk�v�x�k.UnX�s[Jqg
JqglrqWMs[i�XYtGu¤X[JMöok�v4JQrqglW = Jqg<mVilkn~"WMz�X�t�kBrMs[JMxGtòWMz«X�tOkKuwJMX�s[ih�
AKÈ�t�ilv&rqgjW = Jqg<mVilky~åilv
z{k�N�ihL?X[WKX�t�k4TVglWqJMLÑJqglrqWMs[ihX�tGuÜJqvÆJKxGs[ilWMs[ihX > mok�UyXyWMs��VJML�N�X�tOk|TpgjWqJMLÔJqgjrqWMs[ihX�tGu X�t�knL
x�kysYz{WMs�uwv«glW?U.Jqg�WMxGX[ihuwijù�JMX[ilWML�v�A

È�tOk�v�x�k.UnX�s[Jqg�JqglrqWMs[ihX�tGuát�JqvEJqgjvYW = k.knL�HOv�k.NwihLQX�t�k�JMsyk.J�WMzírMs[JMxGt�x�JMs�X[ihX[ilWML�i�LOr
ôDÙp�e´qÕMõ�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�tÝôÇ´?�<°a±d��°a³d��´qß�õ2U.JML�xGs[W�mVilNGk)JMLòk.�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�Ñilv
J.moWqilNGk�N�AíR7L�HGu = kns WMz�k�"wU.ilknL�X JML�N:t�ilrMtGóø��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.N�ô�°a±p�G°a³G�?´qß�õ�AíÈEt�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�öÑs[knx�WMs�X[k�NÑihL�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�A�ú�HGuwkns[ilU.JqgMX[k�v�X[v�WML�JE~�ijNdk<s[JML�rqk�WMzVxGsyW = gjknuwv�zÁs[WMu0NGi$#
kns[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�XYtGuýA|TVW
z{JMsÆJqv«X�t�k�JMHdX�t�WMs[v�ö�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 =?>&% Wqghu�JML JML�N F�knL�NVsyijU�öpv�WML"ôD³Mõ�A È�tOk.ihsÑJqglrqWMs[ihX�tGu
U�WMu = ihL�k.N J-u�H�ghX[ilgjknmok.g:JMxGxds[WqJqU�t"~�ihX�t J"°.óøv}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�tGuýA

È�tOijv<x�JMx�kns�ijv�WMs[rqJMLOijv�k�N:Jqv�z{WqgjglW.~5v�Aí÷øLwTVk�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�A<÷�L�TVk�UnX[ijWML:³p�
WMHGsEu�H�ghX[ijglknmok.gGJMxdxGs[WqJqU�tÑilv�xGs[k�v�kyL?X[k�N�A<ú�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�Õ
v�HGu:uwJMs[ilù.k�v WMHGs��GL�Ndi�L�rqvEJML�NÑU�WML�v�ilNGkns[v«zÁHdX�HGs[k&NGihs[k�UyX[ilWML�v�z{WMs�s[k�v�k�JMs[U�t�A/ 0 15;21&#&%O$4�)3�9
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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 �&EGFIH@JLKNM4= k
JMLPORQSO�v > u:uwknX�s[ilU�uwJMX�s[ih�
A�R«X�XYt�kUT�ó{XYtÑv�X[knx�WMz<X�t�k�z{JqUnX[WMs[ilù�JMX[ijWMLÔWMz � �Vs[W.~WV�ilv
v�JqilN�X[W = kX�@Y	��
�Z�[�ihz\V^]_T�JML�N�X�tOkys[k kn�Vilv�X[v<J&U�Wqg�Hdu	L	i�L�Ndky�a`Db_T�v}H�U�t�X�t�JMX H!ced=fE ±pA
È�t�k�Tøó{X�t_gh��Z�[
ij�k��lm�on J WMz � 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;Tøó{X�t�v�X[knxQWMz�X�t�k�z{JqUnX[WMs[ilù�JMX[ijWML<A�È�tOkp�q�Ir�
B�ts9�-JML�Nu�k�v���xwy�q[j��lmwyz	{�sm���j[j�
�{¬�f�TG��~�J�mokyz�s[WML�Xyv�JMs[k��?s[k�v�x�k�UyX[ihmok�g > �|:� � � E uwJM�}e~ J ~�� F n J M
JML�N ����� n�� � � E���� �J?� } n��JO ����=�
È�t�kX���j���,��[�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 >
ù�kys[W)JMtOk.JqNÑWMzíX�t�k&�Gs[v�XÆkyL?X�s > ihL�i�Xyv«s[W�~�ijv�kn�pU.ghH�NGk�N���X�t�JMX5ijv���	� � � E ��J�� } uwJM�Ij������\� F T\� °U��� M � ��°M�

÷øX�ijvÆv�X�s[JqilrMt�XYz{WMs�~EJMs[N	XyW)v�t�W.~0XYt�JMX�	� � � E ��J�� } n J �
C�WMs�J�zÁsyWML�X[Jqg�v�WqghmokysÆX�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�zÁsyWML�X[Jqg
uwJMX�s[ih�wijv;| �� �¥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�rMó{x�WqihL�X:WMx�kns[JMX[ilWML�v)~�t�knL k.gli�uwihL�JMX[ihL�r§J®mqJMsyijJ = glkÑilv

xGs[WMx�WMs�X[ilWML�JqgGX[W�X�tOk|v��oH�JMs[k4WMz<X�tOk5UnHGs�sykyL?X�~EJ.moknzÁs[WML?X�v�ilù.k�A
­�HGs4rqWqJqg�X�t�kns[knz{WMs[kKilv�X[WwU.WML�v}X�s�H�UnX�JML�k�"wU�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

÷øX�ilvÑWMzÁX[knL0U�WML�moknL�ilkyL?XÑ~�t�knL-Ndkymok�gjWMxOi�L�r WMsyNGkysyi�L�r JqglrqWMs[ihX�tGuwv�XyW�X�s[k�JMXÑX�t�k
uwJMX�s[ih� � i�L�X[kysYu�vEWMz<ihX[v�JqN�¢YJqU.knL�U > rMsyJMxGt�AíR�LÔHGL�NGihs[k�UyX[k�N:rMs[JMxGt¤£òijv�Ndky�GLOk.N:X[W
= k|J)x�Jqihs)�¦¥D§�¨B�n�p~�tOkys[kp¥"ilv�J)�GL�ihX[k|vYkyX�WMz©ZN[��	��

Yj[	zÆ�{WMsªl��v��[	z���JML�N�¨ ijv�J)�GL�ihX[k
v�knX WMz*[j�«�![	zíNGkn�GL�k�N)Jqv«HdL�WMs[NGkns[k�N�x�Jqi�syv«WMz�NGilv�X[ihL�UyX�mokns�X[ilU�k.v�A<÷øLQJqgh[�
������¦[j�ErMs[JMxGt��
k�JqU�t�mokysYX[ky�4JML�NBk.NGrqk�t�Jqv<J�~Ek�ijrMt?X<Jqv�vYW�U�ijJMXyk.NK~5i�X�tSihX�A�ÈEt�k�JqN�¢�JqU�kyL�U > rMs[JMxGt¬£�� � �
WMz�X�t�kSv��oH�JMs[kKv > u:uwkyXYs[ijU�uwJMX�s[ih� � U�WMu	xds[ijvYk.v�XYt�k|mokns�X[ilU.k�vU¥�� � � E­F °@§Y´�§ �«�	� §®O M
JML�NQXYt�k&k.NGrqk�v ¨�� � � EGF �BT�§
�?�¡¯ H�JLK¬fE ±�§°T*±R� M �



' (*) µ,+.-�ì4¶)ï�·�î ³

È�~EW�mokns�X[ilU.k�v�T�JML�N��ÔJMsyk)v�JqijN§X[W = kPl�[�
����²�j��s���z&��WMs|X[W = k��@�´³«��Yj[	lm�l��i�z X�t�k > JMs[k
U�WMLGL�k�UyX[k�N =�> JMLòk�NGrqkqA�È�t�kSL�WMX[JMX[ilWML�T©µ¶��~�ilglg = k�H�v�k�NÔXyWQv�t�W�~¥XYt�JMX�T�JML�N·�
JMs[k&L�k�ijrMt = WMHGs[v�A�È�t�k¬�@�´³«��Yj[	l�Y��&v�kyXÆz{WMs*T ilv�X�t�k4v�knX�WMz�ihX[v�L�k�ilrMt = WMHGs[va�oXYt�JMX�ilv��H!¸ ���BT}� EGF �u¯��.µ¹T�§*Tj§¦�¬ºu¥ M �
È�t�k��@[¦���k[j[�WMz=Taº»¥Øilv ¸�¼	½ �BT}� E ¯ H�¸ �d�BT}�I¯��OX�t�kKL?HGu = kns4WMz«L�k�ilrMt = WMHGs[vaAS÷øz�¾ ijv4J
v�H = v�kyXÆWMz�¥:�Gi�Xyv�JqN�¢�JqU�knL�U > v�knX�ilv�NGkn�GL�k�N�X[W = kH!¸ ���B¾�� EÀ¿ K«Á«Â H�¸ �d�?���;Ã.¾ �

­ = v�kns�mok�XYt�JMX��írqihmoknL X�t�kQrMsyJMxGt�s[knxGs[k�v�knL�X[JMXyijWML�WMz&J®v > u:uwkyX�syijU)uwJMX�s[ih�
�<X�t�kTøó{X�t:~�J�mokyz�s[WML�XEU�JML = k�NGkn�GL�k�N)Jqv2XYt�k�mokysYX[ky�ªT<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 F °@§[´�§ �	�«� §´T M �?XYt�JMX�ilv��n J4EÄH�¸ �Æ� F °@§[´�§ �	�«� §´T M � ¿uF T M �

R �m�N��� WMz gjknL�rMX�t V ihL £ ijv+JML WMs[Ndkys[k�N v�knX�WMz NGilv�X[ihL�UnXûmokysYX[ijU�k�vF	Å } § Å � § �	�«� § Å�c § Å�c�Æ } M ��~�i�XYt Å J µ Å J Æ } � °^b&T¡bÇVG�.A4ÈE~�Wwmokys�XyijU�k.v&JMs[k�Yj��l²l\[jY	�¦[j�
ihz�X�t�kns[k:ky�pilv�X[v�J�x�JMX�t = knX ~�k�kyLòX�t�knuýAýR rMs[JMxGtÈ£-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�È�tOkP��
Bz��¦��l�Yj[n� ¸ T �«É �BÊË§ Å �n� = knX�~Ek�kyL�X ~�W:mokns�X[ilU.k�v*Ê
JML�N Å i�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<È�t�kt[jYjYj[	lm����

Y�
x���
WMz�J)mokns�X[kn�SÊ§ilv�NGkn�GL�k�N�XyW = k¼ �BÊ�� E uwJM� FI¸ T �«É ��ÊË§ Å �X¯ Å º¤£ M �
È�t�k^��

���q[	�¦[	�2WMz�£�ilv�X�t�knL,Ì

�y£�� E uwJM� FI¼ �BÊ��X¯@Êuºu£ M �
R¥mokns�X[kn��Êòijv4J¬�Í[���
��Í�²[��k����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�� ¼ �BÊ�� E Ì

�¦£��.AÆRW��z	[	sm�@�k�m[	��
L�m�²[	�k����mokysYX[ky��Ê�ijv&NGkn�GL�k�N =?> X�t�k
U�WML�NGihX[ijWMLÔX�t�JMX��Vihz Å ilv�JML > mokns�X[kn��z{WMs�~Æt�ijU�t ¸ T �	É �BÊË§ Å � EÀ¼ �BÊ��n�VX�t�knL ¼ � Å � EÀ¼ �BÊ��nA
È�t�k&x�Jqihs*ÊË§ Å WMzíx�v�knH�NGWMx�kysyi�xGtOkys[Jqgpmokys�XyijU�k.vENGkn�GL�k4Jp��z	[	sm�@�I��

���q[«�¦[��nA

È�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[JMxGt�£�� � ��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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È�t�k�TVglWqJML0JqglrqWMs[ihX�tGu ôÇ´MÖeõ��5JqvQxds[k.vYkyL?X[k�NÝihLáô�°Mß?�Æ´q´aõ��5WMs[NGkns[vQXYt�k�mokys�XyijU�k.v�WMz)J
~Ek.ilrMt�Xyk.NwJqN�¢�JqU�kyLOU > rMs[JMxdt�AíÈ�tOk�~�k�ijrMt?X[k�N:rMs[JMxGtÑilv NGkysyi�mok�N	z�s[WMu"X�tOk�HGL�~Ek�ijrMt?X[k�N
rMs[JMxGt =�>Ó× U�WML�NGknL�v�ihL�rNØ mokns�X[ilU�k.v:X[W®z�WMs�u v�HGx�kns�mokns�X[ilU.k�v�A&Ù�kns�X[ilU�k.v¬T)JML�NÚ��JMs[k
U�WML�NGknL�v�k�NQihL�X[W)J)v}HGx�kys�m�JMs[ijJ = gjk�ihzT ¿PH�¸ �d�BT}� E � ¿PH�¸ �d�Û�?� � ��´q�
È�t�k�~Ek�ijrMt?X�WMzíJ�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
È�t�kEH�v�k�WMz�U.WMLONGkyLOv�i�LOr5U�JML�v�WMuwkyX[ihuwk.v<syk.NVHOU.k�XYt�k�v�ilù�k�WMzOXYt�k�rMs[JMxGtwU�WML�v�ilNGkns[J = g > �
X�t?H�v«syk.NVHOU.ihL�rKX�tOkÆXyi�uwk�s[k���HOi�s[k�N�z�WMs�s[k�WMs[NGkns[ihL�rQôÇÕ?�d´q´Mõ�AíÈ�t�ilv�ilv�x�JMsYX[ijUnH�glJMs[g > X�s�H�k
z{WMswuwJMX�s[ilU.k�v�JMsyijv�ihL�r�zÁs[WMu��dL�i�Xykyóøk�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�WMzízÁs[k�k.NGWMu JMX5k.JqU�t�L�W?NGk&ihLÑX�t�k��GL�ihX[knóøk.glknu�knL?X�rMs[ilN�A

È�tOkKTVglWqJML�JqglrqWMs[ihX�tGuÜz{WMs�syk.WMs[Ndkys[ihL�r�J)rMsyJMxGtÑt�Jqv�X ~EW	Ndijv�Xyi�L�UnX[ihmok�xGt�Jqv�k�v«Ü



' (*) µ,+.-�ì4¶)ï�·�î ª

°oA�v�k.glk�UyX[ilWMLÑWMz2J)v�X[JMs�XEmokys�Xyky� � JML�NÑJMLýkyL�NwmokysYX[ky� ¼
´?A�mokys�Xyky�:s[k�WMs[NGkns[ihL�rpA

T�X[knx�°5glW?WMöVv�z{WMs J&x�v�knH�NGW?NGijJMuwknX[kns�WMz
X�t�k«~Ek�ijrMt?X[k�N	rMsyJMxGtwJML�N:U�t�W�WqvYk.v � JML�N ¼ 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�kÔÿ|i =G= v�óø�<W?Wqglkyó T�XyW�U�ö?uwk > kns�JqglrqWMs[ihX�tGu �{v�k�kýôÇ´q´MõÁ�nA ÷øL
T�X[knxÔ´?�?X�tOkÆxOv�kyHONGW�NdijJMuwknX[kys ilv�H�v�k�N:X[W)rMH�ilNGk�X�t�k�s[k�WMs[NGkns[i�LOrpA�¦�JqU�tÑmokns�X[kn�wWMz<X�t�k
~Ek.ilrMt�Xyk.NÑrMsyJMxGtÑilv�rqihmokyL§J�xGsyijWMs[ihX > �:�BT}�«~�tOkys[k�:�BT}� E �UÝ } T¦OÒÞq�BT}�o�»Ý � ¸ T �«É ��Tj§ ¼ � ��³o�

JML�N-�¦Ý } §kÝ � ��JMs[k�x�Wqv�ihX[ihmok	~Ek�ijrMt?X[v�A�È�t�k:�Gs[v�XBX[kysYu��ßT¦OÒÞq�BT}�n��ijv�X�tOkQJMuwWMHGL?X =�>~�t�ilU�tQXYt�k5~EJ.moknzÁs[WML?X�~�ilglgOihL�Uns[k�Jqv�k|ihz�mokns�X[kn�^T«ilv�WMs[Ndkys[k�N�LOky�?X�AíÈEt�k|vYk.U�WML�N�Xykys�uý�¸ T �«É ��Tj§ ¼ �.��ilv|XYt�k:NGijv}X[JML�U�k = knX ~�k�kyL7T&JML�N�X�t�k)knL�N®mokns�X[kn� ¼ AQÈ�t�k)v�XyJMs�XKmokns�X[kn� �
ilv)WMs[NGkns[k.Nò�Gs[v�XSX�t�knL��2JMX)k�JqU�t�v�X[Jqrqk��2X�t�k:L�kn��X�mokns�X[kn�òijv)U�t�WqvYkyL�JMuwWML�r§k�gjilrqi = gjk
mokns�X[ilU.k�v�~�i�XYtýXYt�kKt�ilrMt�k�v�X&xGs[ilWMs[i�X > ASÈ�t?H�v��
J = JqglJML�U.k)ilv�uwJqi�L?X[JqihL�k.N = knX�~Ek.knL§X�t�k
Jqihu WMz�öok�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�Nò�Áz{JMs4J.~EJ > zÁsyWMu ¼ �nA|È�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�ÁL�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�kwzÁs[WML?X�A®È�t�k = k�v�XBU�t�WqijU�k�z�WMs)X�t�k:~�k�ijrMt?X[vÑ�¦Ý } §kÝ � �ilv�xGs[W = glkyu NGknx�kyLONGkyL?X�A % Jqv�k�N�WML®kn�?x�kns[ihuwkyL?X[JMX[ilWML���¬�k�ijN�JML�N§TpU.WMX�XBô ´q´aõív�H�rqrqk�v�X
X�t�JMX&X�tOkKX�~EW�xOJqi�s[v&WMz ~�k�ilrMt�X[v)�ø´�§n°M�&JML�N � °aÖ�§y°M�&v�t�WMHOgjN = kKX�s[ilk�N�JML�NýXYt�k = kyXYX[kys
WMs[NGkns[ihL�rKU�tOWqv�kyL<A %«> Ndkyz{JMHOg�X��q~�t�knL�ihu:x�glkyuwknL�X[ihL�r�X�t�k&TpgjWqJML�JqgjrqWMsyi�X�tdu���XYt�k�U�W�NGk���9�� ÑX�s[ilk.v = WMX�t®XYt�k.vYk�x�Jqi�syvKWMz�~Ek�ijrMt?X[v = HGX|XYt�k)H�v�kns|uwJ > Jqglv�WÑU�t�W?Wqv�k:X[WÑv�k�gjk�UnX
WMX�t�kns�~Ek�ijrMt?X[v�A

­�L�U�k|JML�WMsyNGkysyi�L�rSz{WMs�X�tOkÆmokns�X[ilU�k.vEWMz<X�t�k�~Ek.ilrMt�Xyk.N�rMs[JMxGtÑt�Jqv = k.knLÑW = 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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È�t�k �Gs[v�XíX[kysYu¥ihLÑ�{³o�<J�#
k�UnX[v<X�t�k�xGs[ilWMs[ihX > zÁHGL�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.moknzÁs[WML?X�A2È�t�ilv�ilv�NdWML�k|ihLÑJ)rMsyk.k�N > z{Jqv�t�ilWML���~�ihX�t�WMHGXÆU.WMLOv�ijNdkys[JMXyijWML�WMz<X�t�k&glWML�rMó
X[kns�u¢k�#
k�UyXMA|È�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�rÑz{JMs:J�~�J > zÁs[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�tOkÑWMs[NGkns[ihL�r
ihu	xOgjilk.N =?> X�t�k&NGilv�X[JMLOU.k�zÁHGLOUyX[ilWML ¸ T �	É �BT�§ ¼ �nA

È�tOk�NGilv�X[JML�U�k�zÁHGL�UnX[ilWML)i�LÔ�{³o�<U.JML = k�s[kyxOgjJqU�k.N =?> WMXYt�kys�WMsyNGkysyi�L�rqv�X�t�JMX�xGs[W�mVilNGk
JQrqglW = Jqg�mpilky~SA|÷øL§x�JMs�X[ilUnH�gjJMsM�dX�t�kSv�x�k.UnX�s[Jqg�WMs[NGkns[i�LOr	uwJ >Ô= kSH�v�k�N�A|È�t�kSv�x�k.UnX�s[Jqg
JqglrqWMs[i�XYtGu¤JqvYv�W�U�ilJMX[k.v&J © JMx�glJqU.ilJML�uwJMX�s[ih��å EæF ` JLK M ~�ihX�t�X�t�kSv > u	uwknX�s[ilU5uwJMX�syi��� Jqv�z{WqglgjW�~�v«Ü

` JLK Eèçéê éë
�&°@§ ihzÄT fE ��JML�NìTËµ��@§¸!¼«½ �BT}��§ ihzÄT E �@§
±�§ WMX�tOkys�~5ijv�k � ��ªo�

R�Làk.ilrqknL�mok�UyXyWMs¥U�WMs�s[k�v�x�WML�NGihL�rÜX[W X�t�k v�uwJqgjglk.v}X0x�WqvYi�X[ihmok"k�ilrqkyL?mqJqghH�káWMz�X�t�k
© JMxOgjJqU�ijJML�uwJMX�syi��Ôijv�U�Jqgjglk�NýJuí,

[j����[	�XZN[jY	�¦���nAEÈ�tOkKv�x�k�UyX�syJqg�JqglrqWMs[ihX�tGu¢WMs[NGkns[v�X�t�k
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mokns�X[ilU.k�v�WMzo£�� � � =?> 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«È�tOijv�JMxdxGs[WqJqU�tÑt�Jqv = k�kyL�z{WMHGL�N�X[W)xGs[W?NVH�U�k5v}u�Jqglg
xGs[WM��glk.vÆJML�NQ~EJ.moknzÁs[WML?X[v
ô�°.õøA

È�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�LOr5ôDÙMõø�
~�t�kns[k4i�XÆt�Jqv = k.knLQz{WMHdL�NQX�t�JMXÆs[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�È�t�ilvOs[kn�GL�knuwkyL?X
x�kys�z�WMs�uwvOglW?U.JqgoWMxGX[ihuwijù�JMX[ilWML�v�JML�NKv�uwW?WMX�t�k�v
WMHGX
glW�U�JqgoWqv�U.ilglgjJMX[ilWML�v�X�t�JMX�u�J >|= k�xGs[k�v�knL�XMA�÷�LSX�t�k�U.WML?X[kn��X�WMzG~EJ.moknzÁs[WML?X�s[k�NVH�UnX[ilWML��.X�t�k
F >?= s[ilNQJqglrqWMs[i�XYtGu WMz<þ&HGu:z{kns�X�JMLONÑ�<WMX�t�knL ô�°Mßaõ�U.WMu = i�L�k�v«XYt�k&v�x�k.UnX�s[Jqg�JqglrqWMs[ihX�tGu
~�ihX�twT�X[knx�´|WMz
X�t�k5TVgjWqJMLwJqglrqWMs[ihX�tGuýA�÷øLwWMHGs mVilky~���i�X ilv�X�t�ilv2U�WMu = ihL�JMX[ilWML:WMz�rqgjW = Jqg
JML�N�glW?U.Jqg WMs[NGkns[ihL�rÑJqglrqWMs[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[ilNÑJqgjrqWMsyi�X�tdu���x�JMsYX[ijUnH�glJMs[g > z{WMs�mokns > glJMs[rqk4xGs[W = glkyuwv�A

È�tOk�F >?= s[ilN	JqglrqWMs[ihX�tGuý�eJqv�xGsyk.v�knL?X[k.NBi�L§ôÇ´q´aõø��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[Jqg
WMs[NGkns[i�LOr�JML�NQs[knx�glJqU.k�v|��³o�«~�ihX�tQX�tOkÆxds[ijWMsyi�X > z�HGL�UnX[ijWML�	�BT}� E �UÝ } T¦OoÞq�BT}�ß�áÝ �¡ôpõ ��T�� � ��Õq�
F�kns[k ô ijv J|L�WMsYu�Jqglilv�i�LOr5z{JqUnX[WMs JML�N õ �BT}��ijv�X�t�kEx�WqvYi�X[ilWMLwWMz
mokys�Xyky�tTíi�L:X�t�kÆv�x�k.UnX�s[JqgWMs[NGkns[ihL�rp�|Jqglv�WÞsykyz{kns�s[k�N X[W�Jqv§ihX[v�rqgjW = JqgKxGs[ilWMs[ihX > mqJqghH�kqA ô ijv�U�tOWqv�kyL�vYWÞX�tOJMX
X�t�kÑz�JqUyX[WMswz{WMs·Ý � m�JMs[ijk�v)HGx X[W ¸ T �«É � � § ¼ �n��JqvQihLå�{³o�Ô��v�k.k�ôÇ´q´aõ��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�XÔô ´q´aõExGs[WMx�Wqv�k:X�t�k:x�Jqi�syv�WMz
~Ek.ilrMt�Xyv�� °@§Y´q�ÑJMLONá� °aÖ�§y°M�.A ú�WMXyk X�t�JMX���°@§Y´q�ÑilvÑs[k�U.WMu:uwkyLONGk.N7i�LOv�X[k�JqN-WMz)X�t�k
x�Jqihs:�ø´�§y°M��H�vYk.N =?> X�t�kBTVgjWqJML�JqglrqWMs[ihX�tGuýA5¬�k�ijN�JML�N�TVU�WMX�X4JMs[rMH�kSX�t�JMX�X�t�kBrqgjW = Jqg
xGs[ilWMs[ihX >�= Jqv�k�N§WMLýXYt�kKv�x�k�UyXYs[Jqg�WMs[Ndkys[ihL�r:t�Jqv = k.knL�z{WMHGL�NÑXyW = k = knX�X[kns�X�t�JML§X�tOJMX
W = X[JqihL�k�NÑzÁs[WMu J	x�vYkyH�NdW�NGilJMuwkyXykys���¢�H�v}X[i�z > ihL�r:J�glJMs[rqkns&mqJqg�HOkKz{WMspÝ � i�L§X�t�ilv�U�Jqv�kqAú�HGuwkns[ijU�Jqgoky�?x�kysyi�uwknL�X[v
t�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�uÜX�tOkKWMs[ilrqi�LOJqg<TVglWqJML�JqgjrqWMs[ihX�tGuý�GJqg�XYt�WMH�rMt§ihX�s[k.�oH�ihs[k�v
v�ilrML�ih��U.JML?X[g > u�WMsykK�����-X[ihuwkqA�È�t�ilv�ilv�ilgjghH�v�X�syJMX[k.NwihL§TVk�UyX[ilWMLÑªpAö ÷ 'K� � �����
��������� �áø0%�9��«%��[3K#�! ��#�$&%��}��')(

È�t�k&uwJMX�s[ih�wWMs[NGkns[i�LOr)JqgjrqWMs[ihX�tGu xGsyWMx�WqvYk.N�i�LÑXYt�ijv x�JMx�kys5ijv = Jqv�k.NÔWML§J�u�H�ghX[ijglknmok.g
JMxGxGsyWqJqU�t�A	ÿ4i�moknL®XYt�k)JqN�¢�JqU�kyLOU > rMsyJMxGt»£�� � �.��JÑv�kns[ijk�v&WMz�rMs[JMxdt�v|JMsyk)rqkyL�kns[JMX[k�N��
k�JqU�t�U.WqJMsyv�kysÆX�t�JMLQXYt�k�xGs[k�U.k�NGihL�r�WML�k�A2È�t�k&U�WqJMs[v�k�v�X�rMs[JMxdtÑilv�X�t�knLÑWMs[Ndkys[k�N�A�È�t�ilv
WMs[NGkns[ihL�r§ijv)s[k�UnHGs[v�ihmok.g > xGs[WqglWML�rqk.N�XyWýX�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{WMs � A
�Ë3ø� �^ÎD6áùûú=Ð?>@<xÐB6²üo6ÍÐK��ý=ýhÕ@AoÑ\þ!Î
÷øL|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[vYkysírMs[JMxGt�v ô ´?�q°a±d�q°aªG�M´qßaõ�A�ÈEt�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 × xOJMs[kyL?XjØp�G~�t�ilgjk4U.WML?X[JqihL�ihL�r
z{kn~�kns:mokysYX[ijU�k�v)JML�NÝk�NGrqk�v�AÝÈ�t�kÔU.WqJMs[vYkyL�ihL�r�U.WML?X[ihL�HOk.v�HGL?X[ilg�J rMsyJMxGt�~�i�XYt�WML�g >
J�v�uwJqglgíL?HGu = knsKWMzEmokysYX[ijU�k�vKilv|s[k�JqU�t�k�N�A�ÈEt�ijv4U�JML = kBxOJMs�X[ihX[ijWMLOk.N§U�t�k�JMx�g > AÑÈ�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§�ÁH�v�HOJqgjg >)=�> ihLN¢�k�UyXyijWML
�
X[W�X�tOkÆ�dL�kys5rMs[JMxGt�v���~�ihX�t�zÁHGs�X�tOkys s[kn�GL�knu�knL?X�JMX�k�JqU�t�glkymok�g{A

­�L�k WMz�XYt�kÝ�Gsyv�X�H�v�k�v WMz§J0u�H�ghX[ilgjknmok.gwJMxGxGsyWqJqU�tÜz{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 =?>q% JMs�L�JMs[N��?�íWMX�t�knL�JML�NÑTpi�uwWML ôÇ´aõ�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�kÆC�ijk�NGglkys�mok�UyXyWMs�� % JMs�LOJMs[N¤[	������ÿ
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�XYtGuýA�÷øX<~EJqv<v�W?WML
s[k�Jqgjilù�k.N ô�°a±d��°MÕ?�
´qß�õ�X�t�JMX�XYt�k5uBH�g�Xyijglkymok�g�JMxGxGs[WqJqU�t�xGsyW.mpijNGk�v�JwrqgjW = Jqg�mpijkn~�WMz�X�t�k
xGs[W = gjknuý�pJML�N�X�tOkys[knz{WMs[k4U�JML = k4H�v�k�NÑX[W:JqNVmqJML?X[JqrqkK~�ihX�t�JwrqW?W�N�glW�U�Jqg<WMxGXyi�uwilù.kns�A
÷øLÑrMs[JMxGtÔx�JMs�X[ihX[ilWML�i�LOrp��X�t�k&þ|kns�L�ilrMt�JMLGó © i�LÔJqgjrqWMsyi�X�tdu+ô °aÖMõ�ijvEH�v�k�NQJML�N��VU�WMu = ihL�k�N
~�ihX�tÑX�tOk5u�HOg�X[ilglkymok�g
JMxGxGs[WqJqU�t��Gt�Jqv�xGs[W�mok.NÑmokns > v�H�U�U.k�v�v�zÁHOgOJMX�syJMx�ijNdg > U.WMu:xGHdX[i�LOr
t�ilrMt��oH�JqgjihX > xOJMs�X[ihX[ijWMLOv�A

ÿ4i�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.NòJMX�X[knu	xdX�JMX)JMxGxOg > i�LOr�i�X)X[WÑXYt�k	xds[W = glkyuàWMz�xGs[WM�Ogjk:JML�N�~EJ.moknzÁs[WML?X
s[k�NVH�UnX[ilWML�A % Wqg�uwJML�JMLONÑF�kyLONVs[ilU�öVv�WMLòô ³Mõ�ihL�X�syW�NVHOU.k&J·gh[�
����9�¦[j���Nwyzjs9�7uwknX�s[ilU� } � � � E ��J?� } �K��;J��	K��²J
	 JLK �BT4�����	§
~�t�kns[k 	 J�K JMs[k«k�NGrqk�~Ek.ilrMt�Xyv���JMLONKJqihu-X[W�uwi�LOi�uwilv�k � } � � �nA�È�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 % W.~Æu�JML�JML�N§F�knL�NVs[ilU�öpv�WML�
 v
W = ¢�k.UnX[ihmok|ilv�X[W�uwihL�ihu�ilv�k�X�tOkÆuwJMX�syi��wknL�mok�gjWMx�k¨aO Å � � � E ��J�� } uwJM�K��;J��vK��²J F TË��� M §
�Á~�tOijU�t�ilv5k��oH�Jqg<X[WP�:� � ���RO2��~�t�kns[k.�:� � ��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�"wU.ilknL�X�JMLON)k�#
k�UyXyi�mok�XyW5~EWMs�ö�~�ihX�t�XYt�k�°.óøv�Hdu�A % W�~�uwJML
JML�N�F�knL�NVsyijU�öpv�WML xds[WMx�Wqv�k�U�WMu = ihL�ihL�rÑJ�u�H�ghX[ilgjknmok�g�JMxGxGs[WqJqU�t ~�ihX�t�JÑs[ky�dL�kyuwknL�X
JqglrqWMs[i�XYtGu0X�t�JMX�ijv�v�ihu�ilglJMs�X[W�þ4kns�L�ilrMt�JMLGó © ihLSJML�NKilv = Jqv�k�NKWMLBv�~EJMxGx�ihL�r�U�WML�v�k�UyHGXyi�mok
mokns�X[ilU.k�v�A�È�t�k�rqJqihL)i�LBv�~EJMxGx�ihL�r�k�JqU�t)v�H�U�tSx�Jqi�síWMzVmokns�X[ilU.k�vßV4JML�NtV\�)°�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�È�t�kÑrqJqihLÝz�s[WMu Jòv�~�JMx ilv
uwk.Jqv}HGs[k�N	H�vYi�L�rSX�t�k�~�k�ilrMt�X[k�N�°.óøv}HGuýAíú�HGuwkns[ijU�JqgGs[k�v�H�ghX[v«xds[k.vYkyL?X[k�N	ihL ôD³qõ�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�XYtGuý�eX�t�k
�oH�JqgjihX > WMzEX�t�k)WMs[Ndkys[ihL�rwxGs[W?NVH�U�k.N =�> X�tOk % W.~Æu�JML�JML�N F�knL�NVsyijU�öpv�WML�u�H�ghX[ijglknmok.g
JqglrqWMs[i�XYtGu ijvÆWMzÁX[knLQx�W�WMsykys�A

­�HGs�mpijkn~àijvÑX�tOJMX�� = k�U�JMH�v�k®XYt�k®s[k�WMs[NGkns[ihL�r�xGt�JqvYk�WMz)X�t�k�TVgjWqJMLåJqglrqWMs[ihX�tGu
xGs[W�mVilNGk�v�J�rqW�W?N glW�U�Jqg�s[kn�GL�knuwkyL?XwJqgjrqWMs[ihX�tGuý��ihXQv�tOWMH�gjN = kÑH�v�k�NÝNdi�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.moknzÁs[WML?X
s[k�NVH�UnX[ilWML JqglrqWMs[ihX�tGuýA ­ÆHdsÝxGsyWMx�WqvYk.N JqglrqWMs[i�XYtGu t�Jqv X�tGs[k�k-NGilv�X[ihL�UnX xGt�Jqv�k�v«Ü
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�NÑs[kn�GL�knuwkyL?X�A
¡ k|NGilv�UnH�v�vEk.JqU�t§WMz<XYt�k.vYkÆxdt�Jqv�k�v = kyz{WMsyk5WMHdX[gjihL�ihL�rKWMHds�xGs[WMx�Wqv�k�NQJqglrqWMs[ihX�tGuýA

É��{¼��{¼ Ê	Ë �Ñco��bG`M^�� ¾ À ¾ Åýé Ë bG^a�
È�t�kns[k4JMs[k�J)L?HGu = kys5WMz�~�J > v�X[W:U�WqJMs[v�knL§JMLýHdL�NGihs[k.UnX[k�NQrMs[JMxdt��pX ~�W:WMz�~�t�ilU�t�JMs[k
= s[ilk�  > NGilv�UyHOv�v�k�NÔtOkys[k�ABÈEt�k�uwWqv�X|x�WMxGHOgjJMs4uwkyX�tOW�N§ilv = JqvYk.N�WML�k�NGrqk)U�WqgjglJMx�v�ihL�r
ô�°a±p��°MÕaõ���ihLK~Æt�ijU�t4x�Jqihs[v�WMzdJqN�¢�JqU�kyL?X�mokns�X[ilU�k.v�JMs[k�v�k�gjk�UyXyk.N4JML�NKk�JqU�tKxOJqi�síijv�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�JqvíJML: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�A<÷øL�i�XyijJqglg > ��JqglgOk�NGrqk�~Ek.ilrMt�Xyv«JMs[k
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C�ilrMHGs[k&°@Ü�������������� ����!#"%$�&'$�(�)+*,"�-.(+"/����0'01���2!3&'$�(�465#�2"/���#&'( &'$7��0�(8�������:9<;/&'5=�?>�@8@BA "%�=5#&1��"�!C 01"�DE5GFIH�9�J/;/&'5#�LK M8NOA "%�#5=&1��"�! C ��"%$+5=�I"PF�H.97QR;/&'5=�LS.T�MOA8"%�=5=&1��"�! C �=&'(8�+5GF�U
v�knX«XyW�WML�k�A2¨�HGs[ihL�rKU�WqJMs[v�knL�ihL�rp�Vk.NGrqk�~Ek�ijrMt?X[v�JMsykÆHdL�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�÷øLwX�t�ilv2U�Jqv�k���X�t�k�L�kn~7k.NGrqk�ilv rqi�moknL
J�~Ek.ilrMt�XÆk.�oH�Jqg
X[WKX�tOk5v}HGu WMz<X�t�k�~Ek�ijrMt?X[v�WMz�X�t�k&k.Ndrqk.v�ihX�sykyx�glJqU�k.v�A�È�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^�q�vr�
B�q���Í�q���¦Y���
Bl!�qA�È�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���²[j��Zv��w�[j�	��[U�q�N�¦Y��!
�l!�Kô °MÕMõGtOJqv = k�kyL:z{WMHGLON
X[W:~�WMsYö�~�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�WMöpi�LOrÔXYtGs[WMH�rMt J�L�k�ilrMt = WMHGs)glilv�X�z{WMs)JML HdLGuwJMX[U�t�k�N mokysYX[ky���íJML�k�NGrqkw~�i�XYt�X�t�k
glJMs[rqk.v}X)~�k�ijrMt?Xwijv:v�k�glk.UnX[k�N�AòF�k�J.m > óøk.NGrqkÑuwJMX[U�tOi�L�r�t�Jqv)X�tOkQJqNVmqJML?X[JqrqkQXYt�JMX)X�t�k
X[WMX[JqgS~�k�ijrMt?XòWMz	XYt�k�k�NGrqk.v�WMz:X�t�k syk.v�HOg�X[ihL�r�U�WqJMs[v�k rMs[JMxGtåilvýsyk.glJMX[ihmok.g > v�uwJqglg{�
JML�NòU.WML�vYk.�oH�knL�X[g > i�Xyv|x�JMs�Xyi�X[ilWML�ihL�rQilvKuwWMs[k:gli�öok�g > X[W�rqihmokwJ�v�uwJqgjg�k�NGrqkyóøUnHGX��ÁX�t�k
v�HGu WMz)X�tOk®~Ek.ilrMt�XyvÑWMz)X�t�kòk.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
zÁHGsYX�t�kns�s[ky�dL�kyuwknL�XM�eX�t�k�k�NGrqknóøUyHdX�WMLwX�t�k�U�WqJMs[v�k�v�XErMs[JMxGt�k.�oH�Jqglv2X�tOJMX«WML�X�t�k��dL�k.v}X
�{WMs[ilrqihL�JqgÎ�4rMs[JMxGt�A®ÈEt�ijvSz{JqUyXM��t�kns[k�JMzÁX[knsKs[knz{kns�s[k�N®X[W�Jqv�XYt�k�
�l9�²[���
��¦��l�Yj[��\�j�e�Í[��	���M�
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�JÝrMsyJMxGt £ ~5i�X�tåßM×q×�mokns�X[ilU.k�v��|X[WqrqknX�t�knsÑ~�ihX�tå´Þglknmok.glv�WMz
U�WqJMs[v�knL�i�LOrÔHOv�i�LOr�k.NGrqk�U.WqglglJMx�v�ihL�rp�2rqihmVihL�r�rMs[JMxGt�vt£ } JML�NÈ£ � ~�ihX�t ªq±q³�JML�N�´o°a±mokns�X[ilU.k�v���s[k�v�x�k.UnX[ihmok.g > A

­�X�t�knsåU.WqJMs[vYkyL�ihL�r uwkyX�tOW�NGv-tOJ.mok = k.knL+xGs[WMx�Wqv�k�N�A ÷�L£ôÇ´aõø� J �q�Ir�
B�q���
Bl��@[y�m[�l\��[	lm�^ZN[��	�¦[jrñz	[«��WMzÑJ7rMs[JMxGt ijv�U�t�Wqv�knL Jqv®X�t�kòmokys�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�tOkÑmokys�XyijU�k.v:v�HOU�tÝX�tOJMX
L�W�X ~�W mokns�X[ilU.k�vQihL-X�tOkýv}H = v�knXÑJMs[kòU.WMLdL�k.UnX[k�N =?> JML8k.NGrqk�ihL-X�t�k§rMs[JMxGt<AØR�L
ihL�NGknx�knL�NGknL?X�v�knX|ilv&u�JM�pihu�Jqgíi�z�X�t�kBJqNGNGihX[ijWML§WMzEJMLòky�?X�s[J:mokysYX[ky�ýJqg�~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�LÝTVk.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�kýÿ|Jqglkys�öpihL xGs[W?NVH�UnXÑ�{v�k�k�TVk�UyXyijWML�³pAh°oADª�z{WMs:NGknX[Jqilgjv[�.�2~�t�ilU�t
k�#
k.UnX[ihmok.g > gjihLGöpv2X ~�W�mokns�X[ilU�k.vEi�LwX�t�k�uwJM�VihuwJqg�i�LONGkyx�knL�NGknL�X�mokns�X[kn�wv�kyX =�> JMLÔk.NGrqk
ihz«X�tOk.ihsKNdijv�XyJML�U.kBJMx�JMs�XSijv4L�WÑrMs[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»£Ý~5i�X�t�ßM×q×Ñmokns�X[ilU.k�v���X[WqrqkyXYt�kys4~�ihX�t�´Ñgjknmok.glvKWMzÆU.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�NQÙqª)mokns�X[ilU.k�v���s[k�v�x�k.UnX[ihmok.g > A

÷øL-Tpk.UnX[ilWMLÝªp��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.moknzÁs[WML?X2syk.NVHOUyX[ilWML)JqglrqWMs[ihX�tGu
JMs[k&xGs[k�v�knL�X[k�N�A
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C�ilrMHGs[kE´�Ü����I�����V���8����!="%$W&'$�(/)2�8!="�-R��$X5#�2"ZY���[\&'Y���08&'$2-�"%��"%$2-�"%$+5]A "%�=5I"�[X!#"%5
4]5#�2"^���#&'( &'$2��0(8�������_9`;/&'5=�a>�@8@LA8"%�=5=&1��"�! C 01"�Db5%F�H�9cJd;/&'5#�_N N+SeA8"%�=5#&1��"�! C ��"%$+5=�I"PF�H/97Q?;/&'5=�gf K<A "%�=5#&1��"�!C �#&'( �+5%F�U
È�tOk-U�t�Wqv�knL¤U�WqJMs[v�knL�ihL�r�xGs[W?U.k�v�v�ijv JMxGx�glilk.NÜs[k�UyHds[v�ihmok.g > HGL?X[ilgQWML�k0WMz�X�t�k

z{WqglgjW�~�ihL�r)ijvÆJqU�t�ijknmok�NoÜ� X�t�k�L�Hdu = kysÆWMz�gjknmok�gjv�kn�pU.k�k.Ndv�J)xGs[k�v�knX�gli�uwihX� X�t�k�L?HGu = kysÆWMz�mokns�X[ilU.k�v�ihLQXYt�k&U.WqJMs[vYk.v�X5rMs[JMxGtÑilv�glk.vYv«X�t�JMLÔJ�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�mokÔrMs[JMxGt�v:kn�VU�k.k�NGv:J
xGs[k�v�kyXEU�WML�v�X[JML?X��{±pA ×)i�LÔX�t�ilv�v�X�HON > �.A

È�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�zÁX[kns�J�L?HGu = kysÆWMz<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)WMLOkÑv�HGx�kns�mokysYX[ky�§~�ihX�t�J�mokns > t�ilrMt mokysYX[ky�ò~�k�ilrMt�X���x�WqvYv�i = g >
kn�VU�k.k�NGihL�r)ÕM±�háWMz<XYt�k�X[WMX[Jqg�Aí÷øLQX�tOijvEU.Jqv�k��Vv�H = vYk.�oH�knL�XEU.WqJMsyv�kyLOi�L�rS~�ijglg�L�WMX�syk.NVHOU.k
X�t�kwv�ilù.kwWMz�X�t�kwrMs[JMxGt�vYijrML�ih��U�JML�Xyg > AýCGHGs�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�kÔJML�N U.WqJMsyv�k�rMs[JMxGt�v�ilù�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[kysÆX�t�JMLÑ±pA ×pA

É��{¼��ÎÂ Ê	Ë �Ñco��bG`M^���^�_)Å�`MbGé Ë ��`M�í��`qÀ ¾ Å% 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��íihX)U�JML
= k|s[k�WMs[NGkns[k�NÑ�oH�ijU�öpg > H�v�ihL�r)JML > v�X[JMLONGJMs[NQxGsyWM��gjk4s[k�NVH�UnX[ijWMLýJqgjrqWMs[ihX�tGuýA ¡ k|t�J�mok
H�v�k�N = WMX�tòX�t�k�TVgjWqJMLÞJML�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.vÆi�L§Tpk.UnX[ilWMLÑªpA

É��{¼��ÎÉ Ê	Ë �Ñé<`M�
ÍÁ� ¾ Å�bV_MÀÁ� ¾ b ¾ ��`M�Wi ¾ � Ò � ¾ _)é Ë bG^a�
¨�HGs[ihL�r:X�t�kKxGsyWqgjWML�rqJMXyijWML§xGt�JqvYkq�OX�tOkKmokysYX[ijU�k�v5WMz�X�tOkK�GL�k�rMsyJMxGt�JMs[k)rqi�moknLòrqgjW = 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�È�t�ilv
uwJMxGx�ihL�r4U.JML = k�sykyxGsyk.v�knL?X[k.N =?> J|xGsyWqgjWML�rqJMXyijWMLwuwJMX�s[ih�¬�)A�÷�z�X�t�k�U�WqJMs[v�k&JML�N:�GL�k
rMs[JMxGtOv<t�J.mok*OZj�JML�NtOZk&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[NGknsOZk¬QPOZjnA

¡ t�knLÝU�WqJMs[v�knL�ihL�r§ijv =?> k�NGrqkÑU�WqgjglJMx�v�ihL�rp�2X�t�kwx�Wqv�i�XyijWML�WMz4J§mokys�Xyky�7� ihL�X�t�k
U�WqJMs[v�k4rMs[JMxGtÑWMsyNGkysyi�L�rBijvEi�LN¢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[W��G��WMs�s[knuwJqi�L�v Jqv=�	ihX[v�k�ghz}A�ÈEt�k�xGs[WqglWML�rqJMX[ilWMLÑuwJMX�s[ih�	tOJqv�knL�X�syijk�v õ JLKrqihmokyL =?>

õ JLK E l °@§ ihz��GLOk|rMs[JMxdtÑmokysYX[ky�¬TEijvEJ)x�JMs[knL�XÆWMz�U.WqJMsyv�k|rMsyJMxGtÑmokns�X[kn�t�@§
±�§ WMX�tOkys�~5ijv�k � ��Öo�

¡ t�knLÑU�WqJMs[v�knL�i�LOr)ijv = Jqv�k�NÑWMLÑJ�uwJM�pi�uwJqg�i�L�Ndkyx�knL�NGknL�X�mokns�X[kn��vYkyX���X�tOk5U�WqJMs[v�k
rMs[JMxGtòmokysYX[ijU�k�vKU�WMu	xds[ijvYkBXYt�k)u�JM�pihu�Jqg�ihL�NGknx�kyLONGkyL?X4v�knX�WMz�X�tOkB�dL�k:rMs[JMxGt�AÑÈ�t�k
rqglW = Jqg�xGsyijWMs[ihX > mqJqghH�k4WMz�J)mokysYX[ky��ihLÑX�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[ijWMLÞWMz�X�t�ilv�mokys�Xyky��i�L X�tOkQU�WqJMs[v�kQrMsyJMxGt
WMs[NGkns[ihL�rpAKÈ�t�k�rqglW = Jqg<xGsyijWMs[ihX > mqJqghH�k�WMz J��GLOk�rMs[JMxGt�mokysYX[ky�ÔL�WMX4i�L�X�t�kKuwJM�pi�uwJqg
ihL�NGknx�knL�NGknL?XÑv�knX§ijv�U�JqglUyH�glJMX[k�N =?> J.mokns[JqrqihL�rÞXYt�k rqglW = Jqg|xds[ijWMsyi�X > mqJqghH�k�vÑWMzwi�Xyv
L�k�ijrMt = WMHGs[v�X�tOJMX = k�gjWMLOrÔXyW®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�kÑrMs[JMxdt�mokysYX[ky���G�«glkyX^nÍT¦O ¼ �Û�?�
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�XTy��NGkn�GL�k� ¸�¼	½ �BT}��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�AíÈEt�k5xds[WqgjWMLOrqJMX[ijWMLÔu�JMXYs[i��:t�JqvÆkyL?X�s[ilk.v

õ J�K E çéê éë
°@§ ihz;T E nmT¦O ¼ �?����§}mRnGoqp+r JEs § ihz;TËµ nÍT
O ¼ �Û����§hT fE nmT¦O ¼ �?����§
±�§ WMX�tOkys�~5ijv�k � ��ßq�

È�tOk)rqgjW = Jqg�xGsyijWMs[ihX > mqJqg�HOk.v4JMs[k�s[kn�GL�k�NýHOv�i�LOrÑT�X[knxò´QWMz�XYt�k)TVglWqJML�JqglrqWMs[ihX�tGu
�ÁX�tOJMX�ijv�� =�> HOv�i�LOr5X�tOk«xGs[ilWMs[ihX > zÁHGL�UnX[ilWMLÑ�øÕq����XyW|rqihmok�X�t�k �GL�JqgGWMs[Ndkys[ihL�r�z{WMs�X�tOk��GL�k
rMs[JMxGt<A

É��{¼��jÚ Ê	Ë � Ò ¿<ÍÎ_eÀ{ÍÁ��Ï��pÍ�b�ÍÁÅ���`qÀÎ_ Ë<Ò
¡ kQL�W.~ z{WMsYu�H�glJMX[k�WMHds)u�H�ghX[ijglknmok.g ~�J�mokyzÁsyWML�X)s[k�NVH�UnX[ilWML JqglrqWMs[i�XYtGuýA�C�WMs)X�t�ilv)ihX
ilv|U�WML�moknL�ilkyL?X4X[WQihL�XYs[W�NpH�U.kBv�WMuwk�zÁHGs�X�tOkys�L�WMXyJMX[ijWML<ASÈ�tOk)v�H = v�Uns[ihxGX[v�n�JML�N¤Þ)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�£6k)NGknL�WMX[k�v2X�tOkÆ�dL�k�rMs[JMxGt�~�i�XYtPOZk�mokysYX[ijU�k�v«JML�N·£6j�ilv«X�t�k&rMs[JMxdtQ~�ihX�t^Otj mokysYX[ijU�k�v
W = X[JqihL�k�N�JMzÁX[kns:U�WqJMs[v�knL�i�LOr���Otjvu Otk?�nA ¡ k�~�ilgjgEJqv�v�W?U.ilJMX[kw~�i�XYtÈ£6k®JML»OZk¤QuOZk
uwJMX�s[ih�xw:k�~�t�ilU�tÑt�Jqv�ù�kns[W:NGijJqrqWMLOJqg�knL�XYs[ijk�v�JML�N�L�WML�ù�kys[W)W�#�óøNdijJqrqWML�JqgíkyL?X�s[ilk.v ¼ JLK
ihz�JML�NòWML�g > ihz«mokns�X[ilU�k.vaT&JML�N��§JMs[k:JqN�¢�JqU�kyL?X�ihLá£6kÑ~�ihX�tòk.NdrqkB~Ek�ijrMt?X ¼ J�K Axw:j|ilv
NGkn�GL�k�NQJML�JqglWqrqWMH�v�g > A

÷øzÍ� NGkyLOWMX[k.v�JML.OZk�QhOZj�xGs[WqglWML�rqJMX[ilWML�uwJMX�s[ih����X�tOk2U�WqJMs[v�k rMs[JMxGtBu�J > kn�?xGs[k�v�v�k�N
Jqv�X�tOkKÿ4Jqgjkns�öpi�L�xGs[W?NVH�UnX w�jzy �V{|w�kt� �
È�t�ilv&ky�?xGs[k�v�v�ilWML§uwk.JML�v&X�t�JMX&X�tOkKuwJMX�s[ih�ÑxGs[W?NVH�UnXa� { w�k�� ilv|U�WMu:xGHGX[k�N�JML�N§X�t�k
uwJMX�s[ih�Lw�j ijv W = X[JqihL�k�N =?> v�knX�X[ihL�r|X�tOk�NGijJqrqWMLOJqgOknL?X�s[ilk.v WMz�X�tOk�s[k.v}H�g�Xyi�L�r&uwJMX�s[ih�)X[W
ù�kys[WpA

È�tOkt�N���@�j���Í�\��
¦����
����^Z�[jY«�¦��� õ WMzEJQrMsyJMxGt�ijv4J�mok�UyXyWMs|~�ihX�t§knL�XYs[ijk�v õ �BT}�n�d~�t�kns[kõ �BT}�«ilv�X�t�k4rqgjW = Jqg�xGs[ilWMs[ihX > mqJqghH�k4WMz<mokysYX[ky��TyA«È�t�ilv�mok.UnX[WMs&ihL�NGilU.JMXyk.v X�t�k&xGs[knz{kysYs[k.NWMs[NGkns[ihL�rQWMzEX�t�k�mokns�X[ilU.k�v�A	C�WMs4X�t�k)F >?= s[ilN�JqgjrqWMs[ihX�tGuý��X�t�k)rqglW = Jqg�xGs[ilWMs[ihX > mok�UnX[WMs
ilv5W = X[Jqi�LOk.N =?> WMs[NGkns[ihL�r)X�t�kKmokns�X[ilU.k�v = Jqv�k�N§WML®XYt�k|mqJqghH�k�v&WMz2XYt�kKC�ilk.Ndgjkns�mok.UnX[WMs�A
ú�WMX[kQXYt�JMX�X�t�k�rqgjW = Jqg«xGs[ilWMs[ihX > mok.UnX[WMs)L�k�k�N ¾ �G_Q= k�Jýx�kns�u�HGX[JMXyijWMLòmok.UnX[WMs�A ¡ k



î ¸ßï�¹ñð ï2ò�¸ ë ò�¹aó<¹�òÝ¶Eì�î5¹�ì ë ·.- ) ò=-K¶Eì ë ¸ßïUð °a±

glkyX~}d� H �@� ¼ �	É=�¡� ¸!¼ � �¦£=§ 	 � = k&JMLÑJqglrqWMs[i�XYtGuáX�t�JMXEX[JMöok�v«X�t�k�U�WqJMs[v�k�v�XÆrMs[JMxGt�£�~�i�XYt
Jqv�v�W?U�ijJMX[k�N�mokns�X[kn�K~Ek.ilrMt�Xyv 	 �eJML�N�s[knX�HGsYL�v<JML:WMs[NGkns[ihL�r�z{WMs=£ A<CGHGs�X�t�kns�uwWMs[k��.~�k�glknX� `q� H OZ� ¼ nÍT
O ¼ �¦£=§ 	 § õ � �ENGkyLOWMX[k�X�t�k&JqgjrqWMsyi�X�tduØXYt�JMX�X[JMöok�v�X�tOk5rMsyJMxGt¤£ �Gi�X[vEmokys�Xyky�
~Ek.ilrMt�Xyv 	 �GJML�NQJ)rqglW = Jqg
xGs[ilWMs[i�X > mok�UyX[WMs õ � �VJML�Nws[kyXYHGs�L�v J�s[kn�GL�k�N�WMs[Ndkys[ihL�rKz�WMsU£H�v�ihL�rÑ�øÕq��~�ihX�t õ E õ � A¡ i�XYtÝX�tOijv)L�WMX[JMXyijWML���ihz:�&T¦O � T=� ¼ ilv	XYt�kQxGs[k�v�knX:L�HGu = knswWMz&mokys�XyijU�k.v = k > WMLON
~�t�ilU�t¤XYt�kysyk0ijv L�W"zÁHGsYX�t�kns U�WqJMs[v�knL�ihL�rp�®WMHGs uBH�g�Xyijglkymok�gÑ~EJ.moknzÁs[WML?X-s[k�NVH�UnX[ijWML
JqglrqWMs[i�XYtGuûU�JML = kSz{WMs�uwJqgjg > xGsyk.v�knL?X[k.N�Jqv&z{WqglgjW�~�v�A|È�tOk�v�X[JMs�Xyi�L�r:x�Wqi�L?X4ijv�X�tOkK�GL�k
rMs[JMxGt�£ck�~5i�X�t�mokysYX[ky�w~Ek.ilrMt�Xyv 	 k:JML�NÑJqvYv�W�U�ilJMX[k.NwuwJMX�s[ih��w:kpAijs�l�Y	��

��l���s�� ��
B��[�ZN[����=�k�@[	�4�¦£6k�§ 	 ko���� ihOZk�u �ÀT
O � T=� ¼ ���²[�l� õ k E },� H �@� ¼ �	É=�¡� ¸�¼ � �¦£6kÍ§ 	 k?�� �k[«��s9��l õ k��� �²[.Yj�I����z	[�lm
Bl!���Í�²��z	[8�� z	[	�Dsv� ���²[*OZk¬QPOZj°���j������l��!�N��

��l��q�N����
�r¡�� w j y � { w:kq�� 	 j E � { 	 k� õ j E ��s9� ��
���[�Z�[	���=�k�@[����¦£6jj§ 	 j����� �²[=�\�k������l!�!�N��

��lR��l��S�k[x�Dl�[��q[	lm���m�²��z	[8�� õ �k E � õ j� õ k E � `q� H OZ� ¼ nÍT
O ¼ �¦£6kÍ§ 	 k�§ õ �k �� �k[«��s9��l õ k

C�ilrMHGs[kÑ³�ijglg�HOv�X�s[JMX[k�v�X�t�kÑuBH�g�Xyijglkymok�g�JqglrqWMs[ihX�tGu JMxdx�gjilk�N�XyW X�t�kQXyk.v�X:xGsyW = gjknu
= U.vYv�X�öO°q°8�{v�k�kÝR�xdx�knL�NGih�d�nA R uwJM�pi�uwJqg:i�LONGkyx�knL�NGknL�X�mokns�X[kn�¥vYkyX ilv H�vYk.Nåz{WMs
U�WqJMs[v�knL�i�LOr ��v�k.k�TVk�UyX[ilWML0ªpA ´�z�WMs§NGkyXyJqijglv[�nA¤ú�WMX[ilU.k�X�t�JMX�WML�X�tOk®U�WqJMs[v�k�v�X§glkymok�g{�
X�t�kÔgjW�~�knsQs[ilrMt?X�ó{t�JML�N x�JMs�X�WMz4X�t�kQuwJMX�s[ih� JMzÁXykys:s[k�WMs[NGkns[ihL�rÞ� = WMXYX[WMu�s[ilrMt?Xn��t�Jqv
L�WÑL�WMLOù.kns[WÑknL�XYs[ijk�v�AQÈ�t�ilvKilv = k�U.JMHOv�k)X�t�k:rMs[JMxGt�U.WMs�syk.v�x�WML�Ndi�L�rwX[WÑX�t�k = U�v�v�X�öO°q°
uwJMX�s[ih� t�Jqv)L�ihL�kÑU�WMu:x�WML�kyL?X[v���k.ilrMt�XwWMz&~�t�ilU�t�JMs[k�v�uwJqglg{�«JMLONÞU�WqJMs[v�knL�ihL�r�rqi�mok�v
k�ijrMt?X)ilv�WqgjJMXyk.N mokns�X[ilU�k.v�WML XYt�k�U�WqJMs[v�k�v�X)glknmok.g�A TVihL�U.kwNGilJqrqWML�Jqg�k�glkyuwknL�X[vSJMs[k:L�WMX
NGilv�x�glJ > k�N��VJMzÁX[kns«syk.WMs[Ndkys[ihL�r4X�t�kns[k�ijvEJMLÑ×pQ�×KL?H�glg�u�JMXYs[i��:ihLwX�t�k&gjW�~�kns�syijrMt?X�t�JMLON
x�JMs�XÆWMz�X�t�k&U�WqJMs[v�k�v�X�uwJMX�s[ih�
A

È�tOkÆX ~EWMóøgjknmok.g�WMs[NGkns[ihL�r�JqglrqWMs[ihX�tGuÜH�v�ihL�rKtOk.J�m > óøk.Ndrqk|U�WqJMs[v�knL�ihL�r�ilv�ilgjghH�v�X�syJMX[k.N
ihL:C�ijrMHGsyk«ªpA�¦2Ndrqk.v�� Å °@§ Å ´q�n�O� Å ³�§ Å ªo��JML�NÑ� Å Õ�§ Å Öo�íJMsyk�U.WqglglJMx�v�k�NKX[W4rqi�mok X�t�k�U�WqJMs[v�k
rMs[JMxGtÔmokys�XyijU�k.v=Ê�°o��Ê�´�JMLONPÊ
³pA % JqvYk.NÑWML��{Öo�n�VX�t�k�xGs[WqglWML�rqJMX[ilWMLÑuwJMX�s[ih�wijv

� E����������
° ± ±
° ± ±
± ° ±
± ° ±
± ± °
± ± °

�G�������� �
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�
C�ilrMHGs[kw³�Ü���$�&'0'0'�2!�5#����5=&1��$��PD�5=�7",YX��0'5#&'01"%A "%0���0'(+���=&'5=�WY��7!�&'$�(L�W����)�01"%Y�)c��!#!�5=� T8T�U<¡��2"���=&'(8&'$2��06Y���5#�=&¢[ C 5I���e01"�DE5GF/�PD�����-�"%�XT�K+>�N£&1!¤���8���I!="%$2"�-�5q;/&1��"O5I�V(8&'A "X5#�2"O��� ����!#"¥Y���5#�=&1��"�!��$,5=�7"/01"�Db5 C �PDc���I-�"%�BTG¦\SR��$2-,N8M.§+��"�!3�c"��%5#&'A "%0'*�F�U¨¡��2"����8����!="�!35�Y:��5=�#&¢[£&1!����I-�"%��"�- C )c��5=5I��Y�=&'(8�+5GFI§8��$2-O�W����01��$�(+��5�"�-R��$2-~��"%©�$2"�-R5I��(8&'A "�5=�7"�©W$2��0�����-W"%�=&'$�( C 5����O�=&'(8�\5%F D����Z5#�2"^���#&'( &'$2��0Y:��5=�#&¢[]Uª¡��7",YX��0'5#&'01"%A "%0/��0'(\���=&'5#��Y�( &'A8"�!X�L«�¬v­�;���A "�DE����$+5V��DBK8¦WU¯®8®+§t;/��&1�=��&1!V!3Y:��0'01"%�5=�7��$d5=�2��5�(8&'A "%$?)+*,5#�2"¤­+01�8��$°��0'(\���=&'5#��Y C ®.T�U K8M\F¨��$7-,5#�2"/±¤*+)��#&1-:��0'(+���#&'5=��Y C K+>\U¯>�¦+F�§+��$2-!�&'(8$�&'©2����$+5=0'*�!�Y:��0'01"%��5=�2��$�5=�2"�«�¬v­d;²�GA "�Db�I��$+5��PD¨5=�2"R���=&'(8&'$2��0]Y:��5=�#&¢[ C TGM8KWU N8K\FIU
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¡ i�X�tÔX�t�k&k.Ndrqk5~Ek.ilrMt?X[v�U�t�Wqv�knL�Jqv�ihLÑX�tOkÆ�OrMHGs[k��pihX�z{WqglglW.~�v�XYt�JMX

�V{^w:kN� E����������
° ± ±
° ± ±
± ° ±
± ° ±
± ± °
± ± °

� ��������
{

���������
± Õ ´ ± ± ±
Õ ± ´ ± ° ´
´ ´ ± ª ° ±
± ± ª ± ° ±
± ° ° ° ± ³
± ´ ± ± ³ ±

� �������� ���������
° ± ±
° ± ±
± ° ±
± ° ±
± ± °
± ± °

� �������� E ��� °a± ª ³
ª × ´
³ ´ Ö

� �� �
È�t?H�v��Vv�knX�X[ihL�rKX�tOk|NGilJqrqWML�Jqg�kyL?X�s[ilk�v«X[W)ù�kysyWp�?~Ek|t�J�mok

w:j E ��� ± ª ³
ª ± ´
³ ´ ±

� �� �
È�t�k�k.NGrqk�~Ek�ijrMt?X[v�z{WMs�X�t�k X�tds[k.kòk.Ndrqk.v�WMz�XYt�k�U�WqJMs[v�k rMs[JMxGtåJMs[k ªp�)³ JML�N ´
s[k�v�x�k.UnX[ihmok.g > ��Jqv:v�t�W�~�L ihL�C�ijrMHds[k�ª �ÁuwilNGNGglka�.AýÈ�t�k:mokysYX[ky��~Ek.ilrMt�Xyv�z{WMs)X�t�k:�GL�k
rMs[JMxGt§�ÁXyWMx:gjknzÁX WMz
X�t�k«�OrMHGs[k��<JMs[k�U�t�Wqv�knL:X[W = k 	 k E �ø´�§y°@§�ª�§�³�§y°@§�³o� { AíÈ�t�kEmokys�Xyky�
~Ek.ilrMt�Xyv�z{WMs�X�tOk5U�WqJMs[v�k4rMs[JMxGtýJMs[k5XYt�kysykyz{WMsyk

	 j E �V{ 	 k E����������
° ± ±
° ± ±
± ° ±
± ° ±
± ± °
± ± °

� ��������
{

���������
´
°
ª
³
°
³

� �������� E ��� ³
ª
ß

� �� �
R�v�v�Hdu�ihL�r�X�t�kEU.WqJMsyv�k�rMs[JMxGt:ilv�WMs[NGkns[k�N�Jqv õ j��BÊ�°M� E °o� õ j��BÊ�´q� E ´&JML�N õ j.�BÊ
³o� E ³p�X�t�k&rqglW = Jqg�xds[ijWMsyi�X > mok.UnX[WMs�z{WMsÆX�t�k��GL�k4rMs[JMxGt�ilv

õ �k E � õ j E ���������
° ± ±
° ± ±
± ° ±
± ° ±
± ± °
± ± °

� �������� ��� °
´
³

� �� E ���������
°
°
´
´
³
³

� �������� �
È�t�ilv�ilv�v�tOW.~�L�WMLÔX�t�k&X[WMxQs[ilrMt?X�ó{t�JML�NQxOJMs�X�WMz�C�ilrMHGs[k&ªpA

C�ilrMHGs[k0Õ�ilgjghH�v�X�syJMX[k.v�XYt�kÝX ~�WMóøglknmok.g�WMs[Ndkys[ihL�råJqgjrqWMsyi�X�tdu H�vYi�L�råJ¥uwJM�pi�uwJqg
ihL�NGknx�knL�NGknL?X�mokysYX[ky�Þv�kyXMAÝÈ�t�kQmokns�X[ilU.k�v Å °o� Å ª�JML�N Å Ö�JMs[kÔU�t�Wqv�knLÝX[W§z{WMs�u X�t�k
uwJM�VihuwJqg)i�LONGkyx�knL�NGknL�X§vYkyX�A Ù�kys�Xyky� Å ´ t�Jqv�X�~EW L�k�ijrMt = WMHGs[v§ihL"X�t�k�uwJM�pi�uwJqg
ihL�NGknx�knL�NGknL?X�vYkyX�� Å °o� Å Öo�n�5XYt�kysykyz{WMsyk � ¸!¼«½ � Å ´q� E ´?A TVihuwijglJMs[g > � � ¸�¼	½ � Å ³o� E� ¸�¼	½ � Å Õq� E ´?A2ÈEt�H�vEJqU.U�WMs[NGihL�r�X[WÑ��ßq�n�?XYt�k�xGs[WqglWML�rqJMX[ilWMLÑuwJMX�s[ih��ilv

� E����������
° ± ±}� ± }�}� }� ±
± ° ±
± }� }�± ± °

�G�������� �
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3
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v2 (1)

v4 (3) 2

v3 (4)
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u2 (7)

3

3
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1

u1 (3)
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÷øX�z{WqglgjW�~�v�X�t�JMXEX�t�k4ÿ|Jqglkns�öVihLQxds[W�NpH�UyXÆijv
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TVknX�X[ihL�rKX�tOk5NdijJqrqWML�Jqg�X[W)ù�kys[W)rqihmok�v�X�t�k4U.WqJMsyv�k|rMsyJMxGtÑuwJMX�s[ih�

w�j E ��� ± ª ª � Õ
ª ± ³
ª � Õ ³ ±

� �� �
È�t�k§k�NGrqk§~�k�ijrMt?X[vwz{WMsQX�tOkÔXYtGs[k�kýk�NGrqk�vQWMz�XYt�k§U.WqJMs[vYk®rMs[JMxdt-JMs[k�ªp�5ªpA Õ�JML�N-³
s[k�v�x�k.UnX[ihmok.g > ��Jqv:v�t�W�~�L ihL�C�ijrMHds[kQÕ��ÁuwilNGNGglka�.AýÈ�t�k:mokysYX[ky��~Ek.ilrMt�Xyv�z{WMs)X�t�k:�GL�k
rMs[JMxGtwJqrqJqihL�XyJMöokyL:X[W = k 	 k E �ø´�§n°@§}ª�§�³�§y°@§�³o� { ��X�t�k mokys�Xyky��~Ek�ijrMt?X[v�z{WMs�X�t�k�U�WqJMs[v�k
rMs[JMxGtýJMs[k|rqihmoknL =�>
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R�v�v�Hdu�ihL�rSJqrqJqi�LÑXYt�JMX«XYt�k�U.WqJMsyv�k&rMs[JMxGtÑilv WMs[NGkns[k.NwJqv õ jn�BÊ�°M� E °o� õ j.�BÊ�´q� E ´SJML�Nõ j.�BÊ
³o� E ³p�?X�tOk5rqglW = Jqg�xGs[ilWMs[i�X > mok.UnX[WMs�z�WMs�X�t�k��GL�k4rMs[JMxGtÔijv
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÷øL	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�NÑ~�ihX�t�J�mpijkn~¥XyW�k�"wU.ilkyL?X4i�u:x�glknu�knL?X[JMX[ilWML�A5È�t�kBky�?x�kys[ihuwkyL?X[v�JMs[k
x�kysYz{WMs�uwk.NwWML�Jw��­&f§�ORÆ²8U�WMu:xGHGX[kns�~5i�X�tÔJ)³q±q±�f§F�ù4R�g�xdt�J)¦,Ù4ÕSxds[W�U�k�v�v�WMs�A

È�tOkË�����! �U�W�NGk�WMz�¬�k�ilNKJML�NBTVU.WMXYX�ôÇ´q´aõ�ilv�H�vYk.NSi�LSX�t�k�ky�?x�kysyi�uwknL�X[v�z{WMs�X�t�k TVglWqJML
JqglrqWMs[i�XYtGuý�?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�Xyví~Æt�kyLwU�JqgjglihL�r������! KJMXEk�JqU�t�WMz�X�t�kEgjknmok�gjv��
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= HGX:z{WMHdL�N�X�t�JMXwihXQglk.N X[WòJ NGknX[kns[ilWMs[JMX[ilWML�i�L X�t�kÑ�oH�Jqgli�X > WMz4X�t�kÑWMsyNGkysyi�L�rqv��{vYk.k
TVk�UyXyijWML ªpA ª�z{WMs�zÁHds�X�t�kns�NGknX[Jqilgjvy�nAÔÈ�tOkys[knz{WMs[k���HdL�gjk�v�vSv�x�k.U�i��Ok.NòWMX�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�rt�9���! dA�¦�NGrqk|~Ek.ilrMt?X[v�JMs[k|LOWMX�H�v�k�N
ihLÑX�t�ilv«x�JMx�kns�A

È�tOk�v�x�k.UnX�s[Jqg�WMs[Ndkys[ihL�r&L�k�k.NGk�N:z{WMs«XYt�k�F >�= s[ijNwJqglrqWMs[i�XYtGuÜilv�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�XíJMHGX�t�WMs�A<È�t�ilv�U�W?NGk«ihu:x�glkyuwknL�X[v
X�t�k&JqglrqWMs[ihX�tGu Jqv�NGk�v�Uns[i = k�N�ihL�ôÇ´aõøA

¡ k�X[JMöok�X�t�k�U.WqJMsyv�k�rMs[JMxGt�WMsyNGkysyi�L�rEJqgjrqWMsyi�X�tduº}d� H �@� ¼ �«É#�a� ¸!¼ � X[W = k�k�i�X�tOkys�X�t�k
TVglWqJMLwWMs«X�tOk�F >�= s[ijN:JqglrqWMs[ihX�tGuýA ¡ k�NGknL�WMX[k =�>L� `3� H O�� � §%»§�|�{JML�NL¼�½c¾ � T ¸ � � §�»§�Y�
X�t�kòTVglWqJML �Ás[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:»ûgjknmok�gjv�A<È�t?H�v � `q� H O2� � §n°M�«ilv�X�t�k�v�X[JMLONGJMs[N:TVglWqJML
JqglrqWMs[i�XYtGuûJML�N¿¼�½c¾ � T ¸ � � §n°M�EXYt�k�F >?= s[ilN®JqglrqWMs[ihX�tGuýAK��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[kÆNGkyLOWMX[k.N =�>L�7E ¨:}
JML�N �­E �ºÀ9¥	�ís[k�v�x�k.UnX[ihmok.g > A®È�t�HOv � `q� H O2�
¨�}a§�³o�	ilv�X�t�k:u�H�ghX[ilgjknmok�g«JqglrqWMs[ihX�tGu
~�ihX�t�k.NGrqk4U�WqgjglJMx�v�ihL�r�JML�NÔJKuwJM�Vihu�HGu WMzí³)gjknmok.glv��GJML�N�XYt�k4TVgjWqJMLÔJqgjrqWMsyi�X�tduÜH�v�k�N
WMLÑX�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.NÜihL Jqg�xGtOJ = knX[ilU.JqgÔWMs[NGknsÝihL X�t�k
R�xGx�knL�NGih�
A È�t�k xGs[W = glknu�v§JMs[k�Jqglg:v > u:uwknX�s[ilUq��JML�N�s[JML�rqk�i�L WMs[NGkns�zÁs[WMu ÖqÖ
�{NV~ÆX[ÖqÖo�KX[Wò´q´Mªp�DÖ?°MßÝ��F�Jqg�z = �nA�È�tOkQxGs[W = glknu�v)U�WMuwkQzÁs[WMu J§mqJMs[ilkyX > WMz&xGs[JqUnX[ilU.Jqg
JMxGx�glilU.JMX[ilWML�v�JML�N"t�J�mok = k�kyLåX[JMöoknLázÁs[WMu XYt�k F�JMs�~Ek.glg�ó % W�k�ihL�r�T�x�JMs[vYkÞf§JMX�syi��
��Wqglgjk�UnX[ijWML ��Á7Â2Â2ÃRÄ�Å7Å.Æ2Æ7Æ¥Ç�È�É�Ê�Ç
ÈWË.Ì¨È�Ç�Í�È�ÇqÎ7ÏcÅ�Ð6È�ÂZÑ�ÒZÑ�Â Ó2Å7Ô.ÃcÍWÌ É�Ê��cÍ\Â Ì6Ñ�È.Ê É��y�
f§JMX�s[ih�Vf§JMs�öoknX���Á2Â2Â7Ã¥ÄIÅ2Å\ÕcÍ.Â7Á¥Ç�ÖtÑWÉ Â¥Ç=×�Ø+Ò�Å��cÍ\Â Ì�Ñ8ÙN�cÍWÌ�Ï�Ê+Âd�n��JML�N-X�t�k§X[k�v�X�v�knX§WMz
þ&HGu:z{kysYX�JML�N§�<WMX�tOkyL ô�°Mßaõø��~�i�XYt�JqNGNGihX[ilWML�JqgO�dL�i�Xyk|k�gjknuwkyL?X�xGsyW = gjknuwv�v�HGxdx�gjilk�N =�>
�«tGsyijv�XyijJML)¨&JMu:t�JMH�r&WMz
¨&knX�ú�WMs[v�öok*Ù�kns[ihX[Jqv���ú�WMs�~EJ > AíR�glv�W4rqi�moknL:ihL)X�t�k R�xGx�kyL�Ndi��
JMs[k�X�t�k i�LOi�X[ilJqgo¬�f�T5~EJ.moknzÁs[WML?X[v�� ���u� n���z{WMs�k�JqU�t�uwJMX�s[ih�4JML�NKX�tOk2s[JMXyijWp�.ÚG� = kyX ~�k�knL
X�t�k�¬�f�T�~EJ.moknzÁs[WML?X[v = knz{WMs[k�JML�NwJMzÁX[kns«syk.WMs[Ndkys[ihL�r4~�i�XYt	XYt�k�F >�= s[ijNwJqglrqWMs[i�XYtGuýA�÷øL
rqknL�kysyJqg{�2X�tOkQF >?= s[ilNÞJqglrqWMs[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�öO°a³p� = U�v�v�XYöV³?°o�
JML�NÑvYv�X�uwW�Ndk.g �nAÛ 3ø� ùûúhÐ?>!<xÐB6²üÒ6�Ð¡ÑoÐBÔÒAoÕ�<?>@Î=Ö Ü¤<?>@ÎÓþ9AoÑ\Õ�C�6Í:h<x:�ÔÄãßâW6²ähÔo6áþ�A2ÐxÐBÑ\ý=CN<x:DÔ% k�U�JMH�v�k4WMz�i�Xyv�v�H�U�U�k.v�vÆi�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�Ö4U.WMu:x�JMsyk.v<X�tOk�¬�f�TK~�J�mokyz�s[WML�X�z�WMs2XYt�k�TpgjWqJML��
F >?= s[ilN��ÆJML�N u�H�ghX[ilgjknmok.g�JqglrqWMs[ihX�tGuwv�A¥C�WMs�X�t�kÑu�H�ghX[ilgjknmok�g�JqgjrqWMs[ihX�tGuý��X�t�k§TVglWqJML
JqglrqWMs[i�XYtGuÜilv�H�v�k�N	XyW)WMs[NGkns«X�tOk5U�WqJMs[v�k�v�XÆrMs[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[ilWMLÝªpA ³o�nA8÷øL X�t�ilv�JML�N v�H = v�k.�oH�knL�X
��rMHGsyk.v��«U�WMu:x�JMs[ilv�WML�v)JMs[kÔrqi�moknL�~�i�XYt�s[k�v�x�k.UnX)X[W�X�t�k�F >�= syijN�JqglrqWMs[i�XYtGu�vYWýX�tOJMX
X�t�k:¬�f�Tý~EJ.moknzÁs[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.moknzÁs[WML?X�z{WMs�X�t�k4F >?= s[ilNÑJqgjrqWMsyi�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�È�tOk«v�uwJqglgjkns�XYt�k«vYU.WMs[k���XYt�k = knX�X[kns�XYt�k�JqgjrqWMs[ihX�tGuýA
¡ i�X�twX�t�ilv�u�knX�s[ilU��eX�t�k�F >?= s[ilNQJqglrqWMs[ihX�tGuáJqgh~EJ > v�t�Jqv�JBv�U.WMsyk�WMz<WML�k�AíÈ<WBv�t�W.~7X�t�k
k�#
k.UnX�WMzGuwJMX�s[ih�KWMsyNGkysM��X�t�k v�U�WMs[k�v�z{WMs�k�JqU�t:JqgjrqWMs[ihX�tGu�z{WMsíu�JMXYs[ijU�k�v<WMz�WMs[NGkns�rMs[k�JMX[kns
X�t�JML§³oßSQÔ³ c � °tbÀV�b ×o��JMs[k4x�glWMX�X[k�NÑv�knx�JMs[JMX[k�g > i�L�XYt�k5�OrMHGs[k��p~�ihX�tÑX�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�öoknX[v�AíR gjWqr)v�U�Jqglk5ilv«HOv�k.N:z{WMsEX�t�kXÝ
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�AÝÈ�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&Ö�Ü«R�U.WMu:x�JMs[ilv�WML�X�t�k4¬�f®T:~�J�mokyz�s[WML�Xyv�WMz<X�t�k4TVglWqJML��VX�t�k4F >�= syijNÑJMLONQX�t�k� `q� H O��x¨�}X§�»§��JqglrqWMs[i�XYtGuwv�A
ilv�X�t�JMXM�Es[k�gjJMXyi�mok�X[W�X�tOk�F >�= syijN7JqgjrqWMs[ihX�tGuý��X�t�k§¬�f�T�~EJ.moknzÁs[WML?X�rqihmokyL =�> X�t�k
TVglWqJML0JqglrqWMs[i�XYtGu NGknX[kns[ijWMsyJMX[k.vwJqvQX�tOkýWMsyNGkysÔWMz�X�t�k�uwJMX�s[ih� i�LOUys[k�Jqv�k�v�Aá­Æmokns[Jqglg{�
X�t�kS¬�f�T�~�J�mokyz�s[WML�X&z{WMs�XYt�kKTpgjWqJML�JqglrqWMs[i�XYtGu ijv&J = WMHGX4°M´.h 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?°+h uwWMs[k�A<È�t�ilv
NGknX[kns[ijWMsyJMX[ijWMLÔzÁHGs�X�tOkysÆU.WMLG�ds�uwv«X�t�kSgjJqU�öÔWMz�J�rqglW = Jqg�mVilky~�WMz�XYt�kKTpgjWqJML§JqglrqWMs[ihX�tGu
JML�NÑv}HGxGx�WMs�X[v�X�t�k4k.JMsygjilkysE�GL�NGihL�rqv s[kyx�WMs�Xyk.Nwi�L�ô °Mßp��´q´aõøA

È�tOkáv�k�U.WML�N�W = vYkys�m�JMX[ijWML�ilv0X�t�JMX��ÝJqv0X�tOk"L�Hdu = kys�WMz glkymok�gjvß» ihL�X�t�k
u�H�ghX[ilgjknmok�g � `q� H O��x¨�}a§%»§�ÑJqglrqWMs[i�XYtGu ihL�Uns[k.JqvYk.v���X�t�k�¬�f�T�~EJ.moknzÁs[WML?XÑNGk�Uysyk.Jqv�k�v�A
È�t�kòu�H�ghX[ijglknmok.gSJqgjrqWMs[ihX�tGu ~�ihX�t�WMHGX§J�xGs[k�v�knX§gjihuwi�X�z�WMsýXYt�k uwJM�Vihu�HGu£L?HGu = kns
WMz§glkymok�gjva� � `3� H O��x¨:}a§�àÞ�.��ilv v�ilrML�i��OU.JML?X[g >¥= knX�X[kns X�t�JML X�t�k7TVgjWqJMLØJqgjrqWMs[ihX�tGuýA
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�tGuý��xGs[W?NVH�U�i�LOr
¬�f�TÑ~�J�mokyzÁsyWML�X[v&X�t�JMX4JMs[k)WML�J.mokns[JqrqkwÕ.h¤glJMs[rqkysw� °a±�h¤glJMs[rqkns|z�WMs5XYt�kw°a±QglJMs[rqk�v�X
xGs[W = gjknuwv[�nA

È�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�AíR�v�Jqghs[k.JqN > NGilv�UnH�v�v�k�N���z{WMs�rMsyJMxGtÑx�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�kÆxds[WMx�kys�X > A«È�t�ilv�ijv�LOWMX�X�t�k4U.Jqv�k
z{WMsE~�J�mokyzÁsyWML�X�WMsyNGkysyi�L�rpA<È�t�k�~EJ.moknzÁs[WML?X�z{WMsÆJ)rqi�moknLÑWMs[Ndkys[ihL�r�WMz2J�U.WqJMsyv�k|rMsyJMxGtÑilv
HGL�glihöok.g > X[W = kEX�t�k�v�JMuwk�Jqv�X�t�JMX�z{WMs�X�t�kÆU.WMs�syk.v�x�WML�Ndi�L�r&�GL�kÆrMs[JMxGt�A�R�g�X�tOWMH�rMt:X�t�ilv
NGW?k.v�LOWMX:ky�pU.ghH�NGk:X�t�k:H�v�knzÁH�ghL�k�v�vKWMz�XYt�k�u�HOg�X[ilglkymok�g«JMxdxGs[WqJqU�t z{WMs)X�tOk	~EJ.moknzÁs[WML?X
s[k�NVH�UnX[ilWML xGs[W = glkyuý�2ihXwNGW?k.v)s[knuwW.mokQX�tOkÑv�x�k.U�ilJqg«xGs[knz{kns[knL�U.k:z{WMswk�NGrqkÑU�WqgjglJMx�v�ihL�r
= Jqv�k�NÑU�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�kKrMsyJMxGtÑL�k�k.N�L�WMX&U.WMsYs[k.v}x�WMLON�~Ek.glg�X[W)J)x�vYkyH�NdW�NGilJMuwkyXykysÆWMz<X�t�k4WMs[ilrqi�L�Jqg
rMs[JMxGt<ABÈ�t�ilv�~�ilgjg = k�X�t�kBU.Jqv�k)ihz X�t�k)rMs[JMxGtòilv|U�WqJMs[v�knL�k�NýJqglWML�rÑWMLOk)NGi�syk.UnX[ilWML���Jqv
ilgjghH�v�X�syJMX[k.N:ihLÑC�ilrMHGs[k&ß?A2F�kns[k&X�t�k�U�WqJMs[v�k4rMs[JMxGtÔv�X[JMs�XEJML�NQknL�Nwmokys�XyijU�k.v � jn�²¨Xj«JMs[k
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C�ilrMHGs[kÑß�Ü�¡��2" C ©W$2"PFB( �I��������$�5=�2"�01"�DE5,��$7-v&'5I!V���8���I!="%$2"�-�( �I���W����$�5=�7",�#&'( �+5
U�¡��2"�2"���A+*x"�-.(\"�!R����",����0'01���2!="�- U:¡��2"VY��.-.&'©2"�-ª��&')�)2!3´âáZ�.��01"%´q­+5��.�#�+Y:"%* "%�O��0'(\���=&'5#��Yã�PD�«¤"%&1-��$2-:­.����5=5/ä S S
å ������0'&1"�-£5��B5=�2"/©W$2"�( �I���W�V;²����01-d( &'A8"�5#�2"/!�5I���#5���$2-V"%$2-£A "%�=5#&1��"�!�æx��$2-,çVUè $e5=�2"R��� ����!#"�(8������� C �=&'(8�+5GFI§.&'5�;�����01-?( &'A8"Xæ é���$2-eç�éG§W;/�2"%$?&'$ ê�"��%5I"�-,5I�V5#�2"�©�$7"¤(8�������5=�7"¤!�5I���#5/��$2-?"%$2-dA "%�#5=&1��"�!^)�"�����Y�"¤æ�ëV��$2-?ç¤ë\U
z{JMs&zÁs[WMu X�t�kS�GL�k�rMs[JMxdt®v}X[JMs�X&JML�N§knL�N�mokys�XyijU�k.v � §e¨:AKR�g�XYt�WMH�rMt�i�X4ilv&NGi "wUnH�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�JMXÆi�X5U.JMLÑtOJMxGx�kyLÔijv�WMz2U.WML�U�kns�L�A

÷øL)X[kns�uwv�WMz�������X[i�uwk&�{C�ilrMHGs[k ×o�n��X�tOk � `q� H O��x¨:}a§�»§� JqgjrqWMsyi�X�tdu¥ilv�J = WMHGX�ªq±�h
z{Jqv�Xykys X�t�JMLwX�t�k�t >�= syijN:JqglrqWMs[i�XYtGuýAíÈ�t�k&TpgjWqJMLÔJqgjrqWMs[ihX�tGuØijv u�WMsykÆXYt�JML�z�WMHGs«Xyi�uwk�v
z{Jqv�Xykys�XYt�JMLÑX�t�k&F >?= s[ilNÑJqglrqWMs[i�XYtGuýA«È�t�ilv�ijvÆi�L�glihL�k5~5i�X�týJML�W = v�kns�mqJMX[ilWMLÑuwJqNGk =�>
þ&HGu:z{kysYX�JML�NÔ�<WMX�t�knL�ô�°Mßaõø�V~�t�kns[k4J�z{JqUyXyWMs�WMz<�Gmok4ijvEs[kyx�WMs�Xyk.N�AÛ 3�
 ùûúhÐ?>!<xÐB6²üÒ6�ÐDÑoÐBÔoAÒÕ�<?>@Î=ÖìÜ¤<?>!Î_þ�AÒÑ\Õ@C�6Í:=<x:�Ô�ã=Ñ\C�6²äÈA2:R>!ÎD6·ÖÚÑ6í�<xÖÈÑoÐ<x:�äh6²ý©6Í:Dä=6Í:2>�üÒ6mÕ�>�6]íÓC�69>
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}zÁH�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�°Ñv�tOW.~áX�tOJMX
z{WMs:~EJ.moknzÁs[WML?X	syk.NVHOUyX[ilWML��íXYt�ijv)JMxdxGs[WqJqU�t�ihu	xds[W.mok�v:WMLÞXYt�kÑTVglWqJML JqgjrqWMsyi�X�tdu = HdX
ilvKL�WMX:Jqv�rqW?W�N Jqv�XYt�k�F >?= s[ilN�JqglrqWMs[ihX�tGuýAý¨&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�tGuý��JÔuwJM�pi�uwJqgEi�L�Ndkyx�knL�NGknL�X
v�knXÑilvQU�t�WqvYkyL i�L7J rMs[k�k.N > z{Jqv}t�ijWML =?> xOijU�öpi�LOr HGLGuwJMX[U�t�k�N mokysYX[ijU�k�vQJMXQsyJML�NGWMu
JML�N��«~�tOkyL�J�mokys�Xyky� ilv:x�ijU�öok�N��«uwJqv�öpi�L�r�ihX[v�L�k�ijrMt = WMHGs[ihL�rýmokns�X[ilU�k.v)Jqv:uwJMX[U�t�k�N
ô�°o�«´MõøA ¡ k���tOW.~Ekymokns���JqNGWMxGX:J®uwWMs[kÔv�WMxGt�ilv�X[ilU.JMXyk.N�JqglrqWMs[ihX�tGuàX�t�JMX = WMX�t > ijk�gjNdv
v�glijrMt?X[g > i�u:xGsyW.mok�NÞWMsyNGkysyi�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 ­ÆHds§JqgjrqWMs[ihX�tGu£ilv = Jqv�k�N-WML0X�tOJMX�WMz:¬�H�rqk�JML�N
T�X�H = knLÑôÇ´M³Mõø��~Æt�ijU�t)tOJqv = k�kyLBH�v�k�N	v}H�U.U�k�v�v�zÁH�glg > ihL)X�t�k ��k.glN)WMz�Jqgjrqk = s[JqilU�u�HOg�X[ilrMs[ilN�A
È�t�ilv�JqgjrqWMsyi�X�tduá~�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



· ·wï2ð§¹2ì ë µ ) òòì�¹«º2ï2ò�¸�º °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
)

î

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)×�Ü|RÜU�WMu	xOJMs[ijvYWML®WMzEX�t�k)�E�2�áXyi�uwk�vÆz�WMs|X�tOk:TVgjWqJML<�
XYt�k)F >�= s[ijN�JML�N§X�t�k� `q� H O��x¨�}X§�»§��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�LÚ¥ glijk�v|ihL�WMLOk	WMzEX�tGs[k�k)v�knX[v«Ü
ihXKilv|k�ihX�t�kns5HdL�U.WqglWMHGs[k�N��¦¥�ï��n��WMsSijv4i�L�X�t�k�uwJM�pi�uwJqg�ihL�NGknx�kyL�NdkyL?X&v�knX��¦¥�ð2�n��WMsKilv
L�WMXÆJ)U.JML�NdijNGJMXykÆz�WMs�X�t�k�uwJM�pi�uwJqg
i�LONGkyx�knL�NGknL�X v�knXK�y¥6ñ<�nAí¦�JqU�tÑmokns�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�ÑX[W = k.glWML�r:X[W¥ ð A®÷øL�i�XyijJqglg > �ík�JqU�t mokns�X[kn��TSijv�HdL�U.WqglWMHGs[k�NÝ��gjilk.vBi�LÈ¥ ï �SJML�N ijvBJqv�v�ilrML�k.N J§rqJqihL
mqJqghH�k ½�H T¦O��BT}�|k��oH�Jqg<X[WÑihX[v4NGk.rMsyk.k�A�È�t�k)rqJqihL�vKJMsykBtOk.glN®ihLòJÑxGs[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)zÁsyWMu"X�t�kÆ��H�knH�k
JML�N§ilv5uwW.mok�N§i�L?X[W·¥ ð AK÷�X[v�L�k�ilrMt = WMHGs[v&JMs[kSX�t�knLýuwW�mok.N§ihL�X[W·¥ ñ AKÈ�t�k > JMs[k)Jqglv�W
s[knuwW.mok�N	zÁsyWMu"X�t�k��oH�knH�k�A�C�WMsEk.JqU�t�v�H�U�twL�kn~Ýmokns�X[kn�:ihLP¥ ñ ��XYt�k�rqJqi�LwmqJqghH�k�v«WMz�i�Xyv
HGL�U�WqglWMHGs[k�NÔLOk.ilrMt = WMHGsyv|JMs[k:ihL�Uns[k.JqvYk.N =?> WMLOkqA	ÈEt�k�xGs[W?U.k�NVHGsyk�ijv4s[knx�k�JMX[k�N�HGL�Xyijg
X�t�k&�oH�knH�k|ilv�knu:xGX > �ÁXYt�JMX�ilv��VHGL�Xyijg
JqglgOX�tOkÆmokns�X[ilU�k.v = k�gjWMLOrKX[W)k�i�X�tOkys�¥ ð WMs�¥ ñ �nA

÷øL®XYt�ijv4JqglrqWMs[i�XYtGuý�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»¥ ï x�ghH�v&X�~5ijU�k)X�t�k)L�Hdu = kys4WMz�L�k�ilrMt = WMHGs[v4ihL»¥ ñ AÑR�L
HGL�U�WqglWMHGs[k�NÔmokns�X[kn��~�ihX�tòJÑgjJMsyrqk�L�HGu = kns4WMz�L�k�ilrMt = WMHGs[v&ihLá¥ ñ ijv4X�t�kns[knz{WMs[kKuwWMs[k
gli�öok�g > XyW = k�uwW.mok�N:i�L?X[W.¥ ð A�È�t�ilv�kyL�v}HGs[k�víXYt�JMX°¥ ñ mokns�X[ilU.k�v�JMs[k�~Ek.glg × U�W.mokns[k.NmØ =�>¥ ð mokns�X[ilU.k�v�� > ijk�gjNdi�L�rÔJQuwWMs[k)HGL�ihz{WMs�uûNdijv�XYs[i = HGX[ilWML®WMz�¥ ð 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 ­ÆHGs)uwJM�pi�uwJqgEi�L�Ndkyx�knL�NGknL�X
mokns�X[kn�Qv�knX�JqglrqWMs[ihX�tGu ilv�WMHGX[glihL�k.N = k.glW.~SA
Ì0b]òíÀ Ò b�Í À ¾ �<�?é�� ¾ �í� ¾ _�Ï��?`a_��Wò ^���_:bOÍÁÅ���`qÀÎ_ ËíÒ� 
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­�L�U�k XYt�kÜu�JM�pihu�Jqg�ihL�NGknx�kyL�NdkyL?X�mokys�Xyky�àv�knX"t�Jqv = k�knL�U�WMu:xGHGX[k�N��ÝX�t�k

xGs[WqglWML�rqJMX[ilWML�WMx�kysyJMX[WMs¬�¤ilv:NGky�dL�k.N =�> �øßq�nA�È�t�kQU�WqJMs[v�k�rMs[JMxGt mokns�X[kn� ~Ek.ilrMt?X[v	 j JMs[kÆU.JqglUyHOgjJMX[k�N:Jqv«ihL§�{×o�<JML�N:X�t�kErqgjW = JqgGxds[ijWMsyi�X > mok�UyXyWMs õ �k z{WMs�X�t�k«�dL�k�rMs[JMxGtwilv
U�WMu	xdHGX[k�N)Jqv�ihL®�{Ùo�.A�C�WMs=�9���� G��X�tOk�kyL?X�s[ilk�v2WMz õ �k JMs[k�k�JqU�tQsyWMHGL�NGk�N�X[WKX�tOk�L�k�JMs[k.v}XihL�X[k�rqkns�A
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matrix order (number of matrices)

Hybrid
Sloan

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

Sloan(MIV,infinity)

C�ilrMHGs[k4Ù�Ü RåU�WMu	xOJMs[ijvYWML�WMz�X�t�kS¬�f®Tw~�J�mokyzÁsyWML�X[v�z�WMs�X�t�kSTVgjWqJML<�pX�t�kSF >�= s[ijNÔJML�N
X�t�k � `q� H O����ºÀ�¥,§%»§�ÆJqglrqWMs[ihX�tGuwv�A

C�ilrMHGs[k Ù�U.WMu:x�JMs[k�v�X�t�k ¬�f�T¥~EJ.moknzÁs[WML?X z{WMs�X�t�k7TVglWqJML JML�NáX�t�k F >?= s[ilN
JqglrqWMs[i�XYtGuwvÝ~�ihX�t X�t�k � `q� H O����ºÀ9¥D§�»§�-JqglrqWMs[ihX�tGu H�v�ihL�r"XYt�k�J = W�mok8uwJM�pi�uwJqg
ihL�NGknx�knL�NGknL?X	mokns�X[kn�7v�kyXýJqgjrqWMs[ihX�tGuýAá÷�XýijvÑvYk.knL X�tOJMX��5JqvQX�tOkýL?HGu = knsQWMz)glknmok.glv
ihL�Uysyk.Jqv�k�v��dXYt�kKu�H�ghX[ilgjknmok�g<WMs[NGkns[ihL�rqv�i�u:xGsyW.mok�A4ÈEt�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�� � `q� H O����ºÀ9¥D§Gà��n�«xGsyW�NVHOU.k�v)WMs[NGkns[ihL�rqv)WMz
U�WMu	xOJMs[J = glkÝ�oH�Jqgli�X > X[W0X�tOk F >?= s[ilNáJqgjrqWMsyi�X�tdu JML�N���ihLáX[kns�uwv�WMz������£X[i�uwk
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matrix order (number of matrices)

Hybrid
Sloan

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

Sloan(MIV,infinity)

C�ilrMHGs[k)°a±�Ü�RåU.WMu:x�JMs[ilv�WML§WMz�X�tOk�������X[i�uwk�v�z{WMs�X�tOk�TVglWqJML��dX�tOkKF >?= s[ilN�JML�NÑX�t�k� `q� H O����ºÀ9¥D§�»§��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�XYtGuýAÔTVihL�U�k � `q� H O2�#�ùÀ�¥,§�à��Kilv�rqkyLOkys[Jqglg > L�WÑuwWMs[k:kn��x�knL�v�ihmok:i�L�Xykys�uwv4WMz
����� X[ihuwk�X�t�JML � `q� H O����ºÀ�¥,§%»§�2~�ihX�tª» ±Ý´4JML�Nwi�X�xGs[W?NVH�U�k�víXYt�k�v�uwJqglgjk�v�X ¬�f�T
~EJ.moknzÁs[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�tGuýAÛ 3 � Ï�ÐBAÒÑo:Çüo6²Õ@CNú�C�à�âDãhÕ�<Bä­A2:Óþ9AoÑ\Õ�C�6²CI>¤ÔoÕ�Ñ\ý°Î
È�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 >
= kÑWMs[NGkns[k�N�H�v�ihL�r�JML > JMxGxds[WMxGs[ilJMX[kQJqglrqWMs[ihX�tGuýAÝ÷øLÝJqglg�X�t�k�s[k.v}H�g�Xyv�xGs[k�v�kyL?X[k�N v�W
z{JMs���X�t�k�TVglWqJMLáJqglrqWMs[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 È�t�ilv)rqi�mok�v)X�t�k:u�H�ghX[ilgjknmok.g F >?= s[ilN JqgjrqWMs[ihX�tGuý��¼�½c¾ � T ¸ �#�ùÀ�¥,§%»§�nA
C�ilrMHGs[kÔ°q°ÔU�WMu:x�JMs[k�v�X�t�kw¬�f®T�~�J�mokyzÁsyWML�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¤»ò��s[k.v}H�g�Xyv<z{WMs�X�t�kO¼�½c¾ � T ¸ ���ºÀ�¥,§%»§��JqgjrqWMs[ihX�tGu JMs[k�U�WMu:x�JMs[J = glk�X[W4X�t�Wqv�k
z{WMswX�t�k�F >?= s[ilNÝJqglrqWMs[ihX�tGuýA8¦�moknL-ihz|X�tOkys[kÔJMs[k§WML�g > X ~�W�gjknmok.glv���X�t�k��oH�Jqgli�X > WMz
X�t�k:WMs[Ndkys[ihL�rÑWML�X�t�k:U.WqJMsyv�k.v}XQ�{glkymok�g ´q�KrMs[JMxGtÞijvSv�H�U�t XYt�JMXKX�tOk	JMxdx�gjilU�JMX[ijWML�WMz�J
xGs[WqglWML�rqJMX[ilWMLÑJMLONQs[kn�GL�knu�knL?X�v�XykyxÔijvEJ = gjk&X[W�xGsyW�NVHOU.k�J�t�ilrMt��oH�Jqgli�X > WMs[NGkns[i�LOr�WML
X�t�k:�GL�kwrMs[JMxGt<A®È�t�ilv�ijvBi�L�U�WML�XYs[Jqv�X�X[W � `3� H O����ºÀ�¥,§[´q��~�t�kns[kq��WML�X�t�kwU�WqJMs[v�k�v�X
rMs[JMxGt<�SX�t�kÞTVgjWqJML JqglrqWMs[i�XYtGu NGW?k�vÔLOWMX > ijk�glN8v}H�U�t"J7rqW�W?NåWMs[NGkns[i�LOrpAàR�v�X�t�k
L?HGu = kys	WMz�gjknmok�gjv)ihL�Uns[k.JqvYkq�íXYt�k	x�kns�z{WMs�uwJML�U�k:WMz � `q� H O����ºÀ9¥D§�»§�)ilv)U.WMu:x�JMs[J = gjk
X[W`¼�½c¾ � T ¸ �#�ùÀ�¥,§%»§�n��i�LONGijU�JMX[ihL�r®XYt�JMX�� = k�U�JMH�v�kÑX�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[JMxGtÔijv�L�WMXÆi�u:x�WMs�X[JML?X�~�t�knL	XYt�JMX�rMsyJMxGt
ilv�v�uwJqgjg�A�F�W�~�knmokns���H�v�ihL�r�X�t�kÆTVgjWqJML:JqglrqWMs[ihX�tGuåt�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°@Ü2R-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�kV¼�½c¾ � T ¸ ���ºÀ�¥,§%»§��JqglrqWMs[i�XYtGuwv�A
JML > v�x�k�UyXYs[Jqg
i�LGz�WMs�uwJMX[ijWML�X[W = k&U.WMu:xGHGXyk.N�A

È�tOkÔz�JqUyXwX�t�JMX�X�t�k��oH�JqgjihX > WMzSX�t�k�¼�½c¾ � T ¸ ���ºÀ�¥,§%»§��WMs[Ndkys[ihL�rqv:mqJMs[ilk.vwgli�X�Xygjk
~�ihX�tQXYt�k�L�HGu = knsEWMz�gjknmok�gjv¥»üihL�NGilU�JMX[k.v�X�t�JMXEX�t�k�u�H�ghX[ilgjknmok�gdxds[W�U�k�v�v = JqvYk.N�WMLÑX�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�kÆv�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�LOrÑX�t�k:F >�= s[ijNòJqgjrqWMsyi�X�tdu�AQ÷øL�z{JqUnX���~�k:U�WMH�gjNòH�v�k)X�t�k
�oH�JqgjihX > WMzíX�t�kV¼�½�¾ � T ¸ � � §�»§� JqgjrqWMs[ihX�tGuÜXyW�u�k�Jqv�HGsykÆXYt�k&��H�JqglihX > WMz�XYt�k�u�H�ghX[ijglknmok.g
v�U�t�knuwk = Jqv�k.NÔWML�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�TÔ~EJ.moknzÁs[WML?XKz�WMsKX�t�ke¼�½c¾ � T ¸ �
¨�}a§%»§�|JqglrqWMs[ihX�tGuýA	÷øX�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�ÈEt�ijv)ilv�ihL
U�WML�X�syJqv�X|XyWQC�ilrMHGs[k:°q°o�<JML�N�i�L�NdijU�JMX[k�vÆXYt�JMX&X�t�k)k�NGrqkyóøU�WqglgjJMx�vYi�L�r = Jqv�k�N�u�H�ghX[ijglknmok.g
JMxGxGsyWqJqU�t	uwJ > L�WMX = kÆJ = 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

È�tOk�������X[i�uwk�v
U.WMu:x�JMs[ilv�WML�v
z{WMs�X�t�k�TVglWqJML��.X�t�k�F >?= s[ilN|JMLON�¼�½c¾ � T ¸ ���ºÀ�¥,§%»§�
JqglrqWMs[i�XYtGuwv�JMs[k&rqihmokyL�ihLÑC�ilrMHGs[kS°a³pA2ÈEt�kV¼�½�¾ � T ¸ ���ºÀ9¥D§�»§� JqgjrqWMs[ihX�tGu L�k.k�NGvEWML�g >
t�Jqghz«XYt�kw�����"X[ihu�k)WMzEX�t�k)F >?= s[ilN JqglrqWMs[ihX�tGuýA	C�WMs�v}u�Jqglg/»ò�íihXSijvSv�gjilrMt?X[g > uwWMs[k
kn��x�knL�v�ihmok�X�t�JML � `q� H O����ºÀ9¥D§�»§� = k.U�JMH�v�k�WMz�X�t�kÆky�?X�s[JSU.Wqv�X Jqv�vYW�U�ijJMXyk.N:~�ihX�t:H�v�ihL�r
X�t�k&F >?= s[ilNÑJqglrqWMs[i�XYtGu WMLÑX�t�k4U�WqJMs[v�k�v�X�rMs[JMxGt<A

È<J = gjkÞ°Þglijv�XyvÑX�t�k ¬�f�TÝ~EJ.moknzÁs[WML?X[v�z{WMs§X�t�kòF >�= s[ijN�� � `3� H O����ºÀ�¥,§�à��ÑJML�N¼�½c¾ � T ¸ ���ºÀ�¥,§�àÞ�:JqglrqWMs[i�XYtGuwv�z{WMs�k�JqU�t�WMz�X�tOkÔXyk.v�XÔxGs[W = glkyuwv�WMz)WMs[NGknsÑrMs[k�JMX[kns
X�t�JML¥°a±q±q±q±pAØÈ�t�k�v�uwJqglgjk�v�Xw~�J�mokyzÁsyWML�XÑz�WMs�k.JqU�t xGs[W = glkyu �{JML�NÝXYt�Wqv�k�~�ihX�t�ihL-³
x�kys4U�kyL?X4WMz«XYt�k�v�uwJqglgjk�v�Xn��JMs[k)rqihmokyLòihL = 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�TÔ~EJ.moknzÁs[WML?X[v��
X�t�k�ihs = knt�J.mpilWMHGsKWML�i�LONGi�mpilNVH�Jqg�uwJMX�s[ilU�k.v&U�JML NGi$#
kns�v�ilrML�ih��U.JML?X[g > A�È�t�ilv4ijv4X > x�ilU.Jqg
WMz�t�knHGs[ilv�X[ilUyó = Jqv�k.NòJqgjrqWMsyi�X�tdu�vBJML�N��íz{WMs:J�rqihmokyL xGsyW = gjknuý��~�tOijU�t JqglrqWMs[ihX�tGuà~�ilgjg
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Sloan

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

Hybrid(EC,infinity)

C�ilrMHGs[kB°M´�Ü«R¥U�WMu:x�JMs[ilv�WMLÑWMz�X�tOk|¬�f�T�~EJ.moknzÁs[WML?X�z{WMs�X�tOkKTVglWqJML��VX�t�k4F >�= s[ijNÔJML�N
X�t�kV¼�½c¾ � T ¸ �x¨:}a§%»§��JqgjrqWMs[ihX�tGuwv�A
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matrix order (number of matrices)

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

Hybrid(MIV,infinity)

C�ilrMHGs[k)°a³�Ü�RåU.WMu:x�JMs[ilv�WML§WMz�X�tOk�������X[i�uwk�v�z{WMs�X�tOk�TVglWqJML��dX�tOkKF >?= s[ilN�JML�NÑX�t�k¼�½c¾ � T ¸ ���ºÀ�¥,§%»§�«JqglrqWMs[i�XYtGuwv�A
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È<J = glkå°@Ü ¬�f®TÜ~EJ.moknzÁs[WML?X[vÝz{WMs X�t�k0F >?= s[ilN��ýX�tOk � `q� H O2�#�ùÀ�¥,§�à��ÝJML�N X�t�k¼�½c¾ � T ¸ ���ºÀ�¥,§�àÞ��JqglrqWMs[i�XYtGuwv�WMLÑuwJMX�s[ilU�k.vEWMz�WMs[NGknsp± °a±q±q±q±pA
÷ NGknL�Xyi���kns WMsyNGkys F >�= s[ijN � `3� H O����ºÀ�¥,§�à�� ¼�½�¾ � T ¸ ���ºÀ9¥D§Gà��
v}t�HGXYX[gjk k�NGN > °a±qªo´MÙ Öo´?A ÕqÕ ç6ú��ÎÓ�Ó Ó6û���æGÓ
= U�v�v�X�öO°Mß °a±qÙoßMª Â�Â�ç�� ç�É Â�Â6û��Îç�É ´Mªq±pA Ùq³
= U�v�v�X�öO°a× °q°aÙqªq× ´M×q×pA ´Mª ¼]û
æ6�ÎÂ�Ó ¼]û�Ó�� É
æ
= U�v�v�X�öd´MÙ °a³qÙqÙo´ ³q±?°oA ÕM± ¼]û�Â��ÁæVÚ ¼]û�Â���æVÚ
= JMs�X�t
Õ °MÕMÖq±qÖ èGÚZ�ÎÂ6ú Ùoß?Ah°q° Ùoß?A ßqÕ
x�NGv.°a± °aÖoÕqÕM× Ó�ç�ç��âûGÚ Öq×q±pAD³qÖ Öq×q±pA ³qÖ
U�WMxGX[kns�° °Mßq´q´q´ ªq±?°oA ±qª É
æ�ú��ÎÉ�É É
æGè�� Â
k�ªq±Ms[±q±q±q± °Mßq´M×?° ¼Vç�Â��âûGÚ ¼Vç�Â��ÎÉ�è ¼Vç�Â�� ÉGÚ
� s�x�glJMXn´ °a×q±?°a± ÂGÚ�ÚZ� ç�¼ ´qÕMªpA�°aÖ ´qÕqÕ?A ×qª
XyJML�NGknu m?X�� °a×qªoÕMª Â�è�è�� ç�Â Â�è
æ6�ÎÉ6ú Â�è�Â��âú
æ
z�WMs[N
° °a×oßq´M× û6û��jÚ
Â °a±q×pADÙoÕ °a±qÙpA ÕMÖ
= U�v�v�X�öp³q± ´M×qÙo´Mª É6ú�É��âú�É Â6û�ç��bû6û ³o´o°oA ³q±
ÈEtGs[k�JqN ´MÙoßM³qÖ ¼Vè�Ó
æ6�lÚ�Ú °aÙqªq±pAÇ´M× ¼Vè�çGÚZ� è�Ó
= U�v�v�X�öp³?° ³oÕqÕM×q× ßqÕM±pA ×?° Ó�Â�ç��{¼]û ÕqÕM×pA ±qÙ
�dL�JML�U�ka´qÕMÖ ³oßM³oßMÖ °MßMÙpAh°a× °a³q±pADªo´ ¼�¼Vç��âû�Ó
= U�v�v�X�öp³o´ ªqªqÖq±qÙ Ú�æ
¼�� èGÚ ÕqßM×pADÙq± Ö?°a×pAh°q°
v}öVihs�X ªoÕM³qÖ?° ç�Â�¼���æ�æ ßM³q×pADÖo´ ßMªq³pA ÕMÙ
LOJqv�Jqv�s = ÕMªq×oßM± É�É�ç�� èGÚ ³qªqªpADÖoß É�É
æ6� Â6û
T?s = ° ÕMªqÙo´Mª É�Â
æ6��æVÚ É�É�É��ÎÉ6û É�É�Â��lÚ
è
U�WMxGX[knsn´ ÕqÕMªoßMÖ ÕMÙoß?A ßMÙ ßq´MÖpAD±q± Ó
æGÂ�� è6û
�dL�JML�U�kaÕo°M´ ßMªoßqÕq´ °a³oß?Ah°aÖ ¼�¼�ÚZ�ÎÓ�è °M´qß?A ´o°
WMLOkys[J NVH�Jqg ×oÕqÕMÖoß Ó�ç�É���¼�Ú ÖqÙoß?ADÖoß Öq³o´?A ÙqÙ
XyJML�NGknu NVHOJqg Ùqªq±qÖqÙ ªoÕo°oA ×q³ Ú
É�ç��ÎÉ
æ Ú�Ú�ú��lÚ
ç
f§È&° ÙoßqÕqßM× °a±q³oÕ?A ±q× °q°a×oß?ADÙqÖ û
æ
¼��âû�É
z�WMs[N�´ °a±q±?°aÙqÖ É6ú�Ó��âú�Ó ³o´qß?AÇÕM× ³qªq³pA ³?°
T?t�i�xOv�k.Ue° °aªq±q×oßMª °aªoÕq´?A ßqß °aÖqÖqÖpAD±oÕ ¼�Ú
ÉGÚZ��æ�æ
CGHOgjg = °aÙqÙ?°a×oß ¼Vè�ç
æ6�âú6û °aÙoÕqÕ?ADÖqÖ °aÙqÙo´?A ªoß
C�U�WML�NVx�´ ´M±?°a×o´q´ °Mßo°a³pA ×o´ ¼VÓGÚ
Â��{¼Vè ¼VÓ�Ó6û��âû�É
È�s[Wqgjg ´o°a³qªoÕM³ ³qÖoÕqß?A ªq³ Â�ÉGÚ
É��Îç�è ´M×q×oß?A ßMª
F�Jqghz = ´q´MªqÖ?°Mß ¼VÉGÚ�æ6�âûGÚ °aªq³?°oAD±qÙ °aªq×qÖpA ´MÖ
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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�N7���\��

����
�AÛ 3 Û Ï,6Í:DC�<?>@<Bü,<?>«âæAZü¡>@Î�6»Ö»ú=Ð?>@<xÐB6²üo6ÍÐ¡ÑoÐBÔoAÒÕ�<?>@Î=Ö
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 JýuwJM�pi�uwJqg
ihL�NGknx�knL�NGknL?X)mokys�Xyky��v�knXÑrqihmok�vQWMs[NGkns[ihL�rqvwWMzKU�WMu:x�JMs[J = glk§��H�JqglihX > X[WòX�t�k�F >?= s[ilN
JqglrqWMs[i�XYtGuý� = HGX�ilv®vYijrML�ih��U�JML�Xyg > z{Jqv}X[kysMA È�t�ilv§v�k�UyX[ilWML ky�?x�glWMs[k.v§X�t�kòu�H�ghX[ijglknmok.g
JqglrqWMs[i�XYtGu zÁHds�X�t�kns =?> v�X�H�N > ihL�r�i�XyvývYkyL�vYi�X[ihmpi�X > X[W�X�t�k�U�t�WqijU�k�WMzwJÝL?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�Ü�È�tOkKk�#
k.UnX&WMz�X�t�k4U.WqJMs[vYk.v�X&rMsyJMxGt�WMs[NGkns[i�LOr)WMLýXYt�k|¬�f�TQ~EJ.moknzÁs[WML?X&WMz
X�t�k u�H�ghX[ilgjknmok.gpJqgjrqWMsyi�X�tdu�A<È�t�k � `q� H O����ºÀ9¥D§Gà���JqgjrqWMsyi�X�tdu"ilv�H�v�k�N�� = HdX�~�i�XYt:WML�g >
WML�k4~�k�ijrMt?X&x�Jqihs)�{U�t�Wqv�knL�zÁs[WMu��{Öqª�§n°M�n� �	�«� �Î� °@§�Öqªo���n��WMs�X�~EW	~Ek�ijrMt?X�x�Jqihs[v�� °@§[´q��JML�N
� °aÖ�§n°M�nA«R�glg�s[k�v�H�ghX[v«syk.glJMX[ihmok5X[W � `q� H O����ºÀ�¥,§�àÞ� ~�i�XYtÑX�t�k&~�k�ilrMt�X�xOJqi�s[vS�ø´�§y°M�EJML�N
� °aÖ�§n°M��WMLÑX�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|TpgjWqJMLÔJqgjrqWMs[ihX�tGu+� � `q� H O2�#�ùÀ�¥,§�à����«JMLONQX�t�k&F >?= s[ilN
JqglrqWMs[i�XYtGu �3¼�½�¾ � T ¸ ���ºÀ9¥D§Gà���� > ilk.glN:WMs[NGkns[ihL�rqv�WMz�v�i�uwilgjJMs��oH�Jqgli�X > A�C�WqglgjW�~�ihL�r|¬�k�ilN
JML�N�TVU.WMXYXQôÇ´q´�õ��<i�LòX�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)�ø´�§n°M�5JML�N � °aÖ�§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�#
k.UnX4WMz2HOv�i�LOr�J�v�i�LOrqgjk�x�Jqihs4WMz�~�k�ijrMt?X[v�AK÷øz�~�k)rqknL�kns[JMX[k�WML�g > WML�k
WMs[NGkns[ihL�r = JqvYk.NwWML�J)v�ihL�rqglk�x�Jqi�sÆWMz<~Ek.ilrMt�Xyv|�{U�t�WqvYkyL�JMuwWML�rÑ�{Öqª�§n°M�n��� °aÖ�§y°M�.�
��ª�§y°M�n�
�ø´�§n°M�n�í� °@§n°M�n�2� °@§[´q�n�í��°@§}ªo�n�2��°@§y°aÖo��JML�N � °@§�Öqªo���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�rMtÑX�t�k&NGi$#
kns[kyLOU.k
ilv5H�v}H�Jqgjg > glk.vYv5X�tOJML�°a±�h�A�÷�zEihL�v�X[k�JqN§WMz2XYt�k�X�~EW�xOJqi�s[v)�ø´�§n°M�&JML�NÞ��°@§y°aÖo�n�O~Ek�H�v�k
� °@§[´q�«JML�N§� °@§n°aÖo�n��X�t�k�NGi$#
kns[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�AÆR�v�X�t�k
U�WqJMs[v�k�v�XwrMs[JMxGt U.JML = kQWMsyNGkysyk.N�mokns > �oH�ilU�öVg >�= k.U�JMH�v�k�WMz4i�X[v)v}u�Jqglg�v�ilù�kq�«ihz4i�X:ilv



· ·wï2ð§¹2ì ë µ ) òòì�¹«º2ï2ò�¸�º ´qÕ

ihu	x�WMs�XyJML�X�X[WÔW = X[JqihLýXYt�k)v�uwJqgjglk�v�X&x�WqvYv�i = gjkK~EJ.moknzÁs[WML?X���ihX5uwJ >ý= kK~EWMs�X�t?~�t�ilglkKX[W
X�s > J)L?HGu = kysÆWMz�NGi$#
kysykyL?X�~Ek.ilrMt?X[v�JML�NÑU�tOW�Wqv�k&X�t�k = k�v�X�WMs[Ndkys[ihL�r)JMuwWML�r�X�tOkyuýA
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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°MÕ�Ü«È�t�k4k�#
k�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.moknzÁs[WML?X«WMz�XYt�k2uBH�g�Xyijglkymok�g?JqgjrqWMs[ihX�tGu � `q� H O����ºÀ�¥,§�àÞ�.A�È�tOk�v�k�U.WMLON
x�Jqihs�WMzp~�k�ilrMt�X[v�ilv��G�pk.N4JMX���°aÖ�§y°M�nA�R�glgqs[k.v}H�g�XyvOJMsykísyk.glJMX[ihmok<X[W�X�t�k�F >?= s[ilN4JqgjrqWMs[ihX�tGuýA

¡ k2tOJ.mok�Jqglv�W�glW�WMöok�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[JqrqkÆWMzOXYt�k«u�HOg�X[ilglkymok�gVJqglrqWMs[ihX�tGuýA�÷�LwJqglgVX�t�k
kn��x�kns[i�uwknL�Xyv�s[kyx�WMs�Xyk.N�v�Wwz{JMs��O~Ek�H�v�k�NýXYt�kK~Ek.ilrMt�X4x�Jqihs[v)� °@§[´q�5JML�N�� °aÖ�§n°M�nA�È�t�ilv
U�t�WqilU.kBWMz2~Ek�ijrMt?X&x�Jqi�s&~EJqv5syk.U�WMu:u�knL�NGk�NÑihL�¬�k.ilN�JML�N�TVU�WMX�X:ô ´q´aõ<z�WMs5XYt�k�F >?= s[ilN
JqglrqWMs[i�XYtGuý��~�t�kns[k�ihX«~EJqv�JMs[rMHOk.N:X�t�JMX J�glJMs[rqkns;Ý � i�L��øÕq��ijv�xGs[knz{kns�s[k�N�~�t�knL õ ��T���ilvWMzGrqW?W?NK�oH�JqgjihX > A�C�ilrMHGs[kE°MÕ�ijglghH�v�X�s[JMXyk.v�X�t�k�k�#
k�UyXíWMzVmqJMs > 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�LOrÑrqi�moknL =?>|� `q� H O����ºÀ9¥D§Gà��nAÑ÷�LòX�t�ilv|kn�?x�kns[ihuwkyL?X��
X�t�kÆv�k.U�WML�N)x�Jqihs ijv��G�pk.N:JMX&� °aÖ�§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°aÖo�nA ¡ k v�k�k2XYt�JMX<J�~Ek.ilrMt�Xíx�Jqi�sE�¦Ý } §jÝ � ��~5i�X�tSÝ � v�glilrMt�X[g > gjJMs[rqkns<X�tOJMLWMs�k��oH�JqgOXyWtÝ } ilv = knL�ky�OU.ilJqg{A<÷øLÑrqknL�kysyJqg{��X�t�k�~Ek.ilrMt?X�x�Jqihs[v|��°@§y°M�n��� °@§[´q�«JMLON®� °@§�ªo�
Jqglg�rqihmok«vYi�uwilgjJMsí¬�f®T&~�J�mokyz�s[WML�Xyv�A ¡ k«tOJ.mok Jqgjv�W�glW?WMöok.N)JMX�X�t�k k�#
k�UyXíWMzGmqJMs > 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 =?> ¼�½c¾ � T ¸ �#�ùÀ�¥,§�à��n�
JML�NQz�WMHGL�N�XYt�JMX�X�tOk|v�JMuwk&U�WML�U.ghH�v�ilWML�U�JML = k&NVs[J.~ÆL�A

¡ kýtOJ.mok v}X[JMX[k�NÝX�t�JMX�X�t�k§H�v�k§WMz�mokns�X[kn�Ý~Ek�ijrMt?X[vQt�JqvÔJ�L�k.rqJMXyi�mok�k�#
k�UnX�WML
X�t�k��oH�Jqgli�X > WMzSWMHGs�uBH�g�Xyijglkymok�g�JqglrqWMs[i�XYtGuýA È<Wòijglg�HOv�X�s[JMX[k�X�t�ilv���C�ijrMHGsyk�°aÖ�v�t�W�~�v
X�t�k4¬�f�T	~EJ.moknzÁs[WML?X�z{WMs � `q� H O����ºÀ�¥,§�àÞ�EJML�N � `q� H O��x¨�}a§�à��n�p~5i�X�tÔJML�NÑ~�ihX�t�WMHGX
mokns�X[kn�ý~Ek�ijrMt?X[v�AÑ��glk.JMsyg > ��z{WMs = WMX�t�JqgjrqWMs[ihX�tGuwv&X�t�k�H�vYk	WMzÆmokys�Xyky��~Ek.ilrMt?X[vKU�JMH�v�k�v
JÑNGknX[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�ò~�k�ilrMt�X[v)X[W§X�t�k�U.W?NGk^�9���! òi�L X�tOkQJMs�s[J >ÿþ Ð��cÔÞ�{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[�nA2�9���! �s[k��oH�i�syk.v þ Ð���Ô����\Ô��|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���\Ôd�p~Æt�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 > �ø´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�NÑihLÑX�t�k�u�HOg�X[ilglkymok�g
JqgjrqWMs[ihX�tGuýA
C�WMswky�pJMu:x�glkq�2mokns�X[ilU.k�v:i�L XYt�kÑU�WqJMs[v�k�rMs[JMxGt�s[k�v�H�ghX[ihL�rÑzÁs[WMu X�t�k�k.NGrqknóøU�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 > �ø´q���nA<È�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��9���� SXyW)JqNVmqJML?X[JqrqkqA
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Hybrid
Sloan(MIV,infinity)

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

Sloan(EC,infinity),  but utilizing vertex weights

C�ilrMHGs[k�°aÖ�Ü§È�t�kÑk�#
k.UnXwWMz&H�v�ihL�rýmokns�X[kn��~Ek.ilrMt?X[v:WMLÞXYt�kÑ¬�f�T ~�J�mokyz�s[WML�X�WMz&X�t�k
u�H�ghX[ilgjknmok�g	JqglrqWMs[ihX�tGuwv � `3� H O����ºÀ�¥,§�à�� JML�N � `q� H O��x¨:}a§Gà��nA R�gjg:s[k�v�H�ghX[v JMs[k
s[k�gjJMXyi�mok&X[W�X�t�k&F >?= s[ilNÑJqglrqWMs[i�XYtGuýA

C�ihL�Jqglg > ��JqvQNGilv�UnH�v�v�k�N�i�L TVk�UyX[ilWML7ªpAÇ´?��X�t�kÑuwWMs[k�v�WMxdt�ijv}X[ijU�JMX[k�N�JqgjrqWMs[ihX�tGu WMz
¬�H�rqk JML�N)T�XYH = kyLwô ´M³Mõ?z{WMs�vYk.glk.UnX[ihL�r�X�tOkíuwJM�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�tGuýABÈ�tOk�z{WMs�uwkys&X[knL�NGv�X[W > ilk�gjN�J�uwWMs[k�HGLOi�z{WMsYuûNGilv�X�s[i = HGXyijWML
WMz�¥ ð 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�tGuý��U�WqJMs[v�k�mokns�X[ilU�k.v�JMs[k�vYk.glk.UnX[k�N =�>
uwJM�Vihuwijù�ihL�r	XYt�k�L�Hdu = kysSWMz«LOk.ilrMt = WMHGsyv|ihLá¥ ñ JML�N ¥ ï 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�vYkÆuwJMX�syijU�k.vEWMLÑX�t�k&U�WqJMs[v�k4rMs[JMxGt�vaA2È�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�vò������X[ihuwk X�t�JMLåX�t�k rMs[k�k�N > JqgjrqWMsyi�X�tdu�A È�t�ilv�ijv�ijglghH�v�X�s[JMXyk.N0ihL
C�ilrMHGs[kÔ°Mß?��~Æt�kysyk � `q� H O����ºÀ�¥,§�àÞ��ilv)U�WMu	xOJMs[k.N�~5i�X�t � `q� H O2�#�ùÀ�¥�wq§Gà��n�<~�i�XYt
X�t�kògjJMXYX[kysýNGkyLOWMX[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�LOrÞX�tOk�u�JM�pihu�JqgBi�L�Ndkyx�knL�NGknL�X§v�knX�A � `q� H O2�#�ùÀ�¥,§�à��ýU�glk.JMs[g > X[JMöok�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 ¡ kÝtOJ.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�Jqgíi�L�Ndkyx�knL�NGknL�X�vYkyXSWML
X�t�kV¼�½c¾ � T ¸ ���ºÀ�¥,§�à��2JqglrqWMs[ihX�tGuý�pJMLON�z{WMHGLON�X�t�JMXÆX�t�k&v�JMuwk|U�WML�U�g�HOv�ijWMLÔJMxGx�glijk�v�A

TVW)z{JMsM�p~Ek5t�J�mok = k.knLÑH�vYi�L�r�XYt�k|¬�f�T�~EJ.moknzÁs[WML?X�X[W:U�WMu	xOJMs[k5XYt�k|JqglrqWMs[ihX�tGuwv�A
¬�k�v�H�ghX[v = Jqv�k�NÝWML7X�t�kQxGsyWM��gjk�v:t�J.mok�L�WMX = k.knL rqihmoknL NVHOkÑX[W�v�x�JqU�k�gli�uwihX[JMX[ilWML�v��
JqghX�t�WMH�rMt:X�t�k�vYJMu�k�U�WML�U�g�HOv�ijWMLOvíuwJ >)= kÆNVs[J.~ÆLQihz
X�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°Mß�Ü2R-U�WMu:x�JMs[ilv�WMLÑWMz�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 � `3� H O����ºÀ�¥,§�à��Bilv = Jqv�k�N WML
X�t�k�¬�HOrqk�JML�NQT?X�H = kyL:JqglrqWMs[ihX�tGuûôÇ´M³qõøA � `q� H O����ºÀ9¥,w¬§�àÞ��ilv = JqvYk.NwWMLQX�tOk�rMs[k�k.N >
JqglrqWMs[i�XYtGuýA|R�gjg<s[k�v�H�ghX[v�JMs[kSs[k.glJMX[ihmok�X[W:X�t�k�F >?= s[ilN§JqgjrqWMs[ihX�tGuýA|È�tOk�gjknzÁXX½§JM�pijv&ilv
H�v�k�N�z�WMs�¬�f�T	~EJ.moknzÁs[WML?X�� ���u� n���JML�N�xds[WM��glk.�VX�t�k�s[ilrMt�X~½QJM�pijvEz{WMs&�����-X[ihuwkqA

WMz�WMs[NGkns[ihL�r)�oH�JqgjihX > A�C�ilrMHGs[kB°Mß	ihL�U�g�H�Ndk.v�XYt�k5xds[WM��glk5z{WMs�XYt�k � `3� H O����ºÀ�¥,§�à���JML�N� `q� H O����ºÀ9¥:w¬§�àÞ�EWMs[NGkns[i�LOrqv�s[k�gjJMX[ihmok|XyWBXYt�kKF >?= s[ilNÑWMs[NGkns[ihL�rqv�A�R�v&U.JML = kSv�k.knL��
X�t�k�X�sykyL�Nwz{WMs�X�tOkÆxds[WM��glk|ilv�mokns > vYi�uwilgjJMsEX[W�X�t�JMXÆWMz<X�t�k4¬�f�T	~EJ.moknzÁs[WML?X�A

� » $43�;��[��*��}$43�*81&3�9��)�K����%O�Ü/ $&%o1
ú�kn~ u�H�ghX[ilgjknmok�gMs[k.WMsyNGkysyi�L�rEJqgjrqWMsyi�X�tdu�v
z{WMs�u�ihL�ihuwijv�ihL�r�X�t�k�xGs[WM�Ogjk�JML�N4~�J�mokyz�s[WML�XíWMz
v > u:u�knX�s[ilU�uwJMX�s[ilU�k.v�t�J�mok = k�kyLSU�WML�v�ilNGkysyk.N&ihL|X�tOijv
x�JMx�kysMA�R�L�HGu = kns�WMzVJMxdxGs[WqJqU�t�k�v
t�J�mok = k�kyLSihL�mok�v�X[ilrqJMX[k�N�A�R u�H�ghX[ilgjknmok.gqJqglrqWMs[ihX�tGuý�aU.WMu = i�LOi�L�rEJ�U�WqJMs[v�knL�i�LOr�v�X�s[JMXyk.r >
= Jqv�k�NQWML�X�t�k�uwJM�pi�uwJqg�ihL�NGknx�knL�NGknL?X�v�kyXE~�ihX�t�XYt�k&TVglWqJMLÑWMs�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�WMz
vYi�uwilgjJMs��oH�Jqgli�X > XyW5X�tOJMX�WMz
X�t�k = k.v�X2ky�pijv}X[i�LOr5JqglrqWMs[ihX�tGu �ÁX�t�k F >?= s[ilN)JqgjrqWMs[ihX�tGu WMz�þ5Hdu	z�kys�X2JML�N)�<WMX�t�knL�ô�°Mß�õ��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�XYtGuýA ¡ 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�WMzíX�t�k4F >�= syijNÑJqglrqWMs[ihX�tGuý��~�ihX�t�WMHGXEs[k.�oH�ihs[ihL�r
JML > v�x�k�UyXYs[Jqg
i�LGz�WMs�uwJMX[ijWML<A

¡ k JMs[k�ihL�mok�v�X[ilrqJMX[ihL�r�X�t�k x�Wqv�v�i = ilgjihX > WMz:zÁHGs�XYt�kysýi�u:xGs[W�mVihL�r�X�t�k�u�H�ghX[ijglknmok.g
JqglrqWMs[i�XYtGu�vYWýX�tOJMX:i�XwU�WML�v�ilv�X[knL�X[g > WMHGX�x�kysYz{WMs�uwvKX�t�k�F >�= s[ijN JqglrqWMs[ihX�tGuý� = WMX�t ihL
X[kns�uwv�WMz<�E�2� X[ihu�kÆJML�N:WMs[NGkns[i�LOr|�oH�Jqgli�X > A ¡ k = k�glijknmok�X�t�JMX�X[W4JqU�t�ilkymok�XYt�ijv�rqWqJqg
ihX
~�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
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JMs[k�glW�WMöpi�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�AÔR�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�tGuûWMLòX�t�k
U�WqJMs[v�k�v�X4rMs[JMxGt§JML�N�X�t�knLÑX[WwglW�WMö�JMX&X�syJML�v�glJMX[i�LOr	ihu:xGs[W�mokyuwknL�X[vÆi�L§X�t�kS��HOJqgjihX > WMz
X�t�kÔWMs[NGkns[i�LOr®WML X�t�kÑU�WqJMs[v�k�v�X�rMs[JMxGt ihL�X[WòU.WMsYs[k.v}x�WMLONGi�LOrýihu:xGs[W�mokyuwknL�X[v:WML X�t�k
WMs[ilrqi�LOJqgO�GLOk|rMs[JMxdt�A

÷øX|uwJ > Jqglv�W = k�x�Wqv�v�i = glkKX[WÑkn�?X[kyLONýWMHdsKu�H�ghX[ilgjknmok�g<JMxGxGs[WqJqU�t�X[WQXYt�k)WMs[NGkns[ihL�r
WMz�HGL�v > u:uwkyXYs[ijU�uwJMX�syijU�k.v4z{WMs)H�v�k:~�ihX�t�zÁsyWML�X[Jqg v�Wqghmokysyv�A®È�t�ilvK~�ilgjg = H�ilgjNòWML X�t�k
~EWMs�ö WMz5TVU�WMX�XQôÇ´Mªqõ«WML�s[W.~ÜWMsyNGkysyi�L�rÔJqgjrqWMs[ihX�tGuwv4JML�N X�tOkB~EWMs�ö�WMz�F�H���f§JqrMH�i�sykq�
JML�N % glJMöokQô�°M´Mõ<WMLòJMxGx�g > ihL�r:J	uBH�g�Xyijglkymok�g�JqglrqWMs[ihX�tGu z{WMs&s[k�WMs[NGkns[i�LOrBHdL�v > u	uwknX�s[ilU
uwJMX�s[ilU.k�v�ihL?X[W = WMs[NGkns[k.N:z{WMs�uýA

� ! ;21S3K$������ 9�#��E(û��3&�
*

¡ k«~EWMH�gjNBgjihöok2XyWÆXYt�JMLGöS÷�JqihL)¨�H²#wJML�NKP?WMtGL)¬�k�ilNKz{WMs<t�k�ghxGzÁH�goU�WMu	uwknL�Xyv�WML)J&NVs[JMz�X
WMz X�t�ilv�x�JMx�kys�A ¡ k)JMs[k)Jqglv�WQrMs[JMXykyzÁHOg�X[WÔ�«tGs[ilv�X[ilJML§¨&JMu	tOJMH�rQJML�Nòÿ|JMs > þ5Hdu	z�kys�X
z{WMs�v}HGxGx�g > ihL�r�vYWMu�k&WMz<XYt�k5Xyk.v�XExGs[W = glknu�v H�v�k�NQihLÑX�t�ilv«xOJMx�kns�A
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A2ÈKA % JMs�LOJMs[N��«RSA«�<WMX�tOkyL���JML�N�FSA«¨BA�TVihuwWML�AÝR¤v�x�k�UyXYs[Jqg�JqglrqWMs[ihX�tGuàz{WMs
knL�mok�gjWMx�k�s[k.NpH�UyXyijWML WMz:v�x�JMs[v�k�uwJMX�s[ilU.k�v�A���s9�q[	��
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ôÇ´aõ)T
A.È4A % JMs�L�JMs[N4JML�NKFSAa¨BAMTVihu�WML<AeC�Jqv�X�u�H�ghX[ilgjknmok.gqihu:x�glkyuwknL�X[JMXyijWML&WMzps[k.UnHGs[vYi�mok
v�x�k�UyX�syJqg = ilv�k�UyXyijWML�z�WMs)x�JMs�X[ihX[ilWML�i�LOrQHGL�v�XYs�H�UnX�HGs[k�N®xGsyW = gjknuwv�A��D��l�Y	s9���k[	l�Y����
�=�k�@Y	��
¦Yj[X��l��! �rk�m[���

[	l�Yj[n�VÖ�Üh°a±?°"�G°q°Mß?��°aÙqÙqªpA

ôD³Mõ�¦ÆA�ÿ	A % WqghuwJML:JML�N % AqF�kyL�Nps[ijU�öpv�WML�AGR�u�H�ghX[ijglknmok.gpJqgjrqWMs[ihX�tGu�z{WMs�syk.NVHOU.ihL�r�X�t�k
knL�mok�gjWMx�k�WMzEv�x�JMsyv�k�uwJMX�s[ilU.k�v�A|È<k�U�tGL�ilU.Jqg<sykyx�WMs�X&ÙqÖMó ´o°o��T�X[JMLGz�WMs[N§��L�i�mokns[v�ihX > �
°aÙqÙqÖpA

ôDªMõ�¦ÆAí� HGX�t�ilgjg�JMLON POA�f§U�þ|k�kqAÑ¬�k�NVH�U�i�L�r�X�t�k = JML�NV~5ijNVXYt WMz�v}x�JMs[v�k:v > u:u�knX�s[ilU
uwJMX�s[ilU.k�v�A ÷øL#�=�k�IYvÿ%$'&²���(�X�N�¦ÿ)����lvi	ÿ%�*�²�Ñ��x�Jqrqk�v¢°MÕqß��G°Mßq´?AÝR���f
��H = glijU�JMX[ilWML�v��G°aÙqÖqÙpA

ôÇÕaõ�÷yAÆT
A�¨�H²#í�|P�A�þ)A�¬�k.ilN��|JML�N7P�A�RSA|TVU�WMX�X�A È�tOkýH�vYk WMz�xGsyWM��gjk�s[k�NVH�UnX[ijWML
JqglrqWMs[i�XYtGuwv®~�ihX�tÜJ-zÁsyWML�X[JqgwU�W�NGk�A � lm�¦[���l��N��

��l����,+9��s���l\���Ui	���-��s9�q[	��
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Bl�[j[	��
�l!�q�V´M×�Ü ´qÕqÕqÕ��V´qÕMÖq×p�<°aÙq×qÙpA

ôDÖMõ�RSA�ÿ4k.WMs[rqk�A/�D���U�\s��¦[	�.
B�U�\��[��q[	lm�¦�N��

��lR�´it���²[*�Dl²
��¦[	w�[���[	�q[�lm�*�q[	���²�I�eA|��t�¨
X�t�k�v�ilv���¨&kyxOJMs�X�uwkyL?X�WMz«��WMu:xGHGX[kns�TVU�ilkyL�U�k��VT�X[JMLGz{WMsyNQ��L�ihmokysyijv�X > �O°aÙoßo°oA

ôÇßaõ�úSA�ÿ|i =G= v�� ¡ A��<W?Wqglkq��JML�N �íA�T�X[W?U�ö�uwk > kys�AQR�L�JqgjrqWMs[ihX�tGu+z�WMsKs[k�NVH�U�i�LOrQX�t�k
= JML�Np~�ijNpX�t JML�N xGs[WM�Ogjk�WMz|Jòv�x�JMs[vYk�uwJMX�s[ih�
A10 � �V� +9��s9��l����U�´i2��s9�q[	��
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�;l\��� ��zj
Bz[�O°a³�Ü ´M³qÖ3�V´qÕM±p�<°aÙoßMÖpA

ôD×Mõ�úSAO¦ÆA�ÿ4i =G= v�A5R�glrqWMs[i�XYtGuûÕM±qÙ�Ü&J�t >�= syijNÑxGsyWM��gjk4s[k�NVH�UnX[ijWML§JqglrqWMs[ihX�tGuýA*�4���� �j��l²z	�@Y	��

��l²zX��l��u�N���²[��q�N��

Yj���50\�´i���gh���j[n�G´�Ü ³oßM×3��³q×oß?�<°aÙoßMÖpA
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ôDÙMõ % AÑF�knL�NVs[ilU�öVvYWML�JML�N+¬SA © k.glJML�N�A È�tOk"�«tOJqU.W ��v�kns 
 v�ÿ5H�ilNGk���mokns[v�ilWML
°oA ±pA È<k.U�tdL�ijU�Jqg s[knx�WMs�X v�JML�NdÙq³Mó ´M³q³qÙp� TVJMLONGijJàú�JMX[ilWML�Jqg © J = WMs[JMXyWMs[ijk�v��
R�glg = HO��H�kns[�oH�k���ú�f��
°aÙqÙq³pA

ô�°a±Mõ % A�F�kyL�Nps[ijU�öpv�WML JML�N�¬SA © k.glJML�N�A R uBH�g�Xyijglkymok�g�JqglrqWMs[ihX�tGu z{WMs:x�JMs�X[ihX[ilWML�i�LOr
rMs[JMxGtOv�A È<k�U�tGL�ilU.Jqg)s[knx�WMs�X�vYJML�NGÙq³Mó}°a³q±?°o�ýTpJML�NGilJ0ú�JMX[ijWMLOJqg © J = WMs[JMXyWMs[ijk�v��
R�glg = HO��H�kns[�oH�k���ú�f��
°aÙqÙq³pA

ô�°q°.õ�F&T © AÆRåU.Wqglgjk�UnX[ijWML§WMz�C�WMsYX�s[JML§U�W�NGk�v�z{WMs&glJMs[rqk�v�U�Jqglk�v�U�ijknL�Xyi���U4U�WMu	xdHGX[JMX[ilWML��
´M±q±q±pA2CGH�glg�NGkyXyJqijglv«zÁsyWMu Á7Â2Â7Ã¥Ä�Å7Å.Æ7Æ2Æ¥Ç3Ö2Î�Õ6Ê�Ì¨Ñ7È\Í Ë/Ç#ÌcË²Ç�ÍcÈZÇ�Î2Ï�Å.ÁcÉ7ËpA

ô�°M´aõK@BA�CEAOF�H���þ	A��&AOCEA
fýJqrMHOi�s[k���JML�N�¬SAdPOA % glJMöok�ASRåu�H�ghX[ijglknmok.g�HdL�v > u	uwknX�s[ilU
uwJMX�s[ih�wWMs[NGkns[i�LOr�JqgjrqWMsyi�X�tduØz�WMs�x�JMs[Jqglgjk�g�xGs[W?U.k�v�v�vYi�u�HOgjJMX[ilWML�A7�D���U�\s��¦[	��zX��l��
�2�²[	�t

Yj���� =l!��
Bl�[j[	��
�l!�q�V´M³�Üh°aÖq³?°"�G°aÖqªoß?�<´M±q±q±pA

ô�°a³Mõ)ÿ)A.þ4JMs > x�ilv�JML�N�ÙBAaþ5HGuwJMs�Aq�<JMs[Jqglgjk�gou�H�ghX[ijglknmok.gMrMsyJMxGtKx�JMsYX[i�XyijWML�ihL�rpAMÈ<k�U�tGL�ilU.Jqg
s[knx�WMs�X��Ý¨&kyxOJMs�X�uwkyL?X WMz0��WMu:xGHGXykys TVU�ijknL�U�kq� ��L�ihmokysyv�i�X > WMz-f§ihLGL�k�v�WMX[Jp�
f§i�LdL�k.JMx�Wqglijva��fýú�ÕqÕMªoÕqÕ?��°aÙqÙoÕ?A

ô�°aªMõ)ÿ)A&þ|JMs > x�ilv®JMLON ÙBAKþ&HGuwJMs�A�f�H�g�Xyijglkymok�g|ö?ó{~EJ > x�JMs�X[ihX[ilWML�ihL�r�v�U�t�knu�kòz{WMs
ihs�s[k�rMH�gjJMsBrMs[JMxGt�vaA8+���s���l����h�´i!�;���k������[��;��l\�:9�
Bz�����

�	s��¦[j�;�D���U�\s���
�l!�q��ªq×�ÜDÙqÖ3�
°M´MÙp��°aÙqÙq×pA

ô�°MÕaõ)ÿ)A«þ4JMs > x�ilv�JML�NÈÙBA�þ5Hdu�JMsMA8R¤z{Jqv�X�JML�N�t�ilrMt �oH�Jqgli�X > u�H�ghX[ijglknmok.g�vYU�t�kyuwk
z{WMs�xOJMs�X[ihX[ijWMLOi�L�rBi�s�syk.rMH�glJMs�rMs[JMxdt�v�A<0 � �V�=+���s9��l����2��l;0�Y	

[�lm��
 �hY>�D���U�\s���
�l!�q�
´M±�Ü ³oÕMÙ3��³qÙo´?��°aÙqÙqÙpA

ô�°aÖMõ % A ¡ A�þ4kns�L�ilrMt�JMLûJML�NüT
A © ihL�A R�Lük�"wU�ijknL�X t�knHGs[ilv�X[ilU-xGs[W?U.k�NVHGsyk-z{WMs
x�JMs�Xyi�X[ilWML�ihL�rKrMsyJMxGt�v�A@?©[����A0²��z��¦[��tz � [jY���ÿB+�ÿl�VªqÙ�ÜÇ´MÙ?°"��³q±q×p�<°aÙoßM±pA

ô�°Mßaõ)ÿ)A�þ&HGu:z{kns�XKJMLON�RSA��íWMX�t�knL�AÔÈ�~EW�ihu	xds[W.mok�N JqglrqWMs[ihX�tGuwv|z{WMs	kyL?mok.glWMx�k:JML�N
~EJ.moknzÁs[WML?X�s[k�NVH�UnX[ijWML<AC? �\� �G³oÕ�Üh°"��³o´?��°aÙqÙoß?A

ô�°a×MõK@BA © ihL�JML�N4P�Aa@�H�JML�A�f§ihL�ihu�HGu-xGsyWM��gjk�WMzOrMs[ijN4L�knX�~EWMs�öpv<i�LBv�X�s�HOUyX�Hds[k<JML�Jqg > vYijv�A
��s[knxGs[ihL�X��V¨&knx�JMs�X�uwknL�XEWMz�f§kyX�tOkyuwJMX[ilU.va�EDdt�knL�rqùnt�WMHÑ��LOi�mokns[v�ihX > �FDdt�knL�rqùnt�WMH��
F�knL�JML�ªoÕM±q±oÕq´?�O�<k�WMx�glk.
 v�¬�knxGH = glilU�WMz��«t�ihL�Jp�
°aÙqÙq³pA

ô�°aÙMõKPOA ¡ A<FSA © ihH�JMLON�RSAíFSA�T�t�kns�uwJML�Aý�EWMu	xOJMs[JMX[ihmok	JMLOJqg > v�ilv�WMz�X�t�k��«HGXYt�ijglghó
f§U.þ4k�k«JML�N�sykymokns[v�kÆ�«HGX�t�ilglg�óøf§U�þ|k�k�WMs[NGkns[i�LOr�JqgjrqWMs[ihX�tGuwv�z�WMs�v�x�JMs[v�k�uwJMX�s[ilU.k�v�A
0 � �V�G+�ÿH��s9�q[	�IÿI�;l�����ÿl��°a³�Ü�°aÙq×3�V´o°a³p��°aÙoßMÖpA

ôÇ´M±Mõ)ÿ)AoFSA��<JMH�gli�LOWp��÷[A�CEA�f�A�f§knL�k�ù.k�v��ef�A�ÿ4JMX�X[Jqv�va��JML�NwT
A�f�HGö?t�knsx¢�k�kqA�ú�W�NGkÆJML�N
k�gjknuwkyL?X�s[k�v�k.�oH�knL�U�i�L�r:H�v�ihL�rwX�t�k © JMx�gjJqU�ilJML WMzEJ��GLOi�X[kBk.glkyuwknL�X4rMs[JMxdt�����JMs�X
÷yA � lÍ�¦[���l��N��

��l�����+���s���l�����i	���*��s��q[���

Yj�����u[	���²�v��zª
Bl: hl��N
Bl�[j[	��
Bl!�q��³oß�Ü�°MÕo°q°"�
°MÕM³q±p��°aÙqÙqªpA

ôÇ´o°.õ)ÿ)AoFSA��<JMH�gli�LOWp��÷[A�CEA�f�A�f§knL�k�ù.k�v��ef�A�ÿ4JMX�X[Jqv�va��JML�NwT
A�f�HGö?t�knsx¢�k�kqA�ú�W�NGkÆJML�N
k�gjknuwkyL?X�s[k�v�k.�oH�knL�U�i�L�r:H�v�ihL�rwX�t�k © JMx�gjJqU�ilJML WMzEJ��GLOi�X[kBk.glkyuwknL�X4rMs[JMxdt�����JMs�X
÷�÷yA � lm�¦[	��l\����
¦��l\���5+���s9��l����Ni	���J��s��q[���

Yj�����u[«���²�I��z�
BlK =l!�N
�l�[j[���
Bl!����³oß�Ü�°MÕM³?°"�
°MÕqÕqÕ?��°aÙqÙqªpA



ì�¹6
�¹�ì�¹2·�µ2¹«º ³q±

ôÇ´q´aõKPOApþ	AG¬�k.ilNÑJML�NQPOAGRSAOTVU�WMX�X�A�­ÆsyNGkysyi�L�rBv > u:uwknX�s[ilU5v}x�JMs[v�k&uwJMX�s[ilU.k�v«z{WMs5v�uwJqgjg
xGs[WM�OgjkÑJMLONÝ~EJ.moknzÁs[WML?X�A � lÍ�¦[���l��N��

��l����L+9��s���l\���oi	���/��s9�q[	��
¦Yj���¥�u[	���²�v��z·
Bl
 =l!�N
�l�[j[���
Bl!����ªoÕ�Ü�°MßM³oß��G°MßqÕqÕ?�<°aÙqÙqÙpA

ôÇ´M³MõKPOA ¡ A�¬�H�rqk�JML�Náþ	ABT�XNMH = kyL�A R�glrqk = s[JqijU�u�H�ghX[ilrMs[ilNØ�{R�f�ÿS�nA ÷øLÜT�ASCEA
f§Ua�EWMs�uwijU�ö���k.NGihX[WMs�����s�� ��
��N��

� �u[«���²�I��z[��moWqghHGuwk:³ÑWMzpíÍ�k��lm��
¦[���z.
BlO���@�\� 

[j��u�N���²[��q�N��

Y	z[�oxOJqrqk.v�ßM³3�G°a³q±pA�TV÷�R�f��G��t�ijglJqNGk�g�xdt�ijJp���
RS��°aÙq×oß?A

ôÇ´MªMõKPOA�RSAíTVU�WMX�X�A�RáLOky~ s[W.~ÜWMsyNGkysyi�L�rÔv�X�s[JMX[k�r > z{WMsSzÁs[WML?X[Jqg�v�Wqg�mokns[v�A���s9�q[	��

Yj���
�ß
�l�[j���J�©� �![v���k�qg,
����K���@�\� 

Yj�N��

��l²z[�VÖ�Üh°"�V´M³p��°aÙqÙqÙpA

ôÇ´qÕaõ�FSAM¨�AoTVihu�WML<A��<JMs�X[ihX[ilWML�i�LOr�WMzGHGL�v�XYs�H�UnX�HGs[k�N�xGs[W = glkyuwv�z{WMs<x�JMs[Jqglglk.goxGs[W?U.k�v�v�ihL�rpA
�D���U�\s��¦[	�70²��z��¦[��tza
Bl/ =l!��
Bl�[j[���
Bl��q�V´�Üh°a³oÕ��G°aªq×p�<°aÙqÙ?°oA

ôÇ´MÖMõ)T
A ¡ A<TVgjWqJML<A�R�L�JqglrqWMs[i�XYtGuûz{WMs4xGs[WM��glk)JML�N�~�J�mokyzÁsyWML�XSs[k.NpH�UyXyijWML�WMz�v}x�JMs[v�k
uwJMX�s[ilU.k�v�A � lm�¦[���l��N��

��l����J+���s9��l����Òi	���K��s��q[���

Yj���¤�u[	���²�I��z�
BlP =l!��
Bl�[j[���
Bl��q�
´M³�Ü ´M³qÙ3�V´qÕo°o��°aÙq×qÖpA

ôÇ´qßaõ)�&A ¡ Jqglv�t�J�~S�Sf�A|� s[Wqv�v��KJML�N�f�AÆ¦�mokns[kyXYX�A ¨ > L�JMuwijU uwk�v�t0x�JMs�Xyi�X[ilWML�ihL�r�Ü
J HGL�ih��k�N-WMxGX[ihuwijv�JMXyijWML0JMLON0gjWqJqNVó = JqgjJML�U�ihL�r�JqgjrqWMs[ihX�tGuýAûÈ<k�U�tGL�ilU.Jqg&s[knx�WMsYX
ÙoÕRQMihuKQM±qÖp����L�ihmokys[vYi�X > WMz«ÿ5s[k�kyL?~�ilU�t�� © WMLONGWML§TV¦E°a×:Öq��CE�p��þ	�O°aÙqÙoÕ?A
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È<J = glkS´�Ü ÈEt�k|v}H�i�Xyk|WMz�X[k�v�X�xds[W = glkyuwv�A ����� n�ijvEX�t�kKihL�ihX[ilJqgO¬�f�T�~EJ.moknzÁs[WML?X&JML�N�Ú
ilvÆXYt�k|s[JMXyijW = kyX ~�k�knL�X�t�kK¬�f�TQ~EJ.moknzÁs[WML?X[v = kyz{WMsyk|JML�N§JMzÁXykys�s[k�WMs[NGkns[ihL�r)~�ihX�t�X�t�k
F >?= s[ilNÑJqgjrqWMsyi�X�tdu�A

÷ NGknL�X[ih��kns ¯ ¥^¯ ¯ ¨P¯ ���u� n Ú
°q°a³q× = H�v °q°a³q× °aªoÕM× ×oß?A ±q± ÖpA ×q×
= JMsYX�t ÖqÖqÙ?° °aÙoßMªq× ´MÖoßM³pAh°q° ªo´?A ×qÖ
= JMsYX�t�ª Öq±?°aÙ °MßMªoßM³ ªq±qªpA Öo´ ß?A ÕMÖ
= JMsYX�t
Õ °MÕMÖq±qÖ ªoÕM×oßM× ´M×qªpA ³qÖ ³pA ³q×% JMH�r ÙqÖq±q± ´M³o´MÙq×q± °aªoÕMÙpA Ùq³ ÖpA ±oß
= U�v�x�~Æs[±qÖ °aªoÕMª °aÙo´M³ Õqß?A Öq× ªpA Ùo´
= U�v�x�~Æs[±oß °aÖ?°M´ ´o°a±qÖ Ö?°oA ±q± ªpA ÙqÙ
= U�v�x�~Æs[±q× °aÖo´Mª ´q´o°a³ ÖqªpA ³oÕ Õ?A ªqÖ
= U�v�x�~Æs[±qÙ °Mßq´M³ ´M³qÙqª ³q±q×pA Õo° ´o°oA ×qÖ
= U�v�x�~Æs�°a± ÕM³q±q± ×o´qßo° °M´MÙqªpA ÖqÖ ªoß?A Öq×
= U�v�v�X�öp±q× °a±oßMª ÕMÙqªq³ ´M³qÙpA ×qª °oA ×q±
= U�v�v�X�öO°q° °aªoßM³ °aÖq³q×qª °a±qªpA ³qª ´?Ah°a×
= U�v�v�X�öO°M´ °aªoßM³ °aÖq³q×qª °a±qªpA ³qª ´?Ah°a×
= U�v�v�X�öO°a³ ´M±q±q³ ªq±qÙqªq± ´q´MÙpAh°a× ±pA Ùoß
= U�v�v�X�öO°aª °a×q±qÖ ³q±q×o´Mª °q°MÕ?A ´M³ °oA ´q´
= U�v�v�X�öO°MÕ ³qÙqªq× ÕMÖqÙq³qª ´MÖq³pA ³oÕ °oA ªqª
= U�v�v�X�öO°Mß °a±qÙoßMª ´M±q×q×q³q× ´MÖ?°oA ×oß °oAh°aÖ
= U�v�v�X�öO°a× °q°aÙqªq× Öq×oÕqßo° ªqÖq×pA ßq´ °oA Öq³
= U�v�v�X�öd´o° ³qÖq±q± °q°MÕM±q± °q°aÙpA ³qÙ ´?Ah°Mß
= U�v�v�X�öd´M³ ³?°a³qª ´o°a±o´q´ ³oÕM³pA ªoß °oA ÕM±
= U�v�v�X�öd´Mª ³oÕMÖo´ ßM×?°MßMª Ö?°a³pA ªoß ªpA Ùq×
= U�v�v�X�öd´M× ªqª?°a± °a±oßM³q±oß °aÙq±pA ³qÙ °oA ªo´
= U�v�v�X�öd´MÙ °a³qÙqÙo´ ³q±o´qßMªq× ÕqÕo°oA ×qÙ °oA ×q³
= U�v�v�X�öp³q± ´M×qÙo´Mª °a±q±oßq´M×qª Öqª?°oA ßqß ´?Ah°M´
= U�v�v�X�öp³?° ³oÕqÕM×q× Õqßq´MÙ?°aª Öoßq´?A ×q± ±pA Ùq±
= U�v�v�X�öp³o´ ªqªqÖq±qÙ Ùq×oÕM±qªqÖ ´MÙq±oÕ?A Ö?° ÖpAh°aÖ
= U�v�v�X�uÔ°M´ °aªoßM³ Ùq±qÙq³ °a±q³pA ×q± ³pA ßMÙ
= U�v�v�X�uÔ°a³ ´M±q±q³ ÙqÙoßM± Õq´?A ³qÖ ±pA ×oß
= glU�ö?t�Wqgjk ´o°a³o´ Öq³oßM± Ùq³pA Ùq× °oA Öoß
U�JML °a±oÕMª °a±oÕMª ÕqÕqßo° ´qßMªpA ßM× ×pA ×q³
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È<J = glk|³�Ü�È�t�k4v�H�ihX[k&WMz<X[k�v�X�xGsyW = gjknuwv|�{U�WML?X[i�L?H�k�N��nA
÷ NGkyL?X[ih��kns ¯ ¥q¯ ¯ ¨P¯ ���u� n Ú
U�JML °a±oßq´ °a±oßq´ ÕMÖq×qÖ ´qßMÙpAD³?° ×pADª?°
U�WMu	uwJML�U�tOk NVH�Jqg ßMÙo´M± °q°a×q×q± ´M³qÙoß?AD×q³ ÕqÕ?ADÙq×
U�WMxGX[kns�° °Mßq´q´q´ ÙqÖqÙo´o° °q°M´qß?AÇ´M³ ´?AD×?°
U�WMxGX[knsn´ ÕqÕMªoßMÖ ³oÕq´q´M³q× ´o°a×qÙo´?AD±o´ ³qÖpADÖo´
�«s�xOgjJMXn´ °a×q±?°a± ªoßo°aªqÖq× °M´M×qÖpAD³q× Õ?AÇ´MÖ
NV~�rqÙqÖ?° = ÙqÖ?° ªq×?°MÕ °MßMÙpAÇ´Mª ß?A�°a±
NV~�X Öq±oß ´q´MÖo´ ÕqÕ?A ªq³ ´?AD±q×
NV~�Xa°a±q±oÕ °a±q±oÕ ³q×q±q× °a³oß?ADÖqÖ ªpAD±q³
NV~�Xa°a±q±oß °a±q±oß ³oßM×qª ´MÖpA Ùq³ °oAD³?°
NV~�Xa°M´Mªo´ °M´Mªo´ ªoÕMÙo´ °a±oÕ?AÇ´M± ³pA�°a×
NV~�Xa°aÖo´ °aÖo´ Õo°a±q± °a×pA ÙoÕ ´?AD±o´
NV~�Xa°aÙq³ °aÙq³ °aÖoÕM± ªq³pA ×qª °oAD×q±
NV~�Xa°aÙq× °aÙq× ÕMÙoßM± ³q±pA Ùq± ªpAD³oß
NV~�X.´M±qÙ ´M±qÙ ßMÖoßM± ÕM±pA ³o´ ³pADªqª
NV~�X.´q´o° ´q´o° ßM±qªq± ÕM±pA ³qÙ Õ?AÇÕMª
NV~�X.´M³qª ´M³qª ³q±q±q± ÙpA ³qÖ °oADªq×
NV~�X.´MªoÕ ´MªoÕ Öq±q×q± °a×pA ªq× °oAD×o´
NV~�X.´MÖq×q± ´MÖq×q± °q°q°MßM³ ´M³qªpADªo´ ÖpADÙq±
NV~�Xy³q±oß ³q±oß °q°a±q× ´qß?A ³qÖ °oAD±qÖ
NV~�Xy³?°a± ³?°a± °a±qÖqÙ ÙpA ×oÕ °oAD±o´
NV~�Xy³qªqÖ ³qªqÖ °aªqªq± ´qß?Ah°MÕ °oAD³qÖ
NV~�Xy³qÖ?° ³qÖ?° °M´MÙqÖ °MÕ?A ³q× °oAD±qÙ
NV~�Xyª?°aÙ ª?°aÙ °MÕqßq´ °a±oß?AD±oß Õ?AÇÕM±
NV~�XyªqÙo´ ªqÙo´ °a³q³o´ ßMÙpA Õo° ×pADÙo´
NV~�X.ÕM±q³ ÕM±q³ ´qßMÖo´ ßM×pA Öq± ´?AÇßqß
NV~�X.Õo°M´ Õo°M´ °aªqÙoÕ °aªpA ÕqÕ °oAÇ´Mª
NV~�X.ÕMÙ ÕMÙ °a±qªq± ×pA ´q´ °oAÇßq´
NV~�X.ÕMÙo´ ÕMÙo´ ´q´qÕMÖ ÕqÕ?Ah°a× ´?ADÙqÖ
NV~�XyÖq±oß Öq±oß ´q´MÖo´ ÕqÕ?A ªq³ ´?AD±q×
NV~�XyÖqÖ ÖqÖ °M´qßM± °q°oA ±?° ³pAÇßMª
NV~�X.ßq´ ßq´ ßqÕM±q± ³pA ªqÖ °oAD±q³
NV~�X.ßqÕM× ßqÕM× ´MÖ?°a× ³oß?A ÙoÕ ³pADÖoÕ
NV~�Xy×qÖqÙ ×qÖqÙ ³o´M±q× ´qÕ?A ±o´ °oADªqÙ
NV~�Xy×oß ×oß ´q´qßM± ´MÙpA ³q× ªpADÖq×
NV~�Xy×oßM× ×oßM× ³o´M×oÕ ³?°oA Ùo´ °oAD³q×
NV~�XyÙ?°a× Ù?°a× ³o´M³q³ °a³?°oA�°aª ÖpAÇÕM×



) ¸ßï�¹å¸<¹ º�¸OS�ì|¶ ( ò�¹�ð®º ³q³

È<J = glk|ª�Ü�È�t�k4v�H�ihX[k&WMz<X[k�v�X�xGsyW = gjknuwv|�{U�WML?X[i�L?H�k�N��nA
÷ NGknL�X[ih��kns ¯ ¥q¯ ¯ ¨P¯ ���u� n Ú
NV~ÆX[ÙqÙo´ ÙqÙo´ ßM×oßMÖ ³q±?°oA ÙqÙ ×pA ×qÖ
k�ªq±Ms[±q±q±q± °Mßq´M×?° ´qßM±oßM³oß ªq³q×pA ´M± ´?A ÖqÙ
kns[ilvn°q°MßMÖ °q°MßMÖ ×qÖq×q× ×?°oA ÕMÙ ³pA ÕMÙ
C�U�WML�NVx
´ ´M±?°a×o´q´ ÕqÕMªqÖo´Mªoß °a±q³o´q´?ADÙ?° ÖpA ±o´
�GLOJML�U.k�´qÕMÖ ³oßM³oßMÖ °a³q±oÕMÖq± ßMªqª?°oA Ùq³ ª?°oA ÕM³
�GLOJML�U.k�Õo°M´ ßMªoßqÕq´ ´MÖ?°q°M´M± °aªq×q³?°oADªqÙ °a±q×pAh°a³
z{WMsyN
° °a×oßq´M× ª?°aªo´Mª °aÙoÕMªpA ´qÕ °aÙpA ÖqÖ
z{WMsyN�´ °a±q±?°aÙqÖ ´q´q´q´MªqÖ ªo´M×o´?A ßM± °aªpA ±qª
CGH�glg = °aÙqÙ?°a×oß ÕqßqÕMªqªqªoÕ ªoÕqÕM±qÖpA�°aÖ ´MªpA ³oß
F�Jqghz = ´q´MªqÖ?°Mß Öq±q×?°aÖq±o´ ³oÕMÖoÕMÖpAÇÕM³ ´MÖpA ªoÕ¢�JqrMuwk�v�t�ª °aªqªq± ªq±q³o´ ³o´?A Öo´ °oA ÖqÖ¢�JqrMuwk�v�t
Õ °q°a×q± ³o´M×oÕ ³o´?A Õqß °oA ÖqÙ¢�JqrMuwk�v�t
ß °q°a³q× ³?°MÕMÖ ³qÙpA Õq´ ´?Ah°a³¢�JqrMuwk�v�t�× °q°aª?° ³?°aÖo´ ³o´?Ah°Mß °oA ³q×¢�JqrMuwk�v�t�Ù °a³qªqÙ ³q×oßMÖ ÕMªpA Öoß ´?A ³?°
glv�tGx�³qªqÖqÖ ³qªqÖqÖ °a±o´o°MÕ °a±qÙpA ªqÖ ´?A ³q×
u:t�NGªq×q±q± = ªq×q±q± °q°a³qÖq± °Mß?Ah°q° ªpAh°aÙ
f§È&° ÙoßqÕqßM× ªq×o´qßMÙqÙqÖ ´M×?°MÕ?A Ùq× ´?A ßq´
L�JqvYJqv�s = ÕMªq×oßM± °a³?°q°M´q´qß ªq±?°oA ßqÕ °oAh°aÙ
L�Wqvyß ßq´MÙ °aÙqªqª ßMÖpA ´MÖ °oAh°aÖ
WML�kns[J NVH�Jqg ×oÕqÕMÖoß °aÖqÖq×?°Mß Ùq³q³qÖpA ³o´ °aÖpA ÕM×
x�NGvn°a± °aÖoÕqÕM× ÖqÖoÕqÕM± °q°M´MÙpA ßM× °oA ÙqÙ
x�glJMX�°aÙ?°aÙ °aÙ?°aÙ °MÕq´Mªq± ßM³qÙpA ³qÖ °aÖpA ³q×
�?Ua´qÕM³qª ´qÕM³qª ´M³q±qª?°a³ °Mßqß?A Ö?° °oA ±q±
v�³MsYu�X[³Muw³ ÕM³oÕqß °a±?°q°aÖqÙ ªoßM×pA ÕM× ³pA ×?°
T�tOi�x�vYk.Ue° °aªq±q×oßMª ³q×q³qÖo´MÖoÕ ³o´MÙq±pA ÖoÕ ´?A ´qß
v�t?HGX�Xygjk k.NdN > °a±qªo´MÙ ªqÖoÕM×oÕ °q°aÖ?°oA ÕMª °a×pA Õqß
v�öpihs�X ªoÕM³qÖ?° °M´MÖq×o´q´M× °a±qÙo´?A ±?° °oA ßMÖ
T�s = ° ÕMªqÙo´Mª °aªoÕM³qÖ?°aª °MÕq´qß?A ±q³ ªpA ÖqÖ
v�v}X�uwW�NGk�g ³q³qªoÕ ÙoßM±o´ ³qªpA ´qß ±pA Ö?°
X[JMLONGkyu NVH�Jqg Ùqªq±qÖqÙ °a×q³o´o°M´ ÕM×q³?°oA ×oß °M´?A Ù?°
X[JMLONGkyu m?X�� °a×qªoÕMª °q°MßMªqªq× ªoßM±oÕ?A ªqª °aÖpA ³q±
È�tds[k.JqN ´MÙoßM³qÖ ´q´q´M±?°MÕMÖ ÖqÖoßMÖpA ³qÙ ³pA ÕMÙ
È�syWqgjg ´o°a³qªoÕM³ ÕM×q×oÕM×o´MÙ ªoßM±q³pA ±qÖ °oA ´MÙ
ù�kyLOijWqv ´M×oßM³ °M´o°MÕMÙ ªq³?°oA ´o° ÕMªpA ÕMª


