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m n3îTo\ð;ówòÞí�ówì�p íXq�o r?o\òÞï¿ì;ð2s»îTt r�íeî�ñ;ò�íeñ;î#o ïvuxw;îSï\í6o\ówì2r

� �MH��UZvBUTÞZUyeuMF�ZKmwHKYrJ��IHNLKZUJMqMBvFnfÔ�nm_FI]ML
mw]MF�HÁuMFIHKqMYVL>mwYVZUJ�YV�jm_Z#uMF�HNqMYVL>mxmw�MHÇ�IHKLNZUJMq}BUFnfÔ�nm_FI]ML
mw]MF�H
y¡ZUFÞHNBUL-�ÇBU[\YrJ}Z»BULKYrq�YrJÇBxu}FIZKm_HNYVJ�L-�MBUYVJMP � �}HNFIH=BUFIHÌ�U�GLNZv[�[\ZUJ}T�f,Z LNLK]MFIF�YrJM�xBU[\YrJ}ZxBULKYrq}�IP�b�H
�MBEa�HÌ]M�IHKqQm_�MH�uM��Y��EkMTrBv�nmjuMBUL-�hBU�vHGô ? �võ�mwZtZUk8mwBUYVJ\TrZU�tTVYV�vHNTVYV�MZ�Z qta}BvTr]MHK�Þk�H
m�DÉHKHNJQ� ? atBUJ}q ? aomw�MBKm
YrJMq}YrLKBKmwHoDG�MH
mw�MHKFÌBUJ_fèZUyMmw�MHt�v��BU[\YrJMZ\BULKYrq}�jLKZU]MTVqák�HtYVJáBUJ_f;uMBUFämwYVLN]MTVBUF�ulZU�IY�mwYVZUJáYVJ,B\L-�MBvYrJMP

�



AA i. . . . . . AA nAA 1

sequence of amino acids in a protein

position outside chain

amino acid type 2

. .
 .

amino acid type 1

log-likelihoods of AA at given position being of given type

binary indication of

amino acid type 20

AA i AA i+7AA i-7 AA i+1AA i-1

window of size 15 centered at position i

315-valued feature vector for amino acid at position i

. . .. . .

. . . . . .

��Yr�v]MFIH ?�y � �MHQLKZUJM�nm_FI]ML
mwYVZUJ#Zvy÷m_�MHQy¡HNBKm_]MFIHea�HKL>m_ZUF=y¡ZvF�mwFIBvYrJMYVJM�UP

��J¥ZUFIq}HNF�m_ZÉqMZÉuMF�HNqMYVL>m_YrZvJMW�BÙDGYVJMqMZED Zvy��IYV�NH{z|h m�f�uMYrLKBUTVT�f}z�~ ? �^i{Yr��]}�IHNq}P�bcY�m_�¥BoDGYrJ}qMZED ��Yr�KH
ZUy ? ��mw�}HNFIH�DGYrTVT÷k�H)axBv[�YVJMZxBULNYVqM�{m_ZÌm_�MH�TVHNyöm�ZUy�mw�MHjBU[\YrJ}Z»BULKYrqQDG�MZU�IH��IHNLKZUJMqMBvFnf¿�nm_FI]ML
mw]MF�H�YV�
k�HKYrJM�GuMF�HNqMYVL>m_HNqÁBUJ}q�aGBU[\YrJMZxBULNYVqM�SmwZGY�m_�ÙF�Yr�v�wm_Pßb�H=qMHKJMZKm_H�m_�MH=LKBU�IHÞmw�}BKmÉB�DGYVJMqMZEDcLNZUJ_m_BUYrJ}�
BUJ�� ZUF.z�mwHNF�[\YrJ�]M�HhäTrHKyömtBUJ}q�FIYV�U�_mtHKJMqÁZUy mw�MH=L-�MBUYVJ�i{DGY�mw�ÁBx�IYVJM�UTVHÉkMYVJMBUFäf#y¡HKBKmw]}FIHNPoR�HNJ}LNHNW�B
DGYrJMq}Z-D�DGYrTVT÷k�HjZUy���Yr�KH�zA�Whn�U��� ? i�P��÷ZUF5DGYrJMq}Z-D �IYV�NHN�oZUy ? �UWUmw�MHjy¡HNBKm_]MFIHÞa�HKL>m_ZUFCDGYVTVTlklHÌZUy���Yr�KH
� ? �ÁBU���I�MZEDGJèYrJ;��Yr�U]}FIH ? P�b�H¥�MBEaMH�]M�IHKq*m_�MH�LNZvJwaMHNJ_mwYVZUJ�ZUy�mw�}H¥LNZU[\[x]MJMY�m�f BU�I��HN���I[\HNJ_m�ZUy
�nmwF�]ML>m_]MFIBvT{u}FIHNq}YrL
mwYVZUJ|hnz e |���i�LKZUJ_mwHN�ämw�\ô ? �UW ? ��õCYrJ\DG�MYrL-��m_�MFIHKH»LKTrBU���IHK�ÉBUFIHGuMF�HNqMYVL>m_HNq y R=HNTVY ¢
hnR�i�W5z�ZUYVT�hnzXi�WSBUJMq,|M�MHNH
m�hn��iIP

�÷ZUF�BvJMBUT�f���Yr�juM]MF�u�Zv�IHN�ÞD�HG�}B-aMHxy¡Z LN]}�IHNq¿ZUJáBÇu}]MkMTVYrLKT�f�BEa�BUYVTrBUk}TrHemwF�BUYVJMYrJ}����H>m»BUJMq�mwHK�nmx�IH
m
]M�IHKq»YVJÁô ? �võVPo� mÙLKZUJM�IYV�nm_�ßZvy}BÞmwFIBvYrJMYVJM�Ì�IH
meZvy�L-�MBvYrJM�÷DG�MYVL-�}�7ZUJMHK�ßLKBUTVTr�{JMZUJ��E�MZU[\ZUTVZU�UZU]}�Sk�HKLNBU]M��H
mw�MH
f*�I�}BUFIHÌTVY�m�mwTVH��nmwF�]ML>m_]MFIBvT��IYV[�YVTVBUFIY�m�f7P � �MYV���IH
mjLNZUJM��Yr�ämw�.ZUy ?U? �U�tL-�}BUYrJ}�SDG�}YrL-��LNZUJ_m_BUYrJ�BomwZ¶mwBUT
ZUyS�U�U�UWV�U�U�»BU[\YrJMZ»BULNYVqM�IP � �MHom_HN�ämG�IH>mtLNZUJM��Yr�ämw�ÌZUyS�U�»L-�MBUYVJM��h¸DG�MYVL-�áHNJMLKZU[\uMBU�I� ? avW�aU� ? BU[\YVJMZ
BULNYVqM��iSDG�MYVL-�ÁBUF�HjJ}ZUJ��-�}ZU[\ZUTrZv�UZU]M�5mwZ�mw�}H�m_FIBUYVJMYVJM�x��H>m_P���ZUJ��E�MZU[\ZUTVZU�UZU]}�.[\HKBUJM�Smw�MBKm�m_�MH�m_HN�äm
L-�MBUYVJM�=���MBUF�HG[\YVJMYV[�BvTS�nmwF�]ML>m_]MFIBvTS�IYV[�YVTVBUFIY�m�fáDGY�m_�\m_�MHemwFIBvYrJá�IH
m¥L-�}BUYrJ}�IP

b�HoBvFIHoYVJ_mwHKFIHN�ämwHKq�YVJ�mw�}HoBULKLN]MF�BUL>f�u�HKF�BU[\YVJMZÉBULKYrq�klHNLKBU]M��HeBU[\YrJ}ZÉBULNYVqM��BvFIH{DG�}BKm�TVHNBUF�JMYVJM�
BUTr�vZUFIY�mw�M[\�MmwF�BUYVJxZUJ}PÙR=Z-D�H>aMHNF�W�kMYrZvTrZU�vYr�ämw�{BUFIH�YVJwm_HNF�HN�nm_HNq¥YVJjm_�MH�BEa�HNF�BU�UH.BULNLK]MFIBvL>fÇYrJG�IHKLNZUJ}qMBUFnf
�nmwF�]ML>m_]MFIH»uMFIHKqMYrL
mwYVZUJÚulHNF=L-�MBUYVJMP»R=HNJMLKHNWlD�H¥F�HNulZUFnm»k�Z¶mw�ÚBULKLN]MF�BULNYVHN��P»OQ]MFjLNZUJ}LNTV]M�IYVZUJM�tBUklZU]�m
mw�MH�F�HNTVBKmwY�a�H�u�HKFIy¡ZUF�[\BUJMLNH�ZvyÙJMHK]MFIBvTÞJMH>m�D�ZUFI���GBUJMqèqMHKLNYV�IYVZUJ,m_FIHNHK�QBUFIH�m_FI]MH\y¡ZUFtHKY�m_�MHNFeD�B-f%ZUy
FIHNulZUFämwYVJM�\BULNLK]MFIBUL
f7P
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��Yr�v]MFIH.� y stHNLKYr��YrZUJjmwFIHKHoBULKLN]MF�BUL>fÇulHNF{BU[\YrJ}Z
BULNYVqxBv�{u}FI]MJMYVJM�=Yr�{YrJ}LNFIHKBU�IHKq¥k_f�TrZED�HNF�YrJM��mw�MH
LNHNFämwBUYVJ_m�f�y¡BUL>m_ZUF�YVJ¿]M��y¡z��UPV�UP
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��YV�U]MFIH=� y stHKLNYV�IYVZUJ¥mwFIHKHÉBULKLN]MF�BUL>fÚu�HKFeL-�MBUYVJ
BU��u}FI]MJMYVJM�tYV��YVJMLNF�HNBU��HNq\k_f*TVZ-D�HNF�YrJ}��m_�MHoLKHNFä�
mwBUYVJ_m�fèy¡BUL
mwZUF�YVJ¿]}�Iy¡z��UPV�UP

����� �(�1���/�����������1�8���A���
� �MH�qMHNLKYr��YrZvJám_FIHNH���ZUyöm�D�BUFIH�]M��HNq�y¡ZUFÙm_�MH�H ¢ ulHNFIYV[\HNJ_mw�GFIHKu�ZvFnmwHKqè�MHNF�H�Yr�t]M��y¡z��UPV��DG�}YrL-��Yr�tBvJ
HNJM�MBvJMLNHKq�a�HKFI��YrZUJ#ZUy�z��UPV��FIHNTVHNBv�IHG�Úô��UW ? aUõVP � �MHxz��vPr��qMHNLKYr��YrZvJÇmwF�HNHGTrHKBUFIJMYVJM��BUTV�UZUFIY�mw�}[ ]M�IHK�
BUJ»HKFIFIZvFßkMBv�IHNq»uMFI]MJ}YrJM�=[\H>mw�}Z�qáô ? ��õwm_Z���Yr[\uMTVYryöfGmw�}HCm_FIHNHÙkM]MYVT�moy¡FIZv[ BUTrT_m_�MHoqMB¶mwBUP � �MHoBv[�Zv]MJ_m
ZUylm_�MHjm_FIHNHÌmw�MB¶m=DGYVTrT{klH»uMF�]MJMHNq#Yr�=LNZUJ_mwF�ZUTVTrHKqÚk_f�BÇLNHNFämwBUYVJ_m�f�y¡BvL>mwZvF=uMBvFIBU[\H>m_HNF�P � �}H»qMHKy¡BU]MT�m
a}BvTr]MH=y¡ZUFSmw�MH=LNHNFämwBUYVJ_m�f;y¡BUL
mwZUF.YV�e�U�UPe|}[�BvTrTVHNFÙLNHNFämwBUYVJ_m�f;y¡BUL
mwZUFSa�BUTV]MHN�eLKBU]M��HÉ�nm_FIZUJM�vHNFou}FI]MJMYVJM�UW
TrHKBUqMYVJM�Qm_ZÉmwFIHKHN��mw�}BKmxBUFIHt��[�BvTrTVHNFjBUJMq,[\ZUFIHt�UHKJMHNF�BUTVP

b�Ho]}�IHNq�B=y¡HNHKqMy¡ZUFnD�BUF�q�kMBUL-�QuMFIZvuMBU�UBKm_YrZvJ»JMHK]MFIBUT JMH
m�DÉZUF��*ô��Uõ_DGY�m_�¥BÉ��YrJM�vTrHÙ�MYrq}qMHNJ�TVBEf�HNF�ZUy
aU�x�}YrqMq}HNJÁ]MJ}Y�m_�IP � �MYV�oBUF�L-�MY�mwHNL
mw]MF�HÙD�BU�oqMHK�ILKFIYVk�HKq*kwf��7ZvJMHN�Éô ? �võlBv�Cm_�MH=ZvJMH�m_�MBKm�HNJMBvkMTrHKqxmw�}H
mwFIBvYrJMYVJM��ZUy�m_�MHxLKTrBv�I�IYVpMHKF.DG�MYVL-��DÉZvJ�mw�}Hxz e |��&��LNZvJwm_HN�ämwP � �MHxYrJMu}]�m=aMHNL
mwZUF=LNZUJM��Yr�ämw�ÉZvylmw�}H
� ? �Ga�BUTV]MHK�tqMHN��LNFIYVklHNqèHNBUF�TrYVHNF�P � �MH�JMHK]MFIBvT�JMH
m�DÉZUF��#TVHNBUF�JMYVJM�ÁuMBUF�BU[\H>m_HNFI�ty¡ZvF�BUTVTßH ¢ u�HKFIYV[�HKJ_mw�
BUFIHom_�MHQy¡ZUTrTVZEDGYrJ}�Ç]MJ}TrHK�I��Z¶mw�MHKFnDGYV�IHG�nmwB¶mwHNq}P � �}HÌD�HNYV�U�_m¥]}u�qMB¶mwHeDÉBv�jq}ZUJMHQBUyömwHKFÌHNBUL-�,uMBKm�mwHNF�J
DÉBU�ÙuMFIHK�IHKJwm_HNqMP � �MH=TrHKBUFIJ}YrJM�xFIBKm_H=YV�o�vPr�U�v�U�U�UP � �MH.D�HNYV�U�_mtqMHKLNBEf#Yr�S�-�UPV�U�U� ? P � �MH=[\ZU[\HNJ_mw]M[
Yr�Ì�UPV�U�UP � �MHQYVJMY�mwYVBUT}DÉHKYr�v�wm»FIBvJM�UHoD�BU�� Q�¢¡ �U�UP � �MH�mwF�BUYVJ,��H>mÌD�BU�=F�BUJMqMZv[�YV�NHKq#ZUJ}LNHNP

£ ¤¦¥3wvo\î�ó¨§ o�ì�í�s}©«ª¬o(r�ñ2©IíXr

� �MH#qMHKLNYV�IYVZUJ:m_FIHNH¿TrHKBUFIJ}YrJM�:BUTV�UZUFIY�mw�}[@DGY�m_�:mw�MH,qMHKy¡BU]MT�m;LNHKFnm_BUYrJ_m�f y¡BUL
mwZUF�ZUyÉ�U�*mwF�BUYVJMHNq�ZvJ
�7ZUJMHN��mwF�BUYVJ:��H>m*ZvJMH\BUJMq,m_HN�ämwHNq�ZUJ��7ZvJMHN��mwHK�nm*��H>m�ZUJMH�uMFIZ qM]MLKHN�GBUJ�BvLNLN]}FIBUL
féZUyo�U�vPr�^k@u�HKF
BU[\YrJMZ#BULNYVq�BUJMq%�v�UPr�v�^k u�HKF¥L-�MBUYVJMP � �}HÁk�HK�nm¥m_FIBUYVJMHKq�JMHN]}FIBUTÙJMH>m�D�ZUFI�:�MBU�¥BvJ�BULNLK]MFIBvL>f�ZUy
aU�UPV�^kæulHNFÌBU[\YVJMZ\BULNYVq¿BvJMqvav�UPr� ? kæulHNF�L-�MBvYrJ¿BUyömwHKF�mwFIBvYrJMYVJM��y¡ZUF ? �U�\HKu�Z L-�M�IP � �MYV�jqMY�­lHNF�HNJMLKH
Yr�QZEa�HKFG�v�^k@BUJ}qáDG�MYVTVHtD�HtDÉHKFIH\JMZKm���]MFIuMF�Yr��HNq¿m_�MBKmtm_�MH\JMHN]MF�BUTÞJMH
m�DÉZUF���DÉBv�GklH>m�mwHKFGZvJ*m_�MYV�
qMBKmwB\��H>mÌDÉH�D�HNFIHG�I]}FIuMF�Yr��HNq#B¶m�mw�MHQBU[\ZU]MJ_mxk_f*DG�MYVL-�#Y�m�DÉBU�jklH>mIm_HNF�P

��Yr�U]}FIH��t�I�}Z-DG�Smw�}H�qMHNLKYr��YrZUJtmwF�HNH�BULKLN]MF�BUL>f*ZUJÉmw�MH�m_FIBUYVJMYVJM�QBUJMqÉmwHK�nmj�IH
mju�HKFÞBU[\YrJ}ZGBvLNYVq�Bv�
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��Yr�v]MFIHx� y ��HK]MFIBUTßJMH>m�D�ZUF��¿BULKLN]MF�BUL>f�y¡ZUFj�IH>�
TrHKL>mwHKq¿HKu�Z L-�M�ju�HKFÌBU[\YrJMZ\BULKYrq}P
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��YV�U]MFIHx� y ��HK]MFIBvT�JMH
m�DÉZUF��¿BvLNLN]}FIBUL
f%y¡ZUFj�IH
�
TrHKL>m_HNq,HNulZ�L-�M�julHNFÌL-�MBUYVJMP

mw�MHtLKHNFnm_BUYVJwm�f;y¡BUL>m_ZUF�Yr��L-�}BUJM�UHKqMP � �}Ht[�B ¢ YV[»]}[ BULNLK]MFIBUL
fèZUk�m_BUYVJMHNqáZUJ¥mw�}HomwHN�ämx�IH>mxYV���U�UPV�^k
u�HKFxBU[\YVJMZÚBULKYrq,DGY�m_�%B�a�HKFnf�TrZED�LNHKFnm_BUYrJ_m�f�y¡BUL>m_ZUFGFIHN��]MT�mwYVJM�;YrJ�BÚ�MYV�U�MT�f�u}FI]MJMHKq#mwF�HNHNP � �MYV�
JMBUFIF�ZEDG��mw�MHÌ�UBUu\klH>m�D�HNHKJGmw�}H�m�DÉZGTrHKBUFIJ}YrJM�GBUTV�UZUF�Y�m_�M[\��mwZQBUuMuMF�Z ¢ YV[\BKmwHKT�f ? �^k\P � �MHÌy¡BUL
mÞmw�MBKm
[�ZvFIH�BU�U�vFIHN���IY�a�H�uMFI]}JMYrJ}�¿ZUy5m_�MHÉmwFIHKH\uMFIZ qM]MLKHN�QBá�IYV�UJMYVpMLNBUJ_mÇulHNFIy¡ZvFI[\BUJMLKH�YVJMLKFIHNBv�IH�Z-aMHNFemw�}H
qMHNy¡BU]}T�mGuMF�]MJMHKq�mwF�HNHQ�I]}�U�UHN�ämw�Þmw�MB¶mjm_�MHQqMHNy¡Bv]MT�m�m_FIHKHGYV�jp�mIm_YrJM�\JMZvYr��HNP

��Yr�U]}FIH���qMHK[�ZvJM�nm_FIBKm_HN��mw�}BKmeBv�lmw�}HoLNHKFnm_BUYrJ_m�f�y¡BUL>m_ZUF{Yr�ßTrHK�I�IHKJMHNq}W7m_�MHoulHNFßL-�MBUYVJ=mwF�BUYVJMYrJ}�É�IH
m
BULNLK]MFIBUL
f�Yr�{JMZUJ8�-YVJMLNF�HNBU��YrJM�=BUJMq�mw�MH5m_HN�nmo�IH
meBvLNLN]}FIBUL
f�Yr�{JMZUJ��EqMHNLKFIHKBU�IYVJM�UP e �I��]M[\YrJM��mw�MB¶m{m_�MHN��H
mwFIHKJMqM�ÙLNZUJ_mwYVJ�]MHoDGY�mw�ÁB¥[\ZUF�H�ulZEDÉHKFIy¡]MT�uMFI]MJ}YrJM�»[�H
mw�MZ qMW�BUJMqxm_�MBKmom_FIBUYVJMYVJM�»��H>mQBvLNLN]}FIBUL
fÇDGYVTrT
JMZKmQklHÙD�ZUFI��Homw�MBUJ»m_HN�ämG�IH>mGBvLNLN]}FIBUL
f7W�m_�MHNF�HtH ¢ Yr�ämw�ÌB�®.¯�°�¯�±�²I³8´�]}uMu�HKF�k�Zv]MJMq*ZUy1aU�^k0BULKLN]MF�BUL>f
ZUJ¥mw�MHemwHK�nmx�IH
mwWCB\u�HKFILKHNJ_mwBU�vHÌDG�MYVL-�#y¡BvTrTV�Ìy¡BUF��I�MZvFnmGZUy÷mw�MHQJMHK]MFIBUTSJ}H>m�D�ZUFI��P

��Yr�U]}FIHN�Þ�QBUJ}q��Q���MZED�mw�}HjJ}HN]MF�BUTMJMH
m�DÉZUF���FIHK�I]MT�mw�.ZUJÉmw�MH�m_FIBUYVJMYVJM�QBUJMqÉmwHK�nm=�IH
mw��ulHNFÞBU[\YVJMZ
BULNYVq¥BUJMq»u�HKF�L-�MBUYVJ�FIHK�IulHNL
mwY�a�HNT�fáBU�÷mw�MHoJ ]}[»klHNF�ZUy8mwFIBvYrJMYVJM�ÉHKu�Z L-�M��YVJMLKFIHNBv�IHN��P e LKLN]MF�BUL>fÁBUk�ZEaMH
aU�^k YV�¥FIHKBUL-�MHNq%BvyömwHNFxZUJMT�fÔB#y¡H>D�HKu�Z L-�M�IP e �¥H ¢ u�HKL>mwHKqMW�BUyöm_HNF»��ZU[\HÁJ�]M[»klHNF»ZUyeHNulZ L-�M�=mw�}H
BULNLK]MFIBUL
f ZUJ�m_�MH�mwFIBvYrJé�IH
m;YV�ÇYVJMLNF�HNBU��YrJ}��kM]�m¿BULKLN]MF�BUL>f ZUJèmw�MH�mwHK�nm#�IH>m#klHN�UYVJM�Gm_Z:q}HNLNF�HNBU��H
k�HKLNBU]M��HxZvyßZEa�HKFÌp�mIm_YrJM�vP

OQJ�Bx[\BUL-�}YrJMH=FI]MJ}JMYrJ}�jmw�}H=ACYVJ ] ¢ ZUu�HKFIBKm_YrJ}�x�äf��ämwHK[ DGY�mw�ÇB��ßHNJ_mwYV]M[9�xu}FIZ LNHN���IZUF.FI]}JMJMYVJM�
BKmj�UPV�U��µGR���DGY�mw�Ç�G�vYr�UBvkwf�m_HN�oZvy�[\HN[\ZUFäf7W7mw�MHjJMHK]MFIBUT�J}H>m�D�ZUFI�\FIH�d�]MYrF�HN�Ù�x[\YVJ ]8mwHN�Ùu�HKF�HNulZ�L-�MP
� �MH\qMHNLKYr��YrZUJámwF�HNH\LNBUJ�klH��vFIZEDGJèBUJMq�uMFI]MJ}HNq�YVJè�U�á[\YrJ�]�m_HN�IP,��J*mw�MH\�IBv[�HtmwYV[\H\Y�mtm_BU�vHK�Ìm_Z
�UFIZED BvJMq:u}FI]MJMH�B,qMHNLKYr��YrZUJ,mwFIHKHNW.� ? HNulZ�L-�M�GZUyÙJMHN]MF�BUT�JMH>m�D�ZUF��*m_FIBUYVJMYVJM�,LNBUJ�k�H�qMZUJ}HNP � �}H
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52.2% per chain

73.1% per chain

��Yr�v]MFIH,� y z�TVZU�IYVJM�¿m_�MH#�vBUu�klH>m�D�HNHKJ%m_�MH#q}HNLNYV�IYVZUJ�m_FIHNH¿TrHKBUFIJ}YrJM��BUuMuMF�ZUBUL-��BUJ}q�mw�}H#JMHK]MFIBUT
JMH>m�D�ZUFI�*BvuMuMFIZvBUL-�MP

LNZUJMLKHNF�JÔYV�Émw�MH»m_Yr[\HáY�m�DGYVTVT�mwBU��HNW��vY�aMHNJ;mw�MHáJ�]M[»klHNF�ZUyÌy¡HNB¶mw]MF�HN�\BUJMq;mw�MH*Bv[�Zv]MJ_m#Zvy=qMB¶mwBUP
R�ZEDÉH
a�HKFIWMDÉHG�MBEa�HGFI]}J,BvJ¿H ¢ ulHNF�Yr[\HKJwm»ZUJ,B\FIBUJMq}ZU[\T�fèL-�}ZU�IHKJ ? �^k"ZUy�mw�MHH�7ZUJMHK��mwFIBvYrJMYVJM���IH
m
ZUJMH�q}BKmwBÚBv�»ZU]MFÌmwF�BUYrJ}YrJM�#�IH>m_Pg»Q����| � m_Z�ZU� ? �-a#[\YrJ�]�m_HN��m_ZÚkM]MYVTrq%B\mwF�HNHNW�k}]�m*qMYVq%ZUk�m_BUYVJ
�U�UPV�U�^k BvLNLN]}FIBUL
f u�HKF�Bv[�YVJMZ�BULNYVqéZUJèm_�MH¥mwHK�nm¿qMBKm_BUP � �MYr��YV�Ç��TrYV�U�_mwT�f [\ZUFIHáBULKLN]MF�BKmwH�mw�MBvJ
ZUJMH�qMHNLKYr��YrZUJ#m_FIHKHÇLKFIHNB¶mwHNq%y¡F�ZU["m_�MH�qMB¶mwB�m_FIBUJ}�Iy¡ZUF�[�HKq�k_fÔZUJMH�JMHN]MF�BUT.JMH>m�D�ZUFI��BUJMq:�ITVYr�v�wm_T�f
TrHK�I�omw�}BUJÁmw�MH�ZKm_�MHNF�PÇ��JèLKZU[\uMBUFIYV�IZvJMW�B*]M�Iy¡z��UPV�áqMHNLKYr��YrZvJám_FIHNH�k}]MYrT�m�ZUJ�m_�MYr�tq}BKmwB»D�BU�Q�U�UPV�^k
BULNLK]MFIBKm_Htu�HKFeBU[\YVJMZ\BULNYVq¥DGY�m_�,q}HNy¡BU]MT�mGuMF�]MJMYVJM�\BUJMq*�U�^k"BULNLK]MFIB¶mwHoDGY�mw�áB�LNHKFnmwBvYrJ_m�fèy¡BUL
mwZUFoZUy
�UPr�v� ? DG�MHNJ¿BUuMuMTVYVHNq�m_Z(�7ZUJMHN�ÞmwHK�nmx�IH
mxZUJMHNP e ]M��y¡z��UPr��qMHKLNYV�IYVZUJ�m_FIHNHem_Z�ZU��BUk�Zv]�m ? �U�\�IHKLNZUJ}qM�
hn]MJMq}HNFÌ�\[�YVJ�]�mwHK��i�mwZ\�UFIZED BUJMq,uMFI]}JMHNPÌR�HKJMLNHKWC]M�Iy¡z��UPV��YV��m�DÉZ�ZUF�qMHNF��jZvyß[\BU�UJ}Y�m_]MqMHGy¡BU�nm_HNFIP

e �ßBvJMZKmw�}HNFCLNZU[\uMBvFIYV�IZUJMW�B=J}HN]MF�BUT7JMH>m�D�ZUF���D�BU�{kM]MYVT�moZUJ�mw�MH.�IBv[�H ? �^k ZUyhm_�MHSmwFIBvYrJMYVJM�jqMBKm_B
]M�IYVJM�ÁBÇTrHKBUFIJMYVJM�ÇFIBKm_HxZUy��UPr�v�U�UWCBUJMqÚ[\ZU[\HKJwm_]M[1ZUy��UPV�U�UWCBQDÉHKYr�U�_m\F�BUJM�UHGZUy� Q�¢¡ ? W{JMZGD�HNYV�U�_m
qMHNLKB-fUWÙBvJMqèp�a�H�HNulZ�L-�}�GZvyCm_FIBUYVJMYVJM�UP»b�H�FIHNulZUFäm�FIHN��]MT�mw�Gy¡FIZU[0mw�MH\klHN�nmÇJMHK]MFIBvTÞJMH>m�D�ZUFI�;y¡F�ZU[
mw�MF�HNH»LKFIHKBKmwHKqÚYrJ�mw�MYV�.D�BEf7P � �MH¥ulHNFjBU[\YrJMZ�BULNYVqÚBULKLN]MF�BUL>f:ZUy�m_�MH»J}HN]MF�BUTßJ}H>m�D�ZUFI��DÉBv�WaU�UPV�^k
BUJMq�Y�mQmwZ ZU� ? �U�á�IHNLKZUJMqM�ÌmwZ�mwF�BUYrJ}P,|}ZUWÙYVJ*mw�MYV�xLKBU�IH�Y�mGD�BU�GBUklZU]�mQm�DÉZ,ZUF�qMHNF��xZUyÙ[\BU�UJMY�mw]Mq}H
y¡BU�nm_HNF�BUJMq,�^k [\ZUF�HQBULNLK]MFIBKm_Hemw�MHKJ¿B(»Q����| � q}HNLNYV�IYVZUJ\mwFIHKHNP

��Yr�U]}FIH\�¿�vY�aMHN�GB¿�UF�BUuM�MYVLNBvTÞqMHN��LNFIYVu�m_YrZUJ:ZUyo�}Z-D ZU]MFea�BUFIYVZU]M�QBUu}uMFIZUBvL-�MHN�x�MBEa�H�LNTVZU�IHKq,mw�}H
�UBUuák�H
m�DÉHKHNJÚJ}HN]MF�BUTCJMH>m�D�ZUFI���=BUJMq,qMHNLKYr��YrZUJ\mwF�HNHN�jYVJ�mw�}Yr�ÌqMZU[\BUYVJMP � �MHGHNJM��HN[»k}TrH¥ZvyßqMHKLNYV�IYVZUJ
mwFIHKHN�xFIHN��]MT�mwHNq%YVJ�B¿�ITVYr�U�_m_T�f�k�H
mIm_HNF»LKTrBv�I�IYVpMHKF�mw�MBUJámw�MHÇk�HK�nmáYVJMqMY�a�Yrq}]MBUToq}HNLNYV�IYVZUJ#m_FIHNHKWekM]�mÁY�m
DÉBU�t�ämwYVTrTßZEa�HNFt�-k@TVHN�I�tBvLNLN]}FIBKm_H�mw�MBUJ�m_�MH¥klHN�äm�JMHN]MF�BUT�JMH
m�DÉZvFI�#YVJèu�HKFÉBU[\YVJMZ*BULNYVq;BULKLN]MF�BUL>fUP
� �MHt[\ZUFIHÉ�}Yr�U�}T�fèu}FI]MJMHKq¥mwFIHKHtHNJM��HN[xkMTrHGFIHK�I]MT�mwHKqáYrJáB�klH>mIm_HNF�BEa�HKFIBU�vHomwFIHKHNW5k}]�mGTrHK�I��BULKLN]MF�BUL>f
YrJMLKFIHKBU�IH*y¡F�ZU[ a�ZKm_YrJM�vP#b�HÁklHNTVYVH>a�H»m_�MYV��Yr�¥klHNLKBU]M��H»mw�MHxm_FIHKHN�¥BUF�HÁ[\ZUFIH�BUTrYV�vH�YrJ%uMF�HNqMYVL>m_YrZvJM�
BUyömwHKFxuMF�]MJMYVJM�UP e �IH>mÁZUyßm_FIHNHK�jDGY�mw��BvLNLN]}FIBUL
f�J}HNBUFÌmw�MH�k�HK�nmxmwFIHKHGm_�MBKm�YrJMq}Y�a�YVqM]MBUTVT�f�mwHKJMq¿m_Z
[�Bv�vHjqMY�­lHNF�HNJ_mtHKFIF�ZUFI�SDÉZv]MTrqÇTrYV�vHKT�f¿uMF�ZEa�YVqMH=BUJÇHKJM�IHK[»kMTVHÙm_�MBKm=y¡]MFnm_�MHNF.LNTVZU��HN�{m_�MHj�UBUutDGY�m_�Gmw�}H
JMHN]MF�BUTSJMH
m�DÉZUF���P

�
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��HN]}FIBUTeJ}H>m�D�ZUFI�����IYV�UJMYVpMLNBUJ_m_T�f ZU]8mwulHNFIy¡ZvFI[ qMHNLKYr��YrZUJèmwF�HNHN��YVJÚmw�MHáqMZv[�BvYrJ ZUyÌuMF�HNqMYVL>m_YrJM�*mw�}H
�IHNLKZUJMqMBvFnfè�ämwFI]}L>mw]}FIHQZUyCuMFIZ¶mwHNYVJM��y¡F�ZU[�m_�MHNYVF�BU[\YVJMZ\BULNYVqá�IHId�]MHKJMLNHKP�OQJMHtulZU�I��Yrk}TrHQH ¢ uMTVBUJMB¶mwYVZUJ
y¡ZUFjm_�MH*qMYj­�HKFIHNJ}LNH*YVJ%u�HKFIy¡ZUF�[�BvJMLNH*YV��mw�MB¶m*�MYVqMqMHKJÔ]MJ}Y�m_�¥LNF�HNBKm_H*JMH>D9m�f�u�HK��ZUyÌy¡HNBKm_]MFIHK��mw�MBKm
mw�MH¥J}HN]MF�BUT�JMH
m�DÉZvFI�Ú]M��HNqÁmwZ��IHNu}BUFIBKm_H�LNTVBU�I��HN��P � Z»mwHK�nmÉm_�MYr�t�_f�ulZKmw�MHK�IYV�IW5D�H�mwFIBvJM�Iy¡ZUF�[\HNq�mw�}H
mwFIBvYrJMYVJM�¥q}BKmwBxYrJ_mwZjmw�MHÉZv]�mwuM]8mw�eZUy mw�MHWav�»�MYVqMqMHKJ*]MJMY�mw�e]�m_YrTVYV�NHNq*k_f�mw�MH�JMHN]MF�BUTlJMH>m�D�ZUFI��Pj��BUL-�
H ¢ BU[\uMTVHQm_�MHNJ�k�HKLNBU[\H�B¥a�HNL
mwZUFGZUy�aU�á�MYVqMqMHNJ:]MJMY�mÇZU]�mwu}]�mw�QBUJMq�BáTrBvk�HKT�mw�MBKmtD�BU��mw�MH\��BU[\H
BU��klHNy¡ZUF�HNP � �}Yr�Ùm_FIBUYVJMYVJM�ÁqMB¶mwBxD�BU�Ùm_�MHNJ;�UY�a�HKJ�mwZÁZv]MF�qMHKLNYV�IYVZUJÁmwF�HNH=m_FIBUYVJMYVJM�ÁBUTV�UZUF�Y�m_�M[\Pjb�H
DÉHKFIHGBUkMTVH�m_Z\LNTVZU�IHÄa^a^k"ZUy÷m_�MHQ�UBUuáklH>m�D�HNHNJ#LNTVBU�I��YrpMHKFI�=kwf�]8mwYVTrYV�NYVJM�tmw�MHemwF�BUJM��y¡ZUFI[\BKm_YrZUJ}P � �}H
BULNLK]MFIBULKYrHK�tu�HKFtBU[\YrJ}Z*BULNYVqÁDÉHKFIH�aU�UP ? k)y¡ZUFÙm_�MH�k�HK�nmtm_FIBUYVJMHNq;J}HN]MF�BUT�JMH
m�DÉZUF��ÚBUJMq2av�UPr�-k�y¡ZUF
mw�MHQ�MYV�U�MT�fèuMF�]MJMHNq¿qMHNLKYr��YrZvJ�mwF�HNHKP

ijHNLKZU�UJMYV�NYVJM�»m_�MBKm\y¡HKBKmw]MF�HN�om_�MBKm�HKJMBUkMTVHNqèJMZvJ��-B ¢ YV�n�EuMBUFIBvTrTVHNTß�IuMTVY�m_�Q[�YV�U�_m\klH¥YV[�ulZUFämwBUJ_mÉm_Z
mw�MH,qMHNLKYr��YrZvJ:mwF�HNHNW.DÉH¿]M�IHKq¦»Q����| � ô��U�Uõ�mwZ�LNZvJM�nm_FI]ML
m;JMZUJ8�-B ¢ YV�n�-u}BUFIBUTVTVHNTÌy¡HNBKm_]MFIHK�IP st]}H\m_Z
[�HK[\ZUFnf BvJMqÁmwYV[�H\TVYr[\Y�mwBKm_YrZvJM�eDÉHÉD�HNFIH�ZUJMT�f%BvkMTrHÉm_Z,BvuMuMT�f%Y�mGm_Z ? �^k�ZUyCm_�MHÉmwF�BUYrJ}YrJM�áqMB¶mwBUP
e JMHK]MFIBUTßJMH>m�D�ZUF��#kM]MYVT�m\ZUJÇm_�MH¥�IBv[�HjmwFIBvYrJMYVJM�Áq}BKmwBÁYV�É�^k)[\ZUFIHxBULNLK]MFIB¶mwH=m_�MBUJ�mw�}H&»Q����| �
qMHNLKYr��YrZUJ\mwF�HNHQBUJMq ? �^kæ[�ZvFIHQBULNLK]MFIB¶mwHemw�MBvJ,B�]M��y¡z��UPr��qMHKLNYV�IYVZUJ�m_FIHNHKP

b�HÞBUTV�IZÌYVJwaMHN�ämwYV�UBKmwHKq»BUJQHKJM�IHK[»kMTVHÙZvy�qMHKLNYV�IYVZUJ�mwFIHKHN��PoR�ZED�H>aMHNFIW�BUJQHNJM��HN[xkMTrHÙZUy ? �U��qMHKLNYV�IYVZUJ
mwFIHKHN�ÌLNF�HNBKm_HNq,k_f�]M�IYVJM��B�[\H
mw�MZ q\m_�MBKmG�MBv�jklHNHKJ#y¡BEa�ZvFIBUkMT�fèLKZU[\uMBUFIHKq\m_Z\kMBU�U�UYVJM�\FIHK�I]MT�mwHKq#YVJ
ZUJMT�f,B ? k0�UBUYVJ�YVJ�BvLNLN]}FIBUL
f7PÌR�HKJMLNHKW D�H�y¡ZU]MJ}qÁJMZ»LKZUJM�ämwFI]}L>mwYVZUJÁZvy5qMHNLKYr��YrZvJ»mwFIHKHN�CDG�MYrL-�*LKZU]MTVq
FIHN��]MT�m»YVJ,B�LKTrBv�I�IYVpMHKF�klH>mIm_HNF�m_�MBUJ,B���YrJ}�UTrHGJMHK]MFIBUTSJ}H>m�D�ZUFI��P

� �}H��UHKJMHNF�BUTrYV�NB¶mwYVZUJÁBUkMYVTVY�m�f¿ZUy�JMHN]MF�BUTlJMH>m�D�ZUFI���ey¡ZvFÙ��HNLNZvJMqMBUFäf#�ämwF�]ML>m_]MFIH=uMFIHKqMYrL
mwYVZUJ*ZUy�uMFIZK�
mwHNYVJM�Ìy¡FIZv[æBU[\YVJMZ\BULNYVqá�IHId�]MHKJMLNHK��YV�ÌLNTVHNBUF�T�fè��]MulHNFIYVZUF�mwZÉm_�MBKmQZUy{qMHKLNYV�IYVZUJ�m_FIHNHK�IP � �MYV�ÌBUuMulHNBUF��
mwZ,k�H\uMBUFämwT�fék�HKLNBU]}�IH�ZvyoLNZv[�u}TrH ¢ y¡HKBKmw]}FIHN��mw�}BKmÁBvFIH\LNZUJ}�nmwF�]ML>m_HNq¿m_Z¿BvTrTVZED1JMZUJ:B ¢ Yr�GuMBUF�BUTrTVHNT
qMHNLKYr��YrZUJ*klZU]MJ}qMBUFIYVHN�ÙBUJMqÁu}BUFnm_T�f\mw�}H�BUkMYVTVY�m�f\mwZx[\BU�vHÙm_�MZU��H�klZU]MJMqMBvFIYVHN�eJMZvJMTrYVJMHKBUFIP���Jxm_�MYV�oqMZK�
[�BvYrJÇB»JMHK]MFIBUT÷JMH
m�DÉZvFI�tDÉBU�ÙBUkMTVH�m_Zjm_FIBUYVJGm_Zx�MYV�U�ÁBvLNLN]}FIBUL
f#YVJ�BxFIHKTrBKm_Y�aMHNT�fÚ���MZUFämÙm_Yr[\H�ulHNF�YrZ qMP
R�HNJ}LNHNWSq}HNLNYV�IYVZUJ\mwFIHKHtTrHKBUFIJ}YrJM�tD�BU�ÌJMZKm�mwF�]MT�f�mwYV[\HQHI­lHNL>m_Y�aMHxBvJMqáLNHNFämwBUYVJMT�fèTVHN�I�jBULKLN]MF�BKmwHKP � �}H
FIHN��]MT�mw��Zvy�mw�MYV��YVJ_a�HK�nmwYV�UBKm_YrZvJ;TrHKJMq#LKTrHKBUF���]MuMulZUFnm=mwZtmw�MHxuMFIHKy¡HNFIHKJMLNH»y¡ZUF=J}HN]MF�BUTCJMH>m�D�ZUFI���tYVJ#BKm
TrHKBU�nmÌmw�}Yr��m�f�u�HQZUyßkMYVZK�-YVJMy¡ZUF�[�B¶mwYVLN��uMF�ZUkMTVHN[\P
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Å Ö�Æ�ÇÙÊ#ÈQ®v®w¯�¼-½8Ý6É8ÊTÊ_Ã�´
×MÀ¸­ Û�Ý�ËÌÊ Ï ®¶Î�¼8À¸À¸Ý�´I¯�º}ÌÉÊ#ËÞ®¶×w¼8ÊWÌo¯*¼-Å�ÆM¼-²K­¸³�¼-¯�µ¶´wÀS·g® ³eÆ�´I²K­ ¹
®w¯á® °l¹
½�³�¾M® À¸­¸·
´I¯�ºj·g®w¯�¯�¼8·gµ¶­ ®w¯�­ ¹
µ�À ¼8´I²>¯�­ ¯�Â�´wÀ Âw®w²N­ µ�Ã�³e¹KÊ8Üà¯(ÍNÎ�Ï�ÐBÍNÑ�Ò�ÓXÔ�Õ�ÖØ×�ÙUÙ�Ú�ÛYÜSÝ�Þ�Ö�ß�à=á�Ù�â�ã
Ù'ä�Ù'ÜSà=áXÍNÜSà=Ù�ÕUÜ.å�à=Û�Ö�ÜSå�ã
Î-Ö�ÛYÜSàXÏ�Ö�ÜUß'Ù'Õ�Ù'ÜS×UÙ�Ö�Ü�Ð�ÕUà=Û æ{×�Û�å�ã$ÍNÜSà=Ù'ãYã�ÛYÝ'Ù�ÜS×�Ù¨Ýv×w® À Ä�³e¼¥ÖwÝUÆ�´IÂw¼-¹�ç¨ç¨è�é.ç¨êwÕwÝ�Ö¨ë¨ê¨ëwÊ

Å Ó�Æ�ÊwÃ�´�×�À¸­ ÛvÉ8Ê ì Ê¸Ý�Ç.ÊíÉ8Ê�ÈG®�®w¯�¼-½8Ý5´I¯�º Ï ®¶Î�¼8À¸À�ËjÊíËÌÊ)Êw½M³.¾M® À¸­¸·j´I¯�ºG¯�¼-Ä�²K´wÀ�À ¼8´I²
¯�­ ¯�Â*´wÀ Âw®w²K­ µ�Ã�³�¹�îÌ´I¯
¼-ÅvÆM¼-²K­¸³e¼-¯vµ¶´wÀ÷·g® ³eÆ�´I²N­ ¹
®w¯�Ý÷³Q´w·äÃ�­ ¯�¼xÀ ¼8´I²>¯�­ ¯�Â Ê�ï¸å�×'á�ÛYÜSÙWð.ÙUå�Õ�ÜSÛ�Ü.Ý-Ý$ñ¨ò�Ó¨óNî¸ÖwÖwÖ�é Ö�ô.õwÝ{Ö¨ë¨ëwÖwÊ

Å õ�Æ�¬�²
®KÎ�¯:ÑeÊ¸ç{Ê¸Ý�Ò5®w²
²>Ä�¾�À ¼WöÉÊ¸Ýß´I¯�ºáËß­ µ�µ¶´I²Kº,Ò�Êí÷�Ê�Ì0·g® ³eÆ�´I²K­ ¹
®w¯,® °�ºw¼8·-­ ¹K­ ®w¯,µ�²
¼-¼�·-À¸´I¹
¹K­ Ø�¼-²
¹=Î=­ µ�Ã
¾�´w·¡ÛvÆ�²
®wÆ�´IÂ ´Iµ¶­ ®w¯¿¯�¼-Ä�²K´wÀ�¯�¼-µàÎß®w²
Ûv¹x°±®w²Q³�Ä�À µ¶­¸³�®Mº�´wÀS·-À¸´I¹>¹K­ Ø�·-´Iµ¶­ ®w¯,Æ ²
®w¾�À ¼8³e¹KÊ&Ô�å�à=à=Ù�ÕUÜvø1Ù�×UÖØÝ'Ü.Û�Ñ
à=ÛYÖ�ÜUÝlÓ¨ñ¨òNñ¨óNîíë¨è¨õ�é.ë¨ñwÖwÝCÖ¨ë¨ë¨õwÊ

Å ô¨Æ�Ñe­ ¼-µ�µ�¼-²K­¸·äÃ Ï ÊíËÌÊ¸ÝUão­¸À¸ºÉãÙÊ¸ÝU´I¯�º�¬�´IÛM­ ²K­^ËÌÊ�ÌÔ·g® ³eÆ�´I²N­ ¹
®w¯É® °NÜEÑ�õo´I¯�º�¾�´w·¡ÛvÆ�²
®wÆ�´IÂ ´Iµ¶­ ®w¯�°±®w²�¼-¯ Â À¸­ ¹
Ã
µ�¼-ÅvµNù¡µ�®¨ù¡¹
ÆM¼-¼8·¡Ãè³Q´IÆ Æ�­ ¯�Â Ê�ï�å�×'á�ÛYÜSÙWð.ÙUå�ÕUÜ.Û�ÜSÝ¨ÝlÖ¨ê¨ò�Ö¨óNîíèwÖ�é.êwÕwÝSÖ¨ë¨ë¨èwÊ
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Å è�Æ�Êw¼-µ�Ã�­�Ü-Ê¸ÐÌÊ5´I¯�º�ú�µ�µ�¼-¯3È�ÊQÒ5® ³eÆ�´I²K­ ¹
®w¯*¾M¼-µnÎ�¼-¼-¯*¼-¯�µ�²>®wÆ�½Ç¯�¼-µQ´I¯�ºÁº_¼8·-­ ¹K­ ®w¯áµ�²
¼-¼\·-À¸´I¹
¹N­ Ø�¼-²
¹KÊeÜg¯
ÍNÎ/Ï�ûBûüÍNÜ.à=Ù'Õ�ÜSå�à=ÛYÖ�ÜSå�ã�Î_Ö�Û�ÜSàXÏ�Ö�ÜUß'Ù'Õ�Ù'Ü.×�ÙHÖ�Ü�ûBÙ'ý^Õ�å�ã<ûBÙ'à=þ#Ö�Õ�ÿ'Þ
ÝU×w® À Ä�³e¼�õwÝ7Æ�´IÂw¼-¹�ñ¨õ�é.ñ¨êwÝ�Ö¨ë¨ëwÕwÊ

Å ñ�Æ�Ë�¼-µ�²K´jË ¼-²>¯�¼-²KÝ��{Îß¼��7¹K·¡Ã�¼-²>Æ}¼8À¸Ý7´I¯�ºtÒ�´I²
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