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�A� � ��R!XYf!Q>Uk^ MEfTRTN_g>fTNPR!Q ��R!Qq�AUWg>fTUWXY^H� �a�a� ��� �a� �a�a� �a� ��� �a�a� �a� �a��� �a� �a� �a� 9

�A� �¯� � M1Q�:sN_Q>^_gqQ�o3bkU �¯^Pj�Q>^Ef��a� �a�a� ��� �a� �a�a� �a� ��� �a�a� �a� �a��� �a� �a� �a� ;
�A� �¯��� ��iPR!Q[oY�AUk^6�pf!Qqg!iP^PU<:EN_QqV�� �a�a� ��� �a� �a�a� �a� ��� �a�a� �a� �a��� �a� �a� �a� ;
�A� �¯�>= l NPUkbW�AUk^6� o3^_��Q>SYo3bkN�o3fTUk^6�pj�XE�PQ>bWV �a� �a�a� �a� ��� �a�a� �a� �a��� �a� �a� �a� ?

�A��� l�Q>^_g,iPjpo3RThEUk^6� X3c
MEfTRTN_g>fTNPR!QaOPR!Qq�AUWg>fTUWXY^�j�Q>fTi_X1�PV �a� ��� �a�a� �a� �a��� �a� �a� �a� ?
�A�>= MEfTRTN_g>fTNPR!QaOPR!Qq�AUWg>fTUWXY^eV,Q>RTSwQ>R!V�N_V!Qq�A@Ex � gqXY^_V �a�a� �a� ��� �a�a� �a� �a��� �a� �a� �a� B

�A�>=A� � ��C�lED l�{�\ M1� � �a� �a� �a�a� ��� �a� �a�a� �a� ��� �a�a� �a� �a��� �a� �a� �a� B
�A�>=A��� F�Q>^_����G]` \�C `EG � �a� �a�a� ��� �a� �a�a� �a� ��� �a�a� �a� �a��� �a� �a� �a� H
�A�>=A�>= MAo3j(D �	H B �a��� �a� �a� �a�a� ��� �a� �a�a� �a� ��� �a�a� �a� �a��� �a� �a� �a� H
�A�>=A� I J�JA\ M �a� �a��� �a� �a� �a�a� ��� �a� �a�a� �a� ��� �a�a� �a� �a��� �a� �a� �a� H
�A�>=A�>9 K ^L@6�¯N �a� �a��� �a� �a� �a�a� ��� �a� �a�a� �a� ��� �a�a� �a� �a��� �a� �a� �a� H
�A�>=A�>; =MCND ��MPMPO �a��� �a� �a� �a�a� ��� �a� �a�a� �a� ��� �a�a� �a� �a��� �a� �a� �a�a���

�A� I MEfTRTN_g>fTNPR!Q�gqXYj�O�o3RTUWV!XY^_Vm�a� �a� �a�a� ��� �a� �a�a� �a� ��� �a�a� �a� �a��� �a� �a� �a�a���
�A� I_� � {�F�V!gqXYR!Q � �a��� �a� �a� �a�a� ��� �a� �a�a� �a� ��� �a�a� �a� �a��� �a� �a� �a�a���
�A� I_��� {�F�V!gqXYR!Q�� �a��� �a� �a� �a�a� ��� �a� �a�a� �a� ��� �a�a� �a� �a��� �a� �a� �a�a���

�A�>9 MENPO<Q>RTS1UWV!Qq� bWQ[o3RT^PUk^6�H��� �a� �a� �a�a� ��� �a� �a�a� �a� ��� �a�a� �a� �a��� �a� �a� �a�a���
�A�>9A� � \&RTfTURQ�g>U o3b-� Q>NPR,o3b-� Q>f ~�XYRTh � ��� �a� �a�a� �a� ��� �a�a� �a� �a��� �a� �a� �a�a��=
�A�>9A��� MENPOPO<XYRTf�SwQqg>f!XYR&jpoYg!iPUk^_QqV��a� ��� �a� �a�a� �a� ��� �a�a� �a� �a��� �a� �a� �a�a��=

S TU4V�"2�����W �P$
=A� � � gqXY^_V � �a�a� �a� �a��� �a� �a� �a�a� ��� �a� �a�a� �a� ��� �a�a� �a� �a��� �a� �a� �a�a�XI
=A��� ��i_Qa�AN�o3b�N_V!Q X3c�{�F�V!gqXYR!Q o3^_��{�F�V!gqXYR!Q�� �a� �a�a� �a� ��� �a�a� �a� �a��� �a� �a� �a�a�XI
=A�>= MEUkj�Ukb o3RTUkf xY@
Q>f ~ QqQ>^eOPR!Qq�AUWg>fTUWXY^_V��a�a� ��� �a� �a�a� �a� ��� �a�a� �a� �a��� �a� �a� �a�a��9
=A� I ��i_Qa�AURZ
Q>R!Q>^Ef]� gqXY^_V&SwQ>R!VTUWXY^_V � �a�a� ��� �a� �a�a� �a� ��� �a�a� �a� �a��� �a� �a� �a�a��9
=A�>9 �]Q>NPR,o3b�^_Q>fy~ XYRThAV&� �a��� �a� �a� �a�a� ��� �a� �a�a� �a� ��� �a�a� �a� �a��� �a� �a� �a�a��B

=A�>9A� � G&Q]�¯R!QqV!VTUWXY^ �a��� �a� �a� �a�a� ��� �a� �a�a� �a� ��� �a�a� �a� �a��� �a� �a� �a�a��H
=A�>; �JQqVTf]o3^_��fTR,o3Uk^PUk^6� �_o3f,om�a� �a� �a�a� ��� �a� �a�a� �a� ��� �a�a� �a� �a��� �a� �a� �a�a��H

=A�>;A� � ��i_Qa{+UkSwQql�Q>^_g!i[D�� V!Q>f[� � �a�a� ��� �a� �a�a� �a� ��� �a�a� �a� �a��� �a� �a� �a�a��H
=A�>;A��� \��P�AUkfTUWXY^�o3bJf!QqVTf�V!Q>f!V �a� �a�a� ��� �a� �a�a� �a� ��� �a�a� �a� �a��� �a� �a� �a�a��H

=A�\? `�SYo3bkN�o3fTUWXY^.X3c±O
Q>R*cdXYRTjpo3^_gqQaX3c5cdXYbW� R!QqgqX	�¯^PUkfTUWXY^ej�Q>fTi_XE�PV �a�a� �a� �a��� �a� �a� �a�a��H
=A�\?1� � r�XYRTR!Q>b o3fTUWXY^egqX1Q^]pg>UWQ>^sf �a�a� ��� �a� �a�a� �a� ��� �a�a� �a� �a��� �a� �a� �a�a��H
=A�\?1��� O.o3fTfTi_Q>~�V]gqXYRTR!Q>b o3fTUWXY^egqX1Q^]pg>UWQ>^sf[t�V!O<Qqg>URQ�g>Ukfyx o3^_� V,Q>^_VTUkfTUkSEUkfyx ��� �a� �a� �a�����

$ _`45W"��ab��W %,c
I_� � �5Q>R*cdXYRTjpo3^_gqQ X3c�gqXY^_V!Q>^_VTN_V�j�Q>fTi_XE��XY^ fTi_Q {+UkSwQql�Q>^_g!i[D��8�_o3f,o�V!Q>f[� �a��� �a� �a� �a�����
I_��� \&^�o3bkxAVTUWV�X3c��]Q>NPR,o3bJ^_Q>f ~ XYRTh R!QqV!O<XY^_V!Q � �a� �a�a� �a� ��� �a�a� �a� �a��� �a� �a� �a��� =
I_�>= \&^�o3bkxAVTUWV�X3c�XYRTU �¯Uk^ X3c�j�XE�PQ>bWV]V!Q>bWQqg>f!Qq�Y@sx fTi_QagqXY^_V!Q>^_V!N_V�j�Q>fTi_XE�+� �a��� �a� �a� �a����I
I_� I ��i_Q O<Q>R*cdXYRTjpo3^_gqQ�X3c�� gqXY^_V�UWV&VTN_VTf,o3Uk^_Qq��XY^eoY�P�AUkfTUWXY^�o3b5f!QqVTf�V!Q>f!V[��� �a��� �a� �a� �a��� 9
I_�>9 K j�O
XYRTf,o3^_gqQ�X3c�N_VTUk^6��R!Q]�¯R!QqV!VTUWXY^ �a� ��� �a� �a�a� �a� ��� �a�a� �a� �a��� �a� �a� �a��� ;
I_�>; ��Ukj�QaR!Q�:ENPUkR!Q>j�Q>^sf!V�cdXYR�RTNP^P^PUk^6�p�
gqXY^_V[� �a� �a�a� �a� ��� �a�a� �a� �a��� �a� �a� �a��� ;
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\ V fTi_Qt�wQ>^_XYj�Q]OPR!X
�TQqg>f!V
OPR!X1gqQqQq�+ts~�Q o3R!Q&OPR!QqV!Q>^sf!Qq� ~�UkfTi o3^ Q�z1O
XY^_Q>^sfTU o3bkbkxpUk^_g>R!Q[oYVTUk^6� ^ENPj3@
Q>R�X3c
OPR!XYf!Q>Uk^eV,Q�:sN_Q>^_gqQqV[� ��i_Q isNPjpo3^ �wQ>^_XYj�Q o3bWXY^_QaUk^_g>bkN_�PQqV&���_������f!X 9��_�����P�wQ>^_QqV]gqXE�AUk^6��cnXYR&X�SwQ>R
o8j�UkbkbkUWXY^ OPR!XYf!Q>Uk^eV!Q�:sN_Q>^_gqQqV�� � Q>^ ���
� �

�&c�fTiPUWV�b o3R0�wQ ^sNPj3@
Q>R�X3c�OPR!XYf!Q>Uk^HV!Q�:EN_Q>^_gqQqV XY^Pbkx.o VTjpo3bkb�cnR,oYg>fTUWXY^ UWV VTfTRTN_g>fTNPR,o3bkbkx o3^_�.cnNP^_g^D
fTUWXY^�o3bkbkxph1^_X[~�^��
��R!XYf!Q>Uk^ VTfTRTN_g>fTNPR!Q o3^_� cnNP^_g>fTUWXY^ g[o3^ V!XYj�Q>fTUkj�QqV	@<Q �PQ>f!Q>RTj�Uk^_Qq��Q�zAO<Q>RTUkj�Q>^Ef,o3bkbkxwt
@PNPf�Ukf�UWV�o8SwQ>RTx fTUkj�QagqXY^_VTNPj�Uk^6��OPR!X1gqQqV!V[��� R!XYf!Q>Uk^ C o3f,o�l�o3^Ph�� l��1J��M������UWV&o �_o3f,o�@�oYV,QagqXYbkbWQqg>f D
Uk^6�8fTi_Q&OPR!XYf!Q>Uk^_V�VTfTRTN_g>fTNPR,o3bkbkx V!XYbkSwQq�pfTiPR!XYN6�¯iY��O G XYR��ND�R,o[xpg>RTx1V!f,o3bkbWX	�¯R,o3OPisxw�EKyf
i_XYbW�PV��*N_VTf X�SwQ>R
���At>9����pOPR!XYf!Q>Uk^.VTfTRTN_g>fTNPR!QqV��}� ;7D����7D+�����������&\]^P^sN�o3bkbkx.o�@<XYNPf =At>9�����OPR!XYf!Q>Uk^.VTfTRTN_g>fTNPR!QqV UWV&�PQ>O
X¯VTUkf!Qq�
Uk^ OPR!XYf!Q>Uk^ �_o3f,o`@�o3^Ph<��\ gqXYj�OPbWQ>j�Q>^sf,o3RTxHo3OPOPR!XwoYg,i R!QqgqQ>UkSEUk^6� Uk^AcdXYRTjpo3fTUWXY^ o�@
XYNPf]cnNP^_g>fTUWXY^ o3^_�
VTfTRTN_g>fTNPR!Q X3cJo3^pNP^Ph1^_X[~�^ OPR!XYf!Q>Uk^ V!Q�:EN_Q>^_gqQ�UWV
R!Q>b o3fTUk^6� Ukf f!XaOPR!XYf!Q>Uk^_V ~�UkfTi h1^_X[~�^ OPR!XYO<Q>RTfTUWQqV���l x
�PQ>f!Q>RTj�Uk^PUk^6� R!Q>b o3fTUWXY^_VTiPUkO_V	@
Q>f ~�QqQ>^ o V!Q�:EN_Q>^_gqQ�o3^_� o�hE^_X�~�^ OPR!XYf!Q>Uk^�t_~�Qag[o3^�jpo3hwQ�OPR!Qq�AUWg>fTUWXY^_V
X3c+cnNP^_g>fTUWXY^�tEVTfTRTN_g>fTNPR!Q�o3^_� Q>SwXYbkNPfTUWXY^�o3RTx�cnQ[o3fTNPR!QqV���G&Q>b o3fTUWXY^_VTiPUkO_V @<Q>fy~ QqQ>^ OPR!XYf!Q>Uk^_V�VTO�o3^ o @PR!XwoY�
R,o3^6�wQ¯t�c¢R!XYj fTi_Q g[oYV!QaX3c
o3bkj�X¯VTf]UW�PQ>^sfTUWg[o3b�V!Q�:sN_Q>^_gqQqV&f!X o3OPO�o3R!Q>^EfTbkx�NP^PR!Q>b o3f!Qq�eV,Q�:sN_Q>^_gqQqV]VTi�o3RTUk^6�
XY^Pbkx R!XYN6�¯i =Y�PD V!fTRTN_g>fTNPR!Q¯����iPUWV�O
X¯V!QqVa�AURZ+Q>R!Q>^sf g!i�o3bkbWQ>^6�wQqV f!X�fTi_Qp�PQ>f!Qqg>fTUWXY^ o3b �wXYRTUkfTiPj�V N_V,Qq���
opj�Q>fTi_XE� Q�zPgqQ>bkbWQ>^sfao3f�Q_^_�AUk^6� V,Q�:sN_Q>^_gqQ8VTUkj�Ukb o3RTUkf x.j�U �¯isf�^_XYf O<Q>R*cdXYRTj SwQ>RTx�~ Q>bkb�Uk^.fTi_Q g[oYV!Q X3c
XY^Pbkx VTfTRTN_g>fTNPR,o3bJR!Q>b o3fTUWXY^_VTiPUkO�t�XYR�SEUWgqQ�SwQ>R!V(oA�

Ky^ OPR!XYf!Q>Uk^ cdXYbW� R!QqgqX	�¯^PUkfTUWXY^ fTi_Q o3Ukj#UWV�f!X Q_^_� fTi_Q VTfTRTN_g>fTNPR!Q �nXYR cdXYbW��� o3^ NP^Ph1^_X[~�^ V!Q^D
:EN_Q>^_gqQH~�Ukbkb�oY�PXYOPf[� �5X fTiPUWV o3Ukj o �_o3f,o�@�oYV!Q ~�UkfTi V!fTRTN_g>fTNPR,o3bkbkx hE^_X�~�^ OPR!XYf!Q>Uk^_V[taU�� Q¯����R!X�D
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R!Q>bkU o�@PbWQ¯t�o3^_� UWV&V!XYj�Q>fTUkj�QqV�N_V!Qq��~�i_Q>^�OPR!Qq�AUWg>fTUk^6�pfTi_Q�f!Q>RTfTU o3RTx VTfTRTN_g>fTNPR!Q¯�
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G&Q>b o3fTUWXY^_V!iPUkO_V @<Q>fy~ QqQ>^ fy~ X OPR!XYf!Q>Uk^_V�g[o3^ @
Q �PQ>f!Qqg>f!Qq� @sx�gqXYj�O�o3RTUk^6� f ~�X V!Q�:EN_Q>^_gqQqV�N_VTUk^6� V!Q^D
:EN_Q>^_gqQ o3bkU �¯^Pj�Q>^sf f!Qqg!iP^PU<:EN_QqV[��\]bkbJo3bkU �¯^Pj�Q>^sfao3b �wXYRTUkfTiPj�V&R!Q>bkx XY^ V,XYj�Q hEUk^_�eX3c�V,g!i_Q>j�Qaf!X V!gqXYR!Q
fTi_Q
Q�:ENPUkS¯o3bWQ>^_gqQ X3cPf ~�X o3j�Uk^_X�oYg>UW�PV[�5��i_Q
VTUkj�OPbWQqVTfJcnXYRTj X3c�o3bkU �¯^Pj�Q>^sf±UWVJf!X�N_V!Q o3^ UW�PQ>^sfTUkf x V!gqXYRTUk^6�
VTxAVTf!Q>j���Ky^ fTiPUWV&g[oYV!Q o8UW�PQ>^sfTUWg[o3b5o3j�Uk^_XpoYg>UW� V,gqXYR!QqV�XY^_Qao3^_��o3bkb�XYfTi_Q>R!V�V!gqXYR!Q .[Q>R!XP� � X[~�Q>SwQ>R[tPfTi_Q
V!Q�:EN_Q>^_gqQ8UWV V!N)@ �*Qqg>f�f!X Q>SwXYbkNPfTUWXY^�tJo3j�Uk^_X�oYg>UW�PV g[o3^ @<Q8VTN)@_VTfTUkfTNPf!Qq�+t�Uk^_V!Q>RTf!Qq� XYR��PQ>bWQ>f!Qq�+����i_QqV!Q
VTN)@_VTfTUkfTNPfTUWXY^_V8cdXYbkbWX[~�V o O�o3fTf!Q>RT^�t cnXYR Q�z_o3j�OPbWQ {�Q>N_g>Uk^_Q�o3^_� KyV!XYbWQ>N_g>Uk^_Q�o3R!Q X3cnf!Q>^�Uk^sf!Q>R!g!i�o3^6�wQq�+�
��i_Q>R!Q�cdXYR!Q j�XYR!Q V!XYOPiPUWVTfTUWg[o3f!Qq� VTN)@_VTfTUkfTNPfTUWXY^ jpo3fTRTUWgqQqV8cdXYR�V!gqXYRTUk^6�Ho3R!Q �PQ>SwQ>bWXYO<Qq�+t
~�i_Q>R!Q�o3j�Uk^_X
oYg>UW�PV�X3c�gqXYj�j�XY^ g!i�o3R,oYg>f!Q>RpV,gqXYR!Q iPU �¯i_Q>R�fTi�o3^ o3j�Uk^_X oYg>UW�PV�~�UkfTi �AURZ+Q>R!Q>^sfpg,i�o3R,oYg>f!Q>R � l�o3R H ;
� �
u VTN�o3bkbkx fTiPUWV�Uk^sSwXYbkSwQqV�oP�����"��� jpo3fTRTU|z ~�i_Q>R!Q UW�PQ>^sfTUWg[o3b�o3j�Uk^_XpoYg>UW�PV&V!gqXYR!QaiPU �¯i_QqVTf[�

M1Q�:EN_Q>^_gqQqV&o3R!Q�^_XYf�XY^Pbkxpj NPf,o3f!Qq� fTiPR!XYN6�¯i VTN)@_V!fTUkfTNPfTUWXY^�tAUk^_V!Q>RTfTUWXY^_V&o3^_� �PQ>bWQ>fTUWXY^_V&o3bWV!X X1gqg>NPR[t
fTi_Q>R!Q�cdXYR!Q��AxE^�o3j�UWg�OPR!X	�¯R,o3j�j�Uk^6� UWV
o3OPOPbkUWQq�pf!X�fTi_Q�OPR!XM@PbWQ>j�f!Xao3bkbWX�~ cdXYR�Uk^_V!Q>RTfTUWXY^_V o3^_�p�PQ>bWQ>fTUWXY^_V
� l�o3R H ;
� �
M1XYj�Q h1Uk^_��X3cM�so3O O<Q>^�o3bkfyx UWVt�¯UkSwQ>^�~�i_Q>^	�yVTh1UkOPOPUk^6��
�o3j�Uk^_XpoYg>UW�PV�X3c�XY^_QaV!Q�:EN_Q>^_gqQ¯�

OeNPbkfTUkOPbWQ&o3bkU �¯^Pj�Q>^sf UWV�fTi_Q�OPR!XEgqQqV,V X3c
o3bkU �¯^PUk^6�aj�XYR!Q�fTi�o3^�f ~ X V!Q�:EN_Q>^_gqQqV[��OeNPbkfTUkOPbWQ&o3bkU �¯^Pj�Q>^Ef
g[o3^ @
Q�N_V,Q�c¢NPb�@
Qqg[o3N_V!QpUkf g[o3^ @<Q�N_V,Q�c¢NPb f!XYQ_^_� j�XYR!Q R!Q>j�XYf!Q>bkx R!Q>b o3f!Qq� OPR!XYf!Q>Uk^ V!Q�:EN_Q>^_gqQqV[t5U�� Q¯�
~�UkfTi bWQqV!V]fTi�o3^ =��
�vUW�PQ>^EfTUkf xw��� UkfTiej NPbkfTUkOPbWQ�o3bkU �¯^Pj�Q>^sf Ukf jpoqx cnXYR Q�zPo3j�OPbWQ @
Q�O
X¯V!VTU @PbWQ8�PQ>f!Qqg>f
V!Q�:EN_Q>^_gqQ \ � V]R!Q>b o3f!Qq�A^_QqV!V f!XpV!Q�:EN_Q>^_gqQ r fTiPR!XYN6�¯i @<XYfTi.VTi_X[~�Uk^6��o_�wXEX1�eo3bkU �¯^Pj�Q>^Ef f!XpV!Q�:EN_Q>^_gqQ
l��

JPR!XYj o j�NPbkfTUkOPbWQ o3bkU �¯^Pj�Q>^sf UWV&o3bWV!X�O<X¯V!V!U @PbWQ f!X�g>R!Q[o3f!Q o�OPR!XYf!Q>Uk^ OPR!X�Q_bWQ �do3bWV,X�g[o3bkbWQq��O
X¯VTUkfTUWXY^
VTO
Qqg>URQ�g VTN)@_VTfTUkfTNPfTUWXY^8jpo3fTRTU|z����5��i_Q Q_R!V!f5VTf!Q>OaUk^ g>R!Q[o3fTUk^6��o�OPR!X�Q_bWQ cnXYR±o��¯UkSwQ>^8o3j�Uk^_X oYg>UW�aV!Q�:EN_Q>^_gqQ
UWV f!X V!Q[o3R!g,i o<�wQ>^_Q>R,o3b
�_o3f,o�@�oYV,QpX3c�OPR!XYf!Q>Uk^HV!Q�:EN_Q>^_gqQqV�cnXYR i_XYj�XYbWX	�wV��p\ �wQ>^_Q>R,o3b
�_o3f,o�@�oYV!Q��PX1QqV
Uk^_g>bkN_�PQ V!fTRTN_g>fTNPR,o3bkbkx NP^PhE^_X�~�^ OPR!XYf!Q>Uk^ V!Q�:sN_Q>^_gqQqV oYV�~�Q>bkb oYVpV!fTRTN_g>fTNPR,o3bkbkx hE^_X�~�^ XY^_QqV[� \�cnf!Q>R
gqXYbkbWQqg>fTUk^6� R!Q>b o3f!Qq� V!Q�:EN_Q>^_gqQqV o V!N)@_VTfTUkfTNPfTUWXY^ jpo3fTRTU|zHg[o3^ @
Q�gqXY^_VTfTRTN_g>f!Qq� c¢R!XYj fTi_QqV,QpV!Q�:EN_Q>^_gqQqV[�
��i_Q R!QqVTNPbkf&UWV�o�{��Y���pjpo3fTRTU|z+t�{ @<Q>Uk^6� fTi_Q3:EN_Q>RTx OPR!XYf!Q>Uk^ bWQ>^6�¯fTi�t<~�UkfTi fTi_Q OPR!XM@�o�@PUkbkUkf x f!X Q_^_�
o3^ o3j�Uk^_XpoYg>UW� Uk^�Q[oYg,i�O<X¯V!UkfTUWXY^�� ��iPUWV&o3OPOPR!XwoYg!ieUWV�j�XYR!Q O
X[~ Q>R*cnNPb�fTi�o3^�N_V!Uk^6�po8^_XYRTjpo3b �}�����"�����
V!gqXYRTUk^6��jpo3fTRTU|z�VTUk^_gqQ�Ukf&i_XYbW�PV�Uk^AcnXYRTjpo3fTUWXY^.XY^ i_X[~ gqXY^_V!Q>RTSwQq��XY^_Q O�o3RTfTUWg>NPb o3R]R!QqVTUW�AN_Q�UWV[�

C URZ+Q>R!Q>^sf o3OPOPR!XwoYg,i_QqV�f!X fTi_QU�wQ>^_Q>R,o3fTUWXY^ X3c fTi_Q OPR!XYf!Q>Uk^ OPR!X�Q_bWQ ~�Ukbkb�xEUWQ>bW� �AURZ+Q>R!Q>^sfpR!QqVTNPbkf!V[�
��i_Q]jpo3Uk^ �AURZ+Q>R!Q>^_gqQ UWV XY^ ~ Q>U �¯iPUk^6��fTi_Q�Ukj�O�oYg>f�Q[oYg,i V!Q�:EN_Q>^_gqQ VTi_XYNPbW�pjpo3hwQ XY^ fTi_Q	Q_^�o3b<OPR!X�Q_bWQ¯�
J_XYR8Uk^_VTf,o3^_gqQ gqXY^_VTUW�PQ>R(9�� i_XYj�XYbWX	�wXYN_V V!Q�:EN_Q>^_gqQqV[t�X3c�~�iPUWg!i I59 i�o[SwQ j�XYR!Q fTi�o3^ H 9
� V!Q�:EN_Q>^_gqQ
VTUkj�Ukb o3RTUkfyxw�H`�:EN�o3b�~ Q>U �¯isfTUk^6�H~�Ukbkb�R!QqV!NPbkf8Uk^ o OPR!X�Q_bWQ SwQ>RTx VTUkj�Ukb o3R f!X I59eX3c]fTi_Q V!Q�:EN_Q>^_gqQqV[t @PNPf
O
XYf!Q>^sfTU o3bkbkx ^_XYf VTUkj�Ukb o3R8f!X�fTi_Q XYfTi_Q>R(9 V!Q�:sN_Q>^_gqQqV���\]V8o R!QqVTNPbkf�o OPR!XYf!Q>Uk^ j�XYR!Q VTUkj�Ukb o3R f!XeXY^_Q
X3c fTi_Q 9 X1�P�.V,Q�:sN_Q>^_gqQqV�~�Ukbkb�R!QqgqQ>UkSwQ�o ~ XYR!V!Q�o3bkU �¯^Pj�Q>^Ef�V!gqXYR!Q�o3^_�.jpoqx.^_XYf @<Q8R!QqgqX	�¯^PU/.[Qq� oYVao
R!Q>b o3f!Qq��V!Q�:EN_Q>^_gqQ¯�
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��i_Q>R!Q o3R!QaOPR!XYf!Q>Uk^_V]VTi�o3RTUk^6�pfTi_Q�V,o3j�Q�cdXYbW� o3^_��V!fTUkbkb�i�oqS1Uk^6� o SwQ>RTx bWX�~ V!Q�:EN_Q>^_gqQaVTUkj�Ukb o3RTUkfyx �¢bWQqV!V
fTi�o3^ ��9
�mUW�PQ>^EfTUkf x ���p��i_QqV!Q�R!Q>b o3f!Qq� OPR!XYf!Q>Uk^_V�g[o3^ @
Q��AUR]pg>NPbkf�f!X`Q_^_� ~�UkfTi V!Q�:EN_Q>^_gqQpo3bkU �¯^Pj�Q>^Ef
V!Q[o3R!g,i_QqV[����R!XYf!Q>Uk^�fTiPR!Q[oY�AUk^6�.UWV8o3^�o3bkf!Q>RT^�o3fTUkSwQ o3OPOPR!XwoYg,i�f!X V!Q�:EN_Q>^_gqQ o3bkU �¯^Pj�Q>^Ef[t�fTi�o3f fTRTUWQqV f!X
X[SwQ>R!gqXYj�Q&fTiPUWV�OPR!XM@PbWQ>j�����i_Q�o3j�Uk^_X�oYg>UW��V!Q�:EN_Q>^_gqQ�X3c�fTi_Q�:EN_Q>RTx UWV�fTiPR!Q[oY�PQq��Uk^sf!X fTi_Q�VTfTRTN_g>fTNPR!Q�X3c
o�f!Q>j�OPb o3f!Q]OPR!XYf!Q>Uk^��
��i_Q>^ fTi_Q VTfTRTN_g>fTNPR!Q^D V!Q�:EN_Q>^_gqQ�Q_f�UWV�Q>S¯o3bkN�o3f!Qq� fTiPR!XYN6�¯i �AURZ
Q>R!Q>^Ef�f!Qqg!iP^PU<:EN_QqV[t
cdXYR�Q�zPo3j�OPbWQ Uk^Ef!Q>R D�R!QqVTUW�AN_Q O<XYf!Q>^EfTU o3bWV&XYR�XYfTi_Q>R&VTf,o3fTUWV!fTUWg[o3b�O�o3R,o3j�Q>f!Q>R!V�� � ���	H��Pt/G MPM[HV? � �

;



� o3^EN�o3RTx��At�������� �A��� l�Q>^_g,iPjpo3RThEUk^6� X3c MEfTRTN_g>fTNPR!Q�OPR!Qq�AUWg>fTUWXY^ j�Q>fTi_X1�PV

��i_Q>R!Q�o3R!Q
fTiPR!QqQ g[o3f!Q]�wXYRTUWQqV�X3c_fTiPR!Q[oY�AUk^6� o3OPOPR!XwoYg,i_QqV[t6��C�D =MC OPR!X�Q_bWQqV[t3O�o3UkRT~�UWV!Q��AUWVTf,o3^_gqQ j�Q>fTi[D
X1�PV o3^_� OPR!Qq�AUWg>fTUWXY^1@�oYV!Qq� j�Q>fTi_XE�PV�����CND =MC OPR!X�Q_bWQ � l�{�`EH�� � o3R!Q V!Ukj�Ukb o3R f!XHOPR!X�Q_bWQ V!Q�:EN_Q>^_gqQ
o3bkU �¯^Pj�Q>^sf[tJV!QqQ M1Qqg>fTUWXY^ �A� �¯� �¯����i_Q OPR!X�Q_bWQqV o3R!Q8i_X[~�Q>SwQ>R R!QqgqQ>UkSwQq� o �AURZ+Q>R!Q>^sf�~�oqxwt
fTiPR!XYN6�¯i fTi_Q
=MC V!fTRTN_g>fTNPR!Q X3c�fTi_Q]f!Q>j�OPb o3f!Q¯� ��i_Q OPR!X�Q_bWQ]UWV��wQ>^_Q>R,o3f!Qq� Uk^ f ~�X8V!f!Q>O_V[��J±UkR!VTf fTi_Q Q>^sS1UkR!XY^Pj�Q>^sf�cdXYR
Q[oYg!i R!QqVTUW�AN_Q UWV �PQqV!g>RTU @<Qq�efTiPR!XYN6�¯i o�^ENPj3@
Q>R�X3c S¯o3RTU o�@PbWQqV[t<U�� Q¯��O
XYb o3R SwQ>R!VTN_V&^_XY^[D�O
XYb o3R Q>^sS1UkR!XY^[D
j�Q>^sf o3^_�HV!QqgqXY^_�_o3RTx V!fTRTN_g>fTNPR!QpQ>^sS1UkR!XY^Pj�Q>^sf[� ��i_QpV!QqgqXY^_� V!f!Q>OHUk^ �wQ>^_Q>R,o3fTUk^6�.fTi_Q�OPR!X�Q_bWQpUWVaf!X
N_V!Q g!i_Q>j�UWg[o3b
Uk^AcdXYRTjpo3fTUWXY^ cdXYR Q[oYg,i X3cJfTi_Q&��� o3j�Uk^_X�oYg>UW�PV f!X ~ XYRTh XYNPf fTi_Q]OPR!XM@�o�@PUkbkUkf x X3c Q_^_�AUk^6�
o3^ o3j�Uk^_X oYg>UW� Uk^ o gqQ>RTf,o3Uk^ O
X¯VTUkfTUWXY^�� ��i_Q :sN_Q>RTxeV!Q�:sN_Q>^_gqQ g[o3^ fTi_Q>^ @<Q�o3bkU �¯^_Qq�.f!X fTi_Q8OPR!X�Q_bWQqV
Uk^ fTi_Qa�_o3f,o�@�oYV!QaN_VTUk^6�p�Ax1^�o3j�UWg OPR!X	�¯R,o3j�j�Uk^6�pj�Q>fTi_X1�PV[t_VTN_g,ieoYV�^_XYRTjpo3bJV,Q�:sN_Q>^_gqQ�o3bkU �¯^Pj�Q>^Ef[�

��o3UkRT~�UWV!Q j�Q>fTi_X1�PV	� � ���	H�� ��Q>SYo3bkN�o3f!Q8O�o3UkRT~�UWV!Q8Uk^sf!Q>R,oYg>fTUWXY^_V @<Q>fy~ QqQ>^ fTi_Q�o3j�Uk^_X oYg>UW�PV Uk^.fTi_Q
VTfTRTN_g>fTNPR!Q¯��r�XYRTR!Qqg>f o3bkU �¯^Pj�Q>^EfY@<Q>fy~ QqQ>^ fTi_QecnXYbW� o3^_� fTi_Q :EN_Q>RTx V!Q�:EN_Q>^_gqQ.UWV i_X[~ Q>SwQ>R o � � D
gqXYj�OPbWQ>f!Q OPR!XM@PbWQ>j�t � iPUWg,i j�Q[o3^_V�fTi�o3f8fTi_Q gqXYj�OPNPf,o3fTUWXY^�o3b�fTUkj�Q Uk^_g>R!Q[oYV,QqV�Q�z1O
XY^_Q>^sfTU o3bkbkx ~�UkfTi
^sNPj @<Q>R X3c±R!QqV!UW�AN_QqV[�
\ SYo3RTUWQ>fyx X3c�i_Q>NPRTUWV!fTUWg�o3b �wXYRTUkfTiPj�V&i�o[SwQ @
QqQ>^ �PQ>SwQ>bWXYO<Qq� f!X�R!Q[oYg!i ��o3OPOPR!XqzAURD
jpo3f!Q 
aV!XYbkNPfTUWXY^_V[�

��R!Qq�AUWg>fTUWXY^ @�oYV!Qq� j�Q>fTi_XE�PV � G�MPM[HV?AtgJ�`EH ;
�
o3R!Q N_VTUk^6� OPR!Qq�AUWg>fTUWXY^HX3c�V,QqgqXY^_�_o3RTx.VTfTRTN_g>fTNPR!Q8cdXYR
fTi_Q :EN_Q>RTx.V!Q�:EN_Q>^_gqQ¯� ��i_Q OPR!Qq�AUWg>f!Qq� V!QqgqXY^_�_o3RTx VTfTRTN_g>fTNPR!Q�X3c�fTi_Q :sN_Q>RTxeUWV jpo3f!g!i_Qq� o;�so3Uk^_VTf fTi_Q
oYV!VTU �¯^_Qq�HV!QqgqXY^_�_o3RTx.V!fTRTN_g>fTNPR!Q�X3c�fTi_Q�f!Q>j�OPb o3f!Q�OPR!XYf!Q>Uk^�����R!Qq�AUWg>fTUWXY^ @�oYV!Qq� j�Q>fTi_X1�PV�o3R!Qpo3bk~�oqxAV
gqXYj3@PUk^_Qq� ~�UkfTi V!XYj�QaXYfTi_Q>R&j�Q>fTi_XE��X3c�V!Q[o3R!g,iPUk^6��cnXYR�R!Q>b o3f!Qq� OPR!XYf!Q>Uk^_V[�

M1XYj�Q�OPR!Qq�AUWg>fTUWXY^ V!Q>RTSwQ>R!V � J±UWV����_t � XY^,H H¯o_t , O M����
�sN_V!Qq��Uk^�fTiPUWVJVTfTN_�Ax N_V!Q�fTiPR!Q[oY�AUk^6�]f!Qqg!iP^PU<:EN_QqV
Uk^�gqXYj3@PUk^�o3fTUWXY^.~�UkfTi�fTR,oY�AUkfTUWXY^�o3b±V!Q�:sN_Q>^_gqQ o3bkU �¯^Pj�Q>^sf[�
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o3bkU �¯^_Qq� f!Q>j�OPb o3f!Q¯� �JX	�wQ>fTi_Q>R ~�UkfTi Q[oYg,i j�X1�PQ>b]o3^ o3bkU �¯^Pj�Q>^sf V!gqXYR!Q UWVpR!Q>fTNPRT^_Qq� oYVpo j�Q[oYVTNPR!Q
X3c�fTi_Q j�XE�PQ>bE:EN�o3bkUkf xw� M1XYj�Q�j�Q>fTi_XE�PV�N_V!Q�oY�P�AUkfTUWXY^�o3b Q>S¯o3bkN�o3fTUWXY^Hg>RTUkf!Q>RTU oYV[t�cnXYRaQ�z_o3j�OPbWQ�Q>^_Q>R0�¯x
cnNP^_g>fTUWXY^_V]o3^_��V!QqgqXY^_�_o3RTx VTfTRTN_g>fTNPR!Q Q_f[�
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��i_Q>R!Q�i�o[SwQ @<QqQ>^Ho ^ENPj3@
Q>R�X3c @<Q>^_g,iPjpo3RThEUk^6� Q�zAO
Q>RTUkj�Q>^sf!V o3Ukj�Uk^6� f!X �AUWVTfTUk^6�¯NPUWVTi @
Q>f ~�QqQ>^ fTi_Q
O
Q>R*cnXYRTjpo3^_gqQ X3cA�AURZ+Q>R!Q>^sf±j�Q>fTi_XE�PV�cnXYRJOPR!XYf!Q>Uk^ VTfTRTN_g>fTNPR!Q�OPR!Qq�AUWg>fTUWXY^���\ @
Q>^_g!iPjpo3RTh1Uk^6� Q�zAO<Q>RTUkj�Q>^Ef
UWV�jpoY�PQ�XY^Ho ^sNPj @<Q>R X3c f,o3R0�wQ>f!V(�¢OPR!XYf!Q>Uk^HV,Q�:sN_Q>^_gqQqV ~�UkfTi h1^_X[~�^ V!fTRTN_g>fTNPR!Q ������i_Q�VTfTRTN_g>fTNPR!Q UWV
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MENPO
Q>RTSEUWV!Qq��bWQ[o3RT^PUk^6�Ho3b �wXYRTUkfTiPj�V o3R!Q`@<Q>Uk^6� N_V!Qq� cdXYR�o.SYo3RTUWQ>fyx X3c]f,oYV!h1V f!X1�_oqxwt
Uk^_g>bkN_�AUk^6� i�o3^_�
~�RTUkfTf!Q>^ f!Q�zAf�R!QqgqX	�¯^PUkfTUWXY^�t�Ukjpo;�wQ�R!QqgqX	�¯^PUkfTUWXY^ o3^_� @PUWXYUk^AcdXYRTjpo3fTUWgqV(� l�UWV H 9�� � Ky^.fTi_Q Q�Q>bW� X3c @PUWXYUk^[D
cdXYRTjpo3fTUWgqV�Ukf UWV�NPfTUkbkU/.[Qq� cdXYR jpo3^Ex �AURZ+Q>R!Q>^sf�f,oYVThAV[tscnXYR�Q�z_o3j�OPbWQ]OPR!XYf!Q>Uk^ i_XYj�XYbWX	�¯x �PQ>f!Qqg>fTUWXY^�t��wQ>^_Q
Q�zAOPR!QqV!VTUWXY^ o3^�o3bkx1VTUWV�t5UW�PQ>^EfTURQ�g[o3fTUWXY^ X3cNC �]\ND�R!Q]�¯UWXY^_V X3c&Uk^sf!Q>R!QqV!f �nQ¯� �_� g>bWQ[o[SYo;�wQ VTUkf!QqV�o3^_� OPR!XYf!Q>Uk^
@PUk^_�AUk^6� VTUkf!QqV ��� � Q>R!Qpfy~ X o3b �wXYRTUkfTiPj�V8cdXYR8VTNPO
Q>RTS1UWV!Qq�HbWQ[o3RT^PUk^6� ~�Ukbkb @
Q �AUWV!g>N_V,V!Qq�+� ��i_Q g>NPRTR!Q>^Ef
~ XYRTh�Uk^ESwXYbkSwQq� o3^ o3RTfTURQ�g>U o3b]^_Q>NPR,o3b&^_Q>f ~�XYRTh<t�~�iPUWg,i ~�Ukbkb	@
Q �AUWV!g>N_V!V,Qq� Q_R!VTf[�.Ky^PUkfTU o3b�fTRTUWQqV�~�Q>R!Q
jpoY�PQ�N_VTUk^6��o VTNPOPO
XYRTf�SwQqg>f!XYR�jpoYg!iPUk^_Q @PNPf�Ukf��AUW� ^_XYf�~ XYRTh ~ Q>bkb
cdXYR�XYNPR�OPNPRTO<X¯V!Q¯�
M%� O.V ~�Ukbkb�@
Q
@PRTUWQ)B_x Q�z1OPb o3Uk^_Qq��Uk^eo8b o3f!Q>R&V!Qqg>fTUWXY^��
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sum Response function

Hidden nodes Output nodes

Input layer Hidden layer Output layer

Bias

X3

X2

X4

12w1 11w1

w142

Y1
w211

w221

X1

Y2
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��i_Q o3RTfTURQ�g>U o3b±^_Q>NPR,o3b±^_Q>f ~ XYRTh �¢i_Q>R!Q[o$c¢f!Q>R�g[o3bkbWQq��^_Q>NPR,o3b±^_Q>f ~�XYRTh XYR���� ��UWV	@PNPUkbkf&~�UkfTiefTi_Q o3R!g,iPURD
f!Qqg>fTNPR!Q X3c
fTi_Q @PR,o3Uk^ oYV�opj�X1�PQ>b�� \&^ Q�zPo3j�OPbWQ�X3c�o�^_Q>NPR,o3b�^_Q>f ~�XYRTheUWV&�¯UkSwQ>^ Uk^ J±U �¯NPR!Q �¯����i_Q
^_X1�PQqV �nV!XYj�Q>fTUkj�QqV�g[o3bkbWQq��^_Q>NPR!XY^_V ��o3R!Q gqXY^P^_Qqg>f!Qq� ~�UkfTi V!xE^�o3O_V!QqV�t Q�:sNPUkOPO
Qq��~�UkfTi oe~ Q>U �¯iEfpf!X
R!Q>Uk^AcdXYR!gqQaXYR�R!Q>OPR!QqV!V�V!U �¯^�o3bWV[�

Ky^ o�fy~ X8b oqxwQ>R!Qq�`��� �eJ±U �¯NPR!Q�� ��fTi_Q�Uk^POPNPf
S¯o3RTU o�@PbWQqV�o3R!Q�fTR,o3^_V*cdQ>R!Qq��fTiPR!XYN6�¯i VTx1^�o3O_V!QqV f!X�fTi_Q
iPUW�P�PQ>^ b oqxwQ>R�X3c5XYNPfTOPNPf�^_X1�PQqV[��K ^ fTi_QqV!Q]^_XE�PQqV�o�R!QqVTO
XY^_V!Q&UWV�fTRTU ���wQ>R!Qq�+t_o3^_� S¯o3bkN_QqV�o3R!Q V!Q>^Ef cnR!XYj
fTi_Q]^_XE�PQqV�Uk^ fTi_Q&iPUW�P�PQ>^ b o[xwQ>R�f!X8fTi_Q]^_XE�PQqV�X3cJfTi_Q XYNPfTOPNPf�b oqxwQ>R[� � i_Q>R!Q oaR!QqV!O<XY^_V!Q]UWV fTRTU ���wQ>R!Qq�+t
~�iPUWg!ieR!QqVTNPbkf!V�Uk^ fTi_QaXYNPfTOPNPf&SYo3RTU o�@PbWQqV[�

\ ��� UWV fTR,o3Uk^_Qq� o;�so3Uk^_VTfao V!Q>f�X3c
Uk^POPNPf � XYNPfTOPNPfaO�o3UkR!V �ng[o3bkbWQq�.fTi_Q8fTR,o3Uk^PUk^6��V!Q>f ��� K f�Uk^ESwXYbkSwQqV
oY�
�*N_VTfTUk^6� fTi_Q&~ Q>U �¯iEf!V�o3^_�pfTi_QN@PU oYV!QqV V,XafTi�o3f�fTi_Q�Uk^POPNPf � XYNPfTOPNPf�O�o3UkR!V jpo3f!g!i�� \ � Q>NPR,o3b�^_Q>fy~ XYRTh
UWV�fTR,o3Uk^_Qq� cdXYR]o�V!Q>f&^sNPj3@
Q>R X3c � fTR,o3Uk^PUk^6� g>xAg>bWQqV 
 OPR!Qq�PQ>f!Q>RTj�Uk^_Qq� @sx fTi_QaN_V,Q>R[� J�XYR]Q[oYg!i.bWX1XYO�fTi_Q
o3b �wXYRTUkfTiPj RTNP^_V8fTi_Qp^_Q>f�cnXYRT~�o3R!�HcdXYR Q>SwQ>RTxHUk^POPNPf8Uk^ fTi_QpfTR,o3Uk^PUk^6� V!Q>f[�e��i_Q X�Z+V!Q>f @<Q>fy~ QqQ>^�fTi_Q
Q�zAO<Qqg>f!Qq� XYNPfTOPNPf�o3^_� fTi_Q�oYg>fTN�o3b
XYNPfTOPNPf�UWV�Q>SYo3bkN�o3f!Qq� fTiPR!XYN6�¯i o3^ Q>RTR!XYR c¢NP^_g>fTUWXY^ ���(# ��J_XYR��
gqXY^_V
~ QaN_V!Qq��o�VTNPj X3c�V :EN�o3R!QqV�Q>RTR!XYR�cnNP^_g>fTUWXY^��

� ���������� ���� ����� ��� �! � '#" �! � # %%$0
� i_Q>R!Q&g�UWV
fTi_Q�^sNPj @<Q>R�X3c�fTR,o3Uk^PUk^6� Q�z_o3j�OPbWQqV�o3^_� � UWV fTi_Q&^sNPj3@
Q>R�X3c+XYNPfTOPNPf�S¯o3RTU o�@PbWQqV[��& UWV
fTi_Q
oYg>fTN�o3b����ND XYNPfTOPNPf�o3^_�e� UWV�fTi_Q�f,o3R0�wQ>f XYNPfTOPNPf!V[�NF�R,oY�AUWQ>^sf!V]~�UkfTi R!QqVTO
Qqg>f&f!Xp~ Q>U �¯isf!V o3^_� @PU oYV!QqV�
')('+* & , # o3R!Q�g[o3bWg>NPb o3f!Qq�eo3^_�Y@PU oYV!QqV]o3^_� ~ Q>U �¯iEf!V o3R!Q�NPO
�_o3f!Qq� cdXYR�^_Q�z1f�fTR,o3Uk^PUk^6� g>x1g>bWQ¯�

Kyf UWV�Ukj�O
XYRTf,o3^sf�f!X VTf!XYO fTi_Q&fTR,o3Uk^PUk^6��Uk^ fTUkj�Q�@<Qqg[o3N_V!Q]f!X1X�jpo3^ExpfTR,o3Uk^PUk^6��g>xAg>bWQqV ~�Ukbkb<R!QqVTNPbkf�Uk^
o3^ �yX�SwQ>R]fTR,o3Uk^_Qq� 
3��� � l�UWV H 9�� �N�]SwQ>R D�fTR,o3Uk^PUk^6� UWV�~�i_Q>^.fTi_Q3��� bWQ[o3RT^_V&fTi_Q�^_XYUWV!Q�X3c�fTi_Q fTR,o3Uk^PUk^6�
V!Q>f[�e��iPUWV ~�Ukbkb��PQqg>R!Q[oYV!Q fTi_Q`��� � V8o�@PUkbkUkfyxHf!X��wQ>^_Q>R,o3bkU/.[Q¯t
V!QqQ o3bWV!X J±U �¯NPR!QU�A�e\]^ �yX[SwQ>R D�fTR,o3Uk^_Qq� 

^_Q>f ~�XYRTh ~�Ukbkb�O
Q>R*cnXYRTj ~�XYR!V!QaXY^�NP^Ph1^_X[~�^.�_o3f,oA�

J_XYR±j�XYR!Q R!Q[oY�AUk^6�wV±XY^ VTNPO
Q>RTSEUWV,Qq�abWQ[o3RT^PUk^6��V!QqQ�r RTUWVTfTU o3^PUk^PUPQ>f�o3b�� � r�M1�t���
�Ao3^_�8l�UWVTi_XYO � l�UWV H 9��

% � 8 � % � ��-�-��
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��i_Q VTNPOPO
XYRTf�SwQqg>f!XYR�jpoYg!iPUk^_Q ��M%��O � UWV�o3^_XYfTi_Q>R o3b �wXYRTUkfTiPj cnXYR�VTNPO
Q>RTSEUWV,Qq��bWQ[o3RT^PUk^6�_tE@PNPUkbkf�cdXYR
g>b oYV!VTU|cnx1Uk^6�afTi_Q��_o3f,o�Uk^Ef!Xaf ~�X g>b oYV,V!QqV[��O NPbkfTUkOPbWQ�M%��O.V g[o3^pXM@ESEUWXYN_VTbkx��AUkS1UW�PQ&o �_o3f,oaV!Q>f Uk^sf!X�j�XYR!Q
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fTi�o3^ f ~�X g>b oYV,V!QqV[t¯o3^_� V!O<Qqg>U o3bkU/.[Qq��M%� Ovo3b �wXYRTUkfTiPj�V±cnXYR±R!Q]�¯R!QqV!VTUWXY^8OPR!XM@PbWQ>j�V�Q�zAUWVTf!V � r�M1�t���
� �±��i_Q
o3OPOPR!XwoYg!ieX3c5fTi_Q�VTf,o3^_�_o3R!� M%� O�o3b �wXYRTUkfTiPj UWV�f!X fTR,o3^_V*cdQ>R�fTi_Q�Uk^POPNPf�O
XYUk^sf!V&X3c5fTi_Q fTR,o3Uk^PUk^6�pV!Q>f�f!X
o8iPU �¯i_Q>R]�AUkj�Q>^_V!UWXY^�~�i_Q>R!Q fTi_Q>x g[o3^ @
Q �AUkSEUW�PQq� ~�UkfTi.o8isx1O<Q>R D�OPb o3^_Q¯t�V!QqQ J±U �¯NPR!Q =A� ��i_QafTR,o3^_V*cdQ>R
f!X o�iPU �¯i_Q>R��AUkj�Q>^_VTUWXY^ UWV�oYgqgqXYj�OPbkUWVTi_Qq� fTiPR!XYN6�¯i o�N_V!Q>R��PQ^Q_^_Qq� hwQ>RT^_Q>b<cnNP^_g>fTUWXY^����JX�oqSwXYUW� �yX�SwQ>R D
fTR,o3Uk^PUk^6��
 o3^ XYOPfTUkj�U/.�o3fTUWXY^ o3b �wXYRTUkfTiPj UWV @PNPUkbkf�Uk^Ef!X fTi_Q M%� O �
MENPOPO
XYRTfpSwQqg>f!XYR�jpoYg,iPUk^_QqV X3cnf!Q>^
O
Q>R*cnXYRTj @
Q>fTf!Q>R�fTi�o3^ o ^_Q>NPR,o3b�^_Q>f ~ XYRTh XY^�g>b oYV!VTURQ�g[o3fTUWXY^pf,oYV!h1V[tM@
Qqg[o3N_V!Q�fTi_Q>x�o3R!Q��PQqVTU �¯^_Qq�pf!X�Q_^_�
fTi_QaXYOPfTUkjpo3bJV,Q>O�o3R,o3fTUk^6�pisx1O
Q>R D�OPb o3^_Q+� r�M1�t��� � �

� � ��
�� ��� �

<���� � ( �&#��
� gqXY^_V �PX1QqV�^_XYf jpo3hwQ o3^Ex ^_Q>~ VTfTRTN_g>fTNPR!Q OPR!Qq�AUWg>fTUWXY^_V[� K ^_V!f!Q[oY� Ukf V,Q>bWQqg>f!V @
Q>f ~�QqQ>^�OPR!Qq�AUWg>fTUWXY^_V
jpoY�PQ�cnR!XYj VTU|z�OPN)@PbkUWg>bkx�oqS¯o3Ukb o�@PbWQ�~ QX@[D V!Q>RTSwQ>R!V���\ B�X[~ g!i�o3RTf X3c�i_X�~ � gqXY^_V�OPR!Qq�AUWg>f!V fTi_Q�VTfTRTN_g>fTNPR!Q
X3cJo NP^PhE^_X�~�^ OPR!XYf!Q>Uk^ V!Q�:sN_Q>^_gqQ	�e:sN_Q>RTx �±UWV>�¯UkSwQ>^ Uk^ J±U �¯NPR!Q�I_��`
oYg!i`:sN_Q>RTx�V!Q�:EN_Q>^_gqQ�UWV VTN)@Pj�UkfTf!Qq�
f!X fTi_Q&V!Q>RTSwQ>R!V[tEfTi_Q]OPR!Qq�AUWg>fTUWXY^_V�o3R!Q]gqXYbkbWQqg>f!Qq�+tAQ>S¯o3bkN�o3f!Qq� o3^_�Q�¯UkSwQ>^ o � gqXY^_V D V,gqXYR!Q¯��� gqXY^_V�NPfTUkbkU/.[QqV
f ~�X f x1O
QqV X3c�Uk^AcdXYRTjpo3fTUWXY^�cnR!XYj fTi_Q�V!Q>RTSwQ>R!V[t¯fTi_Q�V!Q>RTSwQ>R D V,gqXYR!Q&o3^_� fTi_Q�c¢R,oYg>fTUWXY^�X3c
OPR!Qq�AUWg>fTUWXY^_V�cnR!XYj
o3^sx�V,Q>RTSwQ>R
fTi�o3f�o3R!Q&VTUkj�Ukb o3R
f!X�fTi_Q&XY^_Q	@
Q>Uk^6��Q>S¯o3bkN�o3f!Qq�+� \ ^_Q>NPR,o3b�^_Q>fy~ XYRTh_�¯UkSwQqV�Q[oYg!i OPR!Qq�AUWg>fTUWXY^
o V!gqXYR!Q @�oYV,Qq� XY^�OPR!Q>SEUWXYN_V]Q�z1O
Q>RTUWQ>^_gqQ¯�

<�� � � �  
.+'�� ' '��  � ���	� � ( ���, ��#+.
�	� � ( ���, ��
{�F�V,gqXYR!Q�o3^_�.{�F�V!gqXYR!Q���� l�`�J GI���Pt�r���J �>���At
`�bWX����
�
o3R!Q f ~�X R!Q>b o3f!Qq� o3b �wXYRTUkfTiPj�V�cdXYR gqXYj�O�o3RTUk^6�
f ~�XpOPR!XYf!Q>Uk^_V o3^_�.�PQ>f!Q>RTj�Uk^PUk^6� i_X�~ V!fTRTN_g>fTNPR,o3bkbkxeo3bkUkhwQ�fTi_Q>x o3R!Q¯t<V!QqQ M1Qqg>fTUWXY^ �A� I_� � Q i�oqSwQ N_V!Qq�
{�F�V,gqXYR!Q �do3^_�.{�F�V!gqXYR!Q�����cdXYR op�AN�o3b±OPNPRTO
X¯V!Q�Uk^efTiPUWV VTfTN_�Axw��J5UkR!V!f&f!X �AUWVTfTUk^6�¯NPUWVTi @<Q>fy~ QqQ>^ �wXEX1�
o3^_�1@�oY� OPR!Qq�AUWg>fTUWXY^_V[t�fTi_Q.j�XE�PQ>b ~�oYV Uk^ fTiPUWV g[oYV!Q gqXYj�O�o3R!Qq� f!X�fTi_Q g>RTx1V!f,o3b�V!fTRTN_g>fTNPR!Q N_VTUk^6�
{�F�V,gqXYR!Q��A� \ j�XE�PQ>b±fTi�o3f�R!QqgqQ>UkSwQq����
���������� 0�� ���  "! ~�oYV gqXY^_V!UW�PQ>R!Qq� f!X @
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model 59     template 59      pdbblast−score         rank 9
model 60     template 60      pdbblast−score         rank 10

model 21     template 21      INBGU−score           rank 1

model 2       template 2        genthreader−score    rank 2
model 1       template 1        genthreader−score    rank 1

Compare each model to all other Compare each template to all other
models. templates.

10 predictions

10 predictions

10 predictions

10 predictions

SamT98

INBGU

FFAS

3D−PSSM

genthreader

Sequence
Query−

Fraction of similar templates to templ. 1Fraction of similar models to mod. 1 GenTHREADER score

Fraction of similar models to mod. 60 Fraction of similar templates to templ. 60 PDB−BLAST score

NN Pcons score for each prediction
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log(LGscore2) log(LGscore2) log(LGscore2) log(LGscore2) log(LGscore2) log(LGscore2)

log(LGscore2)

Score Score ScoreModel Templ. Model Templ. Model Templ Model Templ. Model Templ Model Templ.Score Score Score
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o3R!Q VTi_X[~�^�� K f UWV�g>bWQ[o3R fTi�o3f�fTi_Q fTi_Q gqXY^_V!Q>^_V!N_V�^_Q>f ~ XYRThAVa�PQ>f!Qqg>f j�XYR!Q gqXYRTR!Qqg>f f,o3R0�wQ>f!V�fTi�o3^ o3^sx
Uk^_�AUkS1UW�AN�o3b
V,Q>RTSwQ>R[��J_XYR fTi_Q Q[oYVTx�f,o3R0�wQ>f!V�o3bkb<^_Q>f ~�XYRTh1V�O
Q>R*cnXYRTj o3OPOPR!XqzAUkjpo3f!Q>bkx oYV
~�Q>bkb+oYV�t5@PNPf�^_XYf
@
Q>fTf!Q>R]fTi�o3^�t
fTi_Q @<QqV!f]Uk^_�AUkS1UW�AN�o3b�V!Q>RTSwQ>R[� J_XYR�fTi_Q�i�o3R!�.f,o3R0�wQ>f!V o3bkb�fTi_Q gqXY^_V!Q>^_V!N_V]j�Q>fTi_X1�PV fTi�o3f
N_V!Q VTfTRTN_g>fTNPR,o3b±gqXYj�O�o3RTUWV,XY^_V �PQ>f!Qqg>f�VTU �¯^PURQ�g[o3^EfTbkx j�XYR!Q �}� H7D =�����f,o3R0�wQ>f!V fTi�o3^.fTi_Q @
QqVTf&Uk^_�AUkS1UW�AN�o3b
V!Q>RTSwQ>R(�}��� ���(J_XYRafTi_QqV,Q f,o3R0�wQ>f!V ���ND V!gqXYR!Q¯t
fTi�o3f��PX1QqV�^_XYf N_V!Q�VTfTRTN_g>fTNPR,o3b gqXYj�O�o3RTUWV,XY^_V[tJ�PX1QqV�^_XYf
VTi_X�~ o3^sx Ukj�OPR!X[SwQ>j�Q>^Ef X�SwQ>R�fTi_Q @
QqVTf�V!Q>RTSwQ>R[�

Ky^ oY�P�AUkfTUWXY^8f!X�Q_^_�AUk^6� o�gqXYRTR!Qqg>f±V!fTRTN_g>fTNPR!Q UkfJUWV±o3bWV!X�Ukj�O
XYRTf,o3^sf±f!X	@
Q
o�@PbWQ
f!X&V!Q>O�o3R,o3f!Q
Uk^_gqXYRTR!Qqg>f
j�X1�PQ>bWVacnR!XYj�gqXYRTR!Qqg>f8j�XE�PQ>bWV�� �]^_Q�~�oqx f!X.VTfTN_�Ax fTiPUWV�UWV f!X V,XYRTf�fTi_Q j�XE�PQ>bWV oYgqgqXYR!�AUk^6�ef!X fTi_Q
V!gqXYR!Q o3^_� fTi_Q>^.OPbWXYf fTi_Q g>NPj NPb o3fTUkSwQ ^sNPj3@
Q>RaX3c
gqXYRTR!Qqg>f�j�XE�PQ>bWV]SwQ>R!VTN_V Uk^_gqXYRTR!Qqg>f�j�XE�PQ>bWV oYV]i�oYV
@
QqQ>^ �PXY^_Q Uk^�V!Q>SwQ>R,o3b�Q[o3RTbkUWQ>R V!fTN_�AUWQqV � `�bWX�����t5� ��� r HV?At±� , l � H B�� � ��i_Q gqXY^_V,Q>^_VTN_V8OPR!Qq�AUWg>f!XYR[t
���	D�j�X1�PQ>b�tVQ_^_�PV�o�@
XYNPfZ���
� j�XYR!Q]gqXYRTR!Qqg>f�j�XE�PQ>bWV
cdXYR�o3^sx�^ENPj3@
Q>R�X3c
Uk^_gqXYRTR!Qqg>f�j�X1�PQ>bWV
fTi�o3^ fTi_Q
@
QqVTf�Uk^_�AUkSEUW�AN�o3b±V!Q>RTSwQ>R[t�V,QqQ J5U �¯NPR!Q BA�EJ_XYR]g>b o3RTUkf x ~ Q�i�oqSwQ XY^Pbkx V!i_X[~�^ ���	D�j�X1�PQ>b�Uk^�fTiPUWV	Q��¯NPR!Q¯�
��i_Q XYfTi_Q>R�^_Q>f ~�XYRTh1V&O<Q>R*cdXYRTj VTbkU �¯isfTbkx`@
Q>fTf!Q>R[� ��i_Q gqXY^_V!Q>^_VTN_V�j�Q>fTi_X1�PV�Ukj�OPR!X[SwQafTi_Q]OPR!Qq�AUWg>fTUWXY^_V��
� X[~ Q>SwQ>R[t5oYgqgqXYR!�AUk^6� f!X �±o�@PbWQ(I fTi_Q>R!Q Q�zAUWVTf gqXYRTR!Qqg>f j�X1�PQ>bWV]cnXYR H = f,o3R0�wQ>f!V[� ��iPUWV Uk^_�AUWg[o3f!QqV�fTi�o3f
Ukf j�U �¯isf @
Q O<X¯V!V!U @PbWQ f!X.N_V!Q oY�P�AUkfTUWXY^�o3b&g>RTUkf!Q>RTU o.f!XecnNPRTfTi_Q>R�Ukj�OPR!X[SwQ fTi_Q gqXY^_V!Q>^_V!N_V OPR!Qq�AUWg>f!XYR!V[�
� X[~ Q>SwQ>R]~ Q i�o[SwQa^_XYf�@
QqQ>^eo�@PbWQ f!X��PX�fTiPUWV��

JPR!XYj��5o�@PbWQ I Ukf V!QqQ>j�V oYVpU|cafTi_QqV,Q cdXYNPRp^_Q>f ~�XYRTh1V O
Q>R*cdXYRTj VTUkj�Ukb o3RTbkxw� �]X�~ Q>SwQ>R c¢R!XYj fTi_Q
gqXYRTR!Q>b o3fTUWXY^_VagqX1Q^]pg>UWQ>^sf!V Ukf g[o3^ @
Q V!QqQ>^ fTi�o3f ���	D�j�X1�PQ>b��PXEQqV ^_XYf O
Q>R*cnXYRTj oYV�~ Q>bkb
oYV fTi_Q XYfTi_Q>R
^_Q>f ~�XYRTh1V�tPV!QqQ]�±o�@PbWQ 9A����i_Q jpo3Uk^ R!Q[oYV,XY^ f!X8N_V!Q����ND�j�X1�PQ>b�UWV�fTi�o3f�Ukf UWV�VTU �¯^PURQ�g[o3^EfTbkxpc�oYVTf!Q>R�fTi�o3^
fTi_Q XYfTi_Q>R!V[t�oYV�Ukf N_V!QqV�fTi_Q o3bkU �¯^Pj�Q>^sf��PQ>O
Q>^_�PQ>^sf�o3b �wXYRTUkfTiPjC{�F�V!gqXYR!QpUk^_VTf!Q[oY� X3c�fTi_Q o3bkU �¯^Pj�Q>^Ef
Uk^_�PQ>O
Q>^_�PQ>^sfp{�F V!gqXYR!Q��A� Ky^ �5o�@PbWQ 9At
fTi_Q`O o3fTfTi_Q>~�V�gqXYRTR!Q>b o3fTUWXY^ gqX1Q^]pg>UWQ>^sf!V �eOeg ��t gqXYRTR!Q>b o3fTUWXY^
gqX1Q^]pg>UWQ>^sf!Vao3^_� V!Q>^_VTUkfTUkS1Ukf x � VTO
Qqg>URQ�g>Ukf x S¯o3bkN_QqV cdXYR�o3bkb±fTi_Q � gqXY^_V j�Q>fTi_XE�PVao3R!Q VTi_X�~�^�� K f g[o3^ @
Q
V!QqQ>^ fTi�o3f8o3f�o3^ ���	D XYNPfTOPNPf8X3c�= o�@
XYNPf B��
� X3c�fTi_Q j�X1�PQ>bWV8o3R!Q gqXYRTR!Qqg>f o3^_�HNPOHf!X ?M9
� X3c]o3bkb
gqXYRTR!Qqg>faj�X1�PQ>bWV o3R!Q��PQ>f!Qqg>f!Qq�+� \�f39 fTi_Q�VTO
Qqg>URQ�g>Ukf x UWV iPU �¯i_Q>RafTi�o3^ H��
� @PNPf�fTi_Q�V!Q>^_VTUkfTUkS1Ukf x.i�oYV
�AR!XYOPO
Qq� @
Q>bWX[~ 9��
� ��Ky^sf!Q>R!QqV!fTUk^6�¯bkx�Ukf V!QqQ>j�V�oYV U|c ���ND�j�X1�PQ>b_i�oYV�oaVTbkU �¯isfTbkx�iPU �¯i_Q>R�VTO<Qqg>URQ�g>Ukfyx @PNPf
o8bWX[~�Q>R]V!Q>^_V!UkfTUkSEUkfyx fTi�o3^ fTi_Q XYfTi_Q>R&^_Q>f ~�XYRTh1V��

���
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��i_QQ�wXEX1� O
Q>R*cnXYRTjpo3^_gqQ X3cN���	D�^_X¯V!gqXYR!Qp~�oYV o�VTNPRTOPRTUWV,Q�f!X�N_V�� � Qp�AUW� ^_XYf Q�zAO<Qqg>f Ukf�f!X @
Q
O
X¯V!VTU @PbWQ�f!Xe�AUWVTR!Q]�so3R!�HfTi_Q V!gqXYR!QpX3c�fTi_QpUk^_�AUkSEUW�AN�o3b�j�Q>fTi_XE�PV8o3^_� V!fTUkbkb O<Q>R*cdXYRTj :ENPUkf!Q�~�Q>bkb�� �]^_Q
O
X¯V!VTU @PbWQ�Q�zAOPb o3^�o3fTUWXY^HUWV�fTi�o3faUkf�UWV SwQ>RTx NP^PbkUkhwQ>bkx fTi�o3f o3^ Uk^_gqXYRTR!Qqg>f�j�X1�PQ>b VTi_XYNPbW� @<Q�V!Ukj�Ukb o3R�f!X
jpo3^sx XYfTi_Q>R j�X1�PQ>bWV[�.��i_Q gqXYRTR!Q>b o3fTUWXY^ gqX1Q^]pg>UWQ>^sf�o3^_� OegpcdXYR ���	D V!gqXYR!Q UWV8VTN)@_VTf,o3^sfTU o3bkbkx bWX[~�Q>R
fTi�o3^8cnXYR�fTi_Q�^_Q>f ~�XYRTh1V fTi�o3f±N_V,Q VTfTRTN_g>fTNPR,o3b_gqXYj�O�o3RTUWV,XY^_V[� K ^��5o�@PbWQ I_tYUkf�g[o3^�o3bWV!X�@<Q�V!QqQ>^ fTi�o3f����ND
V!gqXYR!Q��PX1QqV ^_XYf8�PQ>f!Qqg>faj�XYR!QpQ[oYVTx XYRai�o3R!� f,o3R0�wQ>f!V fTi�o3^ fTi_Q @
QqVTf�V,Q>RTSwQ>R!V[�p� X[~�Q>SwQ>R�fTi_Q�X�SwQ>R,o3bkb
O
Q>R*cnXYRTjpo3^_gqQ UWVpVTbkU �¯isfTbkx @
Q>fTf!Q>R oYV��AURZ+Q>R!Q>^sfpj�Q>fTi_X1�PVpo3R!QY@
QqVTfpo3f�Q[oYVTx�XYR�i�o3R!� f,o3R0�wQ>f!V�� ��iPUWV
Uk^_�AUWg[o3f!QqV fTi�o3f&fTi_Q8oY�P�AUkfTUWXY^�o3b±Uk^AcdXYRTjpo3fTUWXY^.Uk^_g>bkN_�PQq� Uk^efTi_Qaj�X1�PQ>b � f!Q>j�OPb o3f!Q8gqXYj�O�o3RTUWV,XY^_V]UWV&fTi_Q
jpo3Uk^�R!Q[oYV!XY^�cnXYR�fTi_Q Ukj�OPR!X�SwQ>j�Q>^sf oYg!iPUWQ>SwQq� @sx � gqXY^_V[�� � � � # � ' A � ! � � � �  "' ��� ' #+ ��� ���	� �, � 
 �&#��  
�JX��wQ>f8oA@
Q>fTf!Q>R�NP^_�PQ>R!V!f,o3^_�AUk^6�.X3c�fTi_Q�c�oYg>f!XYR!VafTi�o3f o3R!Q�Ukj�O
XYRTf,o3^sf cnXYR��
gqXY^_V�~�Q�fTR,o3Uk^_Qq��o V!Q>f
X3c�^_Q>f ~ XYRThAVaN_V!Uk^6��XY^PbkxefTi_Q�V,gqXYR!QqVao3^_� fTi_Q8c¢R,oYg>fTUWXY^ X3c�VTUkj�Ukb o3Raj�X1�PQ>bWV[t+U�� Q¯� fTi_Q�V(o3j�Q Uk^POPNPf oYV
Uk^ ���	Dyo3bkb @PNPfaQ�zPg>bkN_�AUk^6� fTi_Q f!Q>j�OPb o3f!Q�gqXYj�O�o3RTUWV!XY^_V[� ��i_Q X[SwQ>R,o3bkb O
Q>R*cdXYRTjpo3^_gqQ�X3c fTiPUWV�j�Q>fTi_X1�
UWV�VTbkU �¯iEfTbkxA@<Q>fTf!Q>R�fTi�o3^ fTi_QaX[SwQ>R,o3bkb5O<Q>R*cdXYRTjpo3^_gqQaX3c�fTi_Q @<QqV!f�V!Q>RTSwQ>R[��Ky^ J5U �¯NPR!Q H fTi_Q�R!QqVTO
XY^_V!Q f!X
�AURZ+Q>R!Q>^sf�Uk^POPNPf!V�X3c±fTi_Q�^_Q>f ~ XYRThAV�UWV�V!i_X[~�^���J_XYR�Q[oYg,i j�Q>fTi_XE� fTiPR!QqQ �AURZ+Q>R!Q>^sf]g>NPRTSwQqV&o3R!Q�OPbWXYfTf!Qq�+t
gqXYRTR!QqVTO
XY^_�AUk^6� f!Xu�AtP=��
��o3^_� ;��
��VTUkj�Ukb o3R
j�X1�PQ>bWV[� Ky^ Q[oYg!i Q��¯NPR!Q]oaSwQ>RTfTUWg[o3b�bkUk^_Q&UWV V!i_X[~�^ o3f fTi_Q
g>NPf!X�Z OPR!XYO<X¯V,Qq� cnXYR�Q[oYg,ieV!Q>RTSwQ>R[�

� =



� o3^EN�o3RTx��At�������� I_�>= \]^�o3bkx1VTUWV&X3c�XYRTU �¯Uk^ X3c�j�X1�PQ>bWV&V!Q>bWQqg>f!Qq�Y@Ex fTi_Q�gqXY^_V!Q>^_VTN_V�j�Q>fTi_X1�+�

��i_Q g>NPRTSwQqV�S¯o3RTx @
Q>f ~ QqQ>^ fTi_Q �AURZ+Q>R!Q>^sfaV!Q>RTSwQ>R ���]V �
i_X[~ Q>SwQ>R�fTi_Q>R!Q o3R!Q V!XYj�Q VTfTRTUkh1Uk^6� VTUkj�URD
b o3RTUkfTUWQqV[��\�f]fTi_QaOPR!XYO
X¯V!Qq� g>NPf!X�Z cdXYR&fTi_Q �AURZ
Q>R!Q>^Ef]j�Q>fTi_X1�PV o3bkb5fTi_Qaj�Q>fTi_X1�PV&OPR!X1�AN_gqQ o3^.XYNPfTOPNPf
X3c�bWQqV!V�fTi�o3^ � ~�i_Q>^ ^_X VTUkj�Ukb o3R�OPR!XYf!Q>Uk^ UWV cnXYNP^_� o3^_� o V!gqXYR!Q o3f o�@
XYNPf = ~�i_Q>^ =��
�CVTUkj�Ukb o3R
j�X1�PQ>bWV8o3R!Q�cnXYNP^_�+t�o3^_� 9 cdXYR ;��
� V!Ukj�Ukb o3R j�X1�PQ>bWV[�YKyf VTi_XYNPbW� @<QpR!Q>j�Q>j3@
Q>R!Qq� fTi�o3f o ^_Q>fy~ XYRTh
XYNPfTOPNPf�X3c�= gqXYRTR!Q>b o3f!QqV f!X o3^�{�F�V!gqXYR!Q��.X3c!�¯� Q^D =At�~�iPUWg,i UWV8fTi_Q g>NPf!X�Z N_V!Qq� f!Xe�PQ^Q_^_Q oegqXYRTR!Qqg>f
OPR!Qq�AUWg>fTUWXY^HUk^HfTiPUWV�VTfTN_�Axw�`J_XYRabWX�~ V!gqXYR!QqV�j�X¯VTfaj�Q>fTi_X1�PVaOPR!X1�AN_gqQpo3^ XYNPfTOPNPf�V,gqXYR!Q�X3cK�7D = ~�UkfTi
=��
� VTUkj�Ukb o3R�j�X1�PQ>bWV[����i_Q jpo$z1Ukj NPj XYNPfTOPNPf�cnXYR�fTi_Q��AURZ
Q>R!Q>^Ef�j�Q>fTi_XE�PV�S¯o3RTUWQqV�VTU �¯^PURQ�g[o3^sfTbkxw� ��i_Q
^_Q>f ~�XYRTh1VafTR,o3Uk^_Qq� XY^ J JA\ M<t
Ky^5@6�¯NHo3^_� ��C�l D l�{�\�M1� �_o3f,o R!QqVTO
XY^_�.~�UkfTi iPU �¯i V,gqXYR!QqV cnXYR&�wXEX1�
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~�i_Q>R!Q fTi_Q gqXY^_V!Q>^_V!N_V&OPR!Qq�AUWg>f!XYR O<X¯V,VTU @Pbkx�gqXYNPbW� jpo3hwQ o�gqXYRTR!Qqg>f OPR!Qq�AUWg>fTUWXY^���K ^ XY^_Q8g[oYV!Q¯t<�t�������At
fTi_QpgqXY^_V,Q>^_VTN_V�OPR!Qq�AUWg>fTUWXY^ jpoY�PQ o VTN)@
XYOPfTUkjpo3b g!i_XYUWgqQ @sx g,i_XEX¯V!Uk^6� fTi_Q Q_R!V!faj�XE�PQ>b
c¢R!XYj K ^L@6�¯N

� 9
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Uk^_VTf!Q[oY� X3c5fTi_Q�Q_R!VTf�j�X1�PQ>b<c¢R!XYj =MC�D � MPMPO �P��i_Q =MC�D � MPMPO�j�X1�PQ>b<~�oYV�fTi_Q�V!QqgqXY^_� g!i_XYUWgqQ @sx fTi_Q
gqXY^_V!Q>^_VTN_V�OPR!Qq�AUWg>f!XYR[�� �&% � ��
 ���,� ��#)(  � � '�� !�#�
��� 
��, � � !/�&#
�JXaUk^sSwQqVTfTU �so3f!Q�fTi_Q�Ukj�O
XYRTf,o3^_gqQ�X3c
fTR,o3Uk^PUk^6�afTi_Q���� o;�so3Uk^_VTf ' ����� � " � 
 ��� ����� 0 o3^_� ^_XYf
XY^Pbkx8N_VTUk^6�UkfaoYV o g>b oYV,VTURQ�g[o3fTUWXY^ �PQ>SEUWgqQ8~ Q fTR,o3Uk^_Qq� o3^ oY�P�AUkfTUWXY^�o3b SwQ>R!VTUWXY^ X3c ���ND�j�XE�PQ>b�� Kyf ~�oYV�fTR,o3Uk^_Qq� f!X
OPR!Qq�AUWg>f&XY^Pbkx U|c o8j�XE�PQ>b�UWVt�wXEX1� XYR�@�oY� tPV!QqQ�M1Qqg>fTUWXY^ =A�>9A� �¯�

��i_Q]R!Q]�¯R!QqV!VTUWXY^A��� �AUW� ^_XYf
OPR!Qq�AUWg>f�j�XYR!Q]gqXYRTR!Qqg>f�j�X1�PQ>bWV�XY^ fTi_Q]{�UkSwQql�Q>^_g,i[D�� f!QqVTf V!Q>f[����i_Q>x
@
XYfTi jpoY�PQ 9V?�gqXYRTR!Qqg>f�OPR!Qq�AUWg>fTUWXY^_V[t�V!QqQ �5o�@PbWQ I_� � X[~�Q>SwQ>R[t±fTi_Q :EN�o3bkUkf x X3c�fTi_Qpg,i_X¯V!Q>^Hj�X1�PQ>bWV
�AURZ+Q>R[t V!QqQAJ5U �¯NPR!Q ���A� �]^Pbkx � HeXYNPf�X3c&fTi_Q g>b oYV!V!URQ�g[o3fTUWXY^.��� � V 9V? gqXYRTR!Qqg>f�j�X1�PQ>bWV R!QqgqQ>UkSwQq� o3^
{�F�V,gqXYR!Q�� @
Q>fTf!Q>R fTi�o3^ ���  � ����i_Q]R!Q]�¯R!QqV!VTUWXY^A��� XY^ fTi_Q]XYfTi_Q>R�i�o3^_��cdXYNP^_�A=�I�~�UkfTi o3^ {�F V!gqXYR!Q��
@
Q>fTf!Q>R�fTi�o3^ ���  � ����isN_V&OPR!Qq�AUWg>fTUk^6� ' � ��� � " � 
���� ����� 0 X3c Q[oYg!i j�X1�PQ>b�Ukj�OPR!X�SwQqV]fTi_QaO<Q>R*cdXYRTjpo3^_gqQX3c � gqXY^_V �+Ukf�oYg>fTN�o3bkbkx��¯UkSwQqVao�S¯o3bkN_Q X3c
fTi_Q8j�XE�PQ>b :EN�o3bkUkf x Uk^_V!f!Q[oY�.X3c�opbkUkhwQ>bkUki_X1X1� cdXYR fTi_Q�j�X1�PQ>b
f!X(@
QagqXYRTR!Qqg>f&XYR�Uk^_gqXYRTR!Qqg>f[�� ��� � ! �  �, �� ')!/�, �� �# �	� � ��� ��')#+#+! # 
 � ( � #��*�
��i_Q fTUkj�Q bkUkj�UkfTUk^6� VTf!Q>O Uk^ RTNP^P^PUk^6� �
gqXY^_V�UWV8fTi_Q gqXYj�O�o3RTUWV,XY^ X3c]j�X1�PQ>bWV o3^_��f!Q>j�OPb o3f!QqV�� �]^_Q
gqXYj�O�o3RTUWV!XY^�UWV�X3cnf!Q>^��PXY^_Q�NP^_�PQ>RN=�� V!QqgqXY^_�PV�N_V!Uk^6� {�F�V!gqXYR!Q��A� � X[~�Q>SwQ>R[t_fTi_Q�f!XYf,o3b+fTUkj�Q�f!X��PX�o3bkb
gqXYj�O�o3RTUWV!XY^_V��PQ>O<Q>^_�pXY^�fTi_Q�^sNPj @<Q>R�X3c
OPR!Qq�AUWg>fTUWXY^_V V :EN�o3R!Qq�+� J_XYR ;�� OPR!Qq�AUWg>fTUWXY^_V�o3bkb�gqXYj�O�o3RTUWV,XY^_V
g[o3^ f,o3hwQ�V!Q>SwQ>R,o3b�i_XYNPR!V f!X O<Q>R*cdXYRTj�����iPUWV g[o3^ @
QqgqXYj�Q�QqVTO
Qqg>U o3bkbkx fTR!XYN)@PbWQqV!XYj�Q ~�i_Q>^ Q�zAf!Q>^_�AUk^6�
� gqXY^_V f!X N_V!Q OPR!Qq�AUWg>fTUWXY^_V cnR!XYj ^_Q>~ V!Q>RTSwQ>R!V�� �5X X�SwQ>R!gqXYj�Q fTiPUWVpOPR!XM@PbWQ>j�~�Q.�PQqg>UW�PQq� f!X N_V!Q
fTi_Q�cdoYVTf!Q>R�{�F�V,gqXYR!Q�� o3b �wXYRTUkfTiPj Uk^ ���	D�j�X1�PQ>b���{�F�V!gqXYR!Q��8UWV j�N_g,iec�oYVTf!Q>R fTi�o3^ {�F�V!gqXYR!Q��Atg@PNPf UWV
o3bkU �¯^Pj�Q>^sf �PQ>O<Q>^_�PQ>^Ef o3^_� fTiEN_V�UWV�^_XYf]VTNPUkf,o�@PbWQ�cdXYR�gqXYj�O�o3RTUk^6�pf!Q>j�OPb o3f!QqV[�

� gqXY^_V SwQ>R!VTUWXY^_V N_VTUk^6� f!Q>j�OPb o3f!QeV!Ukj�Ukb o3RTUkfTUWQqV V,QqQ>j�Qq� f!X O<Q>R*cdXYRTj V!bkU �¯isfTbkx.@
Q>fTf!Q>R fTi�o3^ ���ND
j�X1�PQ>b�� �]X�~ Q>SwQ>R[t�UkfaUWV ^_XYf�O
X¯V!VTU @PbWQ�f!XeV!Q[o3R!g!i VTN_g!i VTUkj�Ukb o3RTUkfTUWQqV8~�UkfTi o3^�o3bkU �¯^Pj�Q>^sf �PQ>O<Q>^_�PQ>^Ef

� ;
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o3b �wXYRTUkfTiPjvbkUkhwQ {�F�V!gqXYR!Q¯� � X[~�Q>SwQ>R[t_~ Q @<Q>bkUWQ>SwQ(�so3Uk^ Uk^ O<Q>R*cdXYRTjpo3^_gqQ UWV�f!X1X�VTjpo3bkb�f!X �*N_VTfTU|c¢x j�XYR!Q
gqXYj�OPNPf,o3fTUWXY^�o3bkbkx Q�z1O
Q>^_VTUkSwQ o3b �wXYRTUkfTiPj gqXYj�O�o3RTUk^6� fTi_Q f!Q>j�OPb o3f!Q8OPR!XYf!Q>Uk^_V[� K j�OPbWQ>j�Q>^Ef,o3fTUWXY^ X3c�o
�_o3f,o�@�oYV!Q ~�UkfTi f!Q>j�OPb o3f!QaOPR!XYf!Q>Uk^_V&g[o3^ @<Q XY^_Q�~�oqx o3R!XYNP^_� fTi_Q OPR!XM@PbWQ>j��

� ���N���%1 � ��
 �	� �

Ky^HfTiPUWV VTfTN_�Ax ~ Q OPR!QqV!Q>^Ef�o�^_X[SwQ>b�j�Q>fTi_X1�+t�� gqXY^_V[t�~�iPUWg!i�jpo3hwQqV�o�gqXY^_V,Q>^_VTN_V cnXYbW�HR!QqgqX	�¯^PUkfTUWXY^
OPR!Qq�AUWg>fTUWXY^�����i_QaVTfTN_�AUWQq� SwQ>R!V!UWXY^eX3c�� gqXY^_V�N_V!QqV&j�XE�PQ>bWV�c¢R!XYj ;8~ QX@[D V!Q>RTSwQ>R!V o3^_� fTRTUWQqV&f!X�OPR!Qq�AUWg>f
fTi_Q :EN�o3bkUkf x X3c�o3bkb�fTi_QqV!Q j�X1�PQ>bWV[�8� gqXY^_V N_V!QqV�fTi_Q�V!gqXYR!Q X3c�fTi_Q j�XE�PQ>b
oYV�~�Q>bkb oYV�fTi_Q8c¢R,oYg>fTUWXY^ X3c
XYfTi_Q>R
j�X1�PQ>bWV fTi�o3f�o3R!Q&VTUkj�Ukb o3R�oYV Ukf!V Uk^POPNPf[���
gqXY^_V �PQ>f!Qqg>f!V�o�@<XYNPfI���
� j�XYR!Q&gqXYRTR!Qqg>f j�XE�PQ>bWV
fTi�o3^
fTi_Q @
QqVTf�Uk^_�AUkS1UW�AN�o3bJj�Q>fTi_X1�+����i_Qajpo3Uk^eR!Q[oYV!XY^�cdXYR�fTi_Q�Ukj�OPR!X[SwQ>j�Q>^sf�UWV]VTfTRTN_g>fTNPR,o3b±gqXYj�O�o3RTUWV,XY^_V
@
Q>f ~ QqQ>^ fTi_Q j�XE�PQ>bWVpo3^_��f!Q>j�OPb o3f!QqV�� Ky^ o3^ Uk^[D�i_XYN_V!Q cdXYbW� R!QqgqX	�¯^PUkfTUWXY^ j�Q>fTi_X1��fTi_Q VTfTRTN_g>fTNPR,o3b
gqXYj�O�o3RTUWV!XY^�O�o3RTf]gqXYNPbW� i�oqSwQ @
QqQ>^�R!Q>OPb oYgqQq�Y@Ex oYV,VTU �¯^PUk^6��f!Q>j�OPb o3f!Q�V!Ukj�Ukb o3RTUkfTUWQqV�U|c±fy~ Xpf!Q>j�OPb o3f!QqV
@
Q>bWXY^6��f!X fTi_Q V,o3j�Q cnXYbW�+�
�]X�~ Q>SwQ>R]oYV�fTi_Q �AURZ+Q>R!Q>^sf]V!Q>RTSwQ>R!V�N_V!Q S¯oYVTfTbkx �AURZ+Q>R!Q>^sf�cnXYbW� bkU @PR,o3RTUWQqV�~�Q
cdXYNP^_� fTi_Q VTfTRTN_g>fTNPR,o3b5gqXYj�O�o3RTUWV,XY^_V�f!X(@
Q�^_QqgqQqV!V,o3RTxw�

JPR!XYj fTiPUWV VTfTN_�Ax Ukf&UWV Q>SEUW�PQ>^Ef]fTi�o3f�o�gqXYj3@PUk^�o3fTUWXY^ X3c
V!Q>SwQ>R,o3b5j�Q>fTi_XE�PV]Ukj�OPR!X[SwQqV�fTi_Q�O<Q>R*cdXYR D
jpo3^_gqQ X3c�cdXYbW� R!QqgqX	�¯^PUkfTUWXY^�j�Q>fTi_XE�PV���`�SwQ>RTx j�Q>fTi_X1� UWV�XYOPfTUkj�U/.[Qq� f!X8O<Q>R*cdXYRTj oYV�~ Q>bkb�oYV�O
X¯V!VTU @PbWQ
o3^_��V!Q>SwQ>R,o3b+j�Q>fTi_X1�PV�N_V,Q�SwQ>RTx VTUkj�Ukb o3R o3b �wXYRTUkfTiPj�V[t_fTi_Q>R!Q�cdXYR!QaXY^_Q gqXYNPbW��Q�zAO<Qqg>f�fTi�o3f&Ukf�~ XYNPbW�Y@
Q
�AUR]pg>NPbkf�f!X�gqXYj3@PUk^_Q�fTi_Q>j Uk^Ef!Xao gqXY^_V!Q>^_VTN_V�OPR!Qq�AUWg>fTUWXY^���� X[~�fTi_Q�:sN_QqV!fTUWXY^8UWV�Z�~�isx �PX1QqV5Ukf o3OPO
Q[o3R
f!X @
Q�Ukj�O
X¯V!VTU @PbWQ�cnXYR�oaVTUk^6�¯bWQ&j�Q>fTi_XE� f!XaUk^_gqXYRTO
XYR,o3f!Q fTi_Q�Uk^AcdXYRTjpo3fTUWXY^ gqXY^Ef,o3Uk^_Qq� Uk^ o3bkb�j�Q>fTi_XE�PV��
� QA@
Q>bkUWQ>SwQ fTi�o3f�fTi_Q>R!Q�o3R!Q fTiPR!QqQ jpo��TXYR�R!Q[oYV!XY^_V cdXYR fTi_Q Ukj�OPR!X[SwQ>j�Q>^Ef!VpN_VTUk^6�Ho gqXY^_V,Q>^_VTN_V

j�Q>fTi_X1�+���1� �p��i_Q VTfTRTN_g>fTNPR,o3b VTUkj�Ukb o3RTUkfyx Uk^AcnXYRTjpo3fTUWXY^ N_V!Qq� i_Q>R!Q UWV ^_XYfpUk^_g>bkN_�PQq� Uk^ j�X¯VTfpcdXYbW�
R!QqgqX	�¯^PUkfTUWXY^ j�Q>fTi_XE�PV����}���p��i_QegqXY^_V!Q>^_V!N_Vpj�Q>fTi_X1� f,o3hwQqV j�NPbkfTUkOPbWQ j�X1�PQ>bWVpcnXYR Q[oYg!i f!Q>j�OPb o3f!Q
Uk^sf!X oYgqgqXYNP^sf[� � =���� gqXY^_V]^_XYRTjpo3bkU/.[QqV&fTi_Q V!gqXYR!QqV&V!X�fTi�o3f&fTi_Q>x R!Q>b o3f!Q @
Q>fTf!Q>R&f!XpfTi_Q :EN�o3bkUkf x�X3c�fTi_Q
j�X1�PQ>b���JPR!XYj Q[o3RTbkUWQ>R
r�\ M1� Q�z1O
Q>RTUkj�Q>^sf!V�Ukf�i�oYV�@<QqQ>^�o]gqXYj�j�XY^�OPR,oYg>fTUWgqQ�o3j�XY^6��fTi_Q @
QqVTfJjpo3^EN�o3b
OPR!Qq�AUWg>f!XYR!V�f!X8^_XYf�XY^PbkxpbWX1XYh o3f�fTi_Q�^ENPj3@
Q>R�XY^_Q�OPR!Qq�AUWg>fTUWXY^�t)@PNPf�R,o3fTi_Q>R�V!Q>bWQqg>f�fTi_Q j�X¯VTf�gqXYj�j�XY^
cdXYbW�eo3j�XY^6� fTi_Q�f!XYO.OPR!Qq�AUWg>fTUWXY^_V[� ��iPUWV UWV&~�i�o3f�� gqXY^_V fTRTUWQqV f!X�R!Q>OPR!X1�AN_gqQ¯�]��i_Q8V!QqgqXY^_� cdoYg>f!XYR UWV
fTi�o3f8~ Q o3R!Qp^_XYf8XY^PbkxHVTfTN_�Ax1Uk^6�eXY^_Q o3bkU �¯^Pj�Q>^sf8cnXYR�o@�¯UkSwQ>^ O�o3UkR X3c�cnXYbW� o3^_� V!Q�:EN_Q>^_gqQ¯t�@PNPf ~�Q
o3R!Q VTfTN_�Ax1Uk^6��V!Q>SwQ>R,o3b���l�xpN_VTUk^6��V,Q>SwQ>R,o3bJo3bkU �¯^Pj�Q>^sf!V�Ukf�UWV�O
X¯V!VTU @PbWQ fTi�o3f�XY^_Q X3c±fTi_Q>j g[o3OPfTNPR!QqV�fTi_Q
Ukj�O
XYRTf,o3^sf cnQ[o3fTNPR!QqV X3c fTi_Q8gqXYRTR!Qqg>f VTfTRTN_g>fTNPR!Q¯��J_XYR Uk^_VTf,o3^_gqQ�Uk^.V!XYj�Q�g[oYV,QqV&Ukf j�U �¯isf�@<Q3@<Q>fTf!Q>R f!X
N_V!Q�OPR!Qq�AUWg>f!Qq��V,QqgqXY^_�_o3RTx V!fTRTN_g>fTNPR!QqV&o3^_� Uk^�V!XYj�Q ^_XYf[��Kyf�VTi_XYNPbW�A@
Q�O<X¯V!V!U @PbWQ]f!Xp�PQ>SwQ>bWXYOeo VTUk^6�¯bWQ
j�Q>fTi_X1�pfTi�o3f f,o3hwQqV�o3bkb�fTiPUWV
Uk^AcdXYRTjpo3fTUWXY^ Uk^sf!X oYgqgqXYNP^sf[� ��i_QNQ_^�o3b
�AURZ
Q>R!Q>^_gqQ]UWV
fTi�o3f fTi_Q]gqXY^_V,Q>^_VTN_V
OPR!Qq�AUWg>f!XYR�fTRTUWQqV�f!X]OPR!Qq�AUWg>f�fTi_Q :EN�o3bkUkf x8X3c�fTi_Q�j�XE�PQ>bWV o3^_�8^_XYf�VTUkj�OPbkxaU|c�fTi_Q�gqXYRTR!Qqg>f�cdXYbW�8UWV5cnXYNP^_� XYR
^_XYf[��Ky^�OPR!Q>bkUkj�Uk^�o3RTxpVTfTN_�AUWQqV
~ Q�fTRTUWQq� oaVTUkj�OPbWQ]gqXYRTR!Qqg>f cdXYbW� � Uk^_gqXYRTR!Qqg>f�cnXYbW��j�Q[oYV!NPR!Q¯tsi_X�~ Q>SwQ>R�fTiPUWV
~�oYV
^_XYf VTN_gqgqQqV!V*cnNPb��±\]V����ND V!gqXYR!Q��PXEQqV ^_XYf�O<Q>R*cdXYRTj�VTU �¯^PURQ�g[o3^EfTbkx @
Q>fTf!Q>R fTi�o3^�fTi_Q�@
QqVTf�Uk^_�AUkS1UW�AN�o3b
V!Q>RTSwQ>R!V[tJUkf�V!QqQ>j�V8oYVaU|c �1� � UWVaj�X¯VTf�Ukj�O<XYRTf,o3^Ef�cdXYR fTi_Q�Ukj�OPR!X�SwQ>j�Q>^sf[�YKyf UWVaSwQ>RTx bkUkhwQ>bkx fTi�o3fafTi_Q
R!QqVTNPbkf!V
c¢R!XYj fTi_Q�Uk^_�AUkS1UW�AN�o3b+V!Q>RTSwQ>R!V�g[o3^ @
Q�Ukj�OPR!X�SwQq� @Ex�N_VTUk^6� o�V!gqXYRTUk^6�8�PQ>O<Q>^_�PQ>^Ef�XY^ fTi_Q V!gqXYR!Q
cdXYR&o3bkbJV!Q�:EN_Q>^_gqQ^D�f!Q>j�OPb o3f!QaO�o3UkR!V&X3c±fTi_QaV,o3j�Q�cdXYbW�+�

��R!Qq�AUWg>fTUWXY^ V,Q>RTSwQ>R!VI�wQ>f NPO
�_o3f!Qq��cnR!XYjmfTUkj�Q8f!X fTUkj�Q¯�]��iPUWV ~�Ukbkb±R!QqVTNPbkf Uk^ o �PQqg>R!Q[oYV!Qq�.O<Q>R*cdXYR D
jpo3^_gqQ�X3cJ� gqXY^_V[���5X j�Uk^PUkj�U/.[Q fTi_QqV!Q]OPR!XM@PbWQ>j�V�� gqXY^_V�VTi_XYNPbW� @<Q]R!Q>fTR,o3Uk^_Qq� XY^ ^_Q>~ fTR,o3Uk^PUk^6���_o3f,o
oYV�X3cnf!Q>^eoYV�O
X¯V!VTU @PbWQ¯tAO
Q>RTi�o3O_V�Q>SwQ>RTx i�o3b|c±xwQ[o3R[�

��i_Q>R!Q�UWV o O
XYf!Q>^sfTU o3b5cdXYR�Ukj�OPR!X[S1Uk^6� fTi_Q � gqXY^_V V!Q>bWQqg>fTUWXY^ cnNPRTfTi_Q>R]V!Uk^_gqQ fTi_Q>R!Q�VTfTUkbkb�o3R!Qaj�X1�PQ>bWV
~�iPUWg!i o3R!QagqXYRTR!Qqg>f�@PNPf]o3R!Qa^_XYf&cnXYNP^_� @sx fTi_Q�g>NPRTR!Q>^Ef]SwQ>R!V!UWXY^ X3c � gqXY^_V	�nV,QqQ��5o�@PbWQ3I%����\�fTf!Q>j�OPf!V
f!X�Uk^_g>bkN_�PQ XYfTi_Q>R�fyxEO
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