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bqt_hSP²P²�	D�d3PYg3hSC�tQP]LQC¥HKL_v9D�v�bqVqVGEGD�HYE3VeDuLNP>t*D�VqD�X�L�D�¹SD�d�LQtD�dÁLQD�y*bqd3h]LQC3D�XIHYVePSyQbeJFD�LND�y9bed�H
X¤C3PStQD�d�VqPShnr��¥PSyÙbqd3t(L¤HYd3X�DY| x hSg3y*Duz3r®i �nbqtQTnVWHI�²t9LNCnDuEGDIHYJ�T3y*P x VqDAVqbeJFb¨LND��]LNP0LQC3Dv�be�nLNCZPY�
LNC3D}tQJFHYVeVqD�t(L.T3VqHYt*LQbqX�t*X�bqd�LQbqVqVqHKLNPYy�|²bqd�EGPYLNC�LNyQHYX¤RYD�yAJ�P²�3g3VqD�t�r
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· ¹²t"¸¾bed B�{�HYd3�0g3T3TGD�yâyQbqhYCÁL�|[·Ú¹²tâ¸�bqd}BAi;rªB.C3D9L±v9PuVePµv�D�yªT3VePYLNt"t*C3Pµv LNC3DÙX�PYyQyQD�VWHKLQbqPSd
E�D�L±v�D�D�d ·]{ZHYd3�°·}i;|âVqPµv9D�y VqD��ÒL�|èHKd3�fEGD�L±v9D�D�df¸>{	HKd3�°¸}i;|ªVePµv�D�y0y*bqhSC�LIr®Ã�P;P²��D�¹SD�d�LNt
HYyQD�PSd�LNCnD �nbWHYhSPYd¥HYV�r
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� beX�LQg3yQD�z3r k tQCnPwv�t�LNCnD�XIHYVePSyQbeJFD�LND�y�JFHY�3D�PY�0È¿VWHI�SD�yQt�PY�Op C3PSy*bqÉ�PSd�L¤HYVAÊ¥bqhSC�L�\_¦�^Ît�rB.C3DUX�HYVqbeE3yNHKLQbqPSdÚC¥HKt	E�D�D�d¾�nPSd3DUE�� !ur ½ PKLQLZHYd3��LQC3D�d¾X�PSd�LNy*PSVqVeD��¾HKd3�¾bqJ�T3y*Pw¹YD�� EÁ���r�²¹SD�d3tQt*PSd$|0H��²v9D��nbqtQCºt*LNgn�3D�d�L��ng3yQbed3h�HKdºbqd�LQD�yQdntQC3beT bed !�PYyQ�3D�HYg;~�r©sê�Y´Sä åwæ�çY�
JFPSdnP;X�bqd3D�LNbqX�JOg3PSd¾EGDIHYJ betFg3t*D�����PYyZXIHKVqbqEnyNHKLQbqPSd¿T3gnyQTGPStQD�HKtFLNCnDUbqPYd3bqÉ�HKLNbePSd¿D�d3D�yQhY�
�3D�TGPStQb¨LAPY�ÄJ]gnPSd3tAbqdU\�tQ«.bqt.¹YD�y*��v9D�VeVâRÁd3Pµv�d$r�^ÎÆÁg¥HKLQbqPSdf� znre{w�.tQgnJFJFHYyQbeÉ�D�t_LNC3D D�d3D�yQhY�
XIHYVebqE3yQHKLNbePSdF��PSy.D�HYX¤CUX¤C3HYd3d3D�VâPK�ªLQC3D}XIHYVePSyQbeJFD�LND�y�
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�èbehSg3yQDuz3r®k;�ÎB.C3D0X�HYVqPYyQbqJ�D�LQD�yÙv_HYb¨LNbed3h]LNP�tQD�D LQC3D0\_^)`a�� � ��E�D�HYJ�r

v�C3D�y*D � �
	ªbet_LNC3D}D�d3D�y*hY��J�DIHYt*g3yQD���bed" lD '���PYy.X¤C¥HYd3d3D�V"b�r
� ��	"bqt_LQC3D}dÁg3J]EGD�y�PY�ªE3bqd3t�y*DIHY��E���LNC3D}su¦�\ ��PSy.X¤C3HYd3d3D�Vâbõr
� ��	���bqt_LQC3D}T�D��3D�t(L¤HYV7bed�E3bqd3t.��PSy.X¤C3HYd3d3D�Vâb
� ,!	��$��	ªHYy*D}L±v9P�� HYX�LQPSyQt.g3t*D��lLNP>L¤HYRKD HYX�X�PSg3d�L��PYy.d3PSd�Vqbed3DIHYy*beLQbqD�t9PSE3t*D�y*¹YD��U��PYyVqPµv s�¦�\À¹YHKVqg3D�t r
� )+	ªbet_LNC3D}D�d3D�y*hY��X�PYdÁ¹YD�y*tQbqPYd�� HYX�LNPSy_��y*PSJØE3bed3t_LNP  �D 'O|¥�3D��3gnX�D��l��yQPSJØJ]g3PSdE�D�HYJØ�3HKL¤Hnr��¥PSy.D�HYX¤CUEnbqh>�3beP;�3DK|nLNCnD D�d3D�y*hY���3D�T�PYtQbeLAt*T�D�X�LNy*g3JÂPY�ªJ]g3PSdnt

bqt x L*LND��lLQP�LQC3D}tNHYJ�D�tQTGD�X�LNy*g3JÂtQbeJ]g3VWH[LND��	v�b¨LNC�Ã}^)suaB.z�LNP�hSD�LALQC3D}X�PSd�¹YD�yQt*bqPSd�� HYX�LNPSy�r
� /�, 1(34	"bet.LNC3D}bqd�LQD�y(�¬XIHYVebqE3yQHKLNbePSd�� HYX�LQPSy.E�D�L±v�D�D�d�JOg3PSd�h�HYbed�HKJFT3Veb x D�yQt�HYd3�E�D�HYJØhSHYbqdlHYJ�T3Vqb x D�y*t�r
� ,!-.-.	âbqt_LNCnD hSHYbqd�PY�ªLNC3D HKL*LND�d²g3HKLNPSy�HK�3�3D��lPSdlX¤C¥HYd3dnD�V"b?LNP�T3y*D�¹YD�d�L�tQHKLNg3yQHKLNbePSd�3g3y*bqd3h>C3behSC�D�d3D�yQhY��y*g3d3t�|¥b�rÇDYrÎPµ¹SD�y�ËYjSÃ}D '��KXYr
� /�576�5!	7bqt_LQC3D}bqd�LND�y(�±X�HYVqbeE3yNH[LNbqPYdF� HYX�LNPSy.EGD�L±v9D�D�d�E3bqh>�nbqP²�3D�t�HYdn��t*JZHYVeV?�3beP;�nD�t��PSy.X¤C¥HYdnd3D�V7bõr

B.C3D.XIHKVqbqEnyNHKLQbqPSd T3yQP²X�D��3g3y*D.d3Pµv�hSP²D�tÄHYtè��PSVeVqPµv �ªD�HYX¤C�E3bqhu�3bqP²�3D_X¤C¥HKd3d3D�VnbqtÄ�3beyQD�X�LNV¨� XIHYVé�
bqE3yQHKLND���g3tQbed3h LQC3D�J]g3PSd�D�dnD�yQhK���3D�TGPStQb¨LÙHYd3�ZH x LÙLQP0t*bqJ]gnVWHKLQbqPSd$|[LNC3D�dZbedÁLQD�yß�±XIHKVqbqEnyNHKLQbqPSd
PY�7J]gnPSdZh�HKbqdFHYJFTnVqb x D�yÎPµ¹SD�y_E�D�HYJìh�HYbed	HYJ�T3Veb x D�yÎbqtÙ�3PSd3Dg3tQbed3hOX¤C¥HKyQhSDbqd��*D�X�LNbePSd�yQg3d3t�|
D�¹YD�d�LNg¥HKVqVe�	tQJFHYVqV��3bqP²�3D�t�HKyQD}bqd�LND�y(�¬XIHYVebqE3yQHKLND��	Pµ¹SD�yAE3beh>�3bqP²�3D�t.gntQbqdnh�EGDIHKJ©�¥HKLNHnr
B.C3D x d3HYV�X�PSd�¹SD�yQtQbePSdZ� HYX�LNPSy*t�C¥HI¹YD�H0�3bet*LQyQbqEngnLNbePSd�T�D�HYRYD���HYyQPSgnd3�U{  lD ' TGD�y�EnbqdF��PYy

LNC3DuE3bqh>�3beP;�nD�HYd3� %/ lD '�T�D�y.E3bqd	��PSy�tQJFHYVqVG�3bqP²�3D�t�rÎB.C3D�D�d3D�y*hY��XIHKVqbqEnyNHKLQbqPSd�yQD�tQPSVegnLNbePSd
��PSyADIHYX¤C�VePShZbet�HYy*PSg3d3��k��Âb¨�ÎPSd3D0g3tQD�t�E3bqhF�3bqP²�3D�tug3T�LQP�iSÃ�D 'ìHYdn��tQJFHYVqV"�3beP;�nD�tuPµ¹YD�y
iSÃ�D ' LNP�HI¹SPSbe�ltQHKLNgnyNHKLQbqPSdlHYd3��d3PYd;�±Vebqd3D�HYyQb¨LNbqD�t�r
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B.C3D�EGDIHYJ bqtFÆÁg3beLQD�v�bq�nD�E3gnLZbqt	HKVqyQD�HY�n� X�g;L	E�� LQC3D�t*X�bqd�LQbqVqVqHKLNPYyQt�|ÙLNC3D�tQJFHYVqVeD�t(LZPSdnD
JFD�HYtQg3y*D�t�� �K��� �Å�; ¢¡K��� HYX�X�PSyQ�3bed3h¿LNP x hSg3y*Dmznr¢i;rãoPµv9D�¹YD�y�|�LQC3DmEGDIHKJ D�d�LND�yQbed3h
LNC3D	X�HYVqPYyQbqJ�D�LQD�y X�Pµ¹SD�yQt>LNCnD	L±v�P�X�D�d�LNyQHYV_VqPYhStOt*P�LQC¥HKLOtQPSJ�D	T¥HYy(LNbeX�VqD�tOhSP�LQC3yQPYg3hSC LNCnD
{Sr¢Ë[JFJ�h�HYT�EGD�L±v9D�D�dlLQC3D�JlrÎB.C3D�D�¹SD�d�LQtAX�PSd3X�D�yQdnD���HYyQDu¹YD�y(��C¥HYy*�	LNP>yQD�T3yQP²�3g3X�D�E��ZLNCnD
tQbqJOg3VWHKLQbqPSdltQP	LQC¥HKLubeLI×Çtu� HYyE�D�LQLQD�yuLQP�yQD�J�Pµ¹SD]LQC3D�JÞg3tQbed3h	LNyQHYX¤RYD�y�bqdn��PYyQJFHKLNbePSd$|¥EGD���PSy*D
LNC3D HYd¥HKVe�²tQbet�r
ë C3HKL�v�D�d3D�D��°bqtuLQP�JZHYT�H[L�VqD�HYt*L�LQC3D>L±v�P�X�D�d�LNyQHYVÎVqPShYt�PY�)LNC3D>X�HYVqPYyQbqJ�D�LQD�ybqd�LNCnD

LNyNHKX¤RYD�y�|;bedFPYyQ�3D�yÙLQP0EGDAHYE3VqD.LQP0t*D�VqD�X�L9T¥HYy(LNbqX�VqD�tÙdnPYLÙhSPSbqdnh}LQC3yQPYg3hSC�h�HYT3t�rÎB.C3Dbe�3DIH}bqtÎLQP
g3tQD}LNC3D J]g3PYd�y*g3d3tHYh�HYbed�HKtALQC3D0TGPSt*beLNbePSd�PY�èLQC3D XIHYVePSyQbeJFD�LND�y9v_HYt�LNCnD0tQHYJFD HYt���PSy.LNCnD
�¥HKL¤H0yQg3d3t_v9D HYyQDubqd�LND�yQD�t(LND��lbed$rèë b¨LNC	J]gnPSd�yQg3dnt�|nLQC3D�L±v�P�X�D�d�LNyQHYV"\_¦�^ÎtAHYyQDuJZHYTnT�D��
g3tQbed3h>LNC3D}X�PYyQyQD�VWHKLQbqPSdZE�D�L±v�D�D�d�LQC3D}D�d3D�yQhY���nD�TGPStQb¨LAHYd3��LNC3D}TGPStQb¨LNbePSd�yQD�T�PSy(LND��lE���D�HYX¤C
JFP²�3g3VeD>PY��LQC3D�LQyNHYX¤RKD�y�|ÄHYt}tQCnPwv�dfPSd x hSg3yQD�z3rÇz3rZ«¬�9LNC3D�T¥HYy(LNbeX�VqD>CnbeL}LNC3D�VqPYhlTnyQPSTGD�y*Ve�
LNC3D�d LNC3D	D�d3D�y*hY�m�3D�TGPStQb¨L]bet0LNPUE�D�HKyQPSg3dn�¾{wi/ �D 'Or���dfLQC3D	g3T3TGD�yOVqD��ÒL0T3VePYL]PSd x hSg3y*D
z3r z ��PSy�bed3t*LNHYd3X�DY|;LQC3DuD�d3D�y*hY�Fbqt_HKyQPSg3dn��{wi/ �D ' v�C3D�d	LQC3DuTGPSt*beLNbePSdZbet9EGD�L±v9D�D�d�������HKd3�
�3 ��Y���cLNC¥HKLÙ�3D x d3D�tÙLQC3Dbed�LND�y*tQD�X�LNbePSd�PY��LQC3DAE�D�HYJ�|SLQC3D�tQJFHYVqVeD�t(L)tQX�bed�LNbqVeVWHKLQPSyÄHKd3��LQC3D\�tQ«
VqPSh3rèBèHYRÁbed3h>bqd�LNP�HKX�X�PYg3d�LuHKVqV�LQC3D}X�PSy*yQD�VWHKLQbqPSd3t�|²LQC3D�L±v�P�X�D�d�LNyNHKV$VqPShYt�HYyQD�VeP;X�HKLND���bqd	LNCnD
¹SD�y(LNbeXIHYV7�3beyQD�X�LNbePSd$r

�¥PSy0�Y´Yä0åwæ9çY�>yQg3d3t�|ªLQC3DZt(L¤HKLQbqt*LQbqX�bqt hSy*DIHKL0tQPlLNC¥HKLOH�X�gnL]bet HYT3T3VebqD���LNP�tQD�VqD�X�L]PSdnVe�
D�¹SD�d�LNt�LNC3HKLuD�d�LND�yuT3yQPSTGD�y*Ve��LQC3DOLNCnbqyQ��VqPSh�PY�ÄLQC3D x yQt*L�VWHI�SD�y�r��ÌPYy0³µ´Yä0åwæ9çY��yQg3d3t�|�LQC3D�y*D
HYyQD VqD�tQtuD�¹SD�dÁLQt�tQPZLQC¥HKLLNC3D0X�gnLubqtAVqD�t*tuy*D�t*LQyQbeX�LNb¨¹SDOHYd3�URKD�D�T3t�D�¹YD�d�LNt�D�dÁLQD�y*bqd3h	TnyQPSTGD�y*Ve�
LNC3D�LNCnbqyQ�lHYdn��LQC3D���PSg3y(LNC�VqPShYt�|nv�b¨LNC3PSg;L.LNC3D}h�HYT�EGD�L±v9D�D�d�E�PKLNC�PY�ªX�PSg3y*tQDKr

� ��������! "�#$�# %�$ �#��&�#'(�#&�%)&�*�+���#��,#-.�

B.C3DuLND�y*LQbWHYy(�FEGDIHKJFt�HKL�{µj0HYd3�l�Y´Yä0åwæ9çY�.X�PSd�L¤HKbqd�HKL�VqD�HYt*L�D�VqD�X�LQyQPSd3t�|nJ]gnPSd3t_HKd3��T3bqPYd3t�|
E3gnLÙJZHI�²EGD�HYVqt*P0HKdÁLQb¨�¬T3yQPYLQPSd3tÎPSyÎPKLNC3D�yÙC3HY�3yQPYd3t�r��¥PSyÄLQC3D�XIHYVePSyQbeJFD�LND�y�|SHKVqVnLQC3D�JFbed3bqJ]gnJ
bqPSd3beÉ�bed3h�T¥HYy*LQbqX�VqD�t��  l« � �n�ªVqP²PSR�VqbeRYD)LNC3D9tNHYJ�D9v�CnD�d]LNCnD��OHYyQD9PY�ÌX¤C¥HYy*hSDu{Srªsutâv�D_X�HYd3d3PKLyQD�TnyQP²�3g3X�D�LQC3D�g3d3RÁd3Pµv�dlX�PSJ�T�PYtQbeLQbqPSdZPY�"LNC3D}EGDIHYJcv�beLNC	LQC3D}tQbeJ]g3VWH[LNbqPYd$|ÁbeLI×Çt_EGD�L*LND�y.LQP
X�gnLHYVeV�LNCnD  l« � ��E�D���PSyQD�LQC3D HYd¥HYV¨�²tQbqt.bed�PSyQ�3D�y.LNP>��P;X�g3t�PSd�C¥HY�3y*PSd3beX�XIHYt*XIHY�3D�tPYd3Ve�Yr
sVqV�LNC3D  �« � �¾VqD�LZHYy*PSg3d3� {wi  �D 'MTGD�y	VqHI�SD�y�|.LNC¥HKLZbqtZHYyQPSgnd3� {µjSj/ �D '£��PSy�LNC3D�È

VWHI�SD�yQt]PY�.LQC3D	X�HYVqPSy*bqJ�D�LQD�y�rlB.C3D�T3y*PSE3VeD�J bqt LNC¥HKLOv�D	dnD�D��¿LQC3D	X�g;L]LNP�EGD	D0/FX�bqD�dÁL]PSd
E�D�HYJÂ�¥HKLNHFL¤HYRKD�dUv�b¨LNClLNC3D0VqPµv h�HYbedUHKJFT3Veb x D�yQt�|¥yQD�J�D�JOE�D�yALQC¥HKLuv�b¨LNClLNC3D�tQDY|�D�¹YD�d�LNCnD
E3bqh��3beP;�3D}X¤C¥HKd3d3D�Vetu�3PFd3PYLAtQCnPwv LQC3D J]g3PSdlT�D�HYRÁt�r.B.C3D0bq�3D�H�bet.LNP�g3tQD LNC3D J]g3PSd�yQg3dnt
HYh�HYbed�LQP�HY���*g3t(L�H�X�gnLPSd�LNC3D}LNPKL¤HYV$D�d3D�y*hY�l�3D�TGPSt*beLAbqd�LNCnD0X�HYVqPSy*bqJ�D�LQD�y�rÎB.CnD LQC3yQD�tQC3PSVe�
PSd°LQC3DFLQPYL¤HKVÎD�d3D�yQhY�°�3D�T�PSt*beL C¥HYt}LNP�E�D�C3behSC�D�d3PSgnhSCfLNPlX�g;L]HYVeVÄLNC3D  �« � �fHYdn�mLNPlEGDD1/�X�beD�d�Lèv�b¨LNC]t*JZHYVeVÁh�HYbqd0HYJ�T3Vqb x D�y*t�|[E3gnLèd3PYLèLQP;PC3bqhYCOd3PYLªLNP�X�gnLÄPYdOLNP²PuJFHYd�� C¥HY�3y*PSd3bqX
XIHYt*XIHY�3D�t�r
B.CnD>yQbqhYCÁLLNC3y*D�t*C3PSVq�Ubqt}iYjYj  �D '5PK�ÎLNPYLNHYVèD�d3D�y*hY�U�nD�TGPStQb¨L�bqdULQC3D]X�HYVqPSy*bqJ�D�LQD�y�ru�;beJ��

g3VWHKLQbqPSdnt0t*C3PµvcLQC¥HKLOd3P  �« � �fXIHYd¿VeD�LOJFPSy*D�LQC¥HYd iYjYj  �D 'ÂHKd3� LNC3DZtNHYJ�DZdÁg3J]EGD�yOPY�
 �« � ��betÎRYD�T;L_HYtÎLQC3D.X�gnLÙbet)HYT3T3VebqD���PSd>LQC3D�D�d3D�yQhY�>t*g3JìT3y*P;X�D�tQt*D�����yQPSJ�E3bqh}�3beP;�3D�tÄv�beLQCJ]g3PSd>h�HKbqd>HYJ�T3Veb x D�yQt�|YPSyèv�beLQC>tQJFHYVqV²�3beP;�3D�tÄ��PSyèv�C3beX¤C>LNC3D.D�VqD�X�LNy*PSd3bqX�h�HYbqdObqtÎD�ÆÁg3b¨¹KHYVqD�dÁL
LNP�LNC3D}E3behF�3beP;�nD�t.v�beLQC�VePwv h�HYbedlHYJFTnVqb x D�yQt�r��ÌPYy�LQC3D C¥HY�3y*PSd3bqX�X�HYtQX�HY�3D�tut*LQg3�n�Y|?HYVeV?LNCnD
JFbed3bqJ]gnJ£bqPYd3bqÉ�bqd3h�D�¹YD�d�LNt]v�beVqVÎEGDZy*D�J�Pw¹YD�� E��fHYT3T3V¨�²bqd3h�HlLQC3yQD�tQC3PSVe� PY�A�K´S´�2ºåwæ�PSd
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�èbqhYg3yQDFz3r zn��^Îd3D�y*hY� �3D�T�PYtQbeL�bed¿VqPShYt>k�HYd3�Úz�PY�ALNC3D x yQt*L�VqHI�SD�y�HKt�HU��g3d3X�LQbqPSd¿PK�LQC3D
T�PYtQbeLQbqPSdfhSbe¹YD�dÚE��¿B�{�PSdÚE�PYLQC H[~;bqt�r �ÌPYyOLNC3D�VePSh !_kn|)LNCnD�J]g3PSdÚTGDIHYR¿H[L�{wi/ �D 'Þbet
VqP²XIHKLQD��FE�D�L±v�D�D�d�������HYd3���3  �S����HYVqPSdnh ·O{�HYd3��EGD�L±v9D�D�dl�S����HYdn� � ��� HKVqPSd3h�¸>{Yr��ÌPYy
LNC3DuVqPSh !�z3|nLQC3D�J]g3PYd�T�D�HYRZH[L�{wi/ �D ' bqt�VeP;X�HKLND��	EGD�L±v9D�D�dl�3 ��S��� HKd3�l¡; Ç�����ÞHYVePSd3h ·]{
HYd3��EGD�L±v9D�D�dU����� HYd3� � ���MHYVePSd3hO¸]{Sr
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s�ÒLND�yALQC3D  �« � �lC¥HI¹SD0E�D�D�d�y*D�J�Pµ¹SD��l��yQPSJ©LQC3D �¥HKL¤H;|ÌL±v9PZX�HKLND�hSPSy*bqD�t�PY�ÄD�¹SD�d�LNt�HYy*D}VqD��ÒL�>C¥HY�3y*PSd3bqXFXIHYt*XIHY�nD�t�HYd3�fD�VqD�X�LQyQPSJFHYhSd3D�LNbeX�t*C3Pµv�D�yQt�r ����X�PSg3y*tQDY|ÄLQC3D x y*t*LOt*LND�T¿PY�.LNCnD
HYd¥HYV¨�;t*bqt}bqt�LQPUtQD�T¥HYyQHKLND�LNC3D�J�bqd�LNP�L±v�P�v�D�VqV)�3D x d3D�� t*D�LQt]PY�_D�¹SD�dÁLQt�r�^ÎVqD�X�LNy*PSJZHKhSd3D�LQbqX
tQC3Pµv9D�yQt}HKyQD0v9D�VeVªRÁd3Pµv�d�HYdn�Uv�D�VqVâtQbeJ]g3VWH[LND��?|Gt*PZLNC3HKLv�beVqV"g3t*D0LNCnD�J HYt�H�yQD���D�yQD�d3X�D]LQP
E�D�d3X¤C3JFHYyQRmtQPSJ�DZ��DIH[LNg3y*D�t>PY�APSg3y>t*bqJ]gnVWHKLQbqPSd°E�D���PSyQD�hYPSbqd3hUPSd LNP�H��3D�D�T HYd¥HYV¨�²tQbqtOPY�
C¥HY�3y*PSd3bqX�X�HYtQX�HY�3D�t�r

��d3DuPY�7LNC3DuP /�X�bWHKV�J�D�LQC3P;�FLNP>yQD�X�PSdnt*LNy*g3X�LAHKd	D�VeD�X�LQyQPSJFHYhSdnD�LNbeXut*C3Pµv�D�y.D�d3D�yQhY�ZX�PSd;�
tQbqt(LNt bqd°g3tQbed3h�LQC3D�X�PSy*yQD�VqHKLNbePSd�E�D�L±v�D�D�d LQC3DFD�d3D�y*hY�°�3D�TGPSt*beL bqd°LNC3D�VWHYt(L VWHI�SD�yOHYdn�mLNCnD
LNPYLNHYVÎD�d3D�yQhY���nD�TGPStQb¨L0bed°LQC3D�XIHYVePSyQbeJFD�LND�y�r � VePYLQLQbqd3h	LQC3bqt}X�PSyQy*D�VWH[LNbqPYd���PYy PYg3y0�Y´Sä åwæ�çY�E�D�HYJ©�¥HKLNH>hSbe¹YD�t x hSg3y*D}z3r¢ËOv�C3D�yQD}PSd3D}X�HYd�t*D�D}L±v�P��3bet*LNbed3X�L�TGPST3gnVWHKLQbqPSd3t�r
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Energy Sum vs Last Layer Energy

electrons

hadrons

Beam Data 20GeV/c

�èbqhSgnyQDÄz3r®Ë;�7BâPYL¤HKV�D�d3D�yQhY�}�3D�T�PYtQbeL"bed�LNC3D)XIHKVqPSy*bqJ�D�LND�y$HYtâH.��g3d3X�LNbqPYd PK�;LQC3D)D�d3D�yQhY�}�3D�T�PYtQbeL
bqd	LNCnD�VWHYt(L�VWHI�SD�y�r)ouHK�3yQPSdnbqX�X�HYtQX�HY�3D�tHYd3��D�VqD�X�LNy*PSJZHKhSd3D�LQbqX�t*C3Pµv�D�yAHYyQD�v9D�VeV$tQD�T¥HYyNH[LND��?r

�²bqJ]g3VqHKLNbePSd3t�PY�.LQC3DZtQHYJ�DZX�PYyQyQD�VWHKLQbqPSd���PSy T3bqPYd3t�� x hSg3y*DZz3r p��0HKd3� D�VeD�X�LNyQPYd3t�� x hSg3y*D
z3r %Y�ªHYy*D_g3tQD��>LNP�X�PYd x yQJ�LNC¥H[LÄC3behSC>D�d3D�yQhY�O�3D�TGPSt*beLÄD�¹SD�dÁLQtÙHYyQD_D�VqD�X�LNy*PSd3t)HYdn�>VqPµvÚD�d3D�yQhY�
�3D�TGPStQb¨L)D�¹YD�d�LNt�HYyQD�C¥HY�nyQPSd3beX.XIHYt*XIHY�nD�t�rÎëmD�C¥HI¹SDHYVqt*P gntQD��FtQbeJ]g3VWH[LNbqPYd3tèLNP}PST;LNbqJ�bqÉ�D�LNCnD
X�gnL�|²t*C3Pµv�dFPYd x hYg3yQD.z3r®Ë;|SLQP t*D�T¥HKyNHKLQDC¥HK�3yQPSdnt)HYd3��D�VqD�X�LQyQPSd3t�|ÁtQP HYtÎLNP}yQD�JFPµ¹YDHKtÎJZHYd��
D�VqD�X�LQyQPSJFHYhSd3D�LNbeXutQCnPwv9D�y*tuHKtATGPSt*tQbqEnVqDuv�b¨LNC3PSg;L�yQD�J�Pµ¹²bqd3h]LQP;P>JFHYd��	C¥HK�3yQPSdnbqX�XIHKtQXIHK�3D�t�r
oPµv�D�¹SD�y�|?b¨LI×Çt�bqd�LND�yQD�t(LNbed3h�LQPFdnPYLNbeX�D�LNC¥H[LEGPYLQC�TGPST3g3VqHKLNbePSd3t�HYy*D�v�D�VqV"tQD�T¥HYyNH[LND���tQP�LNC¥HKL
LNC3D]X�gnL�D0/�X�bqD�d3X��UbqtC3bqhSC�HYd3��t(L¤HYE3VeDOv�C3D�d�LNg3d3bed3h	T¥HKyNHYJ�D�LQD�yQt�ruëmDOv�bqVeVây*D���D�yuLNPZLQC3bqt
X�gnL�gntQbqdnh	LNC3D]VqHYt*LuVWHI�SD�y�X�PYyQyQD�VWHKLQbqPSdUHYtuLQC3D ½"½ \�X�gnL>� ½â½ \ bqtALNy*g3D]��PSyuD�VqD�X�LNy*PSd3t�HKd3�� HYVqt*D���PSy.C¥HY�3y*PSd3t�r
BªHYE3VeD}z3re{ �3betQT3VqHµ�²t.LNCnD0D0/FX�bqD�d3X���PY�ªLNC3D X�g;LNtHYX�X�PSyQ�3bed3h>LNP�LNC3D tQbeJ]g3VqHKLNbePSd	yQD�HYVqbeÉ�D��

v�beLNC�JFPYd3P;X�bqd3D�LNbeX EGDIHKJFt�v�beLQCU�3b
	?D�yQD�d�LuJFPSJ�D�d�LNHFHYdn���3b�	�D�y*D�d�L�T3HYy*LQbqX�VeD�L±�;TGD�t�r�\�gnLQt
D1/�X�beD�d3X�bqD�tAHYy*D}C3bqhSC�HKd3�UHKyQD�LNC3D}tQHYJFD}H[L}³µ´Sä åwæ�çY��HKd3���Y´Sä åwæ�çY�wr
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Energy Sum vs Last Layer Energy

Hadron simulation 20GeV

�èbqhYg3yQD�z3r pn��BªPYLNHYV�D�d3D�yQhY�Ú�nD�TGPStQb¨LZbed LQC3D
XIHYVePSyQbeJFD�LND�y?HYt"H_��g3dnX�LNbePSd}PY�ÁLNC3DÎD�d3D�y*hY���3D��
T�PYtQbeLªbqd LNC3D9VWHYt(LèVqHI�SD�y9�Ä�K´Sä0åwæ9çY�ÎC¥HY�3y*PSd3t�r
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Energy Sum vs Last Layer Energy

Electron simulation 20GeV

�èbqhSgnyQD�z3r %;��BâPYLNHYV�D�d3D�yQhY� �3D�T�PSt*beL�bqdÚLNCnD
XIHYVePSyQbeJFD�LND�yZHYt�H ��g3d3X�LNbqPYdÅPK�0LQC3D�D�d3D�yQhY�
�3D�TGPStQb¨L�bqd�LNCnD VqHYt*L�VqHI�SD�y��9�Y´Yä0åwæ9çY� å � r

d¥HYJ�D t*bqJ]gnVWHKLQD��  l« � � \_HYt*XIHY�nD t*D�VeD�X�LQbqPSd
X�gnL T3HYy*LQbqX�VeD y*D �*D�X�LNbePSd C3HY�3yQPYd3bqX D�VeD�X�LQyQPSJFHYhSdnD�LNbeX

^ÎLQPYL¤HKV��iYjSj  lD ' T3bqPYd {µjSj � %Yi�� d3PYd3D
dnPYL ½"½ \ T3bqPYd j � ./.nr®Ë�� d3PYd3D
½"½ \ D�VeD�X�LNyQPYd d3PSdnD d3PSd3D ./.nr®Ë��

BèHKE3VqD>z3r¨{S�O�;g3J�JZHKy*��PK�9LQC3DFX�gnLNt0HYT3TnVqbqD���PSd \_^)`AacEGDIHKJ£LND�t*L0�¥HKL¤H;|ªHKd3�°LQC3D�bey}D1/>�
X�beD�d3X��

����� � 8�� � 5���!�8��*3�#

B.C3D�Ã}^Îs�aB.z�t*bqJ]gnVWHKLQbqPSd°XIHYVeVqt}LNC3D ½ o^ � J�P;�3D�VÙv�CnbqX¤C¿bqt0tQPSJ�D�v�C3HKL]LNCnD	PSd3V¨�mPYd3DHI¹YHKbqVWHKE3VqD bqd�LQC3bqt�D�d3D�y*hY��yNHKd3hSDYr0B.C3D�hSD�PYJFD�LNy*��L¤HYRKD�t HYX�X�PSg3d�L}��PSy]�LNC3D]LQyNHYX¤RKD�y�|âtQbeJ��
g3VWH[LND��UEÁ�UHZt*bqVqbeX�PSd�T3VWHKd3D]´n  ´Y�	��
uLQC3bqX¤R�¤|$H	VeDIHY��T3VWH[LNDZ³Y ¢¡���
�LQC3bqX¤R�HYd3��HFXIHYVePSyQbeJFD�LND�y
E3g3beVeLuv�b¨LNCÚ{S{>VqHµ�YD�y*t PK�_p�C3PSy*bqÉ�PSd�L¤HYVÄ\_¦�^Ît�r�B.C3D�VWHYt(L�LNCnyQD�D�VqHµ�YD�y*t0HKyQD>tQbeJ]g3VqHKLND���E�D��
XIHYgntQD PY�ÄTGPStQt*bqE3VeD}E¥HYX¤RS�±t*T3VWHYt*CUD 	?D�X�LNt�|�EngnL�HKX�LNg3HYVqV¨�	d3PSdnD0C¥HKtAEGD�D�d�PSE3t*D�y(¹SD�����PSy.LNC3D�tQD
D�d3D�yQhSbeD�t�r" lPSyQD�Pw¹YD�y�|ÄLNC3DFVqD�dnhYLNC°E�D�L±v�D�D�dÚVWHI�YD�yQt0bqt�{wËKJ�J�HYd3�mLNC3DFh�HYTfEGD�L±v9D�D�d¿VqPShYt
v�beLQC3bqd�H�VWHI�YD�y}bqt>³S ®¡K����r�B.C3D>LNCnbqX¤RÁd3D�t*t0PK�9LQC3D�VqDIHK�°TnVWHKLQD�HYd3��LNC3D�h�HYT�VeD�d3hYLQC�C¥HI¹SD
E�D�D�dmHY���*g3t(LND��mg3t*bqd3h�D�VqD�X�LNy*PSJZHKhSd3D�LQbqX0tQC3Pµv9D�yQt0�¥HKLNHn|"HYt�v9DFD�~nTGD�X�L}LNC3D�bqy�VqPYd3hSbeLQg3�3bed¥HYV
T3yQP x VqD.LNP0E�DAyQD�T3yQP²�3g3X�D��	E���LNCnDt*bqJ]g3VqHKLNbePSd>v�beLQC3bqd�H ��D�v T�D�yQX�D�d�LNt�|3HYt9tQC3Pµv�d	PSd x hSg3y*D
z3r Ènr
B.C3D	EGDIHYJ�T3yQP x VqDFbqt>Ã}HYg3t*tQbqHYd¿HYt]t*g3hShSD�t*L]LQC3D	T3y*P x VeDZtQCnPwv�dÚbedfLNC3DFLNyNHKX¤RYD�y�|ÙHYd3�

X�gnLQtÙLQP0t*D�VeD�X�L9PSd3V¨�]D�¹SD�d�LQt_D�d�LND�yQbed3h LQC3DAXIHYVePSyQbeJFD�LND�yèT3yQPSTGD�y*Ve�>E���PSdnDVePSh HYyQDAHYT3TnVqbqD���HYt
��PSyÎLNC3D�¥HKLNHnr)\�C3P²PStQbed3h0H0T¥HYy(LNbeX�VqD.L±�²TGDubqtÙJ�PSyQD�T3y*PSE3VqD�JZH[LNbqX�HKt9v9Du�3P0d3PYL9yQDIHKVqVe�]R²dnPwv
LNC3D�bqy�d¥H[LNg3y*DFbed°�3HKL¤Hnr�s.X�LQg¥HYVeVe�S|7LQC3D>� HYX�L bqt�LQC¥HKL}v�DFHYy*D�bed�LND�y*D�t(LND��mbqd�EGD�d3X¤C3JFHYy*R²bed3h
T3yQPKLNPSd�tQbqJOg3VWHKLQbqPSd�HKt�Ã ½ s��;Bºv�beVqV7EGDOJ�PSt*LQVe��C3b¨LuE��lT3y*PYLNPSdnt�r� �PSy*D�Pµ¹SD�y�|$t*bqJ]g3VqHKLNbePSd3ttQC3Pµv�LNC3HKL�T3bePSd3t	HKd3�¾T3y*PYLNPSdnt	hSbe¹YDULNCnD�tNHYJ�DUy*D�t*g3VeLQt	bqd¾PYg3yZX�HYVqPSy*bqJ�D�LQD�y�|9LNC3D�JFHYbed
X¤C¥HYd3hYD>bqtu��PSyLNC3D>bed3D�VqHYt*LQbqXObed�LND�yQHYX�LQbqPSd�X�yQPSt*t�tQD�X�LNbePSd�E3gnL�v9D��3P�d3PYL}X�HYyQDKr>�;P�v9D]v�bqVqV
tQbeJ]g3VWH[LNDuC3HY�3yQPYd3bqX�X�HYtQX�HY�3D�tA��yQPSJ ³µ´Sä åwæ�çY�uHYd3���Y´Sä åwæ�çY�T3bqPSdnt�r
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�èbqhSgnyQD.z3r Èn�� lDIHYdFD�d3D�yQhY��VePSd3hSb¨LNg3�3bed¥HYV;T3yQP x VqD�PY�$D�VqD�X�LNy*PSJFHYhSd3D�LNbqX.t*C3Pµv�D�yQt�HKL��Y´Sä åwæ�çY�
�èX�PYJFT¥HKyQbqt*PSd>EGD�L±v9D�D�dZ�¥HKL¤H HYd3��tQbeJ]g3VqHKLNbePSd$râ^ÎyQyQPYyÙE3HYyQt)tQCnPwv�LNC3D.v�bq�;LNC�PY��LQC3D�D�d3D�yQhY�
�3D�TGPStQb¨L�T�D�y�VWHI�SD�y.�3bqt(LNyQbeE3gnLQbqPSd3t�r

���¬� � 5����Ù!
	 �*3�#��]�	è# ��#c������	�� 3�#©��!�������������

B.C3D¹YD�y*� x y*t*L�bqd�LND�yQD�t(LNbed3h0t(LNg3�;�FbetÙLQPOX�PSJFT3HYyQD�D�VeD�X�LNyQPYJZHYhYd3D�LQbqX�tQC3Pµv9D�y*t.HYd3�FC¥HY�3y*PSd3bqX
XIHYt*XIHY�3D�tuH[L�Y´Sä åwæ�çY�ubed�PSg3y.XIHKVqPSy*bqJ�D�LND�y�r

�ªbqhSg3y*DOz3r .	�3betQT3VqHµ�²t�LQC3D>D�d3D�yQhY�U�3D�TGPSt*beL�TGD�y�VqHµ�YD�y�|$��PSyuC¥HK�3yQPSdnbqX]X�HYtQX�HY�3D�tF���¥HYtQCnD��
VqbqdnDµ�$HYd3�0D�VeD�X�LQyQPSJFHYhSdnD�LNbeXÎtQC3Pµv9D�y*t�� T3VqHYbqd}Vebqd3DI��r"B.C3D x yQt*LªE3bed0TGDIHYR�C3HYtªEGD�D�d]RÁd3Pµv�bqd3hYVe�
X�gnL}��PSyuLQC3D��3bqt*T3VWHI�Y|"HYd3��X�PSy*yQD�tQTGPSd3�3t}LNP�LNCnD�C3HY�3yQPYd3t�LNC¥H[L}C¥HI¹SD�d3PYL��SD�LOhYD�d3D�yNHKLQD��mH
d²gnX�VqD�HYy�bqd�LQD�yNHKX�LNbePSd$r]«¬L�× t}bedÁLQD�y*D�t*LQbqd3h�LQPldnPYLNbeX�D]LNC3HKL�LNC3bet�T�D�HYR�bet�hSD�L*LNbqdnh�tQJFHYVqVeD�y�HKd3�
tQJFHYVqVeD�yÄHKtÎT¥HYy*LQbqX�VqD�tèhSP;D�tÄ�3D�D�TGD�y)bqd]LQC3D�XIHYVePSyQbeJFD�LND�y�r !�D�t*bq�3D�t�|ÁD�VeD�X�LQyQPSJFHYhSdnD�LNbeX�t*C3Pµv�D�yQt
hSVqPSE3HYVqV¨�Z�3D�¹SD�VqPST�D�HYyQVebqD�yAbed�LQC3DOX�HYVqPSy*bqJ�D�LQD�y�HYd3�UC¥HI¹SD0LQC3D�beyJFH[~;bqJOg3J©D�dnD�yQhK�U�3D�T�PYtQbeL
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