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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�3PSd3D
g3tQbed3hOX¤C¥HKyQhSD
bqd��*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
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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;rão
Pµv9D�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� HYy
E�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�y
bqd�LNCnD

LNyNHKX¤RYD�y�|;bedFPYyQ�3D�yÙLQP0EGDAHYE3VqD.LQP0t*D�VqD�X�L9T¥HYy(LNbqX�VqD�tÙdnPYLÙhSPSbqdnh}LQC3yQPYg3hSC�h�HYT3t�rÎB.C3D
be�3DIH}bqtÎLQP
g3tQD}LNC3D J]g3PYd�y*g3d3t
HYh�HYbed�HKtALQC3D0TGPSt*beLNbePSd�PY�èLQC3D XIHYVePSyQbeJFD�LND�y9v_HYt�LNCnD0tQHYJFD HYt���PSy.LNCnD
�¥HKL¤H0yQg3d3t_v9D HYyQDubqd�LND�yQD�t(LND��lbed$rèë b¨LNC	J]gnPSd�yQg3dnt�|nLQC3D�L±v�P�X�D�d�LNyQHYV"\_¦�^ÎtAHYyQDuJZHYTnT�D��
g3tQbed3h>LNC3D}X�PYyQyQD�VWHKLQbqPSdZE�D�L±v�D�D�d�LQC3D}D�d3D�yQhY���nD�TGPStQb¨LAHYd3��LNC3D}TGPStQb¨LNbePSd�yQD�T�PSy(LND��lE���D�HYX¤C
JFP²�3g3VeD>PY��LQC3D�LQyNHYX¤RKD�y�|ÄHYt}tQCnPwv�dfPSd x hSg3yQD�z3rÇz3rZ«¬�9LNC3D�T¥HYy(LNbeX�VqD>CnbeL}LNC3D�VqPYhlTnyQPSTGD�y*Ve�
LNC3D�d LNC3D	D�d3D�y*hY�m�3D�TGPStQb¨L]bet0LNPUE�D�HKyQPSg3dn�¾{wi/ �D 'Or���dfLQC3D	g3T3TGD�yOVqD��ÒL0T3VePYL]PSd x hSg3y*D
z3r z ��PSy�bed3t*LNHYd3X�DY|;LQC3DuD�d3D�y*hY�Fbqt_HKyQPSg3dn��{wi/ �D ' v�C3D�d	LQC3DuTGPSt*beLNbePSdZbet9EGD�L±v9D�D�d�������HKd3�
�3 ��Y���cLNC¥HKLÙ�3D x d3D�tÙLQC3D
bed�LND�y*tQD�X�LNbePSd�PY��LQC3DAE�D�HYJ�|SLQC3D�tQJFHYVqVeD�t(L)tQX�bed�LNbqVeVWHKLQPSyÄHKd3��LQC3D
\�tQ«
VqPSh3rèBèHYRÁbed3h>bqd�LNP�HKX�X�PYg3d�LuHKVqV�LQC3D}X�PSy*yQD�VWHKLQbqPSd3t�|²LQC3D�L±v�P�X�D�d�LNyNHKV$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¥HKL
LNC3D0X�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
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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�gnL
HYVeV�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�t
PYd3Ve�Yr
s
VqV�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�gnL
PSd�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;P
C3bqhYCOd3PYLªLNP�X�gnLÄPYdOLNP²PuJFHYd�� C¥HY�3y*PSd3bqX
XIHYt*XIHY�3D�t�r
B.CnD>yQbqhYCÁL
LNC3y*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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Energy B3 vs Y1
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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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�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*PZLNC3HKL
v�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$HYtâH.��g3d3X�LNbqPYd PK�;LQC3D)D�d3D�yQhY�}�3D�T�PYtQbeL
bqd	LNCnD�VWHYt(L�VWHI�SD�y�r)ouHK�3yQPSdnbqX�X�HYtQX�HY�3D�t
HYd3��D�VqD�X�LNy*PSJZHKhSd3D�LQbqX�t*C3Pµv�D�yAHYyQD�v9D�VeV$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¥HI¹SD
HYVqt*P gntQD��FtQbeJ]g3VWH[LNbqPYd3tèLNP}PST;LNbqJ�bqÉ�D�LNCnD
X�gnL�|²t*C3Pµv�dFPYd x hYg3yQD.z3r®Ë;|SLQP t*D�T¥HKyNHKLQD
C¥HK�3yQPSdnt)HYd3��D�VqD�X�LQyQPSd3t�|ÁtQP HYtÎLNP}yQD�JFPµ¹YD
HKtÎJZHYd��
D�VqD�X�LQyQPSJFHYhSd3D�LNbeXutQCnPwv9D�y*tuHKtATGPSt*tQbqEnVqDuv�b¨LNC3PSg;L�yQD�J�Pµ¹²bqd3h]LQP;P>JFHYd��	C¥HK�3yQPSdnbqX�XIHKtQXIHK�3D�t�r
o
Pµv�D�¹SD�y�|?b¨LI×Çt�bqd�LND�yQD�t(LNbed3h�LQPFdnPYLNbeX�D�LNC¥H[L
EGPYLQC�TGPST3g3VqHKLNbePSd3t�HYy*D�v�D�VqV"tQD�T¥HYyNH[LND���tQP�LNC¥HKL
LNC3D]X�gnL�D0/�X�bqD�d3X��Ubqt
C3bqhSC�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;LNt
HYX�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�a
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PSd�LNC3DÎD�d3D�y*hY���3D�T�PYtQbeL"TGD�y"VqHµ�YD�y�rªB.C3D�d$|[X�PSJ�T¥HYy*bqd3h_LQC3DÎ�3bqt(LNy*bqE3gnLQbqPSd�PK�;yQHIv VqPYd3hSbeLQg3�3bed¥HYV
D�d3D�yQhY��TnyQP x VeDu`� ���T3yQD�tQD�d�LQD���PSd x hSg3y*D
znre{µÈ;|²t*C3Pµv�t�LNC3HKL)LNC3DA�3bqt*T�D�yQt*bqPSdFbqt)hSyQD�HKLND�yÙ��PYy
�¥HKLNH�LQC¥HYd���PSy�tQbeJ]g3VqHKLNbePSd3t�r0B.C3bqt�v9PSg3Ve�md3PKL0EGD�tQg3y*T3yQbetQbed3h�be�)LNC3D�tQHYJFD�T3VePYL}�3PSdnD���PYy
D�VeD�X�LQyQPSJFHYhSdnD�LNbeXut*C3Pµv�D�yQtA�3P;D�t�d3PYL�tQCnPwvºtQg3X¤CUH>�3bqt*X�yQD�T¥HYd3X��°��LQC3D HYhSy*D�D�J�D�d�L�bet.E�D�LQLND�y
LNC¥HKd Ë�����|�tQPfLQC¥HKL	v9D�X�HYdÀ�3D��ng3X�D�LQC¥HKLZLQC3D�PSEntQD�y(¹KHKLNbePSd¾bqt	Hm��DIHKLQg3yQDUPY�}C¥HY�3y*PSd3beX
XIHYt*XIHY�nD�t)PSd3V¨�>HYd3��d3PKL)PY��LQC3D_v�C3PSVeD.D�~;TGD�yQbeJFD�d�LIrÄB.C3D�be�3DIH�bet x d¥HYVeVe� LNP}XIHYVeX�g3VqHKLND_HYh�HYbed
LNC3DlD�dnD�yQhK�ÚT3yQP x VqD�`� ��¿v�beLQC3PSgnL�L¤HKR²bed3hmHYX�X�PSg3d�LF��PYy�LQC3DlVWHI�SD�y�v�b¨LNCÚLNC3D�JZH[~;beJ]g3J
D�d3D�yQhY��HKt��3betQT3VqHµ�YD��FPSd x hYg3yQDAz3r¨{ .nrÄB.C3D
HYhSy*D�D�JFD�dÁL9EGD�L±v9D�D�d�y*DIHYVGHYdn�ZtQbeJ]g3VqHKLND��Z`� ��
�3bqt(LNy*bqE3gnLQbqPSdnt_bqt_LQC3D�dlyQD�HYVqV¨�ZhSP²P²�$r
B.C3D>X�PSdnX�VqgntQbqPYd�bqtuLQC¥HKL�LQC3D>D�d3D�yQhY�UT3yQP x VqD]JFH[~;bqJOg3J�PY�ÙC¥HY�3y*PSd3bqX0XIHYt*XIHY�nD�t}bqt�dnPYL

v�D�VqVâyQD�T3yQP²�3g3X�D���E��lLNC3D0tQbqJOg3VWHKLQbqPSdlHYdn��HZX�PYd3tQD�Æ²gnD�d3X�D>bqt
LQC¥HKLALNC3D0yQD�X�PSd3t(LNy*g3X�LQbqPSd �"¼
bqt0tQJFHYVqVeD�y}bqdfLQC3D	t*bqJ]g3VqHKLNbePSd�LNC¥HYdfbqdfLQC3D	�¥HKLNHnr !�D�tQbq�nD�t�|ÎPYd3D	XIHKd¿bqdn��D�y0LNC3HKL]X�D�d�LNyQHYV
X�PSVeVqbetQbqPYd3t�v�beLQCUH>¹SD�y*�lC3behSC�D�d3D�y*hY�l�3D�TGPSt*beLAbqdlPSd3D VWHI�SD�yuHKyQD tQTGD�X�b x XIHKVqVe�Zd3PYLAv�D�VqV"tQbeJ��
g3VWH[LND��?|3HYd3�	LQC¥HKL�× t.T3y*PSE¥HYEnVe��v�C��	LNC3D�yQD�bet.H]VWHYX¤R�PY�âD�¹YD�d�LNtAHKL_C3bqhSC�D�d3D�y*hY�	�nD�TGPStQb¨L.T�D�y
VWHI�SD�y.bqd�LNCnD t*bqJ]gnVWHKLQbqPSd$r

�Ìy*PSJ H�hSVePSE¥HYV9T�PYbqd�L>PY�A¹²bqD�v}|)LNCnD ½ o
^ � tQbqJOg3VWHKLQbqPSdfyQD�TnyQP²�3g3X�D�t>v�D�VqV_LNCnDlt*C¥HYTGDPY�
PSg3y>¹KHYyQbqHYE3VqD�t]��PSyF�Y´Sä åwæ�çY�	C3HY�3yQPYd3bqX�X�HYtQX�HY�3D�t�rÀB.C3DlD�d3D�yQhY�ÚT3y*P x VeDlJFH[~;bqJOg3Jêbet
g3d3�3D�yQD�t*LNbeJZH[LND��°E��°JFPSy*D>LNC¥HYd iYj �£HKd3� Hl�3bqy*D�X�L X�PSd3tQD�ÆÁg3D�d3X�D�bqt�LNC3HKL0LQC3D �â¼0PY�_LQC3D
T3yQP x VqD x LQLQbqd3hZyQD�X�PSd3t(LNyQgnX�LNbePSd�bqtuHYVqt*PZg3dn�3D�y*D�t*LQbqJFHKLND���HYtuLQC3DOD�~nTGPSd3D�d�LNbWHKVè�3bet*LNy*bqE3g;LNbqPYd
bqt]t(LND�D�TGD�y>v�beLQC¿d3DIHYy*Ve� HU� HYX�LQPSy>PY�uiUPSd¿LNC3D�t*VqPSTGDYrfo
Pµv9D�¹SD�y�|�LQC3bqt0��DIHKLQg3yQD��3P²D�t>dnPYL
HYT3TGDIHYy}LNP�E�DZHYd betQtQgnD	HYt � HYyOHKtOyQD �*D�X�LNbqPYd¿HYVqhYPSyQb¨LNC3J�t}HYyQD�X�PYd3X�D�yQd3D��Å�Obe��HYVehSPSy*beLNCnJFt
HYyQD D1/�X�bqD�d�L�PYd�tQbeJ]g3VWH[LNbqPYd3t_LNC3D��lC¥HI¹SD]LNPFE�DOHKL
VqDIHKt*L�HKtuD1/�X�bqD�d�LuPSd�yQD�HYVâ�¥HKL¤H�v�beLQC�H
hSyQD�HKLND�y.�3bqt*T�D�yQt*bqPSd$r
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�¥PSy	³µ´Sä åwæ�çK�FC¥HY�nyQPSd3beX�XIHYt*XIHY�nD�t�|9LNC3D	LQC3yQD�tQC3PSVe� TGD�y>VePSh�C¥HYt>EGD�D�d VePµv�D�yQD�� �3Pµv�dÚLNP
,S´�2ºåwæcbqdUPYyQ�3D�yuLNP	PYEnL¤HYbed�HZt*VqbehSC�LNVe�	E�D�LQLND�y�HYhSy*D�D�JFD�dÁLuPSd�D�VqD�X�LNy*PSJZHKhSd3D�LQbqX tQC3Pµv9D�y*t�r
 �PSy*D�Pµ¹SD�y�|ÄPSgny t(L¤HKLQbqt(LNbqX�bet0g3d;��PSy*LQg3d¥HKLQD�Ve���3Pµv�d E��fH�� HYX�LNPSy PY��LQC3yQD�DFv�b¨LNC°yQD�t*T�D�X�L0LNP
�Y´Sä åwæ�çY�A�¥HKLNHn|3�3D�tQT3b¨LND VqP²PStQD�y_X�gnLQt
PYd�LQC3D}T¥HYy(LNbqX�VqD�TGPSt*beLNbePSd�bqd�LQC3D�LNyNHKX¤RYD�y�r
BèHYEnVqDAz3r®k yQD�T�PSy(LNt)LNC3DA¹KHYVqg3D�t9PK�?LNCnD x y*t*L�L±v9P]J�PSJ�D�d�LNt
� J�DIHKd	HYd3�Z`� U�3�ÙPY�7HYVqV3LQC3D

tQbeJ]g3VWH[LND��ZHYd3��y*DIHYV��3bqt(LNyQbeE3gnLQbqPSd3t)��PSy
³µ´Sä åwæ�çY��bqd3X�bq�3D�d�L.T¥HYy(LNbqX�VqD�t�r ��d3V¨�FCnbqt*LQPShSyQHYJFt9PY�
�¥HKLNHOHYd3��t*bqJ]gnVWHKLQD���T3bqPSdnt�C¥HY�nyQPSd3beXuX�HYtQX�HY�3D�t_v�beVqVÌEGDutQCnPwv�d�bedFLNCnDu��PSVqVePµv�bqd3h3|�CnPwv9D�¹YD�y
L¤HYEnVqD>z3r®i�HYVqt*Plt*C3Pµv5LNCnD�¹KHYVeg3D�t���PSy}t*bqJ]g3VqHKLND���HYd�LNbeT3yQPYLQPSd�bqd3�ng3X�D��mC¥HK�3yQPSdnbqX>XIHKtQXIHK�3D�t
LNP��3D�JFPSdnt*LNyQHKLND�LQC¥HKL
H>T�PYtQtQbeE3VqD�X�PSd�L¤HYJ�bqd3HKLNbePSd	PY�âLNC3D}EGDIHYJãE��lHYd�LNbqTnyQPYLQPSd3t.bqt.dnPYLAHYd
bqt*tQg3DKr

� -(��
 PY�è�nbqt*LQyQbeE3gnLNbePSd3t���PYy.�¥HKL¤H�HYdn��LQC3D ½ ou^ � JFP²�3D�V
'ÙHKyQbWHKE3VqD�t ��� %��
	�� 2 � %��
	�� ��� � � 2�� ��� ��� %�� �,� � %�� � 2��
g3d3beL 2ºåwæ VqPYhSt 2ºåwæ VePShSt 2 åwæ VqPShYt 2 åwæ
�¥H[L¤H iYiYÈ {Sr % {µpYjSp {µi;r¢i Ë/%Yi z3r¨{ {µÈYp
T3bqPYd {IÈ�Ë {Sr . {wi .Yz {µi;r®È kSÈSi z3r % {wiYË
�! 	#"�$ �±z�k jnr®i �ßkn{wi jnr®p �N{ .Sj jnr p �ßpn{

HYd�LNbeT3yQPKLNPSd { .Sk {Sr . {µkYk % {Iknr¢i z�jKz z3r p {µkSi
� % $ � 	  � " � "($ �ßk�Ë jnr®i �(iYp/. {Sr®j �N{µp % jnr®Ë �(ËKz
& � � PY�ª�3bqt(LNy*bqE3gnLQbqPSdnt���PSy.�¥HKLNH�HYd3��LNC3D ½ ou^ � J�P;�nD�V
'ÙHKyQbWHKE3VqD�t ��� %��
	�� 2 � %��
	�� ��� � � 2�� ��� ��� %�� �,� � %�� � 2��
g3d3beL 2ºåwæ VqPYhSt 2ºåwæ VePShSt 2 åwæ VqPShYt 2 åwæ
�¥H[L¤H i[z3{ {SrÇz .YjSj pnr¢i kn{Y{ i;rÇz {µj;{
T3bqPYd { %SË {Sr®Ë È;{µÈ %;re{ {µÈSi i;r®i p;{
�! 	#"�$ �ßpSp jnr¨{ �ßÈ�i jnr . �N{wi . �±jnr¢i �±z�j

HYd�LNbeT3yQPKLNPSd {IÈYz {Sr®Ë ÈKz�k %;r¢i iYjYj i;r®i pKz
� % $ � 	  � " � "($ �(Ë/% jnr¨{ �(Ë/% {Sr®j �N{S{S{ �±jnr¢i �ßk %

BèHKE3VqD.z3r kn�9³µ´Sä åwæ�çY�.\_^)`AaÅ�3HKL¤HnrÄ¦ub�	�D�y*D�d3X�D�tÙE�D�L±v�D�D�dZLQC3D x yQt*L)L±v9POJ�PSJ�D�d�LNt)PY��E�PKLNC
LNC3DZyQDIHKV_HYd3�¿t*bqJ]gnVWHKLQD��f�nbqt*LQyQbeE3gnLNbePSd3tF����PSyOHU¹KHYyQbqHYE3VqD �¿| �% 	#"($ � �  	#"($ � ��� % � % D�L� % $ � 	  � " � "($ � � % $ � 	  � " � "($ � ��� % � % r

B.C3DfHKhSyQD�D�J�D�d�LUEGD�L±v9D�D�d �¥HKLNH HYdn�ºtQbeJ]g3VqHKLNbePSd¾��PSy�LNC3D°D�dnD�yQhK� �nD�TGPStQb¨LUHKd3� LQC3D
J]g3V¨LNbqTnVqbqX�beL±��TGD�y}VWHI�YD�y �3bqt*T3VWHI�SD��mPYd x hYg3yQD�t0z3r®iYjlHYd3�°z3r®i;{Fbet}Æ²gnbeLND�hSP²P²��v�b¨LNC°PSd3V¨��H
tQVebqhSC�LAVWHYX¤R�PY�ÄC3bqhSC�D�d3D�yQhY�l�3D�T�PYtQbeLuD�¹YD�d�L�bqdlLNC3D0tQbeJ]g3VWH[LNbqPYd$r.o
Pµv9D�¹YD�y�|$LQC3D]HKhSyQD�D�J�D�d�L
bqt�d3PKLlHYt�hSP;P²� HYt�beLZv_HYt�HKL��Y´Yä0åwæ9çY��HYd3�ÀLQC3bqt�t*C3Pµv�t�g3T HYh�HKbqd¾v�C3D�dºX�PYJFT¥HKyQbqdnh
LNC3D0LNPYLNHYVªD�d3D�y*hY���3D�TGPStQb¨L}HYd3��LNC3D]LQPYL¤HYVâJ]g3V¨LNbeT3VqbeX�beL±�	HYt�T3y*D�t*D�d�LND��°PYd x hSg3y*D]z3r®iSi;r ��d
LNC3bet x hSg3y*DY|âPSd3D�XIHKdfHYVetQP�d3PYLQbqX�D]LNC¥HKL}t*PSJ�D�D�VqD�X�LNy*PSd3t}T3y*PSE¥HYE3V¨��tQgny*¹²be¹YD��mLQC3D�X�gnLQt ��PYy
� � ��� ���S�Y´Y´�2ºåwæìHYd3� 2�� ��� � ³ � r

�ÌPYy0LNCnD�yQD�X�PSd3t(LNyQgnX�LNbePSd$|)tQD�D x hSg3y*D	z3r®iKz3|ÎEGPYLNC LQC3D�D�d3D�yQhY� HYd3�¿LNCnD�tQC3Pµv9D�y�t*LNHYy*L(�
bqd3h�T�PYbqd�L]HKyQDZv9D�VeV9y*D�T3y*P;�3gnX�D��ÚHKd3� LNC3DF�3bqt*X�y*D�T¥HYdnX�� PYdfLNC3D � ¼ �nbqt*LQyQbeE3gnLNbePSd°C¥HYtOLQC3D
tNHYJ�D�PSyQbehSbqd°HYt}LNCnDZPSd3D�d3PYLQbqX�D�� H[L>�Y´Yä0åwæ9çY�[rZB.C3DZJFH[~;bqJ]gnJ£D�dnD�yQhK�m�nD�TGPStQb¨LO�3bet*LQyQb¨�
E3gnLQbqPSd$|GtQCnPwv�d�PYd x hSg3y*D]z3r®iYkn|Gbqt
d3PYL�y*D�T3y*P;�ng3X�D���EÁ��LNC3D0tQbeJ]g3VWH[LNbqPYd�¹YD�y(�Uv9D�VqVâv�beLQC�H
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�3bqt*X�yQD�T¥HYd3X���yQD�HYX¤C3bqdnh�zSj �cPSd�LNCnD x yQt*L�L±v9PFJ�PSJ�D�d�LNt�r
�¥y*PSJcH]hSVqPSE3HYVÌT�PSbed�L_PY�7¹²bqD�v}|nLNCnD�t*LQg3�n��H[L�³µ´Sä åwæ�çY�.X�PSd x y*JFt�v�C3HKL.C¥HYt.EGD�D�d�tQD�D�d
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