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fuIRB�O�Yu@FB��PQRO�ILY5K g cPYeILnPO�EGO�n-fGMPO �e��O�nPO�YefN@CQ�EGO�WFI g c �Jiyg E2fuMXO$} HJ} j [�?�MXO iyg QLQ g �8IRcPWJtPdFO
fuIRB�O!Yu@FB��PQLO�Y8@FEGOTUPYeO�n f g EGO�K g cPY�fuEeUPK�f�fuMPOT�PUXQLYGOTMPO�ILW'M>f iyg E�O�@FKNM�K�O�QRQ [
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?�MPO���O�nXO�Yefu@FQ iyg E O�@FKNM-K�O�QLQ�ILY|nPO�fGO�EGB�ILcXO�n g c @�EGUPc�� <>= � EGUXc < @FYeILY�[J?�MPOh@3d'O�Eu@FWFODdC@FQLUPO
gFi fuMXO5YGIRW'cs@FQ�ILc�fGMPO���O�nPO�Y�fN@FQAEGO�WFI g c
IRY�K g B��PU^fuO�n�[ Z = YGU < fuEG@FK�fGILcPW�fGMPILY!dC@FQRUPO i E g B�@FQLQ
fuIRB�O Yu@FB��PQRO�Y�IRc @�K�O�QRQ _�fuMPO�@3d'O�Eu@FWFO5dF@CQLUPO gCi fGMPO�YGIRW'cs@FQ�ILc�fGMPO���O�nPO�YefN@CQ�EGO�WFI g c
YeM g UPQRn
< O ��O�E g [
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KNMs@FcXcPO�QRYzILc�WFO�cPO�Eu@FQ _X@2WFEGO3@ fuO�E�c UXB < O�E gFi fGILB�OVYG@FB��XQLO�Y�@FEGOVUPYGO�n iyg E fGMPO�S!} j ��O�nPO�YefN@CQ
EGO�W'I g c f g O�cPYeUPEGO�fGMs@CfD��O�nPO�Y�fN@FQRY�@FEeO�K g B��PU^fuO�n @CY�@FK�K�UPEG@CfuO�Q = @FYD� g YeYGI < QLO � k'� � [ ?�MPO
vVH
\ gFi fuMPO�tsEGY�f fGILB�O�YG@FB��PQLO�ILc�fuMPOV��O�nPO�Y�fN@FQ�EGO�W'I g c�_����>_^IRY;KNM g YGO�c$@FY @ B�O3@FYeUPEGO gFi fuMXO
O�QRO�K�fuE g cPILK�c g ILYGO�IRc @�K�O�QRQ [�? = �XILK3@CQ�dF@CQLUPO�Y gCi ���|K3@Cc < O iyg UPcPn$ILc qAIRW'UPEeOUNP[ k [
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aVcXQLI LCO�IRc m ?�� m \�_ < O3@CB fGO�Yef�O�d'O�c>f fGEGIRW'W'O�EeYD@CEGO�@FY = cPKNMPE g c g UPYh�8IRfGM EGO�YG��O�K�fhf g fuMXO
N>l�H�S ��nXILW'I`fuI ��@CfuI g c�K�Q g K Lb[ ?�MPO�fGILB�O < O�f � O�O�c-fuMPO�O�d'O�c>f5fuEeILW'W'O�E2@CcPn fuMXODcPO �^f2K = K�QRO
gFi fuMXO|nXILW'I`fuI ��@CfuI g c�K�Q g K Lb_PK3@CQLQLO�nDfuMXO|O�d'O�cxf��PMP@FYGOC_sILY�EGO�wxUPILEeO�n iyg EzYeILW'cs@CQ�EGO�K g cXYefuEeUPK�fGI g c�[
m c O�YefGILB�@CfuO gFi fuMPO
O�d'O�cxf �PMP@FYGO�YeM g UPQRn Ms@3d'O < O�O�c B�@FnPO �8IRfuM fGMPO
MPO�QL� gFi @ fGILB�O��
f g � nPIRW'IRfu@FQVK g c>d'O�EefuO�E �y?8{ j�� B g nPUPQROF[*aVc iyg EefGUPcs@CfGO�Q = _VfGMPILYhB g nXUPQLO�nPIRn c g f i UPcPK�fuI g c
�PE g ��O�EGQ = nPUPEGIRcPW nP@CfN@ fN@�LxILcXWP[ � cPY�fuO3@Cn�_�@Fc O�YefuIRBD@ fuO gFi fGMPO�O�d'O�c>fh�XMs@FYGO�ILY g'< fu@FILcPO�n
fuMXE g UPWFM�fuMPO�B�O3@FYeUPEGO�B�O�c>f gFi fuMPO�YeILW'cP@FQ�fGILB�O iyg EzO�@FKNM$K�O�QLQ _ UPYeILcPW�@5K�U < ILK�IRc>fuO�Ee� g Qp@CfGI g c
g d'O�EzfuILB�O!YG@FB��PQLO�Y�[;\^IRW'cs@FQbfuIRB�O i E g B @FQRQ�K�O�QRQLY�@FEeOVfGMPO�c$K g B < ILcXO�n�f g �PE g nPUPK�OT@ �eW'Q gF< @FQ
K�U < ILK�fuIRB�O � [

j O�QLQRY��8MPILKNM
MP@ dFO dFO�E = QRIRfGfGQLO�YeILW'cs@CQ��8ILQLQrc g f8tPf�@�K�U < ILK|ILc>fuO�EG� g Qp@CfGI g c�� O�QRQ @FcPnJ�8IRQLQ
Ms@3d'OTQL@FEGW'O!UPcPK�O�Eefu@FILc>fuIRO�Y�[ q g E fuMPIRY�EGO3@CY g c�_ g cPQ = K�O�QRQLY��8I`fuM$YGIRW'cs@FQ�@ <�g dFO|@�K�O�E�fN@FIRc WFIRd'O�c
fuMXEGO�YeM g QRn @FEeOJUPYeO�n IRc�fGMPO K g B��PUXfu@CfuI g c gFi fGMPOJWFQ g'< @CQ�K�U < IRK fGILB�OF[ ?�MPOJ�XEGO�K�ILYeI g c gFi
fuMXO|fGILB�O gCi @�K�O�QRQ IRcPK�EeO3@FYeO�Y��8IRfuMJIRfGY�YeILW'cP@FQ [z?�MXILY�Ms@FY < O�O�c
�s@CEu@FB�O�fGEGI ��O�nJ@FcPnJILY8fN@�LCO�c
ILc>f g @FK�K g UPc>f|ILc�fGMPO�K g B��PU^fN@CfGI g c gFi fuMPO�W'Q g'< @FQ K�U < ILK2fGILB�OF[Tq g E�B2U g cPY�_��8MPO�EeO�O�d'O�c>fuY
f = �PILK�@FQLQ = MP@ dFO�dFO�E =|i O�� K�O�QLQRY��8IRfGM @C�P�PEGO�K�IL@ < QLO�YeILW'cP@FQ _ @�W'Q g'< @FQFfGILB�O�K3@CcPc g f < O�K g B��PUXfuO�n
@FcPn g fGMPO�E�B�O�fGM g nXY�B2UPYef < O�UPYGO�n�[
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�
@FEGO�nPO�fGO�EGB�ILcXO�n�@FY�@ i UXcPK�fGI g c gFi fGMPO�O�dFO�c>f��PMs@FYeO�UPYGIRcPWULxc g �8QLO�nPW'O gFi fuMXO

�PM = YGIRK�Y��PUXQLYGO�YGMP@F��O @FcPn fuMPO;fuIRB�O;Yu@CB��PQRO�Y @FUXf g K g EGEeO�QL@CfuI g c i UPcPK�fGI g cXY gFi O3@FKNM2K�O�QRQ [ ?�MPO�EeO
@FEeOVnPI ��O�EGO�cxf �z@ = Y�f g nPO�fuO�EGB�ILcPO8fuMPOV�PM = YGILK�Yz�PUPQRYGO�YGMs@C��OC_XEGO�YGUPQ`fuIRcPW IRc�nXI���O�EGO�c>f g �XfGILB�@FQ
tsQ`fuO�EeILcPW���O�ILW'M>fuY�YeO�fGY�[2?z� g B�O�fuM g nPY!� O�EeO�O�B��XQ g = O�n iyg E!fuMXO�kFl'l>kD}�H�} j � S!} j < O3@FB
fuO�Yef	��cxUPB�O�EGIRK3@FQ B g nPO�QLY < @CYGO�n g c-�XUPQLYeOhYGMs@F��OhYefGUPnPIRO�Y�_�@FcXn @ i @FYef�q g UPEeILO�E fuEG@FcPY iyg EGB
B�O�fuM g n � k

 � [ j�g B��s@FEeILY g cPY gFi fGMPO�EeO�YGUXQRfuY g'< fN@CILcPO�n �8IRfuM fuMPO�YGOhYGO�fuY�K�@Fc < O iyg UPcPn-IRc
YGO�K�fGI g c NP[ NP[
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qAIRcs@FQLQ = _'fGMPO�YGIRW'cs@FQ��PUPQRYGO�MXO�ILWFMxf�_ �8MXILKNMhILY B�O�@FYGUXEGO�nhIRc m { j UXcPIRfGY�_XIRY�K g c>d'O�E�fuO�n$f g c m [
j @FQRI < EG@CfuI g c$ILY�n g cPO <>= IRc � O�K�fuILcXW��PUXQLYGO�Y gFi L c g �8c�K�UPEeEGO�c>f�IRc>f g fGMPO|K3@FQ g EGIRB�O�fuO�E8nPUXEGILcXW
@�K�@FQLI < Eu@ fuI g ch��O�EGI g n�_�@FcPn g'< YeO�Eed IRcPWDfuMXO2EGO�YGUPQ`fN@Fc>f�dC@FQLUPO�Y gCi fuMPO YGIRW'cs@FQrMPO�ILW'M>fVILc m { j
UPcPI`fuY�[ � i fuMPIRY5EGO�Qp@CfGI g cPYeMPIL� ILY L c g �8c�_;fGMPO�B�O3@FYeUPEGO�n-YGIRW'cs@FQ�MPO�IRW'M>f � IRc m { j UXcPIRfGY � IRc
< O3@FB fGO�Y�fuY�K3@Fc < O|K g c>d'O�EefuO�n�f g @�K�UXEGEGO�c>f!UPYeILcPW
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��


� � � ( � ��� 
 	 ��� � $ ���%$ � ��� 
 � 

~�cPK�O�fGMPO�YGIRW'cs@FQ�ILc O3@FKNM K�O�QLQ�Ms@FY < O�O�c K3@CQLK�UXQp@CfGO�n�_ @�K�QLUPY�fuO�E gFi K�O�QLQRY iyg E�O�cPO�EeW = EGO�K g c��
YefGEGUPK�fuI g c�cPO�O�nPY;f g�< O�nPO�fGO�EGB�ILcXO�n�[AaVYGIRcPW�fuMXO�YGILWFcs@FQXIRc�@FQLQ K�O�QLQRYAf g nPO�fuO�EeB�IRcPO�fGMPO�O�cPO�EGW =
nPO�� g YeIRfGO�n
IRcJfuMXO2K3@CQ g EeILB�O�fuO�E�� g UXQLn�B�ILcXILB�I ��O�O�cPO�EeW = Q g YeY�_�@FYVfGMPO g cXQ = O�cXO�EGW = QRO3@�L @FW'O
� g UPQLn < O i E g B&fuMPO5YeILnPO�Y�@FcPn < @FK L gCi fuMPO5K�@FQ g EGILB�O�fGO�E�_ < U^f!� g UPQLn��XE g d ILnPO�@�� g g E!EeO�Y �
g QRUXfuI g c�YeILcPK�O�@DQp@CEGW'O @FB g UPc>f gFi O�QLO�K�fuE g cPILK c g IRYGO � g UPQRn < O ILcPK�QLUPnXO�n�[�?�MPIRYV� g UPQRn @FQLY g
< O�@Fc UPcPEGO�@FQLIRYefGILK2B�O�fGM g n�_�YGIRcPK�O i @CE i O�� O�ETK�O�QLQRY!�8ILQRQ < O5UPYGO�n IRc��PEu@CK�fuIRK�O5f g nPO�fGO�EGB�ILcXO
�s@FE�fuIRK�QLO!O�cPO�EGW'IRO�Y8ILchfuMXO m ?�� m \$nPO�fuO�K�f g E�[

?�MPO K�QLUPY�fuO�EGILcXW�@CQLW g EeIRfGMPB,UXYGO�nJILY < @FYeO�n g c <�g fGM fGMPOTEu@CfGI g�gFi YGIRW'cs@FQ�f g c g ILYeO|IRc @Fc
ILcXnPIRd ILnXUs@FQAK�O�QRQ�@FcPn fuMPO5dC@FQRUPO�Y gFi fuMXILY�Eu@ fuI g ILc�fuMPO�cPO�ILW'M <�g EGIRcPWhK�O�QLQRY�[�q g E�O�@FKNM O�d'O�cxf�_
�eYeO�O�n � K�O�QLQRY iyg E�K�QLUXYefuO�EGYV@FEGO|nPO�fuO�EeB�IRcPO�n�[ ? g�< O|K g cPYeILnPO�EGO�n
@�YGO�O�n�K�O�QLQ _b@�K�O�QRQ cPO�O�nPY�f g
Ms@3d'OT@5YeILW'cP@FQ�f g c g ILYeO�Eu@ fuI g gFi @Cf�QRO3@FY�f NP[ � i @Fc = YeO�O�nJK�O�QLQRYz@FEeO!f g UPKNMPILcXW5fuMPE g UPW'M i @FK�O�Y�_
O�nXW'O�Y�_ g E�K g EecPO�EeY�_sfuMPO = @FEeO|B�O�EeW'O�n$IRcxf g @�YeILcPWFQLO�K�QRUPYefGO�E�[

�VO�� f�_ �ecPO�IRW'M <�g E � K�O�QLQRY�@FEeO5nPO�fuO�EeB�IRcPO�n�[ ��O�IRW'M <�g EVK�O�QLQLYVcPO�O�n�f g Ms@3d'O�@Cc @ < Y g QLUXfGO
YGIRW'cs@FQ f g c g IRYGOhEu@ fuI g�gCi @Cf�QRO3@FY�f �X[ m c = cPO�ILW'M <�g E�K�O�QLQRY5�8MPILKNM @FEGO�f g UPKNMPIRcPW O��^ILY�fuILcXW
K�QRUPYefGO�EeY;fGMPE g UPW'M i @FK�O�Y�_xO�nXW'O�Y g E�K g EGcPO�EGY�@FEeO�B�O�EGW'O�n�IRc>f g fuMPO�K�QLUPY�fuO�E�[�?�MPIRY;�PE g K�O�YGY;BD@ =
cPO�O�n�f g < OVEGO���O�@CfuO�n�� iyg E�ILcPY�fN@FcXK�OF_ I i fuMPO�EGOV� O�EeO�f � g K�O�QRQLY < O�YGIRnPO g cXO�@Fc g fuMPO�E�_ < UXf g cPQ =
g cPO���@FY5f g UPKNMPIRcPW @Fc-O��^IRYefuIRcPW�K�QRUPYefGO�E�_;fGMPO�tsEeYef��s@FYeY5� g UPQLn-B�O�EeW'ODfuMP@Cf�K�O�QLQ�IRc>f g fuMXO
K�QRUPYefGO�E�_ < UXf�c g f�fGMPO g fuMPO�E�K�O�QLQ [ m YeO�K g cPn��P@FYGY��8ILQRQ�O�cPYGUPEeO|fGMs@Cf8fuMXO|YeO�K g cPn K�O�QRQ��8ILQRQ < O
B�O�EGWFO�n�ILc>f g fGMPO�K�QRUPYefGO�E�[ j QLUPY�fuO�EGY;K3@Fc�@FQRY g�< O�B�O�EGW'O�n�I i @�cPO�ILW'M <�g E�K�O�QLQXIRY�f g UXKNMPILcPW�f � g
O��^IRYefuIRcPW2K�QLUPY�fuO�EGY fGMs@Cf���O�EGOVc g f g fuMPO�Ee�8IRYGOVf g UPKNMPIRcPWP[;H UPQRfGIL�PQRO��P@FYGYeO�Y�@FEeOVB�@FnPO�UPc>fuIRQbc g
cPO�� K�O�QLQLYTMs@3dFO < O�O�c @FnPnPO�n f g K�QLUPY�fuO�EeY�[ j QRO3@FEeQ = Y g B�O�K�O�QRQLY�fuMP@Cf|Yu@CfGILY i = fGMPO�cPO�IRW'M <�g E
fuMXEGO�YeM g QRn EeO�wxUPILEeO�B�O�c>f�BD@ = c g f�O�cPn�UP� < O�IRcPW ILcPK�QLUPnPO�n IRc K�QLUXYefuO�EGY < O�K3@FUXYGO gCi fGMPO�IRE
Q g K3@ fuI g c�[
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f g c g ILYeO�Eu@ fuI g!gFi @Cf�QRO3@FY�f;k^[ m c =5g fGMPO�E�K�O�QRQLY�f g UPKNMPIRcPWT@Fc5O �^ILYefGILcPW�K�QLUPY�fuO�EAfuMPE g UPW'M�@ i @CK�OF_
O�nXW'OF_ g E!K g EecPO�ET@FEeO5nPO�fuO�EeB�IRcPO�n�tsEeYef�_ @FcPn
fuMXO�c B�O�EGW'O�n��8IRfuM�O �^ILYefGILcPWDK�QLUXYefuO�EGY�[2?�MPO�YGO
YefGO��PYVcPO�O�nJf g�< OTYGO��P@FEu@CfGO�n iyg E g fuMPO�E8K�O�QRQLY�_ < O�K3@FUPYeO|fGMPO = K�@Fc g cPQ =D< O @FnPnPO�n�IRc I i fGMPO =
@FEeOTf g UPKNMPIRcPW�YGO�O�n g E�cPO�IRW'M <�g E�K�O�QRQLY ��c g f g fuMPO�E�K�O�QRQLY�[

?�MPILY5K�QLUPY�fuO�EGILcXW
@FQRW g EGI`fuMPB K3@Fc-O�IRfuMXO�E < O�UPYeO�n �8I`fuMPIRc Qp@ = O�EGY�_ g E �8I`fuMPIRc fGMPOhS!} j
@FcPn } HJ} j g d'O�Eu@FQRQ [ � MPO�c UXYGO�n �8I`fuMPIRc QL@ = O�EeY�_ g E �uk � { � K�QRUPYefGO�EeILcPWP_ fuMPO
K�QLUPY�fuO�EGILcXW
@FQRW g EGI`fuMPB g cPQ = K g cPYGIRnPO�EeY K�O�QLQRY g c�fuMPO�Yu@FB�O8Qp@ = O�E�[ � i fuMPO�EGOV@FEGO8c g YGO�O�nDK�O�QRQLY;ILc�@TK�O�E�fN@FIRc
Qp@ = O�E�_sc g K�QLUPY�fuO�EGY8K3@Fc$O �XIRYef�ILc�fGMs@Cf8QL@ = O�E iyg EzfGMs@Cf8O�dFO�c>f3[ � MPO�cJUPYeO�n �8IRfuM�fGMPO|S!} j g E
}�H�} j g dFO�EG@FQLQ _ g E � � � { � K�QRUPYefGO�EGIRcPWP_ fuMPO�K�QRUPYefGO�EGIRcPWJ@FQLW g EGIRfGMPB��8IRQLQ�K g cPYGIRnPO�E @Fc = K�O�QLQLY
fuMP@Cf�@FEGOhf g UPKNMPILcXW O �XIRYefGILcPW K�QRUPYefGO�EGY�[ q g E�O �P@CB��PQROF_ K g cPYeILnPO�E�fuMPO K3@FYeO �8MXO�EGOJ@ YGB�@FQLQ
@FB g UPc>f gCi O�cPO�EGW = ILYVnPO�� g YGI`fuO�n�ILc�fGMPO tsEeYef�QL@ = O�E gFi fuMPO5S!} j _�@FY!K3@Fc < O fGMPO5K3@CYGO�ILc�@
YGM g � O�E�fGMs@CfzY�fN@FE�fuY i UPE�fuMPO�E < @FK L�ILcDfGMPO�K�@FQ g EeILB�O�fGO�E�[ � i c g K�O�QLQLY ILcDfGMPO�tsEeYef�QL@ = O�EzMP@ dFOT@
YGIRW'cs@FQ�f g c g ILYeO�Eu@CfGI g�gFi @Cf8QLO�@FYef)NP_^fuMPO�c�c g K�O�QLQLYz� g UPQRn < O|@FnPnPO�n f g fGMPO g d'O�EG@FQLQrK�QLUPY�fuO�E
I i fuMPO �uk � { � B�O�fGM g nJIRY�UXYGO�n�[ � i fuMPO � � � { � B�O�fGM g n ILY�UPYeO�n�_bfuMPO�YGO5K�O�QRQLY8K g UXQLn � g YeYGI < Q =
< O @CnPnPO�n ILc>f g @�K�QLUPY�fuO�E�fGMs@Cf8ILY�YeO�O�nPO�n
IRchfuMPOTYGO�K g cXn�Qp@ = O�E gFi fuMPO|SV} j [

� c fuMXILY|@Fcs@FQ = YGILY�_�� � � { � K�QLUPY�fuO�EeILcPW$��@FY c g f2��O�E iyg EGB�O�n @FK�E g YeY K�@FQ g EeILB�O�fGO�E <�g UPcPn��
@FEeILO�Y �PK�QRUPYefGO�EeYVIRc�fuMPO|S!} j @CcPn�}�H�} j �8IRQLQ�c g f8B�O�EGWFOTf g W'O�fuMPO�E�[

aVYGIRcPW cPO�ILW'M <�g E�@CcPn g fuMXO�E�K�O�QLQ8fuMXEGO�YeM g QRnPY gFi � ����@FcPn k ���F_�EeO�Ye��O�K�fuI`d'O�Q = iyg E�fuMXO
@ < Y g QLU^fuO2O�cPO�EeW = @3d g ILnPY < Ip@FYeILcPW�fuMPO2EGO�YeUPQRfGY!f g ��@FEGnXY�MPILW'MXO�E!O�cPO�EeW'ILO�Y�[ � f!ILY�� g YGYeI < QRO iyg E
fuMXO�c g IRYGO gCi @2K�O�QLQ��8MPO�EeO�c g @FK�fuUs@CQ�O�cPO�EeW = IRY nPO�� g YGIRfGO�n�f g O��^K�O�O�nhfuM g YGO�QRILB�IRfGY�_>Y g2<�g fGM
� g YGI`fuIRdFOT@FcPn cPO�W'@CfuI`d'O�c g IRYGO|@FEeOULFO��^f!IRc$fGMPO�tscs@FQrK�QLUPY�fuO�EGY�[
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?�MPO EGO�K g cXYefuEeUPK�fGO�n O�cPO�EGW = gFi @Cc O�d'O�cxf K�@Fc < O�nPO�fuO�EGB�ILcPO�n <>= K g c>d'O�EefuIRcPW-fuMPO K�O�QLQRY �
YGIRW'cs@FQRY i E g B UPcPI`fuY gFi c m ILc>f g UPcXIRfuY gCi ��O � �yO�QLO�K�fGE g B�@FW'cPO�fuIRKzYGK�@FQLO � _ @FcPn�YGIRB��PQ = @CnPnPILcXW
fuMXO�B4f g W'O�fGMPO�E�[ ?�MPO S!} j @FcPn�}�H�} j Ms@3d'O nPI ��O�EGO�c>f�K g cPYefu@Fc>fuY�_ g E5O�QLO�K�fuE g B�@FW'cPO�fuILK
� O�ILWFMxfGY�_ iyg E K g c>d'O�EefuIRcPW�@ YeILW'cP@FQ i E g B c m f g ��O � [^?�MXO�YGOV��O�ILW'M>fuY Ms@3d'O < O�O�ch�PEGO�d I g UPYeQ =
nPO�fuO�EeB�IRcPO�n � k'� � �PfuMPO = @FEeO
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�6NP[ N �

�8MPO�EGO�fuMXO!tsEGY�f8O�EeE g E ILYzY�fN@CfGILYefGILK�@FQ�@CcPn�fuMPO!YGO�K g cPn$O�EeE g E�ILY�Y = YefuO�BD@ fuILKC[ � i fuMPO�YGO�� O�ILWFMxfGY
@FEeOzUPYGO�nD@CcPn�I i fuMXO�Yu@FB�OzK�QRUPYefGO�EeILcPWT@FQRW g EeIRfuMXB ILY�UPYeO�n�K g cPYGIRYefuO�c>fuQ = _>fuMPOzO�QLO�K�fuE g B�@FW'cPO�fuILK
YGK�@FQLO�O�cPO�EeW = fGM UXY gF< fN@FIRcPO�nhIRY�O�wxUs@FQ _ g c @3d'O�Eu@FW'OC_Pf g fuMXO�ILcPK�ILnPO�cxf8O�cPO�EeW =hgFi @Fc$O�QLO�K�fuE g c
fuMP@Cf2nXO�� g YGI`fuY @FQLQ gCi IRfGY|O�cPO�EeW = ILc fuMPO�nPO�fuO�K�f g E�[h?�MPODO�QLO�K�fuE g B�@FW'cPO�fuILK�YeK3@FQRO�O�cPO�EeW = gFi
O3@CKNMJK�O�QLQ _ 	 ��� _PILY�K�@FQLK�UPQp@CfGO�n @FY
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?�MPO�c�_sfuMPOTEGO�K g cXYefuEeUPK�fGO�nJO�cPO�EGW = 	�� ��	�
 IRY�K3@FQRK�UPQL@CfuO�n$UPYGIRcPW
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q g E Ms@CnPE g cXILK��s@FEefGILK�QLO�Y�_xYGUPKNM @FY��PI g cPY�_xfuMPOVEGO�K g cPY�fuEeUPK�fGO�n$O�cPO�EGW = UPYeILcPW O�QLO�K�fGE g B�@FW$�
cPO�fuILK�� O�IRW'M>fuY�ILY8c g f�W'O�cPO�EG@FQLQ = O�wxUs@CQ f g fGMPO|ILcPK�ILnPO�cxf�O�cPO�EeW = [z?�MXILY8ILY < O�K3@CUPYGOTfuMPO S!} j
@FcPn�}�H�} j @FEGO8QRO�YGY�O 
�K�ILO�c>f�@Cf�B�O�@FYGUXEGILcXWTfGMPO��PUPEGO�Q = Ms@CnPE g cXILK�K g B�� g cPO�cxf gFi Ms@FnPE g cPIRK
YGM g � O�EeY	�bfuMPO|SV} j @FcPnJ}�H�} j @FEGOTc g c�� K g B���O�cXYu@CfGILcPW�K�@FQ g EeILB�O�fGO�EGY�[
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?�MPO|Qp@FY�f�Qp@ = O�E gFi fuMPO|S!} j EeO�wxUPIREGO�Y�@�Yu@CB��PQRILcPW i EG@FK�fGI g chK g EGEeO�K�fuI g c�[�?�MPILY8K g EGEeO�K�fGI g c$IRY
@JB2UPQRfGIL�PQRILK3@ fuIRdFO i @FK�f g E gFi k iyg E @FQLQ�K�O�QLQRY IRc fGMPODQL@FYef|QL@ = O�E gFi fGMPO�SV} j [ m Y �PEGO�d I g UPYeQ =
nPIRYGK�UXYGYGO�n
ILc j Ms@F�^fuO�E �X_sfuMXO|YG@FB��PQLIRcPW i Eu@FK�fuI g c gCi fuMXILY8YGO�W'B�O�c>f gFi fuMPO|K3@CQ g EeILB�O�fuO�E���@FY
EGO�nPUPK�O�n�IRc < O�@FB fuO�YefGY < O�K�@FUPYeO gFi YGI���OTK g cPYefGEu@FIRcxfGY gFi fGMPOTK�E ='g Y�fN@Cf�[
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?�MPO5O�cPO�EeW = EeO�Y g QLUXfGI g cJK3@Fc < O5nPO�fuO�EGB�ILcPO�n i E g B fGMPO5nPIRYefuEeI < U^fuI g c gFi fGMPO5EGO�K g cXYefuEeUPK�fGO�n
O�cXO�EGW =hiyg E�BD@Cc = O�dFO�c>fuY��8IRfuM @�t��^O�n < O�@FB O�cPO�EeW = _�@FY8YGM g �8c ILc qAIRW'UPEeOUNP[ �^[

Entries  19766

Mean    90.18

RMS     12.05

Underflow       0

Overflow        0

Constant  8.067± 824.9 

Mean      0.07637± 90.78 

Sigma     0.07274± 9.145 
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Reconstructed Electromagnetic Energy

qAILW'UXEGOUNP[�� � v8O�K g cPYefGEGUPK�fuO�nJO�cPO�EGW =$gCi @ � � EGUPcJ@Cf " kCl ��O � [

?�MPO8@3d'O�EG@FW'O � � � @FcPn5�8IRnXfuM � � ��gFi fuMXO�YGILWFcs@FQXnXILYefGEGI < UXfuI g c2IRY g'< fu@FILcXO�n <>= I`fuO�EG@CfuI`d'O�Q =
tPfefuILcXW�@ �|@FUXYGYGIL@Fc �8IRfuMXILc @JQLIRB�I`fuO�n
O�cPO�EGW = EG@FcPW'OC[ � c fuMXILY @Fcs@FQ = YeILY�_ tPfGY2@CEGO�BD@FnXO�IRc



N "

fuMXO|EG@FcPW'O � � k �A[

?�MPO�O�cPO�EeW = EGO�Y g QRUXfuI g c ILY�K�@FQLK�UPQp@CfGO�n @FY � 	 � @FcPn ILYT@$B�O3@FYeUPEGO gFi fuMPO�UPcPK�O�E�fN@FIRcxf =
ILcJfuMPO EGO�K g cPY�fuEGUXK�fuO�n O�cPO�EeW = [�?�MXO5O�cPO�EGW = EGO�YG� g cPYeO�ILY!K�@FQLK�UPQp@ fuO�n�@FY � 	X	�� ���
� ��I`f�IRYVfuMXO
@3d'O�Eu@FW'OVdF@CQLUPO gFi 	 � ��	�
 g dFO�E 	�� � �
� [;{�O�fuO�EGB�ILcPIRcPWTfuMPO�YGO�dC@FQLUXO�Y�IRY�IRB�� g Eefu@Fc>f;f g @FYeYGO�YGYGIRcPW
fuMXO|��O�E iyg EGB�@FcPK�O gFi fuMPO m ?�� m \$K3@FQ g EGIRB�O�fuO�E�[

� ����� � � � ��� ����� ������� �

m YT�8IRfGM @Cc = O�QLO�K�fGE g cPIRK�O�wxUPIL�XB�O�cxf�_ fGMPO�EeO�IRYTY g B�O�c g ILYeO�ILcPMPO�EGO�cxf|IRc fGMPO�YGILWFcs@FQ [�~!d'O�E
B�@Fc = O�dFO�c>fuY�_ fGMPOhO�QRO�K�fGE g cXILK�Y2c g ILYeOhK g c>fGEGI < UXfuI g c�_ ��� f g fuMPO g d'O�Eu@FQRQ��8ILn^fuM�_ ��_ gFi fuMXO
�PI g c�YGIRW'cs@FQ�nPILY�fuEGI < UXfGI g c
K�@Fc < O�nXO�fuO�EGB�ILcPO�n�[2?�MXO�O��X@FK�f|QRILYef gFi K�O�QRQLY�K g EGEeO�Ye� g cXnPILcPW�f g
fuMXOJK�QLUPY�fuO�EeYDUPYeO�n iyg E�O�@FKNM �XI g c�O�dFO�c>f�IRc @ �PI g c�EGUXc ILY�EeO�K g EGnPO�n�_�@FcPn�fuMPO�c UPYeO�n f g
YGO�QLO�K�f�K�O�QRQLY iyg E�O�dFO�c>fuY��8IRfuM c g O��^��O�K�fGO�n YGIRW'cs@FQ�IRc g EGnPO�E�f g O�YefuIRBD@ fuOhfuMPO O�QRO�K�fuE g cPILK�Y
c g IRYGO�K g c>fuEGI < UXfGI g chf g fGMPOT�PI g c$O�cPO�EeW = EGO�Y g QRUXfuI g c�[

� c�@Fc ILnXO3@FQ�YeIRfGUs@CfuI g c�_^nPO�nPIRK3@CfGO�n c g IRYGOTEGUPcXY8�8I`fuM$c g ILcPK�ILnPO�c>f8�s@FEefGILK�QLO�Yz� g UPQRnJMP@ dFO
< O�O�c UXYGO�n�[ ?�MPILYD� g UPQRn Ms@3d'O�IRcPK�QRUPnPO�n fuMPO�K g EeEGO�K�fhc g IRYGOJK g EeEGO�QL@CfuI g cPY < O�f ��O�O�c K�O�QLQLY
�8IRfGM g UXf8fGMPOTcPO�O�n iyg E�O�cPO�EeW = K�UXfGY�[ S g ��O�d'O�E�_�c g YeUPKNM�EeUPcPY8��O�EGOTfN@�LCO�c�[ � cPYefGO3@Fn�_bB5U g c
EGUXcPY�@FEeO2UPYeO�n�f g B�O3@FYeUPEGO|fuMPO O�QRO�K�fGE g cXILKTc g IRYGO2K g c>fuEeI < UXfGI g c�[ � � c�fuMXILY�K3@FYeOF_ g cPQ = @ i O��
K�O�QLQRY�@FEGO�O �X��O�K�fuO�n f g MP@ dFOD@hYeBD@FQRQ�O�cPO�EeW = nPO�� g YeIRfGI g c �yK g EeEGO�YG� g cPnPIRcPWhf g n 	 � n�� � [�? g
O�cXYGUPEeO�c g B5U g c�YGIRW'cs@FQ�IRY�ILcPK�QLUPnPO�n�_z@Cc = K�O�QRQ8�8I`fuM�YGIRW'cs@FQ8@ <�g d'O�k ��� gFi fGMPO�IRE�f = �PIRK3@FQ
c g IRYGO iyg E!B g EGO|fuMs@Cc " l � gFi fuMXO f g fN@FQ O�dFO�c>fuYTILYVc g f!ILcPK�QLUPnPO�n�[ � m K�O�QLQ � g UXQLn�f = �PIRK3@FQRQ =
Ms@3d'O2YGILWFcs@FQ�@ <�g dFO�k ��� iyg EV@F�P�XE g �^ILB�@CfuO�Q = ��� gFi O�d'O�c>fGY�ILc�fGMPO5@ < YGO�cXK�O gFi @Fc = YGIRW'cs@FQ [ �
� cPY�fuO3@Cn�_�@ dC@FQLUPO iyg E�IRfGYhc g IRYGO�YGIRW'cs@FQVILYhW'O�cPO�EG@CfuO�n O�d'O�c>f <>= O�d'O�c>f �8IRfGM @ �T@FUPYeYGIL@Fc
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Eu@CcPn g B cxUPB < O�E�W'O�cPO�EG@Cf g E gFi �8ILnXfGM ���>[T?�MPO�c g ILYGO ��� gFi YGUPKNM K�O�QLQRY!K�@Fc < O�O�YefGILB�@CfuO�n
<>= YefGUPn = ILcXW g fGMPO�E8B5U g c$EGUPcPY8�8IRfGM @�nXI���O�EGO�c>fVIRB��P@FK�f�� g IRcxf�_ iyg E�O �P@CB��PQROF[

Entries  19581

Mean   -0.04376

RMS     1.531

Underflow       0

Overflow        1

Constant  10.72±  1085 

Mean      0.01162± -0.05927 

Sigma     0.01159± 1.405 
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Cluster Noise, Electromagnetic Scale

qAIRW'UPEGO�NP[ N � }�QLO�K�fGE g cPIRK5c g IRYGO gF< fN@FIRcPO�n iyg E!fuMPO�K�QLUPY�fuO�EGY gFi @ " kFl ��O � � � EGUPc�_rUPYGIRcPW$@
B5U g c EeUPcJ@FY�@ < @FYGIRY iyg E�O�d'O�c>fuY!K g B�� g YeO�n gFi BD@CILcPQ = O�QLO�K�fuE g cPILK�c g ILYeOF[

?�MPO�K�QRUPYefGO�E�c g IRYGOzYeILW'cP@FQXK�@Fc�fuMPO�c < OzI`fuO�EG@CfuI`d'O�Q = tPf;UPYeILcPWT@ �T@FUPYeYGIp@Cc�ILc�@ � � � k ���A_
@FcPn$@|dF@CQLUPO iyg E�fGMPO!�8IRnXfuM�_ ����_^K3@Fc < O g'< fN@FIRcPO�n�[�qAILW'UXEGO)NP[ N2YGM g �8YzfuMXO�O�QRO�K�fGE g cXILK!c g ILYeO
g'< fu@FILcXO�n iyg E8@ " kFl���O � � �JEGUPc UPYeILcPW�fuMXILY8B�O�fuM g n�[

?�MPO�B�O�@Fc gFi fGMPO�c g IRYGO�YGM g UPQLn < O�K g cPYeILY�fuO�c>fT�8IRfGM l � M g ��O�d'O�E�_�fGMPILY�IRY�c g f|@FQ`�z@ = Y
O��X@FK�fuQ = fGMPO�K3@CYGOF[;?�MPOT@ < Y g QRUXfuO�dC@FQLUPO gFi fuMPOVtPfGfGO�nhB�O3@Fc�IRYzQLO�YGY�fGMs@Fchl^[ "�� gFi fGMPO�dC@FQLUPO
gFi 	�� � �
� ILch@FQRQ�K�@FYGO�Y�[�}�d'O�c$fGM g UPWFM�K�UXfGY8@FEGOVBD@CnPOVf g O�cPYeUPEGO�c g YGILWFcs@FQ i E g B fuMXO�B5U g cXY
ILY�IRcPK�QRUPnPO�n�IRc-fuMPO$c g IRYGOhO�YefuIRBD@ fuOF_;fuMXO�EGO$K�@Fc < O @�YGB�@FQLQ�@FB g UPc>f gFi YeILW'cP@FQzILcXK�QLUXnPO�n�[
S g � O�dFO�E�_�IRfGY�O ��O�K�f g c ����IRY�cPO�W'QRILW'I < QLOC[

Z = Q g � O�EeILcPW�fGMPO�K�U^f g �hQRO�dFO�Q � " l � � @Cf��8MXILKNM�Eu@FcXn g B�cxUPB < O�EGY;@FEeO�UPYGO�n�f g O�YefGILB�@CfuO
fuMXO�c g IRYGO!IRch@2K�O�QLQ�� IRcPYefGO3@Fn gFi UPYGIRcPW2fGMPO�K�O�QLQ � Y YGILWFcs@FQ � _ i O�� O�EzK�O�QLQRY �8I`fuM�B5U g c�YGIRW'cs@FQ�@FEeO
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ILcXK�QLUXnPO�nJ@FcPn fuMPO @FB g UPc>f gFi O�d'O�c>fGY!�8IRfGM�@�f g fu@FQrYGIRW'cs@FQ g U^fuYGIRnPO�fuMPO|Eu@CcPW'O gFi fGMPO c g ILYeO
ILY�nXO�K�EeO3@FYeO�n�[ S g � O�dFO�E�_bI i fGMPOTK�UXf g ��QRO�d'O�QrILYzQ g ��O�EGO�n$f g g W'EeO3@CfGQ = @CcPn$Eu@FcPn g B cxUPB < O�EeY
@FEeO < O�IRcPW�UPYeO�n iyg Ezf g g B�@Fc = K�O�QRQLY�_^fuMPOTK g EGEGO�Qp@CfGI g cXY�ILchc g IRYGO < O�f � O�O�c�K�O�QRQLYzIRY8Q g Y�f3[
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� MPO�c K3@FQ g EGIRB�O�fuO�E5YGIRW'cs@FQRY�� O�EeO�K g c>d'O�E�fuO�n i E g B m { j IRcxf g ��O � � @CY�IRc YeO�K�fGI g c:NP[ " � _
nPI ��O�EGO�c>f g �^fuILB�@FQ tsQRfGO�EGIRcPWz� O�ILWFMxf YeO�fGY � O�EeO�UXYGO�n iyg E�fuMXO;} HJ} j [ � f IRYrILB�� g E�fN@Fc>f�f g d'O�EeI i =
I i fuMPO�YGO�nXI���O�EGO�c>fzYGO�fuYzEeO�YeUPQRf�ILc�@Cc = nPI ��O�EGO�cPK�O�YzILc�EGO�Ye� g cPYGOC[ o�EG@FK�fGILK3@CQLQ = @FQLQsfGMPO!O�QLO�K�fuE g c
O�cXO�EGW = IRY�nXO�� g YGI`fuO�n ILc fuMPO�}�H�} j � fuMXO�EGO iyg EGOC_�fuMXO�O�QRO�K�fuE g c O�cXO�EGW = EeO�K g cPYefGEGUPK�fuI g c IRY
O��^��O�K�fuO�n�f g2< OVB g EeOVYeO�cPYeIRfuI`d'O�f g nXI���O�EGO�cPK�O�Y�IRc g �^fuILB�@FQPtsQ`fuO�EGILcXWT� O�IRW'M>fuY ILc�fGMPOV} HJ} j
fuMP@Fc|fGMPO;�PI g c|O�cPO�EeW = EeO�K g cPYefGEGUPK�fuI g c�[ � cPnXO�O�n�_FnPI ��O�EGO�cXK�O�Y Ms@3d'O < O�O�c iyg UPcPn iyg ErO�QLO�K�fuE g cPY �
i UPE�fuMPO�EGB g EGOC_�fuMPO�EeO�YG� g cPYeO gFi fGMPO�}�H�} j ILY iyg UPcPn�f g$< O�c g f�UXcPI iyg EeB��8I`fuM�EGO�YG��O�K�f|f g
fuMXO|O�d'O�cxfV�PMs@CYGO � k

 � [

q g E��PI g c�EeUPcPY�_xfuMXO�O�cPO�EeW = ILY�nXO�� g YGI`fuO�n i UPEefGMPO�E;IRcxf g fuMPO8K3@CQ g EeILB�O�fuO�E�_F�8I`fuM�@TW'EGO�@CfuO�E
i Eu@CK�fuI g c ILcJfGMPO5SV} j [�?�MPO EGO�Ye� g cPYGO5K�@Fc < O2K�@FQLK�UPQp@CfGO�n � @FYVILcJYGO�K�fuI g c NP[�� �ziyg EVnXI���O�EGO�c>f
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2Horizontal Scan - HEC
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High Voltage Correction
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Parameters for Density Minimization - EMEC
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Constant   8.33± 856.8 

Mean      0.07246± 114.8 

Sigma     0.06806± 8.775 
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Resolution vs. beam energies
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Response vs. beam energies
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Response vs. beam energies
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Resolution vs. beam energies
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Response vs. beam energies
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Parameters for Density Minimization - EMEC
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Parameters for Density Minimization - HEC

qAIRW'UPEGO2�^[ " k � ���V@CcPn �
	��s@CEu@FB�O�fGO�EGY iyg E8fuMPO2S!} j _ iyg E�fuMPO �eO���� ��� YGKNMPO�B�OC[ � MPO�EGO5c g f
d ILYeI < QROF_XO�EGE g E < @FEGY�@FEeO�YGB�@FQLQRO�E�fGMs@Fc$fuMPOTns@ fN@�� g ILc>fuY�[




Fl

< O�K3@CUPYGO gFi fuMPO8Qp@CEGW'OzK�O�QRQPYGI���O gFi K�O�QRQLY�IRc�fGMPO8S!} j _>fuMXO�nXO�cPYeIRf = fGO�cPnPY;f gT< O8Q g ��O�E�fuMs@Cc�IRc
fuMXO�}�H�} j @FcXnhcPO�O�nPY8@2Qp@CEGW'O�E dC@FQLUXO gFi �
� iyg E�fuMPO i @FK�f g E gFi O ��
 � ��� f g Ms@3dFOT@FchO ��O�K�fuIRdFO
�8ILn^fuM iyg E�ILB��PE g d IRcPW5fuMPOTO�cPO�EeW = EGO�Y g QRUXfuI g c�[
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2Parameters for Density Minimization - C

qAIRW'UPEGO �^[ "�� � �
���s@FEG@FB�O�fuO�EGY iyg E�fGMPO5SV} j @FcPn�}�H�} j _ iyg E�fGMPO �eO ����� � YeKNMPO�B�OF[ � MPO�EeO
c g f�d IRYGI < QLOF_XO�EGE g E < @FEeY�@FEGOTYGB�@FQRQLO�E�fuMs@Cc fGMPOTns@CfN@�� g ILc>fGY�[

?�MPO���O�ILW'M>fGY i UPcPK�fGI g cXY�@FEGODYGM g �8c�ILc-qAIRW'UPEeOh�^[ "7NP[�?�M g UPW'M-fuMPO iyg EGB ILY5nXI���O�EGO�c>f
i E g B*fGMPO �eO ��� �yt��^O�n ��� � O�ILWFMxfGY�YGO�O�chO3@CEGQLIRO�E�_^Y g B�O gFi fuMXO�Yu@FB�O < O�Ms@3d I g EGYz@CEGO g'< YGO�E�d'O�n�[
� c�fuMPO8}�H�} j _>fuMPO8MPIRW'MPO�E < O�@FB�O�cPO�EeW'ILO�Y;fGO�cPn�f g Ms@3dFOVQ g � O�E�� O�IRW'M>f;dF@CQLUPO�Y iyg E�nPO�cXYGIRfGILO�Y
K�Q g YGO f g ��O�E g fGMs@Fc
Q g ��O�E < O�@FB O�cPO�EGW'IRO�Y�[�?�MXO�S!} j ��O�ILW'M>fGY�fuO�cXn
f g�< O5MPIRW'MPO�E g d'O�EG@FQLQ
iyg E�MPIRW'MPO�E < O�@FB O�cXO�EGWFILO�Y�[

?�MPO8O ��O�K�f gCi fGMPO�� g^g E�tPfuY g c5fGMPO�kFl�@FcXnD�Cl �TO � ��O�ILW'M>fGY iyg EAfuMPO8SV} j K�@Fc < O�YeO�O�c�[
S g � O�dFO�E�_ g d'O�Eu@FQRQ�fuMPOTYGKNMXO�B�O Ms@CY�EeO3@FY g cs@ < QLO���O�ILW'M>fGY8�8I`fuM W g g nhQ g � � nPO�cXYGIRf =�< O�Ms@3d^I g E�_
@FcPn�K g B��s@FEG@ < QLO|K3@CQ g EeILB�O�fuO�E8��O�E iyg EeBD@FcXK�O �8I`fuM g fuMPO�E!YGKNMXO�B�O�Y�[T?�MPIRY!B�@�LFO�Y�IRf!@DW g g n
KNM g IRK�OTUP� g c$�8MPILKNM$f g�< @FYeO i UPEefGMPO�E�� g E Lb[
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qAIRW'UPEGOJ�^[ "7N � � O�ILWFMxf i UPcPK�fuI g cPY iyg E�fuMPO �eO������ � YGKNMPO�B�OC[ ?�MPOJEG@FcPW'O gFi fGMPO i UPcPK�fGI g cXY
ILcXnPILK�@CfuO�fGMPOTO ��O�K�fGIRdFO|O�cPO�EeW = nPO�cPYGI`f = Eu@FcXW'OTILchfuMPO|SV} j @FcPnJ}�H�} j [
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~�cPO i O�@CfuUPEeO gFi fGMPO�O�cPO�EeW = nXO�cPYeIRf = nPO���O�cPnXO�c>f���O�ILW'M>fGYzILY�fuMs@Cf fuMPO = YeM g UPQRnhnPI���O�EeO�c>fuIL@CfuO
< O�f � O�O�c-B g EeO�MP@FnPE g cPILK�@FcPn B g EeO�O�QLO�K�fGE g B�@FW'cPO�fuIRK�K g B�� g cPO�c>fuY gFi @ YGM g � O�E�[ ?�MXO�EGO �
iyg EeOF_ I i fuMPO�� O�ILWFMxfGY|@FEGO�@F�P�PQRILO�n
f g @ K g B��XQLO�fGO�Q = O�QRO�K�fuE g BD@FWFcPO�fGILK5YeM g ��O�E�_�fGMPO�c g EGB�@FQ
O�QRO�K�fuE g BD@FWFcPO�fGILK�EeO�YG� g cPYeO YeM g UPQRn < O g'< fu@FILcXO�n�[

qAILW'UXEGO��^[ " � YeM g �8Y2fuMPO�EGO�YG� g cPYGO g'< fu@FILcPO�n iyg E|O�QRO�K�fuE g cPY gFi dC@FEGI g UPY|O�cPO�EGW'IRO�Y �8MXO�c
@F�P�XQ = ILcPW�O�QLO�K�fuE g BD@CW'cPO�fGILKC_ �eO���� � t��^O�n � � @FcXn��eO ��� ��� � O�IRW'M>fuY�[�?�MXO EeO�YG� g cPYeO2YeM g UPQRn < O
K�Q g YGO|f g "5ILc�@FQLQ K3@CYGO�Y ��M g � O�d'O�E�_�fGMPO2O�cPO�EeW = nXO�cPYeIRf = ��O�ILW'M>fuYVn g K�@FUPYGO fuMPO EGO�Ye� g cPYGO2f g
nPI ��O�E i E g B fuMPOTO�QRO�K�fuE g BD@FWFcPO�fGILK�EeO�YG� g cPYeOF[

� c fGMPO�K�@FYGO gFi fuMPO �eO ��� ��� ��O�ILW'M>fuY�_ fGMPO���O�ILW'M>f i UPcPK�fuI g cPY�n g c g f @FQLQ fuO�cPn f g ��@FEenPY
"�@ f2MPIRW'M O�cPO�EeW = nPO�cPYeIRfGILO�Y�_�@FcXn fuMPO�O ��O�K�f gFi fGMPILY|K3@Cc < O�YGO�O�c IRc fuMXODILcXK�EGO�@FYGO�n O�QRO�K �
fuE g c�EeO�Ye� g cXYGO �yO�Ye��O�K�Ip@CQLQ = @Cf�Q g � < O3@FB O�cPO�EeW'ILO�Y � [�?�MXILY�ILY g cPO gFi fGMPO i U^fuUPEeO KNMs@CQLQLO�cPW'O�Y
iyg E�nPO�dFO�Q g �PILcPW Ms@FnPE g cPILK ��O�ILW'M>fGILcPW YeKNMPO�B�O�Y ��O�cPYeUPEGIRcPW fuMP@Cf�O�QLO�K�fuE g cPY�Ms@3dFO @ �PE g ��O�E
O�QRO�K�fuE g BD@FWFcPO�fGILK!� O�IRW'M>fVIRY�O�YeYGO�c>fGIp@FQ [
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Electron Response using Weights

qAIRW'UPEGO �^[ " � � }�QLO�K�fuE g c�EeO�Ye� g cXYGO2UXYGILcXW�O�QLO�K�fuE g BD@CW'cPO�fGILK�� O�ILWFMxfGY�_ �eO ��� � �yt��XO�n � � O�IRW'M>fuY�_
@FcPn �eO ��� ��� � O�IRW'M>fuY iyg EzdC@FEeI g UPY�O�QLO�K�fuE g c O�cPO�EGW'IRO�Y�[
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� ��� � � � � � � � � � � � 	

� f�IRY!ILB�� g Eefu@Fc>fVf g O��^�PQ g EGO5O�cPO�EeW = nXO�cPYeIRf = ��O�ILW'M>fuIRcPW�YeKNMPO�B�O�Y iyg E��8MPILKNM
fGMPO5ILcXK g B�ILcPW
O�cXO�EGW =$gFi fGMPOT�s@FEefGILK�QLO�ILY�c g f)L c g �8c�[zZ = fu@�LxILcPW�fuMXILY8ILc iyg EGB�@CfuI g c g UXf gFi fuMXO|� O�IRW'M>fuILcXW
YGKNMXO�B�OF_bIRf�IRY�O��^��O�K�fGO�n fuMs@Cf�fGMPOTEGO�Y g QRUXfuI g c��8ILQRQ < OTnPO�W'EG@FnPO�nJY g B�O��8Ms@Cf�[;S g ��O�d'O�E�_�IRf�IRY
ILB�� g Eefu@Fc>fzfuMs@ f < O�@FB O�cPO�EGW = ILcPnPO���O�cPnPO�cxfVB�O�fuM g nPY < O�fuO�Y�fuO�n
@FY�fuMXO|IRcPK g B�IRcPW�O�cPO�EGW =
gFi �s@FE�fuILK�QLO�Y�ILchfuMPO m ?�� m \hnPO�fuO�K�f g E��8IRQLQ�K�QLO3@CEGQ = c g f < OULxc g �8c
@��PEGI g EGI [

qAILEeYef3_ i UPcPK�fuI g cPY �8MPILKNM KNMs@FEu@CK�fuO�EGI���O��PEGO�d^I g UPYeQ = nPO�fuO�EeB�IRcPO�n �s@FEG@FB�O�fuO�EGY �� @FYA@ i UPcPK �
fuI g c gFi < O3@FB O�cXO�EGW = �8ILQRQ < O�Y�fuUPnPIRO�n�_P@FQ g cXW �8IRfGM$@5B�O�fuM g n gFi O�YefuIRBD@ fuILcXW < O3@FB O�cPO�EGW =
i E g B4YGM g � O�E g'< YGO�E�dC@ < QLO�Y iyg E5UPYeO IRc fuMPO�YGO i UPcPK�fuI g cPY�[ ?�MPO$O�cPO�EGW = EeO�Y g QLUXfGI g c @FcPn EGO �
YG� g cPYeO2EeO�YGUXQRfuIRcPW i E g B fGMPO�YeO i UPcXK�fuI g cPY�ILY8O��X@FB�ILcXO�n�[ m QLY g _�@�Y�fuUPn =JgCi O�dFO�c>fuY�@CK�E g YGYV@FQLQ
< O3@FB O�cPO�EeW'ILO�Y�_>�8IRfGM�@TW g @FQ gCi nPO�fuO�EeB�IRcPILcXW|WFQ g'< @CQPO�cPO�EGW = nPO�cPYGI`f = ��O�ILW'M>fGY�_ ILY;nPILYeK�UPYeYGO�n�[
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?�MPO��s@FEG@FB�O�fuO�EGY�UPYGO�nDILc�fuMXO�� O�IRW'M>fuILcXW|YeKNMPO�B�O!B2UPYef < OVnPO���O�cPnPO�cxf g cDY g B�O gF< YGO�EedC@ < QRO
@FYe��O�K�f gFi fuMPO;YGM g � O�E�_'@FcXn|I`f B5UPY�f < O;� g YGYeI < QROAf g KNMs@FEG@FK�fGO�EeI ��O;fuMXO�YGO;UPYeILcPW8Y g B�O i UXcPK�fGI g c�[
Z g fGM�fGMPO �eO ��� � @FcPn �eO ��� � � ��O�ILW'M>fGILcPW YGKNMPO�B�O�Y�@FQREGO�@Fn = nPIRYGK�UPYGYeO�n Ms@3dFOJfuMXILY�wxUs@FQLI`f = _
fuM g UPW'MTfuMPO�EGO @FEGO�@ i O�� EGUPcPY ILc�fGMPO ��O ��� ��� YGKNMPO�B�O;�8MPIRKNM2nPO��s@FEef YeQLILWFMxfGQ =Vi E g B fuMPO g d'O�EG@FQLQ
�s@FEG@FB�O�fuO�E�fuEeO�cPnXY�[�S g � O�d'O�E�_sMs@3d ILcXW5��O�ILW'M>fuIRcPW i UPcPK�fuI g cPY��8MPIRKNM$EGO�B�@FIRc�@F�P�XE g �^ILB�@CfuO�Q =
K g cPYefu@Fc>f8@CfzO�cPO�EeW = nPO�cPYeIRfGILO�Y K�Q g YGO�f g l2IRYz@FQRY g @2nPO�YeILEG@ < QLO i O3@ fuUPEeOF[;q g E fGMPILY�EGO�@FY g c�_XfuMXO
�eO ��� ��� YeKNMPO�B�OT�z@FY�KNM g YeO�c�@FYzfuMPO < @CYGILY iyg E i UXEefuMXO�E�� g E Lb[

?�MPO < O�@FB�O�cPO�EeW = ILY�K g EGEeO�QL@CfuO�n5�8IRfuM�fGMPOzf g fu@FQPO�d'O�c>f O�cPO�EGW =5g'< YGO�EedFO�n�_x�8MPILKNM�B�@�LFO�Y
fuMXO5Qp@CfefuO�E!@DUXYGO i UXQ g'< YeO�EedC@ < QLO iyg E < O3@FB O�cPO�EGW = ILcPnXO���O�cPnPO�c>f���O�ILW'M>fGILcPW�YeKNMPO�B�O�Y�[T?�MPO
tsEeYefVYefuO���IRc$fGMPO|�PE g K�O�YGY�ILY�f g KNMs@FEG@FK�fGO�EGI���O�fuMXO �s@CEu@FB�O�fGO�EGY gFi fuMPO��eO ��� ��� YeKNMPO�B�O �yYGO�O�c
ILc qAIRW'UPEGO�Y5� [ " k _��^[ " "�@FcPn � [ "�� � @CY2@ i UPcPK�fGI g c gFi fGMPO < O3@CB O�cPO�EGW = [ � c fuMPIRY K�@FYGOC_AfuMXO
kFl���O � @FcPn �Fl���O � � g ILc>fuY�MP@ dFO < O�O�c g B�I`fGfuO�n i E g B fuMPO�SV} j �PQ g fuY�_ < O�K�@FUPYeO gFi fuMXO
< @Fn�tPf|@ f�fuMPO�YGO�O�cPO�EGW'IRO�Y�[ � f��8ILQLQ < O�YeM g �8c fGMs@Cf|@FYeYGUPB�ILcXW�fuMPO�YGO�� g IRc>fuY!f g$iyg QLQ g � fuMXO
W'O�cPO�EG@FQr�s@CfefuO�Eec gCi fGMPO g fuMPO�EGY8K3@CUPYGO�YVQRIRfGfGQLO�f g c g KNMs@FcPW'OTIRc$fGMPOTEGO�Y g QRUXfuI g c�[

qAILW'UXEGO�Y �X[ "�@FcPn �X[]k2YGM g � fuMPO iyg QLQ g �8IRcPW i UPcPK�fGI g cXY�tPfzf g fuMPO���O������ � YeKNMPO�B�OT�s@FEu@CB �
O�fGO�EeY�[ v�O�K3@FQRQ�MPO�EeO�fuMs@Cf�fGMPOTK�QRUPYefGO�E���O�ILW'M>fGY�IRchfuMPO��eO ��� ��� YeKNMPO�B�O @FEGOTW'I`d'O�c <>=

� � ���(� O ��
 � � � � �
	
�

� �X[ " �

?�MPO�c�_���O K3@Cc KNMs@FEG@FK�fGO�EeI ��O ����_ �
�J@FcPn �
	 UPYGIRcPW @ YGO�f gCi �s@FEG@FB�O�fuO�EGY �� �8IRfuM fuMXO
iyg QRQ g �8ILcPW2O�B��PILEeILK3@CQ i UPcPK�fuI g cPY �
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Parameters for Density Minimization - EMEC
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Parameters for Density Minimization - EMEC

qAIRW'UPEGO �X[ " � qAIRfGY iyg E ��� _ �
��_�@CcPn �
	V�s@FEu@CB�O�fuO�EeY iyg E�fGMPO } HJ} j IRc fGMPO �eO���� ��� YGKNMPO�B�OC[
qAI`f!O�w UP@CfuI g cPY�@CEGO iyg UPcPn
IRc�}�w UP@CfuI g cPY �^[ k^_ �X[��D@FcPn �^[ NP[ � MPO�EGO5c g f!d ILYeI < QROF_�YefN@ fuILY�fuIRK3@FQ
O�EeE g E < @FEGY�@FEeO|YeBD@CQLQLO�E fGMs@Fc$fuMPOT� g ILc>fuY�[
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Parameters for Density Minimization - HEC
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Parameters for Density Minimization - HEC

qAIRW'UPEGO��X[]k � qAIRfGY iyg E�����_ �
�3_�@FcPn �
	2�s@CEu@FB�O�fGO�EGY iyg E�fuMXODSV} j IRc fGMPO �eO ������� YGKNMPO�B�OC[
qAI`f�O�w UP@CfuI g cPY�@FEeO iyg UPcXnhILch}�wxUs@CfGI g cPY �X[ k _ �X[���@FcPn �^[ NP[�SVO�EeOF_XfGMPOTkFl �TO � @FcPn �Fl �TO �
� g ILc>fuY8Ms@3dFO < O�O�c g B�I`fGfGO�n < O�K3@FUXYGO gCi � g^g E�tPfGY � @FY�nPILYeK�UPYeYGO�n�ILc YGO�K�fuI g c��^[��X[]k � [ � MPO�EeO
c g f�d IRYGI < QLOF_XYefN@ fuILY�fuIRK3@FQ�O�EGE g E < @FEeYV@CEGO�YGB�@FQRQLO�E fuMs@FchfGMPOT� g IRc>fuY�[




�Z

?�MPO$}�H�} j @FcPn S!} j ��O�ILW'M>fGY iyg QLQ g � fuMPO�YG@FB�O iyg EeBJ_ < UXf�n g c g f�Ms@3d'O�fGMPO�Yu@CB�ODtXf
EGO�YGUPQ`fuY�[!?�MPO|tPfuY�@CEGO2WFO�cPO�Eu@FQRQ = wxUPI`fuO2W g^g n�_bfuM g UXW'MJfGMPO�EeO�@FEGO Y g B�O|nPO�d Ip@CcPK�O�Y�@Cf�Q g ��O�E
O�cXO�EGWFILO�Y�_�O�YG��O�K�Ip@FQRQ = IRc fGMPO S!} j �8MPO�EeO fGMPO�EeO5@FEeO i O���O�E!O�d'O�c>fGY�nPUPEeILcPW�Q g � � O�cPO�EeW = EGUXcPY
�8MPIRKNMJ��O�cPO�fuEG@CfuO�fuMXO }�H�} j i UXQLQ = [

?�MPO!dC@FQLUXO�Y iyg E�fuMPOV�s@FEG@FB�O�fuO�EGY�@FcXnDfuMPO�ILE YefN@ fuILY�fuIRK3@FQbO�EeE g EeY�@FEeO!W'I`d'O�chIRc�?�@ < QLO �X[ "'[
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Electromagnetic Weights

Estimating Beam Energy Using Event Energy
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UPYeO�n$ILcDfGMPO��s@CEu@FB�O�fGEGI ��O�n�O�wxUs@CfGI g cPY iyg E fGMPO!� O�ILWFMxf i UPcPK�fGI g cD�s@FEu@CB�O�fuO�EeY�[;qAQRUPK�fGUs@CfGI g cPY
gFi fuMPIRY�O�YefGILB�@CfuO iyg E�@�W'IRdFO�c < O3@CB O�cPO�EGW = �8ILQRQr@ ��O�K�fVfGMPO|� O�IRW'M>fuY�UPYGO�n�@FcPn � g EGYGO�c�fuMXO
EGO�Y g QRUXfuI g c gFi fuMPOTEeO�K g cPYefGEGUPK�fuO�n�O�cPO�EGW = [
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O�EeW = IRcPnPO���O�cPnPO�c>f8� O�ILWFMxfGY�_b@FcXn$fGMPO�O�cXO�EGW = EGO�Y g QRUXfuI g c gFi �PI g cPY�UPYeILcPW�YeO�d'O�Eu@FQr� O�IRW'M>fuILcXW
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Resolution of various weighting schemes
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fuMXO O�QLO�K�fuE g B�@FW'cPO�fuILK���O�ILW'M>fuY�@FcXn fGMPO < O�@FB7O�cPO�EeW = ILcXnPO���O�cPnXO�c>f�� O�IRW'M>fuY�[ � <�� v8O�Y g �
QLU^fuI g c gFi fuMXO < O�@FB O�cPO�EGW = ILcPnPO���O�cPnPO�cxf�� O�IRW'M>fuY�_ @FY�K g B��s@CEGO�n
�8I`fuM�fGMPO < O3@FB O�cPO�EGW =
nPO���O�cPnPO�c>f �eO���� ��� YGKNMXO�B�OF[ \ fN@ fuILY�fuIRK3@FQ�O�EGE g E < @FEeYV@CEGOTYGB�@FQLQRO�E�fuMs@Fc$fuMXO|� g IRcxfGY�[



Z>k

B�O�fuM g nPY�[ ?�MPOJEGO�Y g QRUXfuI g c g'< fN@CILcPO�n UPYeILcPW fuMPO < O3@FB7O�cPO�EeW = nPO���O�cXnPO�c>f�� O�IRW'M>fuY��PEGO �
d I g UXYGQ = nPO�fGO�EeB�IRcPO�n ILc YeO�K�fGI g c �^[��X[]k�@FcPn fuMPOhO�QLO�K�fuE g BD@CW'cPO�fGILKD� O�IRW'M>fuY�@FEeO YeM g �8c iyg E
EGO i O�EeO�cPK�OF[ m fuO�Yef K3@FYeOF_ �8MPO�EeO�fGMPO���O�ILW'M>fuY @FEeO�nXO�fuO�EGB�ILcPO�n UXYGILcXW$fGMPO i UPcPK�fGI g cXY �� � �� �
@FcPn fuMXO < O3@FB O�cPO�EGW = IRY @CQLY g YeM g �8c��AfuMXILYTK3@FYeO�WFIRd'O�Y YeILB�ILQL@FEVEeO�Y g QLUXfGI g c EeO�YGUXQRfuYTf g fuMXO
< O3@FB O�cPO�EeW = nPO���O�cPnPO�c>f���O�ILW'M>fGY�_�@FY8O��^��O�K�fGO�n�[�qAILcP@FQLQ = _xfuMPO < O3@FB O�cPO�EeW = ILcXnPO���O�cPnXO�c>f
� O�ILWFMxfGY�_zUXYGILcXW fGMPO i UXcPK�fGI g cPY �� � �� � @FcPn �	�� ���
� �
	 � � � � � � @FEGO$YGM g �8c�[ aVYeILcPW fuMPO W'Q g'< @FQ
i UPcPK�fuI g c �� � �� � _xfuMPO�O�cPO�EGW = EeO�Y g QLUXfGI g c g'< fu@FILcXO�n��8IRfuM�fuMXO Lxc g �8c < O3@FB O�cPO�EeW = @FcPn�fuMs@ f
g'< fu@FILcXO�n �8IRfuM fuMXO�O�YefuIRBD@ fuO�n < O3@FB O�cPO�EeW = n g c g f|nPI���O�ETW'EeO3@CfGQ = � IRf|ILY|@CfTfuMXO�QRO�dFO�Q gFi
@ <�g UXf g cPO���O�EGK�O�c>f�@Cf2Q g � O�cXO�EGWFILO�Y�_��8MPO�EGODfGMPODO���O�K�f2ILYTfuMPO�W'EGO�@CfuO�Yef3[ ?�MPO�EGO�Y g QLU^fuI g c
g'< fu@FILcXO�n�UPYeILcPW�@Cc�O�Y�fuILB�@CfGO gFi fGMPO < O3@FB O�cPO�EGW = ILY YGQLIRW'M>fuQ = � g EeYGOF_P@FYzO��^��O�K�fuO�n�[�}�d'O�c>fuY
�8IRfGMPILc @�t��^O�n < O3@FB7O�cPO�EeW = EeUPc = IRO�QLn nPI ��O�EGO�cxf < O3@CB7O�cPO�EGW = O�YefGILB�@CfuO�Y�[-?�MPO�YGO nPI i �
i O�EeO�cPK�O�YVILc$fuMPO < O�@FB O�cXO�EGW = O�YefGILB�@CfuOC_P�8MPO�c��PE g �P@FW>@CfGO�n$fuMPE g UPW'M fuMPO|K3@FQRK�UPQL@CfuI g cPY iyg E
�� � �� � _ IRcxfGE g nPUPK�O nXI���O�EGO�cPK�O�Y�ILc-fuMPOhdC@FQRUPO�Y gFi fuMPO$O�cPO�EeW = nPO�cPYGI`f = ��O�ILW'M>fuY��8MPIRKNM��8IRQLQ
cs@CfGUPEu@CQLQ = � g EGYeO�cJfGMPOTO�cPO�EGW = EeO�Y g QLUXfGI g c�[

qAILW'UXEGO �X[�� YeM g �8Y fGMPO��XI g c EGO�K g cPY�fuEeUPK�fGO�n O�cPO�EeW = [�?�MXO�O�cPO�EeW = EGO�Ye� g cPYGO g'< fu@FILcPO�n
UPYeILcPW�W'Q gF< @FQF� O�IRW'M>fuY�@FcPn5@Cc O�d'O�c>f � <>= � O�dFO�c>f�O�Y�fuILB�@CfGO gFi fGMPO < O3@CB O�cPO�EGW = K�Q g YeO�Q =!iyg QLQ g �8Y
fuMP@Cf g'< fN@CILcPO�n�UPYeILcPWTfuMXO Lxc g �8c < O3@FB O�cPO�EeW = [;a�YGIRcPW2@CcDO�dFO�c>f � <>= � O�dFO�c>f8O�Y�fuILB�@CfGO gFi fuMXO
< O3@FB O�cPO�EeW = IRY8fGMPO�EeO iyg EeO iyg UPcPn$c g f8f g�< Ip@FYzfGMPOTO�cPO�EGW = EeO�YG� g cPYeOF[

?�MPO < O3@FB O�cPO�EeW = IRcPnPO���O�cPnPO�c>f���O�ILW'M>fuIRcPW!YeKNMPO�B�OzMs@CY fGMPOz@Fn^dF@Ccxfu@FW'O�fuMs@Cf fuMXO < O3@FB
O�cXO�EGW = ILY�c g f$cPO�O�nPO�n ILc g EGnPO�E�f g ILB��PE g dFO�fuMPO EeO�Y g QLUXfGI g c g dFO�EhfuMPO�O�QLO�K�fuE g B�@FW'cPO�fuILK
� O�ILWFMxfGILcPWTYeKNMPO�B�OF[�?�MPO�EGO�Y g QRUXfuI g c�ILY�c g f IRB��XE g d'O�nD@FY;W'EeO3@CfGQ = @FY��8IRfuM�fGMPO < O3@CB O�cPO�EGW =
nPO���O�cPnPO�c>fT� O�ILWFMxfGILcPWhYeKNMPO�B�O�Y�_ < UXf�fuMXO i @FK�f�fGMs@Cf�fGMPO < O3@FB�O�cPO�EGW = ILY�c g f�cPO�O�nPO�n IRY�@
YGIRW'cPI`tsK3@Fc>f8IRB��PE g d'O�B�O�c>f�[
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� g ILc>fuY�[
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�8MPO�EGO �� � @FcXn �� � @FEGO!W'IRdFO�c�IRcDfuO�EGB�Y gFi fuMXO!�s@FEG@FB�O�fuO�EGY �� � @FcPn �� � IRch}�w UP@CfuI g cPY �^[ k^_
�X[��h@FcPn �X[ N$@ <�g d'OF_ @CcPn
fuMPO ��O�ILW'M>fuY � @FEGO5WFIRd'O�c�ILc }�wxUs@CfGI g c �^[ " lX[T}�wxUs@CfGI g c �^[ ��K�@Fc
< O|B�ILcXILB�I ��O�n <>= dC@FE = IRcPW�fuMPO�dC@FQLUXO�Y iyg E �� � @CcPn �� � [

� c g EenPO�E�f g ��O�E iyg EGB fuMPIRY�B�IRcPILB�I ��@CfuI g c�_ YGO�d'O�EG@FQbO ��O�K�fuY�B5UPYef < O�fN@�LCO�c�ILc>f g @FK�K g UPc>f�[
?�MPO5cxUPB < O�E gFi O�dFO�c>fuYTUPYeO�n iyg EVO3@FKNM < O3@CB�O�cPO�EeW = YeM g UPQRn < O YGIRB�IRQp@FE�f g @ d g ILn�Yu@FB��PQLO
< IL@FYGIRcPWP[ ? g fuMPIRY;O�cPn�_>fGMPO8Yu@FB�O8c UXB < O�E gFi O�d'O�c>fGY i E g B�O3@CKNMDEGUXc�IRY�UPYGO�n�[�?�MPO i UPcPK�fGI g cXY
UPYeO�nJf g KNMP@FEu@FK�fuO�EGI ��O �� � @FcPn �� � B5UPYef < O|YeUPIRfu@ < QRO�f g KNMs@FEu@CK�fuO�EGI���O <�g fGMJO�d'O�cxfGYV�8I`fuMPIRc
@ EGUXc�_V�8MPIRKNM �8ILQLQ�K g EGEGO�YG� g cPn f g nPI ��O�EGO�cxf$EeO�K g cPYefGEGUPK�fuO�n O�cXO�EGWFILO�Y�_!@CcPn O�d'O�c>fuY i E g B
nPI ��O�EGO�c>f < O�@FB&O�cPO�EGW'IRO�Y�[!\ ILcPK�O|fGMPO i UPcXK�fuI g cPY iyg E8fuMPOT��O�ILW'M>fGY!�s@FEG@FB�O�fuO�EGY�_ �� � �� � _�MP@ dFO
@FQREGO3@Cn =�< O�O�c�@F�X�PQLIRO�n$YGUPK�K�O�YGY i UXQLQ = _sfuMPIRY�K3@Fc < O|@FYeYGUPB�O�n$f g�< O�fuEGUXOF[
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