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 Outer  section :


 Inner section :


 121.2 mm
 cells


  2688  channels


  40.4 mm  cells


  1472  channels


  Middle section :


  60.6 mm
 cells
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 Outer  section :


 Inner section :


   262.6 mm  cells


   608  channels


    131.3 mm  cells


   860  channels
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PMT

� �����C�?�S�������8���a�

� �*�������������8�8�a� 1.1 mm

                                             105 mm for 120 mm cell
Diameter of fibre’s coil is:   35 mm for   40 mm cell
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 Electrons 50 GeV in scintillator pad
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HJILKNM Ø"ÔNO�Ù�P8Ù�ØFQVÔ�PSR ILT Ù T Ù�Ø"ÕLU Ø8Ù�V MWK ×XP�Ô MWTYMLZ�[>\ ßW]�^`_ acb KNILH Ù�dfe Ù�RSÔ T dgP�RSÙih�jfdSÙ�P�Ù H P M Ø2QVÔ�PSR I
[lk ç K Ù I d I emV M Ø�e�Ù�Ø�nXR I VFe�Ù�Ù T Ô TmH�K ×md�ÙJd�Ô T P�RSÙEV8ÔNO5× KoI P8Ô MWT ÛBp!V HJILT e�Ù�V"Ù�Ù TqZ Ø M O ÓlÔÖÕSÛ9Ú�Û ß P�RSÙ
Ø"ÙJV MLK ×XP8Ô MWT�MLZ PSR�Ù�ÔNdSÙ ILK ÔrVsP�Ô Hut�v p
w ÔNV b Ø ILH P8Ô HxIyKNK U2Ø8Ù HJM{z ÙéØ8Ù�d I P�Ù T Ù�Ø"Õ*ÔúÙ�V I e M{z Ù ß}|�Þ«ái~ Ù�� IyZ P8Ù�Ø
H�M Ø8Ø"Ù H P8Ô T Õ Z�M ØFPSRSÙ�Ù T Ù�Ø8ÕyUYPSR I PVÔNV I emV M Ø�e�ÙJd�Ô T P�RSÙ K Ù I d MLZG[�k ç n ILT dgP�RSÙ M}z Ù�Ø ILKNK Ù��ZÙ H P Z Ø M O
P�RSÙ [�k ç I emV M Ø�e�Ù�Ø�ÔrV TXM P5V8ÔÖÕ T Ô�� HxILT P�QVÔrP�RoØ8Ù�V b Ù H P/P M P�RSÙ t�v p
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�5RSÙ b ÙéØ Z�M ØsO IyTmH Ù MLZ PSRSÙ b Ø"ÙJV�R M Q\Ù�ØqVsU+VsP8ÙJO�P M V8Ù b I Ø I P�Ù�e Ù�P�Q.ÙéÙ T Ù K Ù H P�Ø MWT V ILT d b Ô MLT VÔrV^Ù�� b Ù H P8ÙJd�P M ÔrO b Ø M{z Ù�e�U³Ô TmH Ø8Ù I V8Ô T Õ�P�RSÙ K Ù I d I eXV M Øse ÙéØiP�RSÔ H��`T Ù�V�VéÛ¡ÓlÔúÕ�×SØ8Ù
Ú�Û��fV�R M Q2V0P�RSÙb Ô MWTfz Ù�ØsV8×mV®Ù K Ù H P8Ø MWT Ø8Ù��"Ù H P8Ô MWT7MLZ P�RSÙ0hFjfVsU+VsP8ÙJO I V Z × TmH P8Ô MWT�MLZ%zLI Ø8Ô M ×mV I emV M Ø�e�Ù�Ø2PSRSÔ H��+T ÙJV�V
Z�M Ø�P�Q M dSÔr� Ù�Ø"Ù T P
Ù T ÙéØ8Õ*ÔÖÙJV MLZ PSRSÙ Ô TmHJM O�Ô T Õ b I Ø?P�Ô H�K ÙvÛ��5RSÙ H ×SØ z Ù�V�R Ixz Ùfe�Ù�Ù T�M e>P I Ô T ÙJd e�U
I d}�"×mVsP8Ô T ÕiPSRSÙ2PSR�Ø8ÙJVsR MWK d MWT PSRSÙ T ×mO�e�Ù�Ø MyZ O�Ô T ÔrOª×mO}Ô MWT Ôr¡�Ô T Õ b I ØsP8Ô H�K ÙJV¢P�R I P I Ø8ÙEdSÙ�P8Ù H P�ÙJd Ô T
P�RSÙ�h�j7V H Ô T P�Ô KNKNI P M Ø5P M PSRSÙ2Ù T ÙéØ8ÕLU MLZ P�RSÙªÔ TXHJM O�Ô T Õ b I Ø?P�Ô HJK Ùyn£V"Ô TmH Ù.PSR�ÔNV®ÔrO b Ø M{z Ù�V�V M O	Ù�Q2R I P
P�RSÙ
V8Ù b I Ø I P�Ô MWT�HJI b I eSÔ K Ô�P�U Z�M Ø b I ØsP�Ô HJK ÙeÙ T Ù�Ø"Õ*ÔúÙ�Vue Ù KNM Q Þ«á�~ Ù��5ÛX¤¥P HxILT e�Ù�V"Ù�Ù T P�R I P/P�RSÙ b Ô MWTØ"Ù¦�"Ù H P�Ô MWT7Z�ILH P M Ø2dSÙ H Ø"Ù I V"ÙJV
e�U I e M ×XP [ á�] Q2RSÙ T Ø8Ù�dS× H Ô T ÕqP�RSÙ I emV M Ø�e�Ù�Ø2PSRSÔ H��+T ÙJV�V Z Ø M O Ú�P M
[.k ç n Z�M Ø I�H�MWT V?P ILT P�Ù K Ù H P8Ø MWT Ô T Ù�§ H ÔÖÙ TmH U MLZ Þ«á�] Û

t¢T Ù�Ø"ÕLU KrM V�V�Ô T Ô T�ILH P�Ô z ÙlO I P�ÙéØ8Ô IyK e�Ù�P�Q\Ù�Ù T PSR�Ù b Ø8Ù�V�R M Q\Ù�ØEV H Ô T P�Ô KrKoI P M Ø ILT dgPSRSÙie�Ù�Õ*Ô TmT Ô T Õ
MLZ PSRSÙoÙ K Ù H P�Ø M O I Õ T Ù�P�Ô H�HJILKNM Ø"ÔNO�Ù�P8Ù�Ø HJM × K d ILK V M7HJMWT P�Ø"ÔNeS×>P�ÙqP M b Ù�Ø Z�M Ø�O ILTmH ÙqdSÙ�Õ�Ø I d I P�Ô MLT�MLZ
t�v p
w�Û/¨ M Q.Ù z ÙéØJn®Ô�P HJILT e�Ù©V�R M Q T<ª Úy«EPSR I P�e�U9V8×�ÔrP I e K U I d}�"×mVsP8Ô T Õ�P�RSÙ�¬ | H�M Ù�§ H ÔúÙ T P�­�V"Ù�ÙÙ�®�× I P�Ô MWT Ô T ÓlÔúÕ�ÛíÚíÛÜî`¯¢PSRSÔrV.Ù��ZÙ H P HJILT e�Ù HJM O b Ù T V I P�Ù�dYQVÔrPSR M ×XP�Ô T dS× H Ô T Õ ILT U�d�Ù�Õ*Ø I d I P8Ô MWT Ô T
t�v p
wÁÙ T ÙéØ8ÕLU Ø"ÙJV MLK ×XP8Ô MWT Û

p�V�e I V"Ù K Ô T Ù2V MLK ×XP8Ô MWT Q.ÙER Ixz Ù H R M V"Ù TfIiK Ù I d I eXV M Øse ÙéØ�P�RSÔ H��`T Ù�V�V MyZ P�Q M Ø I d�Ô I P8Ô MWT�K Ù T ÕLP�RmV
Z�M Ø�PSR�Ùuh�j0VsU+V?P�ÙJODPSR I P ILKrKNM Q2V ILT Ù�§ H ÔúÙ T P ã}^�° V"Ù b I Ø I P�Ô MWT QVÔ�PSR M ×XP H�M O b Ø M O�ÔNV"Ô T Õ5P�RSÙ.Ù T Ù�Ø"ÕLUØ"ÙJV MLK ×XP8Ô MWTgMLZ PSR�Ù�Ù K Ù H P�Ø M O I Õ T Ù�P�Ô H�HxILKrM Ø8ÔrO	Ù�P�Ù�ØéÛ
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PSR�Ù®Ø8Ù�V8× K PSVFdSÙJV H Ø8Ôre Ù�doÔ T V8Ù H P�Ô MWT ÚíÛ Þ Û [0I e M ×>PFP�RSÙ!V I O�Ù K ÔÖÕWR�P�Ø8Ù�V b MWT V8Ù®ÔNVNÙ�� b Ù H P8ÙJd Z Ø M Oèe M P�Rb Ø M P M P�U b ÙJVéÛ â Ù�P�Q\Ù�Ù T PSRSÙ��4Ø�V?P�jXh'Öée M � ILT d�PSRSÙqV8Ù HJMWT d h�jêe M � Þ H O MLZ5K Ù I d HJMWT�z ÙéØsP8Ù�Ø
O I P�ÙéØ8Ô IyK Q I V2Ô T V8ÙéØsP8ÙJd|Û��5RSÙqj H Ô T P�Ô KNKoI P M Ø b I dmVlQ\Ù�Ø8Ù�QVØ I bmb Ù�dØQVÔ�PSR Þ�ß�áYß OëPSRSÔ H�� �/ì
� t�í
b I b Ù�Ø ILT d Ø"Ù I d M ×XPEe`UgîïwBj�ì Þ*Þ ­ [ ß�á ¯/Oª× K P8Ô | HJKoI dgj | P�U b Ùi��e ÙéØ MLZ Þ O�OðdSÔ I O	Ù�P�ÙéØ HJM Ô K ÙJd Ô T
I3ñ Ö t't h¢òÀÕ*Ø M+M{z Ù�QVÔ�PSR Ú�Û ß P�×SØ T V�Û��5RSÙY�me ÙéØ.Q I V/Õ K ×SÙ�d¹Ô T P M PSRSÙgV H Ô T P8Ô KNKNI P M Ø�e�U â5v | � á�á
M b P8Ô HJILK Õ K ×SÙ�­ â ¤ vuäuåiæ ¯¿Û t'ILH R�Ù T d MLZ PSRSÙ5îïwBj���e ÙéØ¢Q I V H�M × b K ÙJd�P M�I Þ O�O)d�Ô I O�Ù�P8Ù�Ø H�K Ù I Ø
��e�Ù�Ø�­ í�ó!ä p ä pGìi¯Fe�U ILT Ô T dSÔ z ÔrdS× ILKÊM b P�Ô HJILK�H�MWTmT Ù H P M Ø�Û¢�5RSÙ K Ù T ÕyPSR MLZ PSR�Ù HJK Ù I Ø/�me ÙéØ�VuQ I VÚ©O�Ù�P8Ù�Ø�VéÛ7�5R�ÙYeS× T d K Ù MyZ Ú�î©��e�Ù�ØsV Z Ø M O Ù ILH R�O M dS× K Ù�e M �ØQ I V b IyH�� ÙJd¹Ô T P MÙI7K ÔúÕLR`P | P8ÔúÕWR�P
e KNILH�� b Ô b Ù�Û��5RSÙ M P�RSÙ�Ø2Ù T dXV MLZ P�RSÙ H�K Ù I Ø0��e�Ù�ØsV0Q\Ù�Ø8Ù HJMWTmT Ù H P8ÙJdôP M©I ��î | ILTmM dSÙqhFõ��ö­ ä |ßL÷*á�á n�¨Eplõ7p
õ7p¢�Ej óøªù[ Úy«o¯5e`U7O�Ù ILT V MLZ'IyTÙM b P8Ô HxIyKCHJM × b K Ù�Ø!O I dSÙ MyZ b KoI VsP�Ô H QVÔrPSR©��î b I ÔúØsV
MLZ d�Ø8Ô KrK Ù�d�R MWK Ù�V�Û��5RSÙEP�Q M ��e ÙéØ\Ù T dmV MLZ Ù IyH R H Ù KNK Q.ÙéØ8Ù HJMWTmT Ù H P8ÙJdYP M P�RSÙ H�M Ø8Ø"ÙJV b MWT d�Ô T Õ b Ô��íÙ K
MLZ P�RSÙ�h�õ7�sÔ T V"× H R I Q I U7PSR I P�PSR�Ù�U©Q\Ù�Ø"Ù ILK ÔúÕ T Ù�d MWT PSRSÙ b Ô��íÙ K dSÔ I Õ MWT�ILK Û!�5RSÙ0��e ÙéØYÙ T dmV
Q\Ù�Ø8Ù�P�ÔÖÕWR�P K U	Ô T V8Ù�Ø?P�Ù�dô­�QVÔ�PSR M ×XPVÕ K ×�Ù{¯�Ô T P M P�RSÙ�Ô T dSÔ z ÔNdS× IyK R MWK ÙJV ILT d b Ø8Ù�V�V"ÙJd©P M P�RSÙ HxI P�R M d�Ù
QVÔ T d M Q9QVÔrP�R M ×XP ILT U/Õ*Ø"Ù I V"Ù H�M × b K Ô T Õ�ÛG�5RSÙ HJM × b K ÙéØ'Q I V z ÔNV8× ILKNK U b M V8Ô�P�Ô MLT ÙJd
×mV"Ô T Õ�O I Ø � V MWT
PSR�Ù.h�õ7�ïPSR I P I Ø"ÙiV8× bmb K ÔúÙ�dfe`UgP�RSÙiO IyT × Z�ILH P8×SØ8ÙéØ�Û'�5RSÙ b Ø8Ù H ÔNV"Ô MWTfMLZ PSR�Ù H�M × b K Ù�Ø ILK ÔúÕ T O�Ù T P
QVÔrP�R Ø"ÙJV b Ù H P2P M PSRSÙ�h�õ7� b Ô��íÙ K V5Q I V!ú á Û [ O�O Û

�5RSÙ/Ø8Ù�V b MWT V8Ù MLZ P�RSÙ�V H Ô T P�Ô KNKNI P M Ø b I dØd�Ù�P�Ù H P M Ø�­ûjXh'Öi¯eÔ TÙZ Ø MWT P MyZ P�RSÙ K Ù I d H�MWT�z Ù�Ø?P�ÙéØiP M
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O�Ô T ÔrOª×mO Ô MWT Ôr¡�Ô T Õ b I ØsP�Ô HJK ÙJV.­ûõ7¤¦h¢V�¯!Q I V
O�Ù I V8×SØ"ÙJd ILT d HJM O b I Ø"ÙJd©P M PSRSÙ5Ø8ÙJV"× K P�V M eXP I Ô T ÙJdÔ T V"Ù H P�Ô MLT Ú�Û Þ Û [ Û �5RSÙ K ÔúÕLR`P HJMWKrK Ù H P�Ù�d Z�M Ø�õ�¤¦h'V�Q I V	Ù�VsP8ÔNO I P�Ù�d QVÔ�PSR I Ø8Ù Z ÙéØ8Ù TmH Ù7w t Ö I V
ú [ á.b R M P M Ù K Ù H P8Ø MWT V Z�M Ø Þ [ á Ú Þ [ á OqO�Ý H Ù KrK V ILT d�ú�Ú á.b R M P M Ù K Ù H P8Ø MWT V Z�M ØNî á Ú�î á O�OqÝ MWT Ù�V�Û
�5RSÙ'eSÔÖÕ5dSÔNV H Ø"Ù b ILTXH Ule�Ù�P�Q\Ù�Ù T PSR�Ù b Ø8Ù z Ô M ×mV K U M e>P I Ô T ÙJd Þ«á*ß/b R M P M Ù K Ù H P�Ø MWT V ILT dlP�RSÙ'O	Ù I V8×SØ"ÙJdÚ álb R M P M Ù K Ù H P8Ø MWT V HJILT e ÙVÙ�� b KNI Ô T ÙJd�e`U�P�RSÙ Z�MWKNKrM QVÔ T ÕYÙ��ZÙ H P�V�Û¢�5RSÙ K ÔÖÕWR�P KNM VsV8Ù�V\Ô T P�RSÙ M b P8Ô HxIyK
H�MWTmT Ù H P M Ø�V I Ø"Ù®Ù�VsP�ÔrO I P�ÙJd�P M�H�MWT P�Ø"ÔNeS×XP8Ù!QVÔ�PSR IiZ�ILH P M Ø5ú á Û ã�üWý�á Û á Ú ª�[ îy«¶Û�î_Ù!dSÔNd TXM Pud M�ILT U
V?U>V?P�Ù�O I P8Ô H VsP8×mdXU MLZ PSRSÙ K ÔÖÕWR�P KNM VsV8Ù�V Z�M Ø5P�RSÙ0V"Ô T Õ K Ù | ��e�Ù�Ø HJMLTmT Ù H P M ØsV®×mV"ÙJd�Ô T PSRSÔrV2P8ÙJV?Pxn�V8Ô TXH Ù
Q\Ù	Ô T P�Ù T dØP M ×mV"ÙqO5× K P8Ô | �me ÙéØ�P�U b Ù HJMLTmT Ù H P M ØsV5Ô T P�RSÙ Z ×XP�×SØ"Ù�dSÙJV"ÔúÕ Tþª ��«]Û��5RSÙ K ÔúÕLR`P K Ù Iy�yI Õ*Ù
P M PSRSÙ T Ù�ÔÖÕWR`e M Ø8Ô T Õ b ÔÜ��Ù K V MLZ PSRSÙgõ7p
h�õ7� HxI ×XV8ÙJV I Ø8ÙJd�× H P8Ô MWT�Z�IyH P M Ø MLZEI e M ×XP á Û ã�ý�á Û á9ß Û
�5RSÔrV T ×mO.e ÙéØ\ÔrV\Ù�� b Ù H P�Ù�dYP M ÔrO b Ø M{z Ùyn I V/dSÔrV H ×XV�V8Ù�dYe�Ù KNM Q�Û¢�5RSÙ!dSÔr� Ù�Ø"Ù TmH ÙeÔ T b R M P M | HxI P�R M dSÙ
V"Ù T V"ÔrP�Ô z ÔrP�U I P ß�á*á T O Z�M Ø2PSR�Ù/Ó t'ó |�ã9ß P8×me ÙY­�×mV"ÙJdÀÔ T PSRSÙ b Ø8Ù z Ô M ×mVEP�Ù�VsP�¯ ILT d©P�RSÙ�õ7p�hFõ��
ä ßL÷*á*á Õ*Ô z ÙJV I0Z�ILH P M Ø MLZ ú á Û ü*ßLý�á Û á Ú�ÛG�5RSÙ K ÔÖÕWR�P I P�P�Ù T × I P�Ô MWTqZ�M Ø.Ú.O MLZ P�RSÙ H�K Ù I Øuh�jmõ | P�U b Ù
��e�Ù�Ø ª Þ{ã « HJM Ø"Ø8ÙJV b MLT dmV'P M�I�Z�ILH P M Ø�ú á Û ü�Þ I P ß�á*á T O�n ILT d TmMiHJK Ù I ØG�me ÙéØ�R I d�e ÙéÙ T ×mV8Ù�d	Ô T P�RSÙb Ø"Ù z Ô M ×mV!P8ÙJVsP�Û��5RSÙ ILTmM dSÙ TmMLT | × T Ô Z�M ØsO	Ô�P�U MLZ ú Þ [ ] Z�M Ø2PSRSÙ�õ7p
h�õ7�sÕ*Ô z ÙJV ILTàI dmd�ÔrP�Ô MWT�ILK× TXH Ù�Ø?P I Ô T P�U*Û¢�5RSÙ
� TmILK�Z�IyH P M Ø MLZ á \ Ú ü'ý_á \ á9ß d M Ù�V TmM PFU*Ù�P�Ô TmH�K ×mdSÙ I dmdSÔ�P�Ô MWT�ILK�KrM V�V"ÙJV/P�R I P I Ø8ÙÙ�� b Ù H P�Ù�d Z Ø M OcP�RSÙ M b P�Ô HxILKXHJM × b K Ù�Ø'P M PSR�Ù�h�õ7�ln+V8Ô TmH Ù Z�M Ø b Ø IyH P�Ô HxILK Ø"Ù I V MWT V�PSRSÙ HJM × b K ÙéØ'Q I V
TmM PVÕ K ×SÙ�dgP M PSRSÙl��e�Ù�ØsVEV M P�R I PVÔ�P HJM × K dfe Ù�Ø8Ùé×mV8Ù�d Z�M Ø5d�Ôr� Ù�Ø8Ù T P b Ø M P M P�U b Ù�V�Û

p H ÙéØsP I Ô T�I O M × T P MLZ�H Ø M V�V¢P ILKr� e Ù�P�Q.ÙéÙ T Ô T dSÔ z ÔrdS× ILK`H Ù KNK V ÔNVlÙ�� b Ù H P8ÙJd�dS×SÙuP MlK ÔúÕWR�P K Ù Iy�yI Õ*Ù
Z Ø M O MLT Ù
��e�Ù�ØuP M�I�T ÙéÔúÕWR`e M Ø8Ô T Õ b ÔÜ�íÙ KÛMLZ P�RSÙ�õ7p
h�õ7�ln4Ô Z PSRSÙ
��e�Ù�ØuP M b Ô��íÙ KÛHJM × b K Ô T ÕªÔNV TmM PÔrdSÙ ILK ÛGwkÔÖÕWR�P�P�R I P K Ù Ixz ÙJV�PSRSÙ2��e�Ù�ØNÙ T d�QVÔrP�R IiH ÙéØsP I Ô TqILT Õ K Ù2P M P�RSÙ2��e ÙéØ I �íÔNV�R I V I0H R IyTmH ÙEP Mb Ø M b I Õ I P�Ù ILKNMWT Õ0PSR�Ùlh�õ7�ÞQVÔ T d M Q ILT dqP M Õ*Ù T Ù�Ø I P�Ù I V8ÔÖÕ T�ILK Ô T P�RSÙ T Ù�ÔúÕLR+e M Ø"Ô T Õ b Ô��íÙ K Û��5RSÙ
I O M × T P MLZ V"× H R K ÔúÕLR`P K Ù IL��I Õ*Ù�dSÙ b Ù T dmV MWT PSRSÙ b Ø8Ù H ÔNV"Ô MWT7MLZ PSR�Ù0��e�Ù�Ø | P M |�b ÔÜ��Ù K%H�M × b K Ô T ÕXnÊP�RSÙ
dSÔrVsP ILTmH Ù Z Ø M O<P�RSÙ5��e�Ù�Ø�Ù T d�P M P�RSÙ2h�õ7�þQVÔ T d M Qin ILT d MLZ PSRSÙ5P�RSÔ H��`T Ù�V�V MLZ PSRSÙVÕ KNI V�V�QVÔ T d M Q�Û
�5RSÙ/dSÙJV"ÔúÕ T�MLZ P�RSÙ H�M × b K Ù�Øl×XV8ÙJd
Ô T PSRSÙFP�ÙJV?PSVGQ I V¢e I V8ÙJd MLT�I b Ø8Ù H ÔrV8ÙuO I P�Ø"Ô�� MLZ R MWK Ù�V�dSØ8Ô KNK ÙJd�Ô T
I b KoI V?P�Ô H R MWK dSÙéØ�Û��5R�Ù K ÔÖÕWR�P H Ø M V�VFP ILKN� e Ù�P�Q.ÙéÙ TfH Ù KNK V¢Q I VudSÙ�P�ÙéØ�O�Ô T Ù�d Z Ø M OcPSRSÙ b Ø M P M P�U b ÙEe�UÔ KNK ×XO	Ô T�I P�Ô T Õ MWT Ù2��e ÙéØ�QVÔ�PSR I e K ×SÙEw t Ö ILT d�e`U�O�Ù I V"×SØ8Ô T ÕiPSRSÙEV8ÔÖÕ T�ILK�MWT PSR�Ù H�M Ø8Ø"ÙJV b MWT d�Ô T Õ
b ÔÜ�íÙ KmIyT d
ÔrPSV T Ù�ÔÖÕWR`e M Ø�V�ÛGp�e M ×XP [ á P M�[ ßW] MLZ PSR�Ù K ÔúÕLR`PlÙJO�ÔrPsP�ÙJd.e`U0PSRSÙu�me ÙéØ�ÔNVGVsR I Ø"ÙJd I O MWT Õ
P�RSÙ/Ù�ÔÖÕWR�P T Ù�ÔÖÕWR`e M Ø�VJnÛQ2R�Ô K Ù TmMfK ÔúÕLR`P K Ù IL��I Õ*ÙªÔrV
V8ÙéÙ TêZ�M Ø b Ô��íÙ K V�P�R I P I Ø"Ù Z ×SØsP�RSÙ�Ø I Q I U�Û��5RSÙb R M P M | VsP I P�ÔrVsP�Ô HxILK>ÿ × H P8× I P8Ô MWT V MLZ P�RSÙ!V"ÔúÕ TmILK PSR I P\ÔNV K Ù IL� Ô T ÕiP M PSRSÙ T Ù�ÔÖÕWR`e M Ø8Ô T Õ b ÔÜ�íÙ K V�R I V TmM
z ÔNV"ÔNe K Ù HJM Ø"Ø8Ù KoI P8Ô MWT QVÔrP�RêP�RSÙqV"ÔúÕ TmILK�Z Ø M O P�RSÙ H Ù T P8Ø ILK b Ô��íÙ K Û��5R�ÔNV Z�ILH P b M Ô T PSV M ×XPiPSR I P0P�RSÙ
H Ø M VsVEP ILKN� P IL� Ù�V b KNILH Ùie�Ù Z�M Ø"Ù�P�RSÙ�Oª× K P8Ô b K Ô HJI P�Ô MWT b Ø M>H ÙJVsV�R I VEVsP I ØsP8ÙJd|Û/¤¥P!Q I V IyK V M�M eXV8Ù�Ø z Ù�d
P�R I PlPSR�Ù Ixz Ù�Ø I Õ*Ù zLIyK ×SÙ MLZ PSR�Ù H Ø M VsVlP ILKr� d M ÙJV TmM Pid�Ù b Ù T d MWT PSRSÙ�V8ÔÖÕ T�ILK�I O b K ÔrP8×mdSÙvÛ�h I ØsP
MLZ PSRSÙ KoI Ø"Õ*Ù H Ø M V�V�P ILKr� Ø8Ù�V8× K PSV Z Ø M O O�ÔNV ILK ÔÖÕ T O�Ù T P MLZ PSRSÙf��e�Ù�Ø | P M |¥b Ô��íÙ K b M V"ÔrP8Ô MWT Ô T ÕSÛ,p TÔrO b Ø M{z ÙJO�Ù T P®ÔNVYÙ�� b Ù H P�Ù�dêe�U7e Ù�P�P�ÙéØ b M V8ÔrP8Ô MWT Ô T Õ�PSRSÙ HJM × b K Ù�Ø MWT PSRSÙ�hFõ��DQVÔ T d M Q ILT dàe�U
H�MWT P�Ø MLKNK Ô T ÕqP�RSÙ I ÔÖØYÕ I b e�Ù�P�Q\Ù�Ù T PSR�Ù���e ÙéØ ILT dàPSR�Ù/Õ KoI VsV�Û5Ó6×�ØsPSR�Ù�Ø
V?P�×mdSÔÖÙJVlP MgM b P�ÔrO	Ôr¡�Ù0P�RSÙ
��e�Ù�Ø | P M | h�õ7� HJM × b K Ô T Õ I Ø8Ù Z�M Ø"ÙJV"Ù�Ù T Ô T7[ á*áíÞ Û

�5RSÙ ã}^�° V8Ù b I Ø I P�Ô MLT b Ù�Ø Z�M Ø�O ILTmH Ù MLZ PSRSÙ�h�j b Ø M P M P�U b Ù¢Q I V%O�Ù I V8×SØ"ÙJd�Ô T PSR�Ù k ü P8ÙJV?P%e�Ù I O
I PGPSRSÙEjXh�j I P vut'äEæ QVÔrPSR/Ù K Ù H P�Ø MWT V ILT d b Ô MWT V¢e�Ù�P�Q\Ù�Ù T Þ á IyT d ß�ái~ Ù��i× H O M O�Ù T P8×mO ÛB�5RSÙÙ T Ù�Ø"ÕLU�d�Ù b M V8Ô�P�ÙJd¹Ô T PSR�Ùgh�j Z�M Ø ß�áÙ~ Ù��i× H Ù K Ù H P�Ø MWT V IyT d b Ô MWT VªÔrV.V�R M Q T Ô T ÓlÔÖÕSÛ»ÚíÛ ü ÛÂÓ M Ø
I PSRSØ"ÙJVsR MWK d MLZ ú Þ{ã*á p
Ö v<H�M × T PSV�n%P�R I P HJM Ø"Ø8ÙJV b MLT dmV0P M ÷ õ7¤¦h¢VJn I b Ô MWT Ø"Ù¦�"Ù H P�Ô MWTØMLZ ÷ [ ]ÔrV ILH R�ÔúÙ z ÙJd�Q2R�Ô K Ù�Ø8Ù�P I Ô T Ô T Õ ÷*ßW] MLZ P�RSÙ Ù K Ù H P�Ø MWT V�Û�Ó M Ø Þ«áÙ~ Ù��l× H b I ØsP8Ô H�K ÙJVlP�RSÙ�V I O	Ù ã}^�°
V"Ù b I Ø I P�Ô MWT b Ù�Ø Z�M Ø�O ILTmH Ù�ÔNV ILH RSÔúÙ z Ù�d Z�M Ø I PSRSØ"ÙJVsR MWK d MLZ ú Þ«á*á p
Ö vçH�M × T PSV�­ ß õ7¤¦h�jm¯CÛ£�5R�ÔNVb Ù�Ø Z�M Ø�O ILTmH Ù HJILT e�Ù M eXP I Ô T Ù�d I PBPSR�Ù/P�Ø"ÔúÕ*Õ*ÙéØ K Ù z Ù K e`U H ×>P�P�Ô T Õ MLT PSRSÙ\Ù T ÙéØ8ÕLU�PSR I P ÔrV%dSÙ b M V8ÔrP8ÙJdÔ T PSR�ÙYh�jêdSÙ�P�Ù H P M Ø0QVÔrPSR I ��� dSÙ b Ù T dSÙ T P�P�RSØ8Ù�V�R MLK dêP�R I P5ÔNV�V8Ù�P I V Z × TXH P�Ô MWT�MyZ PSRSÙ�P I Û�p TÔrO b Ø M{z ÙJd ã}^�° V8Ù b I Ø I P�Ô MWT.HJILT e Ù M eXP I Ô T Ù�dªÔ T PSRSÙ M����NT	�/ILT�ILK U>V � V �rZ P�R �
�rTXZ�M�� O I P �NMWTlZ
��M O²P�R �
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t�v p
w ILT d�PSR � O M O �JT P � O MLZ P�R ���rTmHJM O �rT	� b I�� P �NH�K ��� V � V � d �NT7I dmd � P �rMWT P M P�R � h�j�V � �WTmILK!�
�5R � O �JI V ���"� O �JT P�VFVsR M Q9PSR I P�Q � PSR I PSR ��� V�R MWK d MLZ î�õ7¤¦h¢V I b �NMWT��"� � �JH P �NMLT�MyZ ÷W÷ � � ] n ÷W÷ � � ]
ILT d ÷W÷ � üW] Q � P�R IyT#��K ��H P �sMWT$�"� P �JT P �NMWT MLZ ÷ � ] n ÷ [ ] ILT d ÷�üW] I��"�fILH R � ��z�� d Z�M�� �&% ~ � ��n
[ % ~ � � ILT d('�% ~ � � b I�� P �NH�K � O M O �JT P � O�n ��� V b ��H P ��z���K U �� �sM OéO �xI V �	�"� O ��T PSV2Q � PSR [ % ~ � � ��K ��H P �sMWT V �NT PSR ��HJM O�e �NT�� dÙh�j ILT d t�v p�w�P � V?Pxn � P � V
HJMLT � � O � dYP�R I PFPSR �)��T	�*��� U ��� V MWK � P �NMWTqMLZ PSR �lt�v p
w�d M+� V TmM Pud � P �*�"�rM��SI P �,��ZCMWT	��HJM����"�JH PSV Z�M��
PSR �-��T	�*��� UgPSR I P2R I V2e �.�JT©I emV M�� e � d �NT PSR � h�j K��xI d H�MWT�z��*� P �.� e�UgPSR ����T	�*��� UgPSR I P!R I V2e �.�JT
O �xI V �	�"� d �rT P�R � h�jfV H*�NT P �NKNKNI P M��lª � ü « �

¤ T�M�� d �*� P M V � b I���I P � b R M P MWT V IyT d �JK��JH P ��MLT V I P�PSR � w ��z��JK | % MLZ P�R �Yt�v p�w3P �"� �����*� nBP�R �
V H.�NT P �rKNKNI P M�� b I dïd � P �JH P M�� ­ jXh'Öi¯ � V b M V � P �NMWT�� d �NT3Z
��MWT P MLZ PSR �ØK �JI d I emV M�� e �.�*�év R I��"��� d
b I�� P �rHJK � V�Q �NKrK d � b M V � P ��T	�*��� U �rT P�R � V H.�NT P �rKNKNI P M�� O I P �.�"�oIyK Q2R �rK �uT	�.� P ��ILK V¢VsR M��mK d TmM P �NT P �*�SIyH P �
j M O � b �sM>H.� V�V � VFR M Q ��z��*��HxIyTqHJI�� V �EI b R M P MWT P M d � b M V � P �rT d ���"�JH P K U ��T	�*��� U �NT P�R � V H*�rT P �NKrKoI P M��
Q2R �rH R K��xI dXV.P M�I O � VsV � d �JT P � � HxI P �NMWT�MLZ PSR � b R M P MLT I V ILT/�JK��JH P ��MLT0� h M VsV � e K � V M��	��H.� V I����
b I���� b �sM d �XH P �rMWT e ��Z�M���� PSR � j>h�ÖÔd ��� P M O I P �*���oILK�Z
�sM O M PSR �.� d � P �JH P M��5HJM O b MWT	��T P�V �NTYZ
�sMWT P
MLZ1� PJn �NT P �*�SIyH P �rMWT V �rT PSR � V H.�NT P �rKNKNI P M���MLZ PSR � j>h�Ö²PSR I P b ��M d �mH.�lH R I��"��� d b I�� P �NH�K � V �rT V � d � P�R �
jXh'Ö�n ILT dôe ILH�� Q I2� dmV�O M}z��rT	�ÙH R I������ d b I2� P �rHJK�� Vf­�e ILH�� V b KoI V�RÊ¯�P�R I P I2�"�3����T	�*��I P � d �NT P�R �
K �JI d I emV M�� e �.�qM����rT P�R �(��K ��H P �sM O I��WT	� P �NHgHJILKNM��"� O � P �*�.� �5R �7KoI PsP �.� P�Q M4� � ��H PSVqR Ixz�� e �.�JT
VsP � d ��� d�Q � PSR�PSR � b ��M P M P�U b �5�NT�I P I2����� d b R M P MWT e �xI O �rT�k ü ILT d HJM O b I���� d�Q � P�RqV � O �XKoI P �NMWT
­�V �*� � �����	���,��� ã ¯ � �5R � d � P I��rK � dqO �JI V ���"� O �JT P�V Z�M�� b R M P MWT6�JT	�.�"����� Vue � P�Q �*��T©[ % ILT d7'�% ~ � �
V�R M Q ª�[ '}«
PSR I PgPSR � b �sM e I e �rK � P�U MLZ b R M P MWT O � V�V � d ��T P � � HxI P �NMWT d ��� P M$�NT P �.�SILH P �NMLT V �NT P�R �
jXh'Ö V H.�NT P �rKNKNI P M��8� VÙ­9% � ã�ý % �:� ¯ ] n/Q2R �JT3I bmb K U �rT	��I PSR ��� V�R MWK d MLZ % � ü õ7¤¦h¢V�P�R I Pqd M+� V TmM P�"� � �JH P ILT U ��K �JH P �sMWT V � �5R � b ��M e I e �rK � P�UØP M b I V�V�PSR � V�P�R �"� V�R MLK d,d �	� P M e ILH�� Q I�� dmVqO M{z��NT��
H R I������ d b I�� P �NH�K � V�Q I V�O �JI V ���"� d,P M e � ­;% � ÷�ý % � ��¯ ] ILT dÔ­<� � î ý % � ��¯ ] Z�M��q[ % ILT d='�% ~ � �
b R M P MWT V�n ��� V b ��H P ��z���K U � p KrK/T>� O�e �*� V I��"�?�rT�z��*� U �WM+M d I����"�.� O �JT P�Q � P�R I d � P I��NK�� d,õ MLT P �
vuI��sKNM V � O �mKoI P �NMLT VsP � dXU ªù[ '�« �
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�5R ���SI d �oI P �NMWT?��T�z+����MWT O ��T P MLZ PSR � b �"� V�R M Q �*� d � P �JH P M��U� V [ | � P � O � V KNM Q �*� PSR ILT7�NT PSR �-��K �JH |
P ��M O I��WT	� P �rH5HxILKrM��"� O � P �*� nWV �rTmH*�U� P�d M�� V TmM PFV � � �.��Z
�sM OcPSR �EKNMLT	��� P � d �rT�ILKNK U ����M Q �rT	� d M V � d �	�
P M P�R � d ��z���KNM b �rT	���JK ��H P ��M O I��WT	� P �rH VsR M Q �.�*��â/M P�RqV?U+VsP � OqV HJMWT P I2�NT�� V�V �JT P �NILKNK U�PSR � V I O � O I |
P �*�"�NILK V�n`V M�MWT���HxIyTgHJMWTmH�K � d �!Z
��M OÌP�R � O �xI V �	��� O �JT PSV MLT3�SI d �oI P �NMWTV�"� V � VsP IyTmH*� b �*�?Z�M�� O � d Z�M��
P�R ��t�v p
wç­�V �*� V �JH8��� [+� î`¯2P�R I P TmM V ���WT	� � HxILT P!d �*����I d I P �NMWT7MLZ PSR � h�j �"� V b MLT V �8� V � � b �JH P � d
M{z��.� �&%YU �xI2� V MLZ/M b �.�SI P �NMWT0� ¤ TêHJI V ��MLZ/ILTW� �+P ��� O �V� �"��I d �NI P �rMWT PSR ��z��*� U �NTmT��*� b I�� P MLZ P�R �
d � P ��H P M���H�M��mK dêe �8�xI V �NK U �"� b KoIyH*� d�n I V � P � V Z�M���� V �.�JT e�UàPSR � O �JH R ILT��NHxIyK d � V � �WT�ª �y« ��æU��z��.� |
P�R �JK�� V�V�n£V M O �0I dmd � P �NMWTmILK P � VsP�V MLZ PSR �-�SI d �NI P �rMWT R I�� d T	� V�V MyZ ��e �*� V2PSR I P I2�"� e ��T P ILT d �WK ��� d�rT P�R � b MLK U+VsP�U �"��T	� V H.�NT P �rKNKoI P M�� Q �NKNK e ���mT d �*� P IL�2�JT e�UgP�R ���JT d MLZ�[ %�%�� �
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�5R �A�"� ® �	���"� O ��T P�V%P M PSR �A��K �JH P �sM O I2�WT	� P �NH¢HJILKNM���� O � P �*�ÛZ�M�� w�¨ v e I2�"�x�WM>M d �JT	�.�"� U �"� V MWK�� P �rMWT n
zyI��"�NI e K�� P ��ILT V z��*� V �W����ILT>�mKoI���� P�ULn Z�I VsP ��� V b MWT V � P � O � n ILT d �WM+M d �"��K �oI e �NK�� P�U �rTÞI4�SI d �oI P �NMWT
R M V?P �rK ���JT�z�� �sMWT O �JT P � �5R ��� � b �*��� �JTXH*�0Z
�sM O M P�R �*�5� � b �*��� O �JT PSV!R I VEV�R M Q T ªù[ �Xn [ ü n [ ã «�PSR I P
PSR ��ñ VsR I VsR K �r� òfP ��H R TmMWKrM�� U HJILT�H�M O�e �rT	� PSR � V ��Z
�xI P �	�"� V I P I]�"�JI V MLT�I e K���H�M VsP � �5R ���JT	�.�"� U�"� V MWK�� P �rMWT�MyZ PSR � ¨ t'ä p | âþHJILKNM��"� O � P �*� O M d �XK � V'Q � P�RYV � O �rKoI�� d � V ���WT P M PSR � w�¨ v egO M d �XK � V
Q I V!O �xI V �	��� dfQ � PSR ILT7�JK��JH P ��MLT e �xI O ª�[ ÷ «ÛP M e �y{z
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Q2R �rH R7V I P � Vs� � VEP�R � d � V � �WT]�JT��*�"� U �"� V MWK � P �NMLTgMLZ P�R � w�¨ v e HJILKNM��"� O � P �*�.�
� I��"�rM�� V�V � O �mKoI P �NMLT V?P � d � � V ILT d�e �xI O P � V?PSVGQ � PSR ñ V�R I V�R K��N� ò b �sM P M P�U b � VBQ �.�"�
�XT d �*� P IL�2�JT�NTïM�� d �*� P M,M b P � O � ¡ � PSR � d � V � �LTçMLZ.I O M d �mK��ÙZ�M���I$�LM>M dïP �SILT V z��.� V ���mT	��Z�M�� O � P�U �NT P�R ��"� V b MWT V �.I P I8��� d �mH.� d HJM V?Pxn ILT dgP M�z��*���rZ UYP�R � b �.�sZ�M�� O ILTXH*�lMLZ PSR �lZ�I V?P M b P �NHxIyK�HJM O b MWT	��T P�V

Z�M��h��I d �oI P �NMLTgK ��z��JK VuPSR I P I����e� � b �JH P � d I PEwB¨ v,�� M���I����rz��JTÙH.�JKNK V � ¡ �.ILT dÙV I O b K �rT	��Z
�SILH P �NMLT PSR ���JT��*�"� U ��� V MLK � P �NMWT�MLZ'I O M d �mK � n ILT d©P M
V M O ��� �+P ��T P�P�R � V b I P �NILKF�"� V MWK�� P �rMWT n I2�"� d � P �.� O �NT	� d�e�UêP�R �3�mT��rZ�M�� O � P�U �NT��"� V b MLT V �2� �5R �
P ��ILT V z��*� V ���mT	��Z�M�� O � P�U MLZFI,ñ V�R I V�R K��N� ògO M d �XK ��� V
d � b ��T d �NT���MLT P�Q M d M O �NT�IyT P � � �JH PSVJnCP�R �
K ��� R�P ����ÿ{��H P �NMWT�� § H*� ��TmH U Z
��M O�P�R �c� d ��� V MyZ��xILH R9P �NK � ­�P�R � V M | HJILKNK�� d �LKNM e IyKU�XT	�rZ�M�� O � P�UX¯�n
ILT d7PSR � b M V � P �rMWT7ILT dÙd ��T V � P�U MLZ ��e �*� VEQ � P�R �"� V b �JH P�P M P�R ���rMWT	� V �NT	� b I2� P �rHJK�� V.­�PSR ��KNM+HxILKCM���NT P �*� | ��e �*�h�mT	��Z�M�� O � P�UX¯ � �5R � P �rK �)� d ���lH�M}z��*��I����0ILT dgPSR � �me �.� d �JT V � P�UYR I{z�� e �*��T7M b P � O � ¡ � d
e�U9O �xI V �	�"�rT	� P�R �c�mT��rZ�M�� O � P�U �NT���� V b MWT V �àMLZlzyI����NM�� V b �sM P M P�U b � V ILT d9e�U HJM O b I2�"�NT�� P�R ��"� V �mK PSVGQ � PSR�d � P I2�NK � d�V � O �mKNI P �rMWT VsP � d � � V ª�� %y« � � �	� P�R �*� O M���� n�PSR � P �SILT V z��.� V �!IyT d KNMLT	��� P � d �rT�ILK�mT	��Z�M�� O � P�U �NT���� V b MWT V �YHJILTôILK V M e �YI � ��H P � d�e�U ��I d �NI P �rMWT d I O I�����MLZ PSR � V H.�NT P �rKNKNI P M��iIyT d
��e �*� O I P �*�"�NILK!� î � O �JI V �	��� d�P�R � d �.���SI d I P �rMWT4�NT�K � � R`P�U � ��K d MLZ P�R � V H*�NT P �NKNKNI P M�� P �NK�� V IyT d
��e �*� V�d �	� P MN�SI d �NI P �rMWT n ILT d�Q � V � O �mKoI P � dêPSR �3� � ��H P MLZ V �mH R d �*���SI d I P �NMLT�MWT PSR �3�JT	�.�"� U�"� V MWK�� P �rMWTfMLZ PSR ��t�v p
w�O M d �mK � V ª�� ��« �
À5ÁutuÁut �=�eQ�Ò?É Ò<�CËlQmÒ?ÈFÍ È�ÇoQ�Ï
ÅÄQmÒ��¦ÅI�yÅ�ÓlÕFÅ<ÎCÈ1�FÅBÆ�Ë¢Õ�Å
¤ T�M�� d �.� P M�H R M+M V � P�R � P �NK�� | � d ����HJM{z��.�SI���� P�R I P b �sM}z�� d � V5PSR � e � V?P K � � R`P �"��ÿ{�JH P �NMLT7� § H*� ��TmH ULn
ú�'£ÚP' H OqÝ.P �NK�� V0Q � PSR�e KoILH��2�JT	� dÛn ILK � O �NT�� ¡ � d IyT d�Q2R � P � b I2�NT P � d � d ��� V.Q �*�"� V?P � d � � d�n¢e`U
HJM O b I2�"�NT�� P�R �*���A��� V b MWT V � P M.I-�u���q� V M�����H*� PSR I PFQ I V b M V � P �rMWT	� d I P�PSR � P �rK �2H*��T P �*�/ILT d H�KNM V �
P M PSR � P �NK��)� d ����� �5R �iK ��� R�PuQ I V ���xI d M�� P z��oI ��e �*� V5PSR I P b �JT	� P ��I P � PSR � P �NK�� V � O �rKoI��sK U�P M P�R �
� T�IyK O M d �mK�� d � V � �LT©ª îL« � � M�� P �NK�� VGP�R I P�Q �*��� P �"�xI P � d�Q � PSR�PSR �"�*� d � � �.�"��T P¢P �JH R T�� ® �	� V MWT P�R �*���� d ��� V�n+P�R � P I e K��5��� �2VsR M Q2VFPSR �U��� V b MWT V � P M PSR �5�SI d �NM�IyH P ��z�� V M��	��H.��I P�P�R � P �rK �uH.�JT P �.�/ILT d�P�R �
d � � �.�"�JTXH*�V�NTN��� V b MWT V � e � P�Q �.�JT P�R ��H*��T P �*��ILT dàP�R �8� d ��� nCPSR � V HJM O b I2�"�NT�� PSR �V�WKrM e ILKBTmMWT |�mT	��Z�M�� O � P�U ILT dfPSR ��HJM��"�"� V b MWT d �rT	� d �*����I d I P �NMWTfMLZ PSR � O �JILT�K � � R`P b I PSR�PSR I P � V �rT d �mH.� d7e`U
PSR � P �NK � | � d ���
����ÿ{��H P �rMWT��NT	� § H.� ��TmH U � �5R � V �,��� V �XK PSV I����"�*� Q �JKrK Q � PSR�õ MWT P ��vuI2��KNM V � O �mKNI P �rMWT V
PSR I P b �"� d �NH P [ n�' ILT d ü H O O �JILT�K�� � R�P b I PSR Z�M�� e KoILH�� n IyK � O �NT	� ¡ � d ILT dêQ2R � P � P �rK �V� d ��� V�n�"� V b �JH P �rz��JK U �� M�� PSR � � T�ILK d � V ���WT P�R � Q2R � P � b I��NT PiQ �NKrK e ���"� b KoIyH*� dØe�U ILTmM P�R �*� P ��H R T	� ® ��� PSR I P ILK V Mb �sM d �XH*� V I d � � � V �(����ÿ{��H P �rT	� V �	�sZ�ILH.� n5e�U P ���xI P �NT	�êH R � O �NHJILKNK U�PSR ��� d ��� V ���sZ�ILH.� Q � P�R�P�R �
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response distribution along y

LOCAL NONUNIFORMITY AT 50 GEV ELECTRONS
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144 fibers  local nonuniformity=0.29%

100 fibers (x1.2)  local nonuniformity=0.48%

64 fibers (x1.6)  local nonuniformity=0.66%

OPTIMIZATION OF WLS FIBER DENSITY
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MWT PSR ���"��� R�P b KNM P MLZ � � ���	���6�+� �&%>nBQ2R �.�"� P�R ��H�MWT P ��� e � P �NMWT V Z
�sM O PSR �6�JK��JH P ��M O I��LT	� P �NH�ILT d
R I d ��MWT��NH�HJM O b MWT	�JT P�V MLZ P�R � V�R M Q �*��I���� VsR M Q T V � b I��SI P �JK U � �5R ���SI d �oI P �NMWT O M VsP K U I � �JH PSV
I(���JKNI P ��z��JK U�V�O ILKNK b I2� P MLZ P�R ��HJILKNM��"� O � P �*���NT PSR ��z��rH*�NT�� P�U MLZ PSR � V�R M Q �*� O I � � O � O � �5R �
O � dmd K �qILT d M�� P �*� V �JH P �NMWT O M d �mK � V.d MàTmM P�V � � �*��Z
�sM O V �mH R I R � � R �SI d �NI P �rMWT nBQ2R �*��� P�R �
O I � � O � Ocd M V �,�"�JILH R � V MWTmK U I e M�� P
% � % [ õ �SI d b �.� U �xI��/MLZ w�¨ v e M b �.�SI P �NMWT0� �5R �)��I d �oI P �NMLT
d M V � V I2�"�uM e>P I��rT	� d�e�U.V � O�O �rT	�,��T	�*��� U ���JK��xI V � V HxIyKNH*�XKoI P � d.Q � PSR.P�R � w�¨ v e ~ t p æ � � e I V � d
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0 70� �����	�"�3��� �r% � �wñ¾öC÷u��ùúõ�÷!çÂ÷¾ø4ñ ñs���4ñ�û¿÷iñ��Áý�ð4ð��Sý�ùNò"ý���þ�ý�÷¶þ]õ�ðþ��õ«ÿ«ñ���þúÿ¿÷�òCþ��J�í÷�þ]õ�ð­ý�ùúõ�ð�óÀ÷¾ø4ñ���D<ýx�*þúÿ
ý�÷�ô>èe� �iý��Áý�ð��_ý�ùúõ�ð�ó³÷¾ø4ñ ôJD<ýx�*þúÿ�ý�÷E�+èe�,�¦�?�L�)�|ø4ñY	�ñ¿ò¿÷�þ]û8ý�ù�ù?þ�ðZñ�ÿoþ�ð���þ]û8ý�÷iño÷¾ø4ñ þ�ð4ðZñ¿òCü õ«ÿ¿÷
�4õ«ÿ¿þ�÷�þ]õ�ð,õiö	÷¾ø4ñ¡ý�û¿÷�þ 	�ñ û8ý�ùúõ�òCþ�ü ñ¿÷añ¿ò�	�õ�ù���ü ñJ� Ë þ°ó�ø�÷F��ùúõ�÷Sç��|ø4ñ	ùúõ�ð�ó�þ�÷��m��þ�ð�ý�ù/��õ«ÿ«ñi��ò�õ<O�ùúñ®ö õ�ò
÷�ø4ñoþ�ð4ðZñ¿òCü õ«ÿ¿÷�ü õJ�L�íùúñJ�Þ�|ø4ñ�û�õ�ð4÷�òCþ��J�í÷�þ]õ�ð�ÿVöCò�õ�ü ÷¾ø4ñ ñ¿ùúñ�û¿÷�ò�õ�ü�ý«ó�ðZñ¿÷�þ]û7�¾ó�ò�ñ¿ô���ý�ð�� ø�ý���ò�õ�ð4þ]û
�¦��ù°ý�û�¿��oû�õ�ü��4õ�ðZñ¿ð4÷�ÿªõiö^÷�ø4ñ^ÿ�ø4õ��.ñ¿ò�ý�ò�ñ^ÿ�ø4õ���ð ÿ«ñ���ý�ò"ý�÷iñ¿ù?ôL�

j>¤ vuâ V � O �mKNI P �rMWT b ��M����SI O�n%P�R I P � V � V�P�R � ~ t ¤?jX¨!p b ILH���I������ �5R � V�V � O �mKNI P �rMWTW� V �NT4�WM+M d
I������*� O ��T P5Q � PSR I õ7p ä j HxIyKNH*�XKoI P �NMWTÙª���[ «�PSR I P5Q I V5d MWT	�e�rTgMWT	� �+U |�b KNILT	�lI P5P�R � ¡ |¥b M V � P �NMWT
e � P�Q �*�JTÙtFv p�w ILT d7¨ v p�w �

�5R �,��I d �oI P �NMLT�HxILT�I � ��H PFPSR � ® ��ILK � P�U MLZ PSR �!M b P �rHxILK�H�M O b MWT��JT PSV�O I d �!MyZ b KNI VsP �NH O I P �*��� |
ILK VJn T�I O �JK U�P�R � V H*�rT P �NKrKoI P �NT	� P �rK � V IyT d�P�R � îïwBjg��e �*� V �Fâ/M P�RÛn K ��� R�PuU � �JK d ILT dfP �SIyT V�O � VsV �NMLT
PSR ��M��	� R�PSR � P �NK�� V IyT d���e �*� V�O I UØd �JH.�"�xI V � Q � P�R �NTmH.�"�xI V �NT�� d M V ��� î � R Ixz��?� ���SI d �oI P � d I P
PSR � w t h�¤ T � �JH P M�� w �NT�ILH ­ wC¤¦wB¯ I P vut'ä!æ P�R �lM b P �NHxIyK�HJM O b MWT	��T P�V5PSR I P/Q �lZ�M���� V �.� P MV� V ���rT
PSR �º�rTmT	�*� V �JH P �NMWT�t�v p
wÙO M d �XK � V�n T�I O �JK UªîÊ%ÛÚ�îÊ%iOqO�Ý�V H*�rT P �NKrKoI P �NT	� P �rK � V¢O I d �2MLZ h�jmõ | ���¡'
b KNI VsP �NH0ILT d7ìÂ��� | [ %�%�­ûõ©jm¯5�me �.� V Z
�sM O í�ó!ä p ä pGì�n�Q � PSR �JK ��H P ��MWT V MLZ '�%�%�õ � � �JT	�.�"� U � ¤ T
z�� � Q MLZ PSR �iKrM Q �JT��*�"� UWn ILT d �NTgM�� d �*� P M�M eXP I��rT�I�KrMWT	��� P � d �NT�ILK d M V � b ��M � K �iI V HJKrM V �iI V b M V |
V � e K � P M P�R ��MLT	�3� � b �JH P � d �mT d �*� w�¨ va���mTmT	�rT	�©H�MWT d � P �rMWT VJnGV b �JH*�NILK O M d �mK�� ViQ �.�"�YZ�M�� O � d
HJMLT V � VsP �rT	��MLZ�[ % KoI U �*� V MLZ �.O�OcPSR �rH���K �xI d b KoI P � V ILT doî0OqOèP�R �NH�� V H.�NT P �rKNKNI P �rT	� P �rK � V � �5R � V �
O M d �XK � ViQ �*�"�6� �"��I d �NI P � dØQ � PSR I bmb ��M � � O I P �JK U$�r% �SI dÊ×yViP MàI P M P ILK d M V ��MLZ '©õ �SI d I P0P�R �
V�R M Q �*� O I � � O � O � �5R � V�V�R M��XK dþe ��HJM O b I���� d�P M�IyT=� � b �JH P � d �SI P �7MLZ % � %Ê' ��I dÊ×yV ILT d I
O I � � O � O d M V ��MyZ¢[+� '�õ �SI d M{z��.� �r%�U �xI�� V MyZ w�¨ v e M b �*��I P �rMWT0�

�5R �iK ��Z P b KNM P MLZ � � ���	�"����� ���iV�R M Q2V2PSR � O �xI V �	�"� d7d �*����I d I P �NMWT]�NTfK�� � R�PuU � ��K d ILT dfP ��ILT V |
O � V�V �NMWT�Z�M���� ���SI d �NI P � dêV H*�rT P �NKrKoI P �NT	� P �NK � VY­ PSR I P I����6���xI d M�� P0Q � PSR TXMWT | ���"��I d �oI P � dà��e �*� V�¯ I V
Z
�mTmH P �rMWTqMyZ PSR � d � VsP ILTmH*� P M P�R � b R`P M O �mK P � b K ���*� P � e ��� ¤ T�M�� d �.� P M V?P � d>U�PSR �U� � �JH P MLZÛILTmT	�JILK |�NT�� n>P�R � O �xI V �	�"� O ��T P�VuQ �.�"�e��� b �xI P � dfV ��z��*��ILK P � O � V/e � P�Q �*��T ü R M��	� V IyT d [ %�%�%�R M��	� V IyZ P �.�
PSR �6� ���SI d �oI P �NMWT Q I V.V?P M bmb � d �àå
T	��HJILT�H�K �xI2��K UÙV �*� PSR I P0V M O ��ILTmT	�JILK �rT	��� � ��H P � V.V �*��T4� b
P M '2%�R M��	� V IyZ P �.�,���"�SI d �oI P �NMWTI�
å
T PSR �8�"� � R`P b KNM P MLZ � �����	���Â��� ��� � V�V�R M Q T PSR � d �*���SI d I P �NMLT
MLZ PSR � îïwBj���e �*� V I V Z
�mTmH P �NMWTfMLZ P�R � d � V?P ILTmH.� P M P�R � b R�P M O �XK P � b K ���*� P � e � n I���I��rT?�"� b �xI P �NT��
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�Yñ�û¿÷
ý"öC÷añ¿òVþ�ò¿ò"ý���þ�ý�÷�þ]õ�ð�ý�÷B�0Á��ê�{��÷iõÂ���Âò"ý�����õ«ÿ«ñ�ý�÷l÷�ø4ñ�ÿ�ø4õ��.ñ¿ò�ü�ýx�*þ�ü���üø��÷�ø4ñVÿ�ø4õ��.ñ¿ò�ü�ýx�*þ�ü��íü
�4õ«ÿ¿þ�÷�þ]õ�ð³û�õ�òCò�ñ�ÿ��4õ�ð���ÿe÷iõ���þúÿ¿÷]ý�ðZû�ñY÷aõ.
F��� õiöAG{Æ û¿ü��L�5�Sø4õ���ð þúÿ®÷¾ø4ñ®ù?þ°ó�ø�÷�ô�þ]ñ¿ù����¶ÿ«û¿þ�ð4÷�þ�ù�ù°ý�÷iõ�ò¥�
ý�ð��.
F�þ� û��íòCò�ñ¿ð4÷2�:OF�¿ñ¿ò�ÿ��0	�ÿJ�e÷¾ø4ñl��þúÿ¿÷]ý�ðZû�ñY÷aõ/÷�ø4ñ!
F���Û��÷�ø�ý�÷Aø�ý�ÿl�¿ñ�ñ¿ð ò�ñ��4ñ8ý�÷añ���ù?ôªü ñ8ý�ÿ��íò�ñ��
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P�R � O �xI V �	�"� O ��T PSV�V ��z��*�SIyK P � O � V I�Z P �*��� ���SI d �oI P �NMWT0� �5R � V � emV � ® �	�JT P ILTmT��xILK��NT	�¿� O b ��M{z�� V
P�R �fK � � R`P I P�P �JT>��I P �NMWT e�U � b P M îÊ% ] ILT d ü % ] Q � P�R �NT PSR � � � VsP6'�%ÙR M��	� V ILT dë� ü 'àR M��	� V�n��� V b �JH P ��z��JK U ��æ!M�Z
�	� PSR �.�U� O b ��M{z�� O ��T P � V M emV �*�sz�� d IyZ P �.� Q I�� dmV �

¤ T�M�� d �*� P M d � P �*� O �rT	� P�R � b �*�?Z�M�� O ILTmH.� d �*����I d I P �NMWT0MLZ PSR �ut�v p
wgO M d �XK � d �	� P M P�R �/M e |
V �*�sz�� dqd �*����I d I P �NMWT�MyZ P�R �2M b P �NHxIyKXHJM O b MWT	��T P�VJn I d � P I��rK � d�V � O �XKoI P �NMWT VsP � dXU�Q I V b �*�?Z�M�� O � d �
�5R ���JT��*�"� U ��� V b MWT V �.MyZ�ILT©t�v p
w�O M d �XK � Q I V!V � O �XKoI P � d � V �rT	� P�R ��� � b ��H P � d KrMWT	��� P � d �rT�ILK
d M V � b �sM � K�� ­;� � �	�M��� �&%�¯ ILT d©P�R � O �xI V �	�"� dàd �*���SI d I P �NMLT©MLZ P�R � V H.�NT P �rKNKNI P �rT	� P �rK � V ILT d©îïwBj
��e �*� V IyHJHJM�� d �rT	� P M � � ���	���5��� ��� � �5R �"�*�º� � �JH PSV MWT P�R � O M d �mK�� b �.�sZ�M�� O ILTXH*�EI��"� VsR M Q T V � b I |��I P ��K U �rT � � �����"�h��� � [+� �5R � V M | HxILKrK � d b �xIy� d I O I����h� V�PSR �2KNM V�V MLZ£K ��� R�P HJMWKrK ��H P �rMWT8� § H.� �JTXH U MLZ
I O M d �mK � d �	� P Me��I d �NI P �rMWT d I O I���� nLPSR I P I O M��mT PSV%P M ú ü ' ] Z�M��¢I P M P ILKmIyHJH*� O �mKoI P � d�d M V �2MLZ
[ õ ��I d � �5R � V � V TmM P I�H.�"� P �NHJILKÎ� P � OðV �NTmH.�lMWT	�iHJMWKrK ��H PSV I e M�� Pe�&%�%�% b R M P M+��K �JH P �sMWT V b �*� ~ � �
MLZ d � b M V � P � d �JT	�.�"� U �rT7I�TmMLT | ���"�SI d �oI P � d t�v p
w�O M d �mK �2� p K V M V�R M Q T(� VuPSR � d �*����I d I P �NMWTfMLZ
P�R �8�JT	�.�"� U �"� V MWK�� P �rMWTàI V Z
�mTXH P �rMWTàMLZ PSR ��ILHJH.� O �mKNI P � dàd M V ��Z�M�� d � � �*���JT P ��K �JH P �sMWTW�JT	�.�"����� V
e � P�Q �*��T ' ~ � � ILT d3�r%�% ~ � � � �5R �uH�MWT VsP ILT P�P �.� O²PSR I P � V �NT d �XH*� d.d �	� P M
I,���rz��JTÂ���"��I d �oI P �NMLT
d M V �V� ViV�R M Q T V � b I��SI P �JK U Z�M�� d M V � V�e � P�Q �.�JT % � '�õ �SI d ILT d4'fõ ��I d � �5R �qK��NT	�8�rT PSR � b KrM P
H�M��"��� V b MWT dXV�P M©I d �*���SI d I P �NMLTêMLZ PSR �qH�MWT VsP ILT P0P �*� O MLZ � � ' ] P�R I P � V ���xILH R � d I P I d M V ��MLZ
[+� [ õ �SI d �

� IL�>�NT	�)�rT P MlILH�HJM��XT P ILT8� � b �JH P � d ILTmT>��IyK��SI d �oI P �NMWT d M V �5I PGP�R � VsR M Q �.� O I � � O � O Z�M�� P�R �
O M d �mK � V H�KNM V � VsPFP M PSR � e �JI O b � b �!MLZ % � [ '.õ ��I dÛn>Q �
H�MWTmHJK�� d �EZ
��M OèPSR � O �xI V �	�"� O ��T P�VFP�R I P
P�R ��t�v p
w HJILT e �.M b �*��I P � d �mT d �.� w�¨ v e HJMWT d � P �rMWT V Z�M��!I e M�� P �.� � R�PEU �JI�� V�nÛd �*���SI d �rT	� P�R �
H�MWT VsP ILT P/P �*� O MLZ PSR �º�JT	�.�"� U �"� V MWK�� P �rMWT�Z
��M Oì% � ã�] P M�ILT�ILHJH.� b P I e K � � � ' ] � �5R � V � V?P � O I P �º� V
V M O � Q2R I P H�MWT V �.�szyI P �rz��EILT d�V M O � e � P�P �*��ILTmT	�JILK �rT	� O � � R�PGe �h� � b �JH P � dÛn+P IL�>�NT	�e�rT P MiILH�HJM��mT P
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c)� �����	�"�U��� � [ � �6þ�ü���ù°ý�÷¶þ]õ�ðoÿ¿÷��m��þ]ñ�ÿ�õiöV÷�ø4ñ®ò"ý���þ�ý�÷�þ]õ�ð þ�ð��L�6û�ñ��5ü õJ�L��ùúñ'�4ñ¿ò¾ö õ�òCü�ý�ðZû�ñ!��ñ]ó�ò"ý��9ý�÷�þ]õ�ðX�
�9ÿ¿þ�ð�ó=í�îÊî�D��SÆ��Ê���&�7�6OF�¿ñ¿ò�ÿ
ý�ð��g
��	�cD�îÊîÊ�oÿ«û¿þ�ð4÷¶þ�ù�ù°ý�÷�þ�ð�ó�÷�þ�ùúñ�ÿJ���|ø4ñ/ùúõ�ð�ó�þ�÷��m��þ�ð�ý�ù���õ«ÿ«ñ���ò�õ<O�ùúñ
öCò�õ�üìï�þ°óL�íò�ñ)Ä`�Kî��ªþúÿ�ý�ÿ�ÿ��íü ñ����5�Sø4õ���ðÂý�ò�ñY÷¾ø4ñ��4ñ8ý�¿��9ý�ü�ý«ó�ñ!	�ñ¿ò�ÿ��9ÿ5ñ¿ðZñ¿ò¶ó�ô.ö õ�ò�	�ý�òCþ]õ��9ÿ�ý�û�û���D
ü���ù°ý�÷iñ�����õ«ÿ«ñ�ÿ��iý��&ðA÷�ø4ñ^ñ¿ðZñ¿ò¶ó�ô2ò�ñ�ÿ«õ�ù���÷¶þ]õ�ðf��ñ]ó�ò"ý��9ý�÷�þ]õ�ð®ö õ�ò2	�ý�òCþ]õ��&ÿYñ¿ðZñ¿ò¶ó�þ]ñ�ÿ��¦�?�&ðA÷�ø4ñ^û�õ�ð�ÿ¿÷�ý�ð4÷
÷añ¿ò¿üö��ñ]ó�ò"ý��9ý�÷¶þ]õ�ð/ö õ�ò�	�ý�òCþ]õ��&ÿ�ñ¿ðZñ¿ò¶ó�þ]ñ�ÿq�"û��L�7�|ø4ñ�ø4õ�òCþCB�õ�ð4÷]ý�ùwù?þ�ðZñ�û�õ�òCò�ñ�ÿ��4õ�ð���ÿ2÷iõ¡ý û�õ�ð�ÿ¿÷�ý�ð4÷
÷añ¿ò¿ü õiö-î��K��ñ��
PSR ��[ %�%�P � O � V¢R � � R �*� d M V �5�SI P � PSR I P¢Q I V M e>P I��rT	� d I P'wC¤¦w �rT�HJM O b I���� V MWT P M PSR �5MWT	�5Z�M��"� V �.�JT
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Relative LY as a function of distance from source to fiber
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Calibrated Light collection (at 80 GeV)
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Normal and Clipped ( 5 + .5 ns  23 Ohms) Signal
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ANSYS 5.5.1   
MAY 31 2000
09:03:53   
PLOT NO.   1
NODAL SOLUTION
STEP=1           
SUB =1           
TIME=1           
UY       (AVG)  
RSYS=0
PowerGraphics
EFACET=1
AVRES=Mat
DMX =.550E-04    
SMN =-.536E-04   
SMX =.376E-06    
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     -.416E-04   
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     -.296E-04   
     -.236E-04   
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     -.116E-04   
     -.562E-05   
     .376E-06    

down_modul                                                                      

� �Y!-#&%('�|�)Y*��X,«¬sA»KU:=²
S$ACB�4$²z4$0º´�T=8"T�2@?�ACBD:�¹$8"T=A@2LKMA»8;2L²Õ8O²Õ´	?�2LK�ACBD:�3=2LA»AQ2LN¢NP2W¹$¼�0":WV�¿7BD:yN�4�ÿ-8ONh¼
N
¹$8"T=AQ2LK=A»8;2L²l8"T�0":5T5T/AOBX4$² �8� Nh8;I=KU2L²zV

� �Y!-#&%('�|�)+*b/X,
¬7I=8O²DAR8O0O0+4$A»8O²
S�A»8O0":�¹$8ONP:=²XT=8;2L²Á��AR<n2ÕAR8O0":�AR´5ÀD:5T�4$KU:�ÀzKU2W¹$¼DI5:(¹é��4�3W8+S�A»8O0":P2@?� -|$�R©
*b/¡Ó(âÅâ Æ 4$²z¹PA»<n2hBX4$0 ? �QA»8O0":5T µ 4LT�T5BD2L<�²Ä8O²Íc�S$¼
KU:Q·y?�2LK�T=N�4$0O0�I5:=0O0£TWV



�-k ���u�t x´_æ�ç��Xåµ´_æy�����uèW�¡��¨���æ��"è=¯y�

Ü+±&'�ÜU�Y]"'�áy�C%+¾³âý»�¾³Û	Ü´¼L»ÌÜF_y�ÝÜ´±zâÅ¼ËÜU'^%(�Ä¼[]?á0±§¼bç
�¸Û&!F¼LÛ��?Û§ßX'=ìz¾���%e'��C%+¼L»ÌÜ(�?¾³ÛnÜ+±¯¼ËÜ�_H¾-#&]¸ßåá�æÑ¾$�"]¹Ü+±&'
�¸Û�Ü('W%�Û¯¼$]
%('^�&'�»ÌÜ(�?¾³ÛC¾��§Ü´±&'n]"�"!L±�Ü�	³¼LÛ3ß��?ÛC¼Ëß§ß&�¸Ü(�?¾³Û�'�Û3±¯¼LÛ§»^'�á Ü´±X'1]"�Y!³±	Ü_(
�"'^]?ß�ã8(g%('Ìß&�"%e'�»ÌÜ(�?Û&!"á+¾³â�'
¾��ðÜ´±X'g]Y�"!³±	Ü=Ü+±¯¼ËÜ��?á²Û§¾LÜ²»�¼Læ3Ü(#&%('Ìß�ã8(��?Û	ÜU'^%+Û¯¼[]j%('^�&'�»ÌÜ(�?¾³Û3á"ã¯¼Ë»£¢J�?Û	Ü´¾CÜ´±X'�Ü(�"]"'[)d°�±&'�'�ß&!-'Ìá"¾��d¼
Ü(�"]"'H¼$%e'n_y%´¼Læ3æm'Ìßh�?Û�áe#§»�±(¼�_=¼1(�	�Ü+±¯¼ËÜ¹Ü´±&'n�§ãm'^%�%(#§Û3Û&�?Û&!½¼$]?¾³ÛX!0Ü´±&'n'�ß&!-' »�¼LÛCãz'1'�¼Ëá(�"]$(��?Û§áe'W%�Ü('�ß
�¸Ûuãz'ÌÜQ_�'W'�Û�Ü+±&'Õ'�Û	ç$'W]?¾Læm'Ã¼ËÛ§ßuÜ´±X'ÅÜU�Y]"'�'�ß&!$'Îß&#&%e�?Û&!¶Ü´±&'ÅâÅ¾.ß&#&]Y'Å¾³æ�ÜU�?»ÌáÍ¼Ëá+á('Ìâ�ã&]$(-) « #¯¼$]Y�¸Üo(
»Ì¾³Û	ÜU%+¾$] ¾��«Ü´±&'�Ü(�"]"'Íæ&%+¾.ß&#§»àÜU�?¾LÛl�?át�Â¾-%e'�á('^'�Ûåã8(zá´¼Lâ(æ&]Y�?Û&!Ä*�k¡ }¾��H¼$]Y]¹Ü(�"]"'Ìá�¼LÛ§ßÒã8(zâ�'�¼Láe#&%(�¸Û&!
Ü+±&'/]"�"!L±�Ü/(��Y'W]¸ßJ�?Û�%('Ìá+æÁ¾³Û§á('
Ü´¾(¼*)�§êá+¾$#&%+»^'F�"%(%+¼Lß&�?¼ËÜU�¸¾³ÛÃ¼ËÜ�çË¼$%e�?¾-#§á�æÁ¾-�¸Û�Ü+á�¾��¿¼CÜ(�"]Y'$)

¥M¼L»�±½�§ãm'^%�»Ì¾-]"]Y'�»àÜ´áF]"�Y!³±	Ü��C%+¾³â}Ü´±&%e'W'(á+»^�?Û	ÜU�Y]"]Ä¼éÜ´¾-%�ÜU�"]Y'�á^)C°�±&'i]Y�"!³±	Ü�æX%+¾³æ¯¼[!	¼ËÜU'Ìá�¼$]?¾³ÛX!FÜ+±&'
�¯ãz'W%dã8(�Ü+¾LÜ�¼[]X%('=�D'�»àÜU�¸¾³Û7) °�±&'y]Y�"!³±	Ü »Ì¾-]"]Y'�»àÜU�?¾LÛ�á+±§¾$#&]?ß)ãz'�'=�(»W�"'ÌÛ	Ü1	8�Ê¼Lá�Ü�	-_y�¸Ü+±h]?¾9_è¼éÜ+ÜU'ÌÛ}#¯¼ËÜU�¸¾³Û
]Y'�Û&!LÜ+±o¼LÛ3ßuÜ´±&'��¯ãz'W%+áÍá+±§¾-#X]?ßuãz'P%+¼Lß&�?¼ËÜU�¸¾³Û�±§¼$%+ß7)f`3¼Lâ(æ&]Y'��§ãm'^%+á-�C%�¾³â ß&�YÏm'W%e'�Û	Ü�æX%+¾.ß&#§»W'^%+á
±¯¼�ç$'nãm'^'�Û��?Û	ç$'�á�Ü(�"!	¼éÜU'�ß��?Û�¼u»Ì¾³â(æ¯¼$%´¼éÜU�¸ç$'Á_ ¼1(�¼LáÎß&'�á�»W%(�¸ãm'Ìß©�?Û 
� �*�	n�¡|!+;)�,ëä�`Z�¯ãz'W%�áJ¾��
*-). nâÅâõß&�Ä¼Ëâi'àÜU'W%Cß3¾³æm'Ìß�_y�ÝÜ´±¾�Ê¼Lá�Ü(á�±&�I�ªÜ('W%C±¯¼�ç-'Óãz'W'�Û·»�±§¾³áe'�Ûè¼Ëá(ã§¼Lá('^]"�?ÛX'Ãá+¾-]Y#3ÜU�¸¾³Û7)�`�#§»�±
�¯ãz'W%�á0¼[%('�»�¾³â(âi'^%+»^�Ä¼$]Y]I(Å¼�çL¼[�"]Ä¼Ëã&]"'�¼ËÛ§ß�¼[%('�æ&%+¾.ß&#§»^'�ß�ã8(ÁÔn�¸»W%�¾³Û�	ÁôF#&%´¼$%+¼1(F¼LÛ§ßfb¹¾-]R).���;) °�'Ì»�±7)
°�±&'(»�±§¾-�¸»W'(¾��n�§ãm'^%/_y�Y]"] ãz'(âÎ¼LßX'��¸Û� [k-kX*-)i`��¸Û§»W')Ü´±&'�%('^¤}#&�"%e'�â�'�Û	Ü´á��?Ûa%´¼LßX�Ä¼ËÜ(�?¾³Ûz±¯¼[%+ß§Û&'Ìá+á
¼$%e'½ç-'^%)(Ãß&�+Ï³'^%('ÌÛ�Ü��Â¾-% »W'W]Y]?á�»^]?¾³áe'½Ü´¾CÜ´±&'�ãz'�¼Ëâ ¼LÛ§ß>�Ê¼$%�¼�_ ¼1(��C%+¾³â÷Ü´±&'
ãz'�¼Lâ�	§ß&�+Ï³'^%('ÌÛ�Ü�Üo(.æz'�á
¾��j�§ãm'^% »�¾$#&]?ßJãz'x�Â¾-%e'�áe'W'�Û��Â¾-%MÜ´±X'��?Û§ÛX'W%=¼ËÛ§ßÃ¾-#3Ü('W% áe'�»àÜU�?¾LÛ§á=¾��C�0ù/¦½ä�)�¦�Ü+¾LÜ�¼[]Ñ¾��½|[k�¢h�¯ãm'^%+á
_y�ÝÜ´±Ã¼LÛP�?ß&'ÌÛ�Ü(�?»�¼$]m]Y'�Û&!ËÜ´±J¾���*-)£��â '�¼L»�±Ã±¯¼�ç-'½Ü+¾�ãm'"æ&%+¾.ß&#§»^'�ß7)�,êÛÃ¾-%�ß&'W%«Ü´¾��¸Û§»W%e'�¼Láe'0Ü´±X'�]"�Y!³±	Ü
»Ì¾-]"]Y'�»ÌÜ(�?¾³Û�'=�Å»^�"'ÌÛ§»�((Ü´±&'��¯ãz'W%n'ÌÛ§ßJ¾³æ3æÑ¾³áe�¸Ü('�Ü+¾ÍÜ´±&'"æ§±§¾LÜ+¾³â�#&]ÝÜU�¸æ&]"�Y'W%��¸áH»Ì¾	¼ËÜU'ÌßP_y�¸Ü+±J¼�]Ä¼1(-'^% ¾��
%e'^�D'Ì»ÌÜU�Ýç-'�¼$]Y#§âi�¸Û&�"#3â�)A°�±&'
»�¾³¼ËÜU�¸Û&!�æ&%�¾�»^'�ß&#&%e'/�?á=ãz'W�¸Û&!Cß&'Ìç$'W]¸¾³æm'Ìß�¼ËÛ§ßÓ¼ÍÜo(�æX�?»�¼[]7%('=�D'�»àÜU�¸ç
�ÝÜo(
¾�� �¡|- ÷±¯¼Lá²ãz'W'�Û¶¾³ã3Ü´¼$�?Û&'ÌßF¾³ÛÓ¼CÜ('�áìÜ0á+¼LâÅæX]"'½¾���*�Ó$k��¯ãz'W%�áW)

°�±&'Å¾³æ3ÜU�¸»�á�¼Lá+áe'�â�ãX]I(å±¯¼Lá�ãm'^'�Û '^]Ä¼LãÁ¾-%+¼ËÜU'Ìß�ß&#X%(�?ÛX!¶Ü´±X'��½ù/¦0äèæ&%+¾ËÜ´¾LÜo(.æz'Î»�¾LÛ§á�Ü(%(#§»àÜU�?¾LÛ7)
°ð¾�'W¤}#&�¸æÎÜ´±X'�]Ä¼Ëâi�¸Û¯¼ËÜU'�áìÜU%e#§»ÌÜ(#&%('�_y�ÝÜ´±J¾Læ3ÜU�¸»�á�	�Ü´±X'0ãz'�á�Ün'�Û	ÜU�ÝÜo(P�¸áH¾LÛ&'0â(¾�ßX#&]"'²Ü´±¯¼éÜn�¸á�%�¾LÜ�¼ËÜ('�ß
�¸ÛJ¼�ç$'W%�Ü(�?»�¼$]ÑæÁ¾³áe�¸ÜU�¸¾³ÛL�Â¾-%HÜ+±&�?á«æ&#&%�æÑ¾³áe'��C_y�ÝÜ´±ÎÜ+±&'0ã§¼L»£¢Å±3¾-]?ß&'^%n�¸ÛJ¼Í±§¾$%(�?*Ì¾³Û	Ü�¼$]ÀæÁ¾³á(�ÝÜU�¸¾³Ûs�=) �¯¾-%
%�¾LÜ�¼ËÜ(�?Û&!ÓÜ´±&'ÎâÅ¾.ß&#&]Y'J¼ná+æz'�»^�Ä¼$]«Ü´¾.¾-]«±¯¼Lá�ãz'W'ÌÛ¦ßX'�á(�Y!³Û&'Ìß¬
ÅÓZ+R)Ò°�±&'ÃâÅ¼LÛ}#¯¼$]H¼Lá+áe'�â�ã&]$(oáìÜ�¼$%ìÜ´á
ã8(½�?Û§áe'W%�Ü(�?Û&!ÓÜ´±&'Å° ó��t¥«ôx§;_y%´¼Læ§æz'�ßoÜ(�"]Y'�á��?Û	Ü´¾ÓÜ´±&'Jáe]"�ÝÜ´á�ãm'àÜQ_n'^'�Û�Ü´±&'ÅâÎ¼Ëá�ÜU'^%Íæ&]?¼ËÜU'ÌáW)Ó°�±&'�Û
Ü+±&'Õ�¯ãz'W%+á(¼$%e'p�C'�ßîÜ´±X%+¾-#&!L±��C%+¾³â Ü´¾³æ�Ü´¾zãÁ¾LÜ�Ü´¾³â ãm'àÜQ_n'^'�Û¦Ü´±&'ÃÜU�Y]"'i'�ß&!-'F¼ËÛ§ß�Ü´±&'Ã° ó���¥Mô
'ÌÛ�ç$'W]¸¾³æm'[)�°ð¾d�Â¾-%�â ¼Ä%e'�¼Lß§¾$#3Ü)»W'^]"]HÜ+±&'P�¯ãz'W%�á)¼$%('P!-%+¾-#3æm'Ìß��¸Ûoã&#§Û3ß&]"'Ìá)¼ËÜ�Ü´±X'Õ%('�¼$%�á(�¸ß&'Ã¾��
Ü+±&'ÃâÅ¾.ß&#&]Y'$) �À¾$%C»�¼$]Y�?ã&%+¼ËÜU�¸¾³Ûuæ&#X%+æÁ¾³á('Ìád
 �-�Z+k	MÜQ_ ¾å»W]Y'�¼$%{�§ãm'^%+á(¼$%('{��¾-�¸Û	Ü�Ü´¾zÜ´±X'Ãã&#§Û§ß&]Y'��Â¾-%
'�¼L»�±Ò»W'W]Y]¿Ü´±§¼ËÜ�_y�"]Y]¹Ü(%´¼LÛ§á�æÑ¾$%�Ü½Ü+±&'h]"�Y!³±	Üx�C%+¾Lâí¼Fä�¥	c�)Ï°�±&')ã&#§Û3ß&]"'C¾��	�¯ãz'W%�áF�?áF�¸Û§á('^%�ÜU'Ìß��?ÛÒ¼
ã&#3Û§ß&]"'h%e�?Û&!J¼LÛ§ß�!-]"#X'�ßnÜ´¾$!-'ÌÜ+±&'W%�_y�ÝÜ´±l'�æÁ¾�ì4(l!-]"#X'$)�¦u�ªÜU'^%½»W#�Ü+ÜU�¸Û&!JÜ´±X'��¯ãm'^%�ã&#§Û§ßX]"'h'�Û3ß§á�Ü´¾
]Y'�Û&!LÜ+±�	³Ü´±X'�'ÌÛ§ß§áH¼$%('²æÁ¾-]"�¸á+±&'Ìß7)��À¾$%dâÎ¼Lá�áMæ&%+¾.ß&#§»àÜU�?¾LÛÅ¼�á�âÎ¼$]Y]§â��"]"]Y�?Û&!�âÅ¼L»�±&�?ÛX'1_y�"]"]�'�Û§áe#&%('"¼LÛ
'=�Å»^�"'ÌÛ�Ü=»W#3Ü�ÜU�?ÛX!�¼LÛ§ßÃæÁ¾-]Y�?á+±X�?Û&!
¾��©Ü+±&'��¯ãz'W%Hã&#§Û§ß&]Y'�á^)	�À¾$%n�"]Y]"#§áìÜU%+¼ËÜU�¸¾³ÛC¾³Û&'½¾��ÞÜ´±&'��D%+áìÜ��½ù/¦0ä
æ&%�¾LÜ´¾ËÜo(�æz'
âÅ¾.ß&#&]Y'�á1�¸á²á+±§¾9_²ÛÁ�?ÛÁ� �"!$#&%('�|�). $k)¼��ªÜ('W%�¾³æ3Ü(�?»Ìá²¼Lá+áe'�â�ã&]$(-)

¥M¼L»�±Ò»W'^]"]��?á�%e'�¼Lß3¾-#3Ü�ã8(n¾LÛ&'�æ§±§¾ËÜ´¾³â�#X]¸ÜU�¸æ&]"�Y'W%=Ü(#§ãm'�Ü´±¯¼ËÜ��?á0¼ËÜ+Ü´¼L»�±&'�ßzÜ+¾ÎÜ´±&'Íã¯¼L»£¢�±3¾-]?ß&'^%
¾��ðÜ´±X'�â(¾�ßX#&]"'[)d°�±&'�¾Læ3ÜU�¸»�¼$]Þ»Ì¾³Û§Û&'Ì»ÌÜ(�?¾³ÛÓãm'àÜQ_n'^'�Û�Ü+±&'F�¯ãz'W%²ã&#§Û§ßX]"'�¼LÛ§ßFÜ´±&'�æ§±§¾ËÜ´¾³â�#X]¸ÜU�¸æ&]"�Y'W%
�¸á1'�Û§áe#&%('ÌßFãX(Ã¼h�¡|�â(â ]¸¾³Û&!�]Y�"!³±	Ü=â��+ì�'^% ¾��ðá(¤}#¯¼[%('�ßFá�±¯¼Læz'$)M°¹¾CæX%+¾LÜ('�»ÌÜ�Ü+±&'�æ§±§¾ËÜ´¾³â�#X]¸ÜU�¸æ&]"�Y'W%
Ü(#§ãm'��C%+¾³â¢Ü´±&'ÍâÎ¼$!LÛ&'ÌÜ(�?»ÍáìÜU%+¼9(��D'W]¸ßnÜ´±&'�ÜU#§ãz'��?Û3»W]"#3ß&�?Û&!ÅÜ´±&'�]Y�"!³±	Ü"âi�¸ì�'W%��¸á½±§¾-#3á('�ß��¸Û§á(�¸ß&'C¼
�Íâ(â�Ü´±&�¸»£¢)á�ÜU'^'W]ÏÜ(#§ãz'½¼LÛ§ß��h§êâ�'ÌÜ�¼[]��Â¾$�"]¯Ü´¾�á�±&�"'^]?ßÎ¼$!	¼$�¸Û§á�ÜHÜ´±&'"âÎ¼$!LÛ&'ÌÜ(�?»�á�ÜU%+¼1(i�D'^]?ß7)D¦ñá�Ü(%´¼1(
�D'^]?ß�¾��Á¼Læ§æ&%�¾9ì��¸âÎ¼ËÜ('W]$(P [kF��¼[#§á+ád¼[]?¾³Û&!"*=ã&#3Ü Û&'W!-]Y�"!-�¸ã&]"'	�¸ÛgìC¼ËÛ§ßP({�¸á 'Mì3æz'�»àÜU'Ìßi�¸Û�Ü´±X'�æ&%('Ìá('�Û	Ü
ß&'Ìá(�Y!³Û*
¤�¡��+R)�¦ ]?¼$%(!$'
çË¼$%e�"'àÜo(F¾��dæ§±§¾ËÜ´¾³â�#X]¸ÜU�¸æ&]"�Y'W%«ÜU#§ãz'�á��Rb«'¶°����C%�¾³â çË¼$%(�¸¾-#§á�âÎ¼ËÛ
#"�Ê¼L»ÌÜ(#&%('^%+á
�¸án#§Û§ßX'W%=ÜU'Ìá�Ü�
¤�}ÓZ+Þ¼LÛ§ßÃáe'Ìç-'^%´¼$]ÞÜ(#§ãz'�á=±¯¼�ç$'�ãm'^'�Û��?ß&'ÌÛ	ÜU�Y�&'�ßF¼Lá=æÁ¾³á�á(�?ãX]"'0»�¼LÛ§ß&�¸ß¯¼ËÜ('�á Ü+±¯¼ËÜ{�C#&]+�D]"]
Ü+±&'�%('^¤}#&�"%e'�â�'�Û	Ü´át�Â¾-%�Ü´±&'L�0ù/¦½ä\%('�¼Lß§¾-#3ÜW)
°�±&'h%('^¤
#X�"%('Ìâi'ÌÛ	Ü´á
¼$%e'��?ß&'ÌÛ	ÜU�?»�¼$]AÜ´¾JÜ´±3¾³á('�¾��«Ü+±&'
¥«ù/¦½ä\�Âá('^'"°¹¼Lã&]Y'�|
)��}�d¼Læ§¼$%�Ü��C%+¾Lâ�Ü´±&'�!	¼$�¸Û�	³Ü´±§¼ËÜ«á+±§¾-#X]?ß(ãm'"¼Læ§æ&%�¾�ìX�¸âÎ¼éÜU'W]$(P*�k
Ü(�?â�'�áM±&�"!L±&'W%^)



�Xå�&4åµ´_�uæ³�u�0��ç'��� �¡��¨���çyè­�²æx´_æ�ç �X*

� �Y!-#&%('�|
)# $k�,��1²³:�2@?/ACBD:Mc	KUT=Ad@CBA#�E�ÀzKU2LA@2LA»´MÀD:�NP2W¹$¼
0":5Tg4e?MAQ:=K�25ÀzAR8;I5T{4LT5T9:=N�3W0º´$V

£{z ø zê£ '"�t¸µÅjt	x)Ã Ù ÇDt¡Ä�Ãn¹�v w�Ú�w4Ä�¸�r t	v½Õ ~y¼�t	xnÃoÄLÚ Å]¹�v{Ä�ÇÈ¹�x
~½Û§»W'�Ü´±&'�¾³æ3Ü(�?»Ìá��¸á"¼Ëá+á('Ìâ�ã&]Y'�ßf'�¼L»�±nâ(¾�ßX#&]"'F#§Û3ß&'W%e!³¾�'Ìá0á�¾³âi'�¤}#¯¼$]Y�¸Üo(Ã»Ì¾³Û	ÜU%+¾$];)��¯¾-%�Ü´±X�?á²æ&#&%¶§
æÁ¾³á('FÜ´±&'Óâ(¾�ß&#X]"'J�?á)»Ì¾³Û§Û&'Ì»ÌÜU'ÌßÖÜ´¾ÒÜ´±X'Óâ(¾bçË¼Lã&]"'N§êá�¾-#&%+»^'F»�¼$]Y�?ã&%+¼ËÜU�¸¾³Û�á)(.á�Ü('�â�	 Ü´±§¼ËÜ�_y�"]"]=¼$]?á�¾
â(¾³Û&�¸Ü+¾-% Ü+±&'��½ù/¦½ä�æm'^%)�Â¾-%�âÎ¼LÛ3»W'�¾bç-'^%�Ü+±&'�(-'�¼[%+á�¾��¿¾Læm'^%´¼ËÜ(�?¾³Û7)

���Ä¼åá�Ü´¼$�?Û&]Y'�á�án§êáìÜU'^'W]�æ&�?æz'�á(Ü´±¯¼ËÜJ¼$%('�%(#§Û3Û&�?Û&!�Ü´±&%�¾-#&!³±è±3¾-]"'ÌáP�?Û¦Ü´±&'¶»�¼$]¸¾-%(�¸âi'àÜU'^%(â(¾.ß&#&]"'
¼LÛ§ßJÜ+±¯¼ËÜ²¼[%('��¸Û�Ü('W%�»�¾³Û§ÛX'�»ÌÜ('�ßJ_y�¸Ü+±Fùq§êá�±¯¼Læz'�ßÃÜU#3ãm'Ìá�	¯¼Íâ��?ÛX�Ä¼ËÜ(#&%('0ù á E �,+y%´¼LßX�?¾	¼L»àÜU�Ýç-'�á+¾-#&%�»W'F�¸áæ¯¼Lá�á('Ìß¶Ü´±X%+¾-#&!L±�'àç-'W%n(Fá+»^�?Û	ÜU�Y]"]Ä¼éÜ´¾-%«ÜU�"]Y'½¾��¿¼CâÅ¾.ß&#&]Y'$) °�±&'
á�¾-#&%+»^'g�¸á�'�Û§»�¼Læ§áe#&]Ä¼ËÜ('�ßÁ�?ÛÓ¼R �âÅâ
ß&�?¼Lâi'àÜU'^%�	8�
âÅâ ]?¾LÛ&!�á�Ü´¼$�?Û&]Y'�á�ádá�ÜU'^'W]¯ÜU#3ãm'=Ü+±¯¼ËÜ	�?á�_�'W]¸ß&'�ßÅ¼ËÜMãÁ¾LÜ´±�'ÌÛ§ß§áW)d°�±X'�á�¾-#&%�»W'��?á ß&%e�¸ç$'�Û
ã8(F¼C±8(�ßX%´¼$#&]Y�?»½án(.á�ÜU'Ìâ Ü´±¯¼éÜy�?án�D]Y]"'ÌßÕ_y�¸Ü´±ÃßX�?á�Ü(�"]Y]"'�ßi_=¼ËÜ('W%^)«°�±X'�án(.á�ÜU'Ìâ �?Û§»^]"#§ßX'�á�¼h!	¼$%+¼$!-'0Ü+¾
á�Ü+¾-%('(Ü´±&'Åá+¾-#X%+»W'�	d¼LÛ§ßu¼¶»Ì¾³âÅæX#3ÜU'^%�»Ì¾³Û	ÜU%+¾$]"]"'Ìß�æX#§âÅæu¼LÛ§ßuçË¼$]Ýç-'Ìá�Ü+±¯¼ËÜÍ¼$]"]¸¾�_sÜ´¾�%('Ìç$'W%�á('ÎÜ+±&'
_ ¼ËÜU'^%��¯¾9_�ß&�"%e'�»ÌÜ(�?¾³Û³)

°�±&'Åá�¾-#&%�»W'Å¼L»ÌÜ(�¸ç
�¸Üo(z¾��y|ÃâJùn���¸Û§ß&#§»^'�á�¼Ó»^#&%(%e'�Û	ÜÍ¾��1#§æÒÜ´¾¶/-kFÛ�¦ �¸ÛzÜ´±&'ib«'¶°�	©Ü´±¯¼ËÜ��¸á
�?Û	Ü('W!-%+¼ËÜU'ÌßCãX(�¼½á(]¸¾�_¦»Ì¾³Û	ÜU%+¾$]X'W]Y'�»àÜU%+¾LÛ&�?»Ìá »W�Y%+»W#X�¸Ü�)¹°�±&'��?Û	Ü('W!-%+¼ËÜU�¸¾³Û�Ü(�?â�' ß§¾
'�á Û3¾LÜ�'=ì�»^'W'�ßp 0â(á
¼LÛ§ßFÜ´±X'�%e'�¼Lß3¾-#3Ü�¾��¿¼$]"]jb«'¶°�»�±¯¼LÛ§Û&'^]?áy�?á�%e'�æz'�¼ËÜ('�ß�'�¼L»�±f|)â(áW)d°�±X'Í¼�ç-'^%´¼$!$'�á�¾-#&%�»W'
ç-'W]¸¾�»^�¸Üo(
�?á"¼LãÁ¾-#3Üt $k.-t�¡k(»�âPÒËáW)²Èy'�»Ì¾-%+ß&�¸Û&!ÅÜ+±&'�á(�"!LÛ¯¼$]]�C%+¾³â®'�¼L»�±Ä�¸Û§ß&�Ýç��¸ß&#¯¼$]ÞÜ(�"]Y'
¼$]"]¸¾�_²á�Ü+¾Î»�±&'Ì»£¢ÓÜ+±&'



�8 ���u�t x´_æ�ç��Xåµ´_æy�����uèW�¡��¨���æ��"è=¯y�

¤}#¯¼$]Y�¸Üo((¾��©Ü+±&'�¾³æ3Ü(�?»�¼[]m%e'�á+æÁ¾³Û§áe'
¼LÛ§ßJ#§ÛX�I�Â¾-%�âi�ÝÜo((¼LÛ§ßJÜ´¾{'W¤}#¯¼$]Y�?*W'"Ü´±&'�%e'�á�æÑ¾³Û3á('�¾��ð¼$]Y]m%e'�¼Lß3¾-#3Ü
»^'W]"]¸á�ã8(î¼LßL�e#3á�ÜU�¸Û&!nÜ´±X'>���¢¾��²Ü´±X'Ó»Ì¾-%(%e'�á�æÑ¾³Û3ß&�?Û&!zæ3±§¾LÜ´¾Lâ�#&]¸Ü(�?æ&]Y�"'^%W)z°�±&'Fá)(.áìÜU'�â ±¯¼LáCãz'W'�Û
Ü('�á�Ü('�ß�¼LÛ§ßF¾³æz'W%´¼éÜU'�á²áe#§»�»^'�á+án�C#&]"]$(F¾³ÛFÜ´±&'��½ù/¦0äuæ&%�¾LÜ´¾LÜo(.æz'�
 ����+;)

� �Y!-#&%e'/|�). �*-,i¾G8;:=<>2@?g2L²³:FBX4$0 ?{2@?/ACBD:FBX4¡¹$KU2L²½I(4$0"2LKM8ONP:=AQ:=KÌ��ACBD:=KU:{4$KU:�a � BD2LKM8Ý>L2L²DAp4$0³NP2W¹$¼�0":5T
T=A;4
I�D¡:(¹½2L²ZAQ25Àë2@?�:(4
I5B�2LACBD:=K^V>¿G<n2½I5:=²DA»Ke4$0�NP2W¹$¼
0":5TÕ4$KU:iT5BD2LKMAQ:=KPAQ2�4$0O0"2L< ACBD:J4
I5I5:=0":=Ke4$A@2LK
3=:(4$NC�"Àz8£ÀD:�A@2�A»Ke4$6$:=K5T9:WV

£{z ø z % � v�w4ÄXt	x­x­t¡Ä�Ãn¹�v ¹wº0/1��·2�
°�±43�á53^]I�Ïá56§æ§æÁ¾87ìÜ:9?Û<;-�0ù/¦½äná�Ü5756§»àÜ:647�3=9¸á«á�æ&]>9ÝÜ?9?Û	Ü´¾
ÜQ_H¾Íæ¯¼@7ìÜ´áMÜ´±¯¼éÜH»�¼LÛÎâ(¾bç83�¼�_=¼1(L�A7+¾LâB3�¼L»�±
¾LÜ+±43C7'9¸Û	Ü´¾F¼D;	¼@7+¼@;83CæÁ¾³á59ÝÜ:9?¾LÛE9?ÛÒ¾87�ß43C7½Ü+¾¶¼[]"]?¾9_É¼L»Ì»C3Ìá+á
Ü´¾03@FG;4F�Ü´±<3Cæ§±§¾LÜ+¾³âH6&]ÝÜ:9?æX]>9>3I7+áIF�¥M¼L»�±
±¯¼[]I�J9¸áÍã4649Y]¸ÜK6§æ�ã8(�á�Ü�¼Ë»£¢L9¸Û4;U $��â(¾.ß46&]>3Ìá�	ðÜ´±¯¼ËÜ�¼@753R�A6&]"]$(M3W¤N649¸æ§æO3Ìß _P9¸Ü+±o¾³æ3Ü59?»�á�	 ¾³ÛoÜ+¾³æo¾��
3�¼L»�±u¾LÜ+±43C7
¾³Û�¼Fá56§æ§æÁ¾87ìÜ�æX]Ä¼ËÜ)�Â¾87+â}Ü´±¯¼ËÜQ9¸á
æ&]Ä¼L»I3�ßå¾³Û�7´¼@9Y]?á��Âá53C3SRT9U;4F |LFUV��ì¼LÛ§ßzÜ´±§¼ËÜ
á56§æ3æÑ¾87ìÜ´á
¼P_!3C9U;³±	Ü
¾��Hµ� Z�}|ÎÜ´¾³Û§á0æO3I7�±¯¼$]I�q�0ù/¦½äWF�,êÛÒ¾87�ß43C70Ü+¾ÃâS9¸Û49?âX9?*I3�¼LÛ8(nß43�¼LßÒá+æ¯¼L»I3*9?ÛnãY3ÌÜQ_!3C3ÌÛ



�Xå�&4åµ´_�uæ³�u�0��ç'�JZ �¡��¨���çyè%[²æx´_æ�ç �-�

Ü´±<3�Ü]\ ¾F±¯¼@^$�q�½ù/¦0ä·á�Ü5756§»àÜ:647�3�á
»�¼_753H9¸á0Ü�¼�¢_3�ÛM9?ÛnÜ+±43�ß43Ìá59U;³ÛzÜ´¾JæY3C7n�A3�»ÌÜ5^I(n¼@^>9U;³Û¶Ü+±43Cá5647n�Ê¼L»C3Ìá
Ü´±§¼ËÜ*\P9>^>^ ãO309?Ûî»Ì¾³Û	Ü�¼L»àÜ
F`R�647ìÜ´±43I7+â(¾8753�	«Ü+±4309?Û§Û<3C7+â(¾³áìÜ)âÎ¼LáìÜ:3I7(æ<^Ä¼ËÜ53Ã¾�� 3�¼L»�±Öâ(¾�ß<64^>3J±§¼Lá
±¯¼@^$�a\P9?ß�Ü´±o¼ËÛ§ßuÜ´±<3ÎæY3C759¸¾�ß<9?»)á´¼Lâ(æ4^U9?Û4;Fá�Ü5756§»àÜ:647�3J¾���á�»C9¸Û�Ü59>^U^Ä¼ËÜ+¾870Ü:9U^>3ÌáÍ¼LÛ3ßuá+æ§¼L»C3I7+áb9?á�ãY3C9?Û<;
»�¾LÛ�Ü59?ÛN643ÌßE\P9¸Ü´±3¾863Ü�ß49?á�»�¾³Û	Ü59?ÛN649¸Üo(FÜ+¾ÅÜ´±<3�¾³æ3æÑ¾³á�9¸Ü53�±¯¼_^I�,F�°ð¾J¼@^U^?¾�\�Ü+±43ÍãY3�¼LâÐæ<9?æY3�Ü57´¼�ç83I7+á59¸Û4;
Ü´±<3��½ù/¦0äM\ ¼@^>^k	3¼�âS3Ì»�±¯¼LÛ49¸»�¼@^Á±§¾8^U30¾���|
 $|cF# �âÅâ © |� -|cF. �âÅâd9¸áe^>3W�ªÜe9¸ÛÎÜ´±<3½»C3ÌÛ�Ü53C7�ã8(S6§á59¸Û4;
â(¾�ß46<^>3�á�9?Û)Ü´±<30âX9?ß§ß4^U3²¾��ÞÜ´±<3t�½ù/¦0änÜ´±¯¼ËÜH±¯¼�ç83½¼f753Ìß46§»I3�ßD^>3ÌÛ4;LÜ+±l�Êá�3C3=RT9>;4F£|cF. cV���F¹°�±430á+æ¯¼L»I3
ãY3ÌÜ]\!3C3�Û¶Ü´±43��½ù/¦0äuá�Ü5756§»àÜ:647�3Í¼ËÛ§ßÓÜ+±43
ãO3�¼Lâ æ49¸æO3'9¸á1��^>^U3�ßg\P9ÝÜ´±Fá+±49U3C^¸ß49?Û4;CâÅ¼ËÜ53C759?¼@^hF

¥dç@3�ÛzÜ´±3¾864;³±�Ü+±43�âX3�»�±¯¼ËÛ49?»�¼@^¹áìÜ:7�6§»ÌÜ564753H9¸á=9¸ß43�Û	Ü:9¸»�¼@^��Â¾87�Ü´±43K\²±§¾8^>3P�½ù/¦½ä�ß43àÜ:3Ì»ÌÜ´¾@7�	ÏÜ+±43
¾³æ3Ü59?»ÌáH¼_753�á53I;³âX3�Û	Ü:3ÌßS9¸Û�Ü+¾�Ü]\ ¾�á53Ì»ÌÜ:9¸¾³Û§ádÜ´±§¼ËÜM±¯¼�ç83�ß49YÏO3C7�3�Û	Ü«»C3I^>^§á�9?*C3_F °�±43P9?Û3Û43C7dá�3�»ÌÜ59?¾³Û(»C^¸¾³án§
3�áìÜMÜ´¾½Ü´±<3�ãO3�¼Lâ�æ49¸æO3 »�¾³Û	Ü�¼_9?Û§á	�-�$k½»C3C^U^?á ¾��iV��<V8FÅ�½âÅâs¼LÛ§ß)»�¾bç@3C7+á«¼½á�647)�Ê¼L»I3²¾��h�4F# 0âÆ© �<F£Ó0âjF
°�±43�¾863Ü53C7²á53Ì»ÌÜ:9¸¾³ÛF±¯¼Lá��-k-�C»I3C^>^¸á�¾��� $�8 cFÅ�CâÅâú¼LÛ§ßk3=ì.Ü:3ÌÛ§ß§á²Ü´¾��<F��(â ©©�<F£�CâkF



��� ���u�t x´_æ�ç��Xåµ´_æy���lZuèW�¡��¨���æ��"è=¯PZ

�JØ­× m§çWÛFÝ�á�â�Þ�ßlä�Ý�àèÞ�ånm1oqpsr`tvu oqpwr
x{zlÁuzn| y{z ¸�Ç z Ã¶¸}|
~e3I�
�@6<�53'�����5�43=��9>�X9>^��_759U�o(v���}9>�<�46<�a��9>;8�4�@^>�!�@�4���A64�<�I�:9U�8���@^U9U�59>3C��	.9U�!���@�a�Y3C3I�D�43C�I9>�43I�g�:�H6<�53Q�
�I�8�S�X�8�b3I^>3C���:7��8�49>�e�)(L���53C���A�87��5�43�¥��/¦ �E�@�<���=�/¦ �WF8�J�49U���n(L���:3I��9>�W���_�53C�X�8�X�'�43
�_�<�:9U�S3N§
^U3C�5�H�@�4��^>��\d�Y3C�43I�����_^J9>�.�:3I;87:�_�5�87v�n(L���:3I�s64��9>�4;��43I^��1(�^>9>�<3C�C��\P�<9>����\a�_�*�@^>7�3
�@��(��43I�5�I759>�Y3C�
9U�{�5�43j�53C���4�49U�
�@^��47��8�O�@�:�@^f��V�+l�@�4��9U�S�<3C�5�I759U�O3I�`9>�{�43I�:�@9>^P9U�n��V��L�!�cV�+��e A�8^U^>��\!3C���8(�¦ ¡Q�=¢G�
�@�<���49U�O3I^>9>�<3k�<6<£¤3I75�IF¥�J�43k A75�8�.�)§	3C�4���C7:�¦�:3E�_�4�`9U�5�S�S�@9U�{9U�.�:3C7��C�8�<�43C���:9>�@�4�D�@7�3j���4��\P�§9>�
RT9U;4F¨�cF©�8�cF{¥��_���E�
�@7��ª9U�l�I�8�4�43I�I�:3I�ª�:��«.�b�����@�4�43I^>�l�@ T�5�43P¥��/¦ ���87J�5�43H�=�/¦ �WF¨�J�43v9U���@;@3
�@ ¬�:�<3K�C�@^>�@759>�X3I�53C7��e�:�*�
�_75�4�P�S�@�4�49U�4;b9>�J���4��\P�ª�8�jRT9>;@64753Q�LF��@«cF

¦l ­�53C7b�49U;89U�59>�5�_�:9U�8�®9U�"�:�43g A7��8�.�)§]3I�4�{�
�@7����5�43D���_�:��9>�H�47��c�I3C���53C�{ A647��5�43C7X�@�<�{��3C�.�*�:���
�5759>;@;83C7X¯@�_^>9>�4�_�:9U�8���
�@7���\P�<9>���`\P9>^U^l�Y3E�43I�5�I759>�Y3C��9U���:�43ª�i7�9>;8;83I7��P¡'°QFe�J�43��4�_���"9U�g�@^U�5�
�49U�O3I^>9U�43C���@�4�����5�8753I�"�8���5�43* A75�8�.�)§	3C�4�®�
�@7��±���@�<���:�<3C�®��3C�.�H�5�475�86<;8���5�43S�4�@�£¢M�4^��@�<3X�5�E�
�C�@^>�87�9>�X3I�53C7e7�3
�@�<�86<���
�@7��"²��a°J³Q�J´��4\P�49U���j9U�J�43C���C7�9>�Y3C�ª9U�D�53I�I�:9U�8�ª�cF¶µ<F��b�@�4�k9>���G�8��·�F

9
¸

U
 VME crat
e¹ 

Calorimeter Readout Card
 
 
 


FE
B
 FE
B
 FE
B
FE
B
CROC
 CC
 TV
B


PM

Cab
le

(1
0
º

m)


Clip

(1
0
º

ns
)
»



Va
r
ia
b
le

n
e¼ tw
o½ rk


~
75
00
 ca
lor
ime
t
¾
e
r 
c¿ ha
nn
els
~
75
00
 ca
lor
ime
t
¾
e
r 
c¿ ha
nn
els


(
(
Eca
l 
Eca
l 
+
 
+
 
Hcal
Hcal
)
)


Crat
e¼  
Con
t
À
rol
le
r


T
Á


r
ig
gÂ 
e¼ r 
VÃ alid
aÄ t
ion


T
Á


o½  D
A
Å

Q


F
r
o½ 
m T
T
Á


C


S
Æ

e
r
ia
l b
u
sÇ  

(SPA
C?)


T
o½  T
rig
gÂ er

S
Æ

e
le
cÈ tio
n

Crat
e¼ 


2 
x 
8
É

 
F
r
o½ 
n
t
À
-En
d
Ê

 b
o½ 
aÄ rds


RT9>;@64753K�cF©�8�cË ÌaÍ@Î�Ï�Í�ÐhÎ�Ñ2Ò,ÓQÔAÕ�Î'Ö¤Ï:Ò¦×�Ô�ØhÙ!×YÚjÛ�Ï�Ü@Ô]ÎCÝ

xaÞàßlÞ	á â�ã'ä%åcæçå � è?é'ê�ë $ìè?ë íïî�ð�ñeëeòNó æ ë íïôOõ'ê%é
�i�@öN9>�4;0�_�<¯_�@�.���@;83v�@ ?�:�43H à�@��� �:�4�_� �:�<3b�5�C9U�.�:9>^U^��_�5�87l�@�4�E÷2�¬øE���@�53I�M�
�@^U�8759U�S3��:3C7���ùL�%�:3C�ï9U�
9U�4�43C7�3C�.�:^
ùf à�_���
�.9
�����_�W�O3I3C�*�43C�I9>�43I�b�:�'�4649U^>�b�_�b3C^>3I�I�575�8�49U�a��ùL�%�:3C�1�
�@���_�4^>3a�_ O�X3
�_�5647�3C�X3C�.�:�
3�¯83C7%ù��464�4�����I75�8���59>�<;j\P�49U^>3*�O3I9>�4;k9>�<�53C�<�59U�59U¯@3X�5�j�49U^>3I64�� A7��8�ï�59U;8���@^U�Q�@�5���c�I9��_�53C���:�E�0�47�3�ú
�I3C�49U�4;v�46<�4���g�C7��8�5��9>�4;<FW�J�43 û�üý�46<^>�53I�!�5�43C7�3I A�87�3l���
¯@3=�:�f�O3��5���_�O3I���:�f3C^>9U�S9U���_�53e�:�43l�5�S�@^>^
�:�@9>^4�_ ±�:�43��464^U�53I�!3�þc�53C�4�<9>�4;b�¦ ­�:3C7!�8�'�4�IFWÿ �����43C�S�_�:9U�C���@ ±�5�43=û�ü �59>;@���@^��5�4�@�49>�<;H�@�4�S�@ ¤�5�43
 A7��8�.��ú]3I�4�0���49>�k9>�J���4��\P�ª�8�jRT9U;4F��cF©�_µ4F



���������
	��
�
�������������������
����	! �"#����	 $ �

%�&('*),+.-a�0/©�@«<Ë�1MÜ�232YÐ­×�4HÒ,ÓaÔ­Õ�ÎaÙ=Û�5�687�Î�9:9<;�=>9>ÎAÓ�Ô@?fÜ@×YÚ�AbÛ�5B6�7�Î�9:9<;C=	Ï�ÐD4¦ÕLÔE?'Ô]ÒQÔAÕ�Î�Ð­ÏGF*HI7�Õ<Ü@×�×¤Î�9<;
75Ü@Ï�ÚJ;CÝ

B
K

i
C
L


M
M

O
S
N

 
0
O

.8um
 Int
eP grat
eP d Cir
cQ ui
t
R



4 Chann
eP ls 
pS er 
cQ hi
pS 


PM


50 
Ω


5
T

n
sU  -
 5
0
V

 
Ω
 2
W

5
ns 
- 
10
0
V

 
Ω


100
 
Ω


A
DC

100
 
Ω
 -


+


C
X

f =
 4pF


R
Y

f =
 12 
M
Z


Ω
[




10
0
V

n
F

22
nF


A
\

na
l
]
og
 chip


B
^

u
f
_
fe
r` 
 I

a
nte
gb rat
oc r


%�&d'*)e+.-Q�0/©�_µ4Ëgfh7�Õ�Î�iXÜ@ÔàÐj7k;HÒ,Ó'Ô­Õ�Î�l
1m;�ÐD4@×YÜn9o;�Õ<Ü�2YÐ­×�4SÜ@×YÚkÒ,Ó'Ô­Õ�Î?Ó�Ï�Ò¦×�ÔàØ5Î�×YÚp7�ÕLÐ<2¤Ý

�J�,-Hû�üw�,),qU�.-r&>���5�4�*+%�s-I�,-C���.ùª�S�tq(&>�4�e&>�,'uqd&U�,-n/P�J�,-vq(-C�,'_�:�ª�_ ��:�,-rqd&U�,-r&U���]ùL�,&U�
�nq(qUù0�8�e-
�u-I�s-w+C��'*&
¯0&U�,'Q�C%i÷2� ü �@ ¤�@�Y�*)<�Gxzy'�4�w/W�J�,-G+.-C�{&>�%�:�*+
q>�8�@�*�_�W�:�e-
-I�4���_ O�5�,-Gqd&>�e-g&>�?�@�}|{)4���.-C�
�:�f�8�<�:�n&>�S�~+{-I�.),+5���5�v�ryC�?�nqU��qd-�¯*-tqO�_ ­�.-t+?�tq(&>�4�,&U�,',/��	�:��-�þ<�@�I�!¯_�nqd),-P�,-I�o-I�4�4�!�8�S�5�,-l à�nq(q<�s&U��-
�@ !�:�,-Xû�ü �e),q>�{-S�_�4���e-C�4�w-S�@ !�:�,-b÷2�¬ø����o-w+C)4�.-I�h/S�?ùL�,&>�C�nqW¯_�nqd),-I�Q�n+.-X�n+��*)4�4�®�8����/Xÿ
$ �g��%`�C�@���@�w&U�:�n+ �
�@�M��-�)4�.-I��&U�����n+5�nqdq(-tq��G&U�:���5�,-�q>�.�_�E�:�D�5��-t-I��)<�M�5�,-b�5�4�@�o-I���e),q>�{-H à�nqdq
�s&U��-�/S³  e�C�*)e+5�.-*�:�e-S�C�@�4�t-wqdq>�_�s&U�8���@ e�5�,-Iq��_�.-t+Q���n+%�K�@ !�5�,-X�,),q>�{-*�Nù��5�,-X�,),q>�{-I+.-w�,-C�I�.-C���¦�
�:�e-�-I�4�®�@ ��:�e-S�wqd&>�<�,&>�,'�q(&>�,-�&U�'�8�,q
ù�-�þ<�@���v�8���
¯*-w+:�n'*-�/g¡�),-b�5����)<�I�s)4�_�s&U�8�4�C&>����)4�H��-t+Q�@ 
�4�4�_�:��-tqd-I�I�.+5�8�4�K�@�  �)<�4�I�.&>�8���@ ��s&U��-_������)4���s)��_�.&>�8��&U��&>�.�s+��c�e)4�t-I��&U�E�:�,-*�5�4�@�,&>�e',/b�l�z��-I¯n-t+



$*� ��"����B���
���������
��"���������	8�����0���G�

�5�,-C-I£o-C�I�
&U�J�5�S�nqdqh-I�5��-C�w&��nq(qUùX A�*+G���eÿ ���P�,-w+.-'�:�,-w+.-f�n+.-�x�y*y*yb�4�4�@�5�0-wqd-I�I�s+��8�4�J��-t+���-w�v/
�J�,-K�,),qU�.-C���n+{- �:�,-I�j�{-C�.�l�NùD�.-C�0�u-I�s-w+5�P�@ i�C�.��þe&>�nq±�C�@�,qd-I�J�:�b�:�,-' �+��8�.��ú -I�4�k�
�n+��4���P�,&>���

�n+{-��,q>�@�t-I�8&>�"�w+:�_�.-C�b�_�O��¯*-S�:�,-g�C�nq>�n+.&>�u-I�.-t+��g²A�.-t-p%�&d',/i�0/Dx�«.´¡/ª�J�,-D�,)eq>�.-�ú]�����@��-g�,&>�%�:�*+%�s&U�8�
�,+��c�e)4�t-I�{�.ù��:�,-g�C�@�,q(-¢�G&dq(q!��-D�C�8�X��-C�4�5�_�s-I�"�:����+����*�*+��,-t+H�.ù"�E�O�*q(-�ú>£t-t+��E�t&(+5�w),&U�v�,q��@�w-C�
�_ ­�.-t+a�5�,-C&>�.�s-w'*+:�_�5�*+K²à�<�@�P�5�4�z�P�j�8��%�&d',/��0/��¦µN´�/
�J�,-I��+5�%�#-wqd-I��-I�N�f�@ !�:�,-*�
��+5��&U�'�:�,-* �+5�8�.�%ú -C�<�����,&U���P�,&U���®�I�8�.���n&U�4�K�k�,)c£!-w+v�@�X�,q(&(��-w+

�@�<�®�@�¤&>�.�.-t'*+5�_�:�*+w/*�i�k�,&>�������n+{'*-X�5�,-I&>�.�s-w'*+:�¦�:�*+'�:�e-X�5�@�u-X�e),q>�{-u&U�Q�.)4�<�.+:�@���s-I��&>���0�,)<£o-t+
�@�X�,q(&(��-w+l�¦ ­�s-t+=�D�8�S�<� �,-tq>�
ù8�¤�@�<���n&U�,-C�ª�Nùª�¢q()4�S��-C�Lú -tq(-C�u-C�.�l�,-tq>��ù�q(&>�,-�/'ø0&U�v),q��¦�s-C�¥&>�4�e)<�
�@�<�E�*)<�5�,)<�'�,)eq>�.-I�'�n+{-v�5�<�}�P��&U��%�&(',/O�0/��@���@�4�ª�5�,-H�����,-C�S�_�s&U�C� �_ W�:�,-v�@���nqU�*'����,&U��&>��'*&U¯n-C�
&U�¥%�&d',/4�0/�� � /
�J�,- �w&d+��t),&
�e���_�e��-t-C��+{-
�nq(&d£w-C�¢&U��ÿ üEø�ye/ $r¦ ~§�%�Jüª³KøS�.-C���4�<�*q>�*'_ù*/W�J�,-�q>�@����&U�.-t+5�_�s&U�8��&U�

�5�_�s&U�� à�@���:�*+%ù8�4�4�z��-I¯n-t+l �)e+��:�e-t+J�s-I�����5�4�n),q>�k�o-Q�4�@�,-C&>�4�wqd)4�,&U�,'v�.-C���5�l�_ T���,&U�4�
-C�4�C�@�4�.)eq��_�.-C��&>�
�X�,q��@�%�s&U�f���_��ö_��'*-n/
�]�j�5�,&>��q��@�%��¯n-t+��.&>�@�M�S�4�*&U�.-K�@ �x���y ¦ �1���@�=��-t-I�E�8�<�:�n&>�e-C�E�¦ ­�s-t+l�D�8�*�4�
&U�N�.-t'*+5�_�s&U�8�±���P�,&>�������4�*),qU�"�C�*+{+.-I�5�Y�8�4�"�:�E�j�:�@�:�nq��4�*&>�{-g�@ Gq(-C�5�K�:���_���8�,-�ÿ=¡Q�B�C�*)4�.�t/�ÿ=�
�,-I�5�w+.&>��-C��&U���:�e- �.-I�I�s&U�8�0«e/GµH�8�D�,+��@�:�_�]ùc��-�+{-C�.)eqU�:�I�<�:�e-=���n&(q¨�@ ��:�,-=�,),q>�{-�&>�.�.-t'*+5�nqo&U���:�e- �,-�þL�
�5�@�S�eqd&>�e'u&U���@�O�n)<�'�n¨©�G&U�:�ª�@�E�_�4�,&U�.&>�8�4�nq!��)4���s)��¦�s&>�@�ª�@ �xz¨�/J�J�e-#&>�X���@�����@ ��:�e-v�@�X�,q(&(��-w+
�4�n&>�.-X�8���:�,-S�4�.ùc�{&>�I�v��-t+� A�n+5�S�@�4�t-X���@�v�nq>���j��-t-I�"�,&U�5�t)<�5�.-I�8&>���.-C���s&U�8�"«e/Gµ,/��	�r&>�Q A�*)4�4���:�
��-Q�,-t'*q(&d'*&U�,qd-l�@�P�C�@�S����+.-C�D�5�X�5�,-C+.-C���*qd)c�s&>�@�D�@ i�5�,-~���eÿ ��/ª�	�G&>�a A�*+{-C�.-w-C�k�:�*�*+5�e-t+J�:�,-����4�nq
���,&U�4�G&>�0�u&>�k�ny*y0x*/

Buffer output
current before

integration

Output integrated 
signal

T=0

T=25ns

%�&d'*),+{-K�0/©�8�cËgf¨Ð:i�«�9
Ü@Ô,Î5ÚSÐ­×n2�«LÔeÜ@×YÚ0ÒJ«cÔE2�«LÔ�2�«�9<;�Îk;bÒ,Ó'ÔAÕ�ÎKÐ­×�Ô]Îj4@Ï�Ü@Ô,Ò¦ÏIÝ

xaÞàßlÞj¬ ­ õ æ î�ð�ñ!ëaòNó æ ë í¯®vñ�èWð�í
%�&('*),+{-Q�0/©�*°v�5�4�z�P�P�:�,-'�eq>�L��ö��,&>�n'*+:�_�q�@ }�5�,-K«.�v�����@�4�e-tq� �+5�8�.�%ú -C�<�k�Y�.�n+��h/��	�G&>�a�u±n² �O�.��+5�
)4�{&>�,'b�5�,-��Qü³���u-C���4�@�,&>�I�P�,)<�l�b�5��-C�t&>�nqd&(£t-I�k�{-t+{&��nq±�e)4��)<�.-C�0 A�*+G���Jøk�e),+5�Y�8�.-�/



���������
	��
�
�������������������
����	! �"#����	 $ °

INTEGRATOR

BUFFER

Vdd

2k500

200 200

2mA

External
AC coupling

In+In-

Cf (4pF)

GND

Vdd

Vss

1mA

3.5mA

4mA

OutCp

Vss

Vcasc1250
x 0.8

280
x 1.3

%�&('*),+{-K�0/�� � Ëgfh7�Õ�Î�iXÜ@Ô�Ðj7k;fÒ,ÓQÔAÕ�ÎvÜ@×YÜn9>Ò.4�7�ÕLÐ<2¤Ý

Synopsis of LHCb E-CAL & H-CAL Front-end Board

 Shaper

Front Pannel
Connector

(32    channels
from   PMs)

Serial Data Bus
to/from  Crate Controler

Commands

L.A.L Orsay - Feb 2000

A
´
DC
12bits/
40Mhz

Crate Controler Link

12

RAM
32k/8b

RAM
32K/12b

13

8

(4*8b)-> 4Dp LVDS to vertical neigbour

9*8b GTL+ to  side neigbour

convert

16/12

L0  Latency
 pipeline

12

40 Mhz_clock
Control signals

Small AntifuseFPGA
Serial interface

Decoder

13

16

Pedestal
subtraction

PGA

32 channel

Local
data   bus

L0
Derandomiser

buffer

L1  lattency
1024/12

To  L1buffer
LVDS link

L1

Pga
L1 seq

Pm Adaptation

Clock
Buffer
0 ns

40Mhz_clock

External trigger

Test

External Clock

Test

GTL+ to Validation card

Fonctionnal internal
calibration mode

Internal trigger

BC&Evt id

Fifo
32K/14b384Db

160/12

Serial Programmation Link

JTAG bus

SPL

SPL

SPL

PL

*8 *32 *8

*16

*32

*32

Card controler
PGA Flex

Trigger Test mode

ChanAdjusment
+-6ns/1.6ns

Adc clock ref
+6ns

Subtraction Enable
Flex

6024/240
8sums/Comp

Monitoring
Fifo

Flex
6024/240

8sums/Comp

Flex
6024/240

8sums/Comp

Flex
6024/240

8sums/Comp

LVDS to PS

Control & data signals

4

9*8b GTL+ from  side neigbour

(4*8b)<-4Dp LVDS  from vertical neigbour
72

72

8

4

13

pulser

%�&d'*)e+.-K�0/©�*°cË§µG9>Òz7k¶XÚ@ÐàÜz4@Ï5Üni Ò,ÓQÔAÕ�Î'Ö¤Ï:Ò¦×�Ô�ØhÙ!×YÚ�·�ÒCÜ@Ï�Ú.Ý



$*$ ��"����B���
���������
��"���������	8�����0���G�

�J�,-H�e),q>�{-C�  �+5�@� �5�,-v �+��8�.��ú -I�4�E���,&U�±�¤�e-C�5�w+.&U�o-I���_�O��¯*-_���n+{-f�:�e-C���.-I�.�'�:��x��X�,&U�5�=ÿ ¡Q�e�w/
�J�,-X�,),qU�.-I�v�_ ­�.-t+C&>�.�.-t'*+5�_�s&U�8���n+.-��¨�_��²:�G&U�:�e&>��x}¨*´ ��¯n-t+v¸f�D�4�f�n+5�*)<�4���5�,-X���¦þ0&U�v)4��/b�i�
�%�s+5�@�o-f�_�P�:�,-K�S�¦þ0&>�v)4� �@ T�5�,-f�e),q>�{-@���:�,-f�,&U£o-t+{-C�.�l�,-tq>��ùL�
&>�0�:�,-K�4�4�_�:�8�v)eqU�s&U�,qd&(-t+��a���
¯*-K�:�
��-S�I�8�X�o-I�4�:�_�.-C�h/D�J�e&>�~&>�K�@���,&(-I¯*-I�"�.ù��@�J|{)4�%�s&>�e'j�:�e-S�wq>�L��ö��@ g-C�@���"ÿ ¡Q�ç�Nù��0�,-tq>�
ùM���,&>�
�5�g�@�ª�@�C�w),+:�@��ùª�_ �xv�4�w/l�J�e-H�,&d'n&U�s&(£t-I�k�n)<�:�,)c� �@ ��5�,-vÿ=¡Q�e� �n+{-K�5�,-C�³+.-�ú	��ùL�4���,+��8�,&(£t-C�E�5�D�
�I�8�S�X�8�D�wq>�L��öM²à��-t+J�C�n+5�¨´g&U�j��+{-t'*&U���s-w+P�_�P�:�,-C-I�N�.+:�@�<�t-K�@ i�5�,-Q�,-�þL�����,&U�h/
�J�,-f�,),q>�{-C�=�_�l�5�,-#&U�.�s-t'n+:�_�5�*+l�n)<�:�,)c�=�C�@�E��-f�{)4��|{-C��� �:�S���@�{-tqd&U�,-K�5�,&
 ­� �@�<�j�:�X�:�,-r&>�e�,)cú

-I�4�t-P�@ �q>�z�{ �+.-w¹�)e-C�4��ù*�,&>��ö�)4�*�4�*&U�.-g�P�,&U�����e�*)eq>�*�
�n)<�.-P�.qU�}�{¯_�n+.&>�_�s&U�8�H�@ ¨�5�,-Jÿ ¡Q���o-I�,-C�%���nqº/
�J�,-I�.- ¯_�n+{&��_�.&>�8�4�!�n+{- �
�@�<�t-tq(qd-I�g�:�,+��*),'8�0��»%�,&d'*&
���nq¨�,&
£!-w+.-I�N�.&��_�.&>�8�e¼v�.ùg�{)4�<�s+5�@�I�.&>�,'f�:�,-'�,&('*&
ú
�.&d£
�¦�s&>�@�¥&U�E�S�e+.-C�w-C�,&U�,'D�:�_�S�,q(-g²��8�X�<�=��-I A�*+{-�´�/l�J�,&>�l�.)4�c�s+:�_�I�s&U�8�E��q>�5�S�,-w�4�,-C� �5�,-#-�£!-I�I�s&
¯*-
&U�N�.-t'*+5�_�s&U�8�E�s&U��-b�_ e�:�e-��@�X�,q(&(��-w+'�@�4���:�,-w+.-I A�n+.-Iqd&U��&
�:�=�5�,-I&>�.�s-w'*+:�_�.-C���:�,-w+5�S�nq��4�*&U�.-b �+5�@�
�5�,-0�,)<£o-t+X�@�X�,qd&D��-t+w/"�i���,-I�t+.-C�@�.-k�:�,-0�Y�8�5�{&>�,&(qd&
�]ù®�@ l�.)<�<�s+5�@�I�.&>�,'����.&d'@���nqa�,+{-C�{-C�.��&U���5�,-
�5�@��-'���4�@�4�,-wqh�<�5�,-�¹�)��@�.�s&
�]ùD�.)4�c�s+:�_�I�s-I�¥&U�P�@�I�.)��nq(qUù*�:�,-'������qdqd-I���J�_ ¬�5�,- � �!�S�,+{-C�w-C�,&U�,'*��-C�¦ú
�{),+.-I��-I�N�5�t/���¯n-C���_�f�:�,-S�,&d'8�e-C���v�c�I�t)4�4�@�4�Iù@���@�O�n)<�b�n¨D�i�:�,-S�,+5�8�4�@�,&dq(&U�]ù��_ P�.)4�<�.+:�@���s&U�,'��
�{&d'8�,&D���
�_�N�¬�{&d'8����q�&U�¬�5�,-t+{-I A�*+{-§+{-C�,)4�w-C�v�5�Bq(-C�5�¬�:���_�vye/©�8�*¨�/Wø�&>�v),q>�_�s&U�8�4�±�4��¯n-a�5�<�}�P�H�5���_�¬�:�,&U�
�,+��c�w-C�,)e+.-I&>�.�s+��c�e)4�t-I�f�,-w'*qd&('*&>�eqd-K�,-I�.-t+.&U�*+:�¦�s&>�@���@ §-I�,-t+{'@ù��@�4���Y�8�.&
�s&>�@����-C�@�.),+{-C�u-C�.�:�S�Ex��¦·º/
���}��-I¯n-t+X�:�,-D�,+��c�w-C�,)e+.-�&>�.�s+��c�,)<�t-C�X���5�S�nq(qe��-C�,-I������q����,&U ­�H�@  �_�O�*)c�*µ3y3¨ �@ ��:�e-Dµ3y�üª��£
�4�n&>�.-X²�&j/½-�qd-I�5�J�:�,-I�j�@�,-Qÿ ¡Q�2�I�*)4�.��´J�@�<�ª�@�p&U�4�t+{-
�@�{-K�_ i�5�,-Qµ3yXüª��£K�4�*&U�.-'�.ù�x � ¨�/
�J�,-f�.)4�<�.+:�@���s&U�8�E�@ ��5�,-v������qdqd-I���P�@ T�:�,-K� �e�g�e+.-C�w-C�,&U�,'g�5�@�S�eqd-C�
&>����-t+� A�n+5�u-C�³&U�E�X�,-C�,& ú

�C�_�s-I��%�û��Qÿ ²¾&>�k�:�,-v�,+.-I�.-C�.�'¯n-t+5�{&>�8��µ������@�4�,-wq>� ��-t+�%�û��Qÿ ´�/Y�J�,-H���_�:�<�o�P�e&>����&>�P�:�e-C���8�
x�«D�,&
�:� �5�ª�nq(q>�z�� A�*+Q�0�,-t'.�¦�s&U¯n-I+.-C�{),qU�Q�_ e�:�e-X�{)4�<�.+:�@���s&>�@�±��&>� �:�e-C���C�L�,-C���Nù��j«.�¦ö�x��D�,&U�5�
°Pÿ'ü¯&>�j�X�4�{-t)4�<�¢���.�_�.&>�,'* A�*+����_�P�I�*+.+{-C���s&>�e'S A�*+P�4�8�eqd&>�e-
�n+{&U�]ùD�_�4�ª�{)4�<�s+5�@�I�.&>�,'��X�u-
�_�¥+{-�ú
�S�n&>�e&>�,'k�o-I�,-C�%���nq��:���_���@�C�w),+:�@��ù®�_ ��@�O�n)<��x}¿ $ �:���@ ��j�C�*)4�.�k�G�8�¦·º/Eÿl�I�s)4�nqdq
ù��@�,qUù��@� $ ö
x��K�,&U�5�e�u-C�X�*+�ùI�!�*),q>���o- �e-t-C�e-C�±�4�<�}��-I¯n-t+J�:�e- �5�S�nqdq(-C�%�e�I�8�S�u-t+��t&>�nqdq
ùb�
¯_�n&dq>�@�,qd-G-wqd-C�u-C�.��&U�
�4�z�ç�:�,-H«.�_ö¨���@�4�E�5�,-�+.-I����&>�,&U�,'S�4�n+��'�_ ��5�,-H�u-C�X�*+�ù¥&>��)4�.-I���:�D���5�*+.-b�e&U� �4�_�5�.-t+5�<���P�,&>���
�G&(qdq¤��-C)4�.-I�j�5�*�.-C�%���5�,-Q�
�n+��k �)<�4�I�.&>�8����qd&U�]ùn/
ÿ1�{&>�u&dq>�n+J«.�_ö $ �,&U�5�=°Pÿ'üÀ&>�
)4�.-I�E�:���@�<���n&U�k�5�,-vÁgÂM¯_�nqd)e-C�P A�*+��5�,-f�.+.&('*'*-t+P�,+��c�w-C���.&>�e',/

ÿl�G�G&(qdqO�o-'�,-I�5�w+.&>��-C��&>�D�5�,-'�s+.&('*'*-w+a�P¡'° �:�e&>��&>�c A�*+5�S�_�s&U�8�¢&U�J�,+5�L�t-I�5�{-C�j �)e+��:�e-t+J�.ùg A�*+���&U�,'
�,qU�c��öN� �_ a�oÃe���w-tqdqU�'�@�4�����<�c�8�{&>�,'g�5�,-b�t-wqdqi�8�E�:�,-b�C�n+5���G&
�:�E�5�,-b�,&d'@�,-C�%�CÁ�Â��I�8�.�s-C�.�t/v�J�,-
�.+.&d'n'*-t+g&U�J�,+5�L�t-I�5�{-C��&U�0�* �),q(qUùS��ùL�4���,+��8�4�*)<� �@�4�0�,&U�o-wqd&U�,-C�D�%ùc�%�s-I�ý�¦�Pµ3yXüª��£�/
�J�,-e«.�!ÃGx����,&
�:�¬���_�:�=�n+{-!�%�:�*+{-C�v&U�v��µ ¦ ���<þ0-C�vq>�_�s-I�4�IùK�,)c£!-w+a²Äx � yl�w-tq(q>��´¡/iÿ� ­�s-w+T�l��-�¯*-wq,y

�,-I�t&U�.&>�@�f�:�e-a���_�:�B&>�i���@�5�{-C�H�5�'�#x � �e-t-C�b�e-t+:�_�4�4�8�u&d£w-t+¬�,)<£o-t+t/T�J�,-C�{-a� �e�  �)4�<�I�s&U�8���nq(&U�.&d-C�}��+.-
�8�c���n&U�,-C�M�.ùM�C�8�X�u-t+5�w&��nq�%�û��Qÿl�t/u�]���:�e-X�e+.-C�{-C�.�H�4�@�.-wqd&>�e-X�e-C�.&('8���@�4���t),+{+.-C�.�v�,+5�@�5�@�]ùL�o-_�
$ �����@�4�,-wq>�'��+.-K���:�n+.-C�³&>�E���?û�%�xzy*ÅK�ny*�J�Y�4�z�§-�¯*-t+'�_�:�,-w+�)4�e&U�:�l���
ù0��-v���4�@�.-C�E A�n+��5�,-r���4�nq
�,-I�.&('8�p&>�0��&U�cú%��y*y.�0/
ÿn«@µ¦ú>�!�*+5�D�,)c£!-w+�&>�!�5�,-C�0�,+��c�e)4�t-I�±���.ùg�t+{-
�_�.&>�,'H�H�,-
�@�e-t+�&>�<�tqd)<�,&>�,'K�:�,-'�e)4�4���0�t+��8�5�{&>�,'

�,¡Æ&>�c A�*+5�S�_�s&U�8�±�T A�nqdq>�z��-C���.ù"�5�,-0«.�E���_�:�³�e�*+��4�C�e�@�4�{�E�s+5�n&dq(-t+#&U�4�tq()4�,&U�,'�-t+{+5�*+b�e-I�s-I�I�.&>�8�
�¨��'8�t/�÷�-�)<�.-k�4�z� � �!��-�þL�.+:�M�,&U�5�H�:�M���n'��:�e-k�e-
�@�,-w+X�@�4���s+:��&dqd-w+v&>���5�,-0�,q>�L��ö¨���5�®�nq(q>�z�
�E�5�_ �-t+H�e-I�s-I�I�.&>�8���@ P�:�e-�-I¯n-C�.���Y�*)4�<���n+�ùn/��J�e&>�H�,qU�c��ö¤&>�v���:�n+.-C��&U����xzy.�_µE�eq>�L��ö`²�-I¯*-I�.�:��´
%��Ä%¬³ì²Çx
ö�Ã�«@µÈÃGx
µ*�,&U�5��´��0�e�n&U�.&>�,'H A�*+!�:�,-Q�È-I¯n-tq�xBÉ�-I���n+�Êl�b�,-I�t&U�.&>�@�±�e�P�,&U���j��q(�e��ùL�g��+{-C�G&U�5�
+{-
�@�4�n)<��/�³ �,q
ùg���_�:�b�C�*+{+.-C���O�@�4�,&>�e'*�5�*�È-I¯*-wq
x�É�-I��&>�J�{-C�.����¯n-t+J�:�e-K�4�@��ög�,q>�@�,- �:�z�e�n+5�<�P�5�,-
�a°J³Q���O�.��+5���¶�@�¦·j/



���������
	��
�
�������������������
����	! �"#����	 $ ±

xaÞàßlÞàß Ë ñ�ÌÍÌ æ ð�ô}ê,è ä ô�ñ§Ììévñ!ë æ ëaò å
�	�����@�J��-t-I�j���,-I��ön-I�ª�:���¦�J�:�,-w+.-C-�þ0&>�%�:���_�Gq(-
�@�%�P�8�,-'�C�@�S�u-t+��t&���q�x��H�,&
�:�aÿ=¡Q�2�:�¦�s&>�% ­ù�&>�,'b�*)e+
�,-w-C�h/
�	��&U�!�:�e- ÿ ¡�±*y_µN�~)4�{-C�0�.ùD�Jüªøg A�n+§&U�5�e�w+�ùL���:�nq¤�C�nq>�*+{&>�u-I�.-t+t/T¡�&d'*&
���nq<�4�*&>�{-= �-C�D�4�@��öX�5�
�:�e-Xÿ=¡Q�Î&>�4�,)c�C&>� �I�8�,-t+{-C�.�f�@�X�8�,'0�nq(qi�����_�4�,-tqU�C�¬�@�4��&U�N�.+.&U�4�.&U�f�:�e-t+5�S�nq��<�*&>�{-b�_�'�:�e-bÿ ¡Q�
&>�<�,)<�l�n+.-' A�*)<�4�k�5�S��-rye/��b�@�<��ye/©�H�C�*)4�.�5�B+.-I�5��-C���s&U¯n-tq
ù8�ª&j/½-Q�5�S�nqdq(-t+e�5���@�0�:�,-' �+5�@�N�%ú -I�4�ª���,&U�
�4�*&U�.-�/
�J�,-g���.+5�8��-g�@ J�5�,-gÿ=¡Q�����4�*),qU���o-��@�J|{)4�%�s-I���5�E��-I�5�.-t+v�5���@���8�e-g�4�b�_�f�:�,-����¦þ0&U�v)4�

�@ a�5�,-u&>�.�s-w'*+:�_�.-C���,),q>�{-n/D�J�,&U�#&U�K��-t+% A�*+5�u-C���.ù®�0�C�@�S�u-t+��t&���qW�,-tq>��ùM���e&>�®�_£!-w+.&>�e'ª��+:�@�,'n-
�@ �¸ µ��4�*�*+�¸ � /Gµ��4�u&>���%�s-C�<�S�@ #x0�*+px*/ � �4�I�§+.-I�5��-C���s&U¯n-tq
ù*/Ï�]� �:�e-p�4���nqJ�
��+5�{�,-C�{&d'8�±�e�
�5��-C�w&��nq±�¬�=��ú]���,&U�j�_ ��g�?°
Ên�,-C�{&d'8�0�S��ù��o-�)<�.-C�!/�ÿl�P��-I�N�.&>�8�e-C�k�@�Y��¯n-'�:�,-'�@�5�,-t+J���e&>�4���n+{-
�C�@�S�u-t+��t&���q�%�û��Qÿf¢¶�f�@�4���u-C�X�*+.&(-C�C�¬�@�<�®�n+{-S�<�@�K�8�o-w+:�_�.-C��&>���k�w+.&U�.&>�C�nqT à�@���,&>�8���.&U�4�t-b�5�,-
�tqU�c��ö��5��-t-C�¥&>�J�8�eqUùgµ*ySüj��£n/

xaÞàßlÞ]x ­ õ æ ô�è ä ñ�ð¨êÇÌ æ ò æ ð2ð æ èWí'ñ ã ò�ô�èWð�íïè?ë í ò4õ æ ô�ð�èTò æ ô�ñeëeò<ð�ñ ä%ä,æ ð
÷��,&(qd-f�5�,-H �+5�@�N�%ú -I�4�����,&>��&U��-C���.-I�N�.&��nq(qUù������nq(&d£w-C���@�<�E�:�,-H �+��8�.��ú -I�4���
��+5�M���@�{-tqd&U�,-v���*qd)c�s&>�@�
¯*-w+�ù��§-wqdq¤�e-w���,-I�±�4�:�e- �
�nqU�*+.&U��-��s-w+�+{-
�@�<�*)<�J�C�n+5�M²��a°J³Q�J´e�@�4�g�5�,- �w+:�_�.- �C�8�.�.+5�*q(qd-t+��
��+5�0�n+{-
���.&dq(qÈ)4�4�,-w+=�,-I�.&d'@�h/�üª�@�.ù�-tq(-C�u-C�.�:���@ ��5�,-C�{-v�
��+5�4�
�G&dqdq���-K�C�8�X�S�@�p�G&
�:�k�:�,-f�8�,-C�
+.-w¹�),&d+{-C�
 A�*+i�@�:�,-w+W�}� �e�b�,-��s-I�I�:�n+5�t/�÷�-e�5�,-t+{-I A�*+{-g-�þc��-C�I�W�5���_�i�:�,-a�e-C�.&('8�b�@ ��5�,-C�{-J�
�n+��4���G&dq(qN�C�8�.�s&U��),-
�:�u-I¯@�*qU¯n-Q��¯n-t+P�:�,-Q�,-�þL�rx�ú%�vù*-C�n+5�w/
ÿ �5��-C�t&D���g �)4�4���s&U�8���nq(&U�]ù��@ P�:�,-k�a°a³K�Ð&>�v�5�,-�£t-w+5���.)4�<�,+.-I�5�.&U�8�h/"�J�e&>�b�Y�*&>�.�b���_�b�o-w-C�

���.)4�,&(-C��&U�{����+����X�C�@�4�t-I�<�s)���q��e-C�.&('8�{�@ =�5�,-j�a°J³Q� �¶�@�¦·j/{ÿ �.&U�S�,q(-g�8�<�.&>�8��&U�*�5���@�4�,q
ù��
�:�e+.-C���4�*qU�g�@�4�X�:�K�s+:�_�4�5�u&U�?�:�Q�:�e- ¡Pÿ
Ñ¥�8�,qUùv�:�4�8�{-=�����_�4�,-tqU�e�_�O��¯*-��:�,+{-C���4�*q>�!/WÿÒq>�@�o-wq��v)4�%�
�:�e-C��&U�,-C�.�.&U ­ù�-C�@�������4�@�4�,-wq=�@�<�{�5�,-j�4�_���E A�*+����_�I&U�*���{-t¹�),-I�4�t-E�_ Bq>�@�o-wq
ú	���_����ú q��_�o-wq
ú]�4�_���e/
�l�z��-I¯n-t+= A�*+��@�I�t),+5�_�s-K�Y�8�.&
�s&>�@�j�_�4�¥-I�,-t+{'@ùk��-C�@�.)e+.-C�u-C�.�
&>�¥���eÿ ��&
��&U�P�o-��5�s-w+J�:�X��-C�@�.),+{-
�:�e-k�:�n&dqa�_ =�:�e-j���4�z�§-w+5�g�4�z�P�{�:�M¯*-t+%ùÏq>�z� ¯_�nq(),-C�w/��J�,-�&>�,-C���_ =�:�e-E���,&>�u-C�<�.&>�@���nqg£w-t+5�¦ú
�.)<�4�,+.-I�5�{&>�8�p&>���:�v A�n+5�t-�+.-C�@�4�*)<�e�@ ¬�nq(q¨�5�,- $ �e-t&d'@�L�Y�*+{&>�,'f�t-tq(q>�!�@ ±�:�e- �t-wqdq>�e�@�Y��¯n-'�f�5�,+.-I�5�4�*qU�
�
��qdqd-I�*�.-t-I�4�t/
�	��&>�W�5�,-C�S�O�8���.&U�,qd-a�5�r+5�n&>�{-a�:�,-P�:�,+{-C���4�*q>�X�@ O�:�,-P�.-w-C�4���:��)4���8�<�:�n&>�,&U�,'Q�Q�.&>�u&dq>�n+
������q��@�X�*)4�.�a�@ ¬���¦���v �+5�@� �@¡Î£w-t+��_ú]�{)4�4�,+{-C�5�{&>�8�j�@�e �+��8�d�:�,-'�{&>�X�,qd-l�5���,-I��-�/��J�e-'�,+5�8�Y�8�{-C�
�u-I�:�<�c�¤&>� �5�j�,)e&dq>�M�0�,&
�:�S�@���@ ��:�,-X�����@�4�e-tqW�:�0��-u+{-
�@�<�*)<�C��+5�%�v�.ù��@�<�,qUù�&>�e'0�0�5�,+.-I�5�4�*qU�
�:���4�4�"�:�,-��.-t-I�4�C�?�:�e-C���.ù��@�<�,&>�,'j�:�,-g�e-t&d'@�L�Y�*+��v&>�.�:�j�:�,-g�e&U�:�S�@�®�@�4�"�:�³+.-
�_�"�:�,&U�H���_�
�:���,),&dqU�j�5�,-H�*)<�5�,)<�=�,)<£o-t+t/B�	� ���@�=�o-w-C�����,-I��ön-C�M�:�4�_�=�5�,-b�
¯*-w+:�n'*-f�s&>�u-f��¯_�n&(q��@�eqd-Q�o-�� �§-w-C�
qd-�¯*-wq�x'�.+.&d'n'*-t+Q²��8� ¦ ��´g&U�J�S�*+{- �:���_�k�e-t-C�e-C�h/

�	 Y�5�,-J�:�,+{-C���4�*q>�b A�*+�+.-
�_�4�*)<�?�@ ¨�5�,-
�!�eÿ=��¿@� �eÿ=�³&>���{-I�C��&U�H�:�,-J�{&>�X�,qd-e�8�<�s&U�8�±�.�¦�WµQÿ ¡Q�
�C�n)4�.�:�C&j/½-n/f�_�Q�@�Y�*)<�=�:�,+{-t-H�s&U��-I�=�:�e-b�4�*&>�{-vqd-�¯*-wq��:�,-I�±���8���.&U�v),q>�_�s-I��ÓÔ-I¯*-I�.�:�C��&>�M�
¯n-t+:��'*-
µ3y*y0�*)<�K�@  � y*y*yp���eÿ �`�w-tq(q>�K�@�4�®�ny*y0�*)<�K�@ �x��ny*yk� �eÿ=�`�t-wqdq>�'�4��¯n-S�5�j��-I+.-
�_�4�*)<�t/��J�,&U�
�C�n+.+.-I�5�Y�8�4�4�P�:�X�@�Y�*)<�=�0/©�HöN�NùN�.-C���@ ����¦���e/

øL�s)4�e&d-C�*��+.-g�8�e'8�*&>�e'ª�:���@���_�<�H�:�e-D�:�@�u-D�t+5�_�s-D�I�8�.�s+5�nqdqd-w+H�@�<���a°a³K�B�:�E�5�,-0û�ø,¿8ø<û?¡
�,-��s-C���:�*+w/!�J�e-f�_�S�*)<�N�P�_ T���¦���b�o-w+G-I¯*-I�.�B�!�*),q>�0��-K�@�O�n)<�l�HöL�.ùN�s-I�t/

xaÞàßlÞ>Õ Ö èWíQê%èTò4ê,ñeë ä%æ�z!æ¬ä%å
ÿa�=�5�,-f A�n+.-C�{-t-I���O�8�{&U�.&>�8�0�@ ��5�,-v�w+:�_�.-C�I�¤�,+{-C�.-I�.�'�
�nqU�t),q>�_�s&U�8�4�J�,+{-C�,&U�I� ��qd-�¯*-wqi�@ �+:�@�,&>�_�s&U�8�0�@ 
�n+��*)4�4��xzy*yI+:�@�j�o-w+�ùn-
�n+H�G«.��·j/J°��@�,&>�_�s&U�8�0���@�S�n'*-Q�@ �-tqd-I�I�.+5�8�,&U�C���5�4�n),q>�k�:�,-w+.-I A�n+.-K�4�@�l�o-f�



±*y ��"����B���
���������
��"���������	8�����0���G�

�,+��8�,q(-C��/��J�,-Q�8�,q
ùg�,+��8�,qd-I� �@ i�C�@�4�t-w+5�³&U�a�:�,-'�@�,-Q�@ T�{&>�,'nqd-�ú>-I¯n-C�.�
)4�4�.-����
�n)4�{-C�j�Nùg��)<�tqd-C�n+
&U�N�.-t+5�@�I�.&>�8�4�#&>���:�,-D���e&>�4�I���P�,&U��� ���4�@�,'*-D�:�e-0¯_�nq(),-g�@ =���,&U�v&>����-I�S�n+.&d-I�t/¤�	 =�5�,&>�H���4�@�,'*-
�_£o-C���:�f�8�,qUùM�@�,-S���4�@�4�,-wq§&>���8�,-�-I¯n-C�.�H�:�e-��,+��8�,qd-I�×&>�K�4�@�f�.-�¯*-t+{-n/ª�l�z�§-�¯*-w+v&U P�k�,+5�n'*+:�@�
�@ T�u%�û��Qÿ�&>�P�¦£!-I�I�s-I�j�5�,-C�ª�nqdq±�{)4�4�{-t¹�),-C�.��-�¯*-I�N�5���!�*),qU�j��-v�¦£!-I�I�s-I�¥)<�N�.&dq}�I+.-wq>�.�@�¤���@�4��&U 
�0�,+5�n'*+:�@�Ø&>�M�:�,-��a°J³Q�Ù�§-w+.-��_£!-I�I�.-C��&
�K�C�*),qU���I�8�.���@�u&>�4�_�s-X�D �),qdqW�w+:�_�.-n/g�J�,&U�r¹�),-I���.&>�8�
�G&(qdq¤��-Q�@�4�e+.-C���.-I�³&>�g�5�,-Q�C�8�u&>�e'vù*-C�n+t/
�	�����
ù¢'*),&>�e- �*),+J���4�n&>�t-Q�@ �%�û��'ÿn�*+a A�*+��t- �:�*�X��¯*-
�5�,-�&U�.�s-tq(qd&('*-C�.�?���n+%�e�_ ±�:�,-=�a°J³Q�`�@�4�S�t+5�_�s-l�C�8�.�s+��*qdq(-t+?��-C�,&U�4���K�5�,&(-tqU�,&>�,'C�e�nqdqªqd-C�
¯0&U�,'K�8�,qUù
+{-C��-
�_�.-t+5�G&U�0�5�,-Q�t+5�_�s-�/

Ú�Û¡Ú ÜÎÝtÞ�ß�à�á�âuã�ä�ß�åÆâIæèç�á�Þ�å�é�âCêÔÞ�áÔë#ã�ì å�ß
ä�ã�à�ätÝ�Ýtërà�âuáíç�ëvì ì�Þ�î
à�Þ�ß�à�âuá

xaÞ]xaÞÇï ð é æ ô}ê ñQô â�ð è?ë í ð�â�ò é ã'ä%åcæ�å õ è?é æ}å
�J�,-��.&d'@���nq?�5���_�o-g�_ a�:�,-�û�ø"�@�4��ø<û?¡ ���
¯n-D�@�Y�*)<�v�5�,-��5�@�u-��,),+5�_�s&U�8�"�_�f�:�e-����eÿ �2�@�4�
�=�eÿ �ª�,)eq>�.-I�tóc�8�X��¯n-t+5�n'*- $ �*¨ �@ Y�:�e-l������+.'*-G&>�W�@�<���n&U�,-C�u&>�S�8� �4�w/?�l�z��-I¯*-w+C�c�.&>�<�t-J�:�,-l�
¯*-w+%ú
�n'n-l��)4�H��-t+e�@ ��4�4�_�:�v-wqd-C���s+��8�4�§&U�!�@�,qUùS�@�Y�*)<�a�8�K��-t+aü¥�,ûi�L�:�,-w+.-=�n+.-�¯*-t+%ù¢q>�n+.'n-
��)<�I�s)4�_�s&U�8�4�
&U�j�:�e-H�.&('8���nq¬�,),qU�.-H�����@��-0�G« $ ·º/��	���e�@�=�:�e-t+.-� A�*+.-v�C�8�4�{&>�,-w+.-I��)4�,+.-C�@�5�@���@�,q(-v�:���.+�ùk�:��&U�S�eqd-�ú
�u-C�.�b�E�e-tq��
ù.ú q(&>�,-X�,),qU�.-g�����@�,&U�,'��@�#&>�®�5�,-����eÿ ��¿@�=�eÿ ��/?³ �"�:�,-��@�:�,-w+H���@�<�±�W�.&U�4�t-��5�,-
)4�{-I �),qY�<ùL���@�u&>�
+:�_�,'*-
&>�?�]ùc�e&>�
��qdqUùH�8�,qUùb �+��8�Æx'ü��,û��5�¢xzynyHü¥�,û¬�<�@��ÿ ¡Q�Ï�G&
�:���@�,qUùpxzyK�,&U�5�
�C�@�b�o-�)4�.-I�X�@�4�b��-C�,-I������q4���:�@�,&dq(&U�]ù�&U���4�@���@��&U�S�Y�*+��:�@�.���_�i A�*+¬�:�,-����eÿ=��¿_� �eÿ ��-tq(-C�I�.+5�8�e&>�C�I�
�P�,&(qd-u&U�#&>�#&U�S�Y�*+%���@�.�Q�:��&U�.�s-t'n+:�_�.-��:�,-S�.&('8���nq���¯*-t+*�k�s&>�u-S�@�vq>�@�,'E�@�v�O�8���.&U�,qd-I�G&U�5�,&>�®�5�,-
�8�b�4�Gqd&U��&
���_�.&>�8�<�t/��J�,-K�4�4�_�:�@�.)4�o-K���4�8�{-C�k�:�X�,-I�.-C�I�l�:�,-~qd&('8�.�a �+5�@� �:�,-fû�øj�@�<�Eø<û?¡����o-w+5�
&U�v� � µª�����@�<�,-tqa�#),qU�.&
ú,�_�4�c�e-*û!ü¤/T�J�,-D�G�Ô&U�v�C�@�S�X�8�M�:���nq(q � µª�����_�4�,-tqU�b�@�4���:�,-w+.-�&U�H�
�4�@�cú,�@�}|{)4���:�@�,qd-�'.�n&U�v�,&U�5��-t+��.&>�@�H�@�X�8�,'��:�,-I�.-a�����_�4�,-tqU���@ ¨�_�O�*)c�W�� à�_�I�:�n+T�@ �µ<���P�,&U���b�4�z�§-�¯*-t+
&U�J�C�8�4�%���@�.�
&>�D�.&>�u-n/��	�P���_�P�5�,-t+{-I A�*+{-Q�o-w-C�k�,-C�w&>�,-I�k�5�X�eq��@�w-Q�5�,-�»%¯n-t+�ùD �+��8�.��ú>-C�4�,¼X�@�X�,q(&(��-w+
&U�N�.-t'*+5�_�:�n+ �
�n+��M�8���:�,-*���@��öª�@ ?�:�,-*�4�4�_�:�@�.)4�o-I�K�@�4���:�0�C�@�S��-C�4�5�_�s-H�5�,-I'.�n&U�E¯@��+.&��¦�s&>�@�ª�.ù
qU�.�@�¢+{-C�{&>���:�@�4�w-C�J�_�!�:�,-�-C�.�s+5�@�4�w-'�@ ±�:�e-'�@�X�,qd&D��-t+��P�,&U���¢�G&dq(qY��- �_�J|{)4���.-C�D��-I� ��-t-I�ª��yv�§�@�4�
�nynyu��/

xaÞ]xaÞ	á ­ õ ænâ8ð ô�z!æ ð,õ î�ð�ñ!ëaòNó æ ë í�ö í æ}å êÄ÷eë
�J�,-0���*qd)<�.&>�8�"�@�4�8�<�.-C�Ï&>�v�5���nqU�.-t+5�4�_�s-�-�¯*-w+�ù �8�E�4�b��-I� ��-t-I� � �!��&U�N�.-t'*+5�_�:�n+5�b�@�<�{�5��+.-C�{-I�
�8�e-�&U�.�s-t'n+:�_�5�*+v�P�,-C� �:�,-0�@�5�,-t+X�8�,-p&>�X�@���s&
¯*-n/ �J�,-k�.&d'@���nq�&>�b�5�@�X�,qd-I� �.ù��s+5�@��ö8ú,�@�<�cú]�4�nq>�
�w&d+5�w),&U�5�v�_�4���5�,-��*)c�:�,)<�v�@ a�5�,-g�@���s&
¯*-u&>�.�s-w'*+:�_�5�*+~&>�K���4�8�.-I���.ù®�k�v),q
�s&>�eqd-�þ0-w+C�} A�*qdqU�}��-C���.ù
�g� �G&>�%�s-I�cú]����&d+ �C�@�,qd-b�e+.&U¯n-t+w/HÿBq(qT�t&(+5�w),&U�5��-tqd-I��-I�.�:�Q�n+{-H �)4�4�I�.&>�8�e&>�,'�&U���,&U£o-t+{-C�.�s&>�nqT�X�c�e-H�:�
&U�S�,+���¯*-=�%���@�e&dqd&
�]ù*�@�4�D�e&>��ö�)4�cú	�4�*&>�{-B+{-Ä|{-C���s&U�8�h/��J�,-'�w&d+��t),&
�e�,-I�.&('8��&>�!�5�4�z�P��&U��%�&d'e/<��/�� $ �@�4�
%�&(',/���/��n±*�@�<�j�,-����n&(qd-I��&>���G«n±_·j/
ø0&U�v),q��¦�s&>�@�D�@ T�5�,-v��-C���
¯�&>�n),+P�@ ��:�e-f�w&d+5�w),&U�5�G&>���5�4�z�P��&U�k�5�,-v�C�@�.-K�@ ?�S�ny���-w�Ù&>�<�t&>�e-C�.�

-wqd-C���s+��8�D�,-tq(&U¯n-t+.&U�,'H�H�{&d'8�4�nqO�_ ¬�@�O�n)<���nybü��,û?�w/?�J�,-'�.&('8���nqU�a�_�!�:�,-�&U�4�,)<�C�4�_ ­�.-t+g&U�.�s-t'n+:�_�.&>�8�±�
�.+:�@��ö8ú,�_�4�cú]�<�*q>�k�@�4�0�v)eqU�s&U�,qd-�þ0-t+J�n+{-Q�5�4�z�P�³&U�p%�&d'e/?�0/¶«*y<�¨�0/¶«ex8���0/©«8�*�_�4�E��/©«8«0/
�J�,-*�4���_�.&>�e'D�@ ?�:�,-b�wq>�L��ö¥�G&U�5��+.-I�5��-C�I�Q�5�0�5�,-b�.&('8���nqi�,-I�.-t+���&U�,-C� �5�,-b���:�n+��Q�@ ?�5�,-�&>�.�s-�ú

'*+5�_�s&U�8�h/�ø0&U�4�t-K�:�,- � µ��4�o-w+Bqd-I�,'@�5�4�l A�*+l��'n&U¯*-I��û�üw�n+{-#&>�e-C�.�s&U�
�nq¬�@�4�j�:�,-f�,-tq>��ù�&U�4�.&U�,-K�5�,-
û�üø&>��&U�,-C�.�.&>�
��q��G&
�:�,&U���� �+:�@���s&U�8���@ ?�8�,-b�<�C�È&U�B&>� �{)eùX�t&(-C�.�'�:�D���
¯n-X�@�,-b�tqU�c��öj�@�J|{)4�%�:�u-C�.�



���E�����
	��
�
�������������������
�����e"#�~ú��
�û�����ü�h���Ä�����Ä	�	��B�§�����o�B�ü���B���
�
�§��� ±ex

ý þ ÿ

� � � � � �
� � � � 	
 � � 
 � �

� � � � � � � � � � � � � � � � � �

ý þ ÿ

%�&('*),+.-���/! $ Ë#"%$YÎ�Ï'&�Ó�Ï:Ò¦×�ÔàØ5Î�×YÚ)(KÚLÎk;�ÐD4@×YÝ

%�&d'*),+{-*�0/+ n±<Ëgfh7�Õ�Î�iXÜ@ÔàÐj7k;HÒ,ÓQÔ­Õ�ÎQÐ­×�Ô,Îj4@Ï�Ü@Ô]Ò¦ÏIÝ



±, ��"����B���
���������
��"���������	8�����0���G�

t (ns)

V
 (

m
V

)

%�&d'*),+{-��0/¶«*y<Ëgf¨Ð:i�«�9
Ü@Ô�ÐhÒ¦×EÑWÐ­Ô­ÕªÜ�H.-0/lÎ.$�Î�9>Îk7�Ô�Ï:Ò¦×³;�ÐD4@×YÜn921�7�9>Òz7k¶�Ü@×YÚSÐ­×n2�«cÔ�;�ÐD4@×YÜn9
Ý

V
 (

m
V

)

t (ns)
%�&('*),+{-��0/©«0x8Ë�f¨Ð:i�«09
Ü@ÔàÐhÒ¦×�ÑWÐ­ÔAÕªÜ�H.-0/lÎ.$`Î�9>Îk7�Ô�Ï:Ò¦×³;�ÐD4@×YÜn921=Ð­×�Ô]Îj4@Ï5Ü@Ô]Ò¦ÏbÒJ«cÔE2�«cÔ:;*Ò,ÓQÔAÕ�ÎrH³7�Õ<Ü@×�Ø
×¤Î�9<;CÝ

²�&436587.-:9;5=<?>@<A3e-B3;5:´*9�-t+�9;C;<D7E<?7.);Fo-�/HGIC,-HJ?KL9,qd&D��-t+�&M3,7s-t'n+EJD7N<*+*Ot&d+8Ot),&27E5��G&dq(qPF�-u+{-QJnq(&d£w-:R¤&43
KL<A3;<*q(&M7NC,&4O ÿ üEø³ye/ $�¦TS �VUJüE³QøW7.-:OXC;3;<nq4<*'@ù�/G�Y7�&45Z>[<*+.-%5.-w-:3\7E<�&4KL9,qd-%K�-%3,7 $ OXC]J?3.3,-tqM5^9�-t+
OXC,&M9h/
ÿ^5_R,&458Ot);585.-%R�&43W5.-:O`7s&M<A3\ae/Gµ;b)JB9,+8<?7E<D7]ùc9�-�C]J?5^F�-t-%3\F,),&(qM7f²:�G&M7EC#JB5{&43,'*q(-*OXC]J?3;3,-wq­´��ZC,&4OXC

�d<*+5ö�-:Re5EJf7s&45V>gJ?O%7N<*+.&(qUù{²gJD>h7s-w+iJ0>�-��Í&M7s-w+EJD7.&4<A3.5:bPJD5#);5{)]Jnq­´¡/\GIC,-jRcùc3;J?K�&MO¢+NJ?3,'*-�&45k<?3,-¢�l<*q27
�G&27ECeJm3;<*&M5.-n<?>~xoKu�#/���&d'AC,7pOXCe&49;5��G&dq(qdF�-�'*+8<*);9�-:RÏ&43eJ\OQJ�+NRq<A38-QJ?OXCq9;C;<D7E<?7.);Fo-�/rGIC,-
<*)c7E9,).7Z<D>s7NC,-tKv),q27s&49eqd-�þ0-w+N5IJn+{-*5.-:3,7Z7ECe+N<*),'?Co7 �G&M587.-:RW9]Jn&d+uOQJ?F,q(-:5I<?>�xzyi7E<B nyiKu-%7.-t+85
q(-:3,'D7EC



���E�����
	��
�
�������������������
�����e"#�~ú��
�û�����ü�h���Ä�����Ä	�	��B�§�����o�B�ü���B���
�
�§��� ±Aa

V
 (

m
V

)

t (ns)
%�&d'*),+{-��0/va, cË§f¨Ð:i�«�9
Ü@Ô�ÐhÒ¦×�ÑWÐ­Ô­ÕjÜ¢H.-W/lÎ.$`Î�9>Îk7�Ô�Ï:Ò¦×¥;�ÐD4@×YÜn921�Ô�Ï�Ü�7k¶�Ü@×YÚ*Õ�ÒJ9
ÚkÒJ«LÔ@2�«LÔ:;CÝ

V
 (

m
V

)

t (ns)
%�&('*),+{-��0/+a?a<Ë§f¨Ð:i�«�9
Ü@Ô�ÐhÒ¦×�ÑWÐ­Ô­ÕjÜ¢H.-W/lÎ.$`Î�9>Îk7�Ô�Ï:Ò¦×¥;�ÐD4@×YÜn921QÒJ«LÔE2�«cÔaÜ�Ó�Ô,Î�ÏQÔ­Õ�Î~i�«09�ÔàÐ<2�9>Î8wcÎ�ÏIÝ

7E<x7ECe-Kÿ^y*Uz9eq{J?Ow-:R�&43j>�+N<?3|7%ú -%3;R0F}<,Jn+8R;5t/

~aÞ�~aÞ>¬ ­ õ æ�ð�â�ò ô]�!æ ð,õ î�ð�ñ!ëaòNó æ ë í�ö í æ}å êÄ÷eë
GIC,-Qøcû�y�>�).3;O%7.&4<A3�&45d7N<kR,&M5NOw+.&4Ku&43;JD7s-ZF�-%7 ��-t-:3oOXC]J�+.'*-%Rn9]Jn+87.&4Owqd-:5dJ?3;RH3,-t).7.+EJnqM5�&M3jJkRe-%7s-%O%7N<*+
�ZC,&MOXC�KBJD7EOXCe-:5t7EC,-p9e+.-:58C;<z�§-w+iJ?3.R���Ueÿ^��Ot-wqdqP5{&d£t-�/pGIC,-Sø<ûly�5{&d'A3;Jnq45tJ�+.-p<AF.7EJn&43e-:R�b�J?5C&M3
7ECe-�O:J?5.-*<?>�7ECe-Qû!ø}b;>�+N<AK �?� OXC]J?3;3e-tq�Kv),q27s&{JD3;<cRe-^9;C;<D7E<AKv)eqM7s&M9,qd&(-t+85t/�GIC,-*KHJn&M3jR,&2�!-w+.-:3.Ot-*<?>
5N9�-:Ow&(�]O:JD7s&M<A3p&45u7NC]JD7I7NC,-t+{-~&M5I3;<pO:<?KB9�-tq(qd&43e'#+.-:J?5N<?3W7N<LR.<L9e),q45{-:C,-w&d'AC,7�J?3]J�qUù�5.&M5@<A3jø<ûly�5{&d'_ú



± � ��"����B���
���������
��"���������	8�����0���G�

3]J�q45t/��Y7��uJ?5P7EC,-w+.-`>[<*+.-IR,-%Ot&MR,-:Rp7E<B);5.-ZJ�5{&4KL9,qd-w+�5N<nqd).7.&4<A3#�G&27ECpJ�5{&4KL9,qd-dR,&458Ot+{&4Ku&43]JD7N<*+�<*).7N9,).7
J?3.RBJt7ECe+.-:58C;<*qMRB5{-%7dJD7�ye/+�Qü¥�,ûT7EC�);5l<AF.7EJn&43e&43,'C± $ ¨ -wùLOw&d-:3.OIùL<A3xOXC]Jn+{'*-:RL9]Jn+V7s&4Owqd-%5��@x}°�b� A���º/

GIC,-�9,+.&M3;Ot&M9,qd-u<?>)7NC,-ZR,-:5{&d'A3I&M5�5NC;<z�Z3¢&M3u%�&d',/A�0/va � J?3;RLR,-%7EJn&dq(-:R�&430�Ex�aD�º/�GIC,-Z>�+N<?3|7l9;Jn+87�<?>
7NC,-uOw&d+NOw),&M7�&45�&4R,-%3,7s&4O:Jnq,7E<^7NC,-u<?3,-@<?>;7NC,-@9,+{-:58C;<z�§-w+t/Wÿ_>h7.-t+�7EC,-u7.+EJ?O�ö�J?3.RiC;<*qMRpJ?3i<A9�-t+NJD7s&M<A3]Jnq
J?KL9,q(&(��-w+~&M5#);5{-:R�7E<#5.);F.7.+EJ?O`7�x��*¨�<?>�J\5NJ?KL9,qd-x>�+N<AK�7NC,-H>[<*q(q4<z�G&43,'W<A3,-�/mGIC,&45=OQJ?3.Ot-tqM5i<A3
JQ�*-w+EJn'n-x7NC,-pOXC]Jn+{'*-xR,-tq(&M�n-t+.-%R6FNùmJo9e),q45{-�&43m7EC,-i7.&4Ku-v&43,7.-t+8�DJnqsFo-`7 �§-w-:3e ?�jJ?3;R��nyn3;5*JD>h7.-t+
&27E5I587EJn+87t/

GIC,-pO%<AKB9eqd-%7.-=Ow&d+8Ot),&27�C]J?5^Fo-w-:3mR,-%5.&d'?3,-:R6J?3.Rm5.&4K#),q{JD7.-:R¥);5.&M3,'0ø<û
��UuGZ����J?5�-wqd-:O`7s+{&4OQJ�q
5{&4Kv),q4JD7E<n+t/iGIC,-u+.-%5.),q27E5�Jn+{-L58C;<z�Z3�&M3�%�&(',/L�0/va,�nJ?3;R�5NC;<z�*b�<A3�J?3�-�þ.J?KB9eqd-p<?>d>[<*),+t9,),qM5.-%5:b
C;<z��<A3,-kOQJ?3\F�-i5{-:3;5{&M7s&2�*-k7N<nJ��G&MR,-i5N9�-:O`7s+{);K�<?>l9e),q45{-:5B�G&27EC;<*)c7^7E<�<HK#);OXCmKv),q27s&49eqd-���+.&M3,'
<?>�7ECe-�Re&45NOw+.&MK�&M3]JD7E<n+@J?3;R��ZC,&(qd-'ö�-t-:9e&43,'L5.-%3;5.&27s&M��&27]ù�&43n5{);O:Ow-:5N5{&M�n-x A�i3;5Z9o-w+.&M<cR;5w/

GIC,-t5{&d'A3]J�q)<*)c7E9,).7§&45d5.-:3,7I��&{J�7 �G&4587.-:Rn9]J�&d+N5�7E<k7NC,-'û�øB>�+N<?3|7%ú -%3;RnOQJn+8RoJ?3;Rj7NC,-�5.&M3,'*q(-_F,&27
O:Jn+.+%ù0&M3,'H7NC,-�&43.>[<n+NKBJD7s&M<A30<?3\7EC,-Xø<ûly�587EJD7s-#&45�9,+8<cOw-:585.-:R67E<n'*-%7NC,-t+B�G&27EC\7NC,-�xzyHF,&27E5�<D>�7NC,-
9,+{-:58C;<z�§-w+t/

%�&('*),+.-���/+a � Ë#"%$YÎ�Ï'&�Ó�Ï:Ò¦×�ÔàØ5Î�×YÚ)(KÚLÎk;�ÐD4@×vÓ
Ò¦ÏQÔAÕ�ÎCf,ll�fÝ

~aÞ�~aÞAß ­ õ ænâ8ð= �ð�â¤ò î�ð�ñ!ëeòLó æ ë íÀ®vñ�èWð�í
GIC,-W>�+N<A3,7%ú -:3.R�F}<,Jn+NR.5jJn+{-¥&M3¡Ow+EJD7.-:5B7NC]JD7jJn+.-W9,q{JDOt-:R¡<A3¡7N<A9�<D>�7EC,-³��Ueÿ���buJD5B58C;<z�Z3 &43
%�&(',/)�0/Dx�ae/tGIC,-�ù�+.-%Ot-t&2�*-i7NC,-pJ?3]J�q4<*'*)e-k5.&('A3]JnqM5_>�+8<AK �D� û�ø\J?KB9eqd&(�,-t+N5^J?3;R�&M3|7.-t'*+NJD7E<n+N5:b¢J?3;R
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Ü@ÔàÐhÒ¦× Ï:Îk;�«�9�Ô�;�Ò,ÓªÔ­Õ�Î�Ú@Ðd;z7�Ï�Ð:ibÐ­×YÜ@Ô]Ò¦Ï�·t9>Òz7k¶z;CÝül!Ï�Òz7�Îk;k;�Ð­×�4�;�Ô]Î 2�;vÓ
Ò¦ÏfÓ
ÒJ«cÏ
2�Òz;k;�Ð¾·t9>ÎHÎ�Í@Î�×�Ô:;CÝ



± � ��"����B���
���������
��"���������	8�����0���G�

>�+8<AK£7NC,-tO:<*+{+.-%5N9}<A3;R,&M3,' �D� ø<ûly¤R,&M5NOt+{&4Ku&43]Jf7E<*+85t/�GICe-Iù�&MKB9,q(-:Ku-:3,7@>�);3.O%7s&M<A3;5I5{&4Ku&dq{J�+�7N<x7NC,-
<A3e-:5@<?>¢7EC,-t¥^Ueÿ���¿n��Ueÿ��6>�+N<A3,7%ú -:3.RjF)<AJn+NR;5�&j/½-�J?3�ÿ�y*U¡>[<*+�7EC,-�9e+.-:58C;<z�§-w+I5.&('A3]Jnq¦b�9�-:Re-:587EJnq
O%<*+.+{-:O%7.&4<A36JD3;R�',Jn&43#OQJnq(&4F,+NJD7s&M<A3�b}9,+.-%9]Jn+EJf7s&4<?3m<?>l7s+.&('*'*-w+B&43c>[<*+NKBJD7s&M<A3�b}9,&49�-tq(&43,-=587N<*+EJn'n-pJ?3;R
5{-tqd-%O%7.&4<A3o<?>sR]JD7EJp>[<n+�+.-QJDR;<*).7
);9}<A3�+.-:Ow-:9.7.&4<A3o<?>�7s+{&d'*'n-t+I5.&('A3]JnqM5t/

GIC,-t58OXC,-:KBJD7s&MO:5@<D>�7NC,-�O:Jn+NR�&M5@5NC;<z�Z3p&43�%�&d'*)e+.-t��/+a � J?3;Rj7ECe-�OQJn+8Rp&45uRe-:5NOw+.&MFo-%R�&M3jR,-`7XJn&(q
&M3n�Ex � �º/�GIC,-u9,+.-%5NC;<z��-t+�5.&('A3]JnqM5�Jn+.-dR,&d'*&27s&(£t-:R�F.ùuxzy_F,&27E5PUJü\§Qøfÿ�y*U^¨©5:b?7NC,-uOwq4<�O�ö*<?>;7ECe-eÿ�y*U
Jn+{-pJ?RJ|{).587s-%R\7E<nF�-#��-tqdqsOt-%3|7.-t+{-:R¤&43#7NC,-p5EJ?KL9,q(-iJ?3;RmC.<*q4R\<n).7E9,)c7�>�+N<AKª7NC,-i�*-w+�ù#>�+8<A3,7�ú>-:3;R
O:Jn+NR;5%b.J*5.&M3,'*q(-ZJ?RJ|{);5V7EKu-:3,7§&M5�5.)eùLOw&d-:3,7u9o-w+�O:Jn+NR\«gO%<A3,7s+EJ�+�ùp7E<*7ECe-�O:J?5.-�<?>)7EC,-_¥�Ueÿ^��¿��dUeÿ^�
O:Jn+NR­¬¡/

GIC,-Cxzy�F,&27E5�ÿ^y*UT>[<*+NKBJD7�&M5P7EC,-%3xO:<*+{+.-:O`7s-%Rx>[<n+P9o-%R,-:5V7XJnq­JD3;RI',Jn&43=�?J�+.&{Jf7s&4<?3iJ?3;RxO%<cR,-%RI&43
J?3 $ Fe&M7E5u9;5.-w);R;<��]<,JD7.&43,'=>[<*+NKBJD7@F.ùjJL�®<�<8öu²_9oGsJ?F,qd-p«¦��²_G�¬u<*+@��ÿ ü�/.GIC,-�J?R.R,+.-%5N5�+EJD3,'*-
<?>�7EC,-p�Pÿ'ü¯C]J?5^7N<jFo-kJD7�q(-QJ?5V7#xnxiF,&M7N5p«�&j/½-kJn �Å��Pÿ'ü#¬�5.&M3;Ot-#-QJ?OXCm<?>�7EC,-k7 �d<�&43,7.-t'*+NJD7E<*+85
);5{-:R6F.ù#K#),qM7.&49,q(-�þ0&43,'x>[<*+�-QJ?OXCm5{&d'A3]J�qsO:J?3mC]JQ�*-pR,&2�!-w+.-%3|7�',Jn&43.5�J?3;Rm9�-:Re-:587EJnq45w/tGIC,-iO%<cR,&M3,'
'*&2�*-%5�xtF,&M7@J?O:Ow),+EJDOIùH>�+8<AK©y=7E< � a=OXC]J?3;3,-wq45ZJ?3.RnFo-`7 �§-w-:30a3¨�JD3;R�x*/+�*¨�JDO:Ot)e+EJ?O�ùH>[<*+@Ce&d'AC,-w+
�DJnq(),-:5%be�ZC,&4OXC�&45Z5{)eùLOt&d-%3,7�&M3n�0&(-w��<?>s7NC,-Cq{Jn+{'*-���);O`7s)]Jf7s&4<?3;5I<?>�7EC,-*9,+{-:5NC.<}��-t+w/

G�<L7EJ@ön-C&43,7N<BJDO:O:<n);3,7�7NC,-C&43e�,),-:3;Ow-*<?>PJp5NJ?KB9eqd-t<A3n7ECe-*>[<nqdq4<z�G&M3,'i<A3,-B«[5.&43.Ot-Ix��*¨°<?>s7NC,-
OXC]J�+.'*-C&45G&M3|7.-t'*+NJD7s-%Rp&43o7EC,-t>[<*q(q4<z�G&43,'k5EJ?KL9,qd-Q¬@JLO%<*+.+{-:O`7s&4<?3�&M5I>[<*+.-%5.-t-%3³);5{&43,'x7ECe-�R;JD7XJi>�+N<?K
7 �d<i5.).O:Ot-%5N5{&M�*-^5EJ?KL9,qd-%5t/PGICe&45uO:J?3HF�-�9o-w+8>[<*+8K�-%R¢&43BJ��n-t+%ù�'n-:3,-w+EJnqª�@J
ùLF.ùBJ�x � F,&M7N5uJDR;R,+.-%5N5
��²_G±«g��²�G� A¬�/mGICe-n3�).KiFo-w+i<?>G+{-t'*&M587s-w+N5iO:J?3�F�-�-�þ�7s-%3;R,-%Rq7N<\9,+N<���&4Re-�-�þ�7s+NJ6 A�03;5pRe-tq{J
ù�5
O%<AKB9�-:3.5EJD7.&43,'H7NC,-pR,&2�!-w+.-:3,7tO:J?F,q(-vqd-%3,'?7EC.5^>[<*+�5{&d'A3]J�q45^O%<AKu&43,'L>�+N<AKýû�ü05t>�+N<AK²7E<A9m<n+_>�+N<?K
F}<?7N7N<AK³<D>_7NC,-oJ?9;9]J�+EJD7.);5t/eGIC,-o<*).7N9,).7x<?>�7ECe-0��²�G &43.Otqd).R,-:5 $ F,&27E5i>[<*+i7NC,-oO:<�R,-:Rq9,),qM5.-
C,-w&d'AC,7�J?3;R8xpF,&27^>[<*+^7NC,-k7.+.&d'n'*-t+%b��ZC,-%3m7EC,-p5{&d'A3]J�q�&M5_7]ù�9,&4O:JnqP<?>�JD3�-tqd-%O%7.+N<A3m<*+_<?>dJH9;C;<D7E<A3
«h>[<*+�-�þ.J?KL9,qd-�'n+.-QJf7s-t+@7NC]J?3#�*ü¥�,û�5X¬�/
GIC,-Sû�ø67s+{&d'*'n-t+�&43c>[<*+NKBJD7s&M<A3�b}7EC,-�ø<ûly©&M3.>[<*+NKBJD7.&4<A3mJD3;R�7NC,- $ F,&27E5*<?>eû�ø�9,),qM5.-xC,-w&d'AC,7

&M3.>[<*+NKBJD7.&4<A3xJn+{-_7NC,-:3j5{-:3,7@7N<=7ECe-��È-%�n-tqhy=9,&49�-tq(&43,-@7NC,-�R,-w+EJ?3;R.<AK�&(£t-w+dF,)c�!-w+@J?3;RL7EC,-^�È-%�*-wq�x
F,)c�!-w+
).5.&43e'x7NC,-*5EJ?Ku-C&4KL9,qd-%K�-%3,7XJD7.&4<A3HJ?5G&43n7EC,-�¥^Ueÿ���¿n��Ueÿ��TO:Jn+NR!/
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ÓAÔ ÕPÖ_×�Ø^ÙsÚlÛÝÜ|ÞßÙsÚ�ÕPÖ_à_á`Õ�×�â�ãtÚ�äcá`åZà

ænçXè énêkëAì_í�î êiï�ðTìtñIí�ï

ò_ó4ó}ôQõ?óMö ¼N¹M÷B½`øE½:¼�ùN».ú)û;½`øE½ ô ø ö ¼NùIüZ¹ óMó}ô%ö ÷Lý óMþ üZ¹MøNÿjøEÿ;½^ù õ�� ½`ø þ ý öAó ¹ ô%þBõ ø������	��

� ò���� � ���������
õ�� ûqüZ¹ ó4ó��[öAóMó4ö ü°øEÿ;½Wù õ�� ½%ø þ ¼N» ó ½:ù õ�� û ô:ö û;½%ùLøNÿ õ ø õ ¼N½o¼8½ ó ½�� õ�� ø �[ö ¼xøNÿ;½:¹M¼ ô:ö�� ùVøE¼8» ô øN¹ ö��¡õ�� û
ö ý}½:¼ õ øE¹ ö�� ¾! � øNÿ;½ �[öAó4óMö üZ¹ � º#üd½#ù8»;÷B÷ õ ¼8¹#":½jøNÿ;½WùNý}½ ô ¹%$ ô ¼N¹4ù'&|ùxø ö øNÿ;½ ôQõ?óMö ¼N¹M÷B½`øE½:¼kù þ ù8øN½:÷
õ�� û�ù ö ÷L½jù õ�� ½%ø þ ÷L½ õ ùN»;¼8½:ù ��õ ùký;¼ ö ý ö ù8½:û�¹ � øNÿ;½( � ¹2øE¹ õ?ó � õ�� ½%ø þ*) ¹4ù ô »;ù8ùN¹ ö�� 
+ ,� )-� üZ¹MøEÿrøNÿ;½
.�½ ô ÿ � ¹ ôQõDó  � ùNý}½ ô øE¹ ö��#õ�� û/� õ�� ½%ø þ � ö ÷L÷L¹4ùNù8¹ ö�� 
0.1 ,� �Iõ ø2�����2��¾

3  �ßô:õ ùN½ ö�� $]¼8½�¹ � øNÿ;½!4657�uú�½�8cý)½%¼N¹M÷B½ � ø õ?ókô:õ �A½:¼ �9� øEÿ.½�¼N½ ó4õ øE¹%�A½ ó4õ ¼Nº?½ õ ÷ ö » � ø ö��
ý öAó2þ ùVø þ ¼N½ � ½\ù ô ¹ � øE¹ ó4ó{õ ø ö ¼p÷ õ øE½%¼N¹ õ?ó øEÿ õ øH¹MùH»;ù8½:û ¹ � øEÿ;½ ô:ö�� ù8øE¼8» ô øN¹ ö���ö��*õ?óMó�ô:õ?ó4ö ¼N¹4÷L½�:
øN½:¼tù8»;ú)û.½%øE½ ô ø ö ¼Nù;
,<iø ö��=�[ö ¼-� ��)->�� � � <@?Hø ö�� ù �[ö ¼A��� ò 4 õ�� û!<@BBø ö�� ù �[ö ¼A57� ò 4 � ¹Mù
õ\ô%ö��;ô ½:¼ � ¾C.Iÿ;½nù õ�� ½%ø þ ¹ � ùVøE¼N» ô øE¹ ö�� ù �[ö ¼=DVøNÿ;½n»;ùN½ ö�� ý ó{õ ùVøE¹ ôHõ�� û ö øNÿ;½:¼ �.ö�� :�÷L½%ø õ?ó4ó ¹ ô
÷ õ øN½:¼N¹ õ?ó ù õ ø2�����2� üZ¹MøNÿ0¼8½:ùNý}½ ô ø^ø ö $]¼8½*ù õ�� ½`ø þWõ�� û#¼ õ û;¹ õ øE¹ ö�� ¼N½%ùN¹4ùVø õ��.ô ½FE/
+ ,� � < � üZ¹ ó4ó
ú}½ �[öAóMó4ö üu½%û �]õ�� û õ ý.ý;¼ ö ý.¼N¹ õ øE½tùN÷ ö &D½�û.½%øE½ ô øN¹ ö�� ù þ ùVøE½:÷Lù õ ¼N½ �[ö ¼8½:ùN½%½ � ¾

3 .Iÿ.½7��� ò 4 õ�� û(57� ò 4mû;½`øE½ ô ø ö ¼Nù õ ¼N½^ú.»;¹ ó ø � ¼ ö ÷°¹ � û;¹G��¹4û.» õ?ó ÷ ö û.» ó ½%ù�øNÿ õ ø õ ¼N½�ù8ø õ?ô &?½%û
ö�� ùN».ý;ý ö ¼8øiùVøE¼8» ô øN»;¼N½%ùkø ö#õ ÿ;½:¹MºAÿ,ø ö�� ¿.¾IH0÷ õ�� û�¿c¾ Ô ÷�üZ¹MøEÿ õ üZ¹4ûcøEÿ ö�� ?c¾ Ô ÷ õ�� û
Ô ¾ � ÷ �[ö ¼J�K� ò 4 õ�� ûL57� ò 4 � ¼N½:ù8ý)½ ô øN¹G�A½ óMþ ¾M.Iÿ;½@üd½:¹4º?ÿ|ø ö�� øEÿ;½I¹ � û;¹%�c¹Mû;» õ?ó ÷ ö û.» ó ½%ù�øNÿ õ ø
¹Mù�ø ö ú}½�÷ õ�� ¹4ý;» ó4õ øE½%ûxû;»;¼N¹ � º*øEÿ;½_¹ � ùVø õ?óMó{õ øN¹ ö�� ý.ÿ õ ùN½_¹4ù�NOH�PQ&|º �[ö ¼���� ò 4 õ�� û Ó ¾RB*ø ö�� ù
�[ö ¼�5�� ò 4�¾S.Iÿ;½-��� ò 4�ÿ õ ù õ ø ö ø õ?ó üd½:¹4º?ÿ|ø ö�� <TP � ø ö�� ù õ�� ûj¹MùuùN».¼N¼ ö » � û;½%ûWú þHõQ� ¼ õ ÷B½ �
üZÿ.¹ ó ½*øEÿ.½U57� ò 4rüu½%¹4ºAÿ,øEù � Ó PLø ö�� ù õ�� û\¹Mù^ùN½ óG� ù8»;ý;ý ö ¼8øN¹ � º.¾2.Iÿ;½V� ��)->�� �0û;½%øN½ ô ø ö ¼�¹Mù
ÿ õ�� ºA¹ � º � ¼ ö ÷ øEÿ;½xø ö ý õ�� û6üd½:¹4º?ÿ|øNù ó ½:ù8ù*øNÿ;½ �*� Pjø ö�� ù � ¹ �;ô%ó »;û;¹ � º õ?óMó ùN»;ý.ý ö ¼Vø�ú)½ õ ÷Bù%¾
.Iÿ.½�¹ � ù8ø õ?ó4ó4õ øE¹ ö�� ý.¼ ö�ô ½:û.»;¼N½ �[ö ¼ õ?óMó ùN».ú)û;½`øE½ ô ø ö ¼Nù_üZ¹ ó4ó ú)½*û;½`øE½:¼8÷B¹ � ½:û õ?ô%ô:ö ¼8û;¹ � ºpø ö øNÿ;½
ù õ�� ½%ø þ ÷L½ õ ù8»;¼N½%ùL
gù õ�� ½%ø þ#ô:ö û;½ ò B �_õ�� û õ?ó4ó�ó ¹ � øE¹ � ºxø öcö?ó ùZüZ¹ ó4ó ú}½ ô:ö�� ù8øN¼N» ô øE½:û �[öAóMó4ö üZ¹ � º
øNÿ;½ ô%ö ¼N¼8½:ùNý ö�� û.¹ � º �.ö ¼N÷LùW
gù õ�� ½%ø þ¡ô:ö û;½ ) <X��½��)¾ � ¾�.Iÿ;½mû þY�;õ ÷B¹ ô ú}½:ÿ õ ��¹ ö »;¼H» � û;½:¼
ù8½:¹MùN÷L¹ ô ½�8 ô ¹Mø õ øE¹ ö�� üZ¹ ó4ó ú)½*ùVøE»;û;¹M½:ûW¹ �oô:ö?ó4ó{õ ú ö ¼ õ øE¹ ö�� üZ¹2øEÿZ.1 ,�)¾

3 ò ú ö ».ø � P�Pnÿ;¹MºAÿ/� öAó ø õ º?½ ô ÿ õ��[� ½ ó ù õ ¼N½ � ½ ô ½%ùNù õ ¼ þ ø ö\� ½%½:û õ ø ö ø õDóPö��uõ ú ö ».øQ?�?�P�Pný;ÿ ö :
ø ö ÷i» ó øE¹Mý ó ¹M½:¼løE»;ú}½:ù �[ö ¼IøEÿ;½tüZÿ ö?ó ½ ôQõ?óMö ¼N¹M÷B½`øE½%¼@ù þ ù8øN½:÷W¾ ) ½%ý)½ � û;¹ � º ö�� øEÿ.½O$ �;õ?ó®ô ÿ ö ¹ ô ½
ö�� ý;ÿ ö ø ö ÷i» ó øE¹4ý ó ¹4½%¼Nù � øEÿ;½ ö ý}½:¼ õ øE¹ ö�� � öAó ø õ ºA½�üZ¹ ó4ó ú}½iú)½`ø�üu½%½ � Ô B�P;] õ�� û*<@?�P�P;] �¢õ�� û
øNÿ;½jø ö ø õ?ó@ô »;¼N¼8½ � øLý)½%¼ ô ÿ õ��[� ½ ó üZ¹ óMó��;ö øx½�8 ô ½:½%û � ÷ ò ¾J � øEÿ.½Z� öAó ø õ ºA½HüZ¹ ó4ó ú)½ õ ú ö �A½
øNÿ;½ ó ¹M÷B¹2ø ö�� <@B�P�P^]_
gù õ�� ½%ø þ ¹ � ù8øN¼N» ô øE¹ ö��  ,�YH�H � øEÿ.½ õ ý;ý;¼ ö ý;¼N¹ õ øE½p÷L½ õ ùN»;¼8½:ù �[ö ¼ ô »cøNøE¹ � º
õ ».ø ö ÷ õ øN¹ ôQõDó4óMþ øNÿ;½O5	]ßüZÿ;½ �0ö ý}½ � ¹ � ºpøEÿ.½ ô ÿ õ ùNù8¹4ùZüZ¹ ó4ó ú)½*» � û;½:¼Vø õ &D½ � ¾

3 ò Bxø ö <TPL÷(�u¹�¼ õ û;¹ öAõ?ô øN¹G�A½Q�uù�`+acb�ù ö »;¼ ô ½=¹4ù�»;ùN½%û �[ö ¼ ôQõ?ó ¹4ú;¼ õ øE¹ ö�� ý;»;¼8ý ö ù8½:ù �[ö ¼�5�� ò 4�¾
.Iÿ.½^ù ö »;¼ ô ½^¹4ù�½ �.ôQõ ý;ù8» ó{õ øE½:ûB¹ �HõU� ÷L÷Ýû;¹ õ ÷L½%øE½%¼ ��� ÷L÷ óMö�� º�ù8ø õ ¹ �;ó ½:ùNùc:�ùVøE½:½ ó øN»;ú}½�øNÿ õ ø
¹MùLüd½ ó û;½:û õ øjú ö øEÿ¡½ � û.ù:¾d.Iÿ.½#ù ö »;¼ ô ½\¹4ùLùN» ô &D½:ûzøEÿ;¼ ö »;ºAÿ¡ù8ø õ ¹ �;ó ½:ù8ù,:�ùVøE½%½ ó ý;¹4ý}½:ùBú þ�õ
ÿ þ û;¼ õ » ó ¹ ô ù þ ù8øE½%÷�øNÿ õ øu¹4ù�$ ó4ó ½:ûxüZ¹MøEÿHû;¹4ùVøE¹ óMó ½%ûxü õ øN½:¼:¾e.Iÿ.½^ù þ ùVøE½:÷£¹ �;ô%ó »;û.½:ù õ º õ ¼ õ ºA½Zø ö
ùVø ö ¼8½�øNÿ;½kù ö »;¼ ô ½ �)õ�� û õBô%ö ÷Bý.».øE½%¼ ô%ö�� øE¼ ö?ó4ó ½%û0ý.»;÷Bý õ�� ûf� õDó �A½%ù�øNÿ õ ø õ?ó4óMö ü�ø ö ¼N½��A½%¼NùN½
øNÿ;½=ü õ øN½:¼�g ö ü�û;¹M¼N½ ô øE¹ ö�� ¾ ò^ó4ó ÷L½ õ ù8»;¼N½%ù�ÿ õ �A½pú}½:½ � ø õ &D½ � ø ö ½ � ùN»;¼8½ ô:ö ÷Lý ó ¹ õ��;ô ½�üZ¹2øEÿ
øNÿ;½hDi� õ û;¹ ö ý;¼ ö øN½ ô øE¹ ö��Zj#õ�� » õ?ó Eh
gù õ�� ½%ø þoô:ö û;½�¸ � ¾



k lnmpo�q-r=s t u sOvCwAr/x(q y sOz{m}|n~��hm�q�~�v�|

èoçT� éoñK�\ìA�=�=�:ì
.Iÿ;½ ö �A½:¼ õ?ó4ó ü ö ¼'& ý;¼ ö ºA¼ õ ÷ õ�� û ù ô ÿ;½%û;» ó ½ �[ö ¼jøNÿ;½ ôQõDó4ö ¼8¹4÷L½%øE½%¼jý;¼ ö�� ½ ô ø0¹MùnùN»;÷L÷ õ ¼N¹G":½:ûz¹ �
¸�¹MºA»;¼N½B¿.¾%<A¾f Yø ô:ö �?½:¼NùiøNÿ;½Hý}½:¼8¹ ö û � ¼ ö ÷�øEÿ;½Bù8ø õ ¼8ø ö�� øEÿ;½ ô:ö��;ô ½:ý.øN» õ?ó û;½:ù8¹4º � ».ýTø ö øNÿ;½H½ � û
ö�� øNÿ;½ký.¼ ö�� ½ ô ø � üZÿ;½ � øEÿ;½ ö �?½:¼ õ?ó4ó ù þ ùVøE½:÷ üZ¹ óMó ú)½�¹ � ùVø õ?óMó ½%û õ�� û ô:ö ÷B÷L¹4ù8ùN¹ ö�� ½:ûW¹ � øEÿ;½�4657�uú
ôQõ �?½:¼ � ¾�.Iÿ;½6ý ó{õ��[� ¹ � ºr¹4ùjù8» ô ÿzøEÿ õ øHøEÿ;½ ô:õ?ó4ö ¼8¹4÷L½%øN½:¼Lù þ ù8øN½:÷ ôQõ�� ú)½ ö ý}½:¼ õ øE½%û õ�� û � » óMóMþ
ô:ö ÷B÷L¹4ù8ùN¹ ö�� ½:ûTø ö ºA½`øEÿ;½%¼küZ¹MøNÿ õ?ó4ó�ö øEÿ.½:¼V4657�uúeû;½`øE½ ô ø ö ¼Nùpú þ ÷L¹4û � P�P�B � øNÿ;½jøE¹M÷B½ õ øküZÿ.¹ ô ÿ
4657� ö ý)½%¼ õ øN¹ ö�� ¹Mù õ�� øE¹ ô ¹4ý õ øE½:û¢¾

.Iÿ;½kù ô ÿ;½:û;» ó ½p¹4ù�ùNý ó ¹Mø_¹ � ø ö ø�ü ö ÷ õ ¹ � ý õ ¼8øNù � øEÿ;½iû.½%øE½ ô ø ö ¼Nù õ�� û#øEÿ.½k½ ó ½ ô øE¼ ö�� ¹ ô ù:¾	.Iÿ;½iû;½�:
øE½ ô ø ö ¼NùIý ó4õ��[� ¹ � ºk¹Mùuù8ÿ ö ü � ù8½:ý õ ¼ õ øN½ óMþ��[ö ¼�øEÿ;½-� ��)->�� �Hù þ ù8øE½%÷ � øEÿ;½A��� ò 4 �.õ�� ûjøNÿ;½A57� ò 4�¾
ò^óMó û;½`øE½ ô ø ö ¼8ù ô%ö�� ù8¹4ù8ø ö�� øEÿ;½*÷L½ ô ÿ õ�� ¹ ô:õ?ó�õ�� ûnøEÿ.½ ö ýcøE¹ ô:õ?ó�ô%ö ÷Bý ö�� ½ � øEù õ�� ûW¹ �;ô%ó »;û.½�øEÿ;½*ý;ÿ ö :
ø ö ÷i» ó øN¹4ý ó ¹4½%¼�øE»;ú}½:ù%¾�.Iÿ;½^½ ó ½ ô øE¼ ö�� ¹ ô ùuý ó4õ��[� ¹ � º�¹4ù�ùN»;ú}û;¹G��¹Mû;½:ûB¹ � ø ö øEÿ;½�øEÿ;¼8½:½�û;¹%�¢½%¼N½ � ødû;½%ùN¹4º � ù
�[ö ¼O� ��)U��� � ��õ�� ûW��� ò 4 > 5�� ò 4�¾� Yø*¹ �;ô%ó »;û.½:ù õ?óMó�� ¼ ö�� ø':�½ � û6½ ó ½ ô øN¼ ö�� ¹ ô ù ô%ö ÷Lý ö�� ½ � øEù �®ôQõ ¼8û;ù
õ�� û ô ¼ õ øE½%ù:¾

.Iÿ;½ ô:ö��.ô ½:ýcøE» õ?ó û;½:ù8¹4º �{�[ö ¼Bú ö øEÿ øEÿ.½\û;½%øN½ ô ø ö ¼ õ�� û øEÿ;½\½ ó ½ ô øE¼ ö�� ¹ ô ùjÿ õ û ù8ø õ ¼8øE½%ûz¼N¹4º?ÿ|ø
õ�� øN½:¼løEÿ;½�4�5��uúHøE½ ô ÿ � ¹ ôQõ?ó ý;¼ ö ý ö ù õ?ó}õ�� ûj¹Mùe$ �]õ?ó ¹#":½%û �[ö ¼ õ?óMó û;½%øN½ ô ø ö ¼Nù õ�� ûHøNÿ;½7��� ò 4 > 57� ò 4
½ ó ½ ô øE¼ ö�� ¹ ô ù � üZÿ;¹ ó ½t¹Mø�¹4ùZùVøE¹ óMó�ö�� º ö ¹ � º �[ö ¼�ù ö ÷L½�ý õ ¼8øNù ö�� øEÿ;½�� ��) õ�� û � �o½ ó ½ ô øN¼ ö�� ¹ ô ù%¾�.Iÿ;½%ùN½
ôQõ�� ý;¼ öcô ½:½%û�»;ý6ø ö øNÿ;½x½ � û ö���� P�PS<iüZ¹2øEÿ ö »cø*¹ � øE¼ ö û;» ô ¹ � º õ��|þ û;½ ó4õ�þ ù �[ö ¼tý;¼ ö û.» ô øN¹ ö�� ¾�.Iÿ;½
ý ö ù8øe. ) �qý;¼ ö@� ½ ô ølý ó{õ��[� ¹ � º_¹ �;ô%ó »;û;½%ùPù ö ÷B½�$ �]õ?ó.ö ý.øE¹M÷B¹G" õ øN¹ ö��*ö�� øNÿ;½I½ � º?¹ � ½%½:¼N¹ � º�û;½%ùN¹Mº �9� øNÿ;½
øE½ � û;½%¼N¹ � º � øNÿ;½dý.¼N½:ý.¼ ö û;» ô øN¹ ö��=õ�� û�ý;¼ ö û;» ô øE¹ ö���ö��]õ?óMó,ô:ö ÷Lý ö�� ½ � øNù � øEÿ;½�÷ ö û;» ó ½:ù õ ù8ùN½:÷kú óMþ�� øNÿ;½
õ?ô%ô ½:ýcø õ��;ô ½=øN½:ù8øNù ö�� ÷ ö û;» ó ½%ù �]õ�� ûWøNÿ;½*¹ � ùVø õ?óMó{õ øN¹ ö��Hõ�� û ô:ö ÷B÷L¹4ù8ùN¹ ö�� ¹ � º ö�� øNÿ;½*ùN»;ú.ù þ ù8øN½:÷Lù:¾

.Iÿ;½0ý.¼N½�:Yý;¼ ö û;» ô øE¹ ö���ö�� øEÿ;½X� ��)->�� �¡û;½`øE½ ô ø ö ¼LüZ¹ ó4ó ù8ø õ ¼8øB¹ � øEÿ.½0ú}½:ºA¹ �[� ¹ � º ö��O� P�PY<0¹ �
ö ¼8û;½:¼@ø ö º ö ¹ � ø ö ù8½:¼8¹ õ?ó ý.¼ ö û;» ô øN¹ ö�� ù8¹%8H÷ ö�� øNÿ;ù ó{õ øE½:¼%¾M.Iÿ;½ õ ù8ùN½:÷kú óMþHö�� ÷ ö û;» ó ½:ù@¹Mù@½�8cý}½ ô øN½:û
ø ö ùVø õ ¼Vø_¹ � ÷B¹Mû � P�P �Y�.õ�� ûoøEÿ;½*¹ � ù8ø õ?ó4ó4õ øE¹ ö��Bö�� øNÿ;½*û;½%øN½ ô ø ö ¼ZüZ¹ ó4ó��[öAó4óMö ü õ øIøEÿ;½*ù8½ ô:ö�� û#ÿ õDóG��ö��
� P�P � ¹ �iö ¼Nû;½%¼�ø ö ú}½ � » óMóMþ*ô%ö ÷B÷L¹4ù8ùN¹ ö�� ½:û=¹ � øNÿ;½�$]¼8ù8øe�|» õ ¼8øE½%¼ ö���� P�P�Bc¾P¸ ö ¼�øEÿ.½��K� ò 4Wû.½%øE½ ô ø ö ¼
ù ö ÷B½iø öcöAó ¹ � º õ�� û6ùN»;ú�: ô:ö ÷Bý ö�� ½ � øNù*ÿ õ �A½xú)½%½ � ý;¼ ö û;» ô ½:û �[ö ¼ õ ÷ ö û;» ó ½VPný;¼ ö û;» ô øE¹ ö�� ¾Q.Iÿ;½
� » óMó ý;¼ ö û;» ô øE¹ ö��jö�� øNÿ;½-H�H�P�P��K� ò 4�÷ ö û.» ó ½%ùuüZ¹ óMó ùVø õ ¼VøI¹ � øNÿ;½�ú}½:ºA¹ �[� ¹ � º ö��J� P�PS<^¹ �nö ¼8û;½:¼uø ö
$ � ¹MùNÿ0ú þ øNÿ;½k½ � û ö��e� P�P�H � ø öBó ½ õ �A½ õ ú ö ».ø ö�� ½ þ ½ õ ¼ �[ö ¼Z¹ � ùVø õ?óMó{õ øN¹ ö��Hö�� øEÿ.½=û;½`øE½ ô ø ö ¼ õ�� û0¹MøNù
½ ó ½ ô øE¼ ö�� ¹ ô ù õ�� û �[ö ¼@øEÿ;½ ô:ö ÷L÷L¹4ùNù8¹ ö�� ¹ � º;¾�.Iÿ;½Q57� ò 4�û;½%øN½ ô ø ö ¼ZüZ¹ ó4ó ù8ø õ ¼8ø�¼N½%ºA» ó{õ ¼Iý;¼ ö û;» ô øE¹ ö��
ö�� øNÿ;½�÷L½ ô ÿ õ�� ¹ ô ùuú)½%ºA¹ �[� ¹ � º ö���� P�PS< õ�� øE½%¼uùN» ô:ô ½%ùNù � » ó®ô:ö ÷Lý ó ½%øE¹ ö��Hö���õ ÷ ö û;» ó ½�Pc¾e.Iÿ;½ ö ý.øN¹ ô ù
õ ù8ùN½:÷kú óMþ�ö�� øEÿ.½ZB � ÷ ö û.» ó ½%ù=üZ¹ óMó ù8ø õ ¼8øp¹ � ý õ ¼ õ?ó4ó ½ ólõ øiøNÿ;½jú}½:ºA¹ �[� ¹ � º ö��2� P�P �Y� ù ö øEÿ õ økøNÿ;½
¹ � ù8ø õDó4ó{õ øE¹ ö��pö�� øNÿ;½2$]¼8ù8ødÿ õ?ó%� û;½`øE½ ô ø ö ¼ ôQõ�� ú)½ õ�� øE¹ ô ¹4ý õ øE½%û õ ø�øEÿ.½_ú}½:ºA¹ �[� ¹ � º ö��6� P�P � ¾M.Iÿ;½ � » ó4ó
57� ò 4rû;½%øN½ ô ø ö ¼IüZ¹ óMó øNÿ;½ � ú)½ ô%ö ÷B÷L¹4ù8ùN¹ ö�� ½:ûn¹ � øEÿ;½A$]¼8ù8ø	�|» õ ¼8øN½:¼ ö��M� P�P�B�¾

.Iÿ;½ � �T½ ó ½ ô øE¼ ö�� ¹ ô ù�üZ¹ ó4ó ý;¼ ö�ô ½%½:ûTüZ¹2øEÿTøNÿ;½ ö ý.øE¹M÷B¹G" õ øN¹ ö��mö�� øNÿ;½H½ � ºA¹ � ½:½%¼N¹ � º#û;½%ùN¹4º � øE¹ ó4ó
øEÿ.½k½ � û ö���� P�P � ¾1.s½ � û;½%¼N¹ � º õ�� û\ý.¼N½:ý.¼ ö û;» ô øN¹ ö��0ö�� ù ö ÷B½ ô:ö ÷Lý ö�� ½ � øNù_üZ¹ óMó ù8ø õ ¼8ø õ?ó ¼8½ õ û þWõ ø
øEÿ.½Lú}½:º?¹ �[� ¹ � º ö���� P�P � ¹ �6ö ¼Nû.½:¼�ø ö $ � ¹4ùNÿmøNÿ;½pý;¼ ö û;» ô øE¹ ö���õ�� û õ?ô:ô ½:ý.ø õ��;ô ½LøN½:ù8øNù*¹ � øEÿ.½ ó4õ ù8ø

ÓAÓ
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¸�¹MºA»;¼N½*¿c¾G<��-�lÅ��4ÊfÍ'ÇhÄHÃ`Æ�Ã`Í��}ÍEÊc�QÃXÁ`Æ����2Å?Î]Î]ÇhÎ��,Ò



�,Þ% AÞ ä¢ÕPÖ^ÚlãZ¡sâ�Ú <TPY<

�|» õ ¼VøE½:¼ ö��K� P�P �Hõ�� û\øNÿ;½i¹ � ù8ø õDó4ó{õ øE¹ ö�� ¹ � øNÿ;½�$]¼8ù8ø7�|» õ ¼8øE½%¼ ö��K� P�P�Bc¾�.Iÿ.½i½ � º?¹ � ½%½:¼N¹ � ºjû;½%ùN¹Mº �
ö�� øEÿ;½;� ��) ½ ó ½ ô øE¼ ö�� ¹ ô ù�üZ¹ óMó ú}½ � ».¼8øEÿ.½:¼ ö ý.øN¹4÷L¹#":½%û\øE¹ ó4ó øEÿ;½L½ � û ö���� P�P � ù ö øNÿ õ ø õnö�� ½ þ ½ õ ¼
ý;¼ ö û;» ô øE¹ ö�� ý}½:¼8¹ ö û ôQõ�� ù8ø õ ¼8ø õ ødøNÿ;½�ú}½:ºA¹ �[� ¹ � º ö���� P�P�H.¾ ò^ô:ô ½:ý.ø õ��;ô ½^øE½%ù8øEù@üZ¹ ó4ó[�[öAóMó4ö ü û.»;¼N¹ � º
� P�P � ù ö øEÿ õ øuøEÿ.½7� ��) ½ ó ½ ô øE¼ ö�� ¹ ô ù ô:õ�� ú}½^¹ � ù8ø õ?ó4ó ½:û ö�� øNÿ;½^û.½%øE½ ô ø ö ¼@ú þ øEÿ;½_½ � û ö�� øEÿ õ ø þ ½ õ ¼%¾
.Iÿ;½Z½ � ºA¹ � ½%½:¼8¹ � ºtû;½%ùN¹Mº �pö�� øEÿ;½���� ò 4 > 57� ò 40½ ó ½ ô øN¼ ö�� ¹ ô ù�üZ¹ ó4ó ú)½�$ �]õ?ó ¹G":½%ûp¹ � øNÿ;½IùN½ ô:ö�� ûLÿ õ?ó%�
ö��M� P�P ��� üZÿ;¹ ó ½�øE½ � û;½:¼8¹ � º õ�� ûoý;¼8½:ý;¼ ö û.» ô øN¹ ö��Wö�� ù ö ÷L½ ô:ö ÷Lý ö�� ½ � øNùZüZ¹ ó4ó®õDó ¼N½ õ û þ ù8ø õ ¼8ø�¹ � øNÿ;½
÷L¹4û;û ó ½ ö��9� P�PS<?¾ � ¼ ö û;» ô øE¹ ö�� ¹Mù�½�8cý}½ ô øN½:ûHø ö*ó{õ ùVø�øE¹ óMó øNÿ;½ ó{õ ùVø���» õ ¼8øN½:¼ ö��9� P�P ��õ�� û õ?ô%ô ½%ý.ø õ��.ô ½
øE½%ù8øNù�üZ¹ ó4ó º öLö�� ¹ � ý õ ¼ õDó4ó ½ ó�� ¼ ö ÷ ú}½:º?¹ �[� ¹ � º ö��M� P�P �kö�� ü õ ¼8û;ù:¾ ò^ó ÷ ö ùVø ö�� ½ þ ½ õ ¼Z¹4ù õDó4ó4ö�ôQõ øE½:û
�[ö ¼I¹ � ù8ø õ?ó4ó4õ øE¹ ö��jõ�� û ô%ö ÷B÷L¹4ù8ùN¹ ö�� ¹ � º � øNÿ õ øZù8ÿ ö » ó ûZ$ � ¹4ù8ÿ0¹ � øNÿ;½A$]¼NùVø	��» õ ¼8øN½:¼ ö��M� P�P�Bc¾

. õ ú ó ½*¿c¾G<��§1#Ç¢�4ÃXÉ`Æ�ÊfÎ¢ÃXÉlËQÊfÍ�ÆhÂ]ÃiÁNÅ��4ÊfÍ'ÇhÄHÃ`Æ�Ã`Í1�}ÍEÊc�QÃXÁ`ÆÈÒ
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