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�(��� BDW~F~iI^'\�We{)FY]�[�\�H ORQTSVURFIWVZ �d���'�d�d�'�d�d�'���d�d�'�d�d�'���d�d�'�d�d�'���d�d�'�d� × �
�(� u y�y»B�p¢[RQRZ �d���'�d�d�'�d�d���'�d�d�'�d�d�'���d�d�'�d�d�'���d�d�'�d�d�'���d�d�'�d� × q
�(� q « \�t�FoOIM�Wdv5X�MPO/�_K�ELS�m2Xd�PiI^'\�K�K�FVH�¬�\�WdCo\��IH�F�À p�Á \�K"]N®DSGmJE"SGmo�fiV^'\�K�KLFVH:¬�\�WdCo\)�VHkF:Â p�Á �

\�K"]}�_K�E"SGmo�PiI^'\�K�KLFIH/°�iV`0KLM�£�H�FY]l{�v�FIK&m.¬�\�WdCo\��IH�F�À±Ã Á MPO5y�yÄ®DKLFI�f�IC2m±Q�SVURFIWVZ.°
XVMfOdm�FVWdWPM�W�M�K§À±Ã Á \�mRÅ�­.K�X�v�FVW~FVH¿h§i_\�S'XIFVXs])FVH�\�h¯M�K´\�K½C�K�ELS�mRiYM�vNvNS�K�CeiY\�moCeM�K
M�K�m2^�F5C2K�E"SGm�iV^�\�K�KLFIH��±£:^�CoiI^¯]nMuFVX�K"M�mD\PURFYilmDm2^�FNiYM�W_W~F~iumoCoM�K½MPO�i_M�v�E"SGmw\�moCoM�K�C�K
\§¶�y���iIC2WfiIS�C2mwZ ���'�d�d�'�d�d���'�d�d�'�d�d�'���d�d�'�d�d�'���d�d�'�d�d�'���d�d�'�d� ×��

�(� � QR\3X_Cei5°�WI�IC2m�FIWVZ « ^GFVK¨\�H2HqC2K�E"SGm2X���b��ohd��\�W~Fs\�XYX_C�{�K�F~].mwM6�_FsÅ8XdC�vNS�H¿mw\�KLF~M�S'XdHJh3��Com
E"WfM�tuCe]�FVX�m2^�FNM�SGmJE"SGm2X5MPONFVCom2^�FVW���Å3��­_�%M�W��P­0�wÅd��K"M�K&�P]�Flm�FVWdvNC�K�C�XdmoCeiY\�H�H¿hnZ �d�d�'�d� Ø o

�(� t p y�S0E"HJCeiY\nm�F~]8gLMPOVmo�~FVWdWPM�W x M�H�FIWP\�K"m�°�WI�IC2m�FIWVZ « ^�FIK�\�H�H¢C2K�E"SGm2X5\�W~FN\3X_X_C�{�KLFY]8mwM.�_F5Å
X_C2vNS�H¿mw\�K�F~M�S'X_H¿h3��C2mcE"WfM�tuCe]�FdX�m2^�F�M�SGmJE"SGm2X8MPO%FIC2m2^GFVW¯��Å3�wÅ3�w­3�w­_��M�W6��­3�w­0�wÅ3�wÅd�¯KLM�K��
]�Flm�FVWdv�C2K�C�XdmoCeiY\�H2H¿h�Z �d�d�'�d�d���'�d�d�'�d�d�'���d�d�'�d�d�'���d�d�'�d�d�'���d�d�'�d� ØC×

�(� tUt-y�y»°RWl�VCom�FVWs��]nMuFdX5K"M�m±£�M�W_`Y��Z �'�d�d�'�d�d�'���d�d�'�d�d�'���d�d�'�d�d�'���d�d�'�d� Ø �
�(� t o °RWl�VCom�FVW�£�Com2^8y�M�S&�VHkFV�fiV^�FYiV`0C2K){�p/�~FVHkFVv�FVK&m2Xs��]nMuFdX5K"M�m±£�M�W_`Y��Z �'�d�d�'���d�d�'�d� Ø �
�(� t × QTHrMuiV`Ny�Ce\l{�Wf\�vÆMfO�gLMPOVmo�fFIW_WfM�W x M�H�FIWP\�K"m�°�WI�IC2m�FIWVZ �'�d�d�'���d�d�'�d�d�'���d�d�'�d� Ø u
�(� t Ø B�\�XYX_�e{�\nm�F�gLMPOVmo�fFIW_WfM�W x M�HkFVWf\�K&mc°RWl�VCom�FVWIZ �'���d�d�'�d�d�'���d�d�'�d�d�'���d�d�'�d� Ø��



�A8
�(� t �Æ« \�t�FoOIM�Wdv5XROVM�WN©5Ml]�FdX8C�K¨y�g�a x °RWl�VCom�FVWIZ¯°cOdm�FIW�m2^�F�]�S0E"H¿Coi_\�m�F~]�C�K�E"SGm2X%\�WdW_C2t�F

X_C2vNS�H¿mw\�K�F~M�S'X_H¿h3�:\�K}FVWdWfM�W�C�K%m2^�FR�~\3XdCoiR\�Wl�VCom�FVW�\�m�Ç)Z�Ç�KGX�i_\�S'XIFVX/È5É%\�K"]�Ê�Ë§�wCeZ2FuZ��
m2^�F�W~FdX_S�Hrm¢OdWPM�vÌ\§�Y\3X_Cei%\�WI�IC2m�FIW�C�XDÍ±CÎEnE�F~]d��Z%°RHrm2^'M�Sn{�^§m2^�F8moWf\�KGX_ComoCeM�K-MPOsM�KLF%MPO
m2^�F�]�S0E"HJCeiY\nm�F~]%M�SGmJE"SGm�Ê"Ï/Ë¯Mli_iIS�WYX_�cm2^�F�moWf\�KGXdC2moCeM�K§MfORm2^�F�M�m2^�FIW�M�S�mJELS�m�Ê Á Ë¯]nM0FdX
K"M�m�Mli_iIS�W�S�K&moC2HÐm2^�F�E"W~FVt0CoM�S)XN\�WI�IC2moWf\�moCeM�K¦��CoZoFlZk�¢È Á ËG�¢È�Ï/Ë��sC�X5\�iV`0KLM�£�H�FY]l{)FY]nZ �d� � ×

�(� t � ª:B���°»°�WPiI^�C2m�FYilmoS�W~FlZ �'�d�d���'�d�d�'�d�d�'���d�d�'�d�d�'���d�d�'�d�d�'���d�d�'�d� ���
�(� t u ��\V�%y5M�S��IH�FI�PiI^�F~iI`�FY]�B�WPMY{�Wf\�vNv�\)�VHkF�QTC2m5���P��B�WPMY{�Wf\�vNv�\)�VHkF8QTComR�~\�XIF~]�M�K¨y�S�\�H

�_K&m�FIW_H�MliV`nF~]�pcFIH�H�Z �d�d�'�d�d���'�d�d�'�d�d�'���d�d�'�d�d�'���d�d�'�d�d�'���d�d�'�d� ���
�(� t q QTHrMuiV`Ny�Ce\l{�Wf\�vÆMfO�gLMPOVmo�fFIW_WfM�W x M�H�FIWP\�K"m�ª:B���°»�¢M~{nCoi.pcFIH�H�Z �d�'�d�d�'���d�d�'�d� ���
�(� t � yNF~i_M�v�E�M3X_ComoCeM�K½MPO µ FVvsM�Wdh¨Ñ/K�ComwZ �d�'�d�d�'���d�d�'�d�d�'���d�d�'�d�d�'���d�d�'�d� � �
�(� oRp °RWdWP\�h�MPO�g"mwM�Wf\l{)F�a�H�FIv�FVK&m2XIZ �'�d�d�'�d�d�'���d�d�'�d�d�'���d�d�'�d�d�'���d�d�'�d� �Rp
�(� o tÒp/C2WPilS'ComDMPO µ FIW_vsM�h�p�M�W~FlZ �d���'�d�d�'�d�d�'���d�d�'�d�d�'���d�d�'�d�d�'���d�d�'�d� � t
�(� oUo p�\�H¿C�K�Ó XRy�S�\�HL�_K"m�FVWdHrMliI`�FY]¥pcFVH2H��2y���p¢a/��Z �'���d�d�'�d�d�'���d�d�'�d�d�'���d�d�'�d� �Uo
�(� o × yNF~i_M�v�E�M3X_ComoCeM�K�MfORÔ_³V�rÕlÖ�[5\�vNv�C2K){n�Pi_Ml]�F�yNFYiYMl]�FIWVZ�aT\niV^.XIM�HJCe]�H¿C�K�F5WfF�E"WfFVXIFIK&m2X�\

M�KLFI�PMfO_�Pmo£�M.iYMl])F�iV^'\�K�KLFVH�Z �d���'�d�d�'�d�d�'���d�d�'�d�d�'���d�d�'�d�d�'���d�d�'�d� ���
�(� o Ø QTHrMuiV`Ny�Ce\l{�Wf\�vÆMfO µ FIv�M�W_h�p�M�WfF�ÑÐXdC�K){�[5\�vNvNC�K){¥p�Mu]�FlZ �d�d�'�d�d�'���d�d�'�d� ���
�(� o�� p�M�K�t�FVWVmoC�K'{}\�y�S0E"H¿CeiY\�m�FY]¥p�Ml]�FV£�M�WP]�C2K&mwM�\�[�\�v�vNC2K){¥p�Ml]�FI£�M�Wf]nZ �'���d�d�'�d� ���
�(� o�� �_K&m�FIW�OI\ni_F�QRFlmo£�FYFIK}y�y�p/C2WfiIS�C2m±\�K"]s�_K�ELS�m�g&Ce]�FNMPO µ FVvsM�Wdh¨Ñ/K�ComwZ �'���d�d�'�d� �lu
�(� olu p�M_E"h�C2K){.m2^�F�QTCom:��C�K�FdX�MPO�m2^�F�°�W_Wf\�h¯��]nMuFVX�K"M�m±£�M�W_`Y��Z ���d�d�'�d�d�'���d�d�'�d� �Uq
�(� oUq p�M_E"h�C2K){.m2^�F�QTCom:��C�K�FdX�£�C2m2^%ª�C2H¿m�FIW���]�MuFdX�KLM�m�£�M�WY`_��Z �'���d�d�'�d�d�'���d�d�'�d� �Uq
�(� o � BDWfM��IH�FIv�\nmoCoi}p�\�XIFNMPOR�_K&t3\�H¿Co]sQTCom/��C�KLFVXVZ �'���d�d�'�d�d�'���d�d�'�d�d�'���d�d�'�d� � �
�(� × p �_K&m�FIW�OI\ni_F�QRFlmo£�FYFIK�®DSGmJE"SGm�g&Ce]�F�MPO µ FIvsM�W_h�ÑqK&C2mD\�K"]�y�y�p/C2WPilS'ComwZ ���d�d�'�d� u{p
�(� × t µ SGmoS�\�HLa�b�ilHJS�]�FIWRQR\3XIFY].M�K6B�\3X_X_�e{�\�m�F x WP\�K�X�OIM�W_vs\�moCeM�K"Z �d�d�'�d�d�'���d�d�'�d� u{p
�(� × oÆ« \�t�FoOIM�Wdv5X�OIM�WsQ�Com���C�KLFVX�\�KL]¯y�S0E"HJCeiY\nm�F~]¯QTComT�:C2KLFdXRO_WfM�v µ SGmoSG\�H�a�b�iIH¿S�]�FVWIZ

°RHrm2^'M�Sn{�^�mo£�M§�IC2mDH¿C2KLFdXs\�W~F�Í±CÎE�EGF~]}X_C2vNS'Hrmw\�KLFYM�S'X_H¿h3�RM�K�H¿h¯M�KLF�MPO�m2^�F8]�S0E"HJCeiY\nm�F~]
�VCom�HJC2KLFdX�C�X�Í�C�EnEGFY]3��M�£�C�K'{�mwM%\8vNSGmoS�\�H:FYb�iIH¿S�]�FVWIZ �d�d�'���d�d�'�d�d�'���d�d�'�d� u t

�(� ×U× « \�t�FoOIM�Wdv5X�OIM�W�y�SuELHJCeiY\�m�FY]§QTCom��:C2KLFVX�OdWPM�vÄB�\3X_X_�e{�\�m�F µ SGmoS�\�H�acb)iIH¿SG])FVWIZ�°�K
FVWdWfM�WY�±£:^�CeiV^�Í±CÎE&X��VComcH¿C�KLFVXY�±MuiYiIS�W_X5\�mD×nZ�×%K�XVZ �d�'�d�d�'���d�d�'�d�d�'���d�d�'�d� uRo

�(� ×{Ø gLMPOVm/a�W_WfM�W_X5M�K}��Fw{nC�XVm�FVWRª�C2H�F}ÑÐXdC�K'{�y���p¢a�Z�°RK�FVWdWPM�W�C�K§m2^�F�WfF�{fØcHkF�C�X�iYM�W_W~F~ium�F~]
¾IS�CeiV`3HJhnZ �'�d�d���'�d�d�'�d�d���'�d�d�'�d�d�'���d�d�'�d�d�'���d�d�'�d�d�'���d�d�'�d� u ×



�5898
�(� × � gLMPOVmcaDWdWPM�WYX�M�K�\s[�\�vNvNC2K){��fiYMl])F~] µ FVvsM�Wdh�Z�°RK¨FVWdWPM�W5C�K�\�y�yÙilC�WfiIS�Com�C�X5iYM�Wd�

W~F~ilm�FY]�¾lS'CeiV`3HJh3�c�VSGm�\�K¯FVWdWPM�W�M�K6\�K.g���° µ C2K6\�[�\�v�vNC2K){��fiYMu]�F~]8\�W_Wf\�h�W~FVvs\�C2KGX
S�K"iYM�W_W~F~ium�F~]nZ �d���'�d�d�'�d�d���'�d�d�'�d�d�'���d�d�'�d�d�'���d�d�'�d�d�'���d�d�'�d� u Ø

�(� t ®DKLF�a�W_WfM�W�yNFlm�F~ilmoC2K){�yNFVH�\�h���C2KGXlFVKGXdC2moC2t�F%p�Ml]�FVX�\�K"]%m2^�FIC�W¯Ñ�E�EGFVWRQRM�S�K"]�XVZ �'�d� qRp
�(� o QTHrMuiV`Ny�Ce\l{�Wf\�vÆMfORB�p¢[RQRZ ���'�d�d�'�d�d�'���d�d�'�d�d�'���d�d�'�d�d�'���d�d�'�d� qUo
�(� × QTHrMuiV`Ny�Ce\l{�Wf\�vÆMfO « p¢[RQ�Z ���'�d�d�'�d�d�'���d�d�'�d�d�'���d�d�'�d�d�'���d�d�'�d� qUo
�(� Ø acb)\�v�E"HkF�MPORyNFVH�\�h���C�KGXlFVKGXdC2moC2t�F µ C�K&m�FIW_vÚ�¢M~{nCoi��o°T]�]�FVW���Z �d�d�'�d�d�'���d�d�'�d� q ×
�(��� acb)\�v�E"HkF�MPORy�C2WfFYilm��¢M~{nCoi��o°T]n])FVW���Z �'�d�d�'���d�d�'�d�d�'���d�d�'�d�d�'���d�d�'�d� q ×
�(��� acb)\�v�E"HkF�MPORB�WfFYiV^'\�We{�C2K){n�fFIt3\�H¿S�\�moC�K'{��¢M~{nCoi��o°T]�]�FVW���Z �d�'���d�d�'�d�d�'���d�d�'�d� q Ø
�(� u B�\�Wdm�MPORª�S�K"ilmoCeM�K6QTHrMliI`8MPORQTSVURFVW�OIM�W�Ô�Û��oÇ~ÖRBT\�W_Comoh¥p�Ml]�FlZ �d�d�'�d�d�'���d�d�'�d� q �
�(� q B�\�Wdm�MPORª�S�K"ilmoCeM�K6QTHrMliI`8MPORQTSVURFVW�OIM�W�Ô�Õ��oÇ~ÖR��F�EGFImoComoCeM�K	p�Ml]�FuZ �d�d�'���d�d�'�d� � p
�(� � ª�S�K"iumoCoM�K�Q�H�MliI`�OVM�WN��F�EGFImoComoCoM�K¹p�Ml]�F}\�K"]§C2m2X�g"C�v�E"H¿C ØDF~]6ª�S'KLilmoCeM�K¨Q�H�MliI`�Z¯�TFV�

]�S�K"]n\�K&mc{�\�m�FVX5MPO�\�K¨M�WdC�{�C2K"\�HnOdS�K"ilmoCeM�K¨�VH�MliV`8\�WfF�W~FVvsM�t�F~]nZ �d�'�d�d�'���d�d�'�d� � t
�(� t p g&C2v�E"HJC Ø±FY]}ª�S�K"ilmoCeM�K�QTHrMliI`�OVM�W5��F�EGFlmoC2moCeM�Kzp�Ml]�FuZ x ^�FNyRy7XIiV^�FIv�Fd�T£:^�CeiV^�]�S��

E"H¿Coi_\�m�FdXN\�{)\�m�FN\�K"].\�]n]3X�ilWPM3X_X_�fiYM�S0E"HkF~]¨p/�fFIH�FIvsFIK&m2XY�cHkF~\�]3X5mwM�m2^�F�XI\�v�FN]�FdXdCr{nK"Z � o
�(� tUt�®DKLFI�fFIW_WfM�W�yNFlm�F~ilmoC2K){��:C2KLFY\�W8p�Ml]�FVX�OIM�WRª¢M�S'Wd�wQ�Com µ FVXYXV\u{)FlZ �d�'�d�d�'���d�d�'�d� �{Ø
�(� t o x ^�W~FYFI�f�IC2m"ª�S�K"ilmoCeM�K�QTH�MliV`0X��Y\3XIFY]�M�K��TF�EGFlmoC2moCeM�K§p�Mu]�FdXDtlXc©�M�K&��W~F�EGFlmoC2moCeM�K�p�Ml]�FdXIZ

x ^�FRb��fiYMuM�WP]�C�K"\nm�FN\�K"]8m2^�F�h3�fiYMuM�WP]�C�K"\nm�F�MPO�F~\niI^�EGM�C�K"m�iYM�W_W~FdX�E�M�K"].mwM�m2^�F�X_CkjuF5MPO
\�OdS�K"ilmoCeM�K �VH�MliV`§S)XdC�K'{�m2^�F}WfF�EGFImoComoCeM�Kºi_Ml]�FV��\�K"]¨m2^�F�XdC�j0F}MPO}\NOdS�K"ilmoCeM�K �VH�MliV`
S'X_C2K){.\8K"M�K���W~F�EGFlmoC2moCeM�K¨iYMu]�F���FuZJ{)Z���m2^GF�Ô�Õ��eÛfÖ5i_Ml]�F�\�K"]�m2^�F�Ô�×3�oÛ~Ö5iYMl])F���Z �d�d�'�d� �{Ø

�(� t × ª¢M�S'Wd�~�VCom�ª�S�K"ilmoCeM�K Q�H�MliI`uX¥�Y\3XIFY]¦M�KÜm2^�F6�TF�EGFlmoC2moCeM�KÝp�Mu]�FdX�tlX}©�M�K&��W~F�EGFlmoC2moCeM�K
p�Ml]�FVXVZ �d�'�d�d���'�d�d�'�d�d���'�d�d�'�d�d�'���d�d�'�d�d�'���d�d�'�d�d�'���d�d�'�d� � �

�(� t Ø ª�C�t�FV�~�VCom�ª�S�K"ilmoCeM�K�Q�H�MliI`uXT�~\3XlF~]�M�K�m2^�F��TF�EGFlmoC2moCeM�K¥p�Ml]�FdXDtlXc©�M�K���W~F�E�FImoComoCoM�K�p�Ml]�FVXVZ � �
�(� t � p�p6OVM�W%p�M�K"iY\nm�FVK"\�moCeM�K�MfO x £�M�®DKLFV�fMPOd��mo£�M§p�Ml]�FVXVZ �d�'���d�d�'�d�d�'���d�d�'�d� � u
�(� t � x £�M���C�K�E"SGm�BT\�WdC2moh�pq^�F~iI`�FVWIZ ���'�d�d�'�d�d�'���d�d�'�d�d�'���d�d�'�d�d�'���d�d�'�d� ���
�(� t u B�\�W_Comoh�yNFYiYM�v�E�M3XdC2moCeM�K"Z �d�d���'�d�d�'�d�d�'���d�d�'�d�d�'���d�d�'�d�d�'���d�d�'�d� ���
�(� t q p�p6OVM�W5m2^�F�Ô�Û��2Ç~Ö�iYMl]�FuZ �d�d���'�d�d�'�d�d�'���d�d�'�d�d�'���d�d�'�d�d�'���d�d�'�d� t pUp
�(� t � g&C2v�E"HJC Ø±FY]�p�p.OIM�W�m2^�F�Ô�Û��oÇ~Ö�i_Ml]�FuZ �'�d�d�'���d�d�'�d�d�'���d�d�'�d�d�'���d�d�'�d� t p t
�(� oRp p�p6OVM�W5m2^�F�Ô�ÕG�2Ç~Ö%p�Ml]�FlZ �d�d���'�d�d�'�d�d�'���d�d�'�d�d�'���d�d�'�d�d�'���d�d�'�d� t p t
�(� o t	g&CkjuF�p�M�v�E�\�W_C�XVM�K�MPO x ^�W~FYFI�f�IC2m « p¢[RQzBDWfMlidFdXYXlFdXIZ �d�d�'���d�d�'�d�d�'���d�d�'�d� t plo
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Lea, Leb: Acknowledgments of Inputs 
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¹�i¡\�s�\�i _�p \^]os _ba [�] xm{Z\^]C\�k a [�[ji aer [zn8{ a {�\ w [®º p�w {Zi _ dmkls9[ a ��[�[jk aer [�dm{ a c�{ a i�y�\�Ø � í � \^]$­
s _ba [�]�xm{Z\^]o\�k a [�[ji aer [�n8{ a {�\ w [®º p�w {Zi _ dmk;d�� aer [ h {Oc w�_�p \ a [ h dm{ a c�{ a i�v � a ] _�p®aew ~Vi$c9[j\ µ�_ kOxOym\8Ø � í �
\^]es _�a [�]+� _baerTaer [>Ø"Øã[jk
f _ ]edmk�n+[jk a xm{Z\^]C\�k a [�[ji aer [>nV{ a {Z\ w [®º p�w {Zi _ dmkTd�� aer [ h {Oc w�_�p \ a [ h \ p ­
µ kOdg� w [ h xmn+[jk a f�\^] _ \^s w [ji�y)\�i¡[®º�c w \ _ kO[ hl_ k aer [|cZ]e[�f _ dm{Zi�i$[ p®ae_ dmk4v�í�f�[jk _ �·\�k�[�]e]ed�]¡d p�p {O]Ci�dmk
\JØ � í � \^]es _ba [�]jy _ba"_ i p ] _bae_�p \ w¸a dJ[jk�ie{O]e[ aer \ a � P ð Ú�Ø®��Û � P ð Ú�Ø®�^Ü � �zð Ú¶Ø®�¶Û � �zð Ú�Ø���Ü ��kZ[�f�[�] s9[ p dmn+[ji
� Y � Y � Y � Y � ° a ��dän+d h { w [ji�kO[�f�[�]z\ p=� { _ ]o[>dmkO[�]o[ji$dm{O] p [�i _ nV{ wba \�kO[�dm{Zi w ~�v�¤Z]edmn aer [ p dmkZi a ]o{ p ­
ae_ dmk�d�� aer [l[jk
f _ ]edmk�n+[jk a y���[ p \�kåi$[�[ aer \ aJaer [lnV{ a {Z\ w [®º p�w {Zi _ dmk p \�kæs9[�f _ d w \ a [ h dmk w ~ _ �
��à Û � à Ü � Ò Û � Ò Ü ��s9[ p dmn+[ji8� Y � Y � Y � Y ��� rZ_�w [+� P ð Ú¶Ø®�¶Û � P ð Ú¶Ø®��Ü � �zð Ú�Ø��¶Û � �zð Ú�Ø���Ü � _ i � Ý � Ý � Ý � Ý �Cv � r [�]e[®­
��d�]e[�y�\äØ � í � \^]es _ba [�]�i r dm{ w�h [jkZie{Z]e[ aer [�nV{ a {Z\ w [®º p�w {�i _ dmk�d�� aer [�cZ] _ n|\^]o~Tdm{ a c�{ a iq� r [jk
� P ð Ú�Ø®� Û � P ð Ú�Ø®�^Ü � �zð Ú¶Ø®� Û � �zð Ú�Ø���Ü � _ i¡� Ý � Ý � Ý � Ý ��[�f�[jk _ ��\�k>[�]e]od�]�d p�p {O]Ci�v
�l[Vi r dg� r dg� a d _ n+c w [jn+[jk a \|Ø � í � \^]os _ba [�]�i a [�c�s�~Ji a [�c��G]odmnç\ u ]Ci a ��\ _�w [ hJh [ji _ xmk a dq\

ie{ p�p [jioi$��{ w4h [ji _ xmk4v´ÆL[ a {Zi�\^c�c w ~ aer [ Ø�Ø'i por [jn|[ a d�\+s�\�i _�p \^]es _ba [�]gyZ\�i�i r d¶��k _ kJ¤ _ xm{O]o[�º�v Y�Y v
�´�/\ w�w�_ kOc�{ a i PmÛ y P
Ü y�� Û y�\�k h � Ü d�� aer [ p�_ ] p { _ba s9[ p dmn+[�Â�Ã G ¿8i _ nV{ wba \�kO[�dm{�i w ~�y�dmkO[�\^]os _ba [�]jym� r dmi$[
_ kOc`{ a i8\^]o[JÀ ÿ \�k häÁ ÿ y�n|\g~T[®º�[ p { a [VàZèÛ Ð y}\�k häaer [�d aer [�]�\^]os _ba [�]jyB� r dmi$[ _ kOc�{ a iV\^]o[JÀ`é;\�k h
Á éXyBn|\j~@[®º�[ p { a [¯Ò�èÜ

Ð
v � r [ hZ_ i p ]e[�c�\�k p ~lc�]e[�f�[jk a iVcZ] _ n|\^]e~�dm{ a c�{ a i¡��]edmn u ] _ kOxOyÆi$d aer \ a;aer [

[jk�f _ ]odmkZn+[jk a�p \�kZkOd a d�s�ie[�]ef�[ a ]o\�kZi _bae_ dmkZi}d��Æ\�k
~�dm{ a c`{ a i ° h [j\ hZw d poµ d p�p {O]oi�v
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¤ _ xm{O]e[�º�v Y�Y ° è_è �aÎ þ ýNù Ê Î|± Ü ô Ê ö Ë ô<ù·�¹ô8Î � ²8â
�-kZi a [j\ h d��){Zi _ kZx a �·dV\^]es _ba [�]oi�y���["i r \ w�w {Zi$[�dmkO[�s�\�i _�p \^]es _ba [�] a d8n|\ µ ["\¡kZdmk�­ h [ a [�]on _ k _ i ae_�p

por d _�p [�s9[ a ��[�[jk _ kOc�{ a i�y
\�k h�aer [jk h {Oc w�_�p \ a [ aer [ por d _�p [�v � r [ p d�]e]e[ji$c9dmk hZ_ kOx�ê"ëwí _ i�\�i���d w�w d¶��i °
§B¨�¨ PmÛì© S ¨ PmÜeª ä à Û Ð � à Ü

Ð ä ¨ R�P�Û}Q>R�PmÜoª ä à Û W � à Ü W
« � Û © S ¨ � Üeª ä Ò Û Ð � Ò Ü

Ð ä ¨ R � Û Q>R � Üeª ä Ò Û W � Ò Ü W
ª�ª

� r [ p d�]o]e[ji$c9dmk hZ_ kZxhÇ�É�ë _ ià QJPmÜ S à Û Ðà QJPmÜ S à Ü Ð
R à Q>R�P
Ü S à Û W
R à Q>R�P
Ü S à Ü W
Ò Q � Ü S Ò Û ÐÒ Q � Ü S Ò Ü Ð
R Ò QJR � Ü S Ò Û W
R Ò QJR � Ü S Ò Ü W

� r \ a8_ i�y aer [|dm{ a c�{ a i¡d���\�k@\^]es _�a [�]¡\^]e[ p d�c _ [ h � _baer@p ]edmiei-­ p dm{Oc w [ h ¥�­M[ w [jn|[jk a i�yÆ\�iVi r dg��k _ k
¤ _ xm{O]e[_º�v Yj¯ v�¹ wbaer dm{Ox rq_ba �·d�] µ i}\�i·\�kz\^]es _�a [�]���d�] h {Oc w�_�p \ a [ h|_ kOc�{ a i�\�k h dm{ a c�{ a ijy aer ["nV{ a {Z\ w
[®º p�w {Zi _ dmk p \�kzs/[�f _ d w \ a [ hq_ �)\�kq[�]e]ed�]·d p�p {O]oi�v�¤Od�]�[®ºO\�n+c w [�y�\^� a [�] aer [���dm{O] _ kOc�{ a iB\^]o[�\�iei _ xmkO[ h
a d s9[}Â�Ã G ¿ i _ nV{ wba \�kZ[�dm{Zi w ~q� _ v�[�vby/� P�Û � PmÜ � � Û � � Ü �B�£� Y � Y � Y � Y �$�Cy aer [ _ k a [�]okZ\ w \^]os _ba [�]Bn|\g~ pCr d�dmi$[à Ð a d u ]e[�yO\�k h y _ ��i$dOy9Þ�à Û Ð � à Ü

Ð
ß � _�w�w u ]e[�vBê�d¶��[�f�[�]gy _ ��\�kJ[�]e]ed�]�dmk ö�d p�p {O]oi�\ a�aer \ a n+dmn+[jk a y

aer [�dm{ a c`{ a i�d�� aer [ _ k a [�]okZ\ w \^]es _�a [�] p \�k+s9[ por \�kOx�[ h �G]odmní��à � Ò����£� Y � Ý � a d�� Ý � Y �Cv��Ú¹�k|[�]o]ed�] _ k
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ï
aer [ _ k a [�]okZ\ w s�\�i _�p \^]es _�a [�] p \�k+c�{ a�aer [�\^]es _ba [�] _ k a d n+[ a \�i a \^s w [�i a \ a [�y�\�k h+aer [jk aer [�n+[ a \�i a \^s w [
i a \ a [ p \�k�s/[;]e[jied w f�[ h�a d�\ hZ_ñð [�]e[jk a i a \^s w [+i a \ a [�io{ por \�i�� Ý � Y �"�G]edmn aer [ _ k _bae_ \ w i a \^s w [|i a \ a [
ie{ pCr \�i�� Y � Ý �Cv³�£¢�d¶�òÞ�Ò Û Ð � Ò Ü

Ð
ß _ i u ] _ kOx ° ��à Û � à Ü � Ò Û � Ò Ü �¡s9[ p dmn+[jiJ� Y � Y � Y � Y �Cv@� a;p \�k p \�{�i$[

� P ð Ú�Ø®��Û � P ð Ú�Ø®�^Ü � �zð Ú¶Ø®�¶Û � �zð Ú�Ø���Ü ��d�� aer [�[jk
f _ ]edmkZn|[jk a�a dqs/[|� Y � Y � Y � Y �Cv
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¤ _ xm{O]e[�º�v Yj¯ ° �_Î þ ýúù Ê Î��mýúù ÙAè ô8à þ Ñ Ê û Ø!Ù3Ê9Ø®� ý Ë Û é û Ê Ñ Ê õ Ê!Ë ùúö�± Ü ô Ê ö Ë ô<ù��¹ô8Î � ²<â
� r [Vc�]ed�s w [jnód�� aer [ h [ji _ xmk _ i aer \ a aer [;[�]e]edmkO[�dm{�i por \�kZx�[|d�� aer [Vdm{ a c�{ a i�d�� aer [ _ k a [�]okZ\ w

\^]es _�a [�] p \�{Zi$[ji|\�k�{Zk��}\�k a [ h ]o[ji$dm{O] p [Jx�]o\�k a [�f�[jk _ � aer [J]e[jiedm{O] p [ _ i+i ae_�w�w {�i$[ h v � d�\ hZh ]e[jiei
aer [VcZ]ed�s w [jnJy�\zØ�ë3í � \^]os _ba [�]�]e[jô�{ _ ]e[ji�\��G[j\ a {Z]e[ aer \ a dmk p [;\zn8{ a {�\ w�w ~�[®º p�w {Zi _ f�[ ]o[ji$dm{O] p [ _ i
x�]o\�k a [ h+a d�dmkO[�n+d h { w [�y^\�kZd aer [�]�]e[ji$dm{O] p [�x�]o\�k a i r dm{ w�h s9[·c�]e[�f�[jk a [ h [�f�[jk _ � aer [ pCr \�kOx�[�d�� aer [
dm{ a c�{ a iBd��)\�k _ k a [�]CkZ\ w \^]es _ba [�]�d p�p {O]oi·\ p�p�_�h [jk a \ w�w ~�v � r \ a·_ i�y�dmk p [ Þ�à Û Ð � à Ü

Ð
ß u ]e[�y aer [ u ] _ kOx�d��

Þ�Ò Û Ð � Ò Ü
Ð
ß _ i�kOd a \ w�w dg�·[ h {Zk ae_�w Þ P ð Ú�Ø®��Û WZy P ð Ú�Ø®�^Ü W ß y4\�k h�aer [jk�Þ�à Û W � à Ü W ß u ]o[�vaÆ _bµ [�� _ i$[¡dmk p [

Þ�Ò Û Ð � Ò Ü
Ð
ß u ]e[�y aer [ u ] _ kOx�d��LÞ�à Û Ð � à Ü

Ð
ß _ i�kOd a \ w�w d¶��[ h vÆ¤Od�] aerZ_ i�y aer [ p ]odmiei-­ p dm{Oc w [ h ¥�­M[ w [jn+[jk a i

\^]e[¡n|d hZ_ u [ h \�i���d w�w dg��i °
vbvbvà QJPmÜ¸Q � R Ò Û U�R Ò Ü ��S à Û Ðà QJPmÜ S à Ü Ð
vbvbvÒ Q � Ü¸Q � R à Û·U�R à Ü �>S Ò Û ÐÒ Q � Ü S Ò Ü Ð
vbvbv

� rZ_ iLn+d hZ_ u p \ ae_ dmk8i$[�[jn�i a d"[jkZio{O]e[ aer [·nV{ a {Z\ w [®º p�w {Zi _ dmk4y�s�{ a i ae_�w�w
_ba�_ iLf�{ w kZ[�]o\^s w [ a d�\�i$c9[ p�_ u p
[�]e]ed�] ° _ ��\�kT[�]e]ed�] p \�{Zi$[jiJ��õ �$ö � a d�s9[�� Y � Y �Cy�\�k h ��à Û � à Ü � Ò Û � Ò Ü � _ i�� Ý � Ý � Ý � Ý � _ k _�ae_ \ w�w ~�y aer [jk
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¤ _ xm{O]e[�º�v YjÅ ° ßnÑ�ô Ø��hè ý Ú Û�Î Ú õ ô
Þ Õ ô
Þ�ùNû Ê Î�Î�ô8Î × ô8Ñ Ê Î Ú8Ë ù��aÎ þ ýNù Ê Î=â
\ w�w Ç�É�i¡d�� aer [�cZ] _ n|\^]e~�dm{ a c�{ a i \^]e[q[jkZ\^s w [ h�a d u ]e[qi _ nV{ wba \�kO[�dm{Zi w ~ ä c r ~�i _�p \ w�w ~�\ w�w cZ] _ n�\^]e~
dm{ a c�{ a i a \ µ [ _ k a [�]on+[ h�_ \ a [�f�d wba \^x�[ji�v

ê�[�]e[ _ i aer [ h [ji _ xmk�� rZ_�por [jk�ie{O]e[ji aer [znV{ a {Z\ w [®º p�w {Zi _ dmk _ k aer [qcZ]e[ji$[jk p [qd���\�k¦[�]e]ed�]Vs�~
por [ peµ�_ kOx>� r [ aer [�] aer [|dm{ a c�{ a i���õ �$ö �"d�� aer [ _ k a [�]CkZ\ w \^]es _ba [�]8\^]e[|f^\ w�_�h � _ v�[�vby}� Y � Ý ��d�]q� Ý � Y �$�Cv
� r [�]o[��Gd�]e[�y aer [ a [�]on|i;d��+��à Q¦R Ò��¡\�k h ��Ò Q@R à/�8\^]e[>\ h�h [ hTa d aer [Jxm{Z\^] h iVd�� aer [Jn+d hZ_ u [ h
¥�­M[ w [jn|[jk a i °

vbvbvà Q>R Ò QJP
Ü�Q � R Ò Û}UJR Ò Ü �øS à Û Ð ð=ð=ð5ð=ð=ðù� Y �à QJPmÜ S à Ü Ð ð=ð=ð5ð=ð=ðù� ¯ �
vbvbvÒ Q>R à Q � ÜÆQ � R à Û U>R à Ü �JS Ò Û Ð ð=ð=ð�ð=ð=ðù� Å �Ò Q � Ü S Ò Ü Ð ð=ð=ð�ð=ð=ðù��î��
vbvbv

� r [ h {Oc w�_�p \ a [ h cZ] _ n|\^]o~Jdm{ a c�{ a i p \�k�s9[;\�iei _ xmkO[ h � r [jk aer [+dm{ a c�{ a i�d�� aer [ _ k a [�]ok�\ w \^]os _ba [�]
\^]e[�f�\ w�_�h v � r [>i$[ a d���xm\ a [jiq� r dmi$[�xm{Z\^] h iq\^]e[�i a ]o[jkOx aer [jkO[ hÄa d@s9[�nV{ a {Z\ w�w ~ _ k rZ_ s _ba [ h s�~
por [ peµ�_ kOx p dm{Zk a [�]ec�\^] a i�y _ i p \ w�w [ h \�õIàwùNà Ú Ñ ÊoP¶Ø ÑÓà Ü¶Ê ÎCv�� a � _�w�w s9[�i r dg��k _ k aer [���d w�w dg� _ kOx8ie[ p®ae_ dmk
aer \ a�aer [¡n8{ a {Z\ w [®º p�w {Zi _ dmk�d�� aer [ h {Zc w�_�p \ a [ h dm{ a c`{ a i r d w�h i}[�f�[jk _ �Æ\�kJ[�]e]ed�]�d p�p {O]oijv

�-k¡d�] h [�] a d _ n|c w [jn+[jk a)aer [·x _ f�[jkIÇ¹É"ë�d���\�Ø ëwí � \^]es _�a [�] _ k;¥�ú È ë a [ pCr kOd w d�x�~�y aer [�dm{ a c�{ a
f^\^] _ \^s w [ji�\^]o[ _ k�f�[�] a [ h yZ\�i���d w�w d¶��i °



î
û
vbvbvà Q>R Ò QJP
Ü�Q � Ò Û U Ò Ü �JS à Û Wà QJPmÜ S à Ü W
R à Q>R�P
Ü S à Û Ð
R à Q>R�P
Ü S à Ü Ð
Ò Q>R à Q � ÜÆQ � à Û U à Ü �>S Ò Û WÒ Q � Ü S Ò Ü W
R Ò QJR � Ü S Ò Û Ð
R Ò QJR � Ü S Ò Ü Ð
vbvbv

Ç¹Éâ� Y �V\�k h Ç�Éâ� Å �Cy�i$c9[ p�_ u p \ w�w ~ aer [ w�_ba [�]o\ w i R Òl\�k htR àäd���\^]e[ _ n|c w [jn+[jk a [ h \ p�p d�] hZ_ kOx a d
aer [�c�\�ioi-­Mxm\ a [ a ]o\�kZie�Gd�]on�\ ae_ dmk4yO� rZ_�por ]e[�c w \ p [ji�\ a ]o\�kZi _ i a d�] _ k�\+i$[�] _ [ji}� _baer�aer [ _ k�f�[�]oi$[�d�� aer [
i _ xmk�\ w d�� aer [ a ]C\�kZi _ i a d�]gv � r [jk aer [ ]o[jn|\ _ k _ kZx8c�\^] a d�� aer [;Ç�É�ë p \�k>s/[ hZ_ ]e[ p®aew ~ _ n+c w [jn+[jk a [ h y
\�i�i r dg��k _ kt¤ _ xm{O]e[\º�v Y îOv��-k aer [�¥�ú È ë _ n+c w [jn+[jk a \ ae_ dmk4y aer [Jdm{ a c`{ a i�à Û \�k h Ò Û�h d@kOd a
por \�kOx�[�{Zk ae_�w}aer [�f�d wba \^x�[ji�dmk àÄ\�k h Ò¦\^]e[�ie[�c�\^]o\ a [ h s�~�\ a�w [j\�i a \lü9­ a ]o\�kZi _ i a d�] aer ]o[ji r d w�h
f�d wba \^x�[�v � r \ a�_ i�y aer [;c�\�ioi-­Mxm\ a [+c�\^] a d���\�Ø ëwí � \^]os _ba [�] _ kl¥�ú È ë a [ pCr kOd w d�x�~�[jkZie{Z]e[ji aer \ a
kO[ _baer [�]�d���à Û Ð kOd�]_Ò Û Ð _ i�[jk�\^s w [ h y�{Zk ae_�w \�k _ k a [�]on+[ h�_ \ a [�i a \ a [�d���àJ\�k h Ò p \�{Zi$[ h s�~q\�kq[�]o]ed�]
_ i}]e[jied w f�[ h>_ k a d>� Ý � Y �}d�]8� Y � Ý �Cv����´k��Ú\ p®a y aer [�c`\�iei-­Mxm\ a [¡c`\^] a d�� aer [ _ n+c w [jn+[jk a \ ae_ dmk _ i�i _ n _�w \^]
a d aer [ _ n+c w [jn|[jk a \ ae_ dmk�d��Æ\ u w�a [�] _ kJ\+s�\�i _�p \^]es _ba [�]jv³�È f�[�]C\ w�w \�Ø ëwí � \^]es _ba [�]Vx�]o\�k a i;\�nV{ a {Z\ w�w ~�[®º p�w {Zi _ f�[�]e[jiedm{O] p [ a d�\�n+d h { w [|dmk w ~ _ � aer [
_ k a [�]okZ\ w \^]es _ba [�]�n|\ µ [ji�\|f^\ w�_�h�por d _�p [J� _ v�[�vbyB��à � ÒO� _ i;� Y � Ý ��d�];� Ý � Y �$�CyL\�k h>aer [V]e[ji$dm{O] p [ _ i�kOd a
p dmn+c w [ a [ w ~�x�]o\�k a [ h�a d|\�kOd aer [�]�n+d h { w [V� _ v�[�vbyL��à Û � à Ü �·\�k h ��Ò Û � Ò Ü ��\^]e[|� Ý � Ý �Cy�� Y � Ý �CyZd�]¡� Ý � Y �$�Cv

� r [Vie{Zx�x�[ji a [ h Ø ëwí � \^]es _�a [�]��·d�] µ i p d�]e]e[ p®aew ~�� _baer�aer [;x _ f�[jk�Ø"Øà[jk�f _ ]edmkZn+[jk a y9s�{ a�aer [
Ø ëwí � \^]es _ba [�]�� _�aer \ hZ_ñð [�]e[jk a�a ~�c/[¡d���[jk�f _ ]edmkZn+[jk a i�n|\g~ _ k p {O] h [j\ hZw d poµ y�i _ k p [ \ p d�]e]C{Oc a [ h
dm{ a c�{ a d�� aer [zØ ëwí � \^]es _ba [�] _ i8kOd a ie[ w ��­ p d�]o]e[ p®a [ h v�¤Zd�]+[®º�\�n+c w [�y w [ a {Zi p dmkZi _�h [�]8\�i$c9[ p�_ u p
[jk�f _ ]odmkZn+[jk a °à Û·Q à Ü�Q>R Ò Û}QJR Ò Ü¸Q�R �zð Ú�Ø��¶Û·Q�R �zð Ú�Ø���Ü S P ð Ú�Ø®��Û Ð � P ð Ú�Ø®�^Ü

Ð
Ò Û·Q Ò Ü¸Q>R à Û·QJR à Ü¸Q�R�P ð Ú¶Ø®�¶Û}Q>R�P ð Ú�Ø®�^Ü S �Tð Ú�Ø®��Û Ð � �zð Ú¶Ø®��Ü

Ð
�´� aer [ h {Oc w�_�p \ a [ h dm{ a c`{ a il��à Û � à Ü � Ò Û � Ò Ü � _ il� Y � Y � Y � Ý ��� _ v�[�vbyhÒ Ûl_ i p d�]e]C{Oc a [ h ��\�k h \^]e[lkOd a
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[®º p�w { h [�]�s9[ p \�{Zie[+Þ�Ò Û Ð � Ò Ü

Ð
ß r \�i�\ w ]e[j\ h ~ u ]o[ h \ a ¯ v ¯ k�i ä \^� a [�] Þ�Ò Û Ð � Ò Ü

Ð
ß _ i�\ poµ kOd¶� w [ h x�[ h \ a

¯ v ïqkZi�y�à Û Ð p \�k u ]o[�v�¹ p�p d�] h�_ kOx w ~ aer [8Ø"Ø'[jk
f _ ]edmkZn|[jk a u ]oi a i$[�[ji aer [ por d _�p [Vd��}Þ�Ò Û Ð � Ò Ü
Ð
ß \ a

¯ v ¯ kZi�y�\�k h|aer [jk aer [ pCr d _�p [�d��¸Þ�à Û Ð � à Ü
Ð
ß \ a ¯ v³÷ kZijv � r ]edm{Ox r dm{ a�aer [�i _ n8{ w \ ae_ dmkZi�y aer [�nV{ a {Z\ w

[®º p�w {Zi _ dmk�s9[ a ��[�[jk aer [ h {Oc w�_�p \ a [ h dm{ a c�{ a i�d���\|Ø ëwí � \^]es _�a [�] r d w�h i�v
�ÆÿGF�ÿG� #��������3(��
¹�]es _ba [�]oi¸\^]e[·[jiei$[jk ae_ \ w�p dmn|c/dmkZ[jk a i _ k¡n|dmi a \�i$~�k pCr ]edmkOdm{Zi�i$~�i a [jn|i�y^s�{ aLaer [·Ø�Ø�i por [jn+[ p \�k�kOd a
s9[�\^c�c w�_ [ hqa d|\�kJ\^]es _ba [�]gy�s9[ p \�{Zi$[ a ��d p d�c _ [ji·d��¸\�kJ\^]es _�a [�]}n�\j~�kOd a cZ]edgf _�h [ aer [�ie\�n+[�]o[jie{ wba v
¤Od�]�{�i$[}� _baer Ø�Ø p�_ ] p { _ba i�y^�·[ r \jf�[ h [�f _ i$[ h \�Ø ëwí � \^]os _ba [�] ° dmkO[}s�\�i _�p \^]es _�a [�] _ i�{�i$[ hVa d n|\ µ [
\�kZdmk�­ h [ a [�]on _ k _ i ae_�p�pCr d _�p [�y9\�k h�aer [ pCr d _�p [ _ i h {Zc w�_�p \ a [ hJaer ]edm{Ox r \qn8{ a {Z\ w [®º p�w { h [�]jyZ� rZ_�por
cZ]e[�f�[jk a i}\�kz[�]e]ed�] _ kZi _�h [�\;Ø�ë3í � \^]es _ba [�]·�G]odmnàs9[ _ kZx h {Oc w�_�p \ a [ h v��´kz\;Ø�ë3í � \^]es _ba [�]jy�nV{ a {Z\ w
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[®º p�w {Zi _ dmk@d�� aer [zdm{ a c�{ a i _ i¡[jkZie{O]e[ h y�� rZ_�por \ w�w d¶��i¡x�]C\�k ae_ kZx�d���\�i r \^]e[ h ]e[ji$dm{Z] p [qnV{ a {Z\ w�w ~
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¤ _ [ w�h 0B]od�x�]o\�n|n|\^s w [q�"\ a [�¹�]e]o\g~�i��Ú¤S0r�"¹"��\^]e[}s/[ p dmn _ kOx"i a [j\ hZ_�w ~8n+d�]e[�\ a$a ]o\ p®ae_ f�[�s9[ p \�{Zie[·d��
]e[ p [jk a [jk r \�k p [jn+[jk a i _ k aer [ _ ] p \^c�\ p�_ba ~�\�k h c/[�]o�Gd�]on�\�k p [�v�ú>[j\�k�� rZ_�w [�y aer [ p dmk p [�]ok���d�] p�w d peµ
hZ_ i a ] _ s�{ ae_ dmk@\�k h�_ k p ]e[j\�i$[ h c9dg�·[�] p dmkZie{�n+c ae_ dmkTd��"i$~�k por ]edmkZdm{Zi+¤S0��"¹ _ i;x�]ed¶� _ kOxOvä¹�i|\�k
\ wba [�]ok�\ ae_ f�[�y _ba�_ i�kOd a [��·d�] aer ~ a d p dmk�i _�h [�]As�Ø���¤S0���¹¡v)ë�[�f�[�]o\ w x�[jkO[�]o\ w s�Ø���¤S0r�"¹£\^] por�_ba [ p ­
a {O]e[ji r \gf�[+s9[�[jk�c�]ed�c9dmi$[ hut Å ûOy Å
v�w v��´k aer [V�Gd w�w dg� _ kOxqi$[ p®ae_ dmkZi�y4�·[;i r \ w�w�h [jn+dmkZi a ]C\ a [ r dg� a d
n|\ µ [ aer [ �ldmkOx ¬ i�¤U0r�"¹1\^] por�_ba [ p®a {O]e[¡ied�� a ­M[�]e]od�] a d w [�]o\�k a v

¹'s�\�i _�p ¤S0��"¹ ae_�w [ p dmkZi _ i a i"d��·\ p�w {�i a [�]jy a �·d p dmkZkO[ p®ae_ dmkls9djº�[ji|�M¥�­Ms9djº�[jiC��\�k h \�i$� _baepCr
s9djºÄ�Më�­Ms9djº�� t î Ý
w v�¹ i$~�i a [jn h [ji p ] _ s/[ hl_ k�\ rZ_ x r ­ w [�f�[ wBw \�kZxm{Z\^x�[ _ i h [ p dmn+c9dmi$[ h@_ k a d _ n+c w [®­
n+[jk a \^s w [ n+d h { w [ji�y�� rZ_�pCrJp d�]e]e[ji$c9dmk h�a d p�w {Zi a [�]oi�yZ\�k h � r dmi$[ _ k a [�] p dmk�kO[ p®ae_ dmk _ kZ�Gd�]on�\ ae_ dmk _ i
n|\^cZc9[ hV_ k a d�¥�­Ms9dgº�[jiÆ\�k h ë�­Ms9djº�[ji�vB¥�­Ms9djº�[ji�\^]e[}{Zi$[ h �Gd�] p dmkZkZ[ p®ae_ kOx"\ p�w {Zi a [�] a d _ k a [�] p dmk�kO[ p®a
c�\ aer i�\�k h ë�­Ms/dgº�[ji�\^]e[8{�i$[ h ��d�]�i$� _baeporZ_ kOx _ k a [�] p dmkZkO[ p®a c�\ aer i�vq�)d�x _�p¡p [ w�w i _ k�\ p�w {Zi a [�]�i r \^]e[
_ kOc`{ a i�\�k h dm{ a c`{ a i�y�\�k h [j\ pCr>w d�x _�p�p [ w�w/_ i�s�\�i$[ h dmk aer [A0}¥}êA2 a [jn+c w \ a [�y�� rZ_�pCrqp dmkZi _ i a i�d��¸\
p dmn+c�{ a \ ae_ dmkzc�\^] a \�k h�p dmn+c w [ ae_ dmk pCr [ peµ [�]Ci�d�� _ kZc�{ a \�k h dm{ a c`{ a·pCr \�kZkO[ w i�v � r [ p [ w�w9p dmk a \ _ kZi
cZ]ed�x�]C\�n|n|\^s w [;s _�a i ° i$dmn+[|d�� aer [+s _ba i�\^]o[+�Gd�] p dmk u xm{O] _ kZx p dmn|c�{ a \ ae_ dmkZi¡\�k h�aer [+d aer [�]oi8\^]e[
��d�]�i$[ a$ae_ kOx�c�\ a$a [�]okZi�d�� p dmn|nV{Zk _�p \ ae_ dmk�s9[ a �·[�[jk p [ w�w ijv

� r [�]e[ _ i aer [�c9dmiei _ s _�w�_ba ~8d�� a �·d a ~�c9[ji�d��¸i$d�� a [�]e]ed�]Ci _ k�\�k�¤S0��"¹ ° \�kz[�]e]od�] _ k p dmn+c�{ a \ ae_ dmk
c�\^] a iz��[�v�xOvbyBc�{ w�w�h dg��k�i a \ peµ iC� p \�k p \�{Zie[ a [jn+c9d�]o\^] _�w ~ _ k p d�]e]e[ p®a¡p dmn|c�{ a \ ae_ dmkZijyÆ\�k h \�k�[�]o]ed�]
dmk�cZ]ed�x�]o\�n|n�\^s w [¡s _ba i�n|\g~ por \�kOx�[ aer [ h [�f _�p [ ¬ i p dmk u xm{Z]o\ ae_ dmk�i$[jn _ ­Mc9[�]on|\�kZ[jk aew ~�y/\�i��·[ w�w \�i
w [j\ hZ_ kOx a d _ k p d�]e]o[ p®a�p dmn+c�{ a \ ae_ dmkZi�v

�Æÿ���ÿGF Ç�K�È�pMÉLÊxp�ÊBÉ�Ë)(%(mÌ*(�Í�ÌLÎMK+(
�9Ê��5y{z}|lÏe~qK�Î�Î�È
� r [ p dmn+c�{ a \ ae_ dmk¦c`\^] a iVd���\�¤S0r�"¹ p [ w�w \^]e[�s�\�i$[ h dmk aer [�0·¥}êA2 a [jn+c w \ a [�yB� rZ_�por@p \�käs9[
cZ]ed a [ p®a [ h s�~ aer [¡Ø"ØÙi por [jn+[�v·¹2cZ]od�x�]o\�n|n|\^s w [�s _ba�a d p dmk a ]ed wLaer [ �Ú{Zk p®ae_ dmkZ\ w�_ba ~zd���\|¤S0��"¹
p [ w�w [jn+c w dg~�iB\�kqë1��¹�ú p [ w�w y
� rZ_�pCr+p dmkZi _ i a iÆd��4i _ º a ]o\�kZi _ i a d�]oi�v � d�cZ]ed a [ p®a c�]ed�x�]o\�n|n|\^s w [}s _ba i�y
aer [ h {Oc w�_�p \ a [ hzµ [�[�c9[�]jyZ� rZ_�por �·\�i�[®º�c w \ _ kO[ h�_ k aer [Vë�[ p®ae_ dmk�ý�v Y v Y y p \�k>s9[ \ h \^c a [ h y`\�i�i r d¶��k
_ kJ¤ _ xm{O]o[¡ý�v Y ÷>�Ú\
�Cy�� rZ_�porJp dmk�i _ i a i�d�� Y û a ]o\�k�i _ i a d�]oijv

¹�kOd aer [�];cZ]ed a [ p®ae_ dmk�i por [jn|[ _ i¡s�\�ie[ h dmkä\ h {Z\ w·_ k a [�] w d peµ [ häp [ w�w �ÚØ��$¥r�}� t ¯ î w v�¹çØ��$¥q�
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� _baerTaer [Jc`\�iei a ]o\�kZi _ i a d�]oi�y·\�i|i r d¶��k _ kä¤ _ xm{O]e[>ý�v Y ÷���s/�Cy p dmkZi _ i a i+d�� Y�Ý a ]C\�kZi _ i a d�]CiC� aer�_ i _ i
n+d�]e[ p dmn+c�\ p®a;aer \�k aer [ h {Oc w�_�p \ a [ h@µ [�[�c9[�]jy�i$d��·[zcZ]e[���[�] a d�{Zi$[ aer�_ i p dmkZi a ]o{ p®ae_ dmk¦�Gd�];i$d�� a ­
[�]e]ed�] a d w [�]o\�k a ¤S0r�"¹¡v � r [q�·\g~ld�� a d w [�]o\ ae_ kOx�\�k@[�]o]ed�] _ k aer [qØ��e¥r� _ i aer [��Gd w�w dg� _ kZxOv�¤Zdm{O]
kOd h [ji _ k�\lØ��e¥r�Ù[jk p d h [>\�s _�a � _baeräa �·d�c�\ _ ]Ci;d�� p dmn+c w [jn+[jk a \^]e~¦f^\ w {O[ji ° �!� ÿ � � ÿ � �®é � �®éo� _ i
� Ý � Y � Ý � Y �|d�]�� Y � Ý � Y � Ý �Cv�����dmkO[�d�����dm{O]+kOd h [ji _ k aer [ p [ w�w�_ i p d�]e]o{Oc a [ h s�~¦\�kä[�]o]ed�]jyBdmkO[Jd��
aer [z\ h �$\ p [jk a kOd h [ji¡\ w �}\j~�i µ [�[�c`i8\ p d�]e]e[ p®a f�\ w {Z[ a d�]o[ji a d�]e[ p d�]o]o{Oc a [ h¦h \ a \�v�¤Od�]V[®º�\�n|c w [�y
\�kl[�]e]od�]�dmk�� ÿ _ k aer [|i a \ a [�� Ý � Y � Ý � Y � p \�{Zi$[ji ��é a d>s9[+\�k�{Zk µ kOd¶��kli a \ a [�i _ k p [;s/d aer c`{ w�w {Oc
\�k h c�{ w�w�h dg��k a ]C\�kZi _ i a d�]Ci�\^]e[ a {O]okO[ h dmk4vm2}{ a � ÿ i ae_�w�w)r d w�h i Y y`� r�_�por�a {O]okZi�dmk aer [8c�{ w�w�h dg��k
a ]o\�kZi _ i a d�]}d���� ÿ a d;]e[ji a d�]e[ aer [ p d�]e]C{Oc a [ h � ÿ v � r [jk �®é _ i}\ w i$dV]e[ji a d�]e[ h vr/ aer [�]}[�]e]edmkO[�dm{�i p \�ie[ji
p \�kJs9[�i _ n _�w \^] w ~|\�kZ\ w ~ � [ h v���\ por Ø��e¥r� p \�k a d w [�]o\ a [¡\�k�~zi _ kOx w ["[�]e]ed�]�d�]�[�f�[jk a �·d|[�]e]od�]oi _ kJ\
c�\ _ ]�d���kOdmkO­�\ h �$\ p [jk a kOd h [ji¡� _ v�[�vby4Þ�� ÿ y��®é ß y4Þ � ÿ y ��é ß �Cv

�l[ p \�k p dmkZi a ]o{ p®a \Ji$d�� a ­M[�]o]ed�] a d w [�]o\�k a ¤S0���¹ w d�x _�p;p [ w�w s�\�i$[ h dmk aer [|Ø"Øþi por [jn|[+� _baer
Ø��$¥q��i�y�\�iÆi r d¶��k _ k8¤ _ xm{O]o[·ý�v Y û�v��-k aer [}ie\�n+[}n|\�kZkZ[�]jy^��[ p \�k p dmkZi a ]o{ p®a i$d�� a ­ a d w [�]o\�k a ë�­Ms9djº�[ji
\�k h ¥·­Ms/dgº�[jijv
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2·[ji _�h [ji aer [ p dmn+c�{ ae_ kOx w d�x _�p yO\�kz¤S0r�"¹ r \�i�cZ]ed�x�]C\�n|n|\^s w [�s _ba ijy
� rZ_�porzh [ a [�]on _ kZ[ji aer ["�Ú{Zk p ­
ae_ dmk aer [|¤S0r�"¹ p dmn+c�{ a [ji \�k hl_ba i p dmn|nV{Zk _�p \ ae_ dmk�c`\ a$a [�]okZi�v;�-k�d�] h [�] a d>cZ]od a [ p®a \�kl¤S0��"¹
��]edmníi$d�� a [�]o]ed�]oi�y`s/d aer�aer [ p dmn|c�{ a \ ae_ dmk�c�\^] a \�k h>aer [ p dmk u xm{O]o\ ae_ dmk>s _ba i�n8{�i a s9[ cZ]od a [ p®a [ h v
� rZ_�w [ aer [ Ø"Ø£i pCr [jn+[ _ i�\^cZc w�_ [ hza d aer [ p dmn+c`{ a \ ae_ dmkJc�\^] a y aer [ h {Z\ w4_ k a [�] w d peµ [ h�p [ w�w i�y�� rZ_�por
p \�k�i$[ w �G­ p d�]e]e[ p®a \�k�[�]e]ed�]gy}\^]o[�{Zi$[ h �Gd�]zcZ]ed�x�]o\�n�n|\^s w [Js _�a i�væë _ k p [ aer [�� r d w [>\^] porZ_ba [ p®a {Z]e[
d��¡i$d�� a ­M[�]e]ed�] a d w [�]C\�k a ¤S0��"¹�i _ iqs�\�i$[ h dmk h {Z\ w�p d�c _ [jizd��¡\ p dmk�f�[jk ae_ dmkZ\ w ¤S0��"¹8y}[®º _ i ae_ kOx
i$~�k aer [ji _ i}cZ]ed p [ h {O]o[ji}�Gd�]�¤U0r�"¹�i p \�k>s9[�[j\�i _�w ~q\ h \^c a [ h�a d aer [¡ied�� a ­M[�]e]od�] a d w [�]o\�k a ¤S0��"¹�i�v
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�-k aer�_ i;i$[ p®ae_ dmk4y aer [Jdgf�[�]ef _ [��þd���\ln|[jn+d�]e~@{Zk _baV_ i8x _ f�[jk u ]oi a v � r [jk a ��d h [ji _ xmkZi8d���[�]o]ed�]
a d w [�]o\�k a n+[jn+d�]o~¦\^]e[ h [ a \ _�w [ h v��-kZi a [j\ h d���\^c�c w ~ _ kOx aer [>Ø�Øói pCr [jn+[ a d�\�kä[jk ae_ ]e[Jn+[jn+d�]e~
{Zk _�a y4��[+[jn+c w dg~ p dmk
f�[jk ae_ dmkZ\ w i$d w { ae_ dmk�i a dJcZ]ed a [ p®a \�k�\^]o]o\j~�d���s _ba i a d�]o\^x�[ji _ k aer [|n+[jn+d�]e~
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the size of function block using repetition code

a non−repetition code  is advantageous

function block for the [5,3] code

function block for the [4,3] code

the repetition code is advantageous
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the size of function block using the repetition code (i.e., the [8,4] code)

the [7,4] code
the [6,4] code
the [5,4] code

boundary

�oÑË×«ØÒÎÏÍy� Ê Ì/ïJßM� � µ Û Å�I �Úÿ �jµÁÃ�� ÿ���� Ã��aÁ � �

 A I5Ñ A Ä-´ � Ã ÿ<] Ä;Â�Ä Ú Ä ÿ��5ÿ��@� Ã ��� ´lÄ AJKkAuw2� Ã�Å Û Ä Ú Ä ÿ��Úÿ���� Ã��� ´lÄ A
�

 500

 550

 600

 650

 700

 750

 800

 320  340  360  380  400  420  440  460  480

th
e 

si
ze

 o
f f

un
ct

io
n 

bl
oc

k 
us

in
g 

no
n-

re
pe

tit
io

n 
co

de
s

�

the size of function block using the repetition code (i.e., the [10,5] code)
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the energy consumption of function blocks using the repetition code

the [5,3] code
the [4,3] code
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Instruction memory is protected 

by Hamming Code


Register File is protected by 

dual interlocked cells


DMEM is protected by dual-

interlocked cells


A DSET arbiter is used for 

handling braching
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(a) normal circuit


(b) DD circuit
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� -,-F¶.ª=�J� ³ }FÅ /ák -�ª+¼���ª5- +�k � k }7¼�¼F¶.ª kZµ ª;¶ � },-��7±t½!� ³ � � ¼F¶ + ~�ª;¶¾-FªP�A}�ª5- ³ } � � Ì ª5- µ¹k � ³M+J³|k } ³ } + ~Fª
³ }�� + ¶.¼�� +J³|k }ë¢

´ òÞâ�¾ ³ }�� + ¶R¼�� +J³|k }�� � ¶JªC� Ø � ³M+ � �4³ -FªZ¢U¡ k }�� ³ -�ª;¶ ³ }FÅ + ~ �7+��Æ´ òÞâO¾ ³ }�� + ¶.¼A� +J³|k }Æø � � � � Ø �_� ³h+
� ¶J¶ � » kZ� � ³M+ �;� � ª ³ -Fª=} +J³|� » + ~Fª.��ª51M-A� kZ�b+ ~�ª ³ }�� + ¶.¼A� +J³|k }ëþ
£^¢4ò4~Fª·�7±¿�0����x�Ê ø�È��9£×";";" Ø �]É_� � ¼F¶ + ~�ª;¶µ- ³ { ³ -Fª5- ³ } +�k þ

J6��K ò4~Fª[¼�} ³h+ }�¼ / ��ª;¶p���¿ÀÁ�\Ê øRÈ��9£×";";"P� ® É_¢J � K ò4~Fª � ¼A}�� +J³|k }Rr�Â	�ÂÊ øRÈ Ø Yb";";" Ø �]É_¢
Ø ¢4ò4~Fª�½�� /Æk -Fª·½7Ã�����x�ÊføRÈ Ø � ";";" Ø � É_¢
��¢4ò4~Fª�¶Jª=�J¼,1 + ¶.ª;Å ³ � + ª;¶�}�¼ / �¹ª;¶���Ä�Ê øRÈ Ø i�";";" ØZØ É_¢
iF¢4ò4~Fª.Å4� kZµ ª;¶ � }2-\¶Jª;Å ³ � + ª;¶�}�¼ / �¹ª;¶���Â\Ê øRÈ Ø £×";";"^£=YIÉ_¢
� ¢4ò4~Fª�½�� kZµ ª;¶ � }2-\¶Jª;Å ³ � + ª;¶�}�¼ / �¹ª;¶��v½DÊ øRÈå£5�b";";"^£ � É_¢
� ¢4ò4~Fª ³M/]/ ª5- ³��7+ ª.��ª51M-�À5ÃvÃSÊ øRÈå£ � ";";" ® É_¢



£8iTY
òP~�ª·��¶.� +4kZµ ª;¶ � },-ë�¿�7±,Â!� ³ � � 1 �C� »9� + ~�ª&{ � 1�¼Fª kZ� °	±t� � ø�Æ³��Â � ¢4òP~Fªh��ª=� k },- kZµ ª;¶ � },-ë���	±t½!� ³ �
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S×fÖ�÷�Ù>Ö º�·�¹ -VilÕ�ä�1i¿ Ø�¶�Ø Õ�ßL��-fÙ51 Ø�¹ ÷ +�¼ ÙXÙKøBÙ ½T+
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1Õ�ã · 1M3�Ù>Ö º<·�¹ -¡ßqÕ3ö ·	/gå�· ÷01 Ø � ¹ Ù�ÕQß Øh+�Ø ÷ ·7+�Ø�¹ ÷ ¶�Ø�¹ ÷01iÙXÙ>¿�Ù ¹v+ × å�¶ Ù +�¶
¾ Ö�� / ½ � /OÀ�Ø�¹�·7+�Ø � ¹�· 1j1i��÷ ØÁ½ Õ�ç ¹Èè Û 8 ;qNqN )�' O ��Z@8�ê�" H = 2 �_��� � � ¡ G�8%ZN' \�¡ 8 O $ G � 4 7 N Z�' � O º
Ý ®�®�ô Õ
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